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This manual is designed to provide the sﬂéli
as well as the new or

1nexper1enced operator, with s1np11f1ed methods for laboratory
. anaIYS1s of water and wastewater. It is emphasized that this manual
, .is not a replacement for standard methods but a guide for plants with
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g ‘ NAJUAL OF SIMPLIFIED [ABORATORY f"ETHODS
- FOR OPERATORS OF WASTENATER TREATH ENT FACILITIES
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Oxygenzidemand, biochemical
t (Simplified non-standard method)

nygeﬁ; digsdlved, effluent
! Oxygen, dissolwed, mixed liquor

Oxygen, demand index

pPH . .

‘Plant loading
o '
Residue, on evaporation

Rgéigue; suspended , mixed 1iguof (MLSS):

W Residue, suspended, total and volatile,

.« .
Residuél, chlorine N
-

Return sludge (MLSS)

Settleable matter

. (Imhoff. cone technique)
Settleability (activated s{udge)
Sludge,.age . X' .
. oo . q__f):tr’
Sludge, density index \ K

Sludge, soljds, total and volatile '
 (Anaerobie digesters)

Sludge, volume index

Solids <

(see:  Residue) .

~

Suspendéd solids (total and’volatiie)

<
.

Temperature
. . Volatilé acids
- *{also see: Acids, organic)’

Some tests occasionally used by treatment plant operators
are complex, and beyond the capability of mosf operators Or waste
treatment plants and are not included here. For’ these‘procedures
follo¥ the detailed- procedures contalned in the current edition of
"Standard Methods ‘for ‘the Examination of Water. and Wastewater", or
consult with-your nearest consultimg laboratory or consulting
engineering firm, | . g ' . '
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.., PREFACE _ ~ o :
. Standard. Methods for the analyses of water and wastewater has longSbeen
established gs the aqcepted authority on 1aboratozy mgthods for use in
water and wastewater treatment facilities' laboratories. ‘Where labora-
tories are adequately equipped, and technicians properly.trained, it o
should conmtinue to be the gulde for all iaboratory analyses.

s’

. ’ ~

However, in maay small plants, laboratorles are insufficiently equlpped
to perform analeés in accordance with Standard Methods. - In other cases,

' nNew ot inexperienced operators 1ac§ the techn1ca1 knowledge and, training
Necessary to properly utilize Standard Methods. ,In these¢ instafices,
51mp1e but adequate analytlcal methods are requ1red in order tg. previde
the operator with information necessary to intelligent process céntrol
dec151ons This manual then is an attempt to provide the small plant -
as well as the new or 1nexper1enced operator, with simplified methods .
for laboratory analysis ,of water and wastewater. Although hot neces- -
sarily as accurgte as the methods outllned in Standard, Methods; the
results of these analyses will generally be adequate for their.intended

. purpose. In a number of cagses, it is not felt that there is a practical,

. simplified method and so:the laboratory technician is referred to

Standard Methods-for the appYopriate methods of ana1y31s In all®
cases where a simplified‘laboratory method 1s not provided or

. where the operafor believes his equipment and personal technical
mastery'suffécieng,'Standard Methods should be employed.. : I )

. » . : . . "

. 7 X

‘ This manual would be inc
' to those whose eﬁkra e
given to the Division

lete if appropriate credit were not given
Yts hdwe made it possible. Credit must be
Laboratory Sérvices, and in partigular to

Mr. Arnold Westerhold who has served as an editor, of this manga%/a d,
to his able assistant Dff. David Schaefifer.. Mr; Westerhold any

.*'J- . Schaeffer have assembled, eilted ‘tested, and in a number of "ingtances’
RN deVeloped the 51mp11f1ed methods presented .
o vv, -~ a ' . Y ‘ ‘

Their technical and profe551onal expertlse have been re11ed upon

s heav1ly in determ1n1ng the contents of ,this manual. ’
Credit must also be given to the Amerlcan Water Works Association

= publishers of AWWA. Manual M12 and toDr. Kenneth D. Kerri, Sacramento
., State: Colld%e, Sacramento California, under whose "direction the Environ-
v~ mental Protection Agency manual Operation of Wastewater Treatment

Plants was prepared, for their kindly perhitting us to reproduce parts ,
_. of their respective publications. Wherever such reprodpction has
-occurred,‘ye believe appropriate credit has been noted. '

3

. « - &

. g0 N ' ‘ ' : -
e . The de31gn,’print1ng,\and distribution of the manual has been under . .. =
v ~the direotion of the Opérator Gertification and Tra1n1ng Unit of the .
. .- ‘Divisiom of-Water Pollution Control, Ernest Bennett, P.E., Manager

of the Operator Cert1f1cat10n and Tra1n1ng Unit, has served as an

. ." editor of the manual. As w1th any work of thls‘nature, some €rrors are
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likely to slip past'the closes§ proofreadin scrutlny We apolqglze
for any inconvenience' _such errors may -cause.and trust that ouy readers
will bripg:them to our attention so they may be corrected 1n~subsequent
' edltlons. This manual hasﬁbeen formatted in what is some times tefmed
an "evergreen'" *document. . Each section is designed to be complete in
itself with ,the manual as -a whole béing degsigned so that individual
.sections may be added, deleted, or updated without destroylng the
usefulnéqs.of the.entife‘manual As nev sections are developed, ‘and
old section revised, it will be p0551ble for the individual operator,
and laboratory technician to add to Or correct his existing manual, so
. that it is always ‘'evergreen"
‘find the three-hole punched sec&lonallzed format both convenieng and
useful. Your ‘comments and rECommendatlons for future publication
will be appreciated. Questions and’ comments should be’ addressed to;
Wanager Operator Certlfacatlon and Training Unit, Division of*Water
‘Pollution Control, Illinois Environmental Protectlon Agency, Sgylng- -

We, trust that the intended user will * .

P’

-

fleld, Illinois 62706 ' b -, . . N\

' ! ' \ ‘ ? '(/ - I -l
. . . . * ' . )

Erngst {, *Bennett, P.E., Manager ‘ . . ) B

Operator Cgrtification and Training Unit o

Division of Water Pglslution Conttol

Illinois Env1ronmental Protection Agency, P . .- ’

April, 1974 . .
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GRADES AND QUALTITIES OF CHEMICALS ,
e T . . . i .
ng~" * ’ ) N
o * Chemicals are made in,several grades based on, qua11ty or )
purity. These qua ities areé, des1gnated by names which vary somewhat
- among manufacturers. In general, the quality of chemicals use§ in =,
testing must be h;gh It will be gecessary -for the, purchaser to
read the quality: des1gnat10ns in the catalog being used s;nce" .
designations.vary considerabLy with manufacturers. Although no

s ~

| 4

complete, the folloWing ligst W111 nge some, idea of the grades o .
¢chemicals ava11ab1e' . .
1 ’ 1., Prlmary standards - Prlmary standards are reagents of

4.

)7

S5,

6’0

g

" of, reagent grade carry the

. C, P grade - C P

pharmaceuticals.

high accurac,,essay and arg¢ suftable as references ¥hd
in the preparation of -standard solytions. B
. s ,

r » -
® - - ’
' ’ : .

A+C.S. reagent‘grade + For some chemicais the American \
ChEmical Society has establlshed Standards. Most manufac-
turers making chemlcals ﬂ@etlng these standards list them a
A.G.S. Reagent Grade. o . £

2

Reagent grade - This’ de51gnat;on is USed’By some manu-‘
ficturers to label chemicals

1abe1 [
otiginally meant chemically pure. This
is an qlder term still in use by- some maqufacturers to’ ’
designate the quality of gertain phemlca s.* Generally..
C.P. quality is good qualhby but not’ equalxﬁo rearent

‘ >

grade
b

-

_U.5.P. grade - U.S.P. grade chemlcals meet the: spec1f1-

cations of the United StatesoPharmacopela, a publication
establishing sta:dards for chemicals and drugs used as

L. T

N.F. grade - N.F. grade cbemicals -conform to’ the spec1— ]
fications of the National Formulary, a publicathn estab-
lishing standards for chemicals and drugs used in the o
pharmaceutical trade.

»
-

Practical grade - Prac{ical ‘grade ig a quality. deslgnation
usually applied to organic chemicals "of suff1c1ent1y high
quality to be suitable for use in many apgélcatlons "
Technical grade .~ Technical grade chemlca}s are of commercial
quality. Generally' technical ‘grade dhemicalS‘are not used

in the preparatlon of solutions and reagents ‘for test\ing

purposes. Technical grade sodium dichromate is generally
-used in the preparation of cleaning solution, however. .
: A :
: \ .
s - . > N .
: . ~— .
P -« .7 . \ . 4
. . 1 i
¢ ’ ’ .
. 1-13 )
k -

1gh ality. Many chemicals
nufactu%ﬁ s analysis on the

;




Other grade Thé%e\are other designations of,quality such
as "Highest Purity', "Purified", or tHe manufdctyrer,'s name.
" grade all of which may be very high quality.

It is necessary.,

to read the quality grade, designations .in- the (préface of
* most) catalogs to determine the qualities listed
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. ' FORM OF'CHEMICALS |, . ’
‘ , . . - . Y ' - : ’ : N .
~ 3 : - ’

-

Frequently, theredis a choice avallable in the form of' the. chemical
-t6 be purchased. Ip some cases- the form used is hot critical. In :
other. cases,* strict attention must be paid to the form of the’ chemical’

" to be used and the correct one must be obtained. The following list oo

ERIC

Aruitoxt provided by Eic:

3

]

will explain’§ome of the cOmmew forms of chemlcals used: )

N . . I
. -, . ¢

o1 Powder - Many chemigals are availablé im a- very flne e
partlole 51ze descr1bed as powder - f

.
'y - , -

g 2. Crystal -.Some chemicals are sofd 1n the1r crystalllne .
. - form which.may be anywhere:.in syze from very f1ne crystals - »>

, SLmLIar to granulated sugar up to crystals 1arger than
o sugar cubes.. ° . ’ ) ~

o
. ~ ' 7 MY
3. 4 mesh, '8 mesh, etc. - Some chem1cals such, as calcium
.o chloride are sized uniformly by screenlng through sieves
) % such as 4.me5h whith is a sieve with 4 wires per 1nch ‘

< in eachrdlrectzon N

s
3 -
- A * ~ -
. .. .
B

3 4, Stick flake and pellet - Sodium hydroxide -may be“purchased
in the form of stick® which are fa1r1y large, and pellets ~
, ~ and flakes which are tucli smaller in size. In-general,.

peilets of a srze soméwhat’llke spllt p2as-are most commonly,
used ‘. . . .
‘e . \ , . _os - ,
5. Anhydrous - An anhydrous chemical is one without chemically —
combined water, sometimes called water of crystalllzatlon,
. in the molecule . © _ ‘t
' 6. LHydrated - A hydrated chemical contains water of crystalli— .
zation in' the 'molecul®. Manganous sylfate is available'as -
. the.monohydrate, dihydrate and tetrahydrate In all case€
.it is importiant that the exact composition’of. the chemica

bé noted and the correct weight used when making wp solutions.
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I " oo SAMPLING OF SEWAGE '
\ ) ’ . ) \ A . (‘. o -
. In ordér to run tests on ‘sewdge, one must have samples. - These

, samples, ta be meaningful, must be fepresentative, of the material
Jfrom which tf was obtained- ° The best laboratory analysis is only .-
" .V, as good @as the sample; however, in many Cases the sample collected

Y - depends on the information, thaf"ls to be gained from it: = .
L, ) There are two, types of sampling procedures used iw sewage plaqts.
' <~ These are compdsite sampling. and grab sampling. Composite samples , .
, ¢ are collected at Specified intervals in proportion to flow and o

" mfxed to make an averdge sample representative of the flow, " Since
K . sewage is perishable, composite ‘samples should be refri%erated at-a
tempetature less 'than 10°C during the.period of time over which ‘.
- fractions are collected. In generalq composite sampling may be done
$ %" at 1 hr., 2 hr., .0 i 4; ht..intervals, over a.24 hr. period. "Thé % '
' ‘more frequently th fractlons of the. composite sample are collected,

. - the more representative the composite sample will be in lhe total™ .
e flow-‘.; . . " v -
. Co Sampiing polnts and frequenty of collection must be determined
* for each plant.” No. schedule of sampling cap be devised that would
be satusﬁactory for all plants L L \?‘ e )
Py . - . E " ‘ :w\
N -, - L - ”
- . REFERENCES: . R oLy T ')' . /

. . .

. * - Applied Stream Sanitation, Velz, C.J W1ley Intersc1ence,
. pp. 401-421,7 - .. <, A}

. . .
LI : ° ., -t et R . - . s y
. . . . - ’,

’ ° . Ve ’
. Methods'for the Collection afd ,Analysis of Water Samples for
. Dissolyed Mlnerals and Gases, Brown Ekougstad, and Fishman, UsGS,

Chapter Al Baok+5 Laboratory Analysls o v v .
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ST e GLASS VOLUMETRIC APPARATUS . . -
tA : ‘ CABE AND HANDLING ~

- ’

.. The ﬁollowing information has been adapted from literature publisﬁed

-
. .

. " ) By: Kimble Glass Company, Subsidiary of Owens - Illinois

AN i ‘ I

. ‘ ! -
: P " Glass “volumetric apparatus comprises a class of objects to

measure *volume. These volumes are indicated by lines in the outer.
surface of. the glass produced by etching with Hydrofluoric 'acid,
or -by engraving with a thip metal or abrabive, wheel. Since results »
achiéved by etching’are superior, this method “is used uiiyersally

to make the best quality apparatas. —

.

- N - s,

1 '

In additidn to the~lines indicating the volumes, the numerical
valueg of these vdlumes in the particular System of weights and -
measures used also must be marked on the apparatus. The tempeﬁa—
ture of calibratipn also usually appears on, the instruments since
the volume of a-glass vessel chartges slightly with temperature.,

4

- ? ' Flnally, the’' method of uée—-Whether calibrated 80 contain or
‘ to del%uer the indicated volume--is marked either as 'contains"
N Or as ITCH "TD" L. ’ : N .
. F X3 - .
. ' . \ . , ! =

- Some pipets arg!galibrated to deliver the indicated volume
when the small amount remaining in the tip after free delivery
has' eeased is blown out and’ added fo the main delivery. These ’
pipetgﬁkometimes are said to be "Callbrated for blowout'". .To'call

- attentdon to this method of calibration an opaque band about 1/8" -
wide is ptov1ded fiear the top : 5.

- ~

’

’ . ¥ J
L ~ . STANDARD TEMPERATURE N "

The standard temperature 1n the %nited States for volumetric
apparatus is 20° C and all apparatus is caLxﬁrated by ‘manufacturers
to contain or deliver the ‘indicated capacity at this temperature,

~ unless a different temperature is spec1fically requested'
.’v'.'h_ - rd -

4 s -~

'ﬂhere are- several essential riles Which must bé followed in
order to get the best results with volumetric apparatus., These’
., + rules coacern cleanliness, method of reading the meniscus, :and the
filling and emptying of the various types of instruments. -

T N A 3 - i . 4
M v . ‘. .
.

— e © CLEANLINESS 'OF APPARATUS - .°

.. The usual criterion of' ckeanliness of glass- apparatus is uniform’
) wetting’of the surface bV‘dlStilled water. , Certain contaminations,
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" the surface tension affecting the shape of -the meniscus.

‘h

[+ .

.« , % . '

. ~ . * L] -
especially grease, adhering to the walls of the container prevent

them from being uniformly wetted, and ‘there is a tendency for watér
to collect into. drops. . .

-

v

~

‘ Imperfect wetting causes irregularities in capacity of volu; -

metric glassware by distorting the meniscus, and -also by affecting
the volume of the residye adhering to ‘the walls after the instruments
or containers are :emptied,”’ since they will not/deliver the volume
for which they were calibrated Even when th
is uniformly wetted variations in the apparent capacity still/may
occur, due to'contamination of the liquid surface by minute, quaﬁkities
of fatty or other organic substances which produce a change’ in
The cleaning,
rinding and drying, therefore, must be cdrried. out in such a way as
to prevent this. . .
X ] i . i N . .
The choice of the procedure to be used in‘eleaning glassware ~
depends on the nature of the contaminant. In many cases special
reagents or methods must be used to.remqve a particular substance.
Before listing the more important methods,,it is desirable fo make
a few general statements. )

K
)

Glasses used in chemical apparatus+have excellent resistance
to all the common acids. Strong alkaline solutiens, such +as hot
caustic sodutions, will attack any glass if contact is prolonged.
This is true even though a. part1cular,glass may not exhibit any
visible effect, due to the solubility of the rédction produiets.

" ‘Dilute detergent solutions, up to about 3% strength, will have 1lo.

serious effect on the glass, unless the glagg is exXposed for
unnéecessarily long periods or, the detergent is allowed to dry on
the glass. . . . C o
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. Coonect the article

to an aspirator pump, a vacuum pump, {or use- a rubber bulb. 1In the .
dase of a vacuum pump, use a trap in between glassware and pump to

v

prevent fumes or wastes from entering the pUmp. .
¥ * ' v
. ABRASIVES: Do not use abrasives such as "Old.Dutch"; "Bab-0", -
etc. on glassware, particularily volumetric ware: -
 WATER FOR RINSING:. When preparing a\piece‘of glassware for , .

use, rinsing with tap water’ should ‘be followed.by a thdrough rinsing
with distilled water or water which Jhas been put through an ion— .
exchange device. - N -
F] I ¥ - 7 ~ “ .

ADHERENT ORGANIC RESIDUES: Never attempt to remove such residuese
by the application of \direct heat. “Permanent strains may bg\intro—
duced; .and what is more impofTant.,« the calibration of vo :
apparatus may be chapged. ; l;v“ N

. -
.

surface of. the vesgsel. _




CLEANING METHODS

4 £y
~ - .

‘The cleaning methods given here “ghould cover most of the contam-,

inants.

' Vd .

. 1, 'Fill with a. gulfuric acid-dichromate mixture and let
stand. Aft¢r removal of mixture, rinse with distilled
water at least: gix times. To-make the cleaning mixture,

o dissdlve 60-65 ,grams of sodium or potassium dichromate-
by heating ]Q 30-35 ml of- water; cool, and slowly add .,
concentrated sulfuric acid to make 1 liter of solution '

2. Sérub with a 1-to, Z%‘warm solution of a detergent such as

.
k?‘ Calgonite, Dash, AlI Tide, etc Rinse well after brushing.

DO NoT HEAT VOLUMETRIC GLASSWARE IN DRXING OVEN.

&

.
s

‘( ‘ /“
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, Manometersg etc,
)’
. a. % Using Water or Other Wetting Liquid ~-- In all apparatus :
vhere tHe volume is limited by a mepiscus, 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 4o place a shade of, some dark material immediately
* below the meniscus, whiéh renders the profile of the meniscus
dark and clearly visible against a light backgrourid. A °
convenient device for this purpose is a collar-shaped
. 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 point.of the meniscus with
reference to the graduation line.is such that it 1is in,
the plane of the middle of the graduation -line. This
. position of the meniscus is obtained by making the setting
- * 1in the center of the ellipse formed by the graduation 1ine
’ on the front ,and the back of the tube as observed by having
the eye slightly below thé plane’of the graduation lide. ..
This is illustrated in figure 1, page 1-20. The setting is
+ accurate if, as the eye is' raised-and the ellipse narrows,
the;lowest point of the meniscus remains midway between the
front and rear portions of the graiuation-line By -this
method it 4is possibfe to observe t
fron Qither above or~ below the line to its proper setting.
. b, Using‘Mercury —=-1I setting a mercpry meniscus on a “gradu~
-ation line, the instrumeﬁt -must” be: tapped sharply in order
that the meniscus may, assume a nqrmal ghape The highest .

.

e approach of the meniscus :
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- point of the meniscus is set on the middle of the graduation
. line-by employing the principles outlined fbér water, but )
R observing from above the‘line. . .
s T . J M '
. e ~
REFERENCE: . , . - S , |
NBS Circular 502; Testiﬁg'of’Glass_Volumetric Apparatus., ' * .
’ i N o o < B i
o il . o FILLING AND EMPTYING T
N B -

. \

The results obtained with_volumetric apparatus depend not only
on the accuracy with which the ware 15 calibrated but also on the

method'di

use-,

¢

", >

3

-

>

-

The follOW1ng rules have been suggested by the thional Bureau
of Standards:-for. the most part. These requirements may seem at. times
to be unduly detailed, but they are based en exact knowledge of the
behavxor of the various types of apparatus as determined experimentally.
14
FLASKS"‘In making up A solution to a definite strenébh in a volu-"
metric flask, the dilution solution (usually water) .should be.added )

éc

fil

within about 1 inch of the calibration mark.
k psually is wet at the 3ime ‘the w

. o

ling to the mark. -t
M| T,

j’

Since the entire

Qlume 1s,adJusted due to the
mixing process, a dralnage time of about 2 minutes is allowed before .
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- CYLINDERS: 1In filling a hylinder ‘the liquid is allowed to flow down ~
- onp side only. -

T, J . .
, .

BURETS Burets should be clamped in a vertical position "and filled

to about 1 inch above the "o" 1ine. ! <

, The getting to the "0" line is made by opening fully the stop-
cock draining the excess liqgid into a beaker 6r.other receptical
-2 until the liquid is within abputl1/4 inch above the "O" mark. This
. procedure will usually drive Juﬁ’any ‘air. trapped in the stopcock or L
tip. The exact "O" setting is made by opening the stopcock slightly,
emptying the liquid drop=by-drep until ‘the bottom of the méniscus s "--
* 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. . . . -

2
]

) PIPETS:  Pipets also a?e held in & veisicle position and filled to ,
about 20 mm above the ''0" line%” 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 finger%on the top., -

With measdring 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 case, however, delivery, should
be as fast as'possible while retaining control with a finger. The
t1p is touched to the side of the receivér when delivery is, completed .
and then removed immediately, except for certain types of serological
pipets. These are "calibrated-for blowout", i.e., to deliver the
indicated capdcity 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 "OY is not
.advi%ed for pipets with very rapid delivery. '

{ . )

VOLUMETRIC PIPETS: Are held in a vertical position and outflow e ;o
{s uprestricted until the surface of the water reaches the uppér o
end of the delivery tube. Then the tip is touched “to "the wet sur-

LI face of the receiving vessel and kept in contact with it until the
.. water has ceased to flow. The water remaining in the tip is ot o
blown out. ~ . ‘
/ :
1 . W% . - - . .
* ) ) : .
e
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The elegtromagnetic spectrum;f 1
, " radio frequeney (radio, t.v.)), mi, wave (ovens), ultraviolet (respon=
s sible for suntanning), infrared B at) or visible regions Each region
consists of a.geries of* distinc ipqints or wavelengths. The distinct
" points or wavelengths of the vis'ﬁﬂe region are the colors with which -
we are all familiar: red, oranga' yellow, green, blue, indigo,.and’ :
.,:\7 violet.\,While these colors can. e miﬁed to give various hues’ and
shades, the original componentaffi e/, the original colors) can be
n retrieved in a variety of ways* such as ‘colorimetry.

[

¥
- Al

An important charaﬁﬁeristig of color is its intensity. For example, to

" 1f a drop of ink 1is. added to. a glass of water; the intensity ‘of the

esulting solution will be low, hub the color will still be .that of
) :hé\original ink. These ideds,. namely that each color has a charac~, .-°
v teristic wavelength associaﬁed with 1% and that the intensity of a <
’ given color may ‘vary, fiorms ' the’ basis of many &nalytiqal methods,
‘including, spectrophotometr:y“l and | colorimetry.: e

- L3 . M ”

RN .. P
R There are at least three simple ways in which the eolor of an
. - unknown can,be compared with' the éolor 6f a kmown: - (1) visual _matching;
e (2) by ase of a color comparator, or (3) use of filters,,especially ol
in a colorimeter L8
.. <;. i
> 07 : One simple Visual matching situationnoccurs in the titration of
an acid-wigp a base. If phenolphthalein is use%,as an indicator,
the color change from coldtless to fdint pink sigitals the -end point.
If a different indigator is,ustd different epd point colors would

be observed .. 1g‘ N Lo

Ed

".

- . -
.

oo ’ Similarly, the tesv~for«manganese reliesnon the prodnction of - -
‘ " the intensely colored”pgrmanganate ion., If the purple color of this’
C ion develops, it is immediately known that- the manganese standard

P (.05 mg/l) has’ been exceeded - - T ’

-
K4

J. Another example bf visual matching occurs in the use of Hydrion !

or multi—range pH paper.. These papers have 4 colgr chart printed on’ %
= - the boxy-~ Aftey theapaper is immersed in the' solution; the color of °
" the paper is compared with the coldrs on the chart. The colors on . 4
" ., ‘the chart have%beqp,determined at givéen pH's, which are also printed

on the chart. Thus, by comparing the color of the wet indicator’ strip ’
‘with the color: p%inted on the.package, a reasonabiy’good (+0.5 - +l 0
pH unit) estimate of the pH of the unknown .can be made. .

The color comparanr method’ is used ih the .field determination
of _iron by*the.Hach method. In this method the orange color of
the phenanthrolﬁpe reagent is a function of the iron concentration
.1in the Sample.P . By comparing the colox of .the findl- solution, con-
tained in a tégt tube, wiéh the colors on a transparent ‘color disc, -
the concentration of ironein‘the unknown .can be determined.

>
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A colorimeter is an electrically operated device which employs

a photocell (in place of the ‘eye) as the detector.
of the sample is electronically compared with the intensity of a .
sujtable filter. The output is a scale reading calibrated in con-
centration of ‘the .parameter being read. The Hach colorimeter, along
with 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.
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Aruitoxt provided by Eic:

.. 5. Ferric chloride, FeCL, - 6H,0, lump, reagent prade, <

. . X . ? , N -

‘ - R o " .
- . . ' . - - . + \ . ‘ Y - (‘ .
g ’ , s ACILS, ORGANIC P . ‘ .
. ’ - *(Colorimetric Method) © ‘ ‘

-
-

,Note: ‘This co:)rnmetrlc procedure s more precise and accurate than
the old dlstlllatlon procedure and about equal tc the column chromatographic
methqd The test requ1res less .than 30 .mirutes and is particularly
.advantageous where more than one dlgester is to be analyzed since several
tests can be rur’simultaneously: a]most ag easily as one test. N .

. ."'_ e -

PRINCIPLE:* ~ 4 -

1 4

N

- 3
¥ . : . .

- Thls prccedure convergs the ‘organic acids (called volatlle acids in
the past “because tbey were vaporized anc separated by d1stlllat10n) to ]
colored matérials that are measured by light absorptton in a SU1table
rnstrument (colorlmeter) .

L < -
SAMPLE : . -, -
* \ ’ ’ R

¢ . .
Averysmal prin 05 1 i, ueu E.r che tes., therefore, a

6 oz. bottle’'is,sufficient for organic acids and related tests.
P . H o

1. Colorimeter or spectrophotometer. ' G

2. 80111ng water bath or kettle of boiling water on an electrlc‘
+ .. -hot plate or Bgnsen burner.’

, »

3. Test tube rack to hold‘3/z inch test tubes. . t

%

i / . .
REACEXTS ' ' ' ’\/// .

Y

' - . -

v

The follow1ng reagents are necessary e1ther to make reagent sqlut1ons’r
or to, use.. dlrectly as purchased .

1. Sulfuric ac1d HZSOA’ concentrated reagent‘grade.
2. Ethylene glycol reagent grade.

3. Sodium hydroxlde, NaOH , pellets, reagent grade. -

4. .Hydroxylamine hﬁdrochloride, reagent grade

SOLUTIONS := o

~\-\‘$-‘J FARaat )
+

1. Sulfuric acid, dlluteg Mix equal volumes of reag nt grade,
. ~ concentrated sulfuric acid and distilled watenh , CAUTION:
. Always add ac1d to waget--never water to acid. * ‘

.
5 ’ v o
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2.

PROCEDURE ; ° ' S : RS

bl Ethylene glycol, reagent grade. Use as pu}chased.‘
Sodium hydroxide 4.5N. Dissolve 90 g of sodjium hydrox1de
pellets - 1n distilled watér and dilute up to 500.ml.

,»4 - . ¢+
Hydroﬁylamlne solution, 10%. Dissolve 10 g of hydroxylamlne
hydrochlorlde in dlstilled ‘water and fake up to 100 ml. _

13 ] - [ ©
L)
Ferric chlorlde reagent. Dissolve 20 g of ferrich cHlorlde
hexahydrate (FeCl3 . 6H20) in distilled watrer, add 20. ml of
concentrated sulfuric acid and dilute to 1 liter. -

£
. . A 1

a - ‘

4

s

Clarlfy a few m111111ters of sdtple by filtraticiwor centr1—

-

N

B S fugation or both. (it is necessary to have a relatively clear
‘sample since: turbldzty will intérfeére yith llght transm1551on,)
. t v .
.~2. Provide test tubes in a rack--one for g blank and one*for
each sample. ) \3‘
. ’ ' B
"~ 3. Using clean pipets, carefully and exactly p1pet 0. 5 ml of
-o'distilled water into the blank tube and 0.5 ml sample into 4
’ each sample tube. If the organic acids are more than 2000 mg/l
an aliquot diluted to 0.5 ml is used-, ! .
“y N [ i Yo F
" 4. "Add 1.5 ml ethylene glycol 'to each tube-, o
. X _
T g. Add 0.2 ml of the diluted sulfurlc acid (l l) to each tube.
y Mix well by sw1r11ng tube. . ™ .
' X o . - - / -
, -6, Heat in a boillng water bath for egactlyNB.pinutes.;
# . '
7. Cool immediately %n cold water, : - e o
. AR P o
- . - . s . - e . T e .
. %. Add 0.5 mt hydro laﬂ?ne‘folutloni c ' e
9. Add 2.0 ml gF%.5N 'sodium hydroxide. " Mix “well by swirling tube.
‘10, Add 10.0 ml ferric chlotide solntion. ¢ ¢ ~,‘<
11. Add 5.0 ml distilled water. * - ,
’ ° T - ST oL F .
12. Stopper and invert to mix.
13. Let'sﬁand 5 ‘minutes, unstoppered, for color developmenpt. .
4. Read at'§36 millimicrons after standlng 5 minutes. -
R . oo ~’, .. ~ . 1 i .
CALCULATION: . T _ . LT,
1 - . ) & ] Pl N \
Calculate mg/l organic acids as acetic from calibration.:
s ’ ’ . Lo
~ . » _:‘
-« ! 2_2“ - i
Y. : . 21 . Cr
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. R N N :
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- ) ‘”Note:‘ A calibratiph turve ‘can 7e made usihg a 2000 mg/l standa?ﬁ >4
. " acetic acid solution. - A series of 6 tubes are- used cphta;nlng 0.0, 0€ "

0.2, 0. 3, 0.4, and 0.5 ml standard acetic acid made up fo 0.5 ml velume - %ﬁ
. with d1st11le§<gater where necessarv. fFe above step by step procedure ?»
is follbwed;and%percent trahsm1ss1on read1ngs are plotged dn semi- log - % .

- ?a h paper. . k
o . . 8Faph pap D . A\ ‘ , . id
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;o . REPORTING:
. &

) Report “at m%‘

% . . [ = ,
.c’ i i - . /

1 organ1c ac1ds “as™ acet1c ac1d -

...
’

‘ N . . - i 3

o

. wpaping COMMENT : ot

* Fhis me thod 1s suitable for the determlnaslqn of" organ1c ac1ds 1nr -

" sewage treatment plant digesters and in raw sl dge It is part1cular1y S
advantagenus where several tests can be run s1mpltaneously S

.
. A -
sy -
. »
©

e o
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2} -
. . Organic acids are produced by the bﬁolog1ca ‘breakdown of “the . ;
- " compléx mass oﬁﬁsludge The organic acids are fOpverted'to gas if RN
proper cond1t1ons prevail for the methane bacteria. In such digestérs ir
which appear to operate properly, the. organic achs have bé@n found to
vary from a low of -approximately 100 mg/l to ,high of near IDOO mg/l
. W1th[the maJorlty under 500 mg/I orgaflc ac1d, | )
. e, ‘;" —'v_; ) . LR
In d1gesters not operat1ng properly, the on janic acjds may reach
N concentrat1ons .of several thousand mg/l. At thé e concenprations of .
organic acids, digéstion is véry poor, theré‘ts Very 11tt1e gas product1on
"¢ ind that produced is of very. poor qual1ty . o . ; .
) N . - \t.h.. "'r - ' ) ' . v -
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s ) ACIDS, ORGANIC
*- . _ (Column’ Chromatographic Method),

e e ~ N .
L. <

PRINCIPLE;, . ° . - . . I

»

Organic acids are separated from 1norgan1c "acids and alkalles

by plac1ng an acidified sample on a short silicic acid column’ and
eluting with a n-butanol- thoroform solvent. The organic acids are

001489-49 Chromatographlc column with extra coarse disc.

(The Kontes chromatographic column Has sufficient volume
- o hold all the solvent in oné ‘applicatien. The Gooch

-‘crucible requlres numerous appllcatﬁ.ﬂs of solvenr )

4.. Crucible holder of

-

S#W~Filteriﬁg~fla§k -—»230 ml.

one-hole rubber stopper.

6. Buret, 10 ml,'and buret holder.
< . M ‘ ‘ Y .
7., gipets; 1l and 5 ml. "

.8. - Graduaté, 50 ml.

-

s

9. Erlenmeyer fIasksf 125 ml. ﬁ{/,\,e

’ < # ‘s

10. Glass fiber f11ter paper 2.0 cm #x-934 AH. H. Reeve .
o Angel and Company, Inc..

o5t

\
A -

11, Funnel, 65 mm. shgrt stem: .

12. 'Filter paper, Whatman #2, 12.5 cm.
’ . - ~ -

"#Kontes of Illincis -

1916 ‘Gréenl@af Street
Evanston, Tllinpis

. measured ip the eluate by titration with standard NaOH. .
~  SAMPLE: - : ‘ ) '
- H é",',’ ' ” . ' - &,
' A sample in a 6 oz. bottle is sufficient for organic acids and
: related tests, . ’ - . R
AR v . '
% - ' <o : o
P MATERIALS: . ) ¢ .
o D A A .
1. Fume Hoed: * , - - ’
.‘\ - 6. . . A B .
' 2. Vacuum’gource. .
Zﬁ Gooch- cruc1bIBs:>Coors No. 3 tall form or special Kontes#*

iy



.
-

-

REAGENTS 1 ° A S N
] < © @ LY
/1. 'Silicic acid: Mallinckrodt's Silicic Acid No. -2847 ot

specially prepared, for chromatography." The silicic acid
‘ig dried at 103° and stored in' a desiccator., .

o

2. CBys solvent: Mix 250 ml of-n-butyl alcohol with 750ml L os
chloroform. ‘e ! . - N
- P T \sj . L
> 3. NaOH: 0 02 N NaOH protected from’ CO,y absorptlon : ‘ B
) 4, 32804 Approximately lo N H2804,‘ T ; . -t T
- Thy@ol blue 1nd1cator° 0.1 percent by- weight in absolute ¢ B . : "
« . methyl alcohol or ethyl alcohol . teow °
» . ) ’
. 6% Phenolphthaleln 1ndfcator' 0.1 percent by weﬁght in absolute
. hethyl alcohol or. ethyl alcohol -
7y Methyl alcohol: absolute! C ‘ I . E ' \'.'
A p . ' - - ” . 1
. . S . . \ . o
5 PROCEDURE: . ' _ = - . . SR .
T 1. Filter through 12.5 cm°#2' filter paper,.sufficient sludge
_to obtain approximately 10 to 15 ml filtrate.
~ 2. Use either, a Gooch crucibleé™»sy Kontes chromatographlc column, . .
", If’ a. Gooch'crucible is» used, place fiber filter pad on the N
,bottom of the Gooch crucible and -draw down by suction on a :, » ’
- vacuum filter flask and then release vacupm. If the Kontes' ‘ ’

pack1ng . . 4

. L4 .
;chtomatographlc column }; used, no glass\ iber pad is needed. * -
Remove column from vacuum filter flask 4nd put 10 grams of *
dry silicic acid in the column tapping lightly to.a‘g in

Replace column on’ vacuum fllter flask and apply vacuum .to
pack "the 'silicic acid; It maw be necessary to remove_the
column from rhe flask "tap again, replace on vacuum filter

flask andrre—apply vabuum in-order to firmly pack the -
silicic acid witi"no drawing away from the column wall. )
- » a N Eli JSA 7z

Add oge drop of thymol blue ind1cator to filtrate from Step #1.

Add 10 N H SOQ’drop—wise with m1x1hg until sample 1s “red to Lo
thymol blue. . . - . ’

] - .
Place 5.0 ml of acidified sample dn the silicic acid in the

p—
¢
column. Release vacuum as soon as sample is drawn into silicic )
acid.
r > .
- *
+ 1
» - [ 4 .
L4
. = - &
w’ ‘.‘ RS ~ : ot , 3 1 .
£, ) 3-2 .
N » * 9 i ~
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T
¥
'
,
»
¢
»

- - * :
R ™~ '! i

ey € &. . With suction, ézaw CB solvenc through the 5111c1c ac1d . ’ <o B
. , intd.the filtering flask, . keeping the column ull until 50, ‘ml . e
. ' have been added and drawn into the flask. - o ’

9. _ Remove f11ter flask’, add 40 ml methyl alcohol and 5 drops - < L S
i of phenolphthalein to the eluate in the flask ‘ R
- . \ 4 - - . " .

: « 10. Tlt%cte with 0.02 V .NaCK to a plnk end-p01nt . . PR ~ . e

-7 110 Run” a blank ;rtratlon on the solvents (approx1mately-25 ml . i e
R . CB,. and 40° ml methyl ‘alcobol) and suybtract from the above - . ©

‘ titration (Step #10).to chtain net ml used e . . ¢ - P
o . . Se— ’ . . - e

. ’ ' s
. . . . R - - B .
- - EN - E 2N , . .

CALCULATION: , , , o A L. - %
Organlc ac1és‘;n mg/llter as acetlc = (ml’og 0.0é.N NaOH used on . . =
samﬁie-ml used o blank) X 240 oo . - : o ' >
. kY _. ) q - ., N

- ‘ - - . ‘ e - R ‘. ) fv. i . * - ! . . ? / ' '3
. COMNENT' ". r . . ‘ B .‘. . -, . . ‘.- \‘ l‘ 4 \' S .

-

Ehls method s suitable'for the detérm@natlon of organlc ac1ds 1n
sewage treatment plant digesters “and fﬁ raw sludge e “

3 . . . °
. . - .

+ ' SIGNIFIEANCE: . =+~ _, = ~ . A N
. "a 7 o‘ . . . . -
Organlc acids’ are Produced by ‘the blologlcal breakdown oﬁ the
complex mass of sludge. The organlc ac1ds are converted to gas if - A
proper conditions prevail for the methane pacteria. ¢ In such dlgesters . .-
which appear to operate-properly, the organic acids‘uwe been found to
" vary from a low of approximately 100 mg/l to a High of near 1000 ng/l .
\with® the majority under 500 mg/1 organic acids.™ ) . o L e
) . ee N - - ] L ¢ *
In digesters not operatlng properly, the" organlc ‘acids may reach ) . - .
. concentrations of several thousand mg/l. At these concentratlons of . . t
organic’ acids, .digestion is wvery poor, there 1is very Tittle gas ° . ’ -
producﬂlon and that produced is of very poor quallty - - ’ \.
, . ' . ‘ s . hd ‘e - t . ,‘ ) - o./ i3
‘ + REFERENCES: . r ' cee . N Lo e
. . * ) ) . ] . .
* . Mueller; B.F., Buswell, A. M and Larson, T.E. "Chromatographlc. . '.. .
Determlnatlon of Volat;}e Acids, A\l Sewagevand industrlal wasnes, Vol 28, ""

- PP~ 25 to 259, (1956)~ . , N . . N .

. . B3 . -
' ) . - e, 7
. '

.

. Etzel J.E. and Pohlan , F. G., "Volatile Acid Formatlon Dyring K . e N
Shudge Dlgestlon," Public Works, pp. 105-C%, ‘(July 1960) . .- " .
.7 ' x ' 7
Pohland, F.G., and Dickscn, B.H., '"Organic Ac1ds by ‘Column Chro- AR 2
matography'", Water Works and WaCtes Englneer;;g, pp.. 54, 55 and 73 : o .
. (July 1964) . - . .. . N cL . -

<
A




E&itlon) American Public\ﬁealth Association,.New York, New York (§971).

£

Westerhold A, F.; "Organic Acids in Digester Liquor by, Chromatography

o Journal Water Pollution Control Federatlon Vol. 35, No. 11 pp. 1431~
1433, (1963). . .
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PROCEDURE:

L N
. ! ¥ i ‘
o . W~ ] A K .. J

ACIDS, VOLATILE  ° o L
- " (Distillation Method) :

- .
. ~
" -

Volatile acids a;g\separated from the sample by_distfllation. The

PRINCIPLE: .

"acids ‘are measured in the distif#late by titration with a standard sodium

.
»

hydroxide solution.
‘ .. o WS

~

n

SAMPLE: * - : . .

L]

¢ ~ o

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

s . A

-

»

APPARATUS : ' ; y

1., Centrifuge.or other means of clarifying liquid “from the éample.

2. Dlstlllatlon apparatus consisting of 500°ml round bottom distilling
. > flask, condenser, adapter tube and ring stand support with ring
and clamps . -

.

3. Heat source--either a suitable electric heater or Flsher type of
gas burner.

. i#
4. Buret. . ) . , " .
REAGENTS :+, - y ' /o
1. Sulfuric acid, 1 pt 1/ (add 1 part conc. HyS0, to 1 part
distilled water by vo_lume.) . w

-

2. Sodium {hydroxide standard solution, 0.1N.
3. Phenolghthalein indicator solution. Dissolve 0.5 g phenolphthalein
in 50 ml ethyl or methyl alcohol apd add 5Q ml distilled water
Add NaQH drop-wise until a faint pink color appears.
- AN . - .
4. Hengarlgradnules, plain not selenlzed for use as .boiling chips
to promote smooth boiling. ' { )

B3 v
s —~—

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

of supernatant.for distillation. .

2. Place’100 ml (or afiquot)\ofiéupe;natant in distillation flask.

v
.
£
o
-
Y
AN
.
.
-
3
i
. N




v ) : i . . A
0Q ml of distilled weter,'dr if less than 100 ml sample
ken, the réquired -amount to ,make a total of 200 ml.

Add
was

Add 5 or 6 Hengar granules or boiling chips for:smooth boiling.

. 4.
SO . i * .. M '
, . 5, Add 5ml of 1 +1 Hy0, y
X 6. Swirl flask to mix acid and sampX®. . - .
. < 77 Connect fiask‘ro condenser,. ' )
g e 8. ‘Distill at a rate of’ 5 ml per minut

9, Collect 150 ml of dlstlllate in 250 ml gradugted cylinder.

Transfeqb without loss, the ent1re dlst1llate to,a 250 ml

Erlenmeyer flask. , A . . ‘

Titrate with.O.lN NaOH using pehnolphuﬁalein indicator., - The

. . end-point.is the- first pink colorétioq that persists for a
short time. Titration at 9C°C reduced carben diexide inter-
ference‘eig~produtes a stable end-peint.

<

N

Volatile acids in mg/l as acetic = _mi NaOH x 6000
ml sample » 0.7 ml sample x 0.7,

. * " .
- . - N
- °

This methed is suitable fer routire control purpoées. It is not ~
. recommendeo’for accurate work since it -is assumed that only 70% of the
volatlle acids present in the samples will be found in the dlstillate
This factor has been found 'to varv covsléerably,

COMMENT :

I'd

) \ ]
-

SICNIFICANCE: . ;

~ °.

It

Volatile organic acias are produced by “the v1olog1cal breakdown of
the complex mass of sludge. The volatile acids dre convertea to gas if
propersconditicrs prevail tor the methane bacterJa - In such digesters
which appear to bperate. properly, the volatile acids hdve been found to
vary -from a low of approximately 100 mg/1 te a high of near 1000 mg/l
with the majority under 2C0 mg/1 volatile ac1ds .

- N - ’ + ~

In digesters rot operathg properly, the volatlle ‘acids.mav reach
concentratidns of several thousand mg/l. At these concentratiers of
vdlatlle acids, digestion is ver» pocr, there is very llttle gas pro-
duction and that’produced is of very poor aquality.

- - : N

. «
3 N . r .

REFERENCE* Y

LT Standard Méthods for fHe anmlvatron ef Water and Wastewater,

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

r

L]
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J ' ALKALINITY . ° e

(For Use On Digester Supérnatant) '
Yars Al - ' )
i * . | L4 - .
PRINCIPLE: _ : ‘

@

8ﬁ/é\ilkal'lnlty is measuted ¢n a clarified dlgester ;upernatant
le by titration with a standard acid to a colorimetric end-
point. )

¢

-

© SAMPLE:' ) . R ’i

Use part of Volatile or Organic Acid semple.‘
" REAGENTS:

1. Sulfuric acid standard solution 0.02N (1 ml = 1 mg.

£ alkallnlty as CaCo0,). i

B 2

2. Methyl purple 1nd1cator solution}. Flelsher, pH range
4.8 ~ 5.4 for total alkalinity. (Many peaple use methyl-
orange indicator and refer to the alkalinity thus determiped
as M:0. alkalinity; however, methy} purple gives a much more

" easily observed color change (from green to gray to purple) °

than thé color change produced by methyl orange)

- B x
PROCEDURE : o . T
- . N ’
1. Pipet 10.0 ml (or aliquot) of filtered supernatant'into a
125 ml Erlenmeyér 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, Bf "acid d1gesters,'there is
little or no alkalinity:with an accompanying low pH and a
gray or purple color will develop,) N
<« 3. Fill the buret with 0.02 N HyS0,. - e )
' - - *a ) ,
4. . Record the reading. . v

e

'S. Titrate with v1gorous swirling of the sample through ‘the
development of the intermediate gray color to the development
-of a distinct purple end1p01nt

-

> > .

. ,
° 6. Read the buret and record fihal reading. ~ Subtract the initial

buret reading from the ‘final reading to get the net ml of .
0,078 so4 used m, the"‘sample -

. '
[ LN )
v I
. v C W .
] . A -
f

o




y ’ ) . 4 .- ;
. ' CALGCULATION: a L .
P ‘ i ) ) : ,
' S CT 7 net ml of 0.02N acid x 1000 |
; mg/l total alkalinity = ml of sample used
. » . -
- SIGNIFICANQE:

e

-~ Alkallnlty refers to’ the quantity‘of ba51c compounds in agueous’
"~ . * solution which shift the pH value of the solutien to the alkaline

- side of neutrality. These alkaline substances react with ac1ds to
-’ produce neutral -compounds.

;L S

REFERENCE: K ' .

b

*Standard Methbds For The Examination of Water and Wastewater~§
(13th Edition), 1971, pp. 370 376.

o

»
o

(&Y
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_ ** CHLORINE, RESIDUAL
’ Y : (Orthotolldxne Method )
4

@

amea

PRINCIPLE: Lt '

4
The addition of orthotolidine reagent .to sewage containing chlorine

‘produces a color.proportional to the amount ef chlorine present. .

.The method is not specific for chlorine.
p%pganic manganese interfere. »

, e
+ - . B . .
.

SAMPLE : . -
L4 ’ ’
- At-least 10 milliliters are required.

LS ' .

REAGENTS AND EQUIPMENT: -

‘

.

Nitrites, organic matter and

o

Orthotolidine reagent: Dissolve 1.35 g orthotolidine

* dihydrochloride in 500 ml distilled water. Add this solution,
with constant stlgrrng, tosa mixture of 350 ml distilled
water and 150 ml conc. HCl. This reagent should be stored .
in amber bottles preferaBly in-the dark and protected always -

1)

from dlrect sunlight. It is suggesged that
reagent be discarded “after six months.

> . -
hd >

Chlorine comparator,

N

s . i
. )’ N o

PROCEDURE: . oL

Add a

ia/hl sdample of chlorinated sewage to
tube c

taining 1 ml orthotolldlne reagent.
~ . e

in the* dark. for color development.

‘

tunbidity_cgmpensating.

orthotolddine

-7

a gell or tést

Mix, and if the temperature of the .sample ig-less than 20°C,’
bring it to that temperature qulcklv after mixing, and hold ™

3
-

3. Read when the color intensity reaches its peak (usually

[}

. grg 3-5 mlnutes)-. .
! & ' . !.'
& - ) |{ N
~ s ' & .
*  REPORTING: , . L -
o . . y \
» ' Report as mg/l chlorine. Vaue .
. il .
‘&M
o ™ > v - - ¢ -
i * . - .
* ™

: .-l . A

A
[N




.

E

’

-

SIGNIFICANCE:

4+

- vt

27,

e

Because of organic matfer‘and ammonla, residual chlorine ex1sts

in sewage in the combinéd state.w The orthotolldlne method measures’
the combined .available chlorlne.

- e
- O‘ .

REFERENCES: _ . 3
' . - . \ ?
Standard Methods For The' Examination of Water and Wastewater
(I3th Edition) 1971, pp. ,385-386. -
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<

CYANIDE,
" «{Colorimetric Test) = \\

~ . A}

PRINCIPLE: : . .
The cyanogen halide praduced by adding an excess of bromine to '
. the sample reacts with a pyridine-benzidine .reagent to form an
* orange color which may be measured colorimetrichlly at 480 mu’ This
o method measures ‘free cyanide and some of the coﬁélexes. For a :
! . -measure of total cyanide, a surface distillation procedure is .
7 Tequired before measurement by this method. ‘Thiocyanates are an '
interference but can be eliminated by. distillation a . ’

4 .
] %} N . v

. ! ‘.
- SAMPLE:  { , / . ) .
) -

: Collect a 6 oumce sample. If it cannot be analyzed immediately,'
’it should be .preserved with NaOH by raising the pH to 11,0 or~above.
Usually two NaOH pellets are sufficient.

ey

) (
: . REAGENTS: S S !
g . . . -
1.° ‘Phenolphthalein solution, 0.5 percent o
e ]
o2 PhoSphoric ‘acid solution, 10 percent.
‘ R . * . ‘&
N 3. , Bromine water, saturated. ’ -
. . L&. Sodium arsenite solution, 2 percent. . '
5, N-butyl alcohol, reagent grade. F- T v
6ﬁ Pyridine solution' "Add 2 ml conc. HCl to 25 ml pynidine.
. ) \\ "Dilute to_100 ml. -t ‘ oy, :
- 7. Bénzidine di-hydrochlotide, 2 percent aqueous.
' 8, Potassium cyanide stock solution, 1000 mg/l In a volumetric
, flask dissolve 2.51 g KCN reagent grade, 'in, 1000 ml water.
For the greatest.accuracy, this stock solution should be
, standardized by the modified Liebig method. CAUTION: Avoid
£ ingestion--toxic . : .
¢ Eotassium cyanide standard solution ¢1 ml 1 microgram CN )
Dilute 10 ml stock cyanide solution to 1 l:ter with distilled
-water, mi¥ and from this dilution make a 8 ond dilution of 10
. ml to 100 ml. (1 ml = 1 microgram CN'). Use 10 ml volumetric
- _pipets to effect the transler, and volumetric flasks in which

[ 4

to make the dilutions. ;// > ‘o .
7 . . ’ ’

7-1 34




"z ' CALIBRATION:) - .

. LI ,{ . .
e ‘1. From the standard KCN solution containing 1 ficrogram per ml
o : . as prepared in Stepb above, make a series of standards ) . .
. T containing 0,1,2,3,4 and 5 migrograms of €N . Make each - -
» : standard up to 10 ml with digtilled wates using Yglpm tric .»
/ §- . glasgware. - . _ & :
; i B . o ’ : S
: ;\1 .02 Follow.the steps listed under Procedure to develop thé color,
s . ' ! : ) ’
' o 3. Prepare a calibration curve by plottirg the percent .t
/A T transmittance ‘for each standard against the micrograms of ’ "~
o . cyaqide In that standard. The use of semi~logarithmic graph .
™ . paper is helpful becaiise all points should fall on a . )
R . ' straight line. If ordinary ‘graph paper is used, it\zﬁt - :
R & ' “.mecessary to either read absorbance' from -the instrumsnlt or :
oo . caltylate absorbance in order to get a_.stragght lihe, . =
- - - * "] : . .
' A b '_ . . -
PROCEDURE ; : . - ; , ’ \ o

%

k.
et up a series of test tubes (25 x.150 mm) in two rows 4a .
© aest tube rack. Each%sampie and blank requires two tubes. '

e
3

‘ t
- % Measure 10 ml distilled water into the first two tubes for

- reagent bYanks. v, o .
S Lo -
3. Measure two 10 mlwor apprppriate aliquots of: sample into two
' s test tubes for_the fipst sample and repeat this for each -
. : .. 'succeeding sample. (Diluge to-]10 ml if less than 10 ml aliquot %
. taken.) ) )
L "4, Using the 'first tube in each set, determine the ambunt of . )
%é»[ A : ' phosphoric acid required to neutralize to approximately pH 8, o
U . S with phenolphthalein as an indicator. T the second tube in ° )
' - each set, add a like amount of phosphoriclacid[and‘then 2 . e !
. " drops in excess to lower the pH. Discarthhe first roy of tubes,
S ‘e ( ] . e
' 5. Add bromine water drop~wise ‘to each tube until a sligAE\exceg‘u, '
is indicated by a persigtent yellow color. ' ¢

s on A%

»

L 6. Add 2,percent sodium %rsenité drop-wise 'to each tube in order’
;) .- <7 to destroy tife bromine color. Add 1 drop in excess. !
) 7. Add 10 ml n—bﬁtyl alcohoT ‘to each tube, stopper and shakeh . .
. the tube. ) '
. '.'81 Add 5.3 ml pyridine-benzidine reagent‘(mix 5 ml pyridine  * . '
solution with00.3§§1 benzidine solution just before using)
‘o each of the trieated samples and'to the alcohol blank. . )
. . . ) . . “ "_- .
9. Stopper and shake vigorously. ‘ ] By

s




. > Allow 15 minutes. for color de;elopment. (Cyaﬁide is ihdicated
by & brownish-yellow color 1o *the upper alcohol layer).

-
Transfer some of the alcohol layer from the reagent-blahk to the
lastrument cell (usually a-1 cmcell is-best) and sét the
instrument for 100. percent. transmittance at 480 mu.

<

12. Transfey some of the alcohol layer of the sample to a sedond
~ cell and read perceng tranamittance.

- o
"5

v <‘ . 13, _Calculate the amount of CN present from the calibration curve, -

“ REPORTING: . . | .- L BT
. o-. . o, . . . . N . ® -
R CN. A ' L . ’ «
. eport as mg/1 o o ‘ v
. d ‘ ~' ’ ‘. -: ¢ 8 B
C\GMMENT: _ Co . [ . - o

Extreme caution should be exercised in the handling of all .-
standard solutibns, as well as any Samples of unknown concent:ation

of cyanide. -~ L

(s

Q' A

- . . . .
‘e

DO NOT USE MOUTH SUCTION ON ANY PIPET. ’ _—

P 4 . ' s
, s ' A o . o ! )
. SIGNIFICANCE: .« ' -, } ’/ow
% o

‘The PCB has placedyan effective limit of 0. 025'mg/1 on the
amount of\cyanide which may be contained in water.

N ] ¥4 : .t Lo v~

. A -

\ : s

REFERENCES : ' N

© 8
- K

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

P -
.
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\, BIOCHEMICAL OXYGEN DEMAND ¢BOD) \
- (Graduate Dilution Method)
2 s -
. . . - ’
PRINCIPLE: <0 Y

’ v

Ihe~biochqmical oxygen demand (BOD) of sewage, sewage effluents,’”
polluted waters or industrial wastes is the quantity of dissolved
.0xygen, in mg/liter, required during stabilizatien of the decomposable
organic matter by’ aerobic biochemical action. Determination JF this
quantity 'is accomplished by diluting suitable portions of thé sample ./
with Water, saturated with oxygen and measuring the dissolvtd oxygen
in the sampke and in the dilution water blank immediately and in the
mixturd after a periodsof 5 days incubgtidn at 20°C.

SAMPLE:" _ - .

One quart is required.

— R ) - ,
“

- REAGENTS: | ' : *

. LN " L] o
.d ’ 1 - Q
1. -All reagents necessary for the determination of DO. .o
. — .
7 Ferric_ chldride solution: 0.25 g/1 FeCly - 6H,0.
3. Galclum chloride solution: 27.5 g/l anhydrous CaGl
r* - .

oA

4, Magnesium sulfate solutivon: 22:5'g/1 MgSO

2 . * “
s 7H20.

Phosphate buffer solution:' Dissolve 8.5 g monobasic potassium
acid phosphate, KH2P0 i 21.8 g dibasié potassium acid A
phosphate, KoHPO, ; ané 33.4 g diabasic sodium acid phosphate,
NayHPO, "9H,05 in 'S00 ml of distilled water. Then add 1.7, g.
ammonium chloride, NH,Cl, and make to-1 liter, The pH:of the
solution should .be 7.2 without further adjustment. .

i

6. Seeding material: In many rases, a satisfactory séed may be .-
obtaided by using the supernatant from settled domestic
sewége which-has been stored for 24 to 36 hours at 20°C.
industrial wastes contain organit compounds which are not
amenable to oxidation by domestic sewage seed. In these
casgs, receiving water collected two to five miles below the

- 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 any.given waste. Quantity must also be determined

in this matter. Five to ten ml of settled’raw sewage per 5 gal.

odeilutiqﬁ water .is §uggested for the initial application-of .

1

. seed. 7 C.

Many

wé

oo - &




7. Distilled qQr de-ionized water: This %%ter should-be of the'hlghest

quallty, conta1ning no materlal toxic to the organisms” - '

<* ' found in the seed or in the waSte itself: Copper-and .
chlorine should e absent;, with an allowable maximup of _ o
0.01 mg/l coppe "If any doubt exists regarding the L
suitability ‘of mhe 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/1.

8. ' Dilution water: To five gallons of this water, pfeviously .

_stoppered with a cotton plug and aged for at least 2 weeks
in darkness, add 20 ml each of calcium chloride solution, °* _
magnesium sulfate solution” and\phosphate buffer. In . - "
add1t10n, add 10 ml ferric chloride salution and -the admount '
of seed which has been determined by experimentation. Mix and
allow to stand in the BOD incubator for at least-a week e
‘before use. Stability of the dilutidw’ water andjguitablllty
for use after stabilization y‘be checked as fol ows . . Ve

Into -two BOD bottles (APHA)~siphon,'with a minimum of
aeration, two‘Iike samples., Peérform a dissolved oxygen.
determination on one of the bottles and incubate the second

for five days at 20°C..If the dissolved oxygen of the . z}é%%
. dilution water falls below 7.5 mg/l, it may be aerated to i nd
. - bflng the' level to that of “saturation. If the d¥ssolved .
""a. oxygen of the dilution water indicates that it is suger— )
saturated, it must be de=aerated before it is used. / )

~ s »
‘

At the end of the 1ncubat10n period, perform a DO tesg on A
, ‘the secpnd portion of the dilution water. The difference ~ ° v |
o in DO for-the initial and incubjted sample will be the Bop -
ol the dilution water itself which should be less than
0.2 mg/l. o : . L. . e

.

[y

PROCEDURE: . . /
In BOD work, some experience or guidance is necessary in
determining what diiution to set up for the varidus types of sampless
With 'a knogledge of the source of the sample and an observat%on of * ° .
the odor, turbidity and suspended solids, one can estimdte a probable
BOD and select suitable dilutions. to cover the estimated BOD. It is
desirable, to make two dilutions on each gample. ~

EY ~ ~ ¢

o
1. Fill two BOD bottle§ with dilution water, using a siphon and ~ .0
+ keeping aeration at a minimum. Determine the DO of One(
" bottle and incubate the second.

A 5
.
I3

v .
© 2. Determine the DQ”of the original sample, taking care nof .
) to aerdte the sample in the process. .

3

-

. 3. Toal liter gradyate, add the amount of well-mixed sample
required for the selected dilution (See "Comment").
-~ . . " -

-
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Dilute to 1 lifer with prepared di1ULibn»kat£r and misc‘well
witholt aeratioa -using a plunger-typt stirrer. )

4. Transfer the diluted sample to a BOD bottle withbut werations . @
Stopper the bottle, filling the collar with water, and incubate. ‘
Using a siphon, ‘discard mixture in excess of 500 ufl.

>
-

el

T aS. Eprthe?ﬂzilutfon§ should be made by #dding-dilution water equal
‘ ,£0 volume remaining in the graduate from Step- 4,  This is in
effect halving the concenttation. When ‘the dilution and
. mix%pg\aré f:ompleteqx rgﬁ?at Stéﬁ_&.‘ i
v o ( .
NOTE: Repeat the dilbtion procedure us ¢fteh as decessary .
" * <to cover any suspected deviaclon irem the estimated
BOD. " T C

~ e

s

- -

s : -
t . . . ) ¥
6. When all dilutiohs are completed, Fill a «dditional bottle
. with the dilutiongwater and ineubate it along with the sample
dilutions for a period of,5 days at 20°C.

A

. v Al . * -
-~ 7. At the end of the incubation period, remove the samples from L E

, the iqcuﬁator determine the remaining dissolved oxygen ' =
for each dilution, as well as for the two dilution water blanks. =~
Dissolved oxygkn depletions.in the range of 48 to 90 percent

, " will give the most accuraté values when, the calculation of . .
* the BOD is performed. . - *
. S .
, . - X
COMMENT:; - s o .
! If the sample 1y tremely alkaline Br high in acidity, the;pH, ; —
~ ¢must be adjusted before dilution. ) i © e
2 - ) ) ' \ . U e
: Table of BOD Qilutions and Faceors ®
. . SR . - S e . )
—~BOD . Dilution Vei me Factor or «Multiplier . | .
‘ Range' -, Desired ¥% © of Badmplse ¢ R
. - f * & ' . t
\ © 05 100 = =~ &000 1 -
. 4-10, " "\ 50 : 2
© 8-20 ! 25" | b - T 4 T
o - 20-50° 10 . »"10 , e .
; 40-100 —™ . 5 .20 =2 S
80-200 - 2.5 . ‘ 40 = . Y '
° 200-500 &o .. 100 . TN
. T . . T SR
CALCULATION: ' 7 i Ry
' 100 ' EE . a”“c%’? :
BOD ="(W-D) x P+ S-W T B T ) I
® : - " N a" e ‘
W "»='D0 in dilution. water blank after incubation. ¢ L . . -
- . . . . . # . ‘{ T .
D = DO in sample dilution-after incubagion. 1;, e . —
. s ! . . PO - , e, -
. * . 93 o L ': )
o \- .. ' ; _ 40 - -
RIC ., >, ' ‘ : -
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-

DO inyfégp;g before -dilution.

Pertent of sample in dilution. y

" REPORTING: ~

. I

A 20°C).

/\a, Réport as mg/1l BOD 5 days @

N - .

» -
- ~
2 . »

SIGNIFICANCE:

.
Y

- The biochemical oxygen demand ‘of sewage, polluted waters, or

industrial wastes is exerted by three classes of materials:

(1) carbonaceous organic matter, such as ¢ellulose, starch, sugar,.
m,fat' (2)§5x1dizable nitregen ‘derived from urea, ammonia, nitrite,

and organic nitrogen compounds; and (3) reducing compounds such as
- ferrous iron, sulfite and sulfide. )

¢
With domegtic sewage, the BOD test- ‘measures the first class of -
materials.- The test may not be significant if the sample contains
. the second or third class of materials.

< -«

& .-
§o '
REFERENCER: '

) . - . »

" . Standard Méthodévfor The Examination of wgter and Wasééwater,
13th Edition, 197173 pp 489-495 with mod1f1cat10ns by the Illinois
Env1ronmenta1 Protection Agency

¢

-\ . N
. . S
Ibid, 9th“Edition, 19465 pp 139—144. ‘ -
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_ BIOCHEMICAL OXYGEN DEMAND (BOD)
éSiﬁplified,Non~s§§ndard Method) ~

M
— »
N

1
PROCEDURE; i

U

In BOD work, some experience or guidancenis necessary in
determining what dilutions to set up for the various types of
samples. With 4 knowledge of the source of the sample and an
observation of the“odor, turbidity, and suspended solids, one can
estimate a probable BOD and select suitable dilutiens 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,

v
BOD Dilution Volume Volume of Total Factor or
~ Range - Desired of Dilution Volume Multiplier
Sample Water |
0-5 - 100 1000 0. 1000 1
4-10", 50 500 500 1000 2
.8-20 25 250 ‘750 1000 4
20-50 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

1. Measure'the correct amount of well-mixed sample and add to

. a 100 ml graduated cylinder or to a 2-quart bottle. T

2. Measure the corfeet amount of dilution water (enough to

. make the total volumé of sample and dilution water equal to
1000 ml). Add this, to the, measured sample.

3. If a 1000 ml graduated‘cylinder is used, mix the contents B
with a stirring rod, If using a bottle, stopper the bottle
and mix the contents by shaking the bottle.

o

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

preferable to fill the first bottle half full, then £112
the.second bottle full and finalLy f111 the first bottle

o full. This should tend to Ydverage out any difference due -
~ ° . to suspended solids. ) . . .
L 42
", ’ 10-t

bubbles. ) . k4
5. Transfer the' mixture carefully to two duplicate, clean, .
B.0.D. bottles.. Insert stoppers in the-bottles, (Towinsure
' ° getting representative portions in each bottie, it is ~

-

~




A ]

3

°

¢ 0

6. Run the D.0. test on one of these bottles, Record the
results as Initisl D.Q, ' T .

7. 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,0. test and. record the
y result as Final D,Q.

9, Calquiate the BOD of  the origi;al sample, uding the
-, cofrect multiplier or factor for the dilution used,

-, N
' . . v \

Calculation of BOD: b

s

g
‘Determine factor or multiplier from dilution table. .
BOD = Difference x ‘Factor,
Example:

25% Dilution; - - "

Ipitial D.O. 8.
_Final D.O. 2

*\, + Difference 1 6.5
25% dilution = factor of 4.

-BOD = 6.5 x 4= 26.0 oo SR

REPORTING:

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

COMMENT :

~ t

‘ This simplified non—standard method is included as a method
for those who want a method more simple than the prefiyred .-
graduate dilution method. bt T

~

P . . s
. . .
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. Table for Recording BOD

-
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Source
of
Sample

Percent of
Sewage in

the Dilutioq

Initdial
D.O.

in- the
Q}lution

Final
D.0.

in the
Dilution

Difference

Factor
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.~ * DISSOLVED OXYGEN (D.0.)
. \
PRINCIPLE: )

[ 4
¢

The sample ‘is collected in a glass-stoppered D. ‘0. bottle
without aeration. Immedlately after collection, the sample is
allowed‘ to react with manganous sulfate in the presance of alka-
line solution of iodide and sodium azide.
interference. A brown-colored flocculant precipitate forms when -
oxygen is present. On acidification with suqurlc acid the, brown-
colored floc reacts with the iodide to release ;Bdlne in a quantlty
equivalent to the dissolved oxygen content of tWe sample. The
liberatgd iodine i% then titrated w1th a standard solutlon of

. sodium bhiosulfate.

~
V.

Lad - .
SAMPLE : o - S

o rd LY
. ,

The sample should®be collected in.a standard dissolved oxygen
bottle using an appropriate d1ssolved oxygen sampler to avoid
aeration.

i } . !

_REAGENTS: ,

rmeeting APHA specifications can be purchased
Iy houses or they can be made as follows:

v . »
Prepared reagen

from laborato su
' §§§§ <& ‘ . : !
" 1. Manganous .sulfate_solution: Dissolve 364 ‘g MnSO, * Hp0 in
distilled water and filter. Dilufe to 1 liter. (Specifie

e " grayity should be 1.270) , The® solution should not liberate
. more than a trace of iodine when added to an acidified
solution of potassium 1od1de. . v

N

2, Alkallned&odidé*azlde solutlon. D1ssolve separately
"500 g NaGH and 150 g KI in distilled water and dilute to.
"1 1itef1& To this solution add 10 g NaN, dissolved in 40
ml distilled water.. This reagent shoulg
“with starch indicator when dilited and -acidified. N
3. Sulﬁufig/acid, conc. ?2804.

-~

. . Starch indicator solution: Suspénd 5 g-of powdered, potato
starch in a small amount of distilfed water and 'make %o
"approximately 750 ml. Dissolve 13,5 g NaOH in 100 ml
distilled water and stir 1nto the starch suspension ‘until
a thick, s1rupy, almogt .clear solution is obtained Allow
to stand one hour or more. Neutralize with approx1~ -

o mately 25 ml conc. HCl using a pH meter to determlne S

¢ Y
© . . -~ \ : — - W

Lo 1141

The azide removes nitrite

not give a color

[




.“

-

°

N the end—polnt. Do mot overrun the end-point. " For pre—
servat1Ve, add-8 g sodium propionate and 4 g sodium azide.,
. Dissolve each in 25 ml of 'distilled water -and add to the - °

~sgarch “solution. Dilute to 1 liter.

“

5., "S6dium thiosulfate soMution, 0.10N: DlSSOlVe ;b 82 g L

Na28203 . 5Hy0 in boiled and cooled distilled water,
. . bpreserve with'l g NaOH ard dilute to 1000 ml. Standardize
~ with biniodate solution' (a}.

e . ]

) - Standard potass1um-b1n10date solution' Q, 10N:-
w Preparg a stock equlvalent to 0.10 N by”diSsolV1ng

3.249 ¢ KH (103)2 in distilled water aad diluting to
.1 1liter.

. . . . “u
" b. dtandardizhtion of sodium thidsulfate: Diwsolve ~-
- 21 KI (iodate:free).in an Erlenmeyer flask in 100
¢+ to 150 m} distilled water. -

’ w . + ’
¢ " . Add"10 ml, (1 ml HypS0,"+ 9 Ml diseilled Hy0) followed
by exactly 20 ml standard biniodate”solution. Dilute
to<about 200 ml and t1trate the’ liberated iodine with the
approximate 0.1 N thiosulfate to a pale-straw color.
Add 1 ml of starch 1ndicator and titrate to disappear-
ance of the blile color. Calculate normallty and adjust
to 0.10 N if necessary. .
Y, — i ' S .
6. Stahdard sodium thfdsulfate solution,.0.025-N:° Prepare by

1 diluting 250 ml of 0.10 N stock solution to 1 liter.

’

- . . \ : P /
‘. s % '5‘ ) e . : .

PROCEDURE ¢,

, ' : ..

N e . .
1. Collect sample}/?zlling D.0. bottle full to top.

.

Z. Replace stopper and discard excess water. .
' .

3. &eTove stopper , >

4, Add 2 ml manganbus sulfate solutieh and 2 ml alkallne

potass1um fodide solutlon Place’.délivery tip of pipet
‘below the surface of the water in the sample bottte. . s
'}' ' . b v ?
5. Replace stvpper giving it a slight twist to seat it well
# +  and rinse bottle-with tap’'water. _ -
' . . . * : 4 *
* ‘6. 'Shake well by* inversion of the bottle. v
7. "Allow the piecipitate ¢o settle é&ightly.- Then shake by P
i 1nvers1on agaln. " . . %%h;
Y ./L ! . — “4
y o\ e N - & ‘48 \
s ) 11-2 oL, .
t * R 3 , 7
. \ ) /

23




After prec1p1tate has setcled in lower half of bottle,
remove the stopper ° . .
v, ‘/ ‘ 1 ’ . '
Add 2 ml of concentrated sulfurlc ‘acid with the t1p of
" the pipet above the surfacedaf the sample but touchlng
the inside neck of the bottle. . .
10. - Replace stopper r1nselw1th tap water, and shake sample
to d1str1bute the 1od1ne unlformiy throughout* the bottle. -
14. Shake the sample once moré and measure 203 ml of the iodine
solution with a measuring flask. (Cut off volumetric flask
may.be used). . * : ’
. -~V o ..
12. Dlscard the excess 1od1ne solutlen and pour the measured
portlon bacg,lnto the or1g1nal bottle.
<, ‘ :
13. Proceed at once* with the titration )
14 Flll buret w1th 0.025 N (N/40) thiosUlfate solutlon

15. Read buret an& tdcord reading. ’
1] ’ .
16% Add thiosulfate from the buret in™Small amounts. Swirl
the béttle and sample after each addition. .
17. Contlnue the t1trat10n until the color of the sample is
that of light straw.
18. Add)l ml of starch indicator. The color of ‘the sample
*  will change to blue. AN ° y

. N

19. Continue the titration;y us1ng care not to oVerrun the’
" end-point, whlch is the d1sappeatance of the blue color.

- » ~ -

20. Read'the'buret at’the end—point andurecord theareading.

-

21. Subtract the reading at” the start (step 15) from- the
reading at the end (Step 20). The difference ig-the
volume of N/40 thiosulfate requ1red for 200 ml of the
original sample. . -

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

REPORTING :

Report as mg/liter dissolved oxygen.




SIGNIFICANCE:

o !

The test for dlssolved oxygen (D.0.) is oné of the most ,
valuable single analytical measures of the condition.of water

with respect

to pollution.

blochemlcal.oxygen demand test.

¢

«

It is also the Basic part of the

A minimum D.0. of 5 mg/l is’ necessary for normal flsh life
and growth; although fish surv1v§ at 3 mg/l or“less depend1ng on

the species.

—
REFERENCE :

*

®
-

¥ o . .
Standard.Methods For The Examination 0f Water and Wastewater

‘

%

¥

»

0y

°®
.

(13 Edition) s 1971, pp. 474-488.

3

\

.
b

\ ¢  DATA SHEET FOR DISSOLVED OXYGEN ¢
[ Buret -Regading .
SAMPLE | Final Initial ml mg/liter °
_ (Step 20) | (Step 15) _Difference Dissolved Oxygén'
» . M
. ‘ ) ol
1. ,. j . ' /r %’.‘5"
. - s 'r
2, i i I T - . .
3, . ) ..:“7 . ) ! o -
L4
) o . VI
4. \
) , A
34 . ‘ ' :
..5' 3 ’ i

6. ) )} . ¢

° ,g;&“”. . 3 - " N -
7. ’ .
8. ¢ E ’ ¢ - R |

ml differgnce = mg/i D. Oﬁ, when 203 ml of

.titrated

* . L3

with 0.025 N (N/40) thiosulfate.

-
.

sl__

1-4
4

(€))
N

the sample i§

-1

1




e

a-? - T
Q‘?‘A. 3 1 . . i ] . ‘ P
_ DISSOLVED OXYGEN . kS
*  (Copper -sulfate~sulfamic modif}cation) ! aﬁ.
. ] N
o~ PREMUIPLE: .
) \
. This modification is used for ‘bio¥ogical flocs such as activatéd
) ~ .sludge ‘mixtures which have high oxygen utilization rates. .The' capper * >
sulfate-sulfamic .a¢id accomplishes a twofold purpose. It stops the .
. oxygen utilization immediately and it causes the organlc material to KN
prec1p1tate produc1ng a clear supernatant for testing.
This method is quite useful; however, .dissolved oxygen meters
which ar:écapable of direct measurements in th® aerafion tank are
- to be preterred g . -
?;“i“" . ' . “a o )
g | APPARATUS: BN :
. 1. "All equipment used in the DO test. .
2. Siphon. - < g . Lo
o " 3. One _quart wide mouth bottle with large rubber stopper to
v fitTor 1 liter glass stoppered bottle. . -
]
. - 4. DO bottles. » ) N R i
p ] .
GENTS : '
REAGE — -
) - 1. All the reagents requireé-fo; the dissblved oxygen gtest.
[ -~
* 2. Copger sulfate~sulfamic acid inhibitor solution: .Dissolve
.32 g technical grade sulfamic acid, NH, S0o0H, without heat, "
o in 475 ml distilled water. Dissolve 56 g copper sulfate,
’ CuS04 - 5H20, in 5Q0 ml distilled water. Mix the two solutions ¥ _
together and add 25 ml of conc.. acetic acid.
K U\ ' ) . . ‘
PROCEDURE: .
1. AdJ 10 ml copper ‘sulfate-sulfamic acid-inhibitor. °
> . A ~ - .
- 2. Insert bottle in sampler designed so’ that the bottle fills 5
. ' from a tube near the bottom ‘and overflows only 25 to 50% of - %
: » bottle capacity,®: . . . .
3., Collect the sample, sfﬁpper and mix by inversion/, N -
It - . A > - ~
4. Alldow the solids to settle.” .
. P .. ~ k-
< 49
€ 12-1  +
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3 - - -
> - .
. - ‘ \ - L
-

H

.
Y 5. Siphon the relatively clear Supernatant liquor into a DO v
. ., bottle, . H
< ? PR e . . i
e , 6. Continue the DO analysis immediately using the azide modl—’. °

- fication of the DO procedure as detailed in'this manual. e T

. . ) .

N B b b}
e . ¢

w to. T i ) R
GNIFICANCE° , - . .
) SI ” 2 . . \ 4 : . 4
. This modification of the DO test is used®to pegmit the measure—- ot
ment of dissolved oxygen to determine the adequacy of aeration. of o °
activated sludge. - . ¢ ' ‘
< b ’ 1 1 ’ - v N " ’
L < ) N Y
. $REFERENCE: " - ‘ : g . - : Lo
Standard Methods for the Examination of Water and Wastewater, 13th ,
' Editians 1971, pp 483-484, - /;y/ g . ° —_—
A
‘s
L
’ x /Af ‘I
/ [N

Aruitoxt provided by Eic:




‘ _ OXYGEN DEMAND INDEX ° . T Y
Ay ) /
Two procedures are provided. The reagents for Ehé original -
ODI procedure were based on publighed information in "Analytichl L .
Chemistry" on-'the eflimination of chloride interference, in theaCOﬁ. Y '
test.. This necessitated the making of “two complex chemical rgézgﬁt§ >

in, order to hold the operational steps to a minimum. These reagent’s
are specialized and less readily available than. mdst reagents.

’ - -

After the introduction of the ODI procedure in the February, 1965 : *
issue of "The Digester", the 12th Edition of "Standard Methods" (1965) ‘
was published with a silipler metheod of addition of reagents to
eliminate chloride intereferemce. This improved technique made it
Possible to use ''Standard Methods'" COD reagents in the ODI test with
only siight modificakions in ODI procedure. The second ODI procedure
employs this method of elimination of chloride interference with , .
regular COD -reagents. - : .

Both procedures,,i%\iolloﬁed carefully, should give{identical
'results.. The advantage of the second method is .largely“the lower
‘cost and ease-of making or'purchgsing reagents, % v

e . <

- -~

PRINCIPLE:

This test is a modification of the dichromate oxygen demand
test. The dichromate is reduced frem the {yellow hexavalent to .-
the green trivalent state by organic material in a sample. ‘The
amount of green color produced is measured colorimetrically to give ’
an approximéte measyre of sample strength in a short period of time.’

- ’
[ PN 3
a - - P
B / ¢

SAMPLE : ; y T .

' ‘ . . - ”
A sample of 25 ml is sufficient. ' i - '
- 1 ~
- - 7 \ .
EQUIPMENT: ° ’ . ‘

:i 1. Electrically heated watex béth;g ( A kettle of water boiling. .
on,an electric hot plate.or Bunsen burner is satisfggtory.) e ~

-2, Colorimeter or spectrophotbmeter with- one inch test tubg-

cell or equal. ~ *
:rkk\_fgsé‘Eube rack to hold 1l inch {sg; tubes, (mad$ locally). _7
il ._: L . ‘
- * . . » -
REAGENTS? - v ® - C -7 oy
it?'Pofassigm/diéhromateﬁ’A.R.o(szrZOi). . —_
N .A-‘ . - ) ' —
L) o B l, )
S © . 13151 s
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. SOLUTIONS: ° CT

<_PROCEDIfRE: (Using ODI reagents). T )
. e .

' N

\’. . J ’ . Y . .° - g
2. Mercuric-sulfate, A.R. (Hgsoa). ) . o
3. Dextrose (glucose) E:rystai, reagent or pure bacterial grade,
anhydrous. % '
l' N - . P ’ w
4. Silver sulfate, A.R. (AgySO,). . L

5. Sulfyric .acid, conc. A.R. (HZSOA)é
. - ! .

-

. R .. ~ ™

1. Standard 0.25 N dichromate: solution. Dissolve 12.259 g .
. K,cr.0_ reagent grade (dried at’103°C for 2 hours) in ’

d ‘ggﬂed- vater and dilyte to 1000 ml. R

2. 'Reagent A: Add carefully 125 ml conc. H,SO,-to 375 ml of .
0.25 N dichromate solution contained in 3 560 ml pyrex .
bottle. ) ’ '

3. Reagert B: Add 7.5 g Ag SO to 700 ml coné\. hzso.a contaihed
in a 1 liter pyrex bottlé. 4

.

5

4./ Standard glucose solution used for making calibratioca curve. ..
Dissolve 0.600 g glucose (dried at 103°C for 1 hour) in ’
* distilled water and make up to 1000 ml.  (This solution
shoyld have a BOD of 448 + 20 mg/l; see "Standard Methods,'*
° Twelfth Edition, pages 418-419. One ml of this sdlution
dilyted to 5,0 mi has an Oxygen Demand Index (ODI) value of
90 based on BOD tests.) .

B
- - -

5 < -

L3

* - . . -~
1. Pipet 5.0 ml of distilled water into a 25 m x 150 mm test
tube for a blank. Use spgcilal rack to hold tubes.

2. Pipet 5.0 ml sample into a se.cond tube.

° -
.

'3, Add 2.0 ml of Reagent A to each tube. - S <« -
4. Add 0.1 g HgSO, (approximately, with a measuring vspbo—n) - \_M
“ to each tube. v ‘F . ’ T
5. Mix well. (all HgSO, may not dissolve)., . :
: ‘ o .. M
| 6. Add 7.0 £1 Reagent B t8 each tube. (CAUTION: Strong Acid).
7. Mix well. (Be sure sample and, regents ‘are well mixed.)
8. Place .rack contf?i’nipg'élank and sample tubes in boiling -
- ¢ water bath for 2 minutes. . - i
4 ’ “a - , . ’, / ) . -
. , ' - =
s, . t . : X

". B ‘ . . |
Lt : 13- . PO "t -
| . t T
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. _9. Remove, cool in water or let stand to céol. This also allows : -
time for HgSO4 and other.suspended material to settle. { .
= AR
10. MeaSure the % trahsmission at 600 mu, using the reagent blank R
. 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/l glucose
solution. TAll/standarde:of less than 5.0 ml made-up to . .
5.0 ml test volume with distilled water. 1.0 ml diluted to . )
5.0 ml has an ODI value of 90. : ~
Solutions and Procedure for'Alte;natelNethod .
SOLUTIONS : ] B
- . Standard 0.25 N dichromate solution. Dissolve 12.259 g ,
K Cr,0 reagen;}grade (dried at 103°C for 2 hours) in ~ . SR
, dlst%lied watef?and dilute to 1000 ml. - *
1 2.~8Bulfuric acid), silver sulfate reagent. Add 22 g sil .
. sulfate (Ag SOA) per~9 1b bottle of conc. sulfuric acid. ‘
. . Invert bottle-ocasionally to aid in dissolution Qw2 t
days may be required).® .2 l s
' X 3. Standard gfncose’solution used for mhking caliGration curve. “- ' w0
Coes Dlssolve 0.600 g glucose (dried at 103°C fox 1 hour)-in .
illed water and make up to-lOQO ml. (This solution
shauld have a BOD of.448 + 20 mg/1l; see "Standard Methods", ~ -
12th’ Edition, pages ‘418-419. One ml of this solution ',
L , iluted to- 5.0 ml has an Oxygen Demand Index (ODI) value
of 90 based on BOD, tests.) .
PROCEDURE :, (Using coD reagents) . ,
* o, Place 25 ym x 150 R test tubes in ra}k (1 for blank and 1 ——
o.on for each sample). ‘
‘/\ - ‘ 3} I
2. Add 0.1 g mercuric sulfa e powder (approximately, with a
— Hach Chemi¢al Company {#510\ or equal measuring “spoon) to ’
each tube. - . - -
v ~ h * : » B . - @
3. Add,with pi’p_et',, 5.0 ml distilled water into blank tube. .
4., Add, with pipet, 5.0 ml sample (or aliquot-made up to 5.0. . :
{ ml) “into each sample tube and swirl to mix: . .
. ’ . ) ~ . v v
.5, Add exactly, with pipet, 1.5-ml of 0.25 N dichromate solution:
- 6. Add carefully 7.5 ml of‘the*sufgnic;acid—silver sulfate reagent.
“~- e . ° . x

o
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7. Mix well by swirling tube. If-a sl& Kt precipitagg remains,
it does not adversely affect the deggrgdnation. (Be oure ‘

v >

B ¥ sample and reagents are well mixqg) i
S - 8. Place rack containing blank and samgke tubes in" boiling c
water bath-for 20 -minutes. . 1‘ R )
o - 2 T MR A . ' » 8
9. Remove, cool in water or let stand to’ cool' This - also
- _J;ows time for HgSO and’other=sudpended ngterial to settie,
10. Measure the % transmygﬁio atFGOO nm, psing the re‘agent< blank‘
g ) to' set the 100 perCent li :“?l Vo ot g
TR fg? 0 -

. 11. Calculate ODI value from graph prepaied by running<G 0,\1 0,
2 2.0, 3.0, 4.0, and 5.0 ml volunies Sf 600, mg/1 glucose
‘solution (All standards ,of léss ‘than 5,0 ml are’ to be . .
¢ . made up to ‘5.0 ml test vo'lume ﬁith distill wvater. 1. 0 ml
diluted to 5.0 ml has an 'ODI vélume of 9Q:} -

e 7 X/

REPORTING : ) BT e, s ‘
) ’ . “ - 3(.'{ ) - \: . -
- . Report as ODI. L, Y .
> . - . vé.zio" v '
’ . 'h\"‘ R L} .
T SIGNIFICANCE o S

- On samples containing bio-degradable material ‘the ODI values
should be roughly equivalent to BOD values. Samples containing

values. / - .

T : . - . * ‘. RN ’, . . &
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" EXAMPLE OF OXYGEN DEMAND INDEX STANDARDIZATION TABLE
* (Based on Following Célibfation Curve)

N

+ !

To use this table, find the percent transmission of the sample
in the %T column and read the 0DI value in the ODI column.

2
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acidity ‘or. alkalinity.

V.

B @ DETERMINATION ’1

“

The symbol pH represents the value for the, hydrogen ion,
concentration of a solution. By definition,.ipH is considered to
be the negative 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)

P d

The above description of pH is’much too technical and considerably
beyond the needs of ‘the average sewage plant operator. The following
"down™ to earth'/material 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 1ns1ght into the practical side ofng. :

-

A

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 gdenote intensity’

‘of acldlty and a1ka11n1ty ) It 1s unnecessary ‘to know the méaning of , the

term pH to make accurate determlnatlons of 1ntens;ty of acidity and
alka11n1ty pH 415 a nomerical scale for expressing the intlensity, of

&%

0 1.0° 2. 0 3.0 4.0 5.0 6.0 7.0 8. 9.0 10. 0 11.0¢12.0" 13 0. 14.0:

IIJL] Iil |4‘ Il!Ll I B PN

ACID . o. ’ NEUTRAL - ., ALKALINE

— * H

~ - e Nr
N PR . ~

The numbers 0 to 14, as shown on the scale,\are used to express pH
valuesy that is, 1nten51ty 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 aq1d nor alkaline. The numbers beldw 7.0 denote
acid1ty, intensity of aciﬁlty INCREASING as the numbers DECREASE. "
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 alkalinity,. 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

w1ntenée1y alkaline and one of pH 9.2 is still more intensely aklallne.
' These numbers represent absolutely definite degrees of* acidity and

-

* * alkalinity and thgrefore a statement such as "acidify to PH 5.6" o

"make.dlkaline to pH 9. 4" has a very definite meaning which cannot be

, expressed by the terms slightly or sttongly acid or alkalipe."

{ ; 3
A change in pH represents a much larger change in intensity of
acidity or alkalinlty 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.
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. . .pH Value NP " Values §hd§ing Intensiﬁy ‘ .
T . oo 10,000,000 T Acid’
‘ . ™ 1,000,000 ks
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. . 1,000,000 ’ . ’
.10,000,00Q0 " .'. . ‘Alkaline ~
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3 L There are two general methods of pH measupement, the eléctremetrig’
’gnd the colorimetric. In the‘coiofimeqriﬁ method an indicator is added
to the sample and a colot is produced charactéristic’ of the pH of the ’
vFample. "Standard Methods" no longer recommends the colorimetric pro-
@eduré because of: "Interference contributed by coloq, td%bidity, high
. sal{ﬂe content, colloidal matter,. free chlorine, and variou oxidants
and reductants. The indicators are subject té deterioration, as, are ot
the color standards with which they are compé&ed. Moreover, no single' .
indicator encompasses the pH rthe of interest in water." The electro-

‘ metrié method is now considered thé standard procedire. ° L

R
i
EOWl IR

.

. e 3 ~
r * In the electrometric method!, the pH is déﬁermined by measuring, with
A poténtiometer (millivolt meter), the voltage prodyced by two electrodes
T "\botﬁ ip'cop;apt]with the\solution;. The voltagg of ong,(calbmel) . - .
. N _electrode is fiked and kpown. The voitage of the other-(glass) P
electrode varies with the pH of the sample. The electrometric method
' "is possible because certain glassés possess the property that: A
, ~ thin layer of glass in COntaété&ith a liquid will dgvelop,/betygen:its
! inne¢ and outer surface, a difference of voltage that varies with the
, - pH of the liquid. The glasg eleetro% .is a device. constructed, to =take ..

P N

} ,advantage of the .peculiarity of‘mﬁﬁgg pecial glass and to make possible
f the measurement of these voltages thh?'resul; from contact with different
liquids. . The voltages produced’bygﬁhese,gla§s electrodes are so small
) that. isolid state circuits are used in pH meters for amplication before
i - the voltage is fed to a meter calibrated in{gH. .o .
)
H
4

Because of¢the differences betweent the many,makes and models of pH
equipment, it is impossible to give instructions for the operdation of.
. "all pH meters and colorimetric comparators. In each case, the
. i mahufacturer's, instructions must be followed, All,pH“meters must _be
. } checked dailyg%§$% standard buffer solutions. before use. Periodically
' i ;. during use rechecks must be made. The electtodés must be .caréfully rinsed
! betweeh tests so that there is no carry over fpom one test to the next,

a e

&'




o : | IN PLGIN LANGUAGE . : \
: _ by Joseph E. Nelson ) Lt .
" “ Director of Research b )
Chemtrix, Inc., Hillsboro Oregon 97123 :, T

.
- - - .

To understand and learn about pH measurements is not d1ff1cu1t as, long ‘ ' * ]
as we stick to fundaméntals. - That is, let us be concerned with ‘the s
‘question, "What is the pH of my solution?", and then we can‘think of °
the instruments and techniques as tools'to help us get the answer.

In plaih language we'll-discuss what pH means, why it is 1mportant and
the results that you may expect to get from read1ng this paper. :

)
.

If you can study this paper and at the same.time have an operat1ng pH T s
- meter in front of you, the results will be even more dramitic. ‘Here
" you'll read about it, see it, use your hands to make it work, and finally . ‘ ’

get the results, all in one tremendous 1earn1ng effort. ] L >

,

Our format 1s«s1mp1e - each SubJect head1ng asks ‘a question and the para- R
graphs that forfow provide, the answen, e O z/u’ T

’{ : y
To get off to'a good start and give you some, incentive, we'll begln with a - - .
) look at why pH§rs 1mportant.*x - . ' ?f,ﬁﬁ

[N . 3

'
- -
.o

e A«’

* - WHY IS pH IMPORTANT‘? i ' N g e‘f:

3
~ N
. A ‘:,(l ¢ * ’ . i o’ ' X 4 r 7
J
t4

If the pH of tHe:blood in youY body were lowered one unit, you Wbuld die.
L1v1ng things 'grow and survive’ in a particular pH env1ronment and .when :the
pH is not correet their growth and survival are threatened. For, examplez )
‘wheat ; corn and‘other foodstuffs grow best in seil of a partlcular P To - . J~
.  get .the greatestwyield, the’farmer must: condition his soil ‘to achieve \the oy .
. proper pH, This:éxplains, in part, why the yield. per.acre has .increased, £ -
" in. recent years since soil s¢ience has.shewn the farmer how togpgov1de opti- Lo ‘
mum condltlons for best growth. : , / L )
’@'. A p . € . ° ’
- - -Here's' a llst of’pH 1mportantfareas CTe AT AR A ' "

. ‘e )

‘

.

1. Drinking water .purification depends on correct pH for ‘its operatlon- : '

- ’ - ] ) 7 "
2. In sugar manufacture improper pH can resultiyn formation o€ unwart ek . {‘;Z . !
+ * acidsg and very 11tt1e su%ar. - :
. TGk
‘3. In sewage greatment pH must be adJusted for proper operatlon of disposal .
l_' plants, Thls is, of course, another reason why polluting sewers with T s :
hlgh acid or aLkal;ne material Sp111s is undesirable. ). t

P
. . ' . t . s
\ ) ¢ . 3 .

B

4. Milk turns sour at a pH of 6.00, Thus good milk reQuires gbéod pH control. .
S . H \ ~ RN .o " N
5.-In old-fashioned jelly making, the pH must Jbe below ‘4.0, Otherwise, the

‘jelly w111 not jell, e, ) ‘ x \

6.‘ The brrghtnegs of chrome ¢oating on.gur auto bumpers is dxrectly related ' y - .
- "~ to the pH'df the platlnggsolutlon. \ T o P Lo |
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-3, The pH is directly reiated to-the ratio’of H* to OH". If the H* i

o TS T3 R SN

To sum up, almost every manufacturlng process that involves even the 51mp1est
chemical reaction is sensitive to pH and will: usually produce best results'at
some' optimum pH value. - One of the key factors in keeping consistent, uniform

products is the ability to measure and maiptain pH at the proper level. .

I

L] . .
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~ WHAT IS pH? ) ' .t - '

'PH is ‘a rnumber that éxactly describes the degree of acidity or’basicity of a

solution. 'We can make a good analogy with the measurement of temperature.
Here wé have the terms 'c0ld" and 'hot", and we immediately realize that these
are very general terms which cannot be used with any degree of accuracy.

;Accord1ng1y, the temperature scale was developed and now .a temperature reading
- of, say 50° C peans the same to everyone! and is sc1ent1f1cally accurate.

/
In thewmsame way, the pH scale was developed Centnrles ago, man discovered ’
that certain materials possessed properties which he called acid, while .
others possessed other propert1es which he called bases. Between these two.

' was a neutral area 'in which the material showed neither ac1d or base _properties
)

and he termed th1s a neutral H . PR

Now Just as in h2£ and cold the Lords acid and base do hot give us a
scientific value at we can “use. 1;9 needed a scale such, that we all would
be in exact agreehent when we dlscussed the egree of ac1d1ty or basicity. =<

\ 3

Some time ago a fellow named Soren?en developed such a scale and at the same
time came up w1th the symbol pH e
)

Before we study the scale let's take a mOment to f1nd out what makes one -
material. an-ac;d Wh11e another is fa base.- &~~’ o -
oo \3 ' . . s
1. An 301d must have 1on12ed (or free) hydrogen ions, S H :
- A ) ot

2. A base must have ionised (or free) hydrgfyl ions OH".. _ ..
., } N v B

-

Un MR G

»

St

ks T

wn

greater than OH- the material ds 4cid. If the OH” is greater than the ;e
-H*] the material is a base. 133 equal amounts are present the material

-~ is a neutral §a1t. j - : : KRR
. . ' ;a )

Back to the’ development of the scale. A molar solution of hydrochlor1c acid

is -about a> 3.6% solutlon of the adid. Let's a: ass1gn this soldtlon a pH of 0.
! ! ; kAl

A molar solutlon_pf sodium hydroxide (lye) is™about a 4. 06 solutlon of the

v

base, | Let' 5 assign this solution a pH of 14, . , .
H ¢ } < ¢ . }

If we now dllute he acid by add1ng one m111111ter of ac1d to nine m111111ters

of pure water we will have a 1/10 ‘molar solution. Let's, assign’ this solution

a pH oF 1 In the same way, ‘let's dilute the molar solutipn of sodium hydrox1der

by add1ng 1 milliliter to 9 milliliters of purg water. We'll assign this result-

ant solutlon a pH ‘of 13, . . . , ot )
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Notice that with the,acxd our 1/10th dllutlon increased the pH from

. 0 to 1, while the same dilution*of the base-reduced the pH from 14 to 13.

. *

14

Now here s the significantepoint -,in both cases we wereggo1ng toward 7.
As we'11 see shortly, a pH of 7 is the exact middle of the scale at which

we hgve neither acid nox- haée*\hgt neutral. ©

) Continue to dilute botn 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 Base ph .

O molar 0 1.0 molar 14

0.1 molar 1, 0.1 molar .13

0.01 molar ¥ 2 0.01 molar™ L 12

X 0.001 moiar 3 0.061 molar 11 .

0.0001-molar" 4 0.0001 molar | 10

0.00001 mélag. S * 0.00001 molar 9 .
0.000001, moiar 6 0.000G601 molar 8 '

,0 7 ".0.0000001 molar 7 '

.0000001 molar °
Notice an interesting fadt on ihe acid column - the number of decimal
places exactly equals thé pH!. Therefore, a change of 1/%Oth or 10 times.
in acid concentration will make .a change of 1 pH unit either up or down.
. Thesame holds true for:iHases- A change of either 1/10th on 10 times
‘wilk change the pH by 1. ?1ther up or down \
' The following is, really not pLaxn language.and can, be skipped W1thout too
" great a loss. ' » v . . .
P : % ' 5 ' ¢
) -"pH is really a number Lnat'&s the negative'logarithm of thé\\

molar "concentration of HY (hydrogen ions). . -
Another interesting fact from the chart. if we mix equal® volumes of pH 3
(0.001 *HC1) and- pH 11 °(9.001 NaOH), the resultant solution will be a pH of
7. The same applies to’'0 and 14, 1 and i3, and so on. (Equal amounts of H* -
and OH™ neutralize and result inapiHof 7, L
A logical questlon at thas po;nt is "Do ali acids and bases act the. same?"
Unfortunately they do not. The major difference comes jn the amount of free
H* or OH™ that is present in solution. For example, when You dlssolée hydro-
chloric acid ig/waier, all of the hydrogen ions H* are free in solution. The
same is true of the sod1um hydroxide and the hydroxyl ions OH' : quever if
you dissolve acetic acid in wdter, all of the ‘hydrogén ions H* are not free
{only about 1.3% of the.total H*) and the pH is considerabply highér than what
you would“expect’ for a mplar solution the acid. Thus, acetic, acid (vinegar)
‘is ¢alled a weak acid. A good example a.weak base is ammonium hydroxide..*
(household ammonia). ’ ‘ . -7 _
The suybject of ionization and dlssociatlon w111 not be covered here. Just
bear din mind that not all acids .or bases are ‘completely 1on1zed ’

o
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-Réﬁeg to the scale below to picture just how pH relates to acid and-base.
Adding acid on the left tips the scale pointer to ‘the left and the ‘number
gé%s smaller (more acidic). Adding base on the right tips the scale pointer
to the right ané the number gets larger {more basic).

>

HOW DO WE MEASURE: pH?

‘

Although there are paper and dye inﬁ%cai%rs that cQange'ét different pH.

values, we shall be concegggd only with pH meters since we are intérested
in a precise number that répresents the'true pﬂ;of our solution.

H )

ks . 5 . . i
First, there is a pH protf (which we'lls discuss shortly), which produces,
a voltage that can be directly related.to the pH of the soYution ip which
we place ‘the probe. . Secondly, thére id an-electronic cireuit within the
pH meter cabinet ‘that receives the voltage from the prob# and then’presents
it to the meter scale. This voltage developed at the probe-will cause the
_ meter pointer to move. The value of the number at whijﬁdthe,pointer stops
. is"the pH of the solution. g nt

: N L B
Let's say we'haé/three separate solutions. No..1 contains 0,001 mélar
-hydrochloric Acid, .No. 2 contains pure water amd No. 3 contains 0.0001
molar sodium hydr?xide. _ , ' . ;
§ ’ v )
No. 1 f .2 No. 3; \
3 . N « ¥ ' : ‘ . 7

[ 3 ’ . . . H -o“
Fill-dn the blanks with the number that you would expect the,pH 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 100.) ’ !

3
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- there areJten small divisions Hetween 7 and 6.. Each

equal to Q.1 pH units.

If the pointer came to rest between the small divisio
and write ‘the valus as 6.45,

:The'shiny ?trip just below the écale is called mifror
- 1s to.allqy you to look at the pointer and if you see

pointer in the mirror you move your head slightly unt

_reflection. This means that you are looking directly

therefore the valué you read is, correct.

-

>

small’diviéion i

. Thus if. the meter pointer came to rest at the:
fourth 'small division to the right of the number 6, the 'pH would be 6

ofT o

ns, one.can estimate

~backing. Its pu?pose
a reflection of the

il you cannot seei thg i

at the pointer ahd

E)
.
- .
MMM‘W*W X a1
. e
°
. - -

people redd the same meter but

.different walues. The mirror b

same angle. 3
4 .t N

e — i,

A

You can readily see that if two -

fronMllifferent angles, they would report

A

- -

!
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4 L3 .

- The probe can be thought of as a battery whose s T - C
voltage'_hanges as the pH of the solution in « , I BLE-
‘which it.is inserted changes. It consists’of-" - . SA .
two parts (in fact many pH measurements are - . .
made with two separate probes), f1rst the hydro- i , : \

o3

gen sensitive 'glass bulb and second the refer-
ence electrode. The spec1a1 glass of the bulb g ]
has the. ability to pass HY. THhis ab111ty then - . o
-allows the H* inside the bulb to compare them<. B F :
. selves with- those outside. the bulb and ‘to de- S IS
velop a voItage that is related td this differ- . .. <
ence.; This bulb then is-a half-cell and will: . '
need-a combanlon reference to function. = ~ - !

~ <
-

On the drawing not1ce that just above the bulb . HLL(HOL&;? ! .ésvsﬁ ‘
5 is' a reference electrodé frit. This is actually A .
' a smal opening-in the glass through which the . . W | ( N
. inside filler solution can very slowly leak out. ) ' : -
’ Now t ationship betwéen the referencé elec-
”\; tr¢déD§;§&%hg solution also produces a voltage . '
) -+ and this is the other half ce11 ogether the- ot _—
pH sensitive bulb and the referencf electroHé - >
‘constitute the complete probe: : ;

+  The value-of voltage productd byltée probe is ¢ \ T X K
fo¥tunately a linear function of the pH. For oy
p example, at pH 7..00, the probe propuces zero volts '
.~ .while at pH 6.00 it produces +0.06! or +60 milli- \&\ *
volts. Notice.the plus polarity mark, if the v

<
.
-
[

+

' voltage were of minus polarity,. the meter pointer ) -
3 would go to the rlght to a pH reading of 8. 00. REFER&;;:’ \J :

" : ELECTRODE pH SENSITIVE
- ! Generally, probe w1ll produce abéut 60 m1111volts ‘ BULB

é " for each change of 1 pH-.unit, Thus a probe voltage’
- of +300 millivolts mpgld cause the%meter t6 read

pH 2. oo (+3oo : 60 = “s”umts, 9 - 2) '

& PN ; ) i o
Since the pl meter and probe are bpth electronic-type devices, you might .
like to ha¥e some standard pH solution that.you can measure and be sure that
everything is calibrated torrectlyi- These solutions are available and: they
+  are called standard buffers. Yo6u'll soon find that a buffer is a vital part
- * of all pH measurements. - i N

-

» K4 . * [
'} A buffer is a solution of a particLlar pH that hag the ab111ty to resist
' change in pH. (By the way, buffer§ in our blood system are what keeps us
alive and healthy.) i L. . C

N
’ ‘ ’

Y
K

4 Here's an éxpergment to demonstrate the ability of buffers to resist change .

% 'Take two glasses and in one place distilled water.” In the se®ond, place a ' ;
°,, ,buffer near pH#7.00. Next measUregand record . the.§H at the start. They

® should both'be near 7.00. Now, add one drop of coilicentrated hydrochloric . 1

acid to each glass. Stir, and again recbrd the pH. Do this for several drops J

with a measurement’between egch drop. You should find the distilled water

drop in~pH with each drop. The buffere on the other hand, should resist change

.until you exceed its bufferlng capab111ty 6‘4 _j

RIC - - . { o b6 .. ¥




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

‘__mperature is also a vegxrlmportant factor in pH measurements and here s why.

100* C the probe will provide about 70 m1lIivolts per leunit.

’Youﬁlbn ea511y see that you must have some way of correct1ng "for this, or L

" let's erase the 54 m1111volt5.and write instead 0°C. For the 60:-millivolts = 1

- . . \‘ . .
We won't go into why buffers act this way. Suffice to say it has to do with .

\5 . ’ i

We said earlier that the voltage output of a probe was about 60 m1111volts per.
pH unit. However we didn't confuse you by telling you that thlS is 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

make all of your measurements at 25°C. ‘e

E] l ‘, ’
Let's re-$tate this situation as a problem and see if we can get a clear under- .
standlng of what's happening.

-

Problem: (How to make a pH Leter read the correct value of a buffer or sample ,

solution at all temperatures. '

o - . . }

-

¢ Probe output for each pH unit . - .
) ~ N
p°C - 54 midlivolts - - . ~
/  25°C . 60 millivolts e ‘ _
, 50°C 64 millivolts . ,
. "75' & 68 millivolts ' S !
T 100°C 70 millivolts '

. 1
“ 4 o s ‘ N

In looking at this table we reallze that our pH meter must be able to move
one pH unit with 54 millivelts 1nput or 70 m1111volts or any value in between A
Most meters can do this. . X . ~ ‘

Solutions Let us put a sen51t1v# attenuater in the meter and adJust it

first to work with 54 millivolts to move 1 pg unit.' we’ 11 have a knob on .

this attenuator and mark the point at which 54 millvolts' equalled 1 pH

unit: Next, let's move the attenuator to a position whererit requ1res 70 .
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 same

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

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

correspond to tpe temperature of the sample solution. , -

Flnalky, since &e are really concerned only with pH (and not milﬁigg!f§)3 B

write 25°C and so forth around the circle. ‘. ' ) s k -

At this p01nt let's review a 11tt1e and then we'll make a bona fide pH

measurement. é : & 4 o

3 ) s
First we discussed the meter and its mirror-backed scale. Next we found
that probes are really two-piece affairs, ‘(réferencé 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 1n

accUrate measur;ements . - . . i

] . .

To pass the course, we must successfully usé this information dnd producé an

accurate pH medsurement. Assume for the moment that someone has just handtd'

us a bottle containing a watery solution and asked "What is the pH of thi.”"

Here's how to procged. ( . ; ’ '
,‘

L14b-7 .

i ’ ) - - ' " \\\ L . ;
] . . A Y




-

‘ \ . ore:

i
{ L Solut i We expand the scalé ten times.

L}
Be sure your pH meter has been calibrated and is operating correctly as - .
described in your instruction manual. .

v

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

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

£
Place the pH probe in a 7.00 buffer and position the pointer with the Set
‘knob Yor a peading of 7.00.

-

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

&

Note the'reading If it is near 7.00, regord the exact v value and the
measurement is complete'

If it is below 6.00 ,or above 8.00, then select a buffer that is closest to ;
the unknown. Place the probe in thls buffer after a rinse and wipe. Use
the Set control, to make the meter read exactly -the,value of ﬁpe buffer.,
Remove the probe, rinse, wipe and place in _the unknown. oge the read1ng F)'
The accuracy of this readlng will depend prlmarlly on the acduracy of the .
standard buffer. "The closer “the buffer value to the unknown, tie more }
‘. accurate thé reading. gg ) } ' <

! ' 3 A
’ . 3

§

¢ 3
- "

~

A st et
-

L] - ! : i
If the unknown ixgthis example had read a value above pH ﬂZ 00,

you shouldsuﬁ%tltute a special probe that is de51gned for, pH measure—
ment in hlghly alkaline solution. Most general purpose probes—begln

to lose accuracy above pH 12.00 due to sodium ion. ; X «
: Before we end this section on pH measurements, let's discuss ancther problem
and ‘find a solution. ‘ ' : X
» ‘ ‘ - , P
.- ) ' . s
You are requ1red to measure a ferles of solutlone/that may differ

by only 0.1 pH units. -

-~

§ Problem:
;-

'4
Dlscus51on The meter .we described Had 10 small marks between each pH unit
s ana each of these marks was 0.1 pH units. In the problem above it’ would be
very difficult to see the small d1fferences on that meter scale. N
- 3
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-all we need is a buffer in the vicinity of ourvunknown and we cal
) easily and accurately make the réquired measurements a
} .0 °
. Of course, we could also have used a~d1g1ta1 readout pH meter

} sults d1rect1y

+

and,?ead the re-
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_ . RESIDUE ON EVAPORATION
- (Total and Volatile)

-

.
'Y -

A

.

PRINCIPLE: e , e

<

The liquid portion of 9 sample is evaporat:ed by means “of a
stedm bath or an infra-red lamp. * The solid material «which
represents bo (th the suspendefnd the dissolved mat:t:er is t:hen )
dried and weighed. g

Large floating particles or non—homogeneous part19ﬂ5\ should
be excluded from the sample. ’

- v [

: N
The presence of 0oil and grease makes it difficult to get a
rep{esentative sample. They also complicate the drying process

*: ~

e . »

- . . - )

SAMPI}: R

A sample of 100§ml is usually addquate. *

\

-

EQUIPMENT: . ) ’ ) 4 . :
' . L __% . . ) ’
1. Evaporating dish . N o ' Loor A
. ' - o -
2. Steam bath ot infra-red lamp =~ ot ‘
3.. Drying Oven j
L/ Desicc.at:orf i ) - {
5. Analytical balamce - g - . .
-t ) . L
. . NS
6. Muffle furnace . ~ = } N2 ogg
H ' b 3 >
’ .‘ te , Doa > ;
PROCEDURE' (For total re51due on poratlon) ' e
. © « .
/5'\1. Evaporgte 100 0 ml ofasamp]:e in a,tared evaporatlng *dish ) \‘1
: using a steam bath or an infra-—rediloamp " oo ’ ! o
. * N . i* ;
- » - i i R
/2: Dry to cgnst.ant: weight at 103°C for an hpur. . !
. - . - i
* 3. Cool ip desiccator, and weig‘no. . H
. [] M . °° ° ~ . ] . \
PROCEDURE: (For vollatile residue of evaporation") a . . 1 s
’ s N 1. * . = A s‘ )
t » . -
1. After c,o:,taflj residue on evaporation has been' determined, [ ;
‘ ignite evapbrating dish in g muffle furnace for 15 minutes ! i
- ’ at 55? C. : { 5 ;
. ! | —

N m b s

-
S T

-

e




Note: When used for- volatile residue on evaporation,’
the evaporating dish tust be initially tared after
ignition at 550°C for 15 minutes, * *

+

. .

.

. CALCULATIONS:- . * ~
N > '

A = Tared weight of evaporating dish

B = Weight of dlsh and dry're51due 4

\

_ .
C = Welght of dish and residue after ignition in nuffle furnace

- Q
s
°

mg/l total residue = (B - A) x 1000 «
® ml sample
mg/l volatile residye = (B'- C) x 1000'
o ml sample
€ & . T,

- N

REPORTING : - : .
. » - / - .
Two values may be obtained by this method.
. @ Report™ds determmed .
< _ " mg/l total residue
ng/l volatile residue

1

SIGNIFICANCE: .
PN | .

' This test is mdst useful in measuring the strength of stong,~
highly soluble orgapic wastes. Total residue may be difficult to
interpret. jVolatile.residue of strong wastes may give a good =
measure of the pollution potential. -

1. [ [ ‘}_‘
REFERENCES i/ L L o

.
3 1 )
H oi

1 Standard Methods for the Examlnation of Water andiWaétewatér,
1,3ch Edluo}\ 1971, p 336. , i '

-
",

°
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SUSPENDED MATTER
/ (For activated sludge mixed liquor)

( ) - .
. . r

. PRINCIPLE: )

The suspended matter in aeration tank mixed 11quors is determined
by .filtration, drying and weighing. Varlous methods of filtration such
as the aluminum dish in the Buchner funnel large diameter filter
paper in the Buchner funnel, membrane filter holder, Hirsch “fritted
?lass funnel and Gooch crucibles are wsed.

" , . e - s . '

-

SAMPLE :

&%
aeration tank.

APPARATUS:’

. 4

-

P

* —

4

~

’

-

200 milliliters of activated sludge collected at outlet of

\

1. Aluminum dish, with a perforated bottom similar to a
Buchner funnel, inside diameter 92 mm, height 25 mm.
t -

[§®]

. “Filter'pdper, 90 mm diameter, E & D.#615,

Whatman #1, or equal.
' R
Sponge rubber” ring, 93 mm outside diameter, 75 mm inside”
diameter, thickness about 3 mm. -

(98]

4. Buchner ﬁunﬁel, #2A, inside diameter at bottom 93 mm.
4 x

N R
[} '

5. Filter flask, with side”tube, 1000 ml size.

PROCEDURE: - : L .. . !
K . g(’
e _Note: Alternatively, one may use a larger diameter filter paper

sa that the paper’ extends up the wall of the funnel 4 Cﬁ’ivcm
This eliminates the need for the aluminum dish.

N -

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

il

N 2. Cool in a desiccator and weigh.
S ’
. 3. Wet the filter paper 4n the dish and plac%’dlsh oh the rubber
“=ring 1%the Buchner funnel. -
. - 4, PlacejBuchner funnel on suction flask and apply vacuum to flask.
~ -
. , 5. Add a measuréd'vblume of 20 to 100 ml sludge (which should-
veild 0.2 to 0.4 g dry bOlldS) to the, filter paper in the dish .
and extract the water. N *
r . ° > _
. o [ 6 E) . . .
vy , ¢ - 16- .

. }’g
&




. .
..

; *1; . Y6. Remove dish with £f{lter paper contalnlng solids and drv in
. oven at 103° to 105 C for 30 minutes. - ey
, 7. Cool in the desiccator and weigh. . - - -
. TN S .
CALCULATION° . . :
mg/l suspended matter = (wt of dish & dry matter-wt. of dish) X 1000
“(mixed liquor) - ml of sample filtered
SIGNIFICANCE: ' . ‘.

"This test is used tosﬁéasure the amount of suspended matter in
. '~ the aeration tank mixed liquor. The results in ‘mg/l are used in the_ -
calculation of SDI and SVI. ’

-REFERENCES = : R
. . ’ '/4 R -
__Standard Methods for the Examination of Water and Wastewater,

(12th Edition), 1965; p. 541.

~

Standard Methods for the Examination of Water and Wastewater
’ (13th Edition) [ 1971; p 537 38 & 560 ’ .
i

> The QEeration of a .Chicagp' Actlvated SIudge Sewage Tréatment
'‘Plant, 'Instruction Booklet 1165-2. '
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- RESIDUE, SUSPENDED: .
N , (Total and Volatile) . ;
’ . s ‘ '%
. s b - ’
PRINCIPLE! , o ‘ _ ) s - T

o

SAMPLE:

A gample of 100 to lOOO ml is required depending on the concentration

A - v *

L}

spended matte? is determined by filtration of a sample through
8 previously tared glass fiber qﬁt arnd Gooch crucible.
and solids are them dried and weighed,
and - volatile solids respective Ve

The crucible o
ignited 'and reweighed 'fdr total ) .

2 - ’
‘ ‘
.
.

. Y‘ ’

> .

. S

of suspended material, :

‘ EQUIPMENT & SUPPLIES

<

« .
’ ® ' ’
* e, ' ) ‘ >
. .
.

. -

|
1. Glass Fiber Filter' mscs, Reeve ‘Angel 934AH, (312 cm. ffts a
bitumen Gooch)’ . - i
’ = - Q ’ /‘)\
5. Filter.holder ] _ - J . LG
3. Gooch Crucible (Size of crucible related to size of filter discs) ) ‘
4, Suction flask " 500 ml - , " ) LT
. Drying oven 103° - 105°C. ' |
' ? _ Drying en.‘ ¢, a\ )
. . ) . . ) |
6. Desiccator N . o v ‘.
. . . &é
s 7. Aﬁalyﬁi&al Balance, ZOO'g capacity, capablesof imighing to+0.1 mé' _ ‘
. : . ] . . v . ’ . °
8. Measuring devices (graduates, pipetsg) o ' S |
! ) . ' . a7 |
9. Forceps . . i , ' . 1
. P °. - . . R !
. 10. Vacuum source ' . o -!
. - * . ' ¥,
11. Muffle furnace . ;
P . ﬁ}
+ PROCEDURE: . . 0 ’ /
. For total, Suspended Solids . - % . 'j
] . <0 . - ‘ \
A." Preparatibn of tared crucibles. . ' Py .
- R S . S
1.° Place fiber disc wrinkled side up in clean gooch
crucible which is pérmanently marked for identification.
. r
, /1 .
.-' - N -
N 17-1
~ : h




7.

. .
¢ 3 [N . N e

? (X4

Pl!EE'%rucible in crucible holder on vacuum flask
,with vacuum on,

Wet filter disp with distilled 'water.

Ringse with 200-300 ml of distjlled water.

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

Note: 1If crucible is tp be used for valatile ‘solids,
5 it must be ignited at 550°C for 15 minutes.!-

Cool crucible in desidcator and weigh to nearest one-
. tenth of a milligram. L

/

Replace in desiccator until ready for use.

B. Sample analysis for total Sdspended Solids. , ;

. 4, 'PLace tared crucible in crucible holder oh- vacyym flask.
n é. Dampen mat with distilled water.and draw filter disc ‘
. wifh vacuum. .
3. Measure-100 ml of a thbroughly mixed sample in a
' graduated. cylinder. . -
Dv P » -
4. Filter entire 100 ml of sample. (see notee'1 & 2)
5. Rinse the graduate with two 10 ml portions of distilled
-water: and add each %Q ml portion of rinse water to the
filcer. N ’ ) t
6. Dry cruciple at 103° - 105°C for 1 hour.
7. Cool in desiccator and weigb .
Note 1. The entire quantity measured in a graduate must be - ',
: filtered since solids settle’ rapidly._ Should a sample
. ‘show evidence of not.filtering at a reasonable rate, the
procedure should be repeated using an aliquot of the
" sample. . ;o
Note 2. On a clear sample one may want to filter considerably
‘more than 100 ml - . . .
Note 3. If a large amount of solids 1s trapped on the filter, the
crucible may require prolonged drying in order to att@ain
constant weight. . . 8 . . 5y e
C. Procedure for volatile Susperided Solids ) S
. ' o TN
- oy e . ,
/% .
. ‘ . '
4 :ﬂc“ \‘ : .
‘E&hﬁ . . 17~V o “
i . R . F

e




1. After-.determining the total Suepended Solids on the - o
sample, the crucible is put into a muffle furnace for . ) °
4 20 minutes at 600°C. :
R = - .

- . *2.\~Cooi in desiccator and weigh. - e o :

[N M : . ‘ 1
>

CALCULATIONS :

B .
)
-

.o A = Tared weight of cruible and filter. .

-

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

C = Total weight of crucible after ignition in muffle furnance.
. ' .
’ . (B-a) X -1000 =mg/l total suspended solids
: ‘ ml 'of sample .
i . ., » ! - -
(B-C) X 1000 =mg/l volatile suspended golids. \
. - . ml of sample .o

I3 ' * .

H

b REPORTING:

! L]

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

SIGNIFICANCE: - - T . : o
On.sewage samples, the suspended solids test 1is quite useful in S ®

determining the efficiency of sewage treatment plant settling tanks" * ¢

c i ‘. N 5‘/ : b e . T
REFERENCES: = 3% - AT

. - A
3 - - ; . 4

Standard Methods For The Examination of Water and Wastewater, S :
(13th Edition), 1971, pp. 537-538. ' . o L




- ' SETTLEABLE MATTER
(Imhoff ' Cone Methbd)

N . < P <.

PRINCIPLE: . . ‘. . ...

R

Hr

/- d : '

Settleable matter is- determfﬁed in a specyal cone” shaped” plece 8
of glassware or plastic in which’ the sewgge is allowed to settle
for one .hour and the volume of the settled material is read Ecpm
the callbrated tip of the cone. ’

(’ . 't
SAMPLE: ' - & : ‘

- 3

One liter each of raw, primary and final effluents is required. «

APPARATUS : - . .y *
vy

s

Imhoff cone, support and glass rod.

-

PROCEDURE : - )
. 1. “Fill an Imhoff cone to #he 1ite} mark with a well mixed sample.
2, Settle for 45 minutes™and then very gently stlr the 51desI;f

- to the tapered sides of .the cone. . ;
s . (RPN ’

matter in ml/liter. 4
R T R
“ ‘- 5y ' ¥3 T e -
REPORTING: ~ - *
_ Report agimi/liter settleqbfz‘matter, Lo .
oo * , R
’ REFERENCE: = .« . ‘ :
. Standard.Methods For The Examlnatlon of Water and Wastewater,
(13th Edltxon),0197l, p. 539 ot . Ras
‘e T R
1 3 * : R M
. | . . '
. t v L R N ‘
- A j U s .
"
e ’I‘ o
o 1‘4 ,
. I8-1 -

3. Settle 15 minutes, longe; and read the volume Qf settleable

the' cone»with a rod to disTodge suspended materlal that clings’

-
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SETTLEABILITY : . .
.« (Graduate method for activated sludge) ° : : »
B , . ] i § . ‘ , 3y .
P,RINCIPLE( . " » R T : )
"Y [ . 5 - . ! L
- ' A sample of activated sludge is allowed to settle in a graduated -
cylinder. For ‘plant dontrol-a 30 mlnute séttling period - 1s ! e )
generally dsed. | \\ . , ‘ j
: s 8 . » ¢ . °. 3% v ’
SAMPLE : oo . , ' o ' P,
RN ot ’ - P B
. Onewiiter of activated sludge. ! ? ’
_ - Y . . ) o P
APPARATUS : \/’ ’ .
‘ Vp ' : ! »’
A one-liter graduated cylinder is required.
~ b
PROCEDURE : ~ a5
st .
- L. Flll the graduated cylinder to the IOOO ml- mark with activated N Ll
T sludge. S % ! ’ e
2. Read the volume in ml OCCUpled by the sludge at 30 minutes - )
\ of settllng time. - T o
- . _ . ° . A\
- . ' o . s s /
v Note: Occasiondlly it may be helpful to study the settling rate -0 '
"by recording the volume occupied by the sludge at settling times-— f i o
of 5, 10, 20, 30, 45 and 60 minutes. : L
\,\ . K3 b ) ’ R - N . (1*7 -
vy REPORTING: . ‘ , , “
, Record ml of sludge;and length of settling period. - -7
. 1 . .
- N\ - ' §§E§
SIGNIFICANCE: - ' i o .
‘ - . - S,
. . - A Y
= _  The settleability test is used by plant operators™tg, determine .
when. to increase or decrease the returned sludge rate and %heh to B
waste sludge. . = T
REFERENCE : - ‘ . “
. . W, . .
Standard Methods For The Examination of Water and Wasttwater, )
A3ch Edition), 197}'1, p. 560. - | .
R 75 g
o o 19-1 - . )

™ [




Y

%

o

-

: SLUDGE AGE

PRINCIPLE: “ o

- Sludge ‘age is defined as the ratio pf the total weight of | -
activated sludge in the plant to the wedght of suspended sdllds e
renoved fro? the dazly flow of settled sewage. - -

Sincé this is a calculation, certain information is required
about the plant and the operation such.as volume of aeration tank,
daily flow of settled sewage, mg/l suspended matter in the activated
sludge and’ mg/l suspended solids in the primary afd final effluents.
Procedures 'in this manual provide methods for obtaining the ‘data
on concentratlon of*suspended matter. in the activated sludge and

the suspended solids on the primary and final effluents. I3
. -~ % ‘ l
AP . ’
CALCULATION: .y
, - .

To make the following Falculatlon it is assum that no sludge
Blanket exists in the fidal clarifier: .

Sludge= Vol.of aeration tank (mil.gal.) % 8.34 x mg/l susp. matter in aeration tank

s
= . 4
s

,Age settled sewage daily flow(mll gal)x 8.34 x(Prlm eff.SS-Final Eff.SS ‘in mg/l)

. ' , ’ N i
OR \d &} -
. - e N
% . ; - L
= Total pounds of activated sludge . . . -

‘Total .pounds SS removed from primary eff. per day

®

¢ - ’
‘ R «

SIGNIFICANCE: . ' .

»

GeneralLy the older the sludge the higher will be the suspended
solids and the lower will be the sludge volume index. Sludge age
may be information useful in controlling some plants. - '

REFERENCE: - . ‘ e

‘Simplified Laboratory Procedures for Wastewater Examination, Water -
Pollution Qontrol Federation, Publication No. 18,.1971, pp. 34 35.
. - .. ; . )
\ e . - T ' )
. 14 v
) . . -r 1 *
b3 ’ .
- (O /
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SLUDGE {DENSITY INDEX (SDI) .

t ' } N . s RN ) J‘r
. PRINCIPLE: ' - ; .© .. . ) . 7 .
T - . . ) )

. The, SDI (sludge density index) is a method of measuring the . " . B

‘settling quality of activatéd sludge. "It differs from SVI in that. ' '
the higher the SDI value, the.better is the settling quality of -the.

: aerated)mixed liquor. Similarly, the lower the SDT, the poorer is °  ° " . ’
' the. settling quality of ,the mixed [Jiquor.  SDI is the concentration . -
- 1in percent solids that the actlvated sludge w1ll assume after settling ©
30 minutes. > - . 3o ?
r 3 .
P Th@.results from the suspended solids test and the settleabiliﬁy . J
test, both in the mixed liquor, are used in calgulating the 'SDI. ' The . ‘
SDI is also the reciprocal of the sludge volume index (SVI) multlpllem R
by 100 } ) - ) . L ; . aw ,w
- CALCULATTON: R : : . . .
. SDI = mg/l suspended solids .-(mixed liquor) o : ' .
, ml settled sludge (mixed liquor) x 10 . . . *\ , .
" SDI = 100 : C : - -
SVI v ) , . ‘ Lot H ’ 5 ) * vy
. . w ! 4
. v SIGNIFICANCE: - o 4 .
' - ' ' ’ ) 7
’ ° Sludge with a SDI of one or More is considéred to ha\e ‘good * » A
settling characteristics. . '
- 4 . . A . . A 1 3
4 b .E’ - . >
<. N REFERENCES: g : . ' _‘_{ fnait
Rl ) 4. - i L § ’ o . 3
Standard Methods for the Examlnatlon of Water and thtewater, 13th \
.. Edition, 1971, p. 561. . o ] . . g
' » . —

. . ?
Simplified Laboratory Procedures for Wastewater Examination, Water

Pollution Control Federationy' Publication No. 18,1971, p. 34. ’

? —
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SLUDGE SOLIDS
(Total and Volatile)

_ .

PRINCIPLE: . » .
‘ ™ . . : ‘Qo .
Total solids in sludge is a measure of all materlal present in
sludge, both in suspension and in solution. Thisg test is acctomplished
by evaperatlng a weighed sample on a steam bath. Unlike total solids
in wastewater which is expressed in'mg/l, total solids in gTﬁdge is

expressed in terns of percent by weight of the total amount of solids.

- . P
. < “

! A )

{

L

PR

"

3

. ’ d
APPARATUS : ' : : oo
- =~
. 1. "Evaporating dish. ' f
2. Steam bath.’ o . '
3. “Drving oven:. ) "
¢ . © .
4, Muffle furnace. >
F _ .
5. Balance capable of weighing to 0.0l gram.
-1 " - ) . T
PROCEDURE : . ‘ N ’
. " ? . .
L. Select an evaporating dish that will hold 25-50g¢rams sludge,
" clean the dish, place it in a muffle furnace for 15 or 20
minutes., Then air-cool sslightly and put -the dish in a
‘de51ccator for complete cpoling befare welghlng, Weigh dlSh
. and record %s Wy, . .
L + . / °
-
. 2., Pour a portlon Qf the well-mexed sample (25 to 50 grams) into
' the'dlsh,tthen welgh sample and dish together. ‘ReLQrd as Wy.'
3. Place dish on steam bath .and .evaporate to dryness. Thgn 4
put dish in drving-oven for 1 hour. at 103°C, cool in a- ’
de51ccator, and welgh Record the weight as Wj. .
4. After wéighing the dish and dry splfids, compute the sercent
solids. ) . i
. [ d . R P
5. Place dish from step 4 in muf fle furnace at 550°C until the
sample is burned completely The length of time fo¥ complete
* burning depends on the size of the sample.
6. Cool slightlv, then put dish in d desiccator for completegg
" cooling before weighing. Weigh the dish and record as Wg.
L. The loss of weight Wy = W) is the volatile solids. The
- ' ; © percent volatile solids then may be computed. '
" rycd -~
* A‘ /6 ‘.§
© /\ o ) -
22-1 C . -~

a,

¢

/

>
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Percent 'solids = - W) x T00
. weight of wet sludge’ (W, - W;)
Percent volatile-solids = _weight of vol 1id - W) x 100
. . . weight of .dry solids (W3 = W;) )
. v’. ? . ' ‘o ";T - , . R 'la . L
. !
SIGNIFICANCE: : T @ ‘

The determingfion of total sludge solids' gives a measure of
the concentration of the slﬁage. 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,

>
£l
. g LS

REFERENCES : . . : ’ 3
Simplified Laboratory Procedures for,hastewater Examination, . Water
Pollution Control Federation, P&blica;ion No, 18, 1971, pp. 29-30.
Standard Methods for the Examination of Water and Wastewater, 12th
Edition, 1965, pp. 534-535, : . !
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' Water Pollution Control Federation, Publication No. 18, 1971, p. 34 .

[

. . "'\‘ . }\ J N }
™ SLUDGE VOLUME INDEX (SVD) -
%\ - g . . . * N
PRINCIPLE: . " \ LT !
v The SVI (sludge volume gp'ex) of activated sludge is def-ined ' -
as the volume in ml occupled by 1 gram of activated sludge after.
settling 30 minutes. ) A
.

T;;\results from the suspended solids test and the settleability

test, both on the aerated mixed liquor, are used to calculate the- .
SVT. - *

CALCULATION: . ' ‘ U

SVI =" ml of settled sludge x 1000 . " T
mg/l of suspended matter }n mixed llquor -

LR

SIGNIFICANCE: y . '

< : - ) '
The lower the SVI, the better is the settling quality of >the
aerated mixed liquor. High SVI values indicate poor settling °

qualities. Sludge with a SVI of 100 or less is cons1dered a good

.settling sludge. - , L -~
L . . . o . \
. | . \ o
REFERENCES: ~ C \ o ) A .
Standard Methods,for the Exdm1nat10n of Water and Wastewater e
13th Edition, 1971, p 561. ; . ‘L ¢ .
~ o

9 ’ ‘

Simplified Laboratogy Procedures fow Wastewater Examination,
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TEMPERATURE
. 7 o . )

©

Accurate tempereture measurements are\pecessary to maintain = ® <
optimum conditions. for biological activity such as anaerobic
digesters.. Temperatﬁre readings are necessary for other purposeés f o

. such as calculating dissolved oxygen saturation values and detectioh .

of industridl waters of abnormal temperatures. Many laboratory ; )
tests depend upon accurately controlled 1aboratory test ‘conditions ' »
such as the BOD test incubator, bacterial incubator, and drying , , -

;' oven. N ) . - ) <

- 3
Thermometers for field ,use should be provided with a metal
¢ase to m1n1mlze breaKage. LM st thermometers for laboratory use
* should be the standard 1aboraq\ry thermometers with a range of f’ *
. -10°C to 110°C. All thermometers should be mercyry filled with the
centigrade scale subdivided: to 1°C. For the fecal coliform incubator, N -
a special thermometer ith 0.2°C calibrations is required. , 1
G
Thermometers are calibrated for either "total-immersion' or
. "partial- -immersion” . Total-immersion ‘thermometers, must be immersed
completely 4in the medlum to be meagured to yield the Torrect temp-
. etature. Partial-immersion thermometers differ considerably in
. ,' that they must be immersed to the depthgof the etched circle which
© appears around the stem bglow the scale. Thermometers may give J P
inaccurate- readings; therefore, all thermometers should be¢hecke

perlodlcally against a certified thermometer to determine their J -
. accuracy. o . .

3 ' v N . ’ ~ . N .

N ) C) .

. Care must be exerciseéd in reading thermofidters and temperatuges N ‘

Should be recorded to the ‘nearest degree. v
’

RS
5
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Equipment List

" Laboratory Tests and Measurements

N «
- . * C e A

, -
2. .Acids, organic- (colorimetric method) . 2
6 oz. bottle for sample - -7
~ Colorimeter or spectrophotometer
T&t tube rack for. 3/4" test tubes :
Test tubes 3/4" . . . -
Water bath - . , )
Bunsen burner . - - : ,
2 ml. pipet . ’ ) S
10 ml. pipet - . oo
test tube stoppers . ’

—_— o OO et —

]
P S P P P P

et S St St et Nt e~
.

e~

»—.Io'ﬂmoﬁw:b

o~
(*))
—

RS

SupT—,
v Acids, organic {column chromatogrqphjc method) R
A. 6 oz. bottle for samp]e s
B. Fume hood ) \
C.
D.

3.
Nod ‘
. Vaeuum source e
_Gooch crucibles, coors No. 3 tall fioym, or special
kontes chromatpgraphic co]umn with extra cqarse” d1sc
Crucible holde y

—_— o —d —d

L T D
.
1
. .

v

»

-

Filtering flask - 250 mi. R 4
Buret,_]O ml. 7 L L\\\v . ,
1 ml. pipet I
5 ml. pipet

Graduates cy11nder - 50 ml. N
Erlenmeyer flasks - 125 ml.

Glass fiber filter paper 2 cm.. ) .
Funnel - 65 mm. ’. . | mie
Filter paper, Nhatman ”2 - 12 5 cms ~ -

LY

»

. .
N
/\/‘\/\/\/\'/\f\/-s. A~~~
—_ ) =
¥
Z2ZTrrxROG—TeOmm

©
=

[fa]

—~—

~
v
—
—
©
-~
[fa]
—~—

e1ds, volatile (distillation method)
16 0oz. bottle for sample « o
Centrifuge .
500 mT. round bottom dqst1111ng f]ask
Condenser
Rdapter tube .
Ring stand support w1th ring and c]ampsv : T
Fisher gas burner | ~
Buret, 10 ml, - e ’ .
" 250° m] r%du§ted cylxpder - . ' K o
, . 250 m1 . E4#Tenmeyer flask- ] ) . .

. S % wL-T_;}_u§,‘ ) . ’ S

) 5.. Alkalinity PN ’ S
) .- . A T0ml. pipet ’ _ : T
Y~ .B. 125 ml. Erlenmeyer. flask> e 8 . i
) C. 10 ml. buret dﬁf’ﬂ .. . , e

L 8
=

P

.
c,—-_-'::qﬁﬂ-nmc:‘mco>

-

-

N T P o
A S | S U RO S
e et s e St Sl S e S Semcre?
. - .
‘

- - @

- 6. Chlorine, Residual - . °* - Cel L ,
A. Test tube (25 X 150 mm)- W s ) . ’ 3
) 2 B. 1000 ml. amber bottle , ~*@F oL e

1) . C.  Chlorfine comparator’, turbidity compensat1ng . . . T

. > . - ‘e |
. . . .
. - -y
. . - 'y L3 'I‘
. . \\\ §2 . : Ny
. . ’ . . o~ - 3 S o/
T .- o . . . )
¥ * |
.




6yan1de (colorimetric method)

A. 6-0z. bottle for sample B .

B. Test tube rack (25 X 150*mm size)

C. ‘Test tubes (25 X 150 mm)® - ,

D. Test tube stoppers - v e

E. 1 cm. instrument cell ‘

F. Pipet -"10 ml., volumetric .

G. BUret 0m. ° "

H, V tr1c f]ask 1000 m1.

= p

Plant Loading . : -. ° . . LT

anompletuT ;oo i ’ Ao,

.“‘BJochgm1ca1 oxygen demand (graduate d]]ut1qn method)

.

I

A. BOD bottles = —
B.” Siphon y .. co .
C. Incubator / ) (D.O. Equipment for BOD
D. One-liter graduate. "is 1isted under Ch. 11)
E. . Plunger-type stirrer " . & :
F. Stoppers for BOD bottles ~ -
-G. 5 gal. container for dilution Hp0
: BN ‘
’ BVE
-t 3 ’
i / - “/ )
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. Ch
10,

— D\ ) ettt o —d
e e N o e S M g S e e et
. Toa,. .

<

N hiv ‘

A% v

e

LN -
-

b,

4 12,

Rl W e

14,

_ B. colorimeter or spectrophotometer with on

MTMmoo

CDC“)WZD

ngch mical oxygen demand (simplified non-standard method)
" A. Fo quart bottle - ~ g
t

1000 mi.graduated cylihder .
Stirring rod
topper for 2 quart bott]e

toppers for BOD bottles T, -
ncubator® ‘ g
(Equipment for D.0%. test in BOD) -

D-D. bottke ) .
|Stopper far. D.0. bott]e L _ -

10 ml. pipet . y o
230 ml. Erlenmeyer f]ask .
Baret, graduated to 0 1’m1
D.0. sampr ) .

Dissolved Oxygen (D.0,)- e S
/(See H'- M, Ch. 19)

! . .: o . ,,“ ‘ ’
"Dissblved Oxygen (copper sulfate - sulfamic modification)

D.0. sampler
10 ml.
500 ml,
Buret, graduated to
D.0. bott]es z
Stoppers for D.O. bott]es ' 1

Siphon ’ /

pipet
Ertenmeyer flask
1 oml. - , -

One quart wide mouth bottle, -
Stopper for one quart bottie

Oxygen Demand Index .
Electrically heated wa;er bath (kettle off water boiling
on an electric hot plate.or Bunsen burner is satisfactory)

inch test

tube cell or equal
Test tube rack to hold 1 inch test tubes
10 ml. pipet

25 X 150 mm test tubes .
ﬁeasuring spoon

ph determinafion ' -

pH probe

pH meter

standard pH solutions (buffers)

250-ml-—beakers:

15+

A
B
L.
*D. Desiccator .
E
oF

Residue on evaporation (tota]'and vo]atifi) : T
Evaporating dish / .
steam bath or infra-red 1amp bo
drying oven /

Analytical balance . , .
Muf%le furnace " ,

0D bottles . L ‘ »




(1) . A. ATuminum dish, with perforated bottom similar to a
Buchner funneJ, inside diameter 92 mm,, height 25 mm.

Filter paper, 90. mm d1ameter, E+D #6¥§? Whatman #1

or..equal 2

. Sponge rubber r1ng, 93 mm outs1de d1ameter 75 mm 1ns1de
. diameter, thickness about 3 mm :
Buchner funnel, #2A, inside deameter at, bottom 93 mm .
Fitter flask, with side tube, 1000 ml. . ) K
Drying oven . - - ' . Y A #
Desiccator R S “
Suct1on flask . - L . . AR S
“Vacuum pump - . e ot : L e
~N

‘

= ;l . 16. M1xed ]1quor, suspended solids (MLSS) ¥

O o

Mmoo,

. -

s1due/ suspended (Total and volat14e0 . = *“5 —
Glass fiber filter discs, reeve ange] 934 AH (312 cm.
fits a bitumen Goock) - = ° ,% :
Filter ‘holder . ‘ ' .
Gooch cpycible ~ ' . '
Suction flask, 500 Wi, - - -
Drying oven 103°C - 105°C ' A S
Desiccator N
Analytical balance, 200g capaCTty, capab]e of
weighing to 0.1 mg. ;
Graduated cylinder,’ 100 ml.

Measuring pipet, 10 ml.
Forceps

Vacuum pump
Muffle furnace

—~
ed
©
>x .
[f=}
~—

— — — —

>

ﬁ
e et e — D e s ~—
. G~ T m-nmo’nw,:o:a» o——c:i"m

— ot — — —

. - 18. Settleable matter (Imhoff cOn°e Method) '
. ‘El) A. Imhoff cone - , o
1)
1)

B. . Support for Imhoff cone - ) K
C. Glass rod ‘ . >

L= 19. “Activated Sludge. Sett]eab111ty . c
o (1 A. One-liter graduated cylinder - - R S

L, % 20..” Sludge*Age % : ' | =
= - . . * K None (ca]cu]at1on) . . ,

21. . Sludge Density Index
. A. None (ca]cu]at1on)

1] ¢ ’
- -~

S]udge Solids -(Total. and volatile) ’ N
A.  Evaporating dish ) ,
B. Steam bath g .o .
' . C. Drying dven.. —~ .
. D.
E
F

Muffle furnace ; h *

Balance capable of we1gh1ng to 0.01 yram i
Des1ccator

v

= o 23. Sludge “Volume Index (SVI

- X ' A. None (ca1cu1at1op)_ 1?' .

-
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(1),
(1)
(1)

Temperature / -« s ' : ‘
A. Thermometer subdivided %o 1°C : o

B. Thermometer subdivided to,0.2°C . N
C. Total-immersion thermometer , )
Partial-immersion thermometer:




i ESES ”- 0 - . * ems N ! )4 . ~ LT
‘;7 . " - . . o “ > f‘* . . . .
' ¥ N + { , " ~ v . a , . . ;,} T o ) . 'Q . oay .
3 N . v, ’ 4 - - ‘-
Equipment * Labor,atoryx '}.‘est (Chap ter Numbef) - . o t . ¢ Quant

. - . o . °
é

3 4 5 6 -7 8 9 10711 12 13 14 15 -16 17 218 ©19 20 21 22 ‘23 24 Max: b_ﬁnﬁ

. t L ] ie
Ol ’ M T, By Jen h . . . e - R o 1. o) PR A ‘ i
Evaporating Dish il . ‘ | IR 1 ¥ - .t 1 ’ 2 11 4

%

$iphon ! {1 e S O . . . ] 2 1
& _ %ﬂ' .. | t & . s ! - . 1 B2 ET e 1. e ) — . ?
S N - . ‘ o A oy F

_ Gooch Cruciblesd” N1 -t Lo 4 1 . _ : {1 ‘ - 2 - 1.

@ ’ T Y o - - . . . .

DO Sampler’ ] ‘ ' ) Sl R 1 1771 R PR iR ."" J 3 1

. Stirring Rod
v *- .

pes
'
L=
“1&’,.1,
=
9
N w?
»
h )
t
v
A
C)
w¥] =
b
oy
g
’
(9%
:-t‘ ~
N

: . HE A SR /vz? Sy ‘ I .
@ - - st “@ TS 4 . » Tt .
ment Cell ‘ 2 S CER A% - ¢ 240 2 .
\a

&
a
v
-
s
»
3
g
\
y
v
v
-
< 4
}

‘4 1]
&y
.

\
v
i
el
.
1)
r
'-:H
.
Pl

.’.‘ ™ ° . . ‘_’_/u 'éw

23 E g < =T "
b S " . b o . L L4 \ L B >
Cruc leYHolder - o1 4 . . - £#5 7] X a8 - . ,
= ; —1= S T =T IS BT L : N . :
. '] J 7 ‘ . }?} ] . S . 55-:‘%"’4..‘: ,. - R N ;.‘ e A }.‘ . . . R . Ie . 3
!g L. . - v: 1 . '.- - <, .. R - .

3
[
Pas
L
[
o

L‘
Funndl - . ]Qg) | B S B K i- 4" i S C) "L 5 . ! 2 2
7 - . . 4 . - a A S “ " l) " ‘y*j b . “ . . ": .
- SR : -1 < S k| PR W, S N . ’ ’
Filtdg Paper . @) - X . = | e l(f) e % L1 b 4
- T . . - v ."“'-' N - . RE ] ] 0 ”,
Bogtles - |- 4 bl 4 F |l T k) Al s 0 1 - 3 13
T R T \\" 5 O i I PR - - S K" v ) [ 3% ] N s B
stoppets for Bottles 4 . 10 g o -'lﬁ)‘ 'J(k) O B Lo i EOEPY . . 2 2 |
#Chlorine Comparator ] Lo - 1. I R G S o N 7 : 2 -1 ‘ -1 G 1 1
. . (3 . T4 7 Tl EINN R ST ALV IR (P B N |
.53 Gal. Container 1~ b b —efsa 't "F |- |~ | |- - . | . —1 M=k

"— = <+
(S N [ .

- R N : . . T .
o . - I S T .. -, .- & % R j . L. “":?3{
- i . - N - . - .

LA I3 b . < " ;v‘ , - e
a.Piungef Type . ."‘;jf gLLOOO ml ,amber e . R . s o e
. : - Ee : . F. P ALl s . R - R
° g7 X N PR . } . L. . v .. .. .
b 65 g ’ h.th o e % E Y P PO S "
. . - . - . . Lo - : ~ , . . - . ‘.. . | - . . {’_' _
' R S g e PR .o B Lot T
Ny - . - . . A i : oL . e . . . . ] . : .
¢.Buchner. .93 mm. . -1, 1 qt. e T sl e g -l R - d .
-' ’ * " . . € '. t o_:" -". ,. - “. [ N . /'4 . s .z ', fad . .
. S . P C s N A I : . CE 7 -t .
d.1, pkg'J cm; 1 pkg 12.5 em " j. 2 qt:. 5. R RS 3 cee ‘. .
. T e . ’ ' car, L - & N P : ) . .
te, K . o, . . + @ G - T - . -, . s L . , '
’ i, . : ~ s - . L. : . <, . e R ;
. mm . R.1qt. - LD T _ . . L. ] \ ,
el pkg 20 : ") s Rlat N TR SO S S _ ,
L v - . e e R . . "}"_1 " . 1 -’ DR R < : - s - N 88 ..
. - ! * DO - . - AP 4 . ‘
Q pkg 312 cm discs . L wat L — T e ; N ]
EMC A < . T - R , CL e L e . ) .
- . . . .Y - L e, . P R A . .
*"8"1 ! : PR ST )-’ S Y e D T T LA : s
) L ™ M oo e, o - <« SN Toa e S e o K . . s .




A o - B - e - -

P . Y . * . !

Laboratory Test (Chaptdr Number) o Quantity
2 3 ,4,+5 6 .7 ,8 ,9 <10 ,11 12 13 14 15 16,17 18 19 20 21 ,22 23 24  Max. Min. )

& \9 } 3 " ' - '

Aluminum dish, . . .
_inside diameter 7 . . - M ¢ ) 1

92 mm, ht. 25 mm . ' L ool 1

. F) - @
% Sponge rubber ring : “ ,

* 93 mm outside dia. ‘ ( _ - / : A ‘

. 75 mm inside’ \ - ~ 1 . o - 1 1

e o | 1) . ' Bt -

. Measuring spoon - - N - 1 - oo 1 1

FE. ' I -« . ] ‘- v o
i Beakers, 250 ml .l K . - o2 2 g \ . ] 2- -2
‘; Y g LI ¥ ‘@' ' ’ ‘ le :: : ?1 ‘ ) 4 A} " .1 /“ 1 A
‘ Filter Holder . - : . " :
- g : . 5 ' \ : :
i . h . ° ? > \ .
% Forceps ' = s o : ’ - Wl E 1 I
3{ Imhoff Cone i ’ ﬁ. 1 ‘ 1.1 1]
' . : . 0 ‘{ !
Y, } Support for o L . ) N _ N , .
! Imhoff Cone ° : b 1 1.0 tv |
., 2 - . ’ L
. ° Thermometer i . T ' \ _ ‘ \ . \ _ - . . o
-divided to 1°C - LA ; . \ . R I S
Thermometer ® b - A R
. subdivided to 0.2°C - s Tl f1 1
Total-immersion : 2 L . e i - ) 4 S )

) Thermométer ~ . | : . - J 1 1. 1
Pai‘tial:innnersion 4 ’ R LR - ‘ ‘ R 4
Thermometer ‘ﬁ I o . ) , . 1 1 1

g B .. Y6 026 ozllbozl * | . H o7 ~ o ] ] - 1K ,

% “Sample Bottles IR E! g 1| / . 1+ - A 2
. l:. T3 \ , C “\ N f! */‘ | BE . .
" Standar8® pH. | : T A - 1 e Lo e
} solutions, buffers . + ’ - | ' 71 P [’ 1 -1
. ) ) . c ., : R * . ! . 2 . ' ’ 5 . * i
e, . B —_ . . T ) . ' . .
o : - L e i > .80
FRIC 8% . . ., | ‘ S




::‘;: \ ‘% - . ’ . ! N - t
. * . - 4 ~w . [ ) . N . tﬁ
) Eguigme.nt' ‘ " . . Laboratory Test (Chapter oNuml‘)er) e R Quantity
. ’ I J é ;5 . v [ ) ' .
' 2 .03 4 5 .6 o7 8 %9 10,11 ,12°,13/714 115 (16 18.,19 20 21 22 23 24  Max., Min
. . Y ] ] T . - . N B s . L l
+ Tegt Tube Rhck Ia) la) K) ( 3 2_
" . f'-v:a ;~ » . b . » 1:
10 ml pi ej: i a . - - . 9 P & |
- (measurffig) . 1 R 1 1 {1 1 |1 T 1l 8 24
c . 1 %3 . . i\ ) * C S A ) ¢ |
\.-:-\’\{.ml, 2mi, 5wl : . . ) B
: =hipet - ) R ) KJ) i s 3 .

125 ml -

. - . L) hd r'd " ‘} . . ¢ ;‘; i3 ] " f{ “’v . ‘
, /Test Tubes - el . -0 h ~ I
: 25.mm x 150°mm |8 * 1 1 112 «/ . ¢ 2 23 -| 14
.. 0 ) o } :\;: é( , &.i - N ; N ‘
. est Tube Stoppéks 6 i 16 - % N A o h12-1 6
P N , - ) 5 R ! i e ) ) '
. T e ¢ i1 : ' LT i :
Buret, 10 m! duild | 1 -1 L1 1 - . -7 2
.’ 1\"’ v L oa , ~ . 'sg ~ > oy ‘l et k2 * -
' Graduated Eylinder 1d)]- Af) e ey ]y ' hl(i) Xi) { 6 5
. 7 . . ; . I . - 1 R o o g A ' ~; - . .
' “Erlenmeyet Flasks A} 1) afm)] /[0 | 10) 'Up) |- 7 4
Filtbring Flasks - 1) e \ | %) | 16) 3 3
A Lo Tl . . ) . ‘ ‘
Volumetric Flaslg ' : 7 e \ . O\ - ., 1 1
A e - ] . N
‘r/ . N ) r \_- . . S e ) ¥ R -
BOD Bottles = hye * 5° 2(: / . s - 7 5
. t N . 1 * 7 ' -
. . - - . o
. Stoppers for BOD . ' 1 ' M| ¢ | '
" Bottles 2 . 5 {2 . .l * 7 5
\ DO Bottles . { lviags | v - . . 5 3
N . ! o - ' P 3 ; - —
" . Stoppers for .DO ] . b . # - . . X |
BottH¥s : ~PoWdT 1 g3 g = 5 #*3:.
© a. 3/4 in. . -h.1000 ml - 0. 250 ml ., .. . T . s
. b, 1 in, - i.100 ml p. 500 ml - - : N . ; ' A
) aCe 2,ml j. I liter  q. 250 ml / . : - .
-0 .1.5uwl, ,k.125m1 r. 1000 ml e . o - X g2
~ ERIC. 0. m1 1. 250.ml .00 mf_ [ .° S Y |

L..ZSO ml I., .

DL (S

t. 1000 mi¥




"ﬂmav’r—‘—v—'"-—'-—‘ﬁ“ﬁ'vwﬁw—'-—-‘——‘v'—w" e &~ 0 TEEE T 0 TR T T e v' ~ . e

Equipment 0/ . , ‘Labor;\tory Test (ChaApter Number) ’ . ' Quantity
] ! ‘

° : ' .2 3 4 5 6 7 8 9 'LlO 11 12 13 ¥ 15 16 17 18 19 20 21 22 23 24  Max., Min.

4+

R y

Coloriméter - i 1 2 1

y . . .. i
Water-Bathe 1 W Yy 1 : i 5 | - 2 1
Stkan Bath o ) ‘ L L : 1| 2 |1
- 3 s = P ) v 7 =

"*Desi::ia&)r . ) . . ) ‘ 41 .11 |1 ' L -4 1

k.

v, - . . - ) ‘ . . _
' Bungen Burnér ( ‘1 {l - ' i 1 1

. . 7 - o Lé - 7 R . 7 ’ ', 4 i
- Fisher Gas Burner' N j . . . W , . b 1711
3 3 T T 1T = : ' T f ¥

i)rying Oven -1-. PR Bt , { ‘. ) ] e 11l 41, |1 g 41 " 4 - 1
LT s . .o . - T i kA s . . L [N - . ‘ R ’
Centrifuge / 1 % . - . . Ul . . -
: . R T ‘o - . - , ¥ 4! . i
Incubator o C : /(A 1 |1 : : . . | 2 |2

. Vacuum Pump . ) T Co ' B DA O R I ] B N 3 1

3 . . @ . M G { q - - - —
. . s . . .4. . L’Q ‘
Muffle Furnace . ] St - L) 1 1 ) 13 1
% AN N 3 R g + 4 : - . o ( ' k ) : N N ' < -
Analytical Balance s . oy, 1.} -1 , 1 3 1
- - B O T o B by T £ I
* * " T ' ) e -.M : ’ * P N Yo . . |
~ pH Probe- - | i - AN R S ] i ) . 11 l/ |

- pH Meter ' 3R ' N L 8 ) -1 l;

" Disti llaﬁ;’.on

3 - e N . A . e A r -~ . -
Apparatus:: L . -1 . . ) ; ,
Condenser,, Adapter * S “ 1 ‘] - 4 R < .
tube, 500 ml,. ' IR R O R g S . ‘ .
. . distilling flask, ring. S D R O ' ’ ’ ‘
f° . stand with'clamps, rings. 1 N - [ ’ . . - " 1 X -
- ce ! - T . - . - T : ‘b it A i o :




