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PREFACE

.

'Standard,Methods for the analyses pf,water and wastewater has long "been
established as the accepted authority on laboratory methods for use in
water and wastewater treatment facilities' laboratorieg. 'Where labora-
tories are adequately equipped, and technicians properly,trained, it
should continue to be the guide for all laboratory analyses:

However, in,Mauy small Plants, laboratories are insufficiently equipped'
to perform analyses in accordance with StandardMethods. other cases,
new or inexperienced operators lac ji the technical knowledge and,training
necessary to properly utilize Stanard Methods.;,In these instafices,
simple but adequate analytical methods are required in order to,provide
the-operaor with inforTation necessary to intelligent process control

decisions. This manual then is an attempt to provide the small plant
as well as the new or inexperienced operator;, with simplified methods _

for laboratory analysis.of water and wastewater. Although not.netes-,
sarily as accunkte as the methods outlined in Standad,Methods4, the
results of these analyses will generally be adequate for their,intended
purpose. In a number of cases, it is not felt that there is a practical,
simplified method and so:the laboratory technician is referred to
Standard Methodsfor the apptopriate method's of analysis. In all'.

cases where a simplified'laboratory method is not provided or
where the operator believes his equipment and personal technical
mastery,sufflcient,StandaM Methods shOuld be employed:

This manual would be incoulete if appropriate credit were not given
to those whose "eAra lets hgve made 4 possible. Credit must be

giyen to the Division LabOratory,Services, and in particUlar to
Mr. Arnold Westerhold who has served as an editor of this manuq,and,,

D1to his able assistant D David Schaeffer. Mr: Westerhold and-br.

Schaeffer have assembled; edited;'eested, and in a number of "intances'

dereloped the Simplified methods presented.

. .

Their technical and professional ex pertise have been relied upori
heavily in determining the contents of,this manual.

Credit must also ye given to the American Water Works Association
publishers of AWA. Manual M12 and t.LDr. Kenneth D. Kerri; Sacramento
StateColleige-, Sacramento California, under whose direction the Environ-
ment 1 Protection Agency manual Operation of Wastewater Treatment
Plants. was prepared, for their kindly peritieting us to reproduce parts

of their respective publications. Wherever such reprodpction has
occurrecl, we beligye appropriate credit has been noted.

$

The design, printing,Nand distribution of the manual has been under
the direotioa of the Operator Certification and Training Unit of the
-Division ofWater Pollution Control; Ernest Bennett; P.E., Manager
Of the Operator Certifitation,and,Training Unit, has served as an

editor of the manual. As with any work of this .nature, some errors are

a

81.

a
)



,

8

et'

4.

4
likely to slip pb.st*the ciosesr proofreadin tie e apolcgize

for any inbonVeniencesuch errbrs nay .cause.and trust that out? readers
will bringithem to our attention so they may be corrected in subsequent
editions. This Manual hasebeen formatted ln what is some times teemed
an "evergreen"*document. ; Each section is designed to be complete in
itself With,fhe manual as -a whole.beIng designed so that individual
,sections may be added, deleted, or updated without destroying the
usefulness.of the entiiemanual. As new sections are developed,and
old section revised, it' will be possible for the individual operator,
and laboratory technician to add to or correct hks existing manual, so
that it As als.ays evergreen". We, trust that the intended user will j.
'find the three-hole punched secgdolalized format both convenienp and
useful. Your-comments and recommendations for future publication
will be appreciated. Questions indcsomments should be'addressed to;
Manager, Operator Certification and Training Unit, Division offtWater
'Pollution Control, Illinois Environmental Protection Agency, Suing- -

field, fllinois ,62706. ,

Ern9s N: 43ennett, P.E.,. Manager

Operator Certification acid Training Unit
Division of Water ROA.ution Control
Illinois Environmental Protection Agency

T

April, 1974
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GRADES AND QUALITIES OF CHEMICALS

Chemicals are made in,several glades based on,quality or
purity. These qua ities are, designated bynames which vary so ewhat
,among manufactur,ars. In general, the quality df .chemicals use in

testing must be high. It will be ecessary-for the, purchaser o , .

read the quality-de'signations.in the catalog being used, since'
desighations,vary considerably with manufacturers. Although no

r

complete, the follotaing list, twill give some. idea of, the grades o -

'chemicals available: . -s

I
1. Primay standards - Primary standards are reagents .of

high accuracy ,assay and ar suitable' as references lhd
,

in the preparation of-standard sol tions.
4

. 2. reagent grade 'For some chefficalg, the American

Camical SocIety 4as establisfied tandard's. Most manutac-
.

turers mAing chemIcals:Iffleeting these standards list them a
A.G..S. Reagent Grade.' ;

Reagent grade - This:designatlon is used 'by some manu-
ficturere to label chemicals
of, reagent grade Carry the

label. 9

igh ality. Many chemicals

111
nufactu :t!s analysis:on the

. .

C.P. grade - P. Otiginally meant chemically pure. This

is an older tern still in use by- some mvufacturers to
designate the quality of4ertain chemicals. Gnerally.,-
C.P. quality is good quality but not eqUalipo re ent

grade. :

43-5. .U.S.P. grade-- U.S.P. grade chemicals Meet the'specifi--
cations of the linited StatesPharmaeopeia, a publication
establishing standlrds for'chemicals and dens used as

pharmaceuticals. L .

6.. N.F. grade N.F. grade cbemicals-confOrm to'the,specsi-

---fications of the National Formulary, a publication estab-

lishing standards for chemicals and drugs used in the

pharmaceutical trade.

: : ' _
.

7. Practical grade - TraAical'grade 4 a quality.des,ignation
, ,

,

usually applied to organic chemicals 'of sufficiently high
quality to be Sui-tble for use in many applications.,,

8." Technical grade-7 Technical grade chemicals' are of commercial
qualit57. Zenerally'technical'grade clieMiCalsare not used

in the preparation of solutions and reagents for tes4ng
purposes. Technical grade sodium Tichromate is generally
used in the preparation of cleaning solution, however.

1-13
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'Other gtade - 'Il4ive are.other des±gnations ot..quali,i'y such -,

as "Highest Purity!';."Purified-", or ttle manufdcturer's name.

grade all of-which may be very-high quality. It is necessary.,
to read the quality gradedesignationsw.the fpreface of '

"most) catalogs to determine the qualities listed.
,

V
N ;

1.1 t il
.1 r .

I N.:\ 2
---1;

. .

/111 C
. 4

r _

t ' % 4 .11-..)

S

4

1

7. 4

,s

f k

..-.

,
, . .I. 0 .

/ ,, .

\

,



* ,

1.

FORM OVICPEMICALS

.

Frequently,.therelia a chbice available in the form of the. chemical
. -ti$ be purchased. In some cases-the form used is hot critical. In

othercases,4strict attention must be paid to the form of the'cliemicar
to be used and the correct one must be obtained. The following list '

will txpaain some of the amen' forms of chemicals used:

,

1

\

C-

.

.

\...,:

,,

.-.

`

4

e

.

,,

,

1.

2.

3.

IL

..:-'

'I I .i,
Powder - Many:chemisals are available in averi fine

. f
ID.,particle size described as powder.

.

Crystal. -.Some chemicals are sold in their crystalline ,

. .

form which-may be anywhere;4n sitze'from very finq crystals

similar to granulated sugar up to crystals larger than
sugar cubes- ° '40 - , . -

, ,,

,

4 mesh,,8 mesh, etc: Some chemicals such as calcium
chloride are sized uniformly byscreening through. sieves

..

such d8 4,meSh whith is a sieve with 4 wires per inch'
,\* in eachrdirection, .

.. .
- ..

. .

' flake and - hydroxide be7purchased4 4; Stick, pellet Sodium may .

in the form Of stick which are fairly largee.and pellets

-.,, and flakes which, are Much' smaller in size: Inleneral,
pellets .of-..a size someyhatglike split peas...are most commonly.

duse.
, . ,- :. .

1,

5. Anhydrous An anhydrous chemical is one without chemically
combined-water, sometimet called water',of, crystallization, ,

* f

-. in the molecule.
. t

6. 'ilydrated A hydrated chetical contains water of crystalli- -

zation,in-the'molecUle. Manganous sulfate is available -aa
-the monohYdrate, dihydrate and tetrahydrate. In all casep
.it is imporeant that the eiact'composition'o the chemical

. be noted and the correct weight used when making tip solution's.,

1'

p

r



4

!
. ,

SAMPLING OF SEWAGE

. .. .e

.. :In order to run tests on 'sewage, one must have Samples.- The'se
..

samples, Co be meaningful, must be fepresenCative,dfthe material
,

,from which it was obtained The best laboratory analysis is only -

as,good,as the sample; however, in many Cases alit samplecollected.
. depends on the information, that is to lie g4ned from it: -

..
.

, .

, There are two types of sampling procedures used iirsewage,plaits.
These Are composit sampling and grab sampling. Composite samples, ,

V 40

,

are collected at gpeeified intervals in proportion to flow and
mixed to make an average sample representative of the flow. Since ,t

. sewage is perishable, composite samples should .be refriierated ata
tempe'rat'ure less than 10°C during the, period of time over which .
fractions are collected. In generalegi composite sampling may be done
at I. hr., 2 hr.,_oF 4; hi-. dritervals. over a .24 hr. period. -The 40 %

:mere frequentlyth fractions of 0;ecomposite sample are collected, )

_the more representative the composite sample will be in the total' ,

t
P.

SaMpling points and frequency of collection must be determined.
o 'for each plant. No. schedule of sampling can be devised thA. Would.'

be satisfactory for .all 'plants.
.

REFERENCES: . f
)

. .

Applied Stream Sanitation, Velz, C.J, Wiley Interscieftce,
pp. 461-421

A

: . 1 -. . ,
o t a

2 Methods'for the Collection a!ld Analysis of Water Samples for
. Dissolved Minerals and Gases, Brown, ItkougstadYand FIshmaa, PSGS,

Chapter Al Book:SLabaeaory Analysis; j - .
- ,

,;4;;,

.

'
c

I

-f.
e

c.
,.. 14,
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GLASS VOLUMETRIC APPARATUS
`CAA AND HANDLING-

The following information has been adapted from literature Published

By: Kimble Glass Company, Subsidiary of Owens Illinois

t .

Glass .volumetric apparatus comprises a class of objects to
measurevoIume. These volumes are indicated by iiries'in the outer.-

surface of,the glass produced by etching with hydrofluorie'acid,
or.by engraving with a thlo metal or abr*ive,,wheel. S'nce results

achieved by etching'are superior, this method is used un versally
to make the best quality'apparattis.

In addition to the lines indicating the volumes, the 'numerical
valued of these volumes in the particular System of weights and ,

measures used also must be marked on the apparatus. The tempee-
ture ol calibration also usually appears on, the instruments since
the volume of a. glass vessel _changes slightly with temperature,

c'et

Finally, the' method of us* ,-4hether calibrated, $o contain or

to delivet.the indicated volume--is marked either as "contains"
or as "TC" or "TD".

Some pipets ar4e.galibrated to deliver the indicated' volume
when the small amount remaining in the tip, after ftee delivery
has egasedjs blown out and' added o the main delivery. These

4

pipetOometimes are said to be "Calibrated for blowout "., .To'call
attention to this method of calibration an opaque band about 1/8"
wide is provideghhear the top. se ,

.1

. j

STANDARD TEMPERATURE

The standard temperature in the bnited States for volumetric
apparatus as 20°C, and all' apparatus is talirated by manufacturers
to contain or deliver the'indicated capacity at this temperature,
unless a different temperature is specifically requested:

'ftete-are'several essential rules which ch must be followed in

order to get the best results with Volumetric apparatus: These'

rules concern cleanliness, method of reading the MeniscuS, and the
,

filling and emptying of the various types of instruments,

-CLEANLINEsq!OF APPARATUS

The usual criterio of cleanliness of glass apparatus is unifotm'

wetting'of the surface by-distilled water. Certain contaminations,
u ,

1-17
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especially grease, adhering to the walls of the container prevent
them from being uniformly wetted, and there is a tendency for water
to collect into..drops.

Imperfect wetting causes irregularities in capacity of volu-
metric glassware by distorting the meniscus, and ,also by affecting
the volume orthe reside adhering tothe walls after the instruments
or containers oreiempti4d,'ence they will not/deliver the volume
f9r which they were'calibrated: Even when the surface of_ the vessei,
is unifOrmly wetted, Variations in the apparent capacity stillemay,
occur, due to' contamination of the liquid surface by minute,quaititiet
of fatty or other organic substance's which produce a change' in
the surface tension affecting the Wepe of the meniscus. The, cleaning,
rineing and drying, therefore; must be cdrried out in such a way as
to prevent this.

The choice of the procedure td be used in oleaning glassware-
depends on the nature of the contaminant. In many cases special
reagents or methods must be used to.remove a particular substance.
Before listing the more important methods,,it is desirable'fo make
a few general statements,

Glasses used in chemical apparatus+fiave excellent resistance
to all the common acids. Strong alkaline solutions, such ,as hot
caustic solutions, will attack any glass if contact is prolonged.
This Is true even though a. particular £lass may not exhibit any
visible effect, dUe to the solubility of the reaction prodwits.

. ,

Dilute detergent solutions, up to about 2% strength, will have no_
serious effect on the glass, unless the glass is exposed for
unnecessarily long periods or, the detergent 4s allowed to dry on
the glass.

SAFETY PRECAUTIONS: With many pieces of glassware, it is
necessary or desirable to fill by suction when cleaning. DO NOT
SUCK UP ACID OR OTHER CLEANERS WITH THE MOUTH. Connect the article
to an aspirator.pupp, a vacuum pump,v3r usea rubber bulb In the
Case of a vacuum pump, use a trap in between glassWare and pump to
prevent fumes or wastes from entering the pump.

ti . ABRASIVES: Do not use abrasives such as "O],d.Dutch ", "Bab -O ",

etc. on glassware, particularly volumetric ware: ,A,

.__. .

WATER FOR RINSING:, When preparing apiece of glassware for . I

use, riming with tap water'should -be followedby a thbrOugh rinsing
With distilled water or water which has been put through an ion-

.,..
. exchange'device.

) /

ADHERENT ORGANIC RESIDUES: Never attempt to removd- such residues.

. by the applicatiovof\direct heat: Permanent strain's may b. ntro-
duced; what is more imponInt,othe calibration of vol tTic
apparatus may be changed, ,

'

°
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CLEANING METHODS '

The cleaning methbds given here Should cover most of the contam - _

inants. I

1: 'Fill with a.sulfuric acid-dichromate mixture and let
stand. Aft4r removal of mixture, rinse faith distilled

wafer at least'six times. Tomake the cleaning mixture,'
dissolve 6D-65.grams of sodium or potassium dichromate
by heating ilk 30-35 ml of-water; cool, and slowly add
concentrated sulfuric :acid to make 1 liter of solution.

2. Scrub with a i-to, gtwarm solution of'a detergent such as
Calgonite, Dash, All, Tide, etc. Rinse well after brushing.
DO NOT HEAT VOLUMETRIC. GLASSWARE IN DRYING OVEN.

METHOD OF READfNG THE MENISCUS

'Where water or other wetting liquid is used, the method of
reading advised by the National Bureau of Standards is described
as follows:

Method of Reading Burets, Pipets, Manometers., etc.

°
a.1.. Using _Water or Other Wetting Liquid -- In all apparatus

where tile volume is limited by a meniscus, the reading'
'or setting is made on the lowest point of the meniscus.
In order that the lowest point may be observed, it is
necessary to place a shade of,some dark material immediately
below the meniscus, whiiCh renders the profile of the meniscus
dark and clearly visible against a light background. A
convenient device for this purpo6eis a collar-staped
section of thick black rubber tubing, cut open at one side,
and of such size as to clasp the tube firmly.

The position of the lowest pointof the meniscus with
reference to the graduation line.is such that it is in,
the plane of the middle of the gradeation -line. This

position of the meniscus is obtained by making the setting
in the center of the ellipse formed by the graduation line
on the front,and the back'of the tube as observed by having
the eye slightly, below the plane'of the graduation line. .,. ,

This is illustrated in figure 1, page 1-20. The setting is
accurate if, as the eye iraisedand %he ellipse narrows,
the lowest point of the meniscus remains midway between tiie
front and rear portions of the graduation-line. By -this

method it 'is possible to observe the 4Proacb of the teniscus'''
from either above or-beloW the line toitsproper setting.

1.,

4

f

b. Dsing'Mercury setting a mercury meniscus on a-gradu-
-ation line, the instrument-must be'tapped sharply in order
that the meniscus may, assume a normal'ihape. The highest,

.11-19 '
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Graduation Line

tFyr-

LQ4d

Meniscus

L

FIGURE t ,Ifelltoil of sciling water n eniscus.

point of the meniscus is set on the middle of the graduation
line-by employing the princi0.es outlined fbr water, but
observing from above the'line.

REFERENCE:

. .`

NBS Circular '602; Testing'of 'Glass.Volumetric Apparatus.

FILLING AND EMPTYING

1

The results obtained with.volumefric apparatus depend not only
on the accuracy with which the ware is. c- alibrated, but also on the
method :of use. I

The following rules' have been suggested by thee Buteau
of Standards:or the most part. These requirements may seem at. times
to be unduly detailed, but they.are based on exact knOwledge of the
behavior of the various types of apparatus as determined'experimentally.

FLASKS-:--In making up a solution to a;definite strengh.in a volu'
metric flask, the, dilution solution (usually water).Should be.added

within about 1 inch of the calibration mark. Since the entire
ckpsnally is wet at the time the volume is ,adjusted, 4ue to the

mixing, process, a drainage time' of about 2 minutes is allowed before ,

filling to the mark;
Asw

z

l-fo1 6
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CYLINDERS: In filling a bylinder the liquid is alloWed to flow down
-c7IF-rIT,Tronfy. . .

r

BURETS: Burets should te,clamped in a vertical position and filled
to, about 1 inch above the "0" line. '

k

. The setting to the Cit! line' is made by opening 'fully the Stop-

cock, draining the excess liqUid into a'beaker or. other receptical
until the liquid is within abOUC1/4 inch above the "0" mark.. This

procedure will usually diive clUe,any'aintrapped in'the stopcOck or
tip. The exact "0" setting is tade by opening the stopcock slightly,
emptying the-liquid droprby -dipp until the bottom of the Meniscus isc,
level with the "0" mark. Any liquid remaining at the top after
setting has been made.is touched=-off against the wet side'of the
receptable.

PIPETS:' Pipets alSo ca7ce held in p'vdr5icle position and filled to ,

,

about 20 mm above the "0" linel The technique of setting to this
line is the same as used for burets- The rate of outflow at this
point is controlled by:slight pressure of a fingeron the top.,

. o

With measuring and'serological pipets, delivery is unrestricted,
unless the liqUid descends so'rapidlY that it would be impossible. to

stop at the desired Place. In this cise, however, delivery; should

be as fast adpossible while retaining control with-a finger. The

tip is touched to the side of the recover when delivery islcompleted,
and then removed immediately, except for certain types of serological.

pipets. These are "calibrated.for blowout", i.e., to deliver the
indicated capacity when the small amount remaining in the tip after
free delivery has ceased is blown out and added to the initial volume.
As mentioned before, all-such.pipets-are marked with an opaque ring

near,the top. The use of an initial point,other-than "0" is not
.advi4ed for pipets with very rapid delivery.

VOL TRIC PIPETS: Are held in a vertical position and outflow f

is u estricted until the surface of the water reaches the upper.

end of the delivery tube. Then the tip is touched'to-the wet sur-
o face of the receiving vessel and kept in contact with it until the

water has ceased to flow: The water remaining in thetip is-dot

SI%

blown out.

I
k4k.
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The ele9tromagnetic spectrurk nsists of many ban ds such as the
radio frequency (radio, t.v.)', mi wave (ovens), Pltraviblet.(respon- : ,

sible,fo'r suntanning), infrared at) or visible region-1:7. Each region
consists of A\series of.'distinc 00ints or wavelengths. The distinct
points'or wavel ngths of the Vie' 0.e region are the colors with which

tir

we are AIX familiar: red, orange; yellow; green, blue, indigo,..and:
:..-- viblete...Whilethese colors can,. muted to give various hueaand,

hadds, the original coni0onentsqi.e./, the original colors) can be
. ,retrieved in a variety of ways,auchfas colorlmetry.

,

. . , trj 1 t^

' An important charatlaristiq of/color is its intensity. For example,:
If a drop of ink is to. $lass of water,'the intensity 'of the

.
- /esplting solution will be low,/ but the color will still be.that of,- .

th riginal ink. These ideAd,namely that each color has a charac-,
i' teristic wavelength associate d with it and that theintensity of .a .

. given colOr may 'vary, forma/the:basis of many.analyti9a1 methods,
. sincluding.ipectrophotometrandicoloriketry.-
't -; /- ;

There are at leatt three -simple ways in which the color-of an
. s unknown canbe compared with'tlip color of a known: -(1) visual° matching;

(2) by use of a color comparator; or (3Y use of filtersespecially
in a-coloriieter. ,

4. a

°
, 4''

,

One simple Visual matchineaftpatioe.occurs in the titration of0

an acid.witlh a base: If, benblphthalein is Used as an indicator,
4-,

the color change from colckleas to faint pink silOals the -end point.
If a different indicator 4a),pstud, different end point colors would'
be 'observed. . ',..., 1'c °

I '

Similarlyi,t6 teeor-manganese-reliea:-on=the production of ,A--

the intensely colore&-pOrmanganate ion., If the purple colin of this
ion develops, it'is imk04tely known that the manganese-standard
(.05 mg/1) has been exceededo - - '7 ''

.

..7' ' .,

.Another examplebf 'visual matching occurs in the use of Hydrion
or multi-range pHipaper.. These papers have a color'chart printed on 4

the box*, Aftet,Oeaaper is immersed in the solution, the color of'
'the paper is compared faith the coldrs on the chart. %he colors on , J

chart havelbeen:determined at given pH's, which are also printed
on the chart. tnue,"bqj comparing the color of the wet indicator 'strip '
:with the color.Oisted on the.package, a ieasonAbly.,good (+0.5 - +1.0
pH unit) eetimafe,:ofathe pH of the unknown ,can be made.

The color comparator methodjs used in thefield deteimination
of_iron brtfugHach method. Tn this method -the orange color of

the phenanthrollne reagent is a fdnttion of the iron concentration
,in the eamplew y comparing the color of,,.the finAlsolption, con-
tained in a test tube, with the colors on a transparent'color disc,
the concentration of itOn,in-the unknown ,can be determined.

1-22
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A colorimeter is an electrically operated device which employs
a photocell (in place of the 'eye) As the detector. The, color intensity

of the sample is electronically coal-pared with.ghe intensity of a

suitable filter. The output is a scale reading calibrated in con-
centration of 'the.parameter being read. The Hach colorimeter, along
ith the filters, is supplied with meter scales appropriate for the
'determination being made. ,Examples where this method is used are .

the SPADNS methOd for fluoride and the laboratory determination of
chlorine residual.

e.

ebe

13
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ACT6S:OliGANIC
'(Colorimetric,Method)

.

,Note: 'This colorimetric'procedureds more precise and accurate than
the old distillation rocedure and about'equal tc the column chromatographic
method. The' test requires'less.than 30 .minutes and is particularly

.',advantageous where more than one digester is to be analyzed since several
tests can be run'simultaneously-aiMost as easily as one test.

4

This procedure converts the -organic acids (called volatile acids in
the pasti'be9ause they ,were vaporized and separated by distillation) to

', colored materials that are measured by, light absorption in a suitable
' instrument (colorimeter) .

ye

c
",

SAMPLE:

0 , k
/

A very smal p r i n 195 1 i.. u e. f_r Lh._ tes,, therefore, a
. 6 oz. bottle'is,sUfficient for organic acids and related tests.

^ 1 1-.

EQUIPMEAT:

, .

1. Colorimeter or spectrophotometer.

2. Boiling,water bath or kettle of boiling water on an electiic,
.hot plate or Bunsen burner."

p.

3. Test tube rack to hold ,3/4 inch test tubes.

REAGE14:

t-,

The folloWing reagents 'are necessary either 65, make reagent sontions
or to, use_directly as purchased.

1. Sulfuric acid, H2SO4, concentrated, reagent grAde.

2. Ethylene glycol, reagent grade.

3. Sodium hydroxide, NaOH, pellets, reaggnt grade.

4. .Hydroxylamine hydrochloride, reagent grad

5. Ferric chloride, FeCL3 6H20, lump, reagentgradet

SOLUTIONS:.

1. Sulfuric acid, diluted. Mix equal volumes of,,yeag nt grade,

concentrated sulfuric acid and distilled wateri., AUTION:

Alw7ays add acid to wa0t--nester water to aid.

. 2-1
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I

2:) Ethy lene glycol, reagent grade. Use as purchased.,

3. Sodium hydroxide 4.N., Dissolve 90 g of sodium hydroxide sf
pellets inAistilled water and dilu'e up to 500.ml.

*' .

4. Hydraylamine solution, 10%. Dissolve 10 g Of hydrOxylamine
hydrochloride in distilled:water and bake up-to100 ml.

5. Ferric chloride reagent. Dissolve 20 g of ferriescHloride
hexahydrate (FeCl3 6H2Q) in dtoatilled water, add 2'0:mlof
concentrated sulfuric acid and dilute to 1 liter. -

PROCEDURE:

4.1

1. Clarify a feW milliliters of sAple by filtratidboor centri-,
fugation or both. (it is necessary to have a relatiNiely clear

:gsample sinceturbidIty will intdrfere ith light transmission,)
1

ytOvide test tubes in a rack--one for blank and one for

1

each sample.
. .

.
.

3. Using clean Pipets, carefully and exactly pipet 0.5 ml Of
.' -°'distilled water into the blank tube and 60.5 ml Sample into 4

each sample tube. If the organic acids are more than 2000 mg/1,I .

an Aliquot diluted to 0.5 ml is used. '

',Add 1.5 ml ethylene glycol to each tube.

Add 0.2 ml

swirling
diluted sulfuic-acid (1-1) to each tube.

v: Mix well by swirling tube.
J

Jet
,6. Heat in a boiling water bath for eacEly.3.Tinutes.,

.

. i ,

,

. . ,
,,7. Cool immediately it colt water.

.t,,

* '3 , 1..

.

..... or...,, ....

. 8. Add 0.5 m1' hydro 1 Arine solution.
.

,/. Add 2.0 m N sodium hydroxide. Mix well by swirling tube. N

'10. Add 10.0 ml ferric chloride solution.

11. Add, 5.0 ml distilled water. #

12. Stopper and invert to mix..

\
13. tet-stand 5'minutes, unstoppered, for color developmelt.

.4rn, .

14. Read at 500 millimicrons after standing 5 minutes.
. ..,

CALCUtATJON:
.

Calculate mg/1 organic acids as acetic from calabration..

) .

2-2
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"Note:' A catihiatipiCturve-can e made using a 2000 mg/1 standa'd
acetic acid solution.- A series of 64tubes'art-used cpqapling.0,0, 0.

.0.2, 0., 0:4, and 0.5 ml standard acetic acid made up to C.5 ml velum
with disti110..vater where necessary. N-2bove step by step iiroceduie'
is flibbwediapplioeccent transmission readings are plotted Jh semi-log '

g aph paper. ,

REPORTING: *,

. *
.

.. i

t

Report 'at mil orgdnic acidS'as:acetic.acid.-4-

`

u COMMENT

'Phis method is suitable for
'sewage treatment plant digesters
advantageps where several tests

.;

SIGNIFICA&CE:

the

and

can

determinatloir oS. °organic acids in,
. ,

in raw slUdge: ,,Ii is yartiedlariy .

\

be run simi ultarietiUsly

,

9

Organic acids are produced by the b2ologicbrgakdown of'tfie ,

complex mass,A,s14dge. The organic acids are fOpertecr to gas if
proper conditions preV:ail for the metilane bacteria. In such digesteri
which appear to operate properly, the. organic aAds have be':'erl found to,
vary from a low of. approximately 100,mg/1 to a, Allgh of near.1000 mg/1
withithe majority under 500 mg/1 orgatic acids. ,

,

- . ,' . .,' '11
TpIn-digesters not operating properly, the organIc acids may ach

\,, concentrations :of several thouSand mg/l. At the concearations of

p

***

organic acisis, digestion is very poor, there---isct(rery little gas production

74 and that produced is of very poor quality.

) REFER;ICES:'
,

.

Montgomery, H. A. C., Dymock, Joan F., ancr- Thom, N S., 146,Rapid
Colorimetric,Determination of Organic Acids aneTheir alts In Sewage
sludge Liquor ", Analyst, pp, 949-955, December,4962.

I. I

. , af A.
Mueller, H. F;.,Iarson, T. E. "and Ferretti,

iel
Me., 4ChrpmatogtaphiC

Separation and Identification of Organic Acids"i Analytical:ChtMistry,
Vol. 32, pp. 687- 0, May, 1960., . '. '

'' -.'. .

Sedlacek, 14,, "The Colorimetric Determination o
Sludge and Sludge Waters", Chemical Abstracts, 62,

ci
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ACIDS, ORGANIC
(Column' Chromatographic Method).

PRINCIPLE:

Organic acids are separated from inprganic'acids and alkalies
by placing an acidified sample on a short silicic acid column and
eluting with a d-butanol-chloroform solverit. The organic acids are

6-
measuredip the eluate by titr40..on with standard NaOH.

A

SAMPLE:

1,

i A sample in 'a

related .tests'.
Y

X?, -

O. MATERIALS:

oz. bottle is sufficient for organic acids and

-

1. time Hood:'

2. VacuumlOurce,

Gooch-crucib Coors No. 3 tall form, or special Kontes*
001489-49 Chromatographic column '1,71th extra coarse disc.

(The Kontes chromatographic column has sufficient volume
Ako hold all the solvent in one application. The Gooch
'crucible requites numerous applicatios of solvent.)

4. Crucible holder of one-hole rubber stopper.

5. Filteririg flask --

6. Buret, 10 ml, and buret holder.

7. Tipets, 1 ,and 5 ml.

.8. ' Graduate, 50 ml.

9. Erlenmeyer flasks," 125 ml.

10. Glass fiber filter paper 2.0 cm #X-934-AH. H. Reeve

0Angel and Company, Inc..

11, Funnel, 65 mm. short stem.

12. Filter paper, Whatman #2, 12.5 cm.

*Kontes of Illinois
1916 'Greenl-Oaf Street

Evanston, Illinois

1r
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's

1. acid: Mallinckrodt's Silicic Acid No. -2847
"specially prepared. for chromatography." The silicic acid
'is dried at 103° and stored in'a desiccator.,

.

2.' CB25 solvent: Nix 250 ml of-n-butyi alcohol with 750.m1
chloroform. 'AP :

.

4
3. NaOH: 0.02 ,N NaOH protected fromCO2 absorptio1n. 1

4. H2SO4: .Approximately 10 N H2S041.
.

5. ,Thymol blue indicator: -0.1 percent by- weight in absollite
methyl alcohol or ethyl alcohol.

. . .

6: Phenolphthalein indicator: 0.1 percent by wAght in absolute
rmethyr.alcohol or ethyl-alcOhol.
e

7. Methyl alcohol':` absolute:

.

:} PROCEDURE:

4

, .
1. Filter through 12.5 cmp'filter paper, sufficient sludge

to obtain approximately 10 to 15 ml filtrate.

2. Use either..a Gooch crucible `e.r Kontes chromatographic column.
If'a.Gooch'crucible is, used; place fiber filter pad 'on: the
,bottom of the Gooch crucible and Tiraw down by suction on a '

- vacuum filrei' flask and then release vacu If the Kontes
,chtomstographic column used, no glass fiber pad is needed.

31 Remove column from vacuum filter'flask nd put 10 grams 'of
Ary.siticic acid in the column tapping lightly to..a in
packing.,

4. Replace 'column on'vacuum filter flask and:apply vacuum-to
pack'the It may.be necessary to remove_the
coldmn, from the flask,'tap again, replace-on vacuum filter
_flask and-re-apply vetuum inorder to firmly pack the
silicic acid wiVirno drawing away from the column wall:

J.

5. Add one drop of th -ymol blpe indicator to filtrate frOm Step #1.

6. Add la N'H2SO4-drop-wise with mixing until sample isred to

thymol blue

7. ,Place 5.0 ml of acidified samples an the silicic acid in the
column. Release vacuum as soon as sample is drawn into silicic
acid. ,

r

3-2
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r.

9.

. ..'.,

-, c
. Remove filter flask', 'add 40 ml 'methyl alcohol and 5 drops : .

\of phenolphthalein to the eluate in the .flask.
.

.
. \ .- r ,.

A 10. Tit with 0.02 N.NaOH to a pinkend-point. .. s

-% ,

Ill: Rdn blank 0.tration on the solvents (approximately45 ml
CB25 and 40-ml methyl 'alcohol) and subtract Srom the above
titration (Step 11,10).to obtain net ml used.

.

*!.....-. ,.
.

. ,.;

#. . With suction, :raw CB25 sOlvent.through the silicic acid

intd,the,filtering flask,:keeping the column ull until 50.2m1-
haveteen added and drawn into the flask. '

a

CALCULATION : C

.11

,

Organic' acids-Pi mg/liter as acetic = (ml' of 0.02.N NaOH Used on
sample -ml used on'hlank) X'240,

N

'\. . a(.. A . .'
t

COMMENT: ''4 I r
,.. lo , si .

a , s-.
.....

.
This method is suitable for the detel*nation of organic acids in

sewage
,

treatment plant digesters and in raw sludge. . r .

SIGNIFICANCE: . e

3 .

Organic acids-are -Produced by the biological breakdown of the
complex mass of sludge. The, organic acids are converted to gas if
proper cOnditins prevail for .the methane bacteria. In such digester's
which appear to operate properly, the organic 'acids laye been found to
vary from a low of approximately 100 mg/1 to a high of neat 1000 mg /L

v,Tithz,the majority under 500 mg/1 organic acids..
-0 8.

In digesters not operating properly, the Organic.acids may reach
, concentrations of Several thousand mg/1. At these concentrations of
organic acids,.digestion is very poor-, there is very Tittle gas
production and that produced is of very poor quality.

1

....

REFERENCES: , ' . .

4, '

,

' .
Mueller; E.F., Buswdll, A.14::, and Larson, T.E.,

t.

"ChTomatographic.
. ,

Determination of Volatile Acids,' Sewagelaod industrial Wastes, Vol%:a,-
pp, 255 to 259, (1956)0r.t' , . .

. .

. ,-. Etzel, T.E. and Pohlan FG., "Volatile Acid ForMation'During
4'SIXidg!i Digestion," Public Works, pp. 105-dt, .(July 1960).

Pohland, F.G., and Dickson-, B.H., "Organic Acidsby Colutn Chro-
matography", Water Works and Wastes Engineering.,..p.P.. 54, '55 and 73, 7

(July 1960,

4'.6
,
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Standard Methods For The Examination of Water and Wastewater, (13th

Edition), American Public,yealth Association,,New Ynrk,,New York (p71). 0

f 4, .
. . .

'Westerhold', A.F., "Organic Acids in Digester Liquor by. Chromatography ",
Journal Water Pollution Control Federation, Vol. 35, No. 11, pp. 1431-

1433, (1961).

C
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PRINCIPLE:

ACIDS, VOLATILE
(Distillation Method)

.0"
1

Volatile acids are separated from the sample by. distillation. The

acids are measured in the dis,titlate by titration with a standard sodium
-

hydroxide solution.

SAMPLE:.

. -A pint sample is.sufficient for volatile acids and;related tests.

APPARATUS:

Centrifuge.or other means of clarifying liquid .from the sample.

2. Distillation apparatus consisting of 560'ml round bottom distilling
flask, condenser, adapter tube and ring stand support Oith ring

and clamps.

. Heat source--either a suitable electric heater or Fisher type of

gas burner.

4. Buret.

RhAGENTS:t
//

1. Su'furic acid, 1 -F (add 1 part conc. H2SO4 to 1 part

distilled water by volume.)

2. 'Sodium hydroxide standard solution, 0.1N.

3. Phenol hthalein indicator solution. Dissolve 0.5 g phenolphthalein

in 50 1 ethyl or methyl alcohol al:4 add 50 ml distilled water.

Add Na H drop -wise until a faint pink color appears.
. -

4. Hengar grdnules, idmin not selenized, for use as , boiling chips,

to promote smooth boiling.

PROCEDURE:

r

-'

1. Centrifuge sufficient sample to get 100 ml (or suitable aliquot)

of supernatantfer distillation.

2. Place 100 ml (or aliquot) ,of superpatant in distillation flask.

ALI
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b ^ .
*

3., Add 00 ml of distilled waterdr if less than 100 ml sample

was ken, the required-amount to ,make a total of 200 ml.

.

4. Add 5 or 6 Hengar granules OP boiling'chips foL!smooth boiling.

5. Add 5 ml of 1 + 1 H
2
SO

4'

6. Swirl flask to mix acid and sampiT. .

_7

c 7: Connect flask.to condenser.

8. 'Distill at a rate of 5 ml per minut

9: Collect 150 ml of distillate in 250 ml gradupted,cylinder:

. Transfel6 without loss, the entire distillate toga 250 ml

Erlenmeyer flask.

10. Titrate with-0.1N NaOH using pehnolphtfialein indicator., -The
end-point.is the first pink coloration that persists for a

short time. Titration at 9C°C reduced carbon dioxide inter-
ference.and,prodtices a stable end - print.

Volatile acids in mg/1 as acetic = mi NaOH x 6000

ml sample x 0..7 ml sample x 0.7.

COMMENT:

This method is suitable for rOutire control purposes. It is not

recommended- or accurate work since it.is assumed that only 70% of the

-volatile acids present in the samples will be found in the distillate.

This factor has been foundto vary considerably.;

SIGNIFICANCE:

.

. Volatile organic acids are produced bythe viological breakdown of

the complex mass of sludge. The'volatile acids 4.re convikrted to gas if

proper.conditiors prevail for the methane bacteria.' In such digesters .

which appear to bperate,properly, the.volatile acids hive been found to

vary.from a low of approximately 100 mg/1 to a high of rear 1000 mg/1

with the majority under 500 mg/1 volatile acids.
. -

In digesters not operating properly, the volatile acids:may reach

concentrations of several thousand mg /l. At these concentratiors of

vdlatile acids, Agestior, is vent poor, there is very little gas pro-
:

duction and that'produced is of very poor quality.
*

.

REFERENCEt
.

..!'

Standard Methods for ore Examination c$f Water and Wastewater,

(11th Edition), 196C, p. 422. - .

(.
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ALKALINITY .

(Foi Use On Digester Supernatant)

PRINCIPLE:

;/Alkalinity is measuted pn a clarified `digester pupernatant
salEple by titration with a standard acid to a colorimetric end-
point.

SAMPLE:',

Use part of Volatile or Organic Acid sample.

REAGENTS:

1.. Sulfuric acid standard solution 0.02N (1 ml = 1 mg_ 4

alkalinity as CaCO
3
).

A- .

2. Methyl purple indicator solution:fleisher, pH range
4.8 for total alkalinity. (Many people use methyl.
orange indicator and refer to the alkalinity thus determited
as M:O. alkalinity; however, Methyl purple gives a much more
easily observed color change (from green to gray to purple)
than the color change Produced by methyl orange).

Sik

PROCEDURE:

1. Pipet 10.0 ml (or aliquot) of filtered supernatant into a
125 ml Erlenmeydr flask. Dilute to 50 ml with distilled water.

2. Add 3 - 4 drops of methyl purple indicator. A green color
should develop.. (In some cases, 'OE acid digesters, there is
little or no alkalinity with an accompanying low pH and a
gray or purple color will develop.)

3. Fill the buret with 0.02 N H2SO4.

4. jecord the reading.

5. Titrate with vigorous swirling of the sample through 'the
development of the intermediate gray color to the development
of a distinct purple end-point.

° 6. Read the buret and "record final reading. 'Subtract the initial
buret reading from the final reading to,get the net ml of
o.onrsi

2
SO, used i5 the7:'Sample.

4

O

5-i
3O



CALCULATION.:
ti

mg/1 total alkalinity =

SIGNIFICANCE:

net ml of 0.02N acid x`1000
ml of sample used

Alkalinity refers to. the quantity, of basic compounds in aqueous
solution which shift the pH value of the golution to the alkaline
side of neutrality. These alkaline substances react with acids ,to
irOduCe neutral.compounds.

41IF

REFERENCE:

'Standard Methbds For The Examination of Water and Wastewater- ;
(13th Edition), 1971, pp. 370-376.

0°
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CHLORINE, RESIDUAL

(Orthotoridlne.Method).

,. PRINCIPLE:

The additibn of orthotolidine reagent -to sewage containing chlorine
produces a colon proportional to the amount of chlorine present. .

The method is not specific for Chlorine. Nitrites, organic matter and
papganic manganese interfere. ,

: ' ,l . - .\
- ../. .

.

SAMPLE:

-At least 10 milliliters. are required.

REAGENTS AND EQUIPMENT: -

1 r

>. 1 re

,

CI

1: Orthotolidine reagent: Dissolve 1.35 g orthotolidine
dihydrochloride in 500 ml dittilled water. Add this solution,
with constant stirri.rig, tote mixture of 350 ml distilled
water and 150 ml conc. HC1. This reagent should be stared
in amber bottlet preferably in the dark and protected always
from direct sunlight. It is suggested that orthotolidine
reagent be discarded'akter six months.

2. Chlorine comparator; turbidity.cgmpensating.

PROCEDURE:

. 1. Add a ml sample of chlorinated sewage to aicell or test
tube cntaining.1 ml orthotolidine reagent.

.

2. Mix, and if the temperature of the.sample ip.less than 20°C,
bring it to that temperature quickly after mixing, and hold`
in the'dark,for color development.

3. Read when the color intensity reaches its peak (usually
n 3 - 5 minute0:.

REPORTING:

Repott as mg/1 chlorine.'.

0

/ i
t
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SIGNIkICANCE.:

4

Because of organic -matter' and ammonia, residual chlorine exists
in sewage in the combined state. The orthotolidine'illethod measures-
the combined..available chlorine.-

REFERENCES:

Standard Methods For The Examination of Water and Wastewater
(nth Edition) 1971, _pp. ,385-486.

J.
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CYANIDE,
'.(Colorimetric Test) \

)-.
.

PRINCIPLE:

The cyanogen halide prquced by adding an excess of bromine to
the sample reacts with a pyridine-benzidinereagent to form an
orange color which may be measured colorimetricialy at A80 nne, This

method measures 'free cyanide...and/some of the.co4iexes. For ,a *.

.measure of total cyanide, a airface distillation procedure is
7 required before measurement by this method.' Thiocyanates are an

interference but can be eliminated by distillation..

*IP

SAMPLE:

Collect a 6 ounce sample. If it cannot be analyzed immediately,"

'3 it should be preserved with NaOH by' raising the pH to 11.0'or-above.

siUsually two NaOH pellets are sufficient.

REAGENTS:

,

1. Phenolphthalein'solution, 0.5 percent.
e

2. Phosphoric acid solution, 10 percent.

3. Bromine water, saturated.

-4. Sodium arsenite solUition, erCent.

N-butyl alCohol, reagent grade.
4F,

Pyridine solution: Add 2 ml conc. HC1 to 25 ml pyridine.

to .100 4".$.

7. BenXidine di- hydrochloride, 2 percent-aqueous:

8, Potassium cyanide stock solution, 1000 mg /1; In a volumetric

flask dissOlve 2.51 g KCN, reagent grade, *in .10,00 ml water.
For the greatest.accuracy, this stock solution shouldbe
tandardized by the modified Liebig method.. CAUTION: Avoid

OingestioniOxic.

9. °Iptassium cyanide standard solution (1 ml = 1 microgram CN ).

Dilute 10 ml stock cyanide solution to 1 liter with distilled

water,emig and frOm this dilution make a seond dilution. of 10

ml to 100 ml. (1 m1 = 1 microgram 017). Use 10 ml volumetric

pipets io effect the transfer, and volumerricflatks in which

to make the dilutions. " -- b'

4

*gi.
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CALIBRATION.; r .- . . .

'1. From the standard KCN solution containing 1 microgram per ml 1
as prepared in Step t9 above,. make a series of standards
containing 0,1,2,3,4 and 5 myrograms of CN . Make each -
standard up to 10 ml with distilled wet-eel using v?IumItric
glabsware, .

w41 2. Follow .the steps listed under Procedure to develop the color'.

-4.Q
<

3. Prepare a calibration curve by plotting the percent
;transmittance Tor each standard against the micrograms of

cyanide fn that standard. The use of semi-logarithmic graph
paper is helpful becadse'all points should fall on a
straight line. If ordinariT 'graph paper is used, i is
.necessary to either read absorbance' from the instrumen or'
cathOate absorbance in order to get a. straight 11.11e.

.

vs

PROCEDURE:

I: 5ef up a series of test tubes (25 x_150 mm) in two rows lit

4

a test tube rack. Each sample and blank requires two tubes.
`-..e

Measure 10 ml distilled water into the first two tubes fol-
reagent blanks.

3. Measure two 10 ml. or appr priate aliquots ofsample into two
test tubes for_the first sapple and repeat thisIor each
'succeeding sample. (Dilu e to 10 ml if less than 10 ml aliquot IP.
taken.)

'4, Using tfle 'first tube in each set,`determine the amo unt of
phosphoric acid required to neutralize to appfoxiMately p} 8,
with phenolphthalein'as an indicator. Td the second tube in
each set, add a like amount of phosphoric.acidland, .then 2

. -drops in excess to lower the pH. Discard4the first rm./ of tubes.

5. Add bromine water drop-wise to each tube until a sligh exces
is indicated 17 a persistent yellow color.

6: Add 2,perce nt sodium arsenie drop-wise-to each tube in Order-,
to degtroy the bromine color. Add 1 drop in excess.

7. Add 10 ml 11-bittyl alc to each tube, stopper and shake,
the tube,

Add 5.3 ml pyridine- benzidine reagent (mix 5 ml pyridine'
solution with00.3fi7. benzidine solution just before using)
,to each of the treated samples and,to the alcohol blank.

9. Stopper and shake vigorously.

35
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c

'Allow 15 minutes for color development. (Cyarilde is indicated
by a brownish-yellow clor fri-the upper alcohol layer).

. ...-----

Transfer some of the alcohol layer from the reagent blapk to 'the,
instrument cell (usually a1 cmcell isbest) and set Ohb

,

instrument for 100.percent.transmittance at 4130 mu.

12. Transfer some of the alcohol-layer of the sample to a second
- cell and read percent, transmittance.

.

I

calibration,c, 13. Calculate the athount of CN present from the calibratio curve.-
.

REPORTING:

Report as mg/1 CN.

a
'.)MMENT:

1

V

Extreme caution should be exercised in the handling of all
standard Solutions% as well as any Samples of unknown Concentration
of cyanide. y =

-

DO NOT USEMOUTH SUCTION ON ANY PIPEZ.,
,

. SIGNIFICANCE: 0

/

The PCB has placedNan effective limit of 0.025'mg/1 on the
amount of\cyanide which may be contained in water..

S

REFERENCES: a

4

. .

Nusbaum, I.,.Skupeko, P., "Determination of.Cyanide in Sewage
'and Polluted Waters",Sewage and Industrial Wastes 23,-7 875-879 (1951).

.
.. r .4

Lancy, L.E., "Non-referee Method for Cyanides'Amenabsle to
Alkaline Chlorination in Industrial Waste Water". Prfirate commtwication
from Dr. L.E. ancy of Lancy Laboratories

'

Ibc.!(1963): '' ,

"'A .

,

Standard Methods for The Examination Df Waterw1and Wastewater
(13 Editiol* 1971 pp. 3974t06.

.
, i '

, 4
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PRINCIPLE:

BIOCHEMICAL OXYGEN DEMAND (BOD)
(Graduate Dilution Method)

is

AP.The.biochemidal oxygen demand (BOD) of sewage, sewage effluents,
polluted waters or industrial wastes is the quantity of dissolved
oxygen, in mg/liter, required during stabilization of the decomposable
organic matter by'aerobic biochemical action: Determination of this
quantityis accomplished by diluting suitable portions of the sample 7
withigater_saturated with oxygen and measuring the dissolv& oxygen
in the sample and in the dilution water'blank immediately' nd in the
Mixture after a period/ of 5 days incubation at 20°C.

SAMPLE:-

One quart is required.

- REAGENTS:
-

1. All reagents necessary for the determination ofDO.

4

, 2. Ferric chlOride solution: 0.25 g/1 FeCl3 6H20.
si

3. Calcium chloride solution: 27.5 g/1 anhydrous Ca012.
f

4. Magnesium sulfate solution: 22:5'g/1 MgSO4 71120.

5. Phosphate buffer solution:' Dissolve fL5 gmonobasic potassium
acid phosphate, KH2PO4; 21.8 g dibasic potassium acid
Phosphate, K2HPO4; and 334 g diabasic sddium acid phosphate,
Na2HPO4'9H20; in 500 ml of distilled water. Then add 1.7, g.
ammonium chloride, NH4C1, and make to-1 Liter, The pH.of the
solution should.be 7.2 without 'further adjustment.

6. Seeding material: In many rases, a satisfactory seed may be .-
obtained_ by using the supernatant from settled domestic
sewage whichhasbeen stored for 24 to 36 hours at 20°C. Many
industrial wastes contain organic compounds which are not
amenable to oxidation by domestic sewage seed, In these
cases, receiving_water collected two to five miles belowthe
point of discharge of the particular waste will undoubtedly
give the .best results. Experimentation with any particular
seed will be the only means of deterMining the application of
the seed for anyAgiven waste. Quantity must also be determined
in this matter. Five to ten ml of settleeraw sewage per 5 gdl.
ofLdilutioll water is 5uggested far the initial applicationof

.

seed.

.
9-1. 38
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7. Distilled of de7ionized water: This water should /be of the'highest
quality, containing no material toxic to the organisMS--
found in the seed or in the waste itself: Coppereand
chlorine shouldpe absent4.with an allowable maximum of
0.01g/1 coppef: -If any doubt exists regarding the
suitabilityof)the water, controls should be run by the
procedure using a synthetic.solution of known BOD. A
300 mg/1 glucose solution should show a BOD of'224 + 10 mg' /l.

8 Dilution water: To five gallons of this water, previously
stoppered with a cotton plug and aged for at least 2 weeks
in darkness, add 29 ml each of calcium chloride solution, '

magnesium sulfate sokution'and\phosphate buffer. In

addition, add 10 ml ferric chloride solution and-the amount
of seed Which has been determined by experimentation: Mix and
allow to stand in the BOD incubator for at least a week *

before use. Stability of th dl.luti&rewater andOuitability
for use after Stabilization y be checked as follows: .

Intotwo BOD bottles (APHA)siphon,-with a minimum of
aeration, two like samples. Perform a dissolved Oxygen.
determination on one of the bottles and incubate the second
for fiye days at 20°C.,If the dissolved oxygen of the
dilution watt falls below 7.5 mg/1, it may be aerated to
bting the level to that of:"S'auration. If the dissolved

'oxygen of the dilution water indicates tlit it is st.wer-
saturated, it must be de&aerate. before it is used.

1

At the end of tjie incubation period, perform a DO test,on
'the second portion of the dilution water. The difference
in DO forthe initial and incubVed sample will be the 10
a the dilution water itself which should be less than
0.2 mg/1.'

PROCEDURE:

In BOD work, some,experience or guidance'is necessary in
determining what drlutionto set up for the various types.of samples
With a knowledge of the source of the sample and an observalion of '

the odor, turbidity and suspended solids, one can estimate a'probable

BOD and select suitable dilutions, to cover the estimated BOD. It is

desirable7 to make two dilutions On each sample.

I

1. Fill two BOD bottles with dilution water, using a siphon'and ".
4. keeping aeration at a minimum. Determine the DO of One(

bottle and incubate the second.

2. Determine the Drof the original sample, taking care no; '

to aerate the sample in the process.

3. To a 1 liter- graduate, add, the amount of well-mixed sample

required for the selected dilution "(See "Codifient").
o

--9-2 4' 39
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Dilute to 1 liter With prepared diluii.o2.water and miwell
withOnt aeratiosl-using a plunger-typt stirrer.

4. Transfer the diluted sample to a BOD bottle wienbut..aerationd.
StOpper the bottle, filling the collar with water; and incubate.
Using a siphon, 'discard mixture in- excess of 500 nil.

Aprther dilutions should be made by kdding-dilution water equal
to volume remaining in the graduate frnm.Step-4. Thisis-in

' ° effect halving the concenttation. When-the dilution and
mixicns are completed rep at Ste 4.

, .

NOTp Repeat the dilution procedure a5 Z:i:ten as cessary
.tecover any suspecfted devia,tion :ram the estimated
BOD.

*6, When all dilutions are completed, fill db ,additional bottle
with the dilutionwater and incubate it along with the sample
dilutions for a period of,5,days at 20°C.

7. At the end of the incubation period, remove the samples from
the incubator Ihd determine the remaining dissolved oxygen
for each dilution, as well as for.the two dilution water blanks.
Dissolved oxyg6 depletions.in the.rahge of 46 to 90 percent.

'' will give the most accurate values when, the calculation of .

the BOD is performed.

COMMENT:.

-4If the sample trem1ely alkaline Qr high in
;mast be adjusted before diiut'on.

Table of BOD Dilutions and Factor 4

0

acidity, the:pH.
A

__; .
Dilution

0 Ve4 me Factor or Multiplier
Range Desired % b ample

0-5

4-10,
8-20

20-50:

60-100

100

50
.

25'

10

5

*-" ..,

..

41000

00

S 256
00

0

1
Va

2 .1

,
. 4

s'10

2O
.

80-200 2.5 . 2 40
200-500 P.0 ,10 100

CALCULATION:
100

BOD =.(14-04x P + S-W
0

W =ADO in dilution water blank after incubation.

D = DO in samples dilution-after Incubation.
e

9-3 a -1
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a

S' . = DO in sump beforedilution.
-

P = Percent of sample in dilution.

REPORTING:

Report as mg/1 BOD (5 days @ 20°C).

SIGNIFICANCE:

-The bibchemical oxygen demandof sewage, polluted waters, or
industrial wastes is exerted by three classes of materials:
(1) carbonaoeous organic matter', such as cellulose, starch, sugar,,
tat; (2)Oxidizable nitrogeri derived from urea, ammonia, nitrite,
and organic nitrogen compounds; and (3) reducing compounds such as
ferrous iron, sulfite and sulfide.

With dometic sewage, the BOD testmeasures. the first class of
materials.- The test may not be significant if the sample contains

. the second or third class of materials.

ircr

REFERENCEFk:

Standard
13th Edition,

Environmental

-.

4,

44-

Methods For The Examination of Water and Wastewater,
1971; TIP 489-495 with modifications by the Illinois

Protection Agency.

Ibid, 9th_Edition, 1946; pp 139-144.

41
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BIOCHEMIhl, OXYGEN DEMAND (BOD)
('Sithplified.Non-siandard Method)-

PROCEDURE:

In BOD work, some experience or guidancet,is necessary in
determining what dilutions to set up fOr the various types of
samples. With d knowledge of the source of the sample and an
observation of theoodor, turbidity, and suspended solids, one can
estimate a probable BOD and select suitable dilutions to cover the
estimated BOD. The following table may be consulted to determine
the volume of sample and volume of dilution water to be used. It

is desirable to make two dilutions at different concentrations on
each sample.

BOD
Range

Dilution
Desired

Volume
of

Sample

Volume of
Dilution
Water

Total
Volume

Factor or
Multiplier

0-5 - 100 1000 O. 1000 1

4-10'. 50 .500 500 1000 2

8-2 25 250 750 1000 4

0 -50 10 100 900 1000 10

40-100 5 50 950 1000 20

80-200 2.5 25 975 1000 40

200-500 1.0 10 990 1000 100
/ 4

1. Measure.the correct amount.of well-mixed sample'and add to
A 100 ml graduated cylinder or to a 2-quart bottle.

2. Measure the correct amount of dilution water (enough to
make the total voluthl of sample and dilution'water equal to

1000 ml). Add this, to the. measured sample.

3. If a 1000 ml graduated'cylinderis used, mix the contents
with a stirring rod. If using a bottle, stopper the bottle
and mix the contents by shakihg the bottle.

4. Allow the mixture to stand for a minute to eliminate air

bubbles. -41

5. Transfer the' mixture carefully to two duplicate, clean,

B.O.D. bottles.. Insert stoppers in the-bottles. (roi\insure

getting representative poFtions in each bottle, it is
preferable to fill the first bottle half full, th'en fill
the:secolid bottle full'an finally fill the first bottle

f'- full. This should tend to''average out any difference due
. to suspended solids.)

. _

42
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6. Run the D.O. test on one of these bottles. .Record the

results as Initial D.O.

1. Complete the water seal on the second bottle, and place in
incubator for 5 days.

8. At the end of five days, run the D.O. test andrecord the
result as'Pinal D.O.

9. Calcul te the BOD of the original sample, using the
correct multiplier-or factor for the dilution used.

Calculation osf BOD:

'Determine factor or multiplier from dilution table.

BOD ,6 Difference x'FactOr

ExiMple:

.1A./

25% Dilution:

Ipitial D.O.
.Final D.O.

Difference

8.5

2.0

6.5

25% dilution = factor of 4.

BOD = 6.5 x 4"= 26.0

, REPORTING:

Report as mg/liter BOD (5 day @ 20°C). .

COMMENT:

This simplified non-standard method is included'As a method

for those who want a method more simple then the prefekred

graduate dilution method.
z-

O
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Table for Recording BOD ResUlts

Source
of

Sample

Percent of
Sewage in

the Dilution

Initial
D.O.

inthe
Dilution

Final , Difference
D.O.

in the
Dilution

.

e.

Factor

.

5 Day
, BOD

. .

. .
. .

-

. .

. .

-

,
,

..
.

.

. ,
ar. -". . ,

-

. -

. .
. .

.
.

.
.

.
, _

.
-

a4 .

.
. --

.
. I

t
, -

.

r

1 .

s

.
.

---

.
.

i

. t
. ,-.

.
_

- ,

3
. . . .

A.

,
.

. -, =

.
.
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DISSOLVED OXYGEN (D.O.)

PRINCIPLE:

fhe,sampleds collected in a glass-stoppered D.O. bottle
without aeration. Immediately after collection, the sample is
allowedto react with manganous sulfate in the presence of alka-
line solution of iodide and sodium azide. The azide removes nitrite.
interference. A brown-colored flocculent precipitate forms when
Oxygen is* present. On acidification with sulfuric acid the brown -
colored floc reacts iaith the iodide to release ioAdine in a quantity

equivaldnt to the dissolved oxygen content of the sample. The
liberate.iodine it then titrated with a standard solution of
sodium bhiosulfate.

SAMPtE:

The sample shoulebe collected in,a standard dissolved oxygen
bottle Using an appropriate dissolved oxygen sampler to avoid
aeration.

REAGENTS:

.

Prepared reagen (meeting APHA specifications can be purchased

from laborato' su pty houses or they' can be, made as 'follows:

1. Mangandl s.sulfete.solution: Dissolve 364'g MnSO4 .H2 0 in

distilled water and filter. Dilute to 1 liter. (Specific

grayity should be 1.270) , Thesolution should not liberate
more than a trace of iodine when added to an acidified
solution of potassium iodide. ,

y

- :

2. Alkaline /iodide- -azide solution}: Dissolve separately
-500 g NaOH and 150 g KI in distilled water and dilute to
1 litet. To this solution add 10 g NaN1 dissolved in 40

ml distilled water. This reagent should not give a color

'With starch indicator when diluted and-acidified.

3. Sulfuric acid, conc. H2SO4.

1
......, 0 .

.

4. .Starch indicator solution: Suspend 5 g.of powdered, potato
starch in a small amount of-distilted water and 'make to

approximately 750 ml. Dissolve 12.5 g NaOH in 100 ml .

distilled watex and stir into the starchsuspension'until
a thick, sirupy, almost-clear solution isobtained. Allow

to stand 'one hour or more. Neutralize with app5oxi; .,

4?-
mately 25 ml conc. HC1 using a pH meter to determine ,

-11
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the end-point'. Do mot overrun.the end-point. For pre-
servative, add-8 g sodium propionate and 4 g sodium azide.
Dissolve each in 25 ml of.distifled water-an4 add to the

,'s5arch solution. Dilute to 1 liter.

5.

!

'&6dium thiosulfate sobUtion, 0.10: Dissolve 24.82 g
Na2S203 5H20 in boiled and cooled distilled Water,
preserve with'l g NaOH and dilute to 1000 ml: Standardize

1 with biniodate solution' (a).

a. Standard potassium-biniodate solution: 0,10N:-

0 Prepare a stock equivalent to 0.10 N by'dissoiving
3.249,g KH (103)2 in distilled water and diluting to

.1 liter.

b. Standardizhtion of sodium thidsulfate: Dissolve
22g,KI 6odatefree)in an Erlenmeyer flask in 100
to 150 mi distilled water. 0.

t .Add'10 ml. (1 ml H2SO4 -+ 9 Ai distilled H20) followed
by exactly 20 ml standard biniodate'solution. Dilute .

toabout 200 ml and titrate Vld'liberated iodine with the
approximate 0.1,i thiosulfate to a palestraw color.
Add 1 ml' of starch indicator and titrate to disappear-

* ance of the blue color. Caldhlate normality and adjust
to 0.10 N if necessary.

A
:

6. Stanclard sodium thi'osulfate solution,.0:025-N: Prepare by

diluting 250 ml of O10N stock solution to 1 liter.

PROCEDURE:,
/y_X.

5 1. Collect sample, fling D.O. bottle full to top.

0 2. Replace soppef and discard excess water.

3. ReTove stopper.

1 '

.E.

4. Add g ml manganous sulfate solution and 2 ml alkaline

ii.

potassium todide'solution.
.

PlAce'Aelivery tip of pipet

, . below the surface of the water in the sample bottle. .

.,...,.

.

D. Replace stopper giving it a slight twist to seat it Well

'' ' and rinse ,bottle-with tap'water.
. .. ,

.
. . . .

.

. '6. Shake well by inversion of the bottle.

7. Allow the pltecipitate .to'settle hightrY. Then shake by -1
inversion again.

-;
o

.

3-
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8. After precipitate has settled in lower half of bottle,
remove the stopper.

9. Add 2 ma of concentrated sulfuric, acid with the tip of
the pipet above the surfacelof the sample but touching
the inside neck of the bottle.

10.Replace stopper,, rinsewith tap water, and shake sample,
to distribute the iodine uniformiy-throughout.the bottle.

11. Shake the sample once more and measure 203 ml of the iodine
solution with a measuring flask. (Cut off volumetric flask
may. 1;e used).

12..Discra 'the excess iodine solution,ancl pour the measured
portion bacls,into the original bottle.

'

I

13. Proceed at once with the titration.
c.

14. Fill buret with 0.025 N (N/40) thiosdlfate solution.

15. Read buret ant4cOrd reading.

16: Add thiosulfate from the buret small amounts. Swirl
the battle and sample after each addition.

17. Continue the titration until the color pf the sample is
that of light straw.

.-

18. Addll ml of Starch indicator. The color of the sample
will change to blue.

19. Continue the titration; using care not to oSerrun the
end-paint, which is the disappearanceof the blue color.

20. Read the buret at-the end-point and record the.reading.

21. Subtract the reading aC the start (step'15) fromthe
reading at the end (step 20). The difference i.the
volume of N/40 thiosulfate required for 200.m1 of the
original sample. ,

22. This difference is equal Lo the dissolved oxygeh of the
spple'in terms of milligrams per liter, (mg/1).

REPbRTING:

Report as mg/liter dissolved oxygen.

4
11-3'
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SIGNIFICANCE:

TJie teat for dissolved oxygen (D.0.) is one of the most
valuable single analytical measures of thif condition.of water
with respect to pollution, It is also the 'basic part of the
biochemical .Oxygen demand test.

A minimum D.O. of 5 mg /1 is necessary for normal fish life
and growths although fish' survivt4 at 3 mg/1 'oeiess depending on
the species.

REFERENCE:
I -,

Standard.Methods 'For The Examination Of Water and Wastewater

(13 Edition); 1971, pp.i,474-488.

DATA SHEET FOR DISSOLVED OXYGEN
,* 4

,

SAMPLE

_

Buret- Reading

ml
_Difference

--.

mg/liter
Dissolved Oxygen'

Final

(Step 20)
Initial

(Step 15)

s .

.

,

.

,
t

III

.

2.

6

s c.
.

,-

3.

<

.,

,
....
, .

9-

,

,
.

,

4.
.

.

.

.
. ..,

,

(

-') ,

° ,

1 ,

.

6.

. ,

- .
.

. . .

7.
,

.

,
..c.

8.
4

..
.

/
*1. .

.
.

.., -

6 4

. °

,
.

ml difference = mg/t D.6,, when 203 ml of the sample,
titrated with 0.025 N (N/40) thiostilfate.

'11-4
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DISSOLVED OXYGEN
(Copper-Sulfate-sulfamic modification)

IPLEf .

0 1

This modification is used for'biongical flocs such as activated
sludge' ixtures which have'high oxygen utilization rates: The capper-
sulfate-sulfamic.adid accomplishes a twofold purpost. It stops the

.

oxygen utilization immediately and it causes the organic material to'.%
precipitate producing a clear supernatant for testing.

This-method is quite useful; however,.dissolved oxygen meters
which axe capable of direct measurements in thliaeration tank are

)to be pr e erred.
. ,

\'' e

k

.4',..-

, APPARATUS: : \

1. 'All equipment used in the,y0 test..

-r

0

2. Siphon.

' One quart wide mouth bottle with large rubber stopper to
fit or 1 liter glass stoppered bottle.

4f DO bottles.

REAGENTS:

a'

1. All the reagents required ior the dissolved oxygenitest.

2. CopApr sulfate-sulfamic acid inhibitor solution: - Dissolve

.32 g technical grade sulfamic acid, NH,S020H, without heat,
in 475 ml distilled water. Dissolve 50 g copper sulfate,
CuSO4 -'5H20, in §qp ml distilled water. Mix the two solutions f
together and add 25 ml of cone-. acetic acid.

PROCEDURE:

1. Add 10 ml copper-sulfate-sulfamic acid inhibitor.'

2. Insert' bottle in sampler designed sothat the bottle fills a.

froM a tube near the bottom and overflows only 25 to 50% of
bottle cap.acity.ow

3., Collect the sample, stopper and mix by inversion

7

4. Allow the solids to settle;

4 .0-
12-1
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5. Siphon the relatively-clear .supernatant liquor into a DO
bottle.

0 ..
t -

.

6. Continue.the DO analysis immediately using the azide modi-' .

fication of the DO procedure as detailed inthis manual. .

SIGNIFICANCE :
I

. -

This modification of the DO test is useeto peimit the measure-
ment of dissolved oxygen to determine the adequacy of aertation_of
activated sludge. 0

REFERENCE:

Standard Methods for the Examination of eater and Wastewater, 13th
Editions 1971, pp. 483-484. j -

!
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OXYGEN DEMAND WDEX

Two procedures are provided. The reagents for the original.
ODI procedure were based on publiphed information in "Analytfcal
Chemistry" onthe elimination of chloride interference, in the*COD_
test.. This necessitated the making of-two complex chemical reagehtp
in, order to hold the operational steps to a minimum. These reagents
are specialized and less readily available than.ndst reagents.

After the introduction of the ODI procedure in bfle February, 1965
issue of "The Digester", the 12th Edition of "Standardhlethods" (1965)
was published with a simpler methpd of addition of reagents to
eliminate chloride intereference. This improved technique' made it
possible to use "Standard Methods'" COD reagents in the ODI test with
only slight modificakions in ODI procedure. The second ODI procedure
employs this method of elimination of chloride interference with ,

regular COD -reagents.

Both procedures, if- followed carefully, should give identical
results._ The advantage of the second method is iargely4the lower
'cost and easeof making or purchasing reagents.

"i
,

PRINCIPLE:

This test is a modification of the dichromate oxygen demand
test. The dichromate is reduced from theiyellow hexavalent to
the green trivalent state by organic material in a sample. 'The
amount of green color produced is measured colorimetrically to give
an approximate measure of sample strength in a short period of time."

SAMPLE:

A sample of 25 ml is sufficient. .

EQUIPMENT:

.

1. Electrically heated water bath.4- ( A ketU.
onf an electric hot plate,or Bunsen burner

1

2. Colorimeter or spectrophotometer with-one
cell or equal.

Test tube rack to hold' 1 inch tqAt tubes,

REAGENTS':

.

. Potassu ichromate,, A.R..(K2Cr2(3)).

w
13-1 51

e of water boiling,

is satisfactory.)

inch test tutre.

(made locally).

r-

I
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2. Mercuric- sulfate, A.R. (sSO4).

3. Dextrose (glucose) crystal, reagent or pure bacterial grade,

anhydrous.

4 Silver sulfate, A.R. (Ag2SO4),

5. Sulfur,ic,acid, conc. A.R. (R2SO4)i
)

SOLUTIONS:

1. Standard 045 N dichromate. solution. Dissolve 12.259 g

reagent grade (dried at 103°C for 2 hOurs) in

drstflied- water and dilute to 1000 ml.

2. 'Reagent A: Add carefully 125 ml conc. H,S0-to 375 m1 of

0.25 N dichromate solution contained in A 500 ml pyrex

bottle. ,

3. Reagent B: Add 7.5 g AgSO to 700 ml cone. H2SO4 contained

in a 1 liter pyrexbottlA. 4

4./'Standard glucose solution used for making calibration curve.

Dissolve 0.600 g glucose (dried at 103% for 1 hour) in

'
distilled water and make up to 1000 ml. (This solution

should have a BOD.of 448 + 20 mg/lk see

,(This
Methods,'

Twelfth Edition., pagis 418 -419. One ml of this solution

diluted to 5.0 nif has an Oxygen Demand Index (ODI) value of

90 based on BOD tests)

PROCEDURE: (Using ODI reagents), .

4
_

.

1. Pipet 5.0 ml of distilled wafer into a 25 nm x 150 mm test

tube for a blank. __Use_swcill rack to hold tubes..

, a /
2. Pipet 5.0 ml sample into a second tube.

3. Add 2.0 ml Of Reagent A to each tube.

4. Add 0.1 g HgSO4 (approximately, with a measuring spoon)

- to each tube. t 7

5; Mix well,(alI HgSO4 may not _A
.

dissolve)ir

6. Add 7.0 Al Reagent BIS each tube. (CAUTION: Strong Acid).

T. Mix well. (Ne sure sample-and,regents are well mixed.)

8. Placerrack containing and sample.,
4?
tubes in boiling

water bath for 2 minutes.

F.

-.0

%.
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9. Remolle, cool in water or let stand to cool. This also allows

time for H004 and other. suspended material to settle.

10. Meagure the % transmission at 600 mu, using the reagent blank
100 percent line-

11. Calculate ODI value from a graph prepared by running 0.0,
1.0, 2.0, 3.0; 4.0, and 5.0 ml volumes of 600 mg/1 gldcose
solution. -031/standards of less than,5.0 ml made up to
5.0 ml test volume with distilled water. 1.0 ml diluted to

$.0 ml has an ODI value of 90.

Solutions and Procedure for Altepate Nethod

SOLUTIONS:

Standard 0.25 N dichromate solution. Dissolve 12.259 g

K
2
Cr

2
0
7

reagent 3ra'de (dried at 103°C for 2 hours) in lc

distilled wateerand dilute to 1000 ml.

2.-,-"tillfuric acid', silver sulfate reagent. Add 22 g slAqi
sulfate (Ag9SO4) per'9 lb bottle of conc. sulfuric acid.

. Invert botaeocasionally to aid in dissolution (1 1J 2

days may be required).0

-.A o
?

3. Standard glucose solution used for making celibratiod curve.

.
Dissolve 0.600 g'glucose (dried at 103°C fors 1 hou14-in

. distilled water and take up to-100,0 ml. (Th4,s solution

Shoeld have a BODof.448 + 20 mg/1; see "Standard Methods",

l2th'Edition, pages'418-419. One ml of this solution

.10kiluted. to- 5.0 ml has an Oxygen Demand Index (bDI) value

of 90 based on BOD,teses.)'

O

PROCEDURE:, (Using COD reagents) 4r.

, .

, . ,

M 1. Place 25 4nm x 150 .mm test tubes in rank (1 for blank add 1

, for each sample).
. t.

,

1

.2. Add 0.1 g mercuric sulfa.te powde.r (approximately, with a

Hach.Chemidal Company #51 or equal measurinespbon) to

each tube.

, .

3. Add; with pipet, 5.0 ml distilled water into blank tube.,

4. Add, with pipet, 5.0 ml sample (or fliquot.made up to ,5.0..

ml)pinto each sample tube and swirl to mix:

1

5. Add exactly', with pipet, 1.5,0a of 0.25 N dichromate solutiOn:
.

ry

6. Add carefully 7.5 ml of,the-suftirsic,scid-silver sulfate reagent.

13-3 3
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a

.\. - '.$ . 0

1 -
7. Mix well by swirling tube. Ifa sliOlii precipitaie remains,

it does not adversely affect the deirpipatiOn. (Be sure
sample and reagents are wefl mixaW3.--- . -.-

. .
.: ; . ;;st * '...,--, ,

),

8. Place rack containing blank arid sampWtaes in boiling
.,/,; , .'

r'water bath.for 20-minutes. - .i.\

.,..g.
.

9. Remove, cool in water or let stand to-COOlc: This 'also
...

. ., :,..

3 ,lows time for *SO and' other:sufpen#Fd qaterial to setae.
.

- . , ....

', . , ..... . 401. -...* It AC

10. Measure the X transm biolat:§(*mn.;t1mpinithe ratgentblank°
.0.to' set the 100 percent li4. :-1,. ' -: : ::! - ---. ."

,
, i , ,..., i.' ,f,. ,;..(. : -

1L. Calculate ODI value from graph prepated by running-4.0;:a...0, -. N

2.0, 3.0, 4,0, and 5.0 ml yoltubsa of 64, mi/1 glucose
solution. (All standards ,of 'Aia: than 5,0,m1 aretO be . ,

made up to '5.0 ml test volume Aitkdie4illdd water. 1.0 ml
diluted to 5.0 ml has an tel volume of 9Q:

4

REPORTING:

Report as ODI.

A SIGNIPICANCE:,

4

.41

'1 )

1_

On samples containing bio-degradable material the ODI values

should be roughly equivalent to BOD values. Samples containing
nonbio-degradable material oxidizable by dichromate may give high

values. /

REVERENCES: 0

MZore, W.A., Kroner, R.G. and Ruchhoft, C:C., "Dichromate.c
Reflux Method for Determination of Oxygen Consumed.", Anal. Chem.

21:953(1949). .

.

.
. .

Moore, W.A., LadZack, F.J.-, and Ruchhoft, C.C.., "Determination
7

of-Oxygen Consumed Values of Organic Wastes", Anal. Chem. 23:1297

(1951), ' / % ,-,

Sawyer, C.N., dt al:,- "Primary Standards for BOD Work", -

Sewage and tnd. Wastes, 22:24 (1950).

Dobbs, R.A. and Williams, R.T., of Chloride

Interference in the Chemical Oxygen Demand Test.", Anal. Chem.,

46.35:1064 (1963).

1we4ierhold, A.F.,,"Oxygen Demand- Index ", presented at Annual
Operators Conference; Springfield, Illinois, April 8, 1964.-
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Standardllethods'for the EXamiitatiOn of Water and WasteWafer,
12-Y. Edition, 1965.

Ibid, (13th Edition) 1971.

Shriver; L.E. and Young, J.
Estimate of giochemlFal Oxygen

00

C., "Oxygen Demand Index as a Rapid

Demand,"(JWPCF,'4.4:2140 (1972).

EXAMPLE OF OXYGEN DEMAND INDEX STANDARDIZATION TABLE
' (Based on Following Cilibtation Curve)

'

To use this table, find the percept transmission of the sample
in the %i column and read the ODI value in the ODI column.

,

%T ODI %T
,

ODI

98 10
`t1 66...v. '18b

96 20 63 200
'93 30 60 ,, 225

.91 40 56 250
-89 50 53 _275
87 60 50 300
85 70 47 325
83 80 44 .35(1

81 90 42 375
79 '7,100 40. 400
76 120 38 425
72 140 1 36 450
69 160

* * * * * * * * * * *** * *

13-5
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pH DETERMINATION

.

The symbol pH represents the value for the, hydrogen ion.
concentration of a solution. By definition,,:pH is considered to
be the neggiive logarithm (to the base 10) in moles per liter of
the hydrogen ion concentration or activity of a solution (the p
refers to the exponent or power and the'H refers-to Hydrogen).

7
The above description of pH is' much too'Xechnical and contiderably

beyond the needs of the average sewage plant operator. The following
"down'to earth"Imaterial adapted from "Modern pH and Chlorine Control"
by W.A. Taylor and Company, "Tools for ScienCe" by Coleman Instruments
and "Standard Methods for the Examination of Water and Wastewater"
should give an insigheinto the practical Side of pH.'

Making a pH determination-is almost 'as simple as taking a temperature
with a thermometer. IntensitY of heat'is expressed As degrees on'the .

thermometer scale. Similarly the,pH scale is used to aenbte intensity'
'of acidity and alkalinity. rt is unnecessary"to'knoi; the Meaning ofkthe,
term pH to make accurate determinations of intensity of acidity and

'''alkallnity. pH a numerical scale for expretsing the indensitYof
acidity 'or, alkalinity.

44

0 1 0' 2.0 3.0 4.0 '5.0 6.0 7.0 81 9.0 10.0 11.0i12.0' 13.0. 14.0

I ..111111 1'11111 11 114111
NEUTRAL ALKALINE ;

c),

I 11111 I

ACID

A 1

The numbers 0 to 14, as shown on the scaleare used to express pH
value's; that is, intensity of: acidity and alkalinity. The value pH 7.0,
half-way between 0 and 14, is the neutral point. A solution having
a,pH of 7,0 is neither acid nor alkaline. The numbers beldw 7.0 denote
acidity, intensity of acidity INCREASING as the numbers DEOREASE:.
Thus a solution of pH 6.4 is very slightly acid, one of pH 6.0 is more
intensely acid and One of pH 4.6 is still more intensely acid. The

' numbers between 7.0 and 14.0 are used to denote alkalinity4.the
- ' intensity of alkalinity INCREASING as the numbers, INCREASE.' Thus a,

solution of pH 7.6 is very slightly alkaline, one of pH 8.0 is more
' intensely alkaline and one of pH, 9.2 is still more intensely aklaline.
.These numbers represent44absolutely definite degrees of acidity and
alkalinity and thvrefore a statement such as "acidify to 0-1 5.6"or

. "make_alkaline to pH 9.4" has a very definite meaning which cannot be
expresded by the terms "slightly or strongly acid or alkaline."

& change in pH represents a much larger change in intensity of_
acidity or alkalinity than would be expected from the pH "values
since a change of 1:0 pH'unit represents a change of 10 in intensity
of acidity or alkalinity. This is illustrated by the following table.

43,



.pH Value

.

,,

Values Showing IntensityShowing

0

1

2

3

10,000,000
1,000,000

100;000
10,000

4 1,000/N
.5 . 100
6 10

a 7 '1

- 8
, '10'

9 100
10

. 1,000
11 10000

4 12 100,000
13 . 1,000,000
14 . 10 ,00O', ood '' .

7`.

3.

.

"41d.°

........,

--N-.

- Neutral

.- It

.
,.

.,

'Alkaline,

There are two general methods of pH measurement, the electrometric'
and the colorimetrtc. In the coidAmetriC method an indicator'it'added
to the sample 'and a color is produCed characteristic'Of the pH `of the

..pample. "Standard Methods" no longer recommends the colonimetric pro-
T.Cedure because of: "InterferencecontributOf by color, turidity, high
saline content, colloidal matter,. free chlorine, and variou oxidants

and reductants. The indicatorsare subject t deieribration,Ss_are
,the color standards with which they are compared. Moreover, no single

indicator encompasses the pH range of interest,in water." The erectro-

MetriC method is now considered the standard procedure.

In the electrometric method% the pH is determined by measuring, with
a pOtentiometer (millivolt meter), the voltage produced by two, electrodes
both in contact with the solution:. The voltage, of one.(cabbmel)
electrode is i e1,and known. The,voltagebf,the other.(glsss)
electrode varies,with_the pH of the sample. The electrometric,methba
is possible because certain glassdt possess the property that: A_

thin layer,of glass in contact with a liquid will develop, between its
inner and outer surface, a difference of Vb1#sge that varies with the

pH of the liquid. The glasf is a de4vide,consEructed,to-Xake
,advantage of the .peculiarity ofttfilist:pecial glass and to make possible
the measurement of these voltages that result from contact -with different
liquids.. The voltages produced'byrkhese,glats electrodes are,so small'
-that,solid state circuits arc used 1,41 pH meters for amfdication before
the voltage is fed to a meter calibrated in,pH.

.
Because of4the differences between the many4makes and models of pH

equipment, it is impossible to gilie instructions for the operstion.oE.

"all pH meters and colorimetric comgarators. In each case, the

manufacturer's,inStructfons mast be followed; All,pirmeters must,be

checked daily th stakerd buffer solutions.beforeuse. Periodically

during use rechecks must be made. The electrode's must be . carefully rinsed

between tests so that there is no carry over fr.om one test to the next,

40
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IN

PeN LANGAGE
, .

.

by.Joseph E. Nelson

Director of Researdh
Chemtrix, Inc., Hillsboro, Oregon

. ..
.

To understand and learn about pH measurements is,not difficult as. long
as we stick to fundamentals That is, let us be concerned With the -

qqestion, "What is the pH of My solution?", and then we can'think of'

the instruments and techniques as toolsto help us get the answer.

In plaid lariguage.we'lldiscuss what pH means; why it is important and
the-results that you may expect to get from reading this paper-.

If you Gamstudy this paper and at the same -time have an. operating pH
meter in front of you, the results will' be even more dramatic. Here
you'll read about it, see it, use your hands to make it work, and finally
get the results, all in one tremendous learning effort.

' Our format is,simple - each Subject heading asks a quesfioh,andthe pare-
° graphp that folfew provideAheanswero.

To get Off to' a' good start and give yOti some, incentive, we'll begin with, a
iook at why pHlds,important',. ',) , -

1 i

V
(

. ;'
WHY IS pH IMPORTANT?

4

rr

;97123

If the pH of thy) blood in yoU'r-body were, lowered one unit, you ypuld die.
Living things'ir6w and surviv'elin a particular pH environment and,whenthe

' pH is not correct their growth and survival are threatened. For,example,
-wheat; cern arc ether foodstuffs grow best in soil of a particUlar ON To

k get,the greatest yield,, the' farmer must condition his soil 'to ithieve\the
proper pH. Thisexplains, im part, why the yield,per.acrehasincreased,
in-. recent years since soil tOence has ,shown the farmer ,how to ,provide opti-
mum conditions for best growth.

-Here's, a list ofrpH important' areas

0.

' 1

1. Drinking water.purification depends on correct pH for sits operation.

2. in sugar manufacture, imRroper pH can result ;n formation
acids and very little suldr.

. .

'3.. In sewage .creiiment, pH lust be adjusted for proper operation of
plants. This is, of course, another reason why polluting sewers
'high acid or al,kaline material spills is undesirable.

4.. Milk turns sour at a pH of 6.00. Thils good milk requires good pH control.

5. In old-fashioned jelly making, the pH must.be below "4.0., OtherWise, the
'jelly will:notjell.

of unwarrtld

disposal
with

6. The brightness of chrome Coating on, 49ur auto bumpers is directly related
1- to the pi-Ocif the platinOsolution:1, f. 1 / f

a.

7
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To sum up, almost every manufacturing process that involves even the simplest
chemical reaction is sensitive to pH and will-usually produce best result i at
some optimum pH value. .0ne of the key factors in keeping consistent, uniform
products is the ability to measure and maintain pH at the proper level. .

WHAT IS pH?
.. .

.

pH is'a number that exactly describes the degree of acidity or'basicity of a
solution..We can' make a good analogy with the-measurement of temperature.
Here we have the terms "cold" and"hot",and we immediately realize that these

. are very general terms which cannot be used with any degree of accuracy.
,Accordingly, the temperature scale was developed and now.a temperature reading

;
. of, sax, 50C, means.the same to everyone and is scientifically accurate.

,

. ;;;'''
In thelbsameway, the pH scale was developed. Centuries ago, man discovered ,

that certain materials possessed properties which he called add, whilel
others possessed other pipperties which he called bases. JBetween these two.

,

was a neutral area in which the material showed neither acid or base properties
)and he termed thit'a neutral. r , ,

,

h

Now just as in hot and cold, the .rords acid and base do hot give us a
- r i r i , r.

scientific value that we can'use. ',tiro needed a scale such,thatTwe all would

7 .
be in exact egreeiilent when we disOssed the degree of acidiq'cr basicity. c i

. 3 1

Some time ago a fellow named Sorensen develokd such a scale and at the same \ .

time came up with the symboi pH I
o

,j1 . 1
)

,.. , ,

. l'
Before we study the scale, let's take a moment to find out what makes one . ,

(.. .

material.ancid-While another is /a base.
,

, $
',

1. An'acid mist have ionized (or free) hydrogen ions, H .

I 1 , 0 1, , ,

2. A base must have ionised (or fee) hydroxyl ions 01-17,
1 \

-,-3. The- pH is directly related-to-the ratio 'Of H+ to OW% If the 1-1* is

'greater than OK- the material is acid. If the OH: is greater than the
-H , the material is a base. 0 equal amounts are present, the material+. ;

is a neutral salt.
. tc, *.

Back to thedevelOpment ol' the scale. A molai solution of hYdrochloric.acid
is .about a' .6% solution of the acid. Lettt assign thiS'soldtion a pH Of 0.

6 >
,

A molar solutionof sodium hydroxide (lye) isNebout a 4.0% solution of the
base. Let's assign this solution a.pH of 14.

, ,

If we now dilute ,the acid by adding one milliliter of acid to nine milliliters
of pure water we Will have a 140 =lax. solution. Let's.assiign-this solution
a pH Of' 1. FR the same way,let's dilute the molar solution of sodium hydroxide
by addingl milliliter to 9 milliliters of purewater. We'll assign this result-
ant solution a pH:of13.

. ,

4v

/
14b-2"

t .. $-
o

1 . : .

6
f
0

.
,

: v
- -
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Notice that witl theacW:, Our 1 /10th dilution increased the pH from
0 to 1, while the same dilutionvof the base-reduced the pH from 14 to 13. ,'-
Now here's the significant point -,in both cases we were,$oGg toward 7.
As willIgee shortly, a pH of 7, is the exact middle of the scale at which
we have neither acidinovha§,151t neutral. ,r

Continue to dilute both the acid and base by 1/10th and each time increase'
the number in the case of the acid.and decrease the number in the, case of
the base.

The results look like this

Acid pH

NO molar
'0.1 molar ,

0.01 molar r"

0.001 molar
.0.0001-molar.

0.00001 molar,
0.000001, malir

,0.0,000001 molar
1

Base pH

.0 1.0 molar

1 0.1' molar

2 0.01 molar's'

3 0.001 molar
4 0.0001 molar

' 0.00001 molar
6 o.0000pi molar

".0.0000t01 molar

14

13
.

12

11

10

9

8

7

Notice an interesting fadt on ihe acid colU6 - the number of decimal
places exactly equals thei Therefore, a change of 1/10th or 10 times.

in acid concentration wi11 make,a change of ,l,pH unit either up or down.

The "same holds true for bases; A change oe either 1/10th or.10 times .

'will! change the pH by leither up or down'
: I

___,.\,.

.- 'c" -Ns

The f011owing i,s, really4not.plain language. and can. be skipped withbut too

great a logs. ,' ..
' , , -, ,

,'pH is really:a number that oils the negative' logarithm of the
molar'concentration,of Ht (hydrogen ions).

s: Another interesting Act,from the chart. if we mix equals volumes of pH 3

(0.001 -HC1) and pH 11 '(9.00l NaOH) , the resultant, solution will be a pH of
' 7. The same applies to'0 and 14, 1 and 13,,and so on. /Equal amounts of Ht

and.OH- neutralize and result in a pH of 71

A logical question at this poiint is 'To ali acids and bases act the:saine?"

Unfortunately they do not. The major difference comes'0 the amount 'of free
H+ or OH- that is present in solution. For example, when you dissolVe hydro-
chloric acid in/wser, all of the hydrogen ions H+ are free in solution. The
same is true of the sodium hydroxide and the hydroxyl ions OH-.' H9wever if
ydu dissolve acetic acid'in water, all of the'hydrogen ions H+ are not free
(only about 1.3% of the. total H *) and the pH is considerably'higher than what

yOu'wduleexpectfor a mblar solution ofthe acid. Thus, acetic, acid (vinegar)
is palled a weak acid. A good example a.weak base is ammonium hydroxide.,'
(household ammonia).

i

The subject of ionization and dissociation will not be covered here. Just
bearcin mind that not all acids ,or bases are completely ionized.

14b..3 6 i 0
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I

-Refer to the scale below to picture just how pH relates to
Mding acid on the left tips the scale pointer to 'the left
gets smaller (more acidic). Adding base on the right tips
to the right and the number gets larger (more basic).

pH

acid and-bas\e.

and themumber
the'scale pointer

1

HOW DO WE MEASUREqa?

.
.

Although there are paper and dye in catbrs that cange-at different pH
,

values, we shall be concerned only wIth pH meters since we are interested
in a precise'number that *resents the,true pH' ofour solution.

First, there is a pH prode (which we'llfdiscuss shortly)i which produces,
a voltage that can be directly relate4rio the pH of the sblution inwhich
we place 'the probe., Secondly, th4il-is an.electronic circuit withiA the
pH meter cabinet that receives the voltage from the probe' and then'presents
it to the meter s,cale. This voltage developed at the probe-Will cause the
meter poiater to move: The value of the number at whiclOthe pointer stops

,is-the pH of the solution. ., .

. .- # I

Let's say we-ha three separate solutiolts. No.,lcontains 0.001 alar
.hydrochloric hcia No. 2 contains puiv water an'd No. 3 contains 0.0001
molar soditim hydrbxide.

i .

i

No: 1 No. 2 No.

,
. , / ..°'....1.....

,

1 , ,
% -:- -

Fillin the blanks with the number that you would expect thepH meter to
read as you move the pointer from solution to solution. (If'you wrote in
No. 1 pH "3, No. 2' pH 7 and No. 3 pH 10; you get 10.) ,

..,e,

114b-4
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5 6" 7 8 .9,
5 01111\t111\1111i1111iIIIIillIblkile 7/)/0/

Ki51# , II I i I II
3

s

0 /

t,1%
+700 MV , pH

4

e,/

-TOO MV

"45

.

there are ten small divisions lletween 7 and 6.. Each small division 2.

equal to pH units. Thus ittile meter pointer came to rest at the
fourth small division to the right of the number, 6, the "pH woul4 be 6.$4..
If the pointer came to rest between the small divisions, one,caft estimate
and writE0the value as 6.45.

The'shiny istrip just below the scale is called mirror- backing. Its purpose
is toallqw you to look at the pointer and if you see a reflection of Ole
pointer in the mirror you move your head slightly until you cannot see!th,
reflectiog. This means that you are looking diiectly at the pointer aid
therefore the value you read is correct. You can readily see that if *t.,0qo
people read the same meter but Iroallifferent angles, they would report
different values. The mirror backed scale helps-Its all- to look at thel
same angle.

63
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The probe can be thought of as a battery whose
voltage ranges as the pH of the solution in

it.is inserted changes. /t consisistof-.
two partg (iri fact many pH measurements are
made with two separate probes), first the hydro*-
gen sensitive glass bulb and second the refer-.
ence electrode. The speCial glass of the bulb
has theability to pass4. Tfifs 'ability then'

allows the H+ inside the bulb to compare'them=,
selves with-those outside:the bulb andto de-
velop a 'Voltage that is related to this differ-
ence.; This bulb then isa half-cell and will,
need-a comanion reference to function.

On the drawing notice that JIM above the,bulb FILL HOL
is'areference electrode frit: This is actually
a small openingin the glass through'which the
inside Mier solution can very slowly leak out.
Now t ationship between the reference elec-
tr' e and e solution also. produces A voltage .:
and this is the other half cell. Together the-e,
pH sensitive bulb and the reference electroge-
'constitute the complete probe:

The value of voltage produced,hylt probe" is

fOtunately a linear function of the pH. FOr
example, at pH 7.00, the probe produces'zero volts
while at pH 6.00 it produces +0.06! or t60 milli-
volts. NotiCe.the plus polarity mark; if the ,

Voltage were of minus polarity,. the meter pointer
would go to theright to a pH reading of 8.00.

Generally, a probe
for each change of
of +300 millivolts
pH 2.00 (+300 i 60

will produce abut 60 millivolts
131Hunit. -Thus , a' probe voltage

wqld,cause the meter. t6 read
.---1',!-units, 7.: 2).

11A.BLE-.

REFERENCE
ELECTRODE

LUTION

' COVEfl

pH SENSITIVE
BULB

Since the pp meter and probe are bpth electronic4ype devices, you might
like td We some standard pH solution that.you can measure and be sure that
everything is calibrated correctlyt These solutions are available and:they
are called standard buffers YO l soon find that a buffer is a vital part
of all pH measurements. .

. .

A buffer is a solution of a particillar pH that 4; the ability to resist

change in pH, (By the way, buffer? in our11lood system are what keeps;us
aljve and healthy.)

Here's an exper4ment to demonstrate the ability of buffers to resist change.-
'Take two glasses and in oneplace distilled water:. In the set ond, place a
,buffer near pH7.00. Next measure and redord the pH at the start, They
should both-benear 7.00. Now, add one drop of cohcentrated hydrochloric

acid to each glass. _Stir, and again recbrd the pH. Do this for several drdPs
with a measurement 'between eAch drOp. You should find the distilled water
drop in-pH with each drop. The buffer' oe.the other hand, should resist change
.until you exceed its buffering capability.

141)-6



We woni:t go into why buffers act this,way. Suffice to say it has to do with

a phenomendm called common -ion effect. Look it up in your chemistry text.

,

'Temperature is also a very imp o_ rtant factor in pH measurement and }here's why:

We said earlier that the voltage output of a probe was abdut 60 millivolts per.

pH unit. However we didn't confuse you by telling you that this ii true only
at '25*C (room temperature)., If you reduce the temperature to 0.C, the probe

will'provide only about 54 millivolts. And if you increase the temperature to
100'C the probe will provide about 70 millivolts per pH"-unit.

-You /ran easily.see that you vmusthae some
*

way of correcting for this, or
make all of ydur measurements at 25 C. '.

MOIr; , 4/

Let's re -State this situation as a problem and see if we can get a clear under-
,standing of What's happening.

.

) .

Problem: AHow to make a pH Aleter read' correct value of a buffer or sample
,(A

solution at all temperatures.

Probe output for each pH unit

0 °C 54 migllivolts '-

/ 25'C . 60 millivolts
50'C 64 millivoltt

'75' d 68 millivblts
100*C 70 millivolts

,

In looking at this table we realize that our pH meter must be able to move
one pH unit with 54 millivolts input or 70 millivolts or any value in between. (

5

. Mott meters can do this.
0

(

Solution v Let us put -a sensitive( attenuator in the meter and'adjusrit
.

first to work with 54 millivolts to move 1 pi unit: We'll have a knob on
_......_.......

this attenuator and mark the &int at which 54 millivolts equalled 1 pH

unit: Next, let's move the attenuator to a position wherepit requires 70 1

millivolts to move the pointer 1 pH unit. (By the way, we can apply these

voltages from a$voltage source, and do not require a probe.) In the sang,

way we can set 60 millivolts and so forth. When Wit are finished we'll have i

a knob control in which we can,set the.proper sensitivity of the meter to

correspond to the temperature of the sample solution.

Finally, since .1,te are really concerned only with pH,
i

(and not minivIer'1)!
.

let's erase the 54 millivoltkand write instead O'C. For the 60,mi11ivolts "1,-

i I

write 25"C and so forth around the circle. '.
,

..

At this point let's review a little and then we'll make a bona fide pH
measurement.

1

..

First we discujsed the meter and its mirror-backed scale. Next we found
that probes aret, really two-piece affairs. '(reference and pH sensitive bulb)

that produce millivolt outputs and vary with pH. Then the important buffers .

were described ; and finally we found that temperature played a vital role,in

- accurate measurements. ,

i

.-
. '"-....

iTo pass the course, we must successfully use this information dnil product an
accurate pH measurement. Assume for the moment that someone has just handed,
us a bottle containing a watery solution and asked "What is the pH of thi ""
Here's how to proceed, ',,N.-

, 1)3

14b-7
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1. Be sure your pH meter hasas ',ben calibrated and is operating correctly as

described in your instruction manual.

2. Turn on the pH meter and allow a few minutes warmup.

. ,

.001 3. Set the 'temperature dial to the temperature of the sample (we will assume
that the.sample and buffers are-at room temperature).

- 4. Place the pH probe in a 7.00 buffer and position the pointer with the Set
.knob for a reading of 7.00.

S. Remove the probe, rinse, wipe, and,then immerse it in the unknown.

. 6. Note the reading. If it is near 7.00, record the exact value and the
measurement is complete: ("1

e

7. If it is below 6.00 or above 8.00, then select a buffer that is close st to 4

the unknown. Place the probe in this buffer after a rinse andwipe, Use
the Set control, to make the meter read exactly sthe,value of ihe buffer

,..
J

't

%)

8. Remove the probe, rinse, wipe and place in the unknown. ote the reading.
The accuracy of this reading, will depend primarily on the acCuracy of the
standard buffer. 'The closertheNiufffr value to the unknown* tie more
accurate the reading. 4 ,,,

i ,--
)

(

. .

t

\ ,NOTE: If the unknown illiplis example had read a value above pH 12.00,
J

you shouldsutstitute a special piobe that is designed for, pH measure-
),.

ment in highly alkaline solution. Most general purPoseprobe4-tegin
.

1

to lose accuracy above pH 12.00 due to sodium ion. c"" '

1

Before we end this'section on pH measurements, let's discuss another problem
and-find a solution. i

) 7

4, . b.

) :,

Problem: You are required to measure a peries of solutions that may differ
by only 0.1 pH units.

.

...,

Discussion: The meter-we described Had 10 small marks between each pH unit
. and each of these marks was 0.1 pH units. In the pi-Oblem aboire, itiwould be

i very difficult to see the small differences on that meter scale.
,J

)

1 ; Solutiar We expand the scale ten times. Thus we use an,expanded scale meter
and each pH number is now equal to 0.1 pH unit and each small mark equals 0.01
pH unit. Now-ell we need is a buffer in the vicinity of ourunkhovAl and we cal

) 1-...._ieasily and accurately make the required measurements. io
0

Of course, we could a lso have used &digital readout pH meter and,read the re- 1'

4sults directly.
1
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RESIDUE ON EVAPORATION
(Total and Volatile)

PRINCIPLE:

The liquid portion of 4 sample is
steam bath or an infra -red lamp. The
represents bo ,th the slispendeend the

' -

evaporated by means of a
solid mSterial.which
disiolved matter is then

dried (and weighed.

Large floating particles or`_ non-homogeneous parti5les,should
be excluded from the sample.

The presence of oil and grease makes it difficult to get a
reprkesentative sample. They also complicate the drying process.

SAMPIr: '

A sample of 100 01 is usually ad4quate. '

EQUIPMENT:

1'. Evaporating dish

2, Steam bath at infra=red lamp

3.. Drying Oven

4-_,Desiccatorlo

5. Analytical balahce

6. Muffle furpace

k)e
.

. _ t 1

PROCEDURE: (For total residue on evaporation)
. .

.

A:.....1. Evapouke 100.0 ml of.sample'in a:tared evaporating
using a steam, bath or an infra-red lapp.,A,

Dry to constant weight at 103°C for an hpur.

-

' 3. Cool in desiccator, and weigh.
.

. . .

PROCEDURE: (For volatile residue ati evapOratiod)s -
. ,..

. -

1. After total; residue on evaporation has been. determined,

ignite evap/prating dish in a muffle furnace for 15 minutes

at 551 °C. 1 '

a se,

=,

4.

O

7 O
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Note: When used for-volatile residue on evapOration,'
the evaporating dish bust Be initially tared after
ignition at 550°C for 15 minutes."

4

CALCULATIONS: -

A = Tared weight of evaporating dish

B.= Weight of dish and dry. residue

C = Weight of dish and residue after ignition in muffle furnace

0

Mg/1 total residue = (B - A) x 1000
4

ml sample

mg/1 volatile residue = (B - C) x 1000'

ml sample (

REPORTING:

Two values may be obtained by thi s method. NS
ir'Report'As determined:

mg// total residue
mg/1 volatile residue

ti

S'IGNIVICANCE:
.... .

' This telt is mast useeul in measuring the strength of stong, ,

highly soluble orgqic wastes. Total residue may be difficult to
interpret. 1Volatileresidue of strong wastes may give a goods;
measure of the pollution potential. ,

..'
i

' 41
er':.

REFERENCES: .: ..

. ,

1 Standard Methods for the Examination of Water andlWaitewater,
13th.Editi , 1971, p 43(). ,

0 .
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SUSPENDED MATTER
(For activated sludge mixed liquor)

r
PRINCIPLE:

4 .

The suspended matter in aeration tank mixed liquors is deterMined
by.filtration, drying and weighing. Vari.Ous methods of filtration such

as the "aluminuni dish in the Buchder funnel, large diameter filter

paper in the Buchner funnel, membrane filter holder, Hirsch..fritted

glass funnel and Gooch crucibles are used.
, .

4AMPLE:

IX

o' 200 milliliters of activated sludge collected at outlet of
aeranon tank, , --%

APPARATUS:

.

1. Aluminum dish, 1,7/i'h a perforated bottom similar to a

Buchner funnel, inside diameter 92 mm, height 25 mm.

2. -IFilter'paper, 90 mm diameter, E & D.#615, Whatman 1 /1, or equal.

3. Sponge rubber-ring, 93 mm outside diameter, 75 mm inside

diameter, thickness about 3 film.

4. Bdchner funnel, #2A, inside diameter at bottom 93 mm..

5. Filter flask, with side"tibe, 1000 ml size.

PROCEDURE:

-Note: Alternatively, one may use a larger diameter filter paper-

so that the paper'extends up the wall of the funnel 4. t:771-cm-

This eliminates the need for the aluminum dish._

1. Dry the dish and filter paper in an oven:

. 2. Cool -in a desic'cator and weigh.

- -,..!. .

.

3. Wet the filter paper in the dish and place dish A the rubber

==:ring lope Buchner funnel.

4. PlacejBuchner funnel on suction flask and apply vacuum to flask,

5. Add a measured volume of 20 to 100 ml sludge (which should

yeild 0.2 to 0.4 g dry solids) to the, filter paper in the dish

and extract the water.

.1 4
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'6. Remove dish with kilter paper containing solids and dry in

.
hen at 1Q3° to 105°C for 30 minutes.

7. Cool in the desiccator and weigh.

CALCULATION:

mg/1 suspended matter =.(wt.of dish & dry\m,tter-wt.of dish) X 1000
-(mixed liquor) ml of sample filtered

SIGNIFICANCE:

This test is used to,measure the amount of suspended matter in
the aeration tank mixed liquor. The results in mg/1 are used in the, -

calculation of SDI and SVI.

.REFERENCES:

__Standard Methods for the Examination of Water and Wastewater,
(12th Edition), 1965; co: 541.

Standard Methods fo the Examination of Water and Wastewater,
(13th Edition) 1971; p .537-38 & 560.:

4

The Operation.of a !Chicago" Activated Sludge Sewage Treatment
'Plant, 'Instruction Book et 1165-2.

.40
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RESIDUE, SUSPENDED',
(Total and Volatile)'

,
410-

PRINCIPLE:'

Lepended mattes` is determined by filtration of a sample through
a previously tared glass fiber 1.0t and Gooch crucible. The crucible
and solids are then dried and *ighed, ignited'and reweighed tdr total
and volatile solids respectivefY.

440
SAMPLE:

A sample of 100 to 1000,ml is required, depending on the concentration
of suspended material.

#

' EQUIPMENT & SUPPLIES:

1. Glass Fiber Filteetiscs, Reeve Angel 934AH, (312 cm. fits a
bitumen Gooch)"

2. Filter holder
0

x Y .

3. Gooch.grucible (Size of crucible related to size of filter discs)

4. Suction flask, 5d0 ml

5. Drying oven 103° 105°C.

6. Desiccator

7. Analyt/Cal Balance, 200 g capacity, capablesot Neighing to.0.1 mg
.

1

8. Measuring devices (graduates, Pipets )

9. Forceps

10. VacuUM source

11. Muffle 'furnace

PROCEDURE: o

For total, Suspended Solids f).

Preparatibn of.tared crucibles.

1.- Plade fiber disc wrinkled side up in clean gooch
crucible which is permanently marked for identification.

17-1
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4
`1

2. Pl1Pecrucible in crucible holder on vacuum flask
,with vacuum on.

3. Wet filter disp with distilled water.

4. Rinse with 200-300 ml of distilled water.

5. Place crucible in drying oven for 1-hr. at 103° - 105°C.

Note: If crucible is tp be -used for volatile Solids,

it must be ignited at 550°C for 15 minutes.o-
.

6. Cool crudibld in desiCcator and weigh to nearest one-
,tenth of a milligram. *-

7. Replace in desiccator until ready for

B. Sample analysis for total Suspended Solids.

1, 'Place tared crucible in crucible holder Oh-vacs mm flask.

2. Dampen mat with distilled water. and draw filter disc
wffh vacuum.

Measurd.100 ml of a th oroughly mixed Sample in a
graduated..cylinder.

4. Filter entire 100 ml of sample. (see notes 1 & 2)

5: Rinse the graduate with two 10.m1 portions of distilled
-water, and add each ml portiOn of rinse water to the
filter.

6. Dry crucible at 103° - 105°,,C for 1 hour.

7. Cool in desiccator and weigh.

Note 1. The entire quantity measured in a, graduate must be
filtered since solids settlerapidly. Should a sample
'show evidence of not_filtering at a reasonable rate, the
procedure shoued be repeated using an aliquot of the
sample. . ,

Note 2. On a clear sample one may want to filter considerably
'More than 100 ml.

Note . If a large amount of solids is trapped on the filter, the
crucible may require prolonged drying in order to ateSin
constant weight. .

C. Procedure for volatile SuSperided Solids

4

4

C
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1. After:determining the total Suspended Solids on the -
sample, the crucible is put into a muffle furnace for
20 minutes at 600°C.

'2. Cool in desiccator and weigh.

CALCULATIONS:

A = Tared weight of cruible and filter.,

B = Total weight of crucible after filtration and drying at 103°C.

Total weight of crucible after ignition in muffle furnance.
>

(B -4) X.1000 =mg/1 total suspended solids
ml of sample

(B-C) X 1000 =mg/1 volatile suspended solids.
ml 'of sample

REPORTING:

Report as mg/liter total suspended solids and mg/liter volatile
suspended solids.'

SIGNIFICANCE:

?On, sewage samples, the suspended solids test is quite useful in
determining the efficiency of sewage treatment plant settling tanks.

REFERENCES::

Standard Methods For The Examination
(13th Edition), 1871, pp. 537-538.

0

4
4

73

1773

.

of Water and Wastewater,

0.



C

!

SETTLEABLE MATTER
(Imhoff,Cone Methbd)

s.

PRINCIPLE:. ,

Settleable matteris-determtfied in a spectal cone-Shape&pieee
of glassware or 'plastic in which the sewage is allowed to settle
for one .hour and the volume of the,settledmaterial is read fpm
the calibrated tip of the cone. .
SAMPLE:

-

One liter each of raw, primary andfinal effluents is required.

APPARATUS:

Imhoff cone, support and glass rod.

PROCEDURE:

1. 'Fill an Imhoff- cone to the liter,mark with a well mixed sample.

2. Settle for 45 minuteS"cand then very gently stir the sides cf
the'coneWith a rod to dislodge suspended,Material that clingS'
to the' tapered sides of the cone.' -

3. 'Settle,15 minutes, longer and read ,the volume (if settleable
T 'e

maCter'in ml/liter.

REPORTING:

Report as ml/liter seteleable,matter,

A

'REFERENCE:

' *

Standard .Methods For The Examination of Water find Wastewater,
(13th Edition)1971; p. 539.

1
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SETTLEABILITY
(Graduate method' for activated sludge)

PiRINCTPII(L.

A sample of activated sludge is allowed to settle in a graduated
cylinder. For plant Control a 30 minute settling period -is
generally esed.

SAMPLE:

,, a ) )
One-liter of activated sludge.

11, .

APPARATUS:

A one-liter graduated cylinder is required.

PROCEDURE: 0"

1. Fill the graduated cylinder to the 1000 ml mark with activated
sludge. '2

2. Read the volume in al occapied-by the sludge at 30 minutes
of settling time.

Note: Occasi6ndly it may be helpful to study the settling rate 7

'by recording the volume occupied by the sludge at settling times..
of 5, 10, 20, 30, 45 and 60 minutes.

I

REPORTING:

Record ml of sludge and length of settling period.

.0

,

O

SIGNIFICANCE: A
' -

The settleability test is used by plant operatorsIto determine
when.t6 increase or decrease the returned sludge rate and eh to ,

waste sludge.

REFERENCE:

Standard Metho s For The Examination of Water and Wastewater,
(1.3" Edition), 19 ; p. 560.

75
19-1
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SLUDGE AGE

. PRINCIPLE:

4

- Sludge age is defined as the ratio of the total weight of,,,
activated siulfte in the plant to the weight of suspended solids
removed from the daily flow of settled sewage-

)

this'is.ta. calculation, certain information is requited

about the plant and the operation such,4as volume of aeration tank,

daily flow of settled sewage, mg/1 suspended matter in the'activated
sludge and'mg/1 suspended solids in the primary and final effluents.
Procedures'in this'manual provide methods' for obtaining the data
on concentration o6osuspended mattey in the activated sludge and
the suspended solitis on the primary and final effluents. .1 3

..00k

CALCULATION:

4 To make the following .FalcUlation it is assumed that no sludge

, blanket exists in the fidal clarifier: .

Sludge= Vol.of aeration tank ,(mil.gal.) R 8.34 x mg/1 susp. matter in aeration tank

)Age Settled sewage daily 40w(mil.gal)x 8.34 x(prim.eff.SS -Final Eff.SS sin, mg/1)

'OR

= Total pounds Of activated sludge
'Total.pounds SS removed from primary eff. per day

SIGNIFICANCE:

GeneralLy the 'older the sludge the higher will be the sdspended

sollds- and the lower will be the sludge volume index. Sludge'age

; may be in,formatiOn useful in controlling some plants.-

REFERENCE:

-Simplified Laboratory Procedures for Wastewater Examination, Water

Pollution ContrOl Federation, Publication No. 18,,1971, pp. 34-35.
rs

4to
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SLUDGEIDENSITY INDEX (SDI)

. PRINCIPLE:
4.

The/ SDI (sludge density index),is a method of measuring the
' 'settling quality of activated' sludge. 'It differs' from SVI in that, ,*

the higher the SDI value, the.better is the settling quality of -the-
aerated,Mixed liquor. Similarly, he lower the SDI, the poorer is '

the, settling quality of1the mixed/liquor.. SDI is the concentration

in percent solids that the activated sludge will assume after settling
30 minutes. )

) )

7

s ,

) The.results from the upended solids test and the settleabiligY
0 test, both in the, mixed liqdor, are used in calculating the'SDI. The

SDI is also the reciprocal of the sludge volume index (SVI) multiplied
by 100, i .

.)

.

.
'

i

_CALCULATION:

SDI = mg/1 suspended solids.(mixed liquor)
ml settled sludge (mixed liquor) x 10

SDI = 100
SVI

SIGNIFICANCE:

r,

.; .,

Sludge with a SDI of one' or
*N.
more is considered to ha e)good 1 '\

,.

settling.characterlstics. .

,

$

4^..t REFERENCES: ,, .t
. .

--4

-, Standard Methods f9 the Examination of Water and 'Wastewater, 13th
1,A

, Edition, 1971,. . 561. . '1, '° ..

y

S

Simplified Laboratory Procedures for Wastewater Examination, Water
Pollution ControlliWerationl:PublicatIon No. 18,"i971, p. 34.

A A,

4,

I
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SLUDGE SOLIDS
(Total and Volatile)

PRINCIPLE:

Total solids in sludge is a measure of all 'material present in '

....,_

sludge, both in -Suspension and in solution. This test is accomplished

by evaporating a weighed sample on a steam bath. Unlike total solids .

in wastewater which is expressed in'mg/1, total solids in Itudge isr
expressed in terms; of percent by weight of the total amount of solids. '

k

/4' APPARATUS:

6e.

1. Evaporating dish.

2. Steam bath.'

3. ',Drying ovens.
- °

4% Muffle furnace.

.

5. Balance capable of weighing to 0.01 gram.
o

PROCEDURE:

I. Select an evaporating diSh that will hold 25-50',,grams.,sludge,, /?

clean the dish, place it "in a muffle furnace fO 15 or 20
minutes., Then air-cool ,slightly and putthe dish in a

,desiccator for complete cooling before weighine Weigh dish

and record 'as
/

0

Pour a portion of the well-mtxed sample (25 to 50 grams) into, ,

the'dish, then weigh sample and dish together. ; Record as
.

.
. .

3. Place dish on steam bath..and,evaporate to dryness. Than

put dish in drying:oven for 1 hour, at 103°.e, cod]. in a.-

desiccator, sand weigh: Record the weight as W3.

4. After weighing the dish and dry splfds, compute the '',.ercent

solids. .

'

5. Place dish from step 4 in muffle furnace at 550°C until the

sample is burned completely. The length of time fa; complete'

',burning depends on the size of the sample.

6. Cool slightly, then put dish in

cooling before weighing. Weigh

The loss of weight (W3 -= W4) is
percent volatile solids than may

rJGS

)
d desiccator for complete . ,

the dish and record as W4.

the volatile solids. The

be jomputed.

S

/

0

r



Percent 'solids = weight of dry solids (W1- W1) x
weight of wet sludge'(W2 W1)

'Percent volatile-solids = weight of volatile solids (W3 W4).
wAlght of,dry solids (W3 W1)

SIGNIFICANCE:

The determination of'tortal sludge solids" gives a meabure of '

the concentration of the slidge. The volatile sludge solids determined
in the raw and digested sludge can give valuable information on the'
loading of a digester and completeness of digestion.

te

REFERENCES:

Sithplified Laboratory Procedureg forjiastewater Examination,LWater
Pollution Control Federation, Pablication No, 18, 1971, -pp. 29-SO.

Standard Methods for the Examination of Water and Wastewater, 12th
Edition, 1965, pp. 534-535.

x 100
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<,
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-"41:.
aft SLUDGE VOLUME INDEX (SV1

PRINCIPLE: r

The SVI (sludge Volume \LI ex) of activated sludge is def-ined

as the volume in m). oocupiedily 1 gram of activated sludge after.
settling 30 minutes.

The from the suspended solids test and the setpleability
test, both on the aerated mixed liquor, are used to calculate the
SVT

- CALCULATION:

SVI ml of settled sludge x 1000

mg/1 of suspended matter din mixed liquor

SIGNIFICANCE:

The lower the-SVI, the better is the settling quality of7the
aerated mixed liquor. High SVI values indicate poor settling '

qualities. Sludge with a SVI. of 100 or less is consideredla good
.settling sludge.

, REFERENCES: "

Standard Methods: for the Examination of Water and Wastewater,

13th Edition, 1971, p. 561. ,

.

Simplified Laboratory Procedures for. Wastewater Examination,
Water Pollution Content F,eqeration, Pubbication No. 18, 1971, p.

Aok;

*

80.
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TEMPERATURE

I
ti

Accurate temperature measurements are necessary to maintain
optimum conditions_for biological activity such as anaerobic
digesters, Temperat!ire readings are necessary for other purposes

such as calculating.dissolved oxygen saturation values and detectioh
of industrial waters of abnormal temperatures. Many laboratory
rests depend upon accurately controlled laboratory test'conditions
such as the BOD test incubator, bacterial incubator, and drying
oven. -

)

Thermdmeters for fietid,use should be.yroviderWith a metal
ease to minimize breWage. :Mo,,st thermometers for laboratory use
'should be the standard laboratZiry thermometers with a range-of
-10°C to 110°C. All thermometers should be mercury filled with the
cenrigrade scale subdivided to 1°C- For the fecal coliform incubator,-
a special thermdmeter iith 0.2°C calibrations is required.

Thermometers are calibrated for either "total-immersion"'or
"partial-immersion": Total-immersion' thermometersmust be immersed
completely in the Medium to be measured to yield the torrect temp-
etature. Partial-immersion thermometer ditfer considerably in
that they must be immersed to the depr4of the etched circle which
appears around the stem billow the ,scale. TherTometers may give
inaccurate' readings; therefore, all thermometers should be..-necked
periodically against a certified thermometer to determine their
accuracy.

Care must be exercised in reading thermoAters and temperatJes
Should be recorded to thenarest degree.

a

C

vim

C

wia

-81

Y,

o e



0 Equipment List

`Laboratory Tests and Measurements

U649.--4-'

2. .Acids, ortanic- (colorimetric method).

(1) . A. 6 oz. bottle for sample

r(1,) [3.4 Colorimeter or spectrophotometer ,

_ ' (T) C. Mt tube rack for. 3/4" test tubes
(8) D. Test tubes 3/4"

Y(1) . E. Water bath -

((1

)
1) F. Bunsen burner , , . JD

G. 2 ml. pipet o -

H. 10 ml. pipet . . ..

I. test tube Stoppers
,

e

.....0.
_ 3. Acids, organic (column chromatographic method)

(1) A. 6 oz. bottle for sample ,

. (1) 4.4 B. Fume hood ,
,

. (1) C. VaGuum source --"-

(1) * D. Gooch crucibles,- coors No. 3 tall form, or special_

kontes chromat raphic column with/extra coarse-disc

'#; (1) E. Crucible holde
.

(1.) F. Filtering flask - 250 ml.
o

,

,(1) G. Buret, 10 ml. LA,
(1) H. 1 ml .:Pipet

(1) I. 5 ml. pipet ,

, (1) J. Graduates cylinder - 50 ml.

-(2)'- K. Erlenmeyer flasks 125 ml.

7 (1 pkg.) L. Glass fiber filter paper 2 cm..

M. Funnel a mm. 4,

( 1 pkg.) N. Filter paper, Whatman #2 - 12.5 cm:
4 .

.
. .

An Acids, volatile (distillation method)

(1), A. 16 oz. bottle for sample , 14

% (1) B. Centrifuge ',.

.(1) C. 500 JO, round bottom distilling flask

(1), .-D. Condenser
)

-

(1) E. Adapter tube

(1) F. Ring StanTsupport wittrring and clamps
)(1' G. Fisher gas burne?'

(1). il. Buret, 10 ml,, - .1

(1) I.. 250'ml., gr du ted cylipder -

(1) J. 250 ml: enmeyer flas-k,

.---7-;',.._

5:. Alkalinity , .

..--

1) . A. 10 ml. pipet

(1) ".11, 125 ml. 'Erlenmeyem flask.
is

. 4-,,,,

....., (1) C. 10 ml. buret 4.,*('- ,

. ,.-
., , ,

6. Chlorine,. Rezidual .

-.,

(1) A. Test tube (25 X 150 mm) . .
.:

(1) " B.: 1000 ml% -.amber bottle '
tt,

i ( 1 ) , Cl. Chflorine comparator', turbidity compensating
r

.
\

. ..

**.

Af

\ 8?
.

,-;""

.



t.

QOan..' Ch.

7. Cyanide (colorimetric method)

(1) A. 6oz. bottle for samplb

8)2)

B. Test tube rack (25 X 150-mm size)
C. 'Test tubes (25 X 150 mm)6

.(6)) D. Test tube stoppers -
.4

1 '

1fl A. '...

E. 1 cm. instrument cell
F. Pipet -.10 ml., volumetric >

(1) G. Buret, 10 ml.
(l) H. Vci tric flask; 1000 ml.

. '
,-/

8% Plant Loading .

,
::

i.;
9,:"Biochemical oxygen demand (graduate dilution method)

(5) A. BOD bottles -. ) -:-.

(1 )' B; Siphon
r . .

(1) C. Incubator (D.O. EguipMent for BOD
(1) D. One-liter graduate. 'As listed under Ch. 11-)

, (1) E. .Plunger-type stirrer ,
(

(5)4 F. Stoppers for,BOD bottles )

(1), G. 5 gal. container for dilution H2O

' (Incomplete)

.

1,

c

i



Quan. Ch.

10.4Bioch mical oxygen demand (simplified' non- standard method)
' (1)' ' A. t o-quart bottle % ,0

(1) B. 1 00 m1.9raduated cylihder

(1) ,
C. Stirring rod

(1)," Q. topper foe 2 quart bottle
(2y E. OD bbttles

.

(2) F. toppers for BOD bottle ,

(1).- :G. ncubatOry , 4

(Equipment for D.01 test in BOD),
_,(1) :?. H. D2. bottl,

.

.,(1.), I. Stopper fqr D.O. bottle
(1) ) J. 1,0 ml. Pipek li V

'.(1) :
K. 2.0 ml. Erlenmeyer flask

_Cirl L. Buret, graduated to 0.1,;m1..
. :(1) ..*:: M. D:O. samPrr

) 11.
e

v d Ox sen D.O.

M,'Ch. 10

12. 'Diss6lved Ox Lilcopper sulfate sulfamic modification)
A -D.O. sampler
B 10 ml. pipet
C. 500 ml, Erlenmeyer flask

Buret, graduated to .1 ml.

D.O. bottles
Stoppers for D.O. bottles

.G. Siphon
H. One quart wide mouth bottle,

L. Stopper for one quart bottle

13. Oxygen Demand Index . .

(1) A. Electrically heated water bath (kettle of water boiling .

on an electric hot plate. or Bunsen burne 'is satisfactory)
(1). B. colorimeter or spectrophotometer with on inh test

tube cell or equal
_.

(1) . C. Test tube rack to hold 1 inch test tubes
(1.) D. 10 ml. pipet

(2) E. 25 X 150 mm test tubes

.
(1)

.
F. Measuring spoon

14. ph determination
(1) A. pH probe

(1)z B. pH meter
(1) C. standard pH solutions (buffers)

15 Residue on eva 'orati'on total1and volati
Evaporating dish

B. steam bath or infra-red famp
L. drying oven
D. Desiccator
E. Analytical balance
f. Muffle furnace

84
I



e.

4

Si

Quan. Ch.

16. Mixed liquor, suspended solids (MLSS)
. (1) A. Aluminum dish, with perforated bottom similar to a

Buchner funned, inside dtameter 92 mm,,,,height 25 mm. .,

(1 pkg.). B. Filter paper, 90.mM diameter, E + D #61, Whafman #1,
,-: . :- 43,

or,equal .

(1.). C. Sponge rubber ring, 93 mm Outside diameter, 75 mm instde

diameter, thickness about 3mm

(1) D. Buchner funnel, #2A, inside deameter at,bottom b3 mm

(1) E. Filter flask, with side tube, 1000 ml,

(1) F. .Drying oven , --
., g.

(1) , G. Desiccator
,.;

(1-) 'H. Suttion flask
, , , 1 .,i r.

(1) I. 'llaCuum pump . 4 . 4...,

1 '. '\ **"°" . , . . ,, ,.

17. Residu', suspended (Total and volatile)
,

:.-_ .0,,

( pkg.) A. Glass fiber filter discs,- reeve angel 934 AH, (312 cm. : .'

. .fits a bitumen Gooct) '

;t

B. Filter holdei-

(
C. Gooch crucible

(1) 0. Suction flask, 500 mi.

(1) 'E. Drying oven 103°C - 105°C

I (1)
t -,,,tit

F. Desiccator . 4 , _,

-' (1) G. Analytical' balance, 200g. capacity, capable of
weighing to 0,1' mg. :.

.(1) ,H, Graduated tylinder,'100 ml.
.

(1) I. Measuring pipet, 10 ml, 4

(1) J. Forceps

(1) K. Vacuum pump .1
(1) L. Muffle furnace

a

18. Settleable matter (Imhoff Con4e Method)

A. Imhoff cone
1) B., 'Support for Imhoff cone

(1) C. LlAss rod

"19. 'Activated SludgeSettleabtlity

() A. One -liter graduated cylinder

i0-
P-iTcneIcalculation)

21. Sludge Density Index
A. None (calculation)

A T

221 Sludg. e Solids .(Total. and volatile) ..

, (1) - A: , Evaarating dishor B. Steam bath 4,4 .
..

. (1) ' C. Drying 6ven. . ..... ,

(1) D. Muffle furnace '
, _

(3) E. Balance capable of weighing to 0.01 gram
1

s

F. Desiccator
,

-..

23. SludgefVolume Index (SVI)'

!

A. Ndne (Calculation). "
": 4

t



4.1

Quan. Ch.
\

24. Temperature )
(1) A. Thermometer Subdivided to 1°C

(1), B. Thermometer subdivided to, 04°C

,(1) C: Total-immersoh t'hermomet6r

(1) I)). Partial-immersion. thermOmeter

.

4

I

..v.v.., -04.

N

b

# 0

e

At

O

I.

S

. A 7

A

'

4

-

) 1

(
d./

t

0.
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Equipment

-
)

Laboratory Test (Chapter Number)

rib-
*

Quantiery

1
EvaporatiAg Dish

.

. -_

.

l - ; '.'

$ .

1

r..., .-r r.r..... Lar....

1 e
.

siphon

,
. .

I
.

.

.,.
.

_ 1
5

__.

Gooch CrucibIej -
,

'.
;--,,,

. I/
,

' .- 1

---f
- I

DO Sampler'
.

.

,,. 1 1

.

,
,
,.... - , ,. ,.

. .

3 .1-

o .

Stirring Rod ; .

Sc .

1 :
-':

.
. ...

.

1 . 3 -/-/- 2v-1
. N.'

1 acts Ins went _Cell
4'

) ''

0

t,

:
.

. .c a
--

il, V
...

t

' 2. .

. ,,.
.

Fume Hood
.

..
0.

s'o
",' ..)- t- =

;-e--. -
, .c

,

. i ., c
4

_

:. .

t
1

Cruc 1e older '
- , .-..

'es,* -.

, ,...
... - .. '

;. % ..
:, ;:- abl

.
4.1 ,

Funn I _
.N, 144

*)
.

. i
...`

-,-
-.

,$,......1,..
N

.

c-

-.

.

-;

...

1--. i(C)

ge)
,,

l(f)-

. .

. .

2

4
i*

2.-

4Flit Paper'
0

.

B4tles -.. . i(g) 4,
.

.

ih)
_.

.

,

, ig -,.. 4 .
. ..

-

3

. ,

3

Stoppets for Bottles -lii). 3(k) ''::

_,..7 .0

,.".

. -

-. -,
wr-:

2 2

Chlorine- Comparator
.

...
,

.

. .

.- -
- -.0 s. - . , 1. :: 1

5 Gal. Container' ''''
.

.
. _

,.. -

a--... .
-. .

,

,..... -. -.... --
-:--'

. :

.

-_,

-.

.
a.Piungef Type.

b.65 TO

g,_1000 'ml'aaraber
pe

_

c.BuChner ,,_93

pkg '4 cm; 'pkg 1'2.'5 cm

e.1 pkg 90 mm

f. 1 pkg 312 cm disc's

h. :It.
qt..

j. 2 q t.

k. 1 qt-:
-

444.,,
I 5.

.."17 .4%

44. 4 1. ,
I ..

4,

,

9

.
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4:4

Equipment LaboratOry Test Number)

. 1 1 1 7

O
Quantity

. 4 1 1 4 V , i V' , 1 1 v a.... .. A. 4 4., v 4., cv . J.. .4 ., "v.,. ".vo .

Aluminum dish,
inside diameter
92 mm, ht. 25 mm

///

,

-
t .

1
4

. 1 .

.

.

1

Sponge rubber ring
93 mm outside di:a.

75 mm inside'

.

.

.

,

- 1

.

-'

.-

0

1

.

1

Measuring spoon
1

..

1 1

Beakers, 250 ml .
.

, , -2
.)

i

I

.

.2

Filter Holder

,,

. . ,

s

,
)

:1
, :

1
1

1

Forceps ,

,

s , . i..1

1_,____
1 1,.

.

Imhoff Cone .

.,
k

1

,

% 1 1 :

Support for
Imhoff Cone

.

,

,I.

'

-

1/' 1

Thermometer '

divided tb 1°C '
.

.

.0 .

.

, \

.

-,

. \ -

1 1 l'

Thermometer
subdivided to 0.2 °C i

,

.4,

t

6
.

-

.

.

''' 1 : l

.
-

1

Tptal-immersion
Thermometer .

.

,

.

:'
.

.

.
:

.

.

. ..,

i 1.

.

.

Partial-immersion.%
ThermOmeter

6 oz6
1

ozl6oz
1 1

. .

.

. 6 oz
1

-

.

,

/

. ,
.

's

.

-
- A

1

'

1

4

1

2'Sample Bottles
-,,

$

.

§iindard pH
solutions buffers

'

,

,..).

.

...

.

.

.

__.,

1 -1

89.
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Equipment` 4

4

,

Laboratory Test (Chapter Number)

11

Quantity

....v, 1 7 .c..v 4.1 f. f. .r..../ 44 raan. rii.ui

l
Te Tube Rack l(a) lka) I) (

.

.
3 2

10 ml pipet
Oneasuritg) '1

-

1 1

,
.

1 1. 1 1

.

..
1

,
.

8
%if .

2

s1 ml, 2 N., 5 ml
, .-

i(c)

1

4d)

..,
.

-.

.. %

.
.

. ,
-

3 ' 3)4et
Test tubes AP

. .

25mra x 150°mm

.

8.

i .
.

- .

1 '12

. i,

l'(
.

..

.
. .

,

. .

. *

' 23

1

' '14

- . 1...
.T..et Tube Stoppers 6 6

,
.

,
,-.-

, 12 6

6
Buret, 10 ml to

1

1

.

.1 '4 1 1

1.
o

I -7 2
.

. ..,
graduated Eylitider

.

.1.(f) '1-W

-.

I1(.!

.

l(j)
, .;-

- 6 5

`Erlenmeyer Flasks

...1(4)

,i

4y
,,.

iii,) 4.0 _.) lin) ]to)

.
. . 7:1,

4

Filtring Flasks
';

t:0
.

. lt& lb)
,

3 3

Volumetric Flask ' l(t)

-.\\'('
. 1 1

BOD BOttles .,:-,

. 1

5' 2 ..../
,

. -
.

....
7 5

6

Stoppers for BOD
DottIes

4

4

.

.
i

I

.
L

2

v

. ..1

(,

.

.
.

,

7.

.'

1

DO Bottles .

.

, 1' 1 . 3
- . . ._ .-

, 4 5 3

a-
Stoppers for .DO
Botil-ga

.
,.

.....,,,'

.. A

I 1

, .
, . . . .

. 5 0.,. :

'a. 3/4 in. , -h..1000 m1 - o. 250 ml ,

. tr. 1 in. i. 100 iiiJ. R.. 500 ml

ic.',2,m1 j. 1 liten q. 250 m1.
)

d. 1.5 ml k. 125 ml r. 1000 ml

te. 10. ml 1. 250.m1 s..500 mrt Ia 4
.

f. 250 ml , . m. 125 ml t, 1000 ml%
tr-:-1-4-fet:P,rn:-94et. . . 4

3
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Equipment (
2 3

AS

Laboratory Test (Chapter Number) Quantity

6 7 8 9 10 11 12 13 k4 15 16 17 18 19 20 21 22 23 24 Max. Min.

Colorimeter - 1 1~
. 2 1

.
.

,

. . . , N
Water.- Bath. 0 . . ' - 2

.

,
1S 1 1 2Bath ' . .

. -
. ,-, -

,

tesic atkr 1 1 1 . 1. -4 1
.

._ -

Bunsen'Burner
, 1 1

. .
/ 1 ,

.
. .

Figher Gas Burner, .
,

\\
1 '''' 1

.

. ,--

. ,

Drying Oven ''.
1 i ._ -4 I

.

.--
---..

i 1Ceneritugc 1 . ) _
. 4-

--..

, .
.

.

.

Incubator ,- - 1 1 . i.. .2 , 1
_ . .

. .
A .

1Vacuum Pump . ...1 1 . 3 1

4,
.

. ,

Muffle Furnace 1
t

1 1 3 l'

. .
.

. .

Analytical Balance 1
1. - -1 ,

,
1

4. , .

_
.

. .

pH Probe' ,
st'''

.). . . 1
. . .

° .
. 1 'i

. 141pH 'Meter - 1 a'
.

. ,-% ,'
,-

Distillation . .
..,

,
APparatuki *. . , . .

,

Condensee,- Adapter , - : %. /i ,
- , . .

. Pr-
tube, 500 mil ,, .

,

digtlling 'flask) ring, .
,

.

. , 1 A'stand with:
AL

clamps, rings.


