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.. SELF-MONITORING PROCEDURES
BASIC PARAMETERS FOR MUNICIPAL EFFLUENTS

b

This course is designed for the treatment p]ant
operator or technician who is required to mon1 tor
-effluent discharges under a National Pollutant
Discharge Elimination System (NPDES) Permit, and

who has had 1ittlg or no'previous experience in -
wastewater ana]ysjs or flow measurement. ~ '

Parameters inctuded in this course are BODg, pH, .
Fecal Coliform, Residual Chlorine, Suspended Solids,
and Open Channel Flow. At the conclusion of this
training, the student will be familiar with the
standard test procedure for each parameter, will

have performed each ‘analysis, and will be able to

use a parshall flumepor weir to measure effluent

flow. He will also know what equipment and sup- -
plies are needed “in connection with each procedure.
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EFFLUENT MONITORING PROCEDURE: Determindtion of Five-day Biqchemical
! Oxygen Demand (BOQS)
l oo

This operati?na] procedure was devel%ped by:

NAME . EChar]es R. Feldmann

H . ‘ ‘
ADDRESS  'EPA, OWPO, NTOTC, Cincimyati, Ohio 45268 ' ‘
POSITION ;Chemist-Inchtof .
EDUCATION ‘lAND TECHNICAL BACKGROUND i
B.S. - Chemistry :
M.S. - Chemistry ‘
SR
- 1-1/2 years Industrial Chemist

4 years additional Graduate School 4
4 years college Chemistry‘Instructor
1+1/2 years DHEW - Air Pollution Program, Chemist

10 yeqrs-DI - EPA, Chemist-Instructor
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EFFLUENT MONITORING PROCEDURE: Determination of Fjve-day B1oc‘9m1ca1
' Oxygen Demand (BOD )y . - ' )

1. Analfsis ObJectives:
The learner will determ1ne the five- day biochemical.-oxygen demand of a
sewage samp]e . , o

v

2. Brief Descr1pt1on of Analysis: ,
- - The sample xS‘dT1uted with & high qualrty distitted water containing nutrient
: salts and a buffer. Two biochemical oxygen demand (BOD) bottles are filled
. with the diluted sample. The dissolved oxygen (DO) content of the first
bottle 15 determined, and eépressed as mg of DO/11ter. The second bottle
is stored in the dark at 20°C for five days. During the five- day period,
microorganisms in the sample break down complex organic matter in the sample
using up oxygen in'the process. At the end of the five-day period, the DO
content of the second BOD bottle 15, determined, and again expressed as mg
of DO/liter. The depletion in oxygen content, divided by the percent of
sdmple used (expressed as a decimal fraction) 4s the five-day biochemical
oxygen demand expressed as milligrams of BOD per liter of sample. BOD5 1S
the symbol for the five-day biochemical oxygen demand.

A

.

.~ 3. Applicability of this Procedure: ! -~ ,
. Jh1s effluent monitoring procedure describes the determ1nat1on of f1ve day »
biochemical oxygen demand. It is not applicable when: .
- a. The sample contains caustic alkalinity or acidity.
A\ Vi

b. The sample contains residual chlorine compounds. {In this case, consult
the Effluent Monitoring Procedure on the Dechlorination of Samples for
Biochemical Oxygen Demand and Seeding of the Dilution Water. [t covers

* only 'the dechlorination and seeding aspects of the biochemical bxygen
demand determination,. and then refers the reader back to this Effiuent
Monitoring Procedure.)

-

c. The sample contains other toxic substances such as those contained 1n
plating wastes. /

d. The sample is supersaturated with ofygen.
\ -

This procedure was excerpted from Standard Methods for the Examinatien of Water
and Wastewater, 14th ed., pp. 543-550, 1975. .

.
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EFFLUENT MONITORING PROCEDURE: Determination of ‘Five-day Biochemical -

Oxygen Demand (BOQS)

thipment and Supply Requirements Lo . ) ,
A. Capital Equipment:

1. Trip balance, 100 g. capac1ty -

2. Still, or other source of distilled water

3. Incubator capable of maintaining a temperature of 20%C
and large egough to hold four 300 m1 BOD bottles and a
Jug or bottle . iy

1 °c,
3 liter

.ii-,
™~

=3 .

B. Reusab]e Supplies:

. Brushes (for cleaning glassware)
. Brush (for cleaning balance)
. Laboratory apron ¢
Safety glasses
. One spatula (medium size) :
. One distilled water plastic squeeze bottle
One pen or pencil
. One nptebook (for recording data)
Seven plastic weighing ‘boats (2-3 inches square)
10. Sponges (for cleaning of laboratory taMe tops), .
11. One 3 Titer jug or boftle with narrow neck
12. One powder funnel, about 3 inch diameter
13. One 1 liter volumetric flask
14, Four 1 liter glass-stoppered bottles
15. One 1 liter graduated cylinder
16. One 2 liter graduated cylinder
17. One siphon (long enough for use with the 2 liter graduated cylinder) .
18. Four 1 ml volumetric pipets.
19. One 10 m1 volumetric pipet N A
20. One 20 ml volumetric pipet i
21. One plunger type mixer (for use with the 1 11ter graduated cylinder)
22. Four 300 ml (+ 3 ml) BOD bottles (see pages 16 and 17)
23. Equipment for.doing a Winkler DO determin?tion—dzide modification,
.see EMP on Winkler Determination of Dissolved Oxygen-Azide Modification.
24, One dissolved oxygen meter. See the EMP on Determination of 1sso]ved
Oxygen Using a Dissolved Oxygen Meter (a Weston & Stack, Model 300) o
the EMP on Determination of Dissolved Oxygen in Nastewater Po]arograph1c
Probe Method (a Yellow Springs, Model 54). .
(25. One 2 liter beaker (far preparing cleaning solution)* R
26. One 12 inch stirring rod (for preparing cleaning solution)

Qm\tmmhwt\)—-
. . .

C. Consumable Suﬁplies: "

i. Small wad of cotton (to plug the 3 litetr jug or>bott1e)
2. 8 5 g. of potassium dihydrogen phosphate, KH2P0

3. 21 75 g of dipotassium hydrogen phosphate, KZHPO4
. 33 44 of disodium hydrogen phosphate heptahydrate, NaZHPO4 7H20 .

. 1.7 g of ammomium chloride, NH C1

4
5
6. 22.5 g. «of magnesium suTffate heptahydrate, MgSO 7H20
7. 27.5 g. of anhydrous calcium chloride, CaCl.
2 .
- Page No. 1-5
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EFFLUENT MONITORING PROCEDURE: Determination o Fivé-day Biochemical ~
Oxygen Demand (BODS) . .

.

. Consuméb]e_Supplies {Continued) . ‘ 2 .

8. 0.25 d of ferr1é chloride héxahydrate, FeC13 6H O

9. Reagents for doing a Winkler DO determination- az1de mod1f1cat10n, see
EMP on Winkler Determination of Dissolved Oxygen-Azide Modification
10. Reagents for use with a dissolved oxygen meter. See EMP on Determination
- of, Dissolved Oxygen Using a Dissolved Oxygen Meter (a Weston & Stack, Model

s 300) or the EMP on Determination of Dissolved Oxygen in WdStewater: Polaro-
- graphic Probe Method (a Yellow Springs, Model 54). ) .
J 11. Concentrated sulfyric acid, H2 0

» 12. Sodium Dichromate, Na2Cr207 -
13. Soap d

(Items 11, 12, and 13 are for c]ean1ng glassware. The quantities
needed w111 therefore vary.) ) . \

A11 reagents should be of high quality. Different chemical manufacturers
may have different ways of indicating a high quality reagent. While no.
endorsement of ome chemical manufacturer over another is intended, the
following are some designations used in four chemical cata]ogs to indicate

high quality reagents. ) b
iCatalog 1 B ) *Designations ) ‘
Thomas Reagent, ACY, Chemically ‘v
.- : . Pure (CP) R
o Matheson, Coleman & Bell Reagent, ACS .
Curtin Mathesan Pr1mary Standard ACS, AR
.~Scientific, Inc. ;
Fish#r ' : Certiﬁed, ACS
: N )
- » . LY
\ ,./ ,
’ ‘ * .




o \ ' | ., @
EFFLUENT MONITORING PROCEDURE: Determination of Five-Day Biochemfcal Oxygen Dewand(B0Dg) -
4 . ’ f
J . TPRINING
. OPERATING PROCEDURES ‘STEP SEQUENCE INFORMATIOCHN/GPERATING GOALS/SPECIFICATIONS GUIDE NCTES
B - .
A. Equipment Preparation .
-1. Cleaning of «| 1. Clean all glassware and V.ALLL]
glassware rinse with distilled water. (p. 15)
2. Balance inspection | 1. Check all balances for 1a. Consult the manufacturex's manual supplied with | /
. cleanliness and proper. the balance for assistance in «<orrecting dny mal-
\ _ operation. funetions.
B. Reagent Preparation . . . { . o
1. Distilled water . 1. Distill 3 liters of water la. When prepartng solutions, unless atherwise spe-
into a‘'small neck jug ci1fied, the term r means distilled water.
' (or large bottle). 1b. Unless otherwise specified, solutions should be
- stored in glass stoppered bottles.
Ve . ' '
\ ’ 2. Plug the jug with a loose 2a. Air should be able to pass freely into the jug.
, © fitting piece of cotton. ¢
t . . .
3. Store the jug at 20°C i.Q°C,’ 3a. This length of time has been determined simply on -
' 5 for 48‘hogrs prior to use, . the basis of experfence. .
' - 4. or aerate the wéter just 4a. Do this by shaking the water in a half-filled jug,
prior to use. 4b. or by using a-clean supply of compressed air.
' - ? (Be cautious about air jets and motors which .
' . . may simply contaminate the water with o11).
% . , ’ . :
2. Phosphate buffer | 1. Weigh 8.5 g. of potassium( 1a§ Use plastic weighing boats for weighing the so]idsJ
solutian ’ dihydrogen phosphate, b Useya trip balance for#weighing the solids. o
KH,PO, . » o BRI
‘ ald'| ', /s ,
2. Weigh 21.75 g. of dipotassium . -
- hygrogen phosphate, KoHPOq. . C
v .
- 3. Weigh 33.4 g. of disodium . 4
.1.1 hydrogen phosphate* hepta- ! s
hydrate, NagHPO4-7H,0 !
12

r
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Determinatidn of Five-Day Biochemical Oxygen Demand (BOD,)

L
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OPERATING PROCEDURES

L

. STEP SEQUENCE

TNFORMATION/DFERATING GOAEﬁ/SRECIFICATIONS

* TRAINING
GUIDE NOTES

B. Reagent Preparat1on
(continued) .-

3. Magnesium Sulfaten

Solution

4. Calcium Chloride
Solution

]
5.'Ferric Chloride
Solution

- 7
6. Dilution Water

-

. Weigh 1.7 g.

. Dissolve the four chemicals

.,D11ute to ! Titer.

.. Dissolve 22.5,9.
nesium sulfate heptahydrateg -

. Dissolve 27.5 g, of anhy—l

. Dissotve 0.25 g of ferric,

. Siphon 29°C water to the

of“ammonium
chloride, NH,CT.

together in about 500 m]

of water
\'

of mag- '

MgS0,* 7H,0, ¥n water and
di]u%e tg 11ter

drous calcium chloride,
CaC]z, in water and d11ute
to 1 11ter

ch]or1de;°FeC13 n water
and dilute to piter.

2000 ml,1tne in a 2 liter
graduated cylinder.
%

-

; S

la.
1b.
1¢.

1d.

<

-
r

I*syou prime the s1phon, "waste" about 50 m] of-
11qu1d before f11]1ng theqcylinder. - .
Do not cause splashing which might create air
bubbles. Allow the water to ruyn down the sides

of the cylinder.

Volumes of dilution water larger than 2000 ml may
be prepared if needed.

If larger amounts of dilution water are needed
Use one ml of each of the four solutions (B.2.
B.3., B.4., and B.5.) for each liter.bf distil]ed

water, . ’ ™

~a

V.B.6.2.
{p. 18)

14




1. Blanks

d - -
. .
v

2.~ Sample Dilution

. Thoroughly

. Fi11 two BOD bottles with

dilution water Dy siphon-
ing. a .

. Stopper the bottles.

L

mix the” contents
of the sample’ container.
measure the sample, and

add it to a 1 liter grad- ~+

uated cy]1nder

1a. Rinse %he siphon if it's the same one used above.
1b. Hold the siphon.about 1/2 inch from the bottom of
the bottle before opening the siphon.
c. Open the siphon slewly.
Id. As the 1iquid level rises in the bottles, keep the
end of the siphon about 1/2 inch apove the liquid.
le. Allow a few ml of liquid to overflow the top of &
the BOD bottles.
¢a. Do not cause formation of an air bubble by insert-|
ing the stopper too vigorously. .
\ihese two bottles arg called blanks.
he DO in one bottle. from each pair (two bottles
will be filled for each sample dilution) and in
one blank bottle must be determined within 15 min.
of filling, so proceed ‘immediately to C.2., €.3.,
and C.4. below. »

la~ Use the appropriatg size graduated cylinder to
measure the sample volume.

1b. Pour the sample down the sides of the graduated -
tylindeér.

1c. During the. five-day incubation per1od there must

) be a depletion of at ledst 2 mg of D0/1, and at

least 1 mg of DO/1 must remain. )

1d. In order to meet these two requiresients, it may be
necessary to set up two or three dilutions of each
sample. Use a separate 1 11ter graduated cylinder
. for each dilution.

L ¥4 4 -«

Page
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EFFLUENT MUNITORING PRUCEDURE:  Determination of Five-Gay Biochemical Oxygen cenand (BOU:)
‘ A o ATNING
OPERATING PRCCEDURES CTEP SEQUENCE '”FORMATﬁO /CPERATING GOALS/SPECIFICATIONS GUIDE NOIES
B. Reagent Preparation : ) ' A .
(cqn;1nued) . Add 2.0 ml eacﬂrbf the 2a. Use a 2 m) voiumetric pipet [for each'§01utionf
‘ < buffer, magnes1um sulfate, | 2b. Mix gently with a plunger-type mixer_ after.each ¢
catcium chlaride, and , so]ution'1s added.
. ferric chloride solutions. 2c. The mixture of the four solutions and distilled -
. water is called dilutidon water.
' .ﬁ' L *
C. Procedure ' q
y \ /

V.C.1.1.
. {p. 18)

NOA‘ ]’9
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Determination of Five-Cay Biochemical Oxygen Demand (BODS)
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OPERATING PRCCEDURES

~ CTEP SEQUENCE

INFLPMAT;OV/C ERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

C. Procedure (Continued)

L4

o

3

4

3. BOD bottle f1111ng

Py

L J

. Siphon in dilution wat

to. the 1000 m1 line. ~

. Mix gently with & ptun

Jrl.

type mixer.

For each sample diluti
set up, fill 2 BOD bot

Titer cylinder. -

er

ger-

z

.

by 'siphoning, from the

le.

1f.

1g.

2a.
2b.

ta.

Following, are some suggested sample volumes, al-
though the actual amount of sample to use for each
kind of waste may have to be determ1ned on the

basis of experience. ‘ /

For effluents of primary treagnent plants treat1ng
domestic wastewater:

= 10.0ml (1% of the liter vo]uﬁg)
20.0 ml (2% of the liter vo}ume)
40.0 ml (4% of thg liter volume)

ror effluents of secondary’treatment plants treat-

1ng domestic wastewaters:/

40.0 ml (4% of the liter Vvotume)
60 ml (6% of the-liter volume) _
80 ml (8%°of the liter . volume)

For effluents from secondary treatment plants:

200 ml (20% of the liter volume) K¢

300 m1 (30% of the liter volume)
. 400 ml (40% of the liter volume)

After experience 1s gained, 1t will be necessary
to use only oné dilution for each kind of waste.
Measure the sample volumes ith an appropriate
size graduated cylinder; e.g., 10 ml size for
]O ml of sample, etc

’

R1nse the siphon 1f it's~the same one used above.

Use the same technique as in B.6.7.1a. and 1b.
above. - .
lise the same technique as n, C.1.%a. through le.

above.

o ~
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OPERATING FRCCEDURES ] STEP SEQUENCE [NFCRMAT TON/CPERATING GORLS/SPECIFICATIONS .1 cuioe noTEsS
D. Calculations B . :
(Continued) 2. Divide the depletion’by 2a. Example calculation continueq:
oo ‘ the % of sample yged {ex- [ ./ .
pressed as a dectmal) to The sample™was 40 ml of a primary treatment ’
. get the BOD5 in mgy/1l, plant effluent. .
L] . . 3
*The 40 m]l were diluted to 1000 ml with
‘ i . . dilution water. .
s - o % .‘ . 40 oAy s
. . . ‘ ) 1000 100 = 4osd11ut1on
¢ ' ) 4% = (.04 as a decimal )
. h s
- s, mgBOD./1 = 5.0 . "y
S 04 . y
N : Co s 125 - }
. - - rd = -
2 Blankll o 1 3. For the blank BOB bottles 3a.The djfference 15 ysed to calculate a ”QODS" .y
' . . substract the ml of sgdium for the blank. *
_ thiosuifate titrant used 3b. Example calcylation:
T It BRI |
- bottle. - L2 Mg/t ; &7 ay
T ‘ ‘' 0.2mg/l = DO depletion during the 5 days
/ ) - 3c. The blank may be considered as a 100% (1.0 as a
» 4 . * de¢imal) sample. . :
— - ' o ’ 3d. mg 0057 for the blank = 0.2 mg/1 = 0.2
A . . . 1.0 .
, . N .
: ' ’ . 3e. If it 1s greater than 0.2 mg/1, the 20 C water
, is of low quality.
, ) 7 . 3f. Possible causes, are organ1c contannnat1on n the
B . . water (check the aeration procedure) or dirty
: o . glassware (especially the BOD bottles and water
22]_ storage Jugy which has contaminated the water. ¢
¢ & . 3g. This difference 1s not used.as a blank correct- « ) 22
' 1on, but merely as a check on the quality of the .
N / ) 200C. water. )

I ‘I’
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Example Data Sheet

Five-Day Biochemical Oxygen Demand” (BODs)

-

-

1. Sample number or other
identification )

mmms g prt-of sample USed S e e

3. % dilution (divide 1ine 2 by 10;
assumes dilution to 1,000 ml)

4, Dﬁ?imal equivalent of %
dilution ?move the decimal
point in line 3 two places
Teft)

'. Initial sample DO in mg/1

6. m} of titrant to titrate
initial glank .

7. Date of initial DO determipation

(ADDITIONAL EOLUMNS

'8. Time df initial DO determination
; MAY BE ADDED FOR OTHER

>

( 9, Sample DO afthr 5 dayf in mg/l/l = SAMPLE .DILUTIONS)

10. ml1 of titrant t& tifrate
. 5th day blank

11. Date of 5th day D0 determination
. Timg of 5th day DO détermination
. Line 6 minus H'nello‘*
. Line 5 minus line 9

. BOD: in mg/1 (1ine 14 divided
by ?1ne 4) ‘

’

Page No. 1-13
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“TRALNING GUIDE

*

SECTION ‘ TOPIC

I ’ ) &ntroductioﬂ
I ’ Educational Concepts - Mafhemat1cs
111 © Educational Concepts - Science
‘AIV ) Educational Concepts - Communications
v* : Field & Laboratory Eqd{ﬂment
= VI ’ Field &'Laboratory Reagents
Field & Laboragéry Analysis
Safety -

Records & Reports

*




EFFLUENT MONITQR}NG PROCEDURE : Determination of Five-Day Biochemical ) —_

. ' «0Oxygen Demand (BODS)
. . . W

FIELD AND LABORATORY EQUIPMENT - Section v
TRAINING GUIDE NOTE _ REFERENCES/RESOURCES
A.1.1 If-the g]asswére is especially dirty and eannot be ) ‘
‘ cleaned with_ordinary detergents, chromic acid .
~ _ cleaning may pe required.

1. Pour 35 ml of distilled water in a 250 ml beaker.| 14th Standard Methods

p. 336, sect@gn 2.c.2)

2. Add about 1/8 teaspoon (simply estimate this . :

v quantity) of sodium dichromate, Na,Cr,0, to the
water.

3. Swirl the beaker until the sodium dichromate
& has dissolved. ) ) :

4. Keep repeating steps 2 and 3 until no more e
sodium dichromate will dissolve. ; ) \
4

5. Pour the selution into a 2 liter beaker.

6. Slowly, pour 1 liter of concentrated sulfuric :
acid, H,S0,.. into the 2 liter beaker.

‘ , Caution: Use eyeglasses and protective c]oi:hing.

7. Stir the mixture thoroughly.
8. Store it in a glass~stoppered bottle. -

9. The é]eaning solution should be at a temqyrature
of about 507C when it is_used. I

10. It may thérefore be mecessary to warm the clean-
ing solution. ’ '

AV
11. When using the warm cleaning solution, £i11 the ,
piece of glassware with the solution.
12. Allow it to soak for 23 minutes (or longer). . g
i ¢ -
13. Pour the cleaning solution back into the stdgage
| bottle. . .
14. Rinse the piece pf glassware ten times with tap v
o -water. i . N
.. , : PoY ] ~.
}5. The cleaning solution may be reused until it
- ’ turds green.

16. It should then bz discarded.
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* EFFLUENT MONITORING PROCEDYRE: Determination of Five-Day Biochemical

Oxygen Demand (BODS) ,
FIELD AND LABORATORY EQUIPMENT: ssction v

REFERENCES/RESOURCES

. -

TRAINING GUIDE NOTE

-

14th ‘Standard Methods does hot specify a 'voTume
tolerance for the BOD bottles. A tolerance of

+ 3 ml is suggested by: Methods for Chemical

. .| Analysis of Water & Wastes 1974, U.S. Environmental.
Protection Agency. ' One method of checking the
bottle volume is as follows: '

1.

Clean the foTlowing'items as described in segtion
A.1, page 7. - g

+

[

a. One 250 m1 graduated cylinder.
b. Offe 100.0 m1 volumetric pipet.
c. One 90.0 m1 graduated pipet.
d. One 500 ml Erlenmeyer flask.

. Allow the glassware to drain dry.

pipet.

. ‘A
. Very gently blow the rest of the water.in the ‘
pipeteback into the 250 mI graduated cy]inder;J///

: 3. Turn on the hot and cold water taps at the
laboratory sink.
4. Adjust t# hot and cold watér so the temperature
of the water is 20°C. Check it with a
thermometer. -
5. Fill the 500 ml Erlenmeyer flask with the 20°C
water,
o < ¢
A .| 6. Using the 100 m1 volumetric pipet, place 300 QiJ
of the 20°C water in the 250 ml graduated
cylinder. (The meniscus will of course be
above the 0 graduation line.) .
7. Using the 10.0 m] graduated pipet, add 3.0 ml
of the 20°C water te the same cylinder. v
< .
8. Allow the pipet to drain igto the sihk and shake
it so as to remove water from the tip.
9. Place a mark at the bottom of the meniscus. This
is the 303.0 ml graduatior mark. ’
10. Using the* same 10.0 ml graduated pipet, remove
1C.0 m1 of the 20°C water from the 250 ml
gradQ?ted cylinder. .
11. Into the sinksdrain 6.0 ml of water from the

o

’

i

26




Oxygen Demand (BOD )

»

.&LUENT MONITORING PROBEDURE: Determination of Five- -Day Biochemical,

.
N

-

- y ] —&

FIELD AND LABORATORY EQUIPMENT

Section%

TRAINhG GWIDE NOTE .

REFERENCES/RESOURCES

. Place a mark at the bottom of .the meniscus. This

is the 297.0 ml graduatwn mark.

. Empty the, graduatea cylinder and- a,l]ow 1’to

drain dry.

- ®

. Fill -the BOD bottle,whose volume is to be.

checked, to overflowing with 20°C water.

. Carefu]]y insert the stopper. There must be no

air bubbles in the bottle. l %,

. Hold one finger over the stopper and invert the

bottle so as to drain all water from the f]ared
top.

. Hold the bottle upright and carefully remove

the stopper.

. Carefully pour the entire contents of the bott]e

into the 250 ml graduated cylinder.

. If the meniscus is betwee® the 297.0 and 303.0 m1

graduation ‘marke, the BOD bottle may-be used. If
the meniscus is not, the bottle shou}d not be
used for the BOD5 test. d

’
L
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EFFLUENT MONLITORING PROCEDURE: Determination of Five-Day B1ochem1ca1

4

Oxygen Demand (BODS)

/

Y

FIELD AND LABORATORY-EQUIPMENT A .

Section V

. ~ TRAINING GUIDE NO{E ‘ .

REFERENCES/RESOURCES

(e}
=
—

oy

13. If the dilution will be less than 1%, it should#

If just enough dilution water 1s prepared for_use
at one time, then the procedure 1n-B.6. would be,
followed. 1If you desire to keep a Supply of d1-A
Tution water, add 1 ml of the magnesium, calci —.
and ferric solutions for each 1, 11te~ 0Ff distiiied
water. But do not add *he buffer until you are
ready €0 use the dilution water, The water should
be stored in the dark at 20°C + 1 °.

Standard Methods, 14th ed., c1tes two other ways
of di1lliting the sample..

.1. Directly in the 300 m1 BOD bottle

Example calculation: A 4% dilution of the
sample 1s to be made.

300 ml
.04

volume of BOD bottle
% dtlution expressed as a deC1ma1

nou

12.00

it

ml of sample to be diluted 1n the
, BOD bottle
Measure the 12 ml of sample, add it directly
. to the BOD bottle, and fill the bottle to
overflowing with dilution water..

2

be done in a ‘volumetric flask.

 J
Example calculation: A 0.5% dilution of “the
sample 1s-to be made. Since two BOD bottles
must be filled,.make the d11ut1on inal liter
vo]umetr1c f]ask Ve

»

1000 m1 = volume of flask
. 005 = %dilution expressed as a decimal

5.000 m1 = ml oM sample to be diluted in the
flask s o

Measure the 5 ml of sample, add it directly
to the flask, and fill to the mark with di-
lution. water. Fill the two BOD bottles to

overflowing by siphoning from th& flask.

-of

rd

L
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Determination of fFive-Day Biochemical

‘mUENT MONITORING PROCEDURE :

Oxyggg-Demand (BODS)

7

LY

FIELD AND LABORATORY EQUIPMENT

TRAINING GUIDE NOTE

c.4.2.

Y~

-’

. There are other ways of keeping the water seal on

«

the BOD bottle; e.g., the bottles may be turned
upside down in a BOD pan (rectangular pan with
square compartments) half full of tap water or
plastic caps (made for BOD bottles) may be put
over the bottle tops. ) <

Section y
REngENCES/RESOURCES.
L)
4
<
Page No. 1-19
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A PROTOTYPE FOR DEVELOPMENT OF

ROUTINE OPERATIONAL PRUCEDURES -~
fo; the

¥ -

WINKLER DETERMINATION OF DISSOHVED OXYGEN-AZIDE MODIFICATION

CH.OEMP.1c.8.76

National Training and Operational Technology Center

- “‘ r

as applied in
N

WASTEWATER TREATMENT FACILITIES
and in the
MONITORING OF EFFLUENT WASTEWATERS

T~

g

Developed by the

s

' Municipal Operatigns and Training Division

Office of Water Program.Operations
U.S. Environmental Protection Agency

[}

.

-
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EFFLUENT MONITORI:!G PROCEDURE Winkler Determination of D1sso1ved Oxygen-

a-

o b ; Azide Modiﬁcatmn
a .
'/ This process was developed by: . ' -
: NAME  Charles R. Feldmann |
, ADDRESS ~ EPA, OWPO, NTOTC, Cincinnati, Ohio 45268 ‘
d POSITION Chemist-Instructor
EDUCATION AND TECHNICAL BACKGROUND 7
B B.S. - Chemi‘stry - ‘ . < .
-M.S. - C?ﬂistry' , t ’
1-1/2 years™Industrial Chemist
- 4 years additional Graduate School ) ’
’ ¢ ~ 4 years co]]ége Chemistry Instructor
' 1-1/2 years DHEW - Air Po]]ut‘ion Program, Chemist  *°
‘ 10 years DI -'EPA, Chemist-Instructor :
ST . )
1
v \
. .
A\
@ S _
[« S . 4 . ' 31 | ( _ ‘Page N‘c;. 2-3
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Aruitoxt provided by Eic:

. S U

EFFLUBN, MONITORING ﬁROdEDUﬁE: iRler Determination of Dissolved Oxygen-
E : zide Modifi7at10n
. " , . : ‘
1. Anadysis Objectives: N . - . .
FE . . r . .

The bperator‘will be able to perform a Winklér dissolved oxygen
determination, uding the azide modification, on‘q’sewage sample,

‘

- N— - ‘ .
2. Brief Descriptfgg,of Analysis: » ! -

-

“

A solution of manganous sulfate is added to the sample. A solutibn
containing sodium hydroxide, sodium iodide and dodium azide is next
added.. If oxygen.is present in theesampTe, a brown flocculent pre-
.cipitate forms. If no oxygen is present, a white precipitate forms.
Sulfuric’acid is then-added to the sample, and th; precipitate dist
solves. The solution is titrated with sodium thiosulfate using
starch indicator. ~'At the end point of the titration, the color of
the solution changes from pale.blue to colorless. The milliliters of
sodiu® thiosulfate uded, is equal to the milligrams of dissolved

oxygen per liter of sapple: .
\Q< ApPlicability of “this ocedzif: I ’ )
- :
{

This effluent monitoring Wocedure describes the determinatian of
-&issolved oxygen. The analysis is performed as part of the five-day
biochemical oxygen demand test. Interferences/sample pretreatment
are therefore mentioned in the Effluent fonitoring Procequre,

Determingtion of Five-Day Biochemical Oxygen Demand (BODS).
p ‘

. o~ . ,

,

Thd's procedure was excerpted from Methods for Chemical Analysis of
Water and Wastes 1974, Methods Development and Quality Assurance

Research Laboratory, National Environmental Research Center, “
Cincinnati, Ohio 45268,

N ‘1“
“No. 2-4; ‘ 32
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EFFLUENT MONITORING PROCEDURE: - Winkler Detenn1nation of Disso]ved Oxygen- '_

- Azide Modification ,

-

General Description of Equipment Used in the Process .

A. Capital Equipment . .
* v X . ] .

Analytical balance, 2QQ, g. capagity )

Trip balange, 500 g. capacity

Oven, temperature contrglable to + 2°C, large enough to hold a

small evaporating dish

Refrigerator, large enoygh to hold three 1 liter bott]es

Still, or other source of distilled water .

[ 08 -N N> —

b

B. Reusable
Hot plate, large enough to hold a 2 liter Erlenmeyer flask
Kemmerer sampler - . :
APHA sampler *

." Laboratory apron I 4

Safety glasses’

Brushes (for cleaning glassware) /

. Brush (for cleaning balance)

. One 1 liter volumetric flask

. One 300 m1 (+ 3 m1) BOD bottle (see page 18) ‘
. One 1 liter graduated cylinder

. One 50 ml graduated cylinder

. One 10 m1 graduated cylinder

. Six 1 liter glass stoppered bottles
. One rubber stopper (to fit a 1 liter glass stoppered bott]e)

. One 150 ml1 glass. stopperéd bottle N

. One spatula (medium size) ‘

. One spatula (small size) .

. One 2 liter Erlenmeyer flask .

. One 500 i1 wide mouth Erlenmeyer f]ask

. One 100 mI~pipet

. One 50 ml pipet —

. One 20 ml pipet

. One pipet bulb

. Three 5 ml graduated pipets

. One desiccator (large enough to hold a small evaporating dish)

. One evaporating dish (large enough to hold about 10 g. of solid)
. One 25 ml buret .
. One ring stand

. One buret clamp

. One distilled water plastic squeeze hottle

. One pen or pencil- :

. One notebook (for recording data)

. Eight plastic weighing boats (2-3 inches square)

k

N —
QUWONANEBWN—OWONONHWRN —

M PO R PN N N
N BN —

W NN
O w0

W (W) (W)
W —

. One 100 m1 graduated cylinder .

Page No. 2-5




EFFLUENT MONITORING PROCEDURE: Winkler, Determ1nat1on of D1sso]ved Oxygen-

Azide Mod1f1cat1on

’

*B. Reusable Supplies (Continued) , , ' g

35.
36.
37.

Sponges (for cleaniny of 1éboratqry table tops)
One stirring rod (about 6 inches ‘long)
One powder funnel, about 3 inch diameter

C. Consumable Supp]ies:

1.

2. Concentrated sulfuric acid, H

. Soap

Potassium dichromate, K2Cr207 ‘

2504

,
»

(These three reagents are for cleaning glassware. The quantitited
needed will therefore vary.)

."480 g. manganous sulfate tetrahydrate, MnSO4'4H20 s

400 g. manganous sulfate dihydrate, MnSO4'2H20, or 364 g. manganous
sulfate monohydrate, MnSO4 HZO may also be used.

. 500 g. sodium hydroxide, NaOH

135 g. sodium iodide, Nal

. 10- g sodium azide, NaN . '
. 10 g. soluble starch

3 .

\

15 ml chloroform, CHCI

. 186.15 g. sodium th1osalfate pentahydrate, Na25203 5H20
. 6 g. potassium biiodate, KH(IO
. 3 g. potassium iodide, KI

. 10 ml concentrated sulfuric acid, H
. Sodium dichromate, Na.Cr,0 ¢

302
2504
207207

The quantities given in 4 through 11 above.will suffice for approx1mate1y
450 determinations of dissolved oxygen. Depending on usage, smaller
quant1t1es may be prepared.

All reagents should be of high quality. Different chemical manufacturers

may have'different ways of indicating a high quality reagent. While no
endorsement of one chemical manufacturer over another is intended, the
following are some des1gnat1ons used in four chemical catalogs to indicate

high quality reagents. )

Catalog ‘Designations

Thomas Reagent, AES, Chemically Pure (CP)
Matheson, Coleman & Bell Reagent, ACS =

Curtin Matheson Primary Standard, ACS, AR

Scientific, Inc. , .

Fisher Certified, ACS

Pnnn No. 2- 5
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¥ EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Oxygen-Azide Mbdificqtion

.

OPERATING PROCECURES

STEP SEQUENCE

INFCRMATION/OPERATING GOALS/SPECIFICATICHS

A. Equipment Preparation

-

1. Cleaning of
glassware

2. Balance preparation

T
1. Clean all glassware and
© rinse with distilled water.

1. Check all ba]ance; for
cleanliness and proper .
speration.

-

.

B

14

Reagent Preparation
1. Manganous sulfate
solution

2. Alkaline iédide
azide go]utign

:

n
o

1. Prepare 1 liter of solution

* containing 480 g. o
manganous sulfate tetra-
trydrate, Mn304-4H20

1. DiZsolve 500 g. of sodium

, -hydraxide, NaOH, in 500 ml

of water,

2. Cool the solution to room
temperature.

3. Dissolve 135 g. of sodium
jodide, Nal, in 200 m1 of
water.

4. Dissolve 10 g. of sodium

azide, NaN3, in 40 ml of

wg@er. :

5. Combine the three sofutions
and dilute to 1 Tjter.

—

la. Unless otherwise specified, solutions should
be stored in glass stoppered bottles.
Unless otherwise specified, the term water means

distilled water. '

T1b.

\

ta. Caution: heat is generated

5a. This solution should be stored in\a glass bottle
fitjed with a rubber stopper, pr in a clean
nlastic bottle. .

3b

Page No. 2-7
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EFFL'JE‘T FONITHRING Przocrouoﬁ Winkler Determination of Disselved Oxygen-Azide Modification 7 Page ho.”2-°
OPERATING PROCEDURES , STEP SEQUENCE CNEORNATION/ OBERATING GOALS/SPECIFICATIC.S LTCD TTES
3. Starch solution 1. Gently boil 1 liter of la. Proceed with the next steps while the water is
water on a hot plate. . heating and boiling. -

of so]ubfe

[gN]

. Weigh 10 g.
starch.

3. Transfer 1t to a-'mortar.
4. Add about 3 ml of water.

. Grind with a pestle so as
.to form a thin paste.

6. Pour the paste into the
boiling water.

7. Allow the solution to stand
overnight.

into a bottle.

: 9. Add 5 ml _of chloroform,
CHCI 5.
4. Sodium Thiosulfate .
stock solution o T
0.75 N (approximate} 1. Boil 1500 ml1 of water far
3 minutes
" | 2. CBol the water to room '
, temperature. -
3. Weigh 186.15 gq. of sodium

thiosulfate pentahydrate,
RayS,05- 5Hp0.

8. Decant the starch so]ut1on,

]

9a. Store in a refrigerator.

. Decanting means to pour slowly so that any so11d
material will be left behind.

LY




EFFLUENT MONITORING PROCEDURE:

»
" ‘
'
v

Winkler Determination of Dissolved Oxygen-Azide Modification ,

‘ ¢ A

\ TPRINING
OPERATING PROCEDURES STEP SEQUENCE INFORKATIOI/ODERATI'G GOALS/CPECIFICHTLVHS GU! DE noTE

4. Continued . Dissolve in 500 m1 of the ’

. water. - .
. Dilute to 1 liter with more
of the water. *
&

5. Sodium thiosulfate
standard titrant,
0.0375N
(approximate)

6. Potassium biiodate
’tandard, 0.0375 N

\

7. Sulfuric acid:“/
10% by valume

. Add 5 ml of ch]oroform,
CHC1

. Dilute 60.0 ml of the sodium

. .
. Add 5 m1.o6f chloroform.

. Dry 6 g. of potassium

. Cool in a desiccator.

. Prepare 1 liter of a solu+

. Dilute 250.0 m1 of this

. Pour 10 m1 of concentrated

. Cool the solution to room-

3

thiosuifate stock solution
to 1 liter.

CHC13.

biiodate, KH(IO )2 at

103°C for 2 hours

tion containing 4.837 g. of
the potassium biigdate.,

solution to 1 liter.

sulfuric acid, HyS04, into
90 m1 of water

temperature,

6a. Store in a ref%igeratorx

v

la. Do not transfer any of the chloroform from the ‘fe—

stock solution.
.-

Y

2a. Store in a refrigerator.

4a3. The N of fﬂis‘solution i5s:0.0375. &

la. Caution: pour the acid slow]y Mix after each

addition of 2 1 of the acid.
L

Ed

c
i
é

A

1
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EFFLUEN} MONITORING PROCEDURE :

4

Winkler Determination of Dissolved Oxygen-Azide Modification "

Page \k{;j;;ie

A 4
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I

OPERATING PROCEDKRES

4 STEP SEQUENGE

INFORMATION/OPERATING GOALS/SPECIFICATIONS

. TRAINING
GUIDE NOTES

-~

C. Standardization of
Sodium Thiosulfate
Standard Titraht

9 7
1. Potassium bifodate
standard; 0,0375 N

2. Titration

e
-
LY

“1. Weigh 1-3 g. of potassiun -
iodide, KI. o

2. Dissolve in 1

150 m1 of
water, )

3

3. Add 10 ml of 10% by volume
“swlfuric acid. ‘

4. Add 20.0 m1 of the 0.03% N
potassium biiodate. e

5. Place the solution in the
dark for 5 minutes, .

6. Add water so:as to
vo]yme to 300 mt.

1. Add the éppéoximateiy
0.0375 N sodium thiosulfate

titrant to the solut .
*from a buret until/fhe

color changes from red-brown
to pale yek]ow

2#Add 2 m] of starch -solution,

3. Conf‘n e t1trat1on unt11
the wco%gv s from pa'le
Blue to colerless. ¥

4. Record the il of sod1um

thiesulfate used. )

bring the]

v
y

|
! . -
4a. Use a volumetric pipette.
- 61" . .4
’
-,
- \m

e

2a. A medium b]ue—pa]e'b\.f.colgr will
[« N

3a. .Ignore any return of blue céﬁor.
%

L 4
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EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Ox en-Azide Modification - - ’ .
. . ‘ : f
. ——— — —— —_— 4
: . ‘ : TRAINING
‘OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
3. Calculations . 1. Divide the ml of sodium la. The r‘esult is the normality of the sodium I1.€.3.1
) R * thiosulfate used into 0.75. thiosulfate titrant., It is desirable, but not ‘(p. 16
. . - N necessary, that the normality be exact]y 0.0375.
D. Determination of ' ) ’ . - o
Dissolved Oxygen . * . ) oo .

1. Sample <ollection 1. If the-sample is to be
N collected from a depth o

, gredter than 5 feet, use a / . “

) " Kemmerer-sampler.

~

2. If the sample is to be -
/ © collected from a depth less
- than 5 feet use an APHA
. 1 . .sampler containing a @& ml
voe o~ BOD bottle. ot " )
. 3. Ifa Kemn_erer,i.s used, 3a. Caution: during the sample transfer, do not
.. t " transfer the sample to a “allow it to splash.
: 300 m1 BOD bottle. Allow .
some of the sample to
c- ;] .overflow.

*

- b 4, Careful]y insert the 4a_.,Do not create any air bubbles‘ in the bottle,
- stopper of the BOD bottle.

. . .1 5. For surface samples, the 5a. Fill the bottle 1n such a way t no turbulence
- ’ sample may .be collected ® created. )
. ) . | ~directly in a 300 m1 BOD \

.. \' - bottle, « ) (4

2. Addition of 1. Remove the stopper aﬁ“{ la. Have the tip of the %ipette about 1/2 inch below

reagents .. pipette 2.0 m1 of ma anous the surface of the liquid. It is desirable, but

¢ oL sulfate solution into r/not necessary, that the nogmality be 0.0375.
sample

S I N - 44

* Page No. 2-11.




EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Oxygen-Azide Modification

'f, ' ) TRAINING
o " — ~ - ‘
OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATICHS GUILE LOTES
, 2. Continued 2. Pipette 23£LW] of alkaline | 2a. Have the tip of the pipette about 1/2 1nch below
. . iodide azidée solution into the surface of the 1liquid. . .
the sample, over the sink. |2b. A precipitate forms.
3. Carefu]]? insert the 3a. Do not create any air bubbles 1n the bottle.
stopper of the BOD
bd¥tle.
' . 4. Rinse off the Gutside of 4a. The alkaline iodide azid® solution is damaging =
) the BOD bottle.’ to the skin.
5. Holding the hand over the .
stopper, invert the BOD = . 4
bottle slowly 5 times. ’
‘ ’ 3
: 6. Allow the precipitate to ba. If it does not settle, 'wait 2 minutes and proceed:
: / ‘ settle. -7 |
N S 7. Repeat the shaking and |
: ssettling steps. 3
8. Pipétte 2.0 ml of concen- 8a. The pﬁpefte need not be below the surface of ;
trated sulfuric acid into ~ the liquid. . ;
the sample. |
9. Carefully insert the 9a..Do not create any air bubbles in bottle during ‘ ) |
stopper of the BOD bottle. this step. ’
‘[ 10. Rinse off the outside of
the BOD bottle.
1. Holding the hand over the Jla. The preéipitate will dissolve. 4 -4
“ + . stopper, invert the BOD J1b. The color of the solution is red-brown if oxygen
bottle slowly five_times. is present, but colorless if no oxygen is present.
’ If the solution is yellow, a small amount of . b
- oxygen is present. 4 44




EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Oxygen-Azide Modification

.
§

. TRAINING
OPERATING PROCEDLRES STEP SEQUEJCE INFORMATION/OPERATING GOALS/SPECIFICATIONS - GUIDE NOTES

3. Titration . Transfer the entire contents
of the 300 m1 BOD bq}t]e to

. a wide mouth 500 ml
Erlenmeyer flask. .

. Add the sodium thiosulfate [2a. If there/was Nttle oxygen in the sample and the
titrant from a buret ungjl yellow dolor w}k therefore present even before
the red-brown color ch s addition\of any sodium thiosulfate, the starch
to a pate yellow. ghoulq be added immediately. . ~

« Add 2 m of‘Ftarch solution.|3a. A medium blue-pale blue color will form.

AN

. Continue the titration until . Lgnore an} return of blue color,
the color changes from pale :
blue to colorless.

. Record the ml of sodium
thiosulffte titrant used.
4, Calculations . Calculate the mg of.DO per |la. mg DO/liter = ml of sodium thiosulfate
o Titer of sample. titrant X N of sodium thiosulfate
Ltitrant X 8 x 1000/ml of samplé
1b. Since the sample was in a 300 m1 BOD bottle,
mg D0/1iter = ml of sodium
thiosulfate X N of sodium
thiosulfate X 8 x 1000/300
. or,
mg DO/1iter = m! of sodium thiosulfate
X N of sodium thiosulfate x 26.7 -




EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Oxygen-Azide Modification

[

* Page Np, ?.14

. . . - TPAINING
OPERATING PRQOCEDURES STEP SEng&CE - INFORMATION/COPERATING GOALS/SPECIFICATIONS GUICE NOTES
4. Continued ¢ N 1d. If the N of the sodium thibsulfate was exactly
) 0.0375, then )
mg DO/1iter = ml of sodium thiosulfate
. x 0.0375 x 8-x 1000/300 : .
le. or, S
mg DO/liter’= ml of sodium thiosulfate x 1
g .
»
<
\
o \
| :
»
S :
P
P -
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EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved

b

Oxygen-Azide Modification

EDUCATIONAL CONCEPTS - MATHEMATICS

Section 11

TRAINING GUIDE NOTE

FEFERENCES/RESOUREES

€.3.1

]:]{\!:le No. 2-16

wll Toxt Provided by ERIC

| ml of potassium biiodate = 20,0

The formula uSed, is:

normality of sodium thiosulfate x ml of sodium
thiosulfate = normality of potassium biiodate x ml
of potassium biiodate,

Three of the four values are known:

ml of sodium thiosulfate is read from the buret. ,
normality of potassium biiodate = 0.0375

After rearranging the formula to solve for the
normality of sodium thiosulfate, and inserting the
known values:

NormaT1ty of sodium thiosulfdte =

20.9 x 0.0375/ml of sodium th1osu]fate =
0.75/ml1 of sodium thiosulfate*

¥

1

aviy
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EFFLUENT ”OVITOR NG_PROCEDURE : Winkler Determination of Dissolved
Oxygen-Azide Modification

e —————————————

FIELD AND LABORATORY EQUIPMENT - Section V

TRAINING GUIDE MNOTE ' ) REFERENCES/RESQURCES
~ A1 If the glassware is especially dirty ‘and canrot be )

cleaned with ordinary detergents, chronic acid
cleaning may be required.

1. Pour 35 ml of distilled water in a 250 m1 beaker. | 14th Standard Methods,

pP. 336, section 2.c.2)

2. Add about 1/8 teaspoon (simply estimate this
quantity) of sodium dichromate NaZCr207 .
to the water.

3. Swirl the beaker until the sodium dichromate
has dissolved. ‘ +

4. Keep repeating steps 2 and 3'until no more ’
. sodium dichromate will dissolve.

.« 5. Podr the so]ution int&a 2 liter beakér.:

6. S]ow]y pour 1 liter of concentrated sulfuric.
acid, HpSO4, into the 2 liter beaker.

‘ Caution: Use eyeglasses and .
protective c]othjng.

7. Stir the mixture throughly.
8. Store it in a glass stoppered bottle.

*]19. The c]ean1ng solution should be at a temperature
of about 50°C when Lt 15 used.

10. It may therefore be necessary to warm the
cleaning solution.

"1, when using the warm cleaning solution, fill the
piece of glassware with the- solution.

. 12. Allow it to soak for 2-3 minutes (or longer).

13. Pour the cﬁean1ng solbtion back into the storage o
bott]e -

14. Rinse thn piece of g]assware ten times w1th
tap water’

15. The c]ean1ng solution may be reused until it -
turns green,

‘ 16. 1£-should then be discarded. _ -

03 .

. 2l

Page No. 2-17
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EFFLUENT MONITORING PROCEDURE: winkler Determination of Dissqlved
Oxygen-Azide Mod1f1cat10n . -

—

FIELD AND LABORATORY EQUIPMENT ' ' Section V .

T . . ’ ’
S 1 9P TRAINING GUIDE NOTE REFERENCES/RESQURCES

13th Standard Methods does. not specify a volume LI
tolerance for the BOD bottles. A tolerance of | :
) + 3 ml is suggested by: Methods for Chemical o
. Analysis of Water & Wastes 1674, U.S. Environmental
Protection Agency One method of checking the
bottle volume is as follows: . ;
1. Clean the fo]]owing item$™as desciribed in section
1, page 7.

x>

. One 250 m g:aduated cg]1rder N\
. One 100.0 volumetric pipet.
One 1 mi graduated pipet.
. One 500 m1 Erlenmever flask.

»Q.ﬁ c'm

2. A]]ow the glassware to drain dry.

3. Turn on the hot and cold \ater taps at the
’ laboratory sink.

. . . .
4. Adjust the hot and co1d water so the temperature - ‘
of the water is 205C. Check it with a - .

thermémeter, | LN

5, Fill the 500 ml Er]enneyer flask with the 20°C /
water. : ’ !
L4 . .\/
» : v L] L] ’

s 6. Using the 100 nil vo]umetr1£ pipet, place 300 ml !

of the 20°C water in the 250 ml graduated

o _—1T cylinder. (The meniscus will of course be

- above the 0 graduation line.)

Using the 10.0 ml graduated pipet, add 3.0 ml
of the 20°C water to the same cylinder.

8. Allow the pipet to drain into the sink and shake : -
it S0 as to remove water from the tip. .

9. Place a mark at the bottom of the meniscus. This .
is the 303.0 ml graduation mark.

10, Using the same 10.0 ml graduated pipet, remove - [ "
* 1C.0 ml of the 20°C water from she 250 m] ’
graduated cylinder. ° e

11. Into the sink drain 6.0 ml of water from the
pipet.

12. Very gently blow the rest of thesater in the ' t .
pipet back into the 250 m1 graduated cy;inder: /- )

Q "1ge No. 2-18 o ’ ;5‘1' '
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FFLUENT JIONITORING PROCEDURE: - &nk]er Determinat on ‘1’(;9’(550]‘49(’

ygen Azide Modi
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FIELD-AND'LKBORATORY EQUIPMENT

v

Section y

-

4

"y e . R
‘ , TRAINING GWIDE NOTE

1

.

REFERENCES/RESOURCES

13, Place a mark at the bottom of the men1scus
14. Empty the graduated cylinde

15. Fill the BOD bottle, whdse volume is to be '
#  checked, to oxggflowing with 2b°C

19.

e
7
3

fs the 297 0 ml graduq_wn mark., S

{

Tow it to

drain dry,

#uter,

16. Carefu]]y insert the stopper ..There must be po

air bubb]eg in the béttle. '
Y

17. Hold one f1nger over the stoppen~gnd anveﬁta;he

bottle so as to drain al} water from the flared

t’pv ) o ’ Y

+

_18. Hold the;bott]e upr1ght and carefully remove

the stopper.

[ 1

into the 250 m1 graduated cy11nder

grdduation marks, theé EOD bottie may be used.
the men1scus is noty the bottle should not be
us%ﬁor eBOD test T

.\\‘

This

ES

Carequ]y pour the ent}remcontents of - the bott]e

20. Tf the meniscus is beiween the 297 0, and 303 0 ml

If
a

«

»e

w
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MONITORING PROCEDURE: Dechlorination of Jamples for Biochemical e

. EFFLUBNT /
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- . . . 14 !
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EFFLUENT MONITORING PROCEDURE: Dechlorinatibm of Samples for Biochemical

Oxygen Demand, and Seeding of the Dilution Water
[ ¢ PR

L 4
- R ¥

"1 Analysis Objectives:

The learner will dechlorinate a samp]e\of wastewater treatment h]ant
effluent, and seed a supply of dilution water for use in the biochemical ,
oxygen demand test. i o

2. Brief Description of Analysis: . ‘ /ﬁf
B - >

Chlorine is added to wastewater treatment plant efflyents in arder to
destroy undesirah]e bacteria. Part of thé chlorine is used up by ¢hemical-

. r;astion with pollutants in the effluent. The resulting chlorine compounds,
afd the chlorine which has destroyed the bacteria, are ‘an interference in
the biochemical ofygen demand test. If the chlorine is not chemically
"neutralized," the biochemical oxygen demand results will be meaningless.
The chemeng”neutralization” is accomplished by adding a calculated amount °*
of sodium sulfite solution to the sawp?e.?

* - 3

Because bacteria in the sample have beepfdestroyed by the chlorination step,:

they must be repldced” in order to carryfout the bypchemical oxygen demand

test. This is accomplished by introdu¢ing bacteria from domestic sewage

into the water used to dilute the dechlorinated- sample. .

3. Applicability of this Procedure: )

a. Theoretically, this procedure can be used to "néutra]ize” ény concentra-

& tion of chlorine. In practice, the cancentration which would have to be
"neytralized" would probably.not exceed 2 or 3 mg/liter.®,

b. Any needed preservation techniques wouJ& Sé those required for the
biochemical oxygen demand test itself. Any 1os® of chlorine, such as
through agitation, or exposur to sunlight, would actually be beneficial,
since there would be less to "neutralize."” »n

. ‘ -8

‘c. If the biochemical oxygen demand sample is.taken prior to chlorination,
the "neutralization" amd seeding steps described”in this procedure are
unnecessary. In this case, the effluent monitoring procedure, Deter-
mination of Five-Day Biochemigg@ 1~ Oxygen Demand (BODS), should be used.

\

N

) »
, Source of Procedure: Standard Methqu,'lﬁth ed., par. 4.c.2) page 546

f—. f

58

a

i
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EFFLUENT MORITORING PROC!DURE: Dechlorination of Samples for Biochemical

i J
- Oxygen Demand and Seeding of the Dilution Water
» .
Dechlorinate 100 ml of, sample ”
~ g ¢
Calc#Tate amount of éodium,sulfite )
to dijglorinate entire sample b
Dechlorinate entire sample . :
. —~ ?
<, 3 .
Check completeness of dechlorination i /.
v L' “ " N ’
N -~
Prepare seed contiols . .
Seed the dilution .water '
v 4 "
Do initial and final dissolved oxygen '
terminations on the seed contgols and
the dechlorinated sample ’
Final calculations
:-:,'.2
\ L 4 . et
\.5 i- N
- . ‘-‘
1, ! . . ’
\ ' o £
‘ N
A
‘ .
= G
' oJ Page Mo.
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) EFFLUENT MONITORING PROCEDURE: Dethlorination of ‘Samples for Biochemical
. ' - Oxygen Demand and Seeding of the Dilution Water

. . v
‘ General Description of EquipmenEsUsed in“the Process
¥ A capital Equipment: : .
\ . 1. Trip balance, 100 g capacity g
2. Analytical balance . g
3. StilT, or other sgurce 8f distilled water : ‘
4.-One incubator, 20°C + 1°C (large enough for 6 BOD bottleé and a 2 liter
Erlenmeyer flaske . ' ’
R . ., . ,
.. B. Reusable Supplies: ) ) . '

1. Brushes (for cleariing glassware)
2. Brush (for cleant™g balance)

> 3. Laboratory apron N '
4. Safety glasses :
5. One dist11led water plastic squeeze bottle R - »
6. One pen or, pencil. -

7. .0ne notebook (for/recording data)
8. Spongé (for tleaning laboratory table top)
9. Three 1 liter graduated cylinders

10. One 500 ml graduated cylinder, . N ' “a
11.- One 250 ml1 graduated cylindeg : = - '
12. One 100 .m1-graduated cylinder ) o

13. One 50 ml graduated cylinder ' -

14. One 10 ml graduated cylinder
15. One 250 m1 beater
16. One hot plate -
17. One wmgnetic stirrer (optional) ) .
18. One magnetic stirring bar (optional; about 7 inch long)
"19. One small spatula {for use when weighing solids)
20. One 25 m) buret

"21. One smat*l funnel.(to fit in the top” of the buret) : .
22. One clamp (to Support the buret) ) . .
23. Ope ring stand (for use with the buret and clamp) ' S

24. One mortar and pestle (about 100 ml capacity)
25. One eyedropper . '
26. One 1 ft. long stirring rod . \ <
27.-9me 10 m1 graduated pipet . '
28. One 100 ml volumetric pipet .
29. One 50 m1 volumetric pipet
~30. Two 1 liter glass-stoppered bottled
31. Two 100 mT glass-stoppered bottles
32. Two 2 gitef Erlenmeyer flasks A )
33. One 500 ml Erlenmeyer flask CN e
34. One 250'ml Erlenmeyer flask .
35. Four plastic weighing boats (2 inches on an edge)
36. One Er]enmeger flask or large bottle containing about 5 liters of dilution
o water at 20°C + 1°C. (See the effluent monitoring procedure, Determination
of Pive-Day Biochemical Oxygen Demand, 8005, sections B.1. through B.6.
for/its preparation. ‘

. | 0"
Do~ Na. 3-6 . . , by
. N B 4 .
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- . EFFLUENT MONITORING PROCEDURE: Dechlorination of Samples for Biochemical
. -Oxygen Demand and Seeding of>~the Dilution Water
" B. Reusable Supplies (Centinued) . ¢
37. One siphon (long enough to reach to the bottom of the above container)
- 38. One siphon (long enough to reach to the bottdm of a 1 l1ter graduated
. cylinder, item 37 may be used if 1t is thoroughly rinsed)
39. One plunger type mixer (for use with the 1 1ttér graduated cylinders)
40. Twejve 300 ml {+ 3/ml1) BOD bottles
41. One pipet bulb . ¢
42. One 1 liter volumetric flask -
43. Asbestos gloxes or crucible tongs
44. Equipment for determination of dissolved oxygen by the Winkler ‘Method-
Az+de.mod1fication, or by the use of a dissolved oxygen meter. See the

- appropriate_ eff]uent monitoring procedure.

-

C. Consumab]e Supp11es

Matheson. Coleman & Bell

Curtin Matheson

Scientific, Inc.
Fisher’
[ N

1. Concentrated sulfuric acid, H250 5 ml '
2. Potass§um iodide,-KI, 10 g
3, Anhydrous sodium sulfitey Na2503, 2 g .
\ 4, Soluble starch, 5 g
S ] 5. Salicylic ac1d C.H 3,,1 25 g ¢
) . 6. Reagents for determ1nat1on of d1sso]ved oxygen by the Winkler Method
. azide modification; or by the use of a dissolved oxygen metgr
1 e
) A1l reagents should be of high quality. Different chem1ca] manufacturers
. may have different ways of indicating a Migh quality reagent. *While no
endorsement of orfe chemical manufacturer over another s intended, the
‘ . following are some designations used in four chemical catalogs to 1nd1-
i cate high guality reageqys. )
N - 1
Cata]og _ Designations
Thomas . Reagent, ACS, Cherfically Pure P)

Reagent, ACS
_ Primary Standard, ACS, AR

Certified, ACS

Page No. 3-7
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EFFLUENT MONITORING PRUCEDURF: Dechlorination .of Samples for B1ochem1ca1 Oxygen Demand and 3-8
: . .Seeding of the "D11ution Water . (
> /
J
R =t — — -
T [ e ' i ) ropT ~ ~ " - TQA”;I?!‘ *
OPERATING PRCCEDURES STEP SEQbF‘C‘E * [NFCEMAT ION/CRERAT ING GOALS/SPECIFICATICHNS GUID% M}?ES
. A. Equipment Preparation ) 4
e 1. Cleaning of g]ass; 1. Clean all’glassware and: la. Throughout the remaindar of this procedure, un- V-A-T-}\
ware rinse w1th‘dést11]ed water. lessr otherwise stated, the word water means
distilled water. !
» - .
‘ Balance inspection | 1. Chesk all balances for la. Consult the manual supf™ed with the balance 1f
. cleanliness and proper you are unable to correct any malfunction of the
. opegation. balance. '
" ~ - ~ . .
B. Reagent Preparation :
>, Seed material: - 1. Collect 1 .11ter of domestic| la. Simply estimate this volume.
sewage influent 1n a-2 !
I1ter Erlenpeyer flask. T -
2. Place the flask in an - | 2a At 20°% + 1%. .
cubator for 24-36 hours. .| 2b There,should be no stopper n, or cover on, the
’1' p <~ |- flask.
\KA 2c. During normal working hours, swirl the flask for
¢ - about 1 minute every 2 hours. This will ensure
. that the sewage 1s thoroughly mixed with- oxygen
. from the air.
¢ 2d The solids in the sewWdge must be completely settled
when the sewage 1s used in this procedure. There-
. . fore, the last swirling should be done at least
. 2 hours before yse.
L/ ) 2e. These steps must be done 24-36 hours before the -
S . sample 15 to be dechlorinated and.the BOD set up,
. ¥ in order to prevent any delay in the procedure. —
. 2f. The supernatagiilwquwd abbve the solid material
- - 15 called see . .
2g Ti1s seed material will be ysed in sections F.l.
: and F.3. . . -
[] . . *
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EFFLUE - MONITCRING PRUCEDERF . ‘Dechlorination of Samples for Biochemical Oxygen Jemand and
Seeding of the Dilution Water

coaTY - - ; TRETHING
OPERATING PRCCEDURES STEP SEQUENCE INFCRMATION/CEERATING COALS/SPECIFICATICONS GUIUE NOTES
B. Reagent Preparation ' .
(Contwnued) :
2. Sulfuric acid 1. Measure 50 ml of distilled | la. Use a 50 ml graduated cylinder.
solution, H2804, water. . ‘ »
v 1 +50
- 2. Pour it 1nto a 250 ml
£ Erlenmeyer flask. o "
3. Measure 1 ml of concen- - 3a. Use a 10 m] graduated cylinder.
trated sulfuric acid, 3b. It w11l be more_convenient, and safer, to pour
. . H2804. . ‘ 2 or 3 ml of the ac}d into a small beaker, and
, * . - " pour it from.the besker into the cy'inder. The
. excess acid may be discarded. : ]
) . 4. Pour 1teinto the Erlen-.¥“ . !
! , meyer flask. %‘L; ,
5. Swirl the flask Eo mLx
‘égs contents.
6. Store the solution 1n a ' .
" 100 ml glass stoppered . ‘ Lo
= bottle. » .
\ : C - |
, 3. Potassium 10dide 1.-Weigh 10_g of potassium la. Use a trip balance.
solution, KI, 10% 10dide, KI. 1b. Use a plastic ‘$1gn1ng boat. . g
2. Transfer it to a graduated
, 250 ml "Erlenmeyer flask,
- 4 - L]
. T e 3. Add water to the fl1dsk to . .
. the 100 mi- mark. .
%4, Swirl the flask to dissolye . !
the solid.
' . ’ S
1 ‘ 4 >
o™

! ~
“ pageﬂo, 3-9
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EFFLUENT MOKITORING PRUCEDURF: Dechlorination of Samples for Biochemical Oxygen Demarid and ‘Page No. 3-10
Seeding of the Dilution Water -

~BRERATING PRCCEDURES " STEP SEQUENCE ' IHFORMATION/CPERATING GGALS/SPECIFICATIONS G&Téé”égges ;
B. Reagent Preparatiqd ' ’ .
(Continued) g . ' - .
5. Store the solution in a o »
. 100 ml "glass stoppered
- bottle.
4. Sodium sulfite 1.'we1gh 1.575 g of anhydrous | la. Use an analytical balance.
solution, Xa,S0.,, sodium sulfitey Na,SO,. 1b. Use a plastic wéighing boat.
0.025 N 2 3 2773 .
2. Transfer it to a 1 liter
volumetric flask. R |
3. Fill the flask about half i
. full with water.
. r AN
4. Swirl the flask to dis-
solve the solid. ] J
. 5. Add water to the 1 11ter .
) mark. X,
) 6. Thoroughly mix the con- ) ' 1%
tents of the flask.
7. Store the solution in a 7a.- The concentration of this. solution is 0@
: . 1 liter glass stoppered 7b. It is not stable, dnd must be prepared
- bottle. 4 on each day it is used.’ o .
5. Starch 1ndicator 1. Weigh 5'g af soluble , la. Use a trip balance. =
. starch. : Tb. Use a plastic weighing boat.
o ) .
:> , 2. Transfer it to a mortar. «
N - ‘ . - ‘
»] 3. MeasuredT liter of water. 3a. Use a 1 liter graduated cylinder. .
4. Pour the water into-a ) ) , g
2 liter Erlenmeyer flask. ‘ . : .
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EFFLUENT MUNITORING PRUCEDURF:

! . &

Dech]ormatwn of Samples for’ B1ochem1ca1 Oxygen Demand and
Seeding of thq :Dilution water

. ©w ' '
\ . _\* v

. H & L T > , &- LW
i il FE 4
T — S TRAINING :
OPERATING PRCCEDURES "STEP SEQUENCE TNFORMAT IQN/CFERATING GOALS/SPECTFICATIONS Y S nOTEy O
B. Rea‘gentzp eparation 4 . o 6‘ e ' '
(continuegz . - . By ’
‘ 5. Bring the water to a boil. | 5a. Use a hot plate. ~
v e - “5b. While the water is.coming to a boil, do steps \
- : . 6 and 7. ' q’ . . -a B N :
6. While the water is coming 6a. Use a 10 m! g'raduated cyh’ndert/' h
to a boil, add 1 ml of ' . T - ¥ i
water to the starch in the a o : ® - rT
,  mortar, < . ’ . ' .
' ' ' e 1%
7. Grind the starch and%ater 7a. Us,'g a pest]e » 4
_ A together. 7b. The objective is to form a thin paste.
L p . T .7c..A few additional drops of water may have o
. s > ‘ be added.
vt ' - - -]
. . 8. Pour the thin pafte slowly
’ into the boiling water. -~
s 7 , . { - v \ o
9. Invert a 250 ml beaker and . - v - ' , ‘“’7@
. place it on top of the A ) L r-.
Lz * I * Erlenmeyer flask. ' - . N ~
[ o = .
Q, - 10, Turn the hot plate off.. ‘
. e > ?_ 4 s v ' ( - -~
11. Remove the fMask from the ]1la. Caution: The. f14sk is hot, # - .
hot plate. ' 11b. Use asbestos gloves qr cruc1b1e tongs move
. | » J ‘the flask: . : N
s, o ) e ‘ A2 c ) i { M
‘ 12. Allow the stdrch solutipn : ‘ Y ] ks .
to stand overnight. ¢ . wE L "o .
' ¥ . s
. A3, Carefull decaﬁt the supen;— 13a. Recall that decant mean% to carefully pbur out -
/ natant Ticuid into a 1 the liguid and leave any soiid material be¥ipd. , .
» : liter g]ass stoppered ‘ . ’ B y . ,
aott}e . . e ! of ® v |
6(< /e ~ - ” ~
{ ~ ! * N A\l ‘
: . ( ’ ‘ bJ
- (‘ l - »"
i e 7 . ', Page No. 3-11
= . . . oy i
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EFFLUENT Mur‘I’rORIhG PROCEDURT ; Dechlomnatlon of Samples for Biochemical Oxygen Demand and Page No. 3-12

- Seeding of the D1lution Water . .
T ’ = -
— X
) ) , . S . B TRAI‘%‘
OPERATING PRCCEDURES ) * STEP SEQUENCE THFORMAT ION/CFZRATIRG GOALS/SPECIFICATIONS o GUICE NOTES
B- Reagent Preparation™ |~ g .
(continued) . - ) ’ . :
14. Weigh 1.25 g of salicylic | 14a. Use an analytical balance (or*®trip balance 1f 1t -)- T
‘ acHd. we1ghs to the second dectmal place). -
* ) - 1 14b. Use a plastic weighing boat. .
* 15.- Add -it to the starch solu- 7 -
’ tion in the bottle. ‘ . : .~ ‘
PR . “‘ . . ' Y ' ' - *
Ja . 16 Swirl the bottle to d1s— y
, Solvedthe solid.
’ 6. Dilution water 1. Prepare the needed Guan- la. See’'the effluent mpnitoring procedure on the L
4 tity of dilution water. Determination of Five-Day Brochemical, Oxygen -
Demand, sections B.1. through'B.6., for the pre-
» paration of the di1lution water. Throughout Yhe
\ remainder of this procedure, the EMP on BOD/ will . é;.
! be used tp mean.the effluent monitoring procedure ('
. ® ' on the Determination of F1ve Day Biochemical -
"o . . ) Oxygen Demand. .
: % : : 1b. A maximum of 300 ml is needed for eath BOD bott
. whether it contains a sample, seed matema], or .
- b S ~ adilution water blank. . N
- ‘o ’ ] 5 ‘ : ‘ lc: Multiply the nUmber of bottles to be set up by
J . 3Q0 to get the total volume of dilutiop water
. ) ’ : &ded Prepare an extra 500 ml for "safety". .
/; . i 1 L. 1x bottles are needed for the seed matgrial, and, .
*/_q ' o d - _ 2 are needed for the dilution water blank. See °
A J - . ‘ the EMP on BODg, sections C.1. and C.2., for the J
' * ‘ : S h 717 number of-samé?e bottles needed. '
. ro . ' R 1d. Recall“from the EMP on BOD5 that the dilution .
d L ‘o . ‘ water Should be at 209 + 19C whenyused. When not
N . being usgdjrt 15 stored at this tempgmture
’ + : . -
, 8
- , —~ 7
A v o
T
- L) . L4




EFFLUENT MUNITCFILG.PROCEDURF: Dechlorination of Samples for Biochemical Oxygen Demand and

, . : Seeding of the Dilution Water
- * o ' . ' -
. S e s TRATNING
OPERATING FRCCEDURES > STEP SEQLENCE INFCRMAT 10N/ 7FERETING GOALS/SPECIF: u (0N GLILE NOTES
C. Determination of - 1. Pipet 100 ml of well mixed| la. Use’a volumetric pipet? If solids c]og they tip
amount of Sodium Sul- sample 1nto a 500 ml Erlend of the pipet, use a graduated cylinder. ,
fite needed for de- meyer flask. ¢ 1b. See Sections C.1 and C.2. of the EMP on BODg to .
chlorination, o determine the amount of sample needed. Since
: . ' 100 m} of sample are needed to determine the
. o quantity of sodium sulfite required for déchlori-
. . nation, jhe samp]e volume cdllected should be r
d i . = about 10 » Plus the amount of sample needed, forn
N - ) : the BGDg, p]us about 200 m1 for “safety." S1mp1y
l t 3 . estimate the tota1 volume when co]]ectmg the
g - “ sample ‘ L
2. Measure’10 mi of the sul- | 2a. Use a 10'ml graduated cylinder.
furic acid solution. . -
. 3. Add it to the Erlenmeyer
J v ﬂask )
¢ . 1 4.75Wir] the flask to mix - )
: ) the contents. o B N
> . / . - R - ,
N EE MeaSure 10 m1 of the potas-] 5a. Use a 10 ml graduated cylinder. :
. ~s1um 1Qdide solution. s ’ ‘ /
S 4 . .
. - e . 'Y
- + 6. Add it to the Erlénmeyer ) ) : ' ’ .
' flask . : ' .
L] . ) T 7 ‘ Lo v * y
V. guirT the flask to mix | 7a. The colomed_the solutien is red brown. , )
he contents, L - ' ' oo ‘ :
PN ' ' ) . . , N
S .U 18 F111a 25'm buret to the | 7 , - , N\
' A 0.0 Tine with the 0. 025 N : .
v . sodium su)fite."” .
- ' - ) .
9. Hhi?e sw1r]yng the flask 9a. Add the sodium sulfite 3} a fast, .ﬁrop w1se rate. ,
) " vigorously, add the!&ﬁium 3. A magnetic stirrer may e used. s b ©
. " -, sulfite from the buret. T . ‘ ,,,)’
AN { rv Iy . {

i | ) . ' * " ’ o ‘- d ' . ' ,.' . ~_ ' : ‘ \
EJQJS; ,//’//*t\ S A ~ . ’ T -Page No. 3-13
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EFFLUENT MUNITORING PRUCEDURF:

+

-

Seeding of the D1lution

i

Dechlorination of Samples f&r Bﬁofhem1pa] Oxygen Demand and

.
»

Water

bage No. 3-14

-~

e —

OPERATING PRCCEDURES

STEP SEQUEKCE

INFCRMAT ION/CFESATING GUALS/SPECIFICATIONS =

TRATNING

GEICE NOTES

C. Determination of
Amount of Sodium Sul-
fite needed for de-
chlorination {con-
tinued)

.15. When the so\ution turns

,16' Record the ml o

-~

10. When the red-brown color
changes to a pale yellow .
color, stop the addition
8f sodium sulfite.

11. Measure 2, ml of the starch
indicator.

*

4
12. Add 1t to the flask.

T iSwirl the flask to'mix the

plution\from the buret.

from pale bljie to color- )
less, immediptely stop the
addition of k®dium sulfite.

ium
.sulfite used to one place
to the right of-the
gec1T9A point, ~

b N

1a.
11b.

Use a 10 ml graduated cylinder.

Although the cited reference does not specify
what volume of starch indicator 1s to be used;
two ml 1s a commonly used quantity.

)
*

13a. ale.blue 1n color.
L ‘ . . T
14a. At a rate of about 1 drop per-second.
14b. The solution w11l become lighter blue in color.
14c. Read step 15 before carrying out step 14.
.y ,

The solution witl be medium or

-
16a. Note that the 100 ml of sample you have Just
gy titrated should now be discarded. Yhe actual
BOD test wi1ll be done on another, and larger
.portion of sgmp]e.

¢

4

Y N

~1

s
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EFFLUENT MONITCRING PRUCEDURF . Dechlorthation of SamBles for Biochemical Oxygen Demand and
T Seeding of the Dilution Water 4
FOATT - R . na~ ~r TRATNING
OPERATING PRCCEDURES e CSTEP SEQUENCE INFORMATION/CRESATING GOALS/SPECIFICATIONS GUIDE NOTES
D. Calculations 1. Calculate the amount of Ja. Example calculation: -
e the 0.025 N sodium sulfite .
, neeged to dechloririate the Assume 3.2 ml of the 0.025 N sodium sulfite were
- rest of the biochemical used from the buret to titrate the 100 ml of
oxygen demand (BOD) samplel] sample; 1.¢., 3.2 ml of the sodium sulfite were
s needed to dechlorinate 100 ml. of sample.
1b.MAssume 1 liter 15 the tota) volume of BOD sample.
: 1c. ml of 0.025 N,sodium suifite to dechlorinate the
. rest of the BOD sample = i
Y
. - ml of entire
BOD sampte (1000) y ml of 0.025 N sodium
ml of BOD sample sulfite used. from the - 2
< . taken for the . buret in C, (3.2)
, above test (100) g -
¢ - o 100
- - O
. N ]Oo X-3.2
‘ = 32
x 2. Measure the amount of 2a. It was 32 ml in*the example calculation.
.0.025 N sodium sulfite 2b. Use a graduated pipet if the required amount of
just calculated. sodium sulfite is less than 10 m}. If it 15
gre;ter than 10 ml, use a graduated cylinder.
Y ‘\ 3. Add it to the entire BOD
sample. .
/ A
v 4. Stir or shake the samp]e ;
\\\__"’ ' container so as to mix ’
. the contqnts
5. Let the container stand .
, : for 20 minutes. , ; A : . .
e ) pay v
(U : o ) (f

Page No. 3-15




EFFLUENT MONITCRING PROCEDURF: Dechlorination of Samples for Biochemical Oxygen Demand and
Seeding of the Dilution Water

' ¢

Page No. 3-16

1 TRAINING
OPERATING PACCEDURES STEP SEQUENCE” INFORMATION/CFEFATING GOALS/SPECIFICATIONS . GUIDE MNOTES

" A g
E. Check on Dechlorina- 1. Repeat steps C.1 through la. However, the color should not be red-brown at -

tion C.7 above. ~this time. It will either be color]sss, or
{ pale blue. :

s 1b. Except use 100 ml of BOD sample td~which the
0.025 N sodium sulfite solution h#s already been
added. (D.5.)

2. Add 2 ml of starch 2a. Use a 10 ml graduated cylinder.

indicator.
’ *

3. Swirl the flask to mix the | 3a. If the solution Js colorless, 1t indicates that
contents. all of the chTorine has been "neutralized," and

. the dechlorinated sample may now be used for the

. BOD test. See the EMP on BODg, Sections C']

' and_G+2.

: - 3b. If There 1s any blue color, it 1ndicates that not

J . all of the chlorine interferences have been

/ . "nzutralized.”

3c. If there is blue cotor, add 2 drops of the 0.025 N
sodium sulfite to the BOD sample {1 liter in the
example calculation) and mix.

3d. Repeat 3c., E.1, E.2., and E.3., above until the
solution is colortess. ‘

) ] : 3e. When the colorless condition has been achieved,

the sample is dechlorinated and may be used for

' g . the BOD test. See the Emp on BODG, Bections C.1.
‘and C.2. '

4. Discard the 100 mT-of ’
sample on which the check
was performed. '

¢
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EFFLUENT MONITORING PRUCEDUREF :

Dech]brinat16n of Samples f
Seeding of the Di]utiog Water

*

orlmchemca] Oxygen Demand and

' ~
N . ‘

L

OPERATING PRCCEDURES

STEP SEQUENCE

INFORMAfION/@Pf?ATING GOALS/SPECIFICATIONS

TRAINING
“LUIDE NOTES

.

Calculation of Oiygen
Dep]eiion in the
Sample, Due to Seed.

1.> Preparation of Seed
Controls

@

. Pipet 100 ml-of the ‘seed

{supernatant 11quid) ‘used .
in B.1.2. 1nto a 1 liter
graduated cylinder -

" ]

la.

16°

-~

In order to calculate the BOD. for a sample which]

has been diluted with seeded gilution water, the
oxygenadepletion 1n the sample due to the seed,
must bc.censidered.  In order to be usetui for
the final calculation of BOD., the five-day
oxygen depletion in the seed”control (F,1.) must
be 40-70%. In F.1. below, three seed dilutions -
are set up; 10%, 15%, and 20%. At least one of
them 'should give a depletion in the 40-70% range.
If more than one dilution &jves a depletion in
the 40-70% range, use the higher % value for cal-
culation of the BOD.. The 10, 15, and 20% di-
Tutions may not be Righ enough to, give a 40-70%
depletign with some seed material® If not, ex-
perience wilii nave to be used. For example, 20,
25, and 30% may have to be used. Thrée dilutions
should still ‘be set up, however. The first step
in determining the Bxygen depletian due to the
seed is to’ preparesseed controls. The second

‘step is*to determine the oxygen depletion 'in the

seed controls. After this, a seed control cor-
rection is calculated and applied to the BOD..
of the sample. Example calculations are useé
throughaut the remainder of this procedure.

Use a 100 ml volumetcic pipet. a

\ - R
[ . « N

. T .
Page No. 3-17
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- . X Dech]ormat]on of Samples for Bicchemical Oxygen eTnand and X 18 .
EFFLUENT MONITRING PRUCEDURE:  Sgoding of the Dilution Water p Page No. 3J]8 o
A U ' :
) ) )
- Y ‘ L4 ,
OPERﬁING PRCCEDURES ‘ . ° ®TEP SEQUENCE INFORMATION/CFERATING GUALS/SPECTFICATIONS Gﬁgé',ﬂ'é%gs
v r —— -
F. Calculation cf Quygen |*
~ Depletion -in th
- ¥ Sample, Due to Sped
®(continyed) : ’ - .
2. >1p80n d1]ution water (B.6&.}¥ 2a. If the siphogwas "primed" with water, Ate
. C +1°C) into the about 50 ml before filling the cylinder.
graﬁuated cylinder to the 2b. Cause no splashing of the liguid. . s
L ?000 m1 Jine. 2c. Let the dilution water rum down the sides of the
- Y ® cylinder.
¢ . h 2d. Recall that %ﬂutmn‘water 15 distilled- water
L PR ) T plus the calcium, magnesium, ferric, and buffer.
o : solutions. - .
{' v 3. Thor0ugh1yﬂ1x the c0ntentq " 3a. Use a plunger type mixer.
. of the cyhnder 3b. Cause no splashing of thf; T1iquid.
- 4, Repeat stebs 1.,#2., and 4a. Use a 100 ml and a 50 m1 volumetric pipet. ™ .
3., except u®e 150 ml of b { .
‘ séed and a second cylinder. A ) . M
) 3 a j )
. ‘5’ " | 5. Repéat steps 1.4 2., and ) 5a. Use a 100 ml volumetric pipet. . Y
¢ 3.,.exceptuse 200 ml of . N ' S, ) b o«
. /‘n_\seed and a third tylinder. . ' .
6. Calcuiate t'he_“'%\of-seed in] 6d. 100 )5 100 = 10 % of seed.in the first cylinder.
; ~each of the 3 .graduated ° 1000 P ’ . -4y
- cy\h'nder‘s. . $
- : i 6b. _150 X 100 = 15% eed in the second cylinder. |
) BB ‘- T000 &% . ®
‘ . R ’ 6c. 200 X 160 = 20% of seed in the third cylinder. 5
® ) ‘ < 1000

+ 4
[ 4 . -
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EFFLUENT MONTTORENG: PRUCEDURF Dechlorination of Samples for Biochemical Oxygen Demand and ’
Seeding of the Dilution Water~ :

~ ) :
. i - Y
= . : . - o J TRaInING
“ OPERATING PRCCEDURES © STEP SEQUENCE ) INFORMAT [ON/CFERATING GCALS/SPECIFICATIONS GUIDE NOTES
-, o™ « - -
F. Calculation of Oxygen , :
Dep]etmn in the , \ *
' Sample, Due.to Seed ’ ' ot T
(continued) ) 7. Fi11 2 BOO bottles from - .} 7a. Hold the end of the siphon near the bottom’of ,
the first (10%) cylinder |x« the BOD bottle so as to prevemt splashing. -
. . *by siphoning. » 7b. Open the siphon slowly. )
‘ ' ) ‘ 7c. Fill the bottles until the liquid jlst begins
. to overflow. . -
- 8. Stdpper the 2 BO® bdttles | 8a. Do not cause formation of an air bubble by
b tightly and label them. inserting the stopper too vigorously.
i 9. Repeat steps 7 and 8 using ) S
. the second (15%) cylinder A o
and 2 more BOD bottles. ~
0’ ' 10. Repeat steps 7 and 8 using .
. . the third (20%) cyMnder . )
4 . and 2 more BOD bottles. _ | . )
‘ 1. F111 the flared top of 3 lﬁ One of the 10% one of the 15%, and one of th} A
- 3 ] of the stoppered bottles 20% bott]es , g
with water. / o
/ / '
% |12 Store them in the Tncuba tor 12a /at, 20% + 1°c. /
‘ . for 5 days. .ﬂTZb In%he dark. / ‘ o
Y ' 12T Check the flared tgps at least. twice daily and
’ - refill with water #s needed.
3 /" by N
\ . / »
3 b4 / -
- "-. l// ’
- ) ‘ . N
, o , . &L
8 T . . . L. . S / -
v L . L " } : Page No."3-19



Dechlorinatibn of Samples for Biochemical Oxygen Demand and

Page No,

3-20

LFFLLENT MOLGITCRING PPUCED ‘RFJ J
Seeding of the Dilution Water 3 14
* ¥ . ‘ !
o . TRADNING,
OPERATING PRCCEDURES - . STEP SEQLENEE , THEUPMAT IONy CRES LT NG ORI T/ SPECTF ICAT IS LI0E NoZEs
F. Calculation of Oxygen E ® S /
Depletion 1n the ’ ¢ *
Sample, Dua to Seea |
_(continued) ’
. 833;‘;“82;;2218; 1. Determine and record the | la. The other 107, 15%, amd 20% bottles. ;
n the Seed Con- ni1t1al- B0 of the other 1b. Use the Winkler Method - azide mod1fication, or .
trols 3 bottles. . a D0 meter. See thé appn0pr1cLe effluent mon1tos
. 1ng procedure.
1t. The DO determination should be made wltb1n iJ \
. . minutes after mixing the contents of the liter
. graduated cylinder, ’
2. Kfter five days, determine ' 2a. Use the same meth® as for tne 1nitial DO deter-
and record the frnal DO of minations. .
of the 3 incubated bottles.] 2b. Example calculation. )
' 7.0 mg/1 = 1nit1al DO of the 20% seed control .-
2.8 mg/1 = fimal DO of the 20% seed control
2 mg/l =5 day DO depletion of the 20% seed
5 contral
' 4.2 X 100 = 60% DO depletion 1n thé 20% seed
7.0 control. (This 1s within the 40-707 .
, = range.) - }
v . \ B§‘s1m1lar calculation, if the 157 seed control
: gi1yes a 407 depletion, use the 20% seed control
- s Teulating the findl BOD value, as ex-
: 4 ned befofe. . <
¥ A\ 'd
2¢c. The 20% seed control will be used for the rest

of the_example calculations.

i ¥
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" EEFLUENT MUNITCFING PRGCEDURE:

.

¢
o
Dechlorinazion of Samples for Binchemical Oxygen Demand and
Seeding of the Drlution Water L .

- ‘

OPERATING PRCCEDURES

;
'\ .

*

DURLRMAT ION/ CRERATING COALS/ SPECTIFICATIONS

il LUy -~

F. Calculation of Oxygen.

Depletion 1n the"
Semple, due to Seed
(coptinued)

3. Seéding of the
Dilution Water

. P1pét the ca]cu]aged

. Drain the.sea‘ from the
. pipet into the dilution

. Mix tne di1lution water and

amgnt of seed (superna-
tant Tiguid) from the 2
T1ter flask (B.1.2.).

THis is the same seed used
ta prepare the seed con-
tgols in F.1.

water container.

seed by
tainer.

~wirling the con-

2a.

3a.

. Two m1 of the supernatant liquid, (seed)

. Continuing the examplg, 6 ml o

. Use a gradoated pipdt to measure the seed.

]
L
¢

N

] \ 4
4

. Fpr example, assume 3 liters of dilition water

are left after preparation of the geed controls
(F.). . .
are used
for eacht1 T1ter af dilution w%‘ér - seed mixture.
seed would be
pipetted (3 x 2).+ ® W NS

. As,mentioned in the effluent monitoring :procedure

82>the Determinatian‘of Five-Day Biochehical
ygen Demand, during the incubation period, at
least 2 mg of dissolved' oxygen/l-must be used’ by
the sample, -and at lteast 1 mg/1 must remain at

- the end of the incubation period. ‘If less than

the 2 mg/1 is usedy ifhcrease the-amount of seed;

each 11ter of the di]ution water-seed mixture. .
Only experience canldeterm ne the proper amount
of seed tp use. v

.e.g., maybe 4 or.5 ml of slfd will.be needed for

Ten
If solids clog the tip
Ten.ml -

ml size 1n the examples
of the'pipet, use a graduated cylindér.
size-in the example.

Continuing the example, there are now 3006 ml of ~

liquid in the container.
; M

"

After $ix1ng, the dilution water 1s said to be
seeded. '

s ”,

, - Page No. 3-21




' e : g Dech]o}1nat1on of Samples for Biocheh1ca1 Oxygen Demand and l Page No. 3-22

L4

, ] . & . ) ] %,_ i
T ‘
- g , . - . , TRATNING
+OPERATING FRCCEDURES - STEP SEQUENCE INFCRMATION/CFE=ATING GUALS/SPECIFICATIONS GUIDE *WOTES
F. Calculation of Oxygen . e ¢ ‘
Depletion in the ) ‘ -
Sample, due to Seed
. {continued) © e ’0 0
’ ~ {.4. Place the container of * 4a. 20°C + 1°C.
seeded dilution water 1n 4b. Until 1t 15 needed.
the incubator.
/ N 4 - =
5. The 2 liter flask may now : ) ' .
be emptied. ¢ ‘ h .
4, Détermination of 1. Determine what dilutions . la. See the ‘effluent monitoring procedure on the’ L -
Seed Control Cor- w11l be made on the sample. Determination of F1ve- -Day Biochemical Oxygen
rection » . ) Demand, sections C.1.le."and C.1.1¥.
1b. For the purpose of example, assume you have # .
) 1 gatned experience aboutMthe proper sample volume ,
' . to use, and you are gQing to set up a 40% di- ,
: ’ Tution on' the effluent of a treatment plant treat-
) : . ’ 1ng domestic wastewater. ;
H ‘_‘- "
2." Calculate the amoynt of, 2a. Continuing the example: the dilution 15 being,
* seeded dilution water done in a 1 liter graduated cy11nder SRR
needed. .- - - § 2b. 1000 x G.40 {40z as a decimal) = 400 m] samp]e . -~
, 2c. 100@ - 400 = 600 ml dilution water. .
. 3. Calculate the amount of "sga. Continuing the example:
. . seed present 1n the di- 600 ml1 of dilution water are being used.
' Tution water used to 3b., 6 ml of seed were added to 3 liters of dilution
| dilute the sample. water; 1.e., 6 ml seed, and 3000 ml dilution
' water,
, - 3¢. 6 PP
> ‘ £+ 3000 X 100 0.2% se;gt;: the se?ded dilution \
v " . ; ’ \ . 1
/\ . :‘J ‘J ) . ’ .
.
8 Yi




EFFLUENT MUNITCORING PRUCEDURF :

)
L ]

n Water

4

Dechlorination of Samples for
Seeding of the Di1lutio

!1ochem1ca1 Oxygen Demand and

.

-

OPERATING PRCCEDURES

STEP SBQUENCE -

THFORMATION/CPERATING GUALS/SPECTFICATIONS

TRATHING
GUIDE NOTES

F.

Galculations of Oxygen ¢

Depletion in the
Sample, Due to Seed
{continued)

i

4. Calculate the % of seed
material in the 300 ml
BOD bqttles containing
the sample,

]
5. Calculate the % of seed
in the seed controtl.

rd
4[;.

A

da.

4b.

4c.

'4d.

5a.

. 5b.

"‘, R

Continuing the example:

A 40% dilution of the sample is being set up 4ms
was mentioned in F.4,1.1b.).

In the\ 300 mt BOD bottle:

40% = sahple . "
60% = seeded dilution water .
300 X 0.4 (40% as a decimal) = 120 ml sample

300 X

-

]

dilution water.

The seeded dilution water contains O.Zi seed
(F.4.3.3c. above).

180 ' 0.002 (0.2% a
material in the 300

0.36
300

L

a decimal) = 0.36 ml seed
1- BOD bottles ‘f

x 100 ¢« 0.12% Reed in the BOD bottle

y—
s

Continuing the example: .- ‘ 4
The 20% seed control gave‘% 60%'0x}gen(dep]eti0n
and will be used-for the example calcutation as
mentfdged 1n F.2.2.2b. and F.2.2.2c.

¢

A L

/oot
‘ . >

?
" Pa

0.6 (60% as a decimal) = 180 ml seeded - °

Thv‘efpre, there is 20% seed in the seed control.

- b ’ ] .

ge No. 3-23
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EFFLUENT MONITGRING PROCEDURF: Dechlorination of Samples for Biochemical bxygen Demand and
- - — . Seeding of the Dilution Water - i :

A——= — :
N : ~W TRAINING
OPERATING PRCCEDURES STEP SEQUENCE TNFORMAT [ON/OPERAT ING GOALS/SPECIFICATIONS GUIDE NOTES

r

F. Calculations of Oxygen '

Depletion in the - .
Sample, Due to Seed : ' d
{continued) . Calculate the seed control . Continuing the example: .

™ correction factor.’ . .
% seed tn BOD bottle.

(ﬂJ\ﬁ - o | © % seed in the seed gontrol

L = 9%
. 2

' ‘ 0.006

.

. Calculate the seed cor- . gontinuing the example: .

rection. L ’ : .
seed correction = five day oxygen deptetign 1n
seed control X factor: .

. Oxygen depletion = 4.2 my/1 (from F.2.22b.)
X 0.006 . ' o~

= 0,025 mg/1 P

-

Calculation of BOD;, . Calculate mg BOD /1 for . See the effluent monitoring procedure on the
Corrected for Use df the sample. Determination of Five-Day Btochemical Oxygen
Seeded Di]u}ion Water . Demand, section D.1.

. Continuing the example:
Assume the BOD5 to be 30 mg/1.

. Subtract the éeed‘éorrect- . Con¥gming the_example:

0n. .
’ ;3~BODS/1 = 30 mg/1 - 0.025-ma/1

29.98 mg/1 .
30 mg/1 (rounded off)

p -

~4
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EFFLUENT MUNITORING PROCEDURF ¢

-

.

-

Y

¢

‘ Dech]or1nat1on of Samples for B1ochem1ca1 Oxygen Demand and
Seed1ng of the Dilution Water

:‘ 1 13
, — ~ ¥ TRAINING .
OPERATING PRCCEDURES STEP SEQUENCE INFORMATION/CPERATING GOALS/SPECIFICATIONS GUIDE NOTES
6. Calculatien of BOD, ° ' . o
Corrected for Use . D
«. " of Seeded Dilutien g Y .
Water (continued) ~ .
- 2b. In this example, the seed corregtion was small
oo enough to be jgnored.: However, it will not
-~ necessarily always be small enough to be ignored,
~ ¢ ~
‘ . ( . - \
- ' '
u ’ - -
s
' S
{
e , - /
v ’
14 ’
L L M
. ‘ . G’
LT ) )
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"[FLUENT MONITORING PROCEDURE: Dechlorination of Samples for Biochemical 0xygen Demand

: and Seeding of the Dilution Water

[

—-—

FIELD AND LABORATORY EQUIPMENT ‘ CoL ’ Section V .

L . ‘ . TRAINING GUIDE NOTE REFERENCES/RESOURCES
AT If the glassware is especially dirty and canndt be | °

cleaned with ordinary detergents, chromic acid
cleaning may be ‘required.

1. Pour 35 ml of distilled water in a 250 ml beaker.
I
2. Add about 1/8 teqéﬁoon (simply estimate this
quantity) of sodium dichromate, NaZCr207, to
the water.

3. Swirl the beaker until the sod1um dichromate
has dissolved.

' P 4. Keep repeating steps 2 and 3 until no more -
sodium dichromate will dg;solve.

5. Pour:the golution into a 2 liter beakq(. !

6. Slowly pour 1-liter of concentrated sulfuric
acid, H §04, into the 2 11ter beaker.

. . CAUTION:  Use eyeglasses and protective clothing.

7. Stir the mixture thoroughfy.

» s
8. Store 1t 1n a glass stoppered bottle.
[ §
9. The cleaning solution should be at a temperature
of :about 50°C when it is used.
10. It may therefore be necesgéry to warm the R
cleaning solution. R
M. When using the warm cleaning solUtion, fill the
piece df glassware yith the solution.. ' ,
*
12. Allow it to soak for 2-3 minutes (or longer).
13. Pour the cleaning solution back into the storage .
< bottle.
, 14. Rinse the piece of glassware ten times with tap
M water.
15. The cleaning solution may be reused unti] if ~
turns green.
- . 16. It should then be discarded.
{ -
&
. . v 0Or,
o - ' ) Page No.- 3-27
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EFFLUENT "ONITORING PROCEDURE : De!@rm1nat1on of Dissolved Oxygen Us1ng A

This process
. NAME
ADDRESS
POSITION

EDUCATION

Dlssolved Oxygen Meter .o ¢

P

was devé]oped by:

Char]es:R. Feldmann ' b'
EPA, OPO, NTOTC, Cincinndti,, Ohto 45268
Chem1st—Instruc%or T .
AND TECHNICAL BACKGROUND

B.S. - Chemistry K

M.S. - ;hem1stry

1-1/2 years Industrial Chemist

4 y?drs addi1tional Graduate Sckool-
4 years college Chemistry Insiructor

1-1/2 years DHEW - Air Pollution Program, Chemist

10 vears DI - EPA, Chém1st-Instructor

.



. \ g

\

-

EFFLUENT MONITORING PROCEDURE. Determination of Dissolved Oxygen Using A
Dissolved Oxygen Meter

.

1. Analysis Objectives: . . y =

The learner will use the attached EMP to place the Weston and Stack
Model 300 Dissolved Oxygen Meter inteo operation,'inc]uding electrode
cleaning, membrane 1nstallation, calibration, and use of the meter to
make a dissolved oxygen measurement. )

”

. Brief Description of Analysis: ’ )
The Winkler determination of dissolved oxygen-azide modification is
subjel® to many interferences. In the case of a.BOD: determination, the
problem is minimized to some extent because of sample dilution. If it
is felt, however, that appreciable amounts yf 1n£erfering mater-als are
present, a%issolved oxygen meter should be used.

3. Applicability of this Procedure: .
- \
At concentrations formally found in wastewater effluents, chlorine does
not affect the dissolved oxyqen probe. Prolorged exposure to higher
concentrations of chlonine, and hydrogen sulfide, will necessitate cleaning
" of the lead anode. 011 and grease will coat the membrane causing a de-
crease 1n sensitivity; the membrane should be replacéd in this case. ™~

Th1s procedure was excerpted«from the 1nstruction book supplied with
the meter.by the manufacturer.

4

Mention of a particular brand rame does not constitute (éndorsement b
by the U.S. Environmental Protection Agency
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EFFLUENT MONITORING PROCEDURE: Determination of Dissolved Oxygen Using a

. Dissolved Ox en Meter .
‘ ) ]

7’

» - o

General Description of Equipment Used in a Process
A. Capiia]

1. Wgston and Stack Model 300 Dissolved Oxygen (DO) Meter with Model
A-30 Probe, accessory kit and manufacturers instruction book
2. Still, or other source of distilled water
" 3. Trip.balance, 100°g. capacity

~

B. Réusab]e

\
. One 100 ml* graduated cylinder

One 250 ml Erlenmeyer Flask . \

One 160 m1 gTass stoppered bottle

One 200 m! plastic bottle N

One teaspoon .

small blade screwdriver

One 250 m1 beaker

Five ml syringe or eyedropper with tapered end /
, Small pocket knife :

Four 300 ml BOD bottles .
. Equipment for performing a N1nk]er D0 determination-azide modification,
see the effiuent monitoring procedure Winkler Determination of D1sso]ved
Oxyaen-Azide Modification. -

A QOO N PN

-
—_—

C. Consumable |

.

co

. Potassium 10dide, KI, 50 g.
Sodium sulfite, NapSG3, 25 g.
Sodium hydroxide, NaOH, 10 g.
One rubber band
Paper towels
Stlicone lubricant ' .
Source of distilled water .
One 1 1nch long piece of scotch tape .
Reagents for performing a Winkler DO determination-azide modification,
see the effluent monitoring procedure linkler Netermination of Dissolved
Oxygen-Azide Modification.
10. .Sod1um dichromate, Na,Cr,0 - v
11. Concentrated sulfuric acid, HzSO4
12. Soap :
(Items 10, 11, and 12 are for c]eaA1n9 glassware. The guantities
wi1ll therefore vary.)
13. Bruszes (for cleaning glassware)
. 14. Brush (for cleaning-balance)
“15. Sponges (fpr cleaning of laboratory table tops)

O RN ND WM —

EHQJ!:‘ N } ‘ Page No. 4-5
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EFFLUENT MON}TURING PRUCGEDURE: Deienﬁination of .\Dissolved Bxygen Using a
. a Dissolved Oxygen-Meter '

-

3
A

C. Continued . .
A11 reagents should be of high quality: Different chemical
manufacturers may have d1fferent ways of indicating a high quality
‘ reagent. While no endorsement of one chemigal manufacturer over
another is intended, the following are some designations used in -
four chemical catalogs to indicate high quality reagents.
: A i

Catalog Designations
Thomas ’ I Reagent, ACS, Chemically
o " Pure {CP)
L) .
Matheson, Coleman & Bell Reagent, ACS, ' =
[ L s
Curtin Matheson . Primary Standard, ACS, AR
Scientific, Inc. . ’ ) >
. . [ 4
Eisher s " ) Certified, ACS
. _—
' 4
-, C
i
7 14 .
, -
'
’ l ‘
. p' ;
‘g.
: . 10% '
~ \k*
»
L4 ‘ !
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meter scales ,/”/////’A

-y

i '
.rj . v . N ’ L
‘ \ FRONT VIEW OF ?ETER‘
f v ./

(HI, LO, teip)

{ : »

Y.

function switch

zero check switch— |

temp test button -‘._r{al

tt

zero —

" on off/chg
switch

Do 5robe

attachment

. 1o
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REAR V EV OF METER -
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— “~
. N N Y 1
- . e
% .§ ¢ \
| 11 -
\ \
N . tubes for - \
accessory X . ~
., storage-
, R
t
0 probe attachméni N
+ ' ¢ : temp test button
\ ’ ‘ y s /////////

. . .
\
‘m -
,

s T AC power copd attachfhent

———
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-y
.

. CYT-AWAY VIEW OF PROBE, SHELL. AMD STIR

v

-

RIAG-JECHANISH
\ | "lsarvice !ab’_’

|
'\ 2

R . . ¥ 4
. M “J
cord to meter . e/ I oR——22 0" rings
\ | LAV | MY .
. . o -
. . , s . R ] A '
o N <.

electrolyte fil]fné
~scréw (ahd wa'sher) |

b
battery hpx™> '
long strew

L L
anode rim N ///
” .
" thermistor pins in well _

s

lead coil anode-

: Ve

flange

v

?ﬁrnipgle and "0" ringv
(seats in thermistor
pin well)

.springoclqp =

1 4

platinum cathode

SHELL -

<+ micro.switch’

micro gwitch actuator arm
s R 1

/
shield (to protect
membranc)

\
2

-

-
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OPERATING PROCEDURES ‘ STEP SEQUENCE _— INFORMATION/OPERATING GOALS/SPECIFIEATIONS ~ - LIDE NOTES
- . I Y 7 , R .
A. Equipment- Préparation . : o ' ' ' Pt )
+T. Glassware . - |1, Clean all glassware and . ' - VAL
’ rinse with distilled water. . . A {p. 22}
" 2. Balance inspection ] Check aljyl ba]aﬁces for , 7 . . ’ ;L. .
. cleanliness and proper . - _ . ) : A R
/.‘ ) . : operatmn . ' Lo : ’ . . g
* < S e N - . <, . . * . . . N . . g R 0 .
«B. Reagent Preparation . PO . ,
v 1. Electrolyte -« |1, Weigh 50-g. of potassium o ' ' .. ‘ .
. solution o iodide, KI. . .
., Y, * i
e 2. Weigh 0.1 g. of sodium «
- ot su]fit;e. . . ! IR
. 3, Dissolve the two ;oh‘ds in 3a. Unless otherwise specified, " the term water ,
. . 100 m1 of water. l means.distilled water. . ' S
o . B . 3b. Unless dtherwise specified, 501ut1ons shou]d be
: : . - stor‘ed m glass stoppered bot}]es
) 4. Store the electrolyte in a A0, — T - T - ‘ o e
small bottle. ‘ " B : ' .
2. Sodium.hydroxide °| 1. Weigh 10-g. of sodium , ‘ - : . .
solution . . hydroxide; NaOH. . . »
4 e ' s -
2. Dissolve it n 80 ml o . PR .
 water., 7 - . ﬁ ! < . ‘ : ;
! ™~ . . ‘ - . '
. 3. Store the Tution in a , . e / / A
- small p]a ic bottle. co- . S r . . ,
J . . \‘ ’( - . . - -
3. Sodium sulfite 1. Medgure 1\teaspoon of sodium [& : - S o A ‘
solution . sol 1te Ha2§03 , " hd . ' .
~ o 2. D]ggoﬁg 1t 1n 500 m1 of. | 2a: Prebare this solution just prior to use.
tap “witer. . . - : ' \ . e 1 ¢
. : - - : 1)
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EbFLUEN! MONITORING PROCEDURE: Determination of ﬂq;solved Oxygen Using a Dissplved Oxygen Meter
. . ¢

cd

. 7

LY

X

OPERATING PROCEDURES .

TRAINING

C. Equipment Preparation
- 1. Battery check -

Weston and Stack -

Model 300 Dissolved

Oxygen (DO) Meter -

2. Battery cﬁeck-DO
probe stirring
mechanism *

ERIC 11w

. STEP SEQUENCE '

1. Eheck the power cord attached
to, the rear of the meter.

2. Turn the function éqitc
the temperature position/

3. While pressing the temp test
button (left side* of meter),
adjust the temp adj screw
(right side .of meter) to

read 50°C (bottom scale on
front of meter).

4. Turn "the function sw1tch to
the transit position.

]. Bemove the long screw from
the top of the battery box.

2. Remove the top half of the )
battery box.

3. Insert ‘two size AA 1-1/2
volt batteries (provided.with
the instrument) into the
battery box.

‘4. Place the top on the battery
¢ box: -

—

5 \Iqsert the Tong wgew into "

the top of the battﬁry box. -].

6. Screw it down. .

B

7. Using your finger, close the
© micro switch actuator arm on
the side of the probe.

INFORMATION/ OPERATING GOALS/SPECIF ICATIONS,

la. The meter is"portable and the cord shoJld be
plugged in to recharge the nickel cadmium
battery during stoyrage periods.

Ja. One should be uprigﬁt, the other upside down.
. - _ L

4a. Note that there is a tip and a hole on the bottom
. of the tgf half of the battery hbx. These fit in-
-to a holg and a tip on the top of the pottom half

of the blttery box.

-~

7a. The~probe stirring mechanism will start.

’ .o Page No. 4-11
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OPERATING PROCEDURES STEP SEQUENCE INFORNATI8N/OPERATING GOALS/SPECIFICATIONS GUIDE ROTES

=

2. Continued

3. Cathode check-Z0

1.

2.

1.

. Loosen

e long screw.

the top half of the
ry box ab?yt ha1f inch.
F

b

Unfasten the spring ¢l1p and
‘remove the probe frem the
she]] , /

Examine the ptat{;um cathode
at the end of the probe. ya

-t
v

*Pemove the térv1ce cap/on
top of the probe.

. Examine the two b]agk "o~

rings.,

. éoa‘the two Q" rings with

a very thin Yayer of silicone
Tdbricant. ) :

Invert the probe aver a

table top.-

-

10a.

10b.

10c.

2a.

da.
4y,

. If it is not, wipe it briskly w1th .a paper towel,
- or coarse plece of cloth. -

\ . .
The rubber band should be placed 1n such a way
that the two halves of the battery box are kept
apart,
This will keep the stirring mechanism from
operating when the probe is not in use.
Do not remove the rubber band and tighten the
Tong screw until the meter is to be calibrated
or measurements are to be made. ) '

It should be free of dirt.

)

They should be free of dirt. -

The lead co1l anode should drop out. .
If it does not, tap the probe 11ghtly on the tab]e
top. .

-
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EFFLUENT MONITORING PROCEDURE: Determination of Dissolved Oxygen Using a Dissolved Oxygen Meter

[ ~

\

- \ : ) ' / TRAINING .
OPERATING PROCEDURES STEP SEQUENCE : _INFORMATION/OPERATING GOALS/SPECIFICATIONS . GUIDE NOTES

. . /
4. Continued . . Exa m1ne the anode. "~ ]"-ba, It shou]d ‘be free of dirt-and corros1on. Yellow
., colored corrgsion is connmn

. If'corrpsion is preseftt, soak{ 6a. A few miMutes soaking should suffice."
the anode 1n the sodium ‘ ,bb. Very minute “amoynts of corros1on will not
hydroxjde solution. cause prob]ems

K -

. R1n§e the anode thorough]y
w1th tap hater SN

. Rinse the anode" thoroughly
. with d1§;111ed water, ' *

. Examinet the'rim, jnsi e of %9a. It shcu]d*be free qf dirt and corrosion, Yellow
the probe, on.which the, . co]ored corros1on 15 common. ‘.
anode 'sits. . , Y - 3 )

If corrosioh ‘s present, ) 10a fA-swab difped in the-sodium ﬁxdroxlde so]utlon
scrape it away using the . w11] a]so remove the. corrosion,

, b]ade qf a sma}l screwdr1ver

. ﬂhnse the rimeand interior_'of
the probe, thorough]y with' tap,
water and then with d1st1]1ed
water; “ i

5. Thermistor contact’| 1. Invert the probe’

*  check - ~ | o ’ , . Ce g .

. Examine the two thermistor 1 2a. They should be free of-dirt and corrosion.’
pins in the small well. 2b. If they-are corrpded, qenf]y scrape them, using

. o . - . the b]ade of .a sma]] scréwdraver
- «

. Examine the "0" ring around 3a. It shqq}d be free of d1nt.
the n1pfle which seats in the| ~ v | o T
thermistor pin well,

vy *
Page No. 4-13




OPERATING PROCEDURES

STEP SEQUENCE ‘

INFORMAJIONVOPERATING GOALS/SPECIFICATIONS

5. Coﬂtwnued

»
LY

. 4
6. Membrane
installation

\

2

19.

o.

. foat it with a very thin
layer of silicone 1ubr1ca?t.
“.:" 4 ~
. Select a 1“mil~membrane L
(furnished with the
1nstrument):'

. Examine 1t in bright Tight
for holes.

. ﬂo]d the probe upside down.

-

. Lay the square membrane over
the platinum cathode.

. ﬁold the membrane back over
the Erobe. , ‘

. Loop a smal) %ubber band
(furnished with the instru-

ment) around the probe-three

times just above the flange.
. Gently pull on the 1oose
" edges of the membrane,

.

»

. Place a short piece of scotch
tape over the well contarn1ng
the two thermistor pins.

Remove the electrolyte fill--
' ipg screw and washer. <
Hold the probe 1n a vertical
positien, with a f1nger tip
held aver the eleqtraljte
f1]]1nq we]l

4

¢

-

la. Amil is 0.001 inch. |
1b. One-half mil membranes are sohetimes used.

respond faster, but are more fragile.
14

If any aré seen,’

They

discard the membrane.

2

4a.-The cathode shouTd be in the center of the square.

-~

6a. The rubber band should hold the mgmbrane snugly,
but not, too tightly. -

6b. Two turn® of the' rubber band may suffice in some
cases.

. —

Za. There should b€ no fo]ds in the membrane aver the

platinum cathode.”
7b. The pulling should not however, cause tearing
* of the membrane. .
8a. This w111 prevent moisture from gett1ng(1nto ;he
thermistor pin well while the probe is being ,
. filled with e1ectro]yte

v

10a. The cdthode s‘%u]d point down.

4

-




. EFFLUENT MONITORING PROCEDURE: Determination of Dissolved.Oxygen Using a Dissolved Oxygen Meter

-

-

OPERATING’ PROCEDURES

STEP SEQUENCE

INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
CUIDE “NOTES

. 6. Continued

14,

. Pour e1éctr01yte solution

into the service cap opening.

. With a twisting motion, sli

the rubber band and membra
down about 1/2 inch.

. With a similar motion, slide

the prubber @d_and membrane
back up to original
position. . B
‘Loop a se¢ond rubber band
round the membrane about
Malf-way between the first
rubber band &nd the two
holes near the platinum

.~ cathode.

Carefully drop the lead ancde
into place.
é

s

. Screw in-the sérvice cap

about half-way.

. Hold the probe in a hori-
- zontal diregtion, electrolyte

filling hole up.

. Remove the finger tip from

the electrolyte-filling well.

. Using a syringe or eyedropper

with a tapered end, add
additional electralyte

.through the filling hole.

11a.

12a.

- —~—

Fi11 the prebe interior almost to the top.

Y

The pocket ‘formed by the membrane will fill with
electrolyte. - :

. There should be no wrinkles in the part of the

membrane lying across the platinum cathode.

°

L}

. Wrap the rubber band as tightly as possible, one

turn next to another.

. There should still be no wrinkles in the part of
.the membrane 1ying. across the platinum cathode.
. It may be awkward to keep a finger tip over the

electrolyte filling well. -

. No problem is created if some e;pctrolyte is

lost, it will be replaced later.

. Some electrolyte will probably run out.

A

. Gently rock the probe back and forth after each

additfon so as to dislodge air bubbles.

. Tap the sides of the probe with a pen or pencil

to ensure bubble escape.

Page No. 4-15




OPERATING PROCEDURES

STEP SEQUENCE v

-

INFORMAT{ON/OPERATING GOALS/S#ECIFICATIONS‘

TRAINING *

6. Continued

P8,

0.
28

P2,
P3.

cathode.
4.
P5.

P6 .
P17,
P93,

B0.

1.

‘Jighten the service cap.

Check for comple®eness of
electrolyte filling.

Replace the electrolyte
filling screw and washer.

Ensuré that no air bubbles
have formed unger the mem=-
brane covering the platinum

h

Cut the membrane around the
probe between the two rubber
bands.

Cut away the first rubber
band.

Remove the excess membrane. -

Carefully rinse the outside
of the probe and membrane
with water.

Genf]y shéke off the water.
Remove the piece of tape
covering the theymistor pin
well,

C;?Skglly place the probé
back 1n the shell.

P]ace‘the probe in a 300 ml
BOD bottle full of water.

N

) r
23a, If there are any, the membrane should be removed
and reinstalled. .
{ . . v
. ~ *
. ~
. ) [
/ -

R . L}
30a. Be cautious not to tear the'mémbrane. 4
30b. Make sure the sprifdg clip is properly closed.

GUIDE NOTES

oy




EFFLUENT MONITORINé PROCEDURE:I

'

Determination of Dissolved Oxygen Usmng a Dissolved Oxygen Meter

b

m

—r

®

@PERATING PROCEDURES srey SEQUENCE

{
INFORMATION/OPERATING GOAMS/SPECIFICATIONS

TRAINING
GUIDE NOTES

. N1tﬁ your- eyes at the same
_leved as the end of the
probe, look carefully at the
end of the probe for about _
one minute,

6. Continued -

. Attach the DO probe to the.
D0 meter. .

~

2, Rinse the outside of the
_shell with water. -

3. Place the probe in a 300 ml
B0D bottle filled with
sulfits/solut1on

8.-Allow jt to stand for
] 10 minutes.

5. Remove the rubber band from
the stirring mechanism
battery box.

6.-Screw down the long screw
in the top of the battery
box.

77 Wait two minutes.

‘ - -

€. Turn the on off/chg toggle
switch to the on position.

9. Turn the fufiction switch
to the HI mg/liter position..

10. When the needle reads 1.5 on

the top scale, turn the func-

tion switch to the LO™'m ter
< position. g/i\

32a. If there are any hales in the_membrane the
1e king electrolyte will be seen in the water,

the membrane must be replaced.
¢

’

1a A p11ers may be used to gihure a snug fit, but
be careful not to damage the knurls on' the

Tocking collar. :
P 2 S £,

not .g Water on the micro switch of the

2a,
2%1rr1ng mechanism,
@

‘

. P 4
6a. The stirring niechanism should start since the
flared.top of the BOD bottle closes the m1cro
switch actyator arm. .

te

«
-
-

9a. The needle oﬁ the meter face-will move to the
o right and then slowly drift to the left.

10a.

t

The needle should continue to drift to the left,

Page No. 417 ¢




p ' e o e . TRATNING
OPERATING PROCECURES STEP SEQUENCE. INFCRVATION/OPERATIG GOALS/SPECIFICATICHS JILE ATES -
. 7. Continued 1. Wait one additional minute.
12. Depress the zero check togglel 12a. After releasing the toggl i -
switch and turn tug'zero nay s o] drigt : ggg e”sthﬁh the needle
screw {bottom front of the , Y ?wa a “true” zero. -
instrument) unt11 the needle* ‘ T
riads 0 on the middle scale -
of the meter. N : , \\
13. Turn-the on off/chg toggle T
switch to the off/ghg . s é2t§2$y0§2/cpg pqg1t1gn, e pocer coagme *
ita L charging when the power ¢
] position, . attached p ord 1s
14, Turr the furction switeh . .
to the transit positior. . ‘
‘ L
 5¢ Loosen the long screw and 14a. For the remainder of this EMP, th1s procedure
. raise the top half of the w11l be referred tc as turning the stirring
tattery box. mechanism off. Lowering the top half of the -
> battery bok and tightening the long/ screw will
be referved, to as turning the stirfing méchanism
on.
X . 6 Peplace tnre rubber Land which s
. : separatec theTwo halves of -
the battery box. '
. i .
17 . Remove the probe from the
BOD bottle. . ']
8. Rinse Qff the bottom of the }17a. Be cautious not to get the micro switch wet. ?ﬁ
. . probe thorbughly. 17b. ATl traces of the sulfite solution must’be T v
v e removed., ' K
9. Place the probe 1n a BOD 18a. To prevent the membrane from dfying out, always
o bottle filled with water. keep the probe in waten when not 1n use. -
- ' \
8. DO meter 1. 1171 two 300 ml BND bottles la. It is essent1al that the two samples be 1dentical ]:22\
" calibration to overflowirg vath distilled 1n coxygen conterit -
water . . - '

L]

‘ ‘ -




- . [ . '
* EFFLUENT MONITORING PROCEDURE: Determination of Dissolved Oxygen Using a Dissolved Oxygen Meter

¥

-

. I e . TRAINING
OPERATING PROCEDURES STEP-SEQUaNCE INFOR4ATIQEZ9E!RATING GOALS/SPEgiFICATIONS -1 GUIDE NOTES

—

8. Continued 2. Determ1ne the DO’ of one of 2a. Use the w1nkler Method-Azide Modification. ~ ¥
. ) the bcttle )7 : ‘

3. Remove the probe from the BOD
bottle containing the water. |’

4, Rinse t\e end of the probe’
‘with distilled water.

‘6. Place thé\Drobe in the second
BOD bottlé filled with dis-
tilled water

b,

. Turn the on\ off/chg toggle
switch to the on position.

. Turn the stitring mechanism
on. ‘
. Turn the functkon switch to
the HI mg/liter' position.

,

. Wait about two minutes. 9a. Because the slower responding 1 mil membrane is
being used, about ‘two minutes should be required.
for the needle reading to stabilize.

9b.*With some meters, experience may indicaté that a
shorter waiting period 'will suffice.

. Turn the cal screw (bottom .
“ront of the meter) until the "
needle reads {on the upper
scate) the same DO value as
was obtained from the
Winkler titration.

. Turn the stirring mechanism
GFf.
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STEP SEQUENCE

*

INFORMATION/OPERATING\GOALS/SPECIFICATIO&S

TRATHING
GUIDE NOTES

OPERATING PROCEDYRES
~ 8. Continued

12, Tyrn the on off/chg toggle
switch to the off/chg
position.

13. Turn the function switch
to the transit position.
S,

14. Place the prebe back a0 the
BOD bottle of distilled
water. The membrane should
always e kept wet' when not
1n use.

i3a.
13b.

13c.
13d.

e

There js no firm ru1e about how often to zero
and calibrate the Weston and Stack Mode] 300
DO meter. !

A conservatiyve est1mate would be to do the
calibration datly, and the zeroing every other
day 1in times.of frequent kse o

Eoth steps should be performed if the meter has
not been used for several .days. .
After installation of a new membrane, the
calibration changes markedly during the first
24 noura, and frequent calibrations are needed
during ‘this period.

-

~
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TRAINING GUIDE
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Introduction

Educational Concepts - Mathematics

Educational Concepts-- Science
Educational Coneepts - Communicatioés
Field & kaboratory Equipment
Fieid & Laboratory Reageqts P
Field & Laboratory Analysis

e

Safety .

Records & Reports

e

&
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EFF‘.U'ENT HONITOP\IHG PROCEDUP._ Dgterm]r(at]on of Dissolved Ox‘ygen. Using a 3 . ¢
\ Drssclvedy0Zygen Yeter ,
N T - : ;
I's ? N * .
- . Section t
, TRAINT ST T g I REFERCICES/RESOUNT 7
pd . - A -
L]
A1 If the glassware 17 2sces 211, dirty an1 oonnct he, 1 .
cleaned with ¢rdinars detererts, chromic 1tid ’
¢leaning rma, be rzguirer. . © -
L
1.7 Pour 35 m} of crsti’led water 1noa 220 =) teaker, | 13th Standard “ethczs,,
, J
p..135, section 2.7.2 .
] ¥
Al
-
4
4 4. Yeep regezt-re L R R S ’ ) 7
LS00 2hnrrnTa R Nt .
-
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«
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¥
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4
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prece of rloin. oo =T
12, Flice 2t o ~7« 50 7o L e
13, Peuw she gloeme o7 70 - . e R Rl
Eottle
»
14, Rinze tre e - Tl e e <
ta water,
15, Tre jairorme . ~r Co . (T
) turre Breoar,
[
16, 1t st-a7' ' "
- L d

El{lC:so, -2y
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A PROTOTYPE FOR DEVELOPMENT OF
ROUTINE OPERATIONAL PROCEDURES

& ’ , . - ’ fdr 1the ' »
DETERMINATION OF DISSOLVED OXYéEN IN Rad
. WASTEWATER: POLAROGRAPHIC PROBE METHOD

o s $

) " as applied in

) QASTENATER TREATMENT FACILITIE
and in the )

MONITORING OF EFFLUENT WASTEWATERS

- )‘
S

Developed by the !

National Training and*perational Technology Center
Municipal Operations and Training Division
+ Office of Water Program Operations
U.S. Environmental Protection Agency

n J

— -

®.0.do.EMP.3.3.77 < : 132 ’  Page No. 5-1
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EFFLUENT NOSITURING PROCIDURE: Detérmination of Dissolved Oxygen:
. Polarographic Probe Method (YSI Modél
54 Oxygen Meter) |

This instructienal sequénce was prepared by: - *
['—‘ -

NAME Paul F. Hallbach
8 ADDRESS ~ EPA, OWPO, NTOTC, Cincimnati, Ohio 45268
POSITION Chemist-Instructor : ’
EDUCATION & TECHNICAL BACKGROUND

BS - Chemistry

) 14 years Industrial Chemist ) .
16 years HEW-FWPCA-EPA-Chemist y '
» - \
v
) \
f »
' - : >
¢ @
v /.
& ' J ¢ B
/
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EFFLUENT MONITORING PROCEBURE  Determination of Dissolved Oxygen: ’
Polarographic Probé Method (YSI Model
54 Oxygen Meter)

A

1. Analysis Objectives: - .

The operator will be able to set up, calibrate and use a YSI oxygen
meter for -the determinatior of dissslved oxygeﬁ n a sample of wastew
water treatment-plant effluent.

2. Brief Description of Ana1ys1s*:\

The meter is’ set up and calibrated and the polarographic probe is

insérted into the appropriate sample. A reading is obtained from the g
meter which correlates the dissalved oxygen concertration in the
sample, .
. 2 .
/A
—
. R ,
; @
L.’ ’
Iy 1.3‘ .
’ - *
L
. ’ B |
L\ ) » 1
y - ;
. -~ " ) ) |
_ ¢ ¢
( . s

. . - .
*Standard Methods for the Examination of Water and Wastewater, 14th Ed.,
1975. ‘APHA, Washington, 0C, p. 45.)

. " 2 134
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EFFLUENT MONITORING PROCEDURE:

General Descript}on of Equipment
A. Gapital Equipment.

~* . 1

B. Reusable

1. B.0.D. bottle (300‘m1)

o

—

Determination of Dissolved Oxygén:
Polarographic Probe Method (YS! Model
54 Oxygen Meter) N

Used in the Process

. Dissolved oxygen meter and polarographic probe assembly - Yellow
Springs Instrument Company )

v

\ 2. One plastic squeeze bottle _ i .
3. Eyedrﬁ)per bottle « - ; .
v " 4. Scissors -
‘ 5. Small screwdriver » v .
‘/ X. Consumable‘ " ..
A. Starf@hrd membranes (0.001" - VST #53%)
2. Probe Service K;§ ﬂYSI #5034) ’ . ;
| BN :
. . | | ,Q‘s .

’
Wy, &
3 -
Y
-
‘ &
- e N
\\ Y
’ T—
./
L)
“ A .
Page No. 5-5
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+ ' o . . . / TRRINING
OPERATING PROCEDURES STEP SEQUENCE INFOR%T?GN/OPERATING GOALS/SPECIFICATIONS . GUIDN NOTES
— . " > 3 * . . . gl ﬁi"l’/ N
A. Probe Preparation 1. Add distilled water to the la. KC1 c¢crystals included in YSI Probe Service Ki? * =

. L KC1 &rystats and dissolve (Part no. 5034) a saturated KC1 solution diluted :
» - comp]ete]y 1:1 with distilled water should ‘be used. - ~
W - 1
- #77 Tran&er a part of the, KC1 . - .
* solution to the eyedroppen - ¢ 4
bottle. *
. P
- : 3. Remove the protective’mem- . -
9 " brane and "0". ring. - ‘ '
- , . -, . EY
. - 4. Select.a membrane from_the .| 4a. lay on a clean sheet of paper. Handle only by" A
a [N " membrane packet. " the ends. “ 4 N
@ ’ 4b. Use only YSI recommended membranes and fﬂhng
- - ) solution. Distilled water must be, used in
. . making the KC1 solution. Tap water contains \\/
1ron and other salts that result in poor . .
£ 2 . * lectrode performance®and will contaminate o '
. T the electrodes and result im short 1ife.” ~ ®
: ‘ : : < ' - e {
5. Support the probe’in a . I U S )
T » . vertical pos:tion. . " L ’
. ® - e,
6. With one thumb secure one - \ .
L J.f' end of ‘the membrane to the T .
side of the probe. ;] : . " -
. : N - b )
7. With the eyedropper, fill . ., “\"‘"\*/ . @
the central hole avo1d1ng o -,
air bubbles. 7 .. B ¢
8. Wet the'gold electrode 7T e surfge® tension of the KC1 will cause a “
"and the lucite around #t. - large drop or -meniscus to form above the
. . electrode. This will ensure complete c,ontact .
‘ ® v , . "  between the membrane and the KC1. .
. > N [N
. . . e . N R ‘
g d” ~ . . ™ - ; P
136 - N, SR 13
‘ N . ’
[ . - . o ¢




&FFLUENT MONITORING PROCEDURE: *Determinati” of Dissolved Oxygen in Wastewater: Polarographic Probe Method

(
”
. - 4

r'd

t': . 4
OPERATING PROCEBUYRES

““STEP SEQUENCE

INFORMATION/QPERATING GgﬁLS/SPECIFICATIONS

TRAINING
GUIDE NOTES

A. Continued .

9. Stretch the membrane over
the top of the electrode.

10. Stretch an "0" ring into
place--inspect for wrinkle-
free membrane.

J11.-Remove the excess membrane

about 1/8" beyond .the. Q"
_ ring with scissors.

Lé. A small air bubble may .
/ appear under the membrane.
- .

l,‘ . L]

-

13. After the air has been
driven from the anode, -
- remove the membrane, refill
with KC1, and install
. . another membrane. ‘

14, R?nse probe with distilled

water, .

15. The proBe is ready for
- operation. )

LJ

10a. A taut smooth membrane surface s required. A
lax membrane will result in erratic performance,

slow speed of response and poor shock performance.

L

. This is 'normal, however, strive for a bubble-free
probe. New probes, or probes that have been
allowed” to dry out, will continue to develop
bubbles until the porous anode is completely
filled. :

/

v

L]
1. Connect the two probe plugs
to the jacks on the gide of
. the instrument.

2. With the instrument turned
“off check the mechanical

" zero of the meter--pointer

-should indicate zero

2a. ddjust with the screw on the meter case. Recheck
when the position of instrument is changed.

1
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OPERATING PROCEDURES STEP SEQUEKCE [}FORMATIO!N/OPERATING COALS/SPECIFICATICKS

B. Continuéd 3. Switch to the RED LIKE

' position and adjusf® the
meter to red line with the
front panel control.

bottle containing a water tained by analyzing a duplicate sample by the ,
sample of known dissolved Winkler Titration Method.
oxygen ccntent.

. Turn the gtirring mechanism
switch on.

. Place the probe #n the BOD 45} Samples cof known oxygen'concentrat1on can be ob-

. Switch to the TEMP position
and read the temperature
when the meter is steady.

. Switch to the ZERO position
and adjust the meter to zero
with the ZERQ control.

. Switch to the 0-10 ppm " . Calibration and measurement'’should be carried out
positign and calibrate the on the same range to avoid compounding meter
instrument with the CAL ] tolerance errpr.
contro® '

. Turn-off the stirrjng
mechanism and the instrument]

v

C. Dissolved Oxygen 1. Place the probe 1n the BOD
Measuremeht bottle containing the un-
: ' kpown sample,

. Turn on the stirring mechan-
1sm and the 'nstrument.

A}




'

EPFLUENT MONTTORING PROCEDURE: petermination of Dissolved Oxygen in Wastewater: Polarographic Probe Method
: , ‘ , — TRALILN
OPERATING PROCEDURES STEP SEQUENCE INFORMATION/ORERATING GOALS/SPECIFICATICHS M GUIDE NOTES
C. Continued 3. Switch to the 0-10 ppm ’
. ) posttion: and read the
) dissolved oxygen concen-
L tration obtained. ’
4. Turn off the stirring °
X mechanism and the instrument| . ' . 4
' -
-
Lot h ’ X R
& ‘ o N
.
AN
A]
. t
142 | ‘ ~ 143

-— " Page No. 5-9
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" A PROTOTYPE FOR REVELOPMENT OF -
: e "ROUTINE OPEIXA:IONADROCEDURES e

or the , : -

_pH DETERMINATION OR WASTEWATER AND HASTENATER TREATMENT
PLANT FFLUENTS

; -
’ as applied in .

. -7 WASTEWATER TREATMENT FACILITIES
and in the
MONITORING OF EFFLUENT WASTEWATERS

} Developed by the

National Training and Operational Technology Center
Muné/c\ifga] Operations and Training Division
ff3ce of Water Program Operdtions
1J.S. Environmental Protection Agencv
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© EFFLUENT MONITORING PROCEDURE: Measurement of pH

" This instructional sequence was developed by:

NAME Paul F, Hallbach
ADDRESS . EPA, OWPO, NTOTC, Cinci!imati, Ohio 45268
POSITION- Chemist Instructor e
EDUCATION AND TECHNICAL BACKGROUND

B.S. Chemistry ‘

14 years Industrial Chemist

16 years HEW-FWPCA-EPA-Chemist

v

]

—
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’ *Standard Methods for the Examination of Water and Niftewatér, 14th Ed., 1975, APHA,

P
-

| s b~
. Xu,;‘ﬂﬂnﬁ
EFFLUENT MONITORING PROCEDURE: Measurement of pH

1. Analysis Objectiyes:

WWTP operator will set up, calibrate and operate portable type pH mgter for®*the
pH measurement of wastewater and WWTP effluent. -

2. BriefaDescriptton of Analysis*

A portable type, battery operated pH meter, equipped with a glass electrode

— system is used to measure the pH of wastewater treatment plant samples.

3. Applicability of this Procedure:
a. Range of concentrations:
pH scale 0-14
b. Pretreatment of Sample: _ g ¢ N
None
c. Treatment of intgrferences in samples:

"None

b4

Washington, D.C., p.*460

-~ L]

Page No. 6-4
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EFFLUENT MONITORING PROCEDURE : Measurement of pH

General Description of Equipment Used in the Process
A. Capital Equipment - ' '
j. pH Meter IL Model 175 PORTO-matic*
The IL Model 175 PORTO-matic pH meter is a small, solid state, battery
operated, portable instrument for the measurement of the pH of aqueous .
solutions. Manufactyrer's Specifications are as follgws:’
pH range: 0-14
pH Sca]e:; 7.2", 1/2% zero centered
. ,
- Readability: 0.01 pH
Electrical Accuracy: better than 0.035 pH
Drift per Day: 1less than 0.01 pH
Battery Life: 2000 hours

« - B. Reusable
1. Wash bottle, plastic

‘ +2. Beakers, 250 ml, 150 ml, 25 mI ,
. C v

. Consumable

1. Buffer Solution pH 4

2. Buffer Solution pH 9

3. Buffer Solution pH 6.9 ! :

4. Buffer Solution pH 7.4 ‘ N
5.

Saturated KC1 Solution

,

+

*Mention of a specific bntnd,néme doe noticonstitute endorsement by the .
‘ .~ U.S. Environmental Protection Agency

Q 1 P4 . ’ Page No. 6-5
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EQUIPMENT - PORTO-MATIC pH METER

‘)‘ OPERATING CONTROLYSY FRONT PANEL, 175 PdRTO—MATIC pH METER
HANDLE\f \ ‘
o B B ! .
METER - @\ :
SCALE pH 0-14'\~\ = Y ¢ .
@:\’ .A @
PORTO-MATIC
pH METER ‘1!
. MODEL 175
POWER sWITCH| I ETEMPERMURE
-off/oN—_ | | OFFON 0 . 60 COMPRENSATION
. BALANCE 3 . -t CONTROL
, KNOB™~——4 N (7T 8o |
F-d
. . : @\O ) 0 100 @
: ‘ . BALANCE . 2 TEMP° C
L - ‘
i A
' " : FIGURE 1
REAR PANEL, 175 PORTO-MATIC pH METER , -
. SPRING CLIP pH ELECTRODE
f A I\
INPYT P '\.L /\
CONNECTOR™N| : \
v —1 | ‘ \
~ . " N P
PLASTIC /_ . | LOCK NUTS
ELECTRODE CAP E _ﬁ’ :
- -‘r‘ [
) “ «‘_\\PLAsnc '
- . CASE
’ -~ FIGURE 2-
. . ’ " Page NO. 6--7*
| : 148 *
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L EFL ONITORING PROCEDURE: pH Determination ‘of Wastewater and o ' .
. N + . Wastewater Treatment PTant Effluents ‘ @ 'l\ i
. | ‘ L . v , .
‘s - e . o T : n - ,~ ' e ; ) / . T . TRAINDG
OPERATING PROCEDURES | .= . STEP SEQUENCE, "T INFORMATION/OPERATING GOALS/SPECEFICATIONS € 1GUIDE h0TceS
- 5 7 . P 7 : ~ )
A Inggrument Setup 1.‘P{a’ce pH meter on solid . .® -
S rface } . S SR v iy i .
, ’f
' 2. Rem.ove ctrode from rea%" See Fig. 2. I.A
o ‘ parel. o : (. 13
s, . i
Yo I3 Twist the cap at the bott See Fig. 2. ‘ .
. . « of the electrode to align¥ *'1 \
A ' the f111ing holes. -
e 4, Check the level and satura-, Y d
. - tfon of tAE KC1 solution in | ¢
3 the reference chagber of the ,
, : electrode. Y \
. ' ? ) . .
- 5. Place the #lectrode TN a ‘ ‘(
L A ’ ml. beaker contamhg ' . -
. ml of d1st11‘red water. | o 7 . ’
) 6. Turn ON/GFF sw1p‘ch on. \ ™ : ' oL - ‘ ) -
4+ 4’ . _ ) . ( \‘7 . . . ) ’ \\ :
B. Metgy Calibration 1. Set™temperature compensation Previously prepared standard buffer solution pH ‘
P . knob to correspond to tem- “6. 9 should be used, Buffer solutiong can be pre- ¢ X
- $ . .pewature of'bufftr solution _ ~pared from the formulas shown in t ttached -
.» .to be used for cahbratmn table. . P ;
Mg P . ] [
* 2. Transfer 50 m} of pH 6 9 - ; ° N Vig]
"L buffer solutign.into a : X (p..15) '
. . .clean 150 i1 beaker. . ) -
’ ‘ N - ’ N o~ N . ) -- " 1
' 3. Tufn meter switch "off" " | 3a. Meter should, be "off" when elettrode is dut -of '
. b - - g . solution, o
. .. .. »\ . . 4 < . . ) , - u X ) ) B
© . “« ) .
g o RN 150
N 14J < s . * G,
A o N




-7 EFFLUENT. MONITQRING PROCEDURE: pH Determination of Wastewater and
T . Wastewater Treatment Plant Effluents

°

r

4 v v
TRAINITG

STEP: SEQUENCE . IVFORMATION/OPERATING GOALS/SPECIFICATIONS T GUIDE NOTES

- 4. Rinse the electrode with * { 4a Do not altow bubbles to collect around the A VI
- buffer solution and immerse ceramx& Junction of the referenge chamber////” (p. 15}
it in"the beaker conta1n1ng ) ' . " ‘
the pH 6.9 buffe? , . . «

-

’ Turn meter on.

. Adjust.the needle on the . A]]oW’adequate time for the glass e]ectrode -t0
metér to read 6.9 by turning come into- i1ibrium with (be sample (approxi-
" the balance knob clockwise matety ‘30 seconds).
or counter-clockwise.

. Turn the power switch off.

. Repeat calibration wi .
buffer pH 4 = . . i B o
. Remove the electrode from . Use, a squeeze tjﬁe wash bottle.
the buffer and rinse the ¢
electrode three\t1qes w1th
distilled water. -

0. Add distilled water to cap. p
. Twist .the cap on the’ bottom . The pH, sens1t1ve membrane dehydrates when removed
of the el®ctrode so that the from water. “sDry glass electrodes should be soaked
£11)ing hples are closed in buffer or water for several hours before use.
and water surroupds the 1 ) ..
gfass membrane. : ’

12.‘,Dis‘-card' buffer solution. . Never pour &sed bﬁffer soTution back into bt}lff’er
.- : bottle.

~




astewater Irea

ent Piant Effluents

g - < =
-»,

. . . TRAINTING
OPERATING PROCEDURES: STEP SEQUENCE 4 INFORMATION/OPERATING GOALS/SPECIFICATICHS g CLIlE n07Es
C. Use of Instrument for | 1, Adjust temperature compen- *F . ) !
pH measurement’ sation knob to the tempera- g ,\\ ‘ C

. ' - ture of the unknown solution
m,,\\ - . > x 2
2. Twist open the electrode cap. . b .

13 .
. Turn off instrument.

Immerse the electrode into
the unknown.

. Jurn the power switch on.

. Alkow adequage time for the -

glass electrode to come into
equilibrium with the sawp1e
(approx1wate1y 30 seco’ds

. Determine pH of unknown -

solution by observation of
meter needle”on pH §ca1e
of 1nstrument -

. Enter the resu1t on the

appropriate report f rm.
. Record your value to
rearest 0.1 pH umt.

Rinse the eleetrode with

. d4stilled water:~* ‘

.8

" Add water or buffer to cap
* prior to closing to prevent

dehydrati‘on of electrode.

'

. Close the cap of the

electrode.

5a.

ba.
6b.

e

Do not allow bubbles to collect around the

ceramic Junct1om of the reference chamber
m‘. R -

Swirl probe seve;a1 times before takfng reading.
v . .

Take reading with mirror reflection of needle
obscured by needl®. '
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EFFLUENT MONITORING PRO%DEJRE:

pH Determination of Wastewater and
_ Wastewater Treatment Plant Effluents
~ v %3
el ‘ —
- . : e o e TIRALNING
OPERATING PROCESURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
‘ : .. / '
D. Maintenance | . Check th& level and satura- la. The reference chamber of the pH electrode system | VII.D o,
. tion of .potassium chloride .’ . should always be kept mearly full with saturated (p. 1% gt
. in 'the reference chamber of potassium ch]or1de solution. coo "tgﬁ‘
- electrode. ' L,
” . ! A
. Keep the g]ass membrane wet .
. 5 with distilled water when . *
. not being used. - L}
. Do not contaminate standard ’ '
buffée solution: : L.
T - . < ’ .
. Turn the instrument off 4a. The pH meter is & Battery-operated instrumenta_
— when not in use. . ’ R . . o
: e S he
E. Trouble Shooting ~ . Erratic needle rfloVe[nent: la. Erratic needle movement: .
l a. Fill the measuring Can be causkd by bubbles around the' ceramic /
' chamber completely reference junction. .
b. Soak ‘the external surfgce Can be:caused by contamination or salt . ’T 4
’ of the ceramic plug 1n crystallization of the reference ceramic .
. warm water. .
5 . JW 9' | U '
hj c. Resaturate the reference ' Can be caused by unsaturation of the reference ‘
.chamber. . - chamber. - ° 4
. ~ v : 4 ' T
- ' . No instrumental response 2a. Exchange electrode or electrodes with new - . .
’ 4 when measurepent is: taken. _ electrod®s. .
v . Voo ' 2b. If porous plug of electrode is clogged, take 3
R \ . B appropriate action- to clean. See electrode
; - -~ specification sh_'eet. ; !
' . - -«
] 155 . 156
A ‘ > b
L] . : ’4". :
Page No. 6-11 - .
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EFFLUEIiT MONITORING PROCEDURE: pH Determination of Wastewater and
} WYastewater Treatmen} Plant Effluents

©TepINING RUIDE ~
SECTIO! ' TOPIC
l SR Intrnduction ©
'II \ 2 Fducational Concepts - Mathematics
111 \’ s ¢ Educational Concepts - Sc1;3nce
, v Cducational. Concepts - Communications
- y Ot : Field and Laboratory Eauipment
Vi * ) Field and Latoratory éeaqents
VIt~ Field and Laboratory /\naTys'is
VIl Safety . : '
IX Records and Peports

Q \

*Tratning guide materials are presented here under the heading mar; *,
These standardized headings are used throughout this series of pr®edures.
° '
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. ‘ EFFLUENT MONTTOPING PROCFDURE: pH Determination of Wastewater and v -

Wastewater Treatment Plant Effluents

\L
) F’h , © section 1
TRAINING GUIDE NOTE ) ’ REFERCNCLS/RESOURCES
1 Introduction
’ 1. bH General Considerations » ‘
. 'pH is a term used to describe the inl' Neberéa]i, W. H., Schmidt, F. C. and

tensity of the acid or alkaline tondition |Holtzclaw, Jr., HF., College Chem.,
' of a solution. The concept of pH evolved | 2nd Ed. Heath & Co., Boston, 1963
v from a series of developments that led to .
a fuller understanding of acids and alka-
#oline solutions (bases). Acids and bases .
‘were originally distinguished by their ' - K
J difference in physical characteristics .
(acids-sour, bases-soapy feel)s “In the -
. 18th century it was recognized that acidss ' !
*"have a sour taste (vinegar-acetic acid), :
! that they react with limestone with the .
. liberation of a gaseous substance (ca S ’ )
dioxide) and that neutral substances . ~“}_ ™ )
result from their interaction with alka-
line solutions,

‘ ) Acids are also described as Compounds ’
N that yield hydrogen ions when dissolved >
’ 1n water. And that bases yield hydroxide | - !
1ons whén dissolved in water. The pro- .
“cess of neutralization is then considered ¢ -
to be the union of hydrogen {H*) iops and ~c
: hydroxy! (OH-) ions. to form neutral water
’ (H* + OH—>H,0) . ~
It has been'determined that there are
1/10,000,000 grams of hydregen ions and
17/Y0,000,000 grams of hydroxyl ions in ondg
" oliter of pure water. The product of tha
H* and OH- ion¢ equal a constant value.
. Therefore, if the concentration of the H*
jons is increased there is a corresponding -
* decrease in OH™ ions— The acidity or
alkalinity, hydrogen ion concentration .
of a solution is given in térms of pH. -
- s R The pH scale extends from 0 to-14 with :
. the ne 1 point at 7.0. :

~

¢ B
o ' 15§ “Ho. 6-13
EMC . i , . 2age* io. .




EFFLUCHT MORITOP LG PROCEDUPT:  pH Determination of Wastewater and v

Wastewater Treatment Plant Eff]uggts
. 2 i Y - ‘

> »

v TTPATHNILG GUIDD H0TE

REFERCHCES/RESOUPCES

™

Q
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2. Electrode Desidh

‘

About 1925 it was discovered that an
electrode could be constructed of glass
which would develop a potential related
to the hydrogen-ion concentratidon with-
out interference from moest other jons.
The glass pH electrdde 15 the nearest
approach to a universal pH i fcatyr
known at ppesent. It works an the
principle of establishing a p6tent1a1
across a pH sensitive, g]ass%membrang
whose magnitude 1s proportional to the
difference 1n pH of the solution
separated by this membrane.

/

A11 glass pH indicating electrodes have

a similar.basic design. Cortained on

one side of an appropriate glass membrang
is a solution of constant pH. In contact
with the other side of this pH sensitive
glass 1s the solution of unknown pH.
Between the surfaces of the glass mem-
brane, a potential 1s established which
15 proportional to the pH difference of
these solutions. As the pH of one
solution is constant, this developed
potential 1s a measure of the pH of

the other, "

To measure this potential, a ha]f-ce*\'
is 1ntroduced into both the constant,
internal solution dnd 1nto the unknown,
external solution. These half-cells are
1n turn connected to your pH meter. The
internal reversible half-cell sealed

7 within the chamber of constant pH is
almost exclusively a wire of silver-
silver chloride. The external re-
versible ha]f-cell is often silver-
silver chloride. If both the internal
"and external ‘electrodes are combined
a common pH measuring device, the
electrode is a combination pH e]ectro@e.

Sawyer # C,N., and McCarty, P.L.
Chem. for San, Eng. 2nd Ed.
McGraw-Hill, NY, 1967

Instruction-Manual
IL 175 PORTO-matic
pH meter Instrumentation
Laboratory’, Inc.
b Lexington, Mass.

“

/
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EFFLUENT MOHITORING PPOCHFDURE: . pH Determination of Wastewater and ) '
’ Wastewater Treatment Plant Effluents
~—

Sections I, VII

N TRAINING GYIDE NOTE

o

VII

7

As the fungtion of these half-cells is to
provide a steady reference voltage
against which voltage changes at the
glass pH sensitive membrane can be re--
ferred, they must be protected from con-
tamination and dilution by the unknown
solutigns. This is acgomplished by
permanently sealing the internal half-
cell in a separate chamber which makes
electrical contact to the unknown solu-
tion through a porous ceramic plug. This
ceramic plug allows current to flow, but
does nqt permit exchange of solution to
this chamber. Gradually thé KC1 solution
is slowly lost, therefore a filling port
is placed in this electrode so that addi-|

tional saturated potaa;ium chloride ¢ .
be added. . f

Laboratory Analysis A

1.

Instrument Calibration .

< The pH balance control, by adding a-.
yoltage in serigs with the pH electrode
systém, allgus”the operator to adjust
the meter readout to conform to the pH
of the calibrating buffer. .In general,
calibrate the meter in the general range
of the unknown solutians. Appropriate
buffers can be selected (pH 4.0, 6.8,
7.4 and 10.0). Always set the tem-
perature compensator on the instrument
to the tempera#ure of the s#andard buffer
solution.

For most accurate analysis the pH of the
sample should be determined, and then
buffered solutions of a pH above and be-
low the determined pH should be selected
to re-calibrate the instrument and the
determination of the pH of the sample

~repeated for a final reading.

Maintenance Practices “ 4

1.

|
.The reference chamber of the pH elec-
trode system should always be kept
nearly full of saturated KC1 solution.
Routinely check the level and saturation

160

.

REFERCNCES/RESOURCES:

i
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EFFLUENT MONTIOP NG Procibune pH Determination of Wastéwater and
Wastewater Treatment Plant Effluents

[3

TPAI"%T GUir a7t REFERCHCES/RESCURCES

of potassium THloride in this reférence
chamber and add saturated KC1 1if -
necessary. . '

2. The pH sensitive glass membrane dehy- .
drates when removed from water, and.
thus 1t is 1mperative that-dry electroded
be soaked in buffer or water for several
hours before use. To avoid this break-
1n period always keep the glass pH sensiq4 -
tive membrane et béfween periods of use.

3. The buffers are nF standards, do not ' -

contaminate thgw,‘ . }}
4. The meter 15 a‘battery operated ins¢ku-
;1 © ment. To conserve the battery I1fe,

Pcd

turn the 1nstrument off when not in use.




'
. .
1 ' . .
.

. : > >
] y ’ .
\ — \\ - . M
., » R -

) . “Table 144(1): Preparation of pH Standard Solutions
' - ' . Weight of Chemicals Needed per 1,000
Standard Solution (Molality) * pH at 25 C° ml of Afueous Solution at 25 C°
Primary standards ) 7 ~ '
Potassium hydrogen tartrate . -
(saturated at 25nC) . ’ 3.557 ) 6.4gKHC,Hg06*
0.05 potassium dihydrogen citrate ’ 3.776 l * ’N 11.41¢KH2C6H507 - %
- 0.05 potassium hydrogen phthalate 4,008 « 10.12gKHCgH404
‘ 1)

0.025 potassium dihydrogen .
hosphate + 0.025 disodium hydrogen ' ) ’
C)ﬁwosphate 6.865 3.3889KHpP0,4t + 3.533gNapHPO4t#
,\ i i -

0.008695 gotassium dihydrogen
phosphate + 0.03043 disodium hydro-

* gen phosphate 7.413 1.179gKH2P0gt + 4.302gNapHPOgt# .
» '
0.01 sochum borate decahydrate .
(borax) 9.180 3:80gNa,B407- 10204 -
" i - ' R
0.025 sodium bicarbonate + 0.025 ' ¢ .
‘ sodium carbonate ; 10.012 2.092gNaHCO3 + 2.640gNa,C03 -
Secqndary standards o ¢ .
0.05 potassium tetroxalate dihydrate 1.679 12.619gKH3C40g - 2H20
Cilcium hydroxide (shturated at 25 C°)  12.454 1¥5gCa (OH) ,*
. 4
*Approximate solubility ’ .
+Dry -chemical at 110-130 C° for £ hr. .
$Prepare with freshly boiled and cooled distilled water (carbon dioxjde-free) -
1S - .
) ~ ' P ]

[MC . ) ‘ y Page No. 6-17
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LABORATORY RESULTS -

)}
-

’ ¥
SAMPLE ' © pH RESULT

Sample 1

P

Sample 2
L J

Sample 3

Buffer 4»

a8

By

Buffer 9-

‘
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A PROTOTYPE FDR DEVELOPMENT,
ROUTINE OPERATIONAL PROCEDURES

/for the

;< COLLECTION ‘AND HANDLING OF BASTHRIOLOGICAL
SAMPLES FROM A WASTEWATER TQ@RIVENT FACILITY

of .

r‘~ as applied in
-~ 7 e 4
WASTEWQIER TREATMENT FACILITIES

; % and in the
MONITORING OF EFFLUENT WASTEWATERS &

d
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v . .

National Training and Operational Technology Center
MiInicipdl Operations.ahd Training Division
Office of Water Program Operations
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/' a* EFFLUENT MONITORING PROCEDURE:" Co]]ection and HandHng of Bacter1o1og1ca1

) Samples .
4/ "' , " b ' - @ . ‘
- This Procedure was developed by: .
. NAME Rocco Russomanno * -« - : -
é? ’ . hd ¢
. ADDRESS ~ EPA, OUPO, fITOTC, Cincinnati, Ohio 45268 gf\
- -
. /POSITION Microbiologist- Inswuctor ’

EDUCATION AND TECHNICAL BACKGROUND .

. i . ‘\;
R B.S. Un1vers1ty of, Massachusetts .
. - 1] \ ? *
o) 5 years Enforcement Action, Raritan Bay ProJect PHS & DI
" v 10'years Instructor, NTOTC, MOTD, OWP, EPA
- M ‘& ’
»
[y | he ‘ : ”
" NAME Hirold L.ggeter
'ﬂ‘l’ ADDRESS ~ EPA, 0WPO, HIOTC, Cincinpati, Ohio 45268 ,
[ . .
POSITION . Ch1ef Progrém Support Tra1n1ng Branch - "~
EDyCéTIq AND TECHNICAL BACKGROUND - s ’ -
! B James illikin. Univers'lty h )
- . M. S 0h1o¢ Umvers1ty w T s ’
v ) 4 years U. S Army, Clinical Laboratories. . ,5/ -
- N spec1a11zing bacterio]ogy -2 .
- 3 year$ Cb]hege Instructor - Bacterio]ogy ) ’ . > ] ’
- \ : ’
' 6 "years Research 1n §n1tary Microbio’logy s )
- ‘ ' 22 years Training of Federal °Sta1,:\and local personne] in ¥,
@ Lo : princ1p1es and praoﬁices of sanitary bacterielogy of water
o .. . Y
. '9' ’ * . , 1y
Vs R ~ N . - [
. ¢ rY . ‘1_‘ '
2 L
» . . - “ -
S Y s
I 163
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" .y. 2. Brief Descript{on of Analysis: P .

~ ' ‘ ! ~
- N A
EFFLUENT MONITORING PROCEDURE: Collection and Hénd]}ng of Bacteriological .
Samples - % = .
1J Oaaﬁct1vei . > N

Propérﬂtechn1que for the collection and hand]ikﬁ of a.sample for bacteri® |

logical examination taken from a-wastewater teeatment facility.
[ . . '.

-‘l ‘ J’

s

.
~v

—~After assembly of necessary eduipment and travel ,to the samp]é‘site; the
sample is collected in a manner, which does not bips the sample. Samples
. are collected in a suitable; labeled, sterilized?$ample bottle which may
.. comtain chemical agents to inactivate chlorine disinfectant or reduce effects
’ - * of toxic metals if these are present in the sample, . E !

Bottle handling and filling, using hand or suitable holding dewice, is ac-
complished 1n a manner ‘to avoid entry of non—rqpresentative contamination
which can alter ‘the bacteriological test results. .

- iy

Cooling or refrigeration, .if the sagple is held for longer than one hour ' A

before higter1ological>Iaboratory testing, is accomplished at less than .
_ -3 ¥°C but®voiding freezing of the sample. Holding ‘or transporting ‘in )
. ﬁlhis condition can be r no more than 6 hours before the bacteriological . %
°  testing must be initiated for whith another 2-kours is al]owed'aifpro—

cessing time. . g

3. Applicability of this Procedure: . . ig . '

.

Treatment of “Interferences in. Samples: . .

" . This procedure 1ncludes directions for dechlorinafﬁon of;samp]es'Syffit1ent

a to act upon samples containing up to 15 mg of residual chlorine per 17ter.

materials are present or expected in the sample.
- ’ /

. CJE- h . . i Si

7

J Also, directions are given for metaIAde;oxificasioa'by chelation if these

- . .
- A s “

Sourge of Procedure: Standard Methods for th;)kxamfnat1on of Water and Waste- "¢
water, 14th ed., 1975, . '

.

A~

4 - “

‘\) ‘ ] » ‘~ 1(3(5

A

Q " - ‘ ’
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‘ ’ EFFLUENT MONITORING PROCEDURE:* Cotlection and Handling .of Bactemo]ogma]

Samples
\

Laboratory Equipment and Supplies

- Gené;al'DescriptienLof Equipment Used in the Process .

. - . M . @

Sample Bottle’ ' ; L ' ‘ -

& < o .
Bacteriologically inert; resistant to sterilizing conditions; capacity
U at lTeast 100 m1 plus air space; containing dechlorinating agent -if a
sample containing chlorine i§ antigipated; and containing a chelating
agent if metals are anticipated in_sample. ¢ (

[

~

© Label

Clean and unused; non-smearing if wetted; suff1cient s1ze for needed,,‘
inforgdtion; can be attachea seCure1y to samp]e bottle. i

fa

Marking Device , % T o

Non-smearing if wetted; permanent marking.

-t .
' . e,

Sampler Device - ) : <. @
’ sUnnecessary 1fibott1e can be hand dipped; line, wire, etc., if distance
. . . to sample water is-.short; special apparatus if distance to sample water
' is sufficient td 'make line unwieldy or if sample water is re@ched with
. difficulty’ as-through manho]es, ports, etc. \
. Germicide and Sponge . ’ ‘
' S : « - Vi
Disinfecting agéﬁt.‘ , ‘
r R . 4
Rubber G]oves T Do, ‘
) A - .=
Undamaged cond1t1on and of" prﬂper s1ze . o _ \\\?\\*\- .
t . + v . <
Contginer * . ‘ . ‘L
. ;" , * B - i
" Ice chest with cover. . e ’
. - b ‘ \ ,' "
Reagents - o N
. L e
EDTA (Ethylene d1n1tr1¥utetra acetit ac1d) o
\Sod1um th1osu1fate (NaZSZO3 5H 0) s . B .
. . N . ;. -
» ¢ -

. 167 , K
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EFFLUENT MONITORING PRQCEDURE: Collection and Handling of Bacteriological
Samples _ o~ T

Capital Equipment e ' : .

>

Autoclave * . - »

- Y
«

Providing uniform ‘temperatures up to, and including 121 O, equipped with

an accurate thermometer, pressure gaU§es, safety features, saturated steam “
power lines and capable of reaching required temperature w1th1n 30 mxnutes
"\\ . Alternately . .
A pressure cooker can be substituted if:
} [N . ’
* of figent pressure gauge e ’ *
o* thermometer bulb 2.5 cm above watmevel e ) :
Balance . - : . R
0.1 g sensitivity at load of 160 g. O o o
Oven . : B N ‘s ¢ ' ' '
Drying+and sterilizing. Capab]e of un1form temperatures 8"d with su1tab1e -
thennometer.zo register accurately in the range 160 - 180 C. . o
Refrigerator (at laboratory) - _ i )
, }'et for 2°-10°C. o .
) . ) > . 4
D1st111at10n‘AQparatus, Water :
In order of preference, the systems ;re of stainless 'steel, quagtz, wycor
and pyrex glass. Tin-lined hardware is acceptable but because of maintenance
problems. is best avoided in preference. to the above. Plumbing should be of *
stainless steel, pyrex or plastic PVC material. Storage reservoirs of stain-
Tess steel and dust protected. Produced water must be of suitable bacter?o-
logic quality (test described in Standard Methods, 14th Edition, P. 887. ¥
AlteRnptely +
. _ . _ 1
Dﬁ§t111ed}water meeting this quality criferia can be purchanged, eliminating
the need for the disti]]atioy apparatus.
' Nasher, G]assware S ’ f
Operate at 180°¢ during hot detergéﬁt cycle; hot rinse cycle of 6 to 12 - e
successive washings; and final rinse of bacter1olog1ca11y suitablg d1st111ed
or deionized water. CorT L . N -
. ' 16 : - N
* ! . ] - ) ‘
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ErFLUENT MONITORING PRUCEDURF ;

Co]]ect1on and Hand11ng of Bacteriological Samples

/

R4

OPERATING PRCCEDURES-

STEP SEQUENCE

L2

INFORMAT ION/CPERATING GOALS/SPECIFICATIdNS

TRAINING
GUIDE NOTE

A..Presampling Pro-
. cedures

» 1. Sample bottles

2. Labels

/ ’ (
4. Sa\mph’ng Pevice

'

a

3. Label Marker, [ .°|1. @

N

1.

o

-~

. Check‘sample bottles for a.
acceptability - 1b.

l
-

. Check Tabels for- accepta- |'1la.
bility - | 1b.

arker for la.
’ 1b.

Check sampling b
. fbr cond\i tion

lc.

1d.

la.

"to depth and returned to surface.

1b.

Suitable material of at least 100 ml capacity.
Bott}g§ siwuld not be chipped, cracked or other-
wise damaged. fo deposits or extensive glass
scratches or etched surfaces can be tolerated.
Bottle covers must not be cracked or otherwise
damaged.

Must be c]eén and unused.

Suff1c1ent guantity for nuvﬁ of samples plus
a- few extra labels.

. Each Tabel must have a means of iltachment to

sample bottles. Wire or cord is desirable and
such attachments as scotch tape, electrical tape,
etc. must be avoided as these are affected by
water immersion.

Labels can vary from thatiuh1ch is completely |
blank to a type which is required by the facility,

agency, authority, etc. . QE K

Markeﬁiﬁust be of a non-smearing permanent type™
Marker 1s operable. .

A number of suitable samp11ng devices are avail-
able and the function to a) provide wedght to ’
allow the sampling device to reach a depth with-
out drifting; b) provide an anchoring point for
the.sterile bottle or chamber; c) have a tripping

mechanism to allow entry of sample to the collec- -

tor; and d) provide a means of lowering the device
Check operation
of aaeh of these areas. )

Some types of samplers do not utilize a bott]e

V.A.1.7a
(p.

17)

but function with a bulb, bladder, etc.! It
. will be necessary for the sampler to acquaint e e
/ ) " . ’ . l‘()
: ) ‘ , ‘ 8 . ] .
4 ¢ ' : Page Nos.7-7'
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OPERATING PRCCEDURES

s

STEP SEQUENGE

INFORMATION/OPERATING GOALS/SPECIFECATIONS

TRAINING
GUIDE NOTES

A. Presampling Pro-
cedures (Continued)

5. Germicide

6. Rubber Gloves

* 7. Chest, insulated

fl
8. Refrigerator

N,
9. Glassware

~

. Availability of germicide

. Check chést for accepta-

g

» "

Check rubber gloves for
acceptability

bility

* &

. Check refrigerator for

acceptability

. Wash all glassware in hot

detergent solution

]

. Rinse in hot tap water

. Contains ice to quickly chill samples.
- have too much water vo]wheiijnce this can compro-

. L Y \
la. Sufficient shelf space for samples.

1b.

2a.

]

»

-

himself to the specific device being- ut1lwzed
at his facility.

. Provides a means of disinfecting any spillage

of sewage or sample.

. Must not be used in a manner where it could find

its way to contaminate sample, equipment, etc.

. Sufficient quantity available {(normally about

one pint will suffice for any contingency);

. Proper sized to fit comfortably.
. Must not be punctured

. Must be of sufficient size to accommodate samp]es

to be taken.

. Must be undamaged so that cold temperature will

be retained inside chest. Must have tight fitting
cover,

Must not
mise sample.

Use of
refrigerator will only be necessary if it is not
possible to run samples immediately upon return
to laboratory.

Temperature setting 2 °.1%%.

. Nontoxic detergent
1b.

Be sure all gontents and markingg are washed
away

At least 6-12 successive r1nses to remove
detergent residue .

- ‘

V1.A.5
(p. 18)
V,A.9.1-4
(p. 17)
1732




* EFFLUENT MONITORING PRCCEDURE: Collection'and Handling of Bacteriological Samples

«

ORERATING PROCEDURES STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS GURDANING. o

A, Presampling Pro- ) ' l
cedures (Continued) )

. . -4 . ¢
3. Rinse in distilled wg;er . -Water must be known to be suitable for bacter1o- VI.A.9.3a
or deionized water 19gical operations. (p. 18)
. 6 to 12 successive rinses recommended to remdbe :
all residues.
~ v {,
4. Dry in air ' ..No visible spots or scum; glass should be c]ean
‘ and sparkling. - .
. Glassware must not contain bacteriostatic or
inhibitory res1dues

L

.
-

IMPORTANT

The following special conditions may app]y to
the sample to be analyzed:
s LY
* If sample is chlorinated effluent which con-
tains copper, zinc, or heavy metals, do-opera*
ting procedures A. 10. A, ]1, and A.12 completely.

If sample is unchlorinated effluent which con-
tains copper, zinc, or heavy metals, e11m1nate
steps: A.10, and A. 12 1.

If the samp]e is chlorinated effluent which

does not Contain copper, zinc, or heavy _metals,
~eliminate steps: A.11 and A. t;diﬁa_,,,/”’j/

If the sample is unchlorinaté contains no

copper, zinc, or heavy metals, eliminate steps:

A.10, A.11, A.12.7 and A.12.2.
1

| P@qe F]b’? A71—9
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» STEP SEQUENCE

TRAINING: .

GUIDE NOTES

OPERATJNG,PRQQ%::RE§
A. Presampling -
¢edures (Continued)

10. Sodium thiosulfate
* solution

11. Ethylene-dinitrilo-
tetra acetic acid _
(EDTA) solution

12. Sample bottle
preparation

.

N

. Weigh 10.0 grams-of sodium)

thiosul fate

. Dissolve in 50:60 ml dis-

tilled water

. Add dis£yiqed water-to"

bring final volume to
100 m1. .

. Transfer. to labeled hottle

. Weigh 15.0 grams of EDTA
l'- -

. Dissolvk in 50-60 ml of

distilled water

-

. Add distilled water to

bring final, vo]ume to

~100 ml .

. Transfer to clean labeled -

bottle - .

. Deliver 0.1 ml dr 6.2 m]

thiosulfate solution to
each sample bottle. (.1 ml
to 4 oz. or 120 ml size

*and .2 ml to 6-8 0z. or
250 ml size) » ,

1a
1b.

2a.

-

"4a.

. la.

1b.

2a.

4a.

Ta.
1b.

INFORMATION/CPERATING: GOALS/ SPECIFICATIONS

’ -
Used for dech]or1nat1on of samples.
Use of trip ba]ance accepted. T -

$
100 ml graduated cy11nder sat1sfactory

‘ -
Should be labeled as 10% sodium thiosulfate and
stored in refrigerator.
‘& . S
Used for water- samp]es high in copper or zinc,
or wastewater high in heavy metals.
“Use of ‘trip balance accepted.

100 m1 graduated cy]inder.satisfactory.

.

AN

b -
2
Labeled as 1 ) Ethy]ene‘d1n1trilotetra acet1c
acid (EDTA). and stored 1n refrigerator. ~

Use 1 ml pipet. »
Provides adequate sodium th1osu1fate for
Jneutfa11z1ng chlorine in sample.

V.A.12.1-6

re
»




EFFLUENT MONITORING PRUCEDURF : Co]_]eétion and Handi'ing of Bacteriological SariBles

* - + . n
-
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s \ ~ o

s

OPERATING PRCCEDURES STEP SEQUENCE A1 JIMFORMATION/COPERATING GOALS,/SPECIFICATI\ONS Gﬂ%éN};g%ES

*A. Presampling Ppg- - \ ‘ . : ‘ . »
cedures (Contgued) { B ' . ) ' ¢
2. Deliver,.3 ml or .68 of . Use 1 mT pipet. :
% EDTA solution to eaqh . Provides adequate EDTA. che]atmg agent for
ple bottle {.3 ml, to metals ir sample
4 oz. or 120 ml. size and . Return stock solution®of EDTA to wrefrigerator.
.6 ml. to 6-8 0z. or 250 . - }
ml size . A

. Place cover,on samp]e
bottTe

- & - A\]
. Plate paper or metal foil . Proteéts opening of sample boti:]e from--act1denta1 ;
cover overdwttle cap or | ., ‘comtamination.

stopper - , . -

5y .Sterilize sampy e bott?és 2a.71 hour at 170°¢.

6. Store sample bottles {p N
clean, dry place until” |
used x

‘v . . > '
* B. TPavel: Assembly '
‘Po,int to Sapple Point §
1.- Initial Sampling 1. Proceed to 1mt1a1 samp]e la- 'Trans ort, gqmpmeot with care.
P ‘ pomt ~ _ . . Upbn ‘a‘FPle 1 recheck as tq gorrectness ‘of
. . . ] designated sampling ‘point. 8
4

5Pﬁepare sa*ﬂe stat1on for . Remove manholes, ports, acce(pane]s, etc ,

' co]]eotmn of. samp]e .~ 1f necessary..

. Note sgfety hazards ét site. It is necessary
to have a.partner if- potentm]]y hazardous con-
ditions can#result in injury or death if amther
person is not available ‘for help.

. ¢ 1
— It
0

»
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<~ N = > 2 : v
™ , - - .o L TRAINING
OPERATING PRCCEDURES STEP SEQUENGE THFORMATION/QPERATING GOALS/SPECIFICATIONS GUIDE NOTES
g
C. Sample Collection
1. Spigot or tap”. ,’ 1. Put on rubber gloves’
45' p 2. F]usﬁ'spigot 2a. Must have direct main connection.
4 @ ' ‘ 2b. Full flow flush for 2-3 minutes or enoygh to.
R clear service 11ne
. ' -
hd 3. Remove Hhood and' cap 3a. Remove as unit. )
! from sdmple bottle 3b. Discard slip of paper which i§ between cap
: ' . and bottle. . '
3c. Protect unit from contamination. Usual method
. . . is to%old cap in left hand (if right-handed)
) | . and have bottle in right hand. , ,
\ 4. Let sample run 1nto 4a. No rinsing of bottle. Especially important if
; - : bottle * ¢ . bottle contains sodium thiosulfate or EDTA.
- 4b. Fill about 3/4 full so that a mixing space is
a avajlable for thorough#sample mixing prior to
’ ‘ laboratory operat1ons .
. , 2
a <. Replace cap and hood 5a. Secure closure but not excessively t1ghtened '
‘on bottleé or wedged on bottle.
]
. . 6. Lgbe] bottle fga. Fill all items requ1red by ]oca] authorities. |
. e - '
- 7. Place bottle on ice id ~-. 7a. Do not. immerse bottle.in water Remove ex- M‘T
! - ice chest cessive water if present &n chest.
e v ' 7b. Cover Wpest. 3
o 2. River, Stream, .- 1. Put on rubber gloves. la. If highly contaminated by dire¢t sewage or ﬁm )
. *Lake, holding count of water is unknown.
) tank, ‘etc. . 4 "\
¢ L. .
.‘- ‘ R = x
. . “ - < ()
. 1y, o | 1od-
' " ) - » '




EFFLUENT MUNITORING PRUCEDURF : Collection anhd Handl#ng of Bacteriological Samples:
b L \ '

~ \

¢ ‘ ' T )
- . , = =3 —

< pee ’ TR CEALERAE ' ILFCRMATION/CRERA- ~ e TRAINING
OPERATING PRCCEDURES STER SEQUELCE  ILFCPMATION/CPERATING GOALS/SPECIFICATIONS GUIDE NOTES

C. Sample Collectéon . TR !
(Continued) o ., ’ o ’ ,
. Remove cap and Wood 2a. Rg%oVe as unit. . ' o
" from sample bottle. .¢2b. Discard slip of paper which is between cap
. , ' * and bottle. . ) : . .
' .2c. Protect unit from contamination. Usual method
is to hold cap in Teft hand (if right-handed)
and have bottle in right hand. « =«

. Hold bottle near base ) :

~

»

. Submerge bottle . . Hote current flow of sample site. Bottle filling
. operation must be toward flow to avoid contamina-

tion from sampler's hand. If current flow is notl
present, ‘the Sampler must pu*the bottle away
from his hand or body to simte flowing con-
ditions, ' , "

. Upon entry intb water haye the neck pointing )
downward to prevé@t surface material from enter-
'ing bottle. = .

. When submerged, tilt bottle neck upward to allow
boftle to take in sample water.

. If water is shallow the bottle may have to be
held in a horizontal position for filling but
the same precautions must be observed to awoid -
contamination. .

. Allow bottle to fill about 3/4 capacity and then
quickly 1ift out of water. Overfilling or flush-

- ~ing myst not ccur. ) v

Lo

. PR . , ! ' ,
. Replace cap and hood -~ 5a.. Secure ¢los ‘avoid excessive tightening
on bottﬂk\ . - or wedging Cap. * . .

\

"

162
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OPERATING PFCCEUU RES

.

TRAINING

C. Sample Callection
(Cont’mued) *

Label bottle

. Place bottle on 1ice 1n

1ce chest

Place, sterile sample
bottle 1n device

.

Immerse sample device
to depth requ1red

Trip dev1ce

Recover device
Remove bottle
Label bottle

Place bottle
1n ice chest

” ” =

C IRFCPMATION/CREXATILG GOALS/SPECIFICATIONS
v g O

6a. F111 ail 1tems requined by local auchor1ties.

7a. Do not immerse bottle in water.
cessive water if present in chest.

7b. Cover chest. .

[

la. Some dev1ces may émploy sterile plastic bags,
conta1ners, etc. . -

3

ga. Mark line to indicate depth measurements.

B -

-3a. Allow approximately 10 secends for bottle to

fill or time recommended by manufacturer of
dev1ce \ . - ‘

]

A%
- e

6a., F111 all 1tems required by lacal authorities.

75) Do not mmerse bottle 1m water. Remove ex-

cessive water if presént in chsb

. 7b. Cover chest

» »
Remove ex- .

GUIDE HNOTES

5. Sample Hand]wpg

. Transport 1ce chest

to laboratory

—

la. If sample is bacterlolog1caliy Brocessed by
the laboratory within Y} hour’ of co11ectwon,,
icing is not requ1red

ib. If sample: is held “for over 1 hour, 1c1ng 1s
mandatory. .

*




’ : ’ .
EFFLUENT MONITORING PRUCEDURF: . Collection and Handling of Bacteriological Samples

.

v

.

+

i

A3

OPERATING PRCCEDURES

-

8
STEP SEQUENCE -

IHFORMAT 10N/OPERATING GOALS{SPECIFICAT NS

TRAINING .
GUIDE NOTES

"D. Sample Haﬁaling

(COntinyed)
. t
. LY -
' - I
>
e

lc.

1d.

/. )

Sample delivered-to laboratory no later than
6 hours from collection time. - .
Refrigerator can be used for sample holding
or ice chest can be utilized provided that:

.% a. Ice is present for holding time

b.-Bottles do not become immersed.
in ice water accumulation
c. Chest remains covered

\
1.

+

s
a
o ap’
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EFFLUENT MOUITORITIG PRS%‘DURC:

« - SECTION
I

1

*Tra1h1ng quide materials are presented here Jnder
- These standard»zed headings ar

g~ o

ERIC

. 7-16

S
Collection and Handling of Bacteriological Samples

<

A -,

TRAINING GUIDE -

Top4C ¢

Introduction

Educatioﬁa1 Concepts - Méthematics
Educational Concepts - Science

o -
éducat1ona? Concepts - Communications®
ng&d & Lagorato"y Equipment
F1eld &% Laboratory Reagents
Flead & Laboratoryjépalyses' s
Safety ' .

Records and Peports

-~ -

-

v , ;-‘ L - R
the headings marked*,

e, used throuah th1¢ series of .procedures.

4

’

183
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‘FFLUENT MONITORING PROCEDURE: Collection and Handling of Bacteriological Samples

ey ¢ _
4 ‘ ’ * . -

+ >

FIELD & LABORATORY EQUIPMENT ' . Section

?

/j ' TRAINING GUIDE NOTE REFERENCES/RESOURCES o

Sample bottles must,be compogéd dﬁ/a material

which is nontoxic to bacteria, resistant to solvent
actioff of water, and capable of being sterilized.
Preferably an all glass, ground-glass-stoppered
closure of aboy 250 ml size is recommendéd.

Various p]ast18§ (polypropylene, Nalgene, etc. )
have been found-to meet the specifications above,
and, closures of the screw cap.type are acceptable
provided they are, and remain, non toxic to the
sample and provide a tight closure. -

In?B*mation‘is applicable to both glass or.plastic
sample bottles having the mandatory gqualities men- )
tioned for sampling use. , ¢
Glassware can be checked for bacteriostatic or Standard Methews for the
inhibitory residues by a bacteriological test Examination of Water and
procedure which, 1ik® the distilled water suita- . Wastewater, 14th ed.
bility test, should be undertaken only by pro- 1976, APHA, New York
fessional bacteriblogists or in laboratories where New Yogk, p. 885.

this test is done on & regular-basis.

Wide-mouth, glass-stoppered bottles suggested, but | ' Standard Methods’ for the
other.styles acceptaf. Bottle jnust be heat. stable | ~Examination of_Water and
to ster111z1ng conditions and not be taoxic or Wastewater, 14th ed., -
nutritive to organisms natural to the sample. - 1976, APHA, New York,

; . . New York, p. 884, p. 904.
If glass-stoppered bottTes are used, a strip of -
.paper ‘should be placed in the neck of the bottle
befpre placing the stopper in place in preparation
fof stertization. This prevents the glass stopper
frpm "freezing" in place during sterilization. The
pdRer strip 1s discarded at the t1me of sample-
copection.

.

/
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Collection and Hanh11ng of Bacteriolog

’

. 3

LTy

.

EFFLUENT MONITORING PROCEDURE .

-
‘.
- r

1ca1[5amp1es ' ’
Vo _ ‘

FIELD & LABCRATORY REAGENTS -

Section VI

.
o

-

.
- . .
f )

TRAINING GUIDE NOTE |

' T
REFERENCES/RESQURCES -

A5

A large number of preparations can be used as
germicides varying from dilutions made.from pur-
chased concentrates or laboratory preparations
made-by the worker. A few of the fore eas1ly made
germicides are as follows: _

1.

Ethyl Alcohol - 70

Examples:

.

7 ml ethano1
70 m1 ethanol
700 ml ethanol

2. Isopropyl Alcohol - 70

solution

+ 3 ml distilled water
+ 30 ml distilled water
+ 300 m) distilled water

solution

A&

3.

Ethyl Alcohol {70~ solution) containing

1 Tlodine crystals

Examples:
7 ml ethanol + 3 ml distilled water;
0.1 gram lodine ¢rystals addedito the
ethanol-water solution

70 ml ethanol + 30 ml distilled water]
1.0 graps,of Todine crystals added to
the ethaqb1-water solution

4. Isopropyl Alcohol (70" solutfon) containing
1 Tlodine crystals

5. Angueous KI (potass1uh 1odide} 1° contain-
1ng 1 lIodine ’

- Examq]es:

-1 gram KI + 100 ml dist11led water,
mix until dissolved, then add 1 gram
of 1odine crystals and mix unt1l dis-

" solved. T
10 grams RI + -1000 ml.{or 1 liter)
of distilled water, mix unt1l dis-
solved, ‘then add 10-grams. of lodine
‘crystals and mix unt11 dissolved.

Dist1lled water must not contain substances pre-#:
venting bacterial growth or be highly nutritive.
There are required p dures to ‘testing distilled
water and should be undertaken only. by professional
bacteriologists or 1n laboratories where this 1s
done regularly.

-

159

Standard Methods for the
Examination of Water and’
Wastewater, 14th ed.,
19765 APHA, New York,
New York, p. 881-891.




" A PROTOTYPE FOR DEYELOPMENT OF
ROUTINE‘OPﬁRATiONAL PROCEDURES

. for the ,

FECAL COLIFGRM TEST

o 4

. . by the .
. MULTIPLE DILUTION TUBE METHOD,
L. . . ®.

-

as apried in
WASTEWATER IREATHENT FACILITIES
and in the )
_MONITORING OF EFFLUENT. WASTEWATERS

-

Deve]pped by the
n : o

National Training and Operational Technology Center
- Municipa! Operations and Training Division
. . A O0ffice of Watgr Program Operations:
- u.s. Enviro'rimgntp] Protection Agency

3
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* EFFLUENT MONITORING PROCEDURE: Fecal Coliform Test by the Multiple , 4

’

Dilution Tube Method ° ] ) '

This Procedure was developed by: .

NAME /. Harold L. Jeter | Co~—
ADDRESS  EPA, OWPO, NTQTC, Cincinnati, ph10A45é68
POSITION Chief,‘Program Support Training Braﬁch 2
EDUCATION & TECHNICAL BACKGROUND | -

) AB - James Mjl1likin University

3 . . - ’
MA - Ohio University ’ . |
, 4 years - US Army; Clinical Laboratory; specialiZing .
bacteriology

3 years Coltege Ingtryctor - Bacteriology -

6 years Research in Sanitary Microbiology s

21 years Training of federal,-State and Local personnel
in principles and practice pof sanitary bacteriology water
* s

NAME Rocco Russomanno { -
& - . ' .
ADDRESS  EPA, OWPO, NTOTC, Cincinnati, Ofio 35268 . - )
POSITION - Microbielogist-Instructor ’ ] ‘
: ) ) ) . N
EDUCATION & TECHNICAL BACKGROUND' . - . N
BS - University of Massachusetts . K
. - . /
- 5 years Enforcement Action, Raritan Bay Project, PHS & DI //j;/'/
9 years Microbio]ogist-Insfructor
-~ b ‘
4
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4 . ) ‘ .
3 * FECAL COLIFORM TLST L \
A ‘ gl [smw L
Muitiple Duution Tube (MPN) Method, = .
N Flow Sheet - 5 tubes of each of a decunul scries of : .
- - .. N ——y 3 or morg sample volumes. (Each
' . . 4 . successive volume 1s 1/10\(/,he previcus
. ) v volume. ) :
. ' _;_*L Y
»
L o { LISTH . .
1
- ~
l : e ’ ’ s
R SUUNL SRR N I RS
& . Incubate 21 * 2 hrz. at 357°C +70:%°C
____________________ L T A
. ' .
- , . ” :
« - . [‘ ‘ :
: ' Gas (+) ‘ { Gas £-) - .
e e . . ECB .
PO ’ - v .
S i . ! '
_---b‘-,--; """"""""" LISttt TToToTTTTEmEomEmE T .
Incubate in water bath 21 hrs. * 2 hrs, oot o Opm - -
; - P | 3 .1 . + 0, ’
at 44, 55C + 0.2°C ncubate 24irs *2hrs. at 35°C £ 0.5°C .
e E T m s EER RN B A B A T g - - -L -------------
( Gas (+) ’ No Gas (-} Gas (+) ' No Gas (-)
Fecal Coliforms Fecal Coliforins . “Fecal Colforms .
Present Not Present . Not Present* N
. . . 'ECB to »
' ' |
N " ¢ 2 m mre e+ e = = e = = s &= f= T = me, s s e - - m— s s e =
‘ A Incubate 1n water bath 24 hrs, +2 hrs. at 44,57 0,2°C
' P . P
% v . . '
’ * . L3
Gas (+) Gas (-)
Fecal Coluforms Fecal Coliforms .
. +,  Present Not Present,
. L) — .
[ 4 ) N -
Codify results bascd on No. Gas + tubes in EC Broth
P .
: Determine MPN Indey *
- Apply correction factor as required .
Record results as'l ccol Coltform~ /100 ml
- . A N
O ¢ .
E lC Report results as prescribed under .
g No. 8-4 l Qo NPDES or other regulatory requirements
) .. by N S 4 , » P

AY -
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. EFFLUENT MONITORING PROCEDURE: Fecal Coliform Test by the Multiple
. Ditution Tube Method

1. In wastewater effluent quality control, the objective.of the test may bg one
or both of the following: )
, \
a,)To determine whether the bacteriological quality of the eff]uent’yeets
quality requiremenps set by ‘law or by nggu]atory authority.

-

’ . b. To determine overall gfficiency of the treatment process in reducing the
bacterial content of #he wastewater being treated.

2. Brief Description of Analysis:

Three or more decimal series dilutions of a sample (for exapple: five fermenta-
tion tubes with 10-m1 portions, another five tubes with 1- port1ons€ etc.)
are inoculated 1nto lactose lauryl sulfate trytose broth {LST) and incubated
at 350C + 0.50C. After 24 hours and again after .48 hours the LST cultures
are examined and results recorded for gas production. Cultmres showing gas
- are transferred at each examination time to EC Broth PEC fermentation tubes
and incubated at 44.50 + 0.20C in a water bath. EC cultures are examined for
"« evidence of gas production after 24 hours. At the'end of the overall incubation
period, results are summarized as positive or negative and coded to represent
the..number of EC gas-ppsitive tubes for each sertés. A Table of+Most Probable
Numbers (MPN) 1is used with the coded results to determine an MPN Index. This
. index 1s corrected (if necessary, since the table is for 5-tube, 10, 1.0, and
. 0.1 ml series only) to agree with thefactua] sample volumes indicated. The
final result 1s recorded as Fecal CoWforms per 100 ml of sample.

3. Applicability of this Procedure:

a. Range'of Concentrétion:

. If these dilutions are used ‘ . Jhese ranges are covered
&» \
’ " 1.0; 0.15 0.0150.001 © . - 20 ‘to 160,000
0.1; 0.01; 0.001; 0.0001 ) 200 to . 1,600,000 ,
> 0.01; 0.001; 0.00015 0.0000T - ) 2,000.°t0 16,000,000 ,

0.001; 0.0001; 0.00001; 0.000001 . 20,000 to 160,000,000 .

b. Pretreatmept of Samp]gs

In accondance with Standard Methods, 14th Ed. (p. 904), and as’ outlined ir

EMP, "Collection and Handling of Bacter1o]og1ca1 Samp1es" . -
1' V' . )
. P .
¥ . ' ’ }
S e . P)
. This procedure conforms to the fecal coliform test as described in ‘::>
Standard Methods for the Examination of Water and Wastewater, 14th ;
‘ Ed. (1975), p. 922 ff. , '

" ' . Q- | )
] - . N ?l"‘3 ' ®page No. 8-5 )
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*~ EFFLUENT MONITORING. PROCEDURE: Fecal Coliform Test by the Mu1t1p1e ‘ ’ \, "
\ . e e - Dilution Tube Methdd ' B4
\\‘ ‘General descfiption of equipment and supplies used 1n the test analysis ' L

!

A ’ "" \1

N b 4 !
Capifal Eqlipment

Autoclave, providing uniform temperatures up to and 1ncluding 121°C,
equipped with an accurate thermometer, pressure gauges, saturated

.. steam powern lines and capable of reaching required temperature within
30 mirutes.

- ' VR
v "Balance; 0.1 g send1tivity at load bf 150 a

L4

Ar incﬁbator to operate at 35°C + 0 5°C

Incuthtor, waterbath, to operate at 44.5% + 0.2°C and to accommodate ' \
tube racks as described separately.

Oven, *hot-air sterilizing, to agive uniform tempe“atures and, with su1tab1e
thermometer to register accurately in range’of 160-18n°C
1}

pH meter, accurate: to at least 0.1 pH un1t with standard pH reference o

solution{s) . ! \
Water distiltlation apparatus {glass or block tin); or source of distilled water
- suttable for bacterxo]og1ca1 operations. ) '
. A
, Reusab]e Supplies; \ ’ \

Apron or coat suitahle for Tahoratory ' o

, ’ . .o |
Baskets, wxre for qiscarded cultures . ' \

‘ \

Bottles, dxlut1on*, f-0z. screw caps, with 99m1 volume Tevel etched on : .

one sidey ) :
' \ ra R

Bottles, sample*, préferred characteristics being 250 ml (6-8 o0z.),

wide mouth, glass stopper ,

Bottle, squeeze type, with disinfecting solution . : ) ,

! “

g Burner, gas, Bunsen burner type

Cans, pipet, aluminum or steel,\not copper (If plastic, or other type
“of prepackaged disposable pipets are used, th1s item is unnecessary )

& Metal caps* to fit 20. x 150 Gulturp tubes

. -

Pan, to receive discarded contaminated p1pets and 'glassware (must contain
d1s1nfectant before use) )

&

Inocu]at1on loop, 3 mm diameter 100p\of‘nichrome ot platihum-iridium o
wire, 26 B&S gauge, 1n holder

\
]

Pipets*, 1 ml, with 0.1 ml graduatmns,\ Mohr t#pe preferrled sterile, ) . ‘
cotton plugged, glass or d1spo§Pb1e plastic ®- - '

S o 191 .
) -




o Racks, cuTture type* 10 x 5 openings, to accept tubes at least 20 mm
in diameter - . e o
// ' L4
Sponge, for cleaning desk top o

Tubes, culture*, 150 x 18 mm

Tubes, fermentation*, 75 x 10 mm vials to be inverted §n culture tubes

Sudeﬁes Used Up in the Analysis (mmst be repTaced when stocks get 10%)

Distilled water, suitable for bacterid1ogicaﬁ cultures (note distillation
apparatus required in capital equipment) -

EC Broth, Dehydrated (recommend purchase of 1/4-1b. units)
Lactose Lauryl Sulféte Tryptose Broth, Dehydrated (recommend purchase of
1-1b: un1ts) ‘ e ‘ -

~ ‘ . N 1.‘
Potassium Dihydrogen Phosphate (KHZPO ) (recommend purchase of 1/4 1b. units)
Disinfectant, for bench tops. (Use household b]each sofution prepared\ \
according to 1nstruct1ons on bottle) .

Wax percils (recommend soft wax ‘equivalent to Blaisdell 169T)
EDTA (ethylene cinitrilotetraacetic acid)

Sodium thiosulfate (Na23203 5 HZO)

L4 N

»

‘ .
, A +
A } ' '
" L s
*Ttems marnked are needed in‘quantities or require size or space allowances .
« Which canrot be specified here, as they vary according to the daily analysis

schedule; | As a rule-of-thumb, spacé/size or quantity requirements should be "’

at least 3| times the normal daily requirements. For further information on*

specificatjions for equipment and.supplies, see the Microbiology Section‘of

the current edition of "Standard Methods for the Examination of Water and

Wastewater}" - 1 '
|

.
LN
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*  EFFLUENT MONITORING PRUCEDURE: Fecal Coliform Test by the Mu]t{p1e . -

Dilutjon Tube (MPN) Method . L BRI
C R 4 3
\ : ‘ ‘ Lo : : TRAINING
R OPERATING PRECEDURES STEP SEQUEMEE , INFORMATION/OPERATLNG GOALS/SPECIFICATIONS GUIDE NOTES
A. Pre<Test Procedures ' I | Aaw. A1l pretest procedures completed before starting
C - . ' other first-day procedures. -
1. 35°C incubator set—up, 1. Place 35°C incubatot in . Out of drafts or places where it w111 be in direct{ V.A.1.1
adjystment . permanent location. sunlight part of day. (p. 47)
; q “\ i 1t. Location convenient to 1aboratory bench.
~ ‘ Tc. Conven1ent source of electric power.
. 2. Install thermometer. 2a. Thermometer funct1ons at least in 30°-40°C range V.A.1.2
| ,and have intervals of 0.5° or less indicated. (p. 41)

Meets NBS standards. . )
. .12b. Location should be gentral in inckbator.
T 2c. Mercury bulb thermoffieter should-be fitted with . N
cork or rdbber stopper and mounted in.small bottle

fiTled with 1fquid (glycerine, water, or mineral

/ - oil).
. .
S - : 3. »Igstalt shalldw pan of 3a. In most laboratory incubators a pan having about V.A.1.3
‘ water in bottom of incu- . 1 square foot of area, with water about 1 inch (p. 41)
“bator. L deep, is satisfactory. e

3b. Maintains condition of saturated re]ative humidity,» .
equired in,bacteriological incubator.

‘13c. Eequ?res daily check, with addition of water as . ‘

necessary, to keep water in pan at a]] times.

4. Cannect incubator to " |4a. Many 1ngubators have pi]ot light to 1nd1cate
© electric power spurce. power turned on. \
. . n 2z T .o
5. Adjust temperature until 5a. Manufacturer's instructions for methbd of V.A.1.5
. ~stabilized at required temperature adjustment. (p.-41) .
| temperature ‘ 5b: Operation must ‘be at 35 + 0.5°C.
M . R 5c. Should allow about 1 hour between adJustments.
) 6. Operate bacteriological 6a. Requires daily check with written temperature V.A.1.6 X
. incubator continuously. record, w1th adjustment and water addition as 1 (p. 41) =
. . o necessary . :

1 - . : . [




uLvivun U

‘

"OPERATING“PRCCEDURES

STEP SEQUENCE

- TRAINING
GUIDE NOTES

2. Water bath incubdtor
setup, adjustment

1.

2.

" 3.

. Operate water bath incu-

Place water batﬁ‘incubator
in permanent location.

[y

Put water in water. bath.

-Install thermometer.

. Connect water bath incu-

bator to electric power
source and turn on.

. Adjust temperature until

stabilized at required
temperature.

"

bator continuously.
5

3a.
3b.

4a.

5b.
.

6a.
6b.
6c.

. Location convenie
. Convenient source

INFORMAT ION/OPERATING GOALS/SPECIFICATIONS

. Onh bench or table surface.
. Out of drafts or place in which it will be in

direct sunlight part of day.

to laboratory bench.
f electric power.

. )

. Distilled #r deionized water preferred, tap water.

acdepted: ° /

. Should be 2- 21/2 inches deep above the platform on

which the racks of cultures will be placed. Water
t be deep enough that when racks of cultures
are placed i1 ,the water bath. the water, is as high

" on the tubes as the top as the culture medium in-

side the fubes. Yet it must not be so deep as to
let the tubes flogt out of the racks or reach the
cap. i

Functions at least in 40°-50°C range. Meets NBS.
standards..

Most water baths provide for corner location for

_thermometer (for protection from breakage).

v

Pilot 1ight should come oh.

~

; Manufacturer's 1nstruct10ns for location and

method-of temperature adjustment.
Operation must be at 44.5 + 0.23C.
Allow aboutyl hour between “adjustments.

Requires daily check with written temperature
record, with adjustment as necessdry.

Requires daily check of water level and addition
of more as needed. .

With tap water in water bath,may require
per;iodic scum removal from inner walls. *

Have at least 0.1°C increment markings.
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EFFLUENT MONITORING PRUCEDURE :

-

L

L

” <

Fecal Coliform Test by the Multiple
Dilution Tube (MPN) Method

b

e

- ——

200
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OPERATING PRCCEDURES STEP .SEQUENCE, « [INFORMATION/QPERATING GOALS/SPECIFICATIONS GB?@%“&S?gs
3. Oveg, sterilizer, 1. Place overr*=sterilizer in »la. Convenient to source of-.electric power; usualT; V.A.3.1-5
setup permanen‘ocation‘. on table or Bench. ' - - (p. 41)
3 e 2. Install thermometer., 2a. Should indicate the 160°-180°C range, be accurate
within thdis interval, and be marked in 1.0 degree
- intervals: N
; ? !
’ 3. Coénnect oven sterilizer to] 3a. Usually bas pitot light to indicate power on.
T power source and turn on. ' . - ‘
4, Adjust temperatuye to 4a. Operated as near to 170°C. as poss1b1e, not Tower
stabilize at required than 160 nor higher than 180°C .
temperature. . {4
' T ?. Operate oven sterilizer 5a. Turned ON in advance of need tb permit reaching e
- only when needed. Turn required temperature betore dntroduc1ng mater1a1 ”
off when not.in use. stobe sterilqzed.
. 5b. Oven steriljzer used to ster111ze dry g]assware,
- metal objects. y
‘ 5c. Oven sterilizer not used with culture media,
, solution, plastics, rubber objects, or with
< , anything containing or including these.
5d. Paper-wrapped glass pipets may be sterilized in
’ » oven steri]izer .
.*. . . 4 '
4. Autoclave sefup 1. Install and operate auto- | la. Autoclaves extremely variable in des1gn and V.A.4.1¢
b clave according to mapu- vperation; also, potentially dangerous. (p. 41)
* facturer's tinstructions. 1b. Used to sterilize objects made of, or including |
‘e . . ‘ . " 1iquids, rubhber, cylture media. )
<  ‘ ' ls. Glassware may be afjtoclave sterilized but must be 4
. ) dried akterward. \
1d. Mdst plastics notgsterilized in autoclave; -
¢ ' plastics usually require chem1caloster111zers
: Te. Altoclave us a]]y operated~at 121°C for 15 min. N
- «1f. Sterilized media must be removed from autoclave
as soon as possible efter autoclave is reopenef.
g . ¥
“ -
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N o * Dilution Tube (WPN) Method ‘ RPN _ .
L . , . » ' & ' . ) i
. : - — > : - : - TRAINING
. - OPERATING PRCCEDURES §1EP SEQUENC[E! INFORMATION/OPERATING GOALS/SPECIFICATIONS ?GUIDE NOTES
.- ' 5. Water d1st11'1at1on 1. Install and oberete in . la. Must produce dist_ﬂ]ee water'meeting quality - , V.A.5.T-2
- . equipment - . , accordance with manu- requirements for bacteriological tests. - - (p..42) |
; ’ i - facturer's ¥nstructions. |.° N ) : - .
ﬁt S " o . . '2. Operete contmuous]y or . | 2a. Reserve supphes kept in borosﬂicate qlass © )
s oo ) . intermittently as required carboys or in plaitic carboys made of material -
- : / Y., v to maintajn adequate which will not dissolve substances which will »
o o ./ S . . _supplies of distﬂ]ed . “affect growth of bacteria.
L. e . : " water. ; ) | 2. Same distillation apparatus used-for bac%erio-
. Ve ‘ .- . , - v o - legical purposes may be used for chemical
R S . o - | ~ ‘reagents.
. v , ; . .
6.-pH meter [ f 1. Have unit available and-* } la. Unit for pH check. hed culture media. T PV.AGD S
oo operate in accordance with| 1b. Used in prepar R-solutibn of . : _(P- 42)
' ] - procedures descmbed in | potassium dihy hate - J .
. ' . _ - pther lab procedures, S '
o 7. Glassware . | ’ 1. Wash all glassware:‘in hot la Nontdxic detergent : ’ . T V.ALT )4,
T detergent solution; -4 1b. Be sure all contents and markings are washe‘d away (p. 42)
. ‘. SN Ce ..
2. Rinse‘at least once in c . oot ' - .
, hot tap water; Lt T ' ~ . N : Se T
= N ‘ N , . ," . R . . . . .
;‘ . _ [ 3. Rinse in'distilled water,. ) ‘
SR . S ' at least 6 successive : , : : Lo
‘ ' times, and, N ; ‘
‘ ’ ) 4, \ry dn air. ¢ ) N . Nowvisible spots or scum, glass should be c'lean.
' I ’ ' N L and sparkling. - -
: / ~ . , | 4b. ‘Glassware suitable for use in bacterio]og19ﬂ1
- ‘ ~ - operations. . . IV
- ’ . . - “ . . '
! . N \ N ] -
a ’ \f- = L J * . > {
e ' “
D 202 o \ -
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DENT MONITORING PROCEDURE: Fecal Coliform Tes by the Multiple "/{
- Dilytdion Tube ( Method
) ’ , C 4
————— ; R ‘ TRAINING
"»  OPERATING PROCEDURES STEP SEQUENEE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES

g
‘

The fo]]ow1hg special conditions may apply to the
gample to be analyzed: )
( v’ [
If the samp]e is chlorinated effluent which
contains copper, zinc, or heavy metals, do
operating procébures A 8, A.9 and A 10 completely

If the sample is unch]or1n ted eff]uent which
contains copper.,, zinc, or heav méta]s, elimi-
nate steps: A and A.10.1. { .

If the sample is chlorinated effluent which
does not contain copper, zinc, or heavy metalsy
eliminate steps: A.9 and A.10.2.

If the sample is unchlorinated and contains no
copper, zincy or heavy metals, eliffinate steps:
A.8, A.9, A.T0.1 and A.10.2. .
8. Sodium thiosulfate , . Weigh 10.0 grams of sodium . Used for dechlorination of éamples.

folut*on thiosulfate. ° 1b. Use of trip balance accepted..

. Dissolve in 50- 60 m} d1s- . 100 m1 graduated cylinder satisfactory.
t11led water. ' . S .

. Add distilled wét;er to
bring final volume to
© 100 ml. .

. Transfer to labeled bott]s. . Labe]%d as 10% sodium thiosu]fate and stored in
. ) refrigerator.

9.‘Etylenedinitrilotetra- . Weigh 15.0 grams of EDTA. . Used for water samp]es high ﬁn copper or zin¢-or
_acetic acid (EQJA) ’ -~ wastewater samples high in heavy metals.
solution’ ) . Use of trip balance accepted.
{

) | 205
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: Fecal Coliffrm Test by the Maltiple
Tube (MPN) Mgthod ' . "

/
L

o -

. . £ - ‘| TRAINING
STEP -SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES

tilled water. .

. Add dist111gd water to .
b;gég firal volume to '

. . DiSSj;ﬂé in 50-60 ml dis- . A 100 ml graduated cylinder is satisfactory.

100 ml.

4./ ransfer to labeled clean . The bottle sﬁou]d be labeled as 15% Ethylene-
bottle. dinitrilotetraacetic acid (EDTA) and stored
in refrigerator

10. Sample bottle ;1. Deliver 0.1 ml or *2 ml . Use 1 ml pipet. V.A.10.1-6
Q” ,preparagion‘ of 10% sodium thiosulfate . Provides adequate sodium thiosulfate for '+ . . | (p. 42)
solution to each sample neutralizing chlorine in sample. ' .
- ) bottle. (.1 ml to 4 ounce . Return stock sodium thiosulfate solution to
or 120 mt size and .2 q] refrigetator.
30 6-8 ounce or 250 m1 '~ . -
size)

. Deliver .3 ml ot .% ml of . Use'1 ml. pipet.
15% EDTA solution to each . Provides aflequate EDTA che]ating agent for metals
sample bottle (.3 ml to in sample.
' 4 ounce ar 120 m] size and . Return stock solution of EDTA to vefrigerator. .
.6 ml to 6-8 ounce o - )
250 ml size).

~

3. Place cover on sampl ‘
‘H'tt}e. / : , '

4, Place papér or metal| foil . Protects opening of sample boit]e from accidental
cover over bottle cap or contamination. - -
stopper.

. Sterilize samp]e bot les in . One hour at 1MQ°C. (See A.3)
sterilizing oven. ’




EFFLUENT MONITORING PROGLEDURF :

Fecal Coliform Test by the

L)
¢ \
AY

Dilutipn Tube {MPN) Method

s

Multiple

. \
OPERATING PRCCEDURES &

"~ 11. Pipet preparation

a

. - -~ R t hd .o ~
. o ] . TRAINING
STEP SEQUENCE INFORMAT’I’ON/"OPERATING GOALS/SPECIF{CATIONS " GUIDE NOTES
e . c /7 ' ) ) '
.Pore sample botttes in , / '
clean, dry place until . - 1 : .
used . N .
. - r ’ ‘e
\ Inspect pipets to be-pre-. . Cleanl#ness of pipet must be equiva1ent to
pared for use; discard and g]asswaﬂe — ) o
destroy all having chipped } 1h. For protect1on of user when p1petb1n9'samp1e V,A11:1-6
\or "cracked tips. kf ‘ . P (p. 42)
. . -, A
y . ] I'd . . ) . o .
. . ol [ ' v ) ) . . T -
— a ‘)T -+ N ) 4 ) . e A—
2. IXseff plug of .non- ‘2 Cottod plug must oe t1ght.~eno‘y,gh to pre,vegt easy
absarbent, cotton into s removals either by the pipetting action or by
" mo thpiece of each c]ean, handT1ng, and yet'-lopse ehough toperrfit easy -
dry pipet. = - dir movement through the p]ug ' 1 -
. - < )
3+ Place a’Thyer of glaSS uool 3a For. protgct1on of papet deT1very trps )
.ar everal layers-of paper , .
*~ pad ing in bottom of ptpet : e e ; ! , - ’
. Ca'n ) -‘\'.f ' . . '
4. Place 18—24 'pipe'ts in each. 4a. 'rmits remova] of sterﬂe pipets from ca’n S
pipet’ can, delivery tip. - T w1ihout contam1nation by usgr / N
down. Lo RN
. 5. Ster1lize cans of p]pets-. , 5a- H hour at 170 e, (See :A. 3 of pr0cerres \4‘" . ‘
o ~ pippets 1n oven.. T B ' AR . : . ' ;:7
6. Store“cans in c]ean dry ~ | 6a. Laboratory cabinet.of drawer recommended. .
pJace until used. N - S o - . .
7. When ¢an of p1pets is. 7a-,Burn§peff excess cpttOn st1ck1ng put Of p1pe! V-A-]]-Zi
opened for- first use, pas$ | ,| moubhpiece. 4(p. 43) '
the exposed ends of the ~ } 7b. Cover kept on cam at aJl times ‘except’ when . - .
pipets through flame, samplés are be1qg inocutated. ‘

slowly.

t -

N
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OPE‘RATIN‘Gg PRG’C_-EDURE-S“ STEP SEQUENCE * UJFORMATION/&PERATING GOALS/SPECIFICATIONS' '~GB§SEIENPI£$ES
12. Dilution water blanks} L. Prepare stock so.lutl of la. D1st111ed water may be meaSured in 500 ml ‘
. A : . “potassium dihydrogen fphos- graduated cylinder. M
bl phate‘(KH2P04) dissolve 1b. Finished solution labeled "Stock KH2P04 for .
. . Dilution Water.” .«
. 34. 0, grqus of the KHZPO lc. Stored in refrigerator. . .4
PR ) in 500°ml distilled water.| 1d. Discard stock solution dnd prepare new solution V.A12Ad
; ) Adjust to pH 7.2 with , if mold appeays. (p. 43)
* 1N NaOH, and dilute to 1 P~ . L A
“ Titer with distilled water] A . - N :
2. Prepare stock soluti'o.n of '
: magnesium sulfate ‘(‘MgSO4. ’
o 7H,0) by dissolving 50 ; N
: - " grams of this$ chemical in
¥ 500-600 mls of distilled /
, ' water and, dfter complete- : ; i
’ disso]ving. bring the i
final volume to 1 liter in " '] ‘
a volumetric flask. : , ~ L .
' 3. Prepare working solution "} 3a. 5ml pipet satisfactory’ for 1 liter amounts of -
i of dilution water by add- 4 dilution water. 10 ml pipet better when jeveral X
ing 1.25 ml KA PO . liters are %&ng made. .
3b. 1-liter graduated cylinder satisfactory for
' :nggtzlszgc:h:oﬁ%ﬁzigg - - measurememt of distilled water. .
- ' 3c. Use seperate pipets far each solutwn 10 prevent i
each liter of distilled contamination.
, Water to.be made up as n ’
N dilution water. .
[} . ~ . [} {
» ” )
* - . ] v
S 2 . ‘ -~ .’ v
’ 210 " . 21l
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EFFLUENT MONITORING PROCEDURE: Fecal Coliform Test by tfie\Multiple

Dilution, Tube’ (MPN) Method s b
” ‘:..\'\t (‘.‘ -
- “’_ “ g - .
: t ) °f \ ' THAINING
OPERATING PRCCEDURES . STEP SEQUENGE . INFORMAT ION/OPERATING GOALS/ SPECIFICATIONS GUIDE NOTES
- _ = , T , I . .
. 3. Deliver enough working 3a.| 100 m1 graduated gylinder ordinarily satisfactory V.E.]Z.?,
sotution to each-diltution Pipetting machine desirable but not mandatory. (p-¥43)
\ water bottle so that atter| 3b.|Amount” cannot be stated exactly, as sterilization
- sterilization the-bottles- Eevaporation differs from one dutoclave to another;
will contain 99 + 2eml of fComnon]y, aboyt 102 ml is required. . ¢ -
v dilution water. i . ' S
4. Place caps on dilution - . V.AL12.4
bottles 1oosély. - . ) (p. 43)
MR * L ;. \‘ - . ‘
5. Steri]!‘ﬁ in au .. 5a. 15 minutes at 1210C. Use. "slow-vent" mode of
- AR A AR S 5 b U geEan evacdation: STt T T
! L ]
6. Promptly remghe fromauto- ) ‘ V.A.12.5
clave, tighgen bottlecaps, . : : B (p. 43)
., cool to rogm temperature. ‘
* 7. Store in cool place. it 7Ta. Di%ution water ready for usé. May be stored V.A.12.7
. : : indefinitely in screw-capped bottles. (p. 43) ,

. { - ; .
13. Preparation of Lac‘Bse 1. Weigh 35.6 grams of dehy- la. Dehydratedﬁﬁedia take moistugg out of air;

Lauryl Sulfate Tryp- drated Lactose Lauryl can become caked. .
tose Fermentation . SuTfate Tryptose Broth. 1b. Caked media unsatisfactory; should be discarded.
Broth (LLSTB) Close cover of bottle of 1c. Prepares 100 tubes (enough for 5 tests based on
. dihydrated medium tightly - 4 rows of 5 tubes each). \ -
a¥ter remqval. =
¢ , . 2._Dissolve in 1 liter dis-, 2a. Gentle heat (no boiling) if necessary to com-
ti]]ed water. plete dissolving medium. r e

- ’ . . . .

| 3. Place’0 ml of the solu- 3a. Use 150 x 18 mm tubes.
tion of prepared LLSTB h"f 3b. 10 ml pipet, automatic pipetter, or funnel hose V.A.13.3b
each culture tube. and pinchcock assembly are acceptable. . (p. 43).

3c. Accuracy of delivery: + 0.5 ml.

. , : N ’ ,
\ - : . 5
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Dilution Tube (MPN) Method

| , “ -t
. -
: - TRAINING *
OPERATING PRCCEDURES STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
* - |
Preparation of Lactose | 4. Insert one fermentation 4a. Tubes and vials previously washed as indicated &
Lauryl Sulfate Tryptose |’ vial into each tube of A.7.1-4, N
Fermentation Broth medium, open end down. 4b. Use 75 x 10 mm tubes. )
LLLSTB) (Continued) . . -
5. Place tube cap on each S5a. After all tubes have been filled and have
tube culture medium. individual vial. ' .
6. Sterilize in autoclave. 6a. Within 1 hour after @edium prépared.
6b. Sterilization at 121°C for .15 minutes.
v 6c. Medium must be removed from autoclave as soon
¢ as possible after pregsure has returned to
. ¢ normal. Use "slow-vert" mode of steam removal.
. AR < .
- 7. Cool medium to room tem- 7a. Medium ready for:use when cool and individual
. perature. vials are complefely filled with fluid. No
' bubbles must be present.
, ' i -
8. Check pH of finished 8a. Shbuld be pH 8.8 - 7.0.
3 mEdium. - ] \ ) »
9. If final pH not satis- 9a. pH value ordimarily drops about 0.2 pH unit.
factory, discard medium’ . ,
r - and prepare new batch with
pH adjustment before
sterilization. .
10. Store medium in cool dark 10a. Not in refrigerator. Usually in laboratory -
place.’ cabinet in darkness. ' - .
- ¢ 10b. May be stored up to 1 weeR if evaporation not
' .more than 10%: . .
+ - }
215
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o%  EEFDUENT MONITORING PRUCEDURE :.

*
4

. - A
!

-

Fecal Coliform Test by the Multiple S - '
Dilution Tube {MPN) Method : '

s

Z

0PERATING PRCCEDURES

"

INFORMATION/OPERATING GG.LS/SPECI?ICATIONS

TRAINING
GULDE NOTES

3 -

14. Preparat?on of EC

W 8roth
- N
h ! -
&
‘& - ..
¢
13
»”
.
'\ ‘ 2
'\4
.
.
i
. .
} A
\ .
By

Dehydrated media take moisture out of air, be-
cogme, caked.

Caked media.unsatisfactory; discard.

Prepares 100 tubes; this is enough for four fo

. five tests. ,

Gentle heat if‘necessany.ﬁhb boiling.

mm tubes‘. ; A
10§m1 pip€t, Tautomatic pipetter, or .funnel hose
and pinchcock assembly are-acceptable, . -
Accuracy of delfer + 0.5 ml

Tubes and .vials previously washed ag indicated

in A.7.1-4, . . '

Use 75 x 10- mm tubes. .

Use 150

After all tubeg have been f1]1ea and vials iﬁ—'
serted. Ll

After all tubes have been capped.

. Sterilizatiof at 121°C for 15 minutes. .

Medium must be removed from.auto;lave as soon
as possible after pressure has réturned to normal.

Medium ready for use when cool .and individual

~ vials are comp1et§}y‘f111ed with fluid. No

10a.’Not in refrigerator.

, BTEP SEQUENCE
& .
1. weiﬁh'37;0 grams,0f dehy- | Jla.
-drated EC Broth. Close
cover of bottle of 1 1b.
dehydrated medium tightly-| Tlc.
after removal. P

2. Dissolve in 1. liter dis- 4 Z2a.
tilled water. )

3. Place 10 ml of the sblu- 3a.
tion of prepared EC Broth 3b.

= 1n each culture tube.

- 3c.
4.}Insert'one fermentation 4a.
vial into each tube of )
medium, open end down. 4b.
4 .Place tube cap on éa'ch ) ‘a.
tube of culture medium.
6. Ste}ilize in autoclave. 6a.
6b
. 6c.

7. £ool medium to room 7a.
temperature.

8. Check pH.of finished | R
medium. *

9. If out of range 6.8 - 7.0 | 9a.
discdrd and prepare again |
with prior“adjustment of
pH with 1N NaOH or HCI.

10. Store ‘medium in cool dark ]

place.

\

10b.

bubbles must be p es%ht.
Should be pH 6.9, ) .
o/

4

Before sterilization most media should be ad-
justed to 0.2 pH units higher than pH value '
expected of the sterile medium.
0
Usually in laboratory
cabinet-in darkness. ’

May be stored up-to 1 week if evaporation not
more than 10%. o '

217 #
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y g Dilution Tube {MPN) Method’

Re . ’
A Y 'g -
. i : . TRAINING
OPERATING PRCCEDURES . STEP SEQUENCE THFORMATION/QPERATING GOALS/SPECIFICATIONS GUIDE NOTES
15, Fina]lequiphent and 1. Check‘to be sure that all la. Check genefa] list of equipment and‘supplies. ¢
supply check equipment and supplies, 1b. Each test requires (with 4 sample volumes per
solutions, and prepared test) 20 tubes LLSTB;7 )
media are ready before ’
. i 10-15 tubes E th N
i?g;t1ng sample examina- - 1 sample botilé/rd
: : 1-51-m1 pipets, stemjle; and ]
1-3 99-ml bottles sterile dilution water
2. Make preparations or ad- . ' X . *
Justments as necessary *
before starting test.
B. First-day Procedures . ) ’ ’
1. Equipment Maintenance |}, 1. Check, record, and adjust la. See A.1.7-6.
. . incubator temperature.
. . Ty
2. Add water to pan 1n incu- , . .
bator as necessary ' ’ '
2. Sample collection 1. Collect sample. la. Locations as selected by plant man&ﬁEEEht
S ' 1b. Sampling methods as described in procedyre
> — "Sample Collection and Handling for Bacteriologi-
° cal Tests" or in Standard Methods. .
I - » ]
2. Record sampling informa- 2a. Most plants have sample tag of some type which
tion - includes such information as date, time, place
: ' of sampling, name of sample collector, aﬁd other
- 1nfonnat1on as may be required.
' ' J
3.'Transport samp]e to 3a. Taken to 1aboratory without delay.
laboratory 3b. Samples iced if delay of starting sample test
is greater than one hour. No%more than 6 hours .
of transportation time Ts allowed. . 219

- - R
. .




EFFLUENT MONITORING PROCEDURE: Fecal Coliform Test by the Multiple
LN Dilution Tube (MPN) Method

A

OPERATING PROCEDURES _ STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS NG

"B. First-day Procedures, - . B

-

(Continued) oo . e —_

' : +

» - 3. Preparation of 1. Fi11 in data sheet to . Needed information should be on sample collectiom
\. laboratory data sheet’| <« show sample information. tag. - . / '

: a . . Most data sheets show at least source, date,’ VII'B.3.1

- ~ time of collettion, name of sampler, name of (p. 44)

analyst, laboratory sample number assigned. L

2. Select sample inoculation 2a. According to fecal coliform density range pre- VII.B.3.2 ,
volumes. _dicted for the sample. i (p. 44)

) 2b. For fecal coliforms per 100 ml in the range )

from to inoculate 5 tubes each of ml

20- ° 160,000 1.0, 0.1, 0.01 o.%1

200 - ~ 1,600,000 0.] 0:01, 0.001 0.000
2,000 - . 16,800,000 .01 .001, .0001 .00001
20,000 - 160,000,000 .901 .0001, .00001, .oooomt

’ -
2c. For chlorinated effluents, 1.0, 0.1, 0.01, and
© 0.001 ml Lample portions are recommended.

2d. For raw (untreated) sewage, use sample portions
of 0.0001, 0.00001, 0.000001, and 0.0000001 ml.

2e. For other waters, other combinations df sample
_volumes may be required, particularly in en-
vironmental.waters receiving raw or ‘incompletely
“treated sewage. It may be necessary to conduct.
exploratory teits. i

. Enter informatdon'in . Recommend showing sample inoculation volumes 1\r,~.
laboratory.data shee} to mikor decimal amounts. ‘, ]

- show sample inoculation . o l.

* volume for each series : (

(row) of 5 tubes. “N . \

A\

021
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Dilution Tube '(MPN) Méthod

W2 ~ - ad

OPERATING PROCEDURES T STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS | ORoINING

. First-day Procedures : o ¢ ‘ , -
(Continued) : )

hs ' * ' .
- - Lz

. Lab bench .-Disinfect laboratory . Sponge and disinfectant; paper toweling.

disinfection” *  bench; wipe dry. o B ’ ,
v A . .

. Assembly and label- . Place 5 tubes of Lactose . If more’ than one sample is be1ng tested,. rack

ing of culture medium Laury] Sulfate Tryptose with 5 x 10 openvngs can be used to set up two
* Broth (LLSTB) in each of tests. ~
4 raws in culture tube ) \
ra‘gk. (20 total tubes) "

3

. Label tubes of culture * 2a. Use labeling code. . : ’ "] VII.B.5.2
medium to show sample- . Label every tube. Only the experienced worker (p. 45)
number,.sample volume, should take short-cuts in labeling.
and pos1tion of tube in . Use.wax pencil. Soft wax equivalent to
the series of- 5 tubes per Blaisdell 169T 1s suggested
samplé volume. - 7

6. Sample inoculation . Shake sample wvigorously. la. At least 25 shakes over spage of at least 1 foot § I.B.6.1.1

(with dilution as ¥ ‘ in 10 seconds or less. * (p.»34)
required) ' ' , ’ .
. . . Deliver into the labeled . Use sterile’l ml pipets. ' VII.B.6.2-3
LLSTB tubes the sample , s . . (p. 45)

portions previously ‘ .

selected.

¢




m: MONITORING PROCEDURF : Feéal Coliferm Test b Multiple oL : ‘ . :

Dilution Tube (MPN) Me . T : > v
. ‘ - . . . } - ‘ R . < 1
E - - . . . , ! : 4«‘ .
\ . 0 . ' Lo : TRAINING
. OPERATING PROCEDURES .|+ . STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS | GuIDE NOTES
. b First®day Procedures / a . | - , "
(Continued) - 2b. Table of sample portions .
’ + To get h Deliver . _ From
(mlg L, (m1) Ksample preparations)
i v 1.0 1.0 | original sample
. 0.1 1:10) 0.1 original sample
Q.01 1:100) 1.0 1:100 dilution
, 0.001 1:1000) 0.1 1:100 dilution
~ 0.0a01 1:10000). | 1.0 1:10080 djlution
. 0.00001 * (1:100000) { 0.1 1:10000 dilution
- 0.000001 (1:1000000)1 1.0 1:1000000 ditution
! » 2c. Dilutions of original samples v
. Deliver to
. . ‘ - To get 99-m] blank From * ‘
’ . . . - 7:100 1 ml original sample d
' . . 1:10000 . 1wl 1:100 dilution
~ . ) 1:1000000 1 ml « 1:10000 dilution o
'J -
3. Each time a sample di- Ja. At least 25 shake$ over space of at least 1 foat
| tion is prepared, shake in 10 seconds or less. .
vigorously, as with the -
- riginal sample. .
; : . 1 -
L . ,
. -
\ 225
¢ j
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EFFLUENT MONITORING PROCEDURE: Fecadff Coliform Test by the Multiple .
' * Di1®¥tion Tube (MPN) Method
v L /
‘ © : - * TRAINING
OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOJES
7. lﬁéubation 1. After completion of sample |la. Mixes sample with culture medium.’

E 3

8. Processing used
glassware

4

inoculation into LLSTB,
shake rack of cultures

gently. N

. PTace Mck(s) of qylturesiin

incubator.

. Dra{n Sample bottles,

dilution bottles, and pipets
into sink.

. Nash'qﬁd“dry bottles, pipets]

1b. Avoid shaking afr into fermentation vials.
ﬁ -
2a. 24 hours + 2 hours at 35 + 0.5°C ¥
- . i
la. Sterilizatiqn unnecessary.

2a. Meets original cleanliness requirements of
* - glassware.” s ) )

2b. Glassware ready for reuse.
- ’ S~
9. Lab bench 1 1. Disinfect laboratory bench |la. Sponge, disinfectant, paper toweling.
disinfection top; wipe dry.”
JEN - 0 d
C. 24-hour Procedures » '
1. Equipment. . 1. Check, record, and adjust |la. See'A.1.1-6
mainteMance incubator ‘temperature. N . *
‘ 2. Add water to pan in incu-
: bgtor as necessary.
2. Disinfection 1. Disinfect laboratory bench la. See B.4.1
top; wipe dry.
. 3. Reading and record- | 1. Remove rack(s) of culture(s) ‘ -
ing of results. ‘ from incubator to lab bench. o 22?
C l
2. Shake culture rack gently. |2a. Hastens release of gas in supersaturated cultures. .
% . ' 2b st not shake air into fermenfation vials. ) ’
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EFFLUENT MONITORING PROCEDURE: Fecal Co]iforh‘Test by the Mu]tip]e’ . ‘
.. X , Dilution Tube (MPN) Method -

r

» ‘ y b

- —

. ' -
. TRAINING

OPERATING PROCEDURES STEP SEQUENCE - INFORMATION/QDPERATING GOALS/SPECIFICATIONS GUIDE N@TES
= k‘['

3. Examine each tube for gas 3a. If present, g%s will be trapped in the fermenta- |III1.C.3.3,

. production and record: re- tion wiah -~ (p. 39) .
' sults on data sﬁget. 3b. Gas iﬂ_gﬂﬁ quantity is a positive test. | ‘
3c. Vials with no gas are a negative test. - ; 2
3d. Each result appears on line corresponQﬁng with o
the tube label. B ,
. 3e. A1l results agpear under the "24" of the LLSTB -
et . column. ’ . . I
3f. Plus sign (+) means a gas-positive tube. .
3g. Minus sign (-) means a gas-negative tube. - .
4. Transfers " 11, Label and assemble tubes la. One tube for each LLSTB gas-positive tube. &
- ) of EC Broth. Jb. Each EC Broth tube label corresponds with label
. on gas-positive LLSTB ‘tube. .
. | 1c. Labeled EC Broth tubes assembled -inm a culture - N : :
/ tube rack in same relative position as gas-’ ~ .
. ’ T positive LLSTB tubes in their rack. ) :
x ‘ VII.CH.2. )
2. Transfer each gas-positive Y 2a. Label on inoculated tube of EC Broth is the same | 111.C.4.2 *
tube of LLSTB to a labeled as the label on the tube of LLSTB from which the (p. 40)
tube of EC Broth. transfer is made. (p. 47) f
2b. 3-mm inoculation loop. . P
2c. Loop flame-sterilized before use and between i ~
N 9 ’ successive fransfers,
' ' 2d. One loopful per transfer. o A
3. Place each inoculated tube .
of EC Broth in a separate
4 rack, in same relative . .
: position as original gas- 3 ‘ -
positive LLSTB tubeslin‘rack.- .
. - ' R . ) W ) . \
4. After each transfer, place _ ‘ )
) 222263 original positive LLSTB ’ ' , | ,2322=) '

tube in discard basket. ,

» ?

Pagg No. 8-2%




3 ' - Frecal Coliform Test by .the Muitiple- - . ©

= . > Dilution Tube (MPN). Method o L »
W - \' - o= » : . ’ N . i .
M ﬁ = ‘,, r[ é s B
. T : ‘ ‘ o - , \/J/TRAINI\%S <o
GPERATING PBOCEDUﬁES ¥ STEP SEQUElCE ) INFORMATION/OPERATING GOALS/SPECIFICATIONS ' GUIDE NOYES~ .
R 5. Return*negagive LLSTB cul- [S5a. An additional 24 + 2 hours at 35 + 0.5°C. o A |
- turg,s to 35°C incubator. 5b. Rack should contain g11 LLSTB. gas-negative tubes. P ~
' v . Vo . ¢ . ~ ¢
- | 67 Place the separate rack of | 6a.. 24 + 2 hours at 44.5 + 0.2°C. , ~ L
) , ] newly inoculated EC Broth ~ ~| 6b. Must be put in incubator _yithin 30 minutgs after 7 . >
CS , tubes in water bath ' transfers have been made. . - .
» e - , incubator. ot . L i . i
. - ~ 3 .,; L4 . , . r— b \
. 5. Processing discarded | 1..Sterilize discarded LLSTB la.~Autoclave: 15 minutes at 121°C. ,
o cultures. ' tubes. ’ : . . L
B o EEIEN ¢| 2. Remove all Tabels from 2a. Best done'while still warm after autoclave. . . : L -
: ‘ ¢ulture tubes . ’ . , :
" ‘ .~ <
. »3. Empty sterilized cultures. - ) X
into sink. ' . ' , : S
Q‘ - .. . R L3 . ' 9 , ¢ "/' N L * N
. . I 4. Wash and dry culture .tubes, 4a.éets eriginal cleanliness requirements of” - ®
T ) fermentation vials, and " WYlassware. ' . e ' . . . 4
) R . . tube caps. ’ , , i . 4 ,
T . ) Y 4b. Tuﬁes and caps ready for re:%se. )
o o . : ; \ - . )
» 6. Disinfection J 1.- Disinfect laboratory bench la. Sponge and disinfectant; paper toweling. R -
LT o top; wipe dry: | ‘ . . 1
- ' ’ y4 ' Ne ' P ) -
- . . > . \ > «"
- D. 48-hour Procedures - : . T .- ‘ \ o -
.71, Equipment . . | 1. Check, record, and adjust ‘s ’ o - ' . ¢ i
& Maintenance . - incubator temperatures. . J o :
\ ’ ) .' N . . ’/—_\7 ’- . . ‘
B 2. Add water to pan tn incu- . : ? ; . .
. ‘ o bator as necessary. ° ) , A . .
2. Q:Isinf??tﬁ,co_ > 1. Disinfect®lab bench top; SN ' | S . i .
J wipe dry. & . “ ’ Py | ) . ) .
+ R ., . . - - v :
/ N 231
. - . . , L N ; ) ) ’ ‘ ’
. i ~ 7.’ . - '
S Y D A ° |
. 3 . . . . ) . >, . 3 5
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' gFrLuE@MONGRORING PROCEDURE

Fecal Coliform Test by ‘ Multiple
Dilution Tube (MPN) Ygthod

{

-

f -
OPERATING PROCEDURES

STEP SEQUeNCE

o E4

TRATHING
GUIDE NOTES

3. Reading and recording
. of results '

4. Transfers

o
6
-
,
-
s
23R
g < .
, ‘

. Remove rack(s) .of culture(s)

. Shake culture rack(s) gentlx%

. Examine each tube for gas

. Label and assemble tubes of

. Transfer each gas-positive

. Placélqabcdla¢ed tubes of

“After each transfer, placé

. After all transfers ;re com-
. and a1l 24-h

A .
. Place.newly inoculated EC

from incubators to_lab bench.
-

production and record re-
sults on data sheet.

P

EC Broth.

tube of LLSTB to a labeled
tube of EC Broth.

Broth in a separate rack. -

LLSTB tubes in discard- bas-
ket. 7,

pleted, place all 48-hour

gas-negdttve tubes of LLSTB
r tubes of EC
Broth in the discard basket.

Broth cultures (if any) in
water bath incubator.

A

INFORMATION/OPERATING GOALS/SPECIFICATIONS

"

LLSTB tubes will be recorded under the "48" on

3a.
~ the LLSTB column.
la. Corresponding with gas + LLSTB tubes at 48 "hours.
1b. One tube for each new LLSTB gas + tube. o
lc. Each EC Broth tuke label corresponds with label
on a gas-positive LLSTB tube.
1d. Labeled EC- Broth tubes assembied in a separate
«culture rack in same relative position as gas-
.positive LLSTB tubes in rack. v
g )

*

'5a. No further testing of 48-hour gas-negative LLSTB
-tubes off of any tubes of EC Broth.

233

-




EFFLUENT MONITORING PROCENURE :

Fecal Coliform Test by the Multiple

*Dilution Tube (MPN) Method

~—

OPERATING PROCEDURES

STEP SEQUENCE

TRAINING

- fpa.

5. Processing discarded | 1.

tubes of media.

]
H

& -/

‘6. Disinfection .

f
(alternate) If no cuPtures
remain to be returned to
incubator, proceed to
"Interpretation of Test
Results" and continue as
directed.

Sterine dj‘scardgd media.

. Remove all labels from

cul ture- tubes.

. Empty steri]ized cul tures

into sink.

. Wash and dry culture tubes,
" fermentation vials, and

s

tube caps.

Disinfect laboratory bench
top; wipefdry.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

GUIDE NOTES

E. 72-hour Procedures 4 -

1. Equipment 1.
maintenance -

2

2. Disigfection 1.

3. Reédi&‘and record- T,
FRIC OFed% - |

Check, record, and adjust
incubator temperatures.

. Add water to pan in incu-

bator as necessary.

-Disinfect lab bench top,

wipe dry.

Remove rack{s) of culture(s)
from water bath incubator to
lab bench.

295
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EFFLUENT MDNITORING PROCEDURF: Fecal Coliform Test by the Multiple ' : '
v - . ~ Dilution Tube (MPN) Method .
o i TRAINING
N OPERATING PRCCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
E. 72-hour Procedures , ‘ ’
(Continued) !
. 2. Shake culture rack(s)
. //». gently.
| 3. Examine each tube for gas
production and record re-
sults on data Sheet. . N
4. Place.all tubes of EC )
Broth in discard basket. .
4. Processing discarded 1. Sterilize discarded tubes
tubes of media ) of media. ’
o . ® , .
2. Remove all labels from : . . . ~ '
. a tubes. ,
- i Tiaeg ¥
3. Empty sterilized tubes g
- into sihk. .
. . I
5. Disinfection A 1. Disinfect lab bench top;
wipe dry. . .
F. Interpretatio? of 1. Determine number of EC’ la. Assﬁme, for instructional purposes, I(I.F.317) .
- test results (Con- . Broth gas-positive tubes ‘4 P-
tinued) . for each group of five 5 positive Ist row 11.F.2
5 positive 2nd row 37)
tubes of equal sample 2 positive 3rd row (p.
' “_volumes: . .0 positive 4th row
" 2. Write the numbers in the "
. . data sheet. ,
0 i . Ve d
- N r§7
o 234 \/ : 237

‘ ' /*P‘ageiNo. 8-29
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DOPERATING PRCCEDURES

STEP SEQUENCE

TRAINING
GUIDE NOTES

F. Interpretation of
test results (Con-
tinued) "

&

v

INFORMAT I0N/OPERAT ING GOALS/SPECIFICATIONS

Fecal No.
EC Fos.
24 hr. JEC

—

{

+-+] +] + + |+ ] ] ]+
N
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EFFLUENT MONITORING PRUCEDURF :

ra

, 4

)

Pitution Tube (MPN) Method

Fecal Coliform Test by the Multiple

" OPERATING PROCEDURES STEP SEQUENCE [~ INFORMATION/OPERATING GOALS/SPECIFICATIONS GB?S%”&%?gs
F. Interpretation of R il
test results (Con-
‘ tinued) . . ' )
3. Select the 3-digit code 3a. In a test involving 4 sample volumes this will II.F.3
which applies to the be based on rows 1, 2, 3, or on rows 2, 3, 4; (p. 37)
_ number of gas-positive and (p. 38)
& tubes of EC Broth. 3b. If all tubes are positive in rows 1 and 2, then
the 3-digit code is based on rows 2, 3, 4. .
3c. In all other cases the 3-digit code is based on
— _rows 1, 2, 3.
- 4. Look up and record on the 4a. For the given example the location of the MPN II.F.4
data sheet the MPN Index. index is shown by the arrow based on the 5-2-0 (p. 32)
code.
& Table of Most Progable Nymers (MPN) 1-F.5
=2 02 (p..38)
,or . No. of Tubes Giving Positive ‘ MPN !
* Reaction out of Index
per , .
» . 100 ml
50f 10 {50f 1 |5 of 0.1
ml Each | ml Each |ml Each
./
s -
,/ \ ~
ha ‘_
240 - ~ . 241
s Page No. 8-3Il
) wammne




- ‘ Dilution Tube (MPN) Method

‘ ¥ - - i
/ ‘ TRAINING
OPERATING PRCCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
F. Interpretation of T ) -
test results (Con- . .
tinued) , a
5. Divide the MPN Index by I . . N
/ . the number of ml of sample ’
represented by the middle
digit of the MPN Code.
The number obtained is the .
MPN (Most Probable Number) | " .
~ per 100 ml of original - ‘ ‘ , .
\ sample. . 1 a , ’
6. Record the calculated iy«» \\/ . I1.F.6
* Total Coliforms per 100 ml _ f\ﬂ@JVv!fQHvﬁ’d (p. 38)‘
on the laboratory data —
sheet. PRESULTS: ‘
Fecal Coliform MPN
4900 ,
l. ‘
G. Reporting of results 1. Report results as pre- la. Report Geometric Mean
scribed under NPDES or 18 See procedure for calculating Geometric Mean
R . other regulatory require- |? described elsewhere in these instructions (EMP
o ) ments. ' units). :
R - " :
' - Al
242 ' '
[~
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*Training guide matemg]s

: T s ‘
(I
b
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A
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I
e ,
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are presentkd here under the headmgs marked *..

These standardized headmgs are used through this ser1es of procedures.

’ v 443.‘
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“Effluent Monhitoring Procedure: Feca] qu;forjn Tesf by the *Mu]t iple ;
. e ‘ ‘Dildtion Tube~ (MPN) Method / ‘ .
. o . - ro .
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e - k4
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. IX ¢, - ' Recards and Reports S .
= & . o ‘ . .
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NEFFLUENT MONITORING PROCEDURE :

3

Fecal Coliform Test by -the Multiple

’
a,.

dg1lution Tube (MPN)} Method

\INTRODUCTION -

TRAINING SUICE KOTE |

-

&

, )

These MPN methods for determining bactertal numbery
* are based on the assumption that &he bacteria can
be sepavated from dne a er (b shaking or other

means) resuiting, in a slgghsmn of individual -
bacterial calls, uniforgely distributed through the

original sample when tne primary inoculati@g/w
made. . . ’ s

t

1

E

i -~ - . E

' e ' . 0 )
| Test procedyres are Based,on certain fundamental
" ‘assumptions' ¢ ’ '
|

i

|

i

b

!

|

a. First, even if only ‘one 13 vmg'ceH of the
test organisms 1S present in the sample, 1t
w1ll be able to grow when mtroduqu into the

: prmar,t 1noculation medium; .

b. Second, growth of he test organism in t(he )
culture medium w11l produce a result which-
1ndicates prese&se of the test organism; and;

¢. Third, unwanted organisms will not grow, or
1f they do grow, they will not 1imit qrowth
of the test vrganism, gor will they produce
growth effects that wHl1'be.confused with those
of -the bacterial grouq for which the-test 1s’,
designed. b
t w S '

v of
&

(U
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 EFFLUENT.MONM OPING. PROCEDURE :

-

¢

f

r

-—

Fecal Coliform Test by the Multiple

Dilution Tube (MPN) Method \

— 1

4 - EDUCATIONAL* CONCEPTS - MATHEMATICS SECTION I1I
' ’ TRATHING GUIDE NOTE" - Lo REFEREACES/RESOURCES
'E ', ol T - ] < \
) 1‘)': Table of Most Probable Numbers -.(MPN) . .
b 1 No of Tugges Giving Positive’ R MPN \
Reactioh out.of . Index
per
) -7 K 100 ml
5of 10 |5 of 1 5 of 0.1 N7t ‘\\
B A ml Eagh~ ml Each | ml Each
] P ‘ L)
v 0 0 0 / <2 0 ’
’ ‘O 0 1 ! 2 »
. 0 17 0 . 2 . - ‘
) 0. .2 o0 4 ) ¥
. , i .
, . 1 0 0. 2
ot A I I SR 14 4
1 f 1 0 o 4
ot 1 1 1 %
.w » R 2 0 € ¢
< . 2 0 by O 5 ,
“ ) 2 0. 1 - 7
. 2 - ¥ . 0 .7 .
~ 2 1 9 .
o - ) 3 | o 12 &
- J v, .
y 3 PR (R O * 8 .
. 37 .0 . n
s © 3 1 0 S b , .
N - '
EOE AR S
- 3 o2 1 Yo7, ,
ST 3 3. | 8 o }g \ ¢
) v N 1 , 17 '
/ 4 ] L 0 - ]7 » ¥
.. 4 1 ] S 21~
: 4 1 2. 26 -~ '
4 2 0 . 22
N AR 27 ‘ ;
: 4 3 } i 33 >
’ Vg .4 0 34 -
» P \ Id 5 ’
x 5 Q 0 23 §
N r 5 .0 ] ’\ 3] 3
. , 5 0 43 .
“ A 3
- . v A
K . & o
LJE P T - . Page No. 8-35
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PIE | _ .
EFFLUSNT HONITOP 11 PROCTILKT - 8Fecal Coliform Test by the Mulfiple = -
Dilutior Tube (MPH) Method . . .
. . I ]
EDUCATIONAL CONCEPTS’- MATHEMATICS . ~ . SECTION II
‘ Rl . ] FEFLRENGES/RESO NPT ’
Tablg of Most Probable Nurbers (MPl) B
- No. of Tubes Giving Positive MPH ’ v
P Reaction out of Index .
per
1N4 ml '
~ 50of 10 | 5 of 1 5 of N.1 ] ‘ .
ml Each | ml Egch | m1 Eagh \ . , o .
5 ] c 33 B / hd
5 1 ! LE e ' :
) 5 1 2 €3 -
5 L2 o g9 7
5° 2 1 77
5 2 2 94 R ~— .
5 2 N 79
5 3 1 110 . ,
5 3 2 149
5 3 2 1860 )
5 4 0 130 4N
5 4 ] 170 ,
"5 4 2 . 220 .
5 ° 4 3 260
Lo 4 4 350 s
5 5 0 240
! 5. ®5 1 350
5 ) 5 2 5475
5 # *5 3 320 * .
5 5 4 1600
5 5 5 $24nn >
\ S
»n
N
o joe \ i
\ . !
S - |
'f |
|
. |
. | -
| .
' ’ P {
. . ! ,
| .
i
i ~
- () .-y <
o~ ‘v[z {
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.EFFLUENT MONITORING PROCEDURE :

’

Fecal Coliform Test by the Multiple SN
Dilution Tube (MPN) Method .

-

-
hd - - £ 2

EDUGATIONAL CONCEPTS - MATHEMATICS . ‘séction 11\ .

R

-

———

\ TRAINING %UIDE NOTE REFERENCES/RESOURCES

R

\

v

F.1 For pure?y qua11tat1ve aspects of testing for
A—~indicator organisms, it is convenient to codsider -
"1 the tests applied to one sample portion, inocUlated . N
. into a tube of culture medium, and the follow-up®

ﬂ examinations and tests on results of the or1§Tha1
1noculation.” Resultsaf testing procedures are
definite: positive {presence of ,the organism-group
. is demonstrated or negative (presence of the or- .
P ] gan1sd=group 1s not demonstratejy .
The comb1nat\6h\of positive and negative results | ‘ .
1s used 1n-an application Of prabability mathe- |
matics to secure a single MPN vajue for the sample.
p . " . i '
To obtain MPN values, the folTowing conditions  _ | -
P . » must be met: , ) . . Vo

a.

The testing precedure must F '
more tubes 1n which the test o

. \ 1
: ult in one or "
' ‘ L organism is demon- |
. . ‘ : strated to be Present; and- - . T .
R - 4 L]

R b. The testing procedure must result in one or . ) -
more tubes in Which“the test organism is not ' :
demonstrated to be present. Y -

The MPN value for a given sample 15 obtained . it
through the use of MPN Tables. It is emphasized ]

that the precision,of an individual MPN value i
/| not great when coﬁﬁared with most physical or ‘
chemical determinations.

- . Standard practice i1n water tests made by this ‘or-
ganization is to plant five tubes in each of a

. series of sample increments, in sample vo]umes

' decreasing at decimal intervals.

As an example, assume that all tubes were positive.
; *« " | fogr a sample portion of 1.0 ml, all five tubes
were positive on the portions of 0.1 ml, two of
the five 0.01 ml portions were positive, and'none | -

of the f1ve £.00% m] portions were positive. ‘ .

F.2 lf The numbers, on the above example, would be
. 5-5-2-0. Y 4

F.3 1. Pursuing the above‘examﬁle, the code would be ,J/, C _— )
- 5'2-0. [ 3 h

]EIQJ!:‘ T Lo : Page -No. 8-37
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EFFLUEN: MONITORING PPOCEDURE

..

~ L

LI T -

[ 0

"Fecal Coli1form Test by the Mu1t1p1e

<

Lo Dilutiop Tube (MPN) Methad -

[

[

'

: b . . t - . S
EDUCATIONAL -CONCEPTS - -MATHEMATICS .- )
. it . 3 .
¥ .
-~ : ’pp NG IcE NOTE . REFERENCES/RESQURCES
;.3‘(§ont1nued 2. Selection of codes 1s,'sometimes compligated. Std, Meth. ff -
I For further 1nformation studygraining guide
‘r notes and ci'ted references.
A
F.4 D Appears on MPN Table {attached ro tms Section)
L ; o T
‘ 2. Pursuing. the absve example, the MPN Index for
! “Pl*Tode 5-2-D would be 49,
FL5 1. As ndicated above,‘%he mddle digit 15 2 and _j ¢ )
. + 1t represents a sample portion of 0.01'm1. LAn ’ : .
Mp ‘Index of 42 divided by 0.01 1s 4900. . '
»
Fe ¥ ; The Fecal Coliforms pergl30 m1 would be recorded - .
1" as 4300. - L
i f i )
| 5 | . ‘ - 'II"
: - .
i
‘i -
. ! . ' :
’ -
’ | 5 .
' ~
- . <5
.., . 4 '
t »>
%
T L3
L .
v \ ¢ -
D 40 h ’ "Il'l-
[“ s »
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\.EFFLUENT MONITORING PROMEDURE : Fecal Coliform Test by the Multiple X g
' Dilution Tube {MPN) Method
. “ [ - . . . .
- EDUCATIONAL CONCEPTS - SUIENCE® “ R . . Section 11 -
A | TRAINING GUIDE HOTE. © REFERENCES/RESOURCES
" C.3.3 Interpretat}on of resu]ts on LLSTB:

i 4

- Development of gas in this medium 1nd1cates that
: the lactose has been fermented. Fermentation of
- lactose with gas production is a basic characteris- .
tic of coliform bacteria. To meet the defination
of coliforms, gas must be produced from 1actose
within 48 hogrs after be1ng/b1aced in thé incubaton!-

If a culture develops gas only after more than 48 . . .
k hours incubatian, then, by definition, & s n not a .
e , eol1form. .

Meeting pfeviously discussed"assump;ions (See
-B.6.1.1) usually makes 4t necessary to ecomduct the | - -
tests in a seriles of stages.

o o Features of a full, multi-stage test:

: D a. First stage:* The culture medium usually serves
’ . primerily as an enrichment medium for the group {,
SN tested. A good first-stage growth medjym shbuld
. .. ¥ support growth of all the livirg cel1#0of the
+- group tested, an# 1t should include provision ' . .
T _ for indicating the presence of the test organism
‘be1ng studied. A f1;§t stage medium may include
A ' séme component which inhibits growth of ex-
: ‘ ' franeous bacteria, but this feature never shoudd .
. . .o b8 included 1f it also.inhihits growth of any !
’ o - cells of the group for which the test is de- ’
b ) signed. The Presumptive  Test” for the coliform
) . . ._group-1s a good "example. The™Medium supports
g d - growth, "presumably, of all living cells of the
' coliform group; the culture container-has a .,
fermentation vial for demonstration of gas pro- -
‘ duction resultingd from lactose fermentation by
coliform bacteria, 1f present; and sodium lauryl ) '
sulfate may be 1ncluded in one of the approved
Rl . media for suppression of growth of certain non
coliform bacteria. This additive apparently has
no adverse effect on growth of members of the
" coliform group in the concentrations used., If
the result of the first-stage test is negative, ,

o ' , the study of the culture 1s terminated, and the
’ result 1s recorded as a negative test. No fur-
U ther stddy .is made of negative tests. If the

. result of the first-stage test is positive, the
culture may be subjected to further study to '

L ) -
‘ ) veri1fy the findings of the first stage.
- - \

. . .
‘ 250

: ‘ p ilo. 8-38
EMC . | ‘ . ' ) age |
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Fecal Coliform Test by the Multiple-

EFFLUENT MONITORING PROCEDURE.
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Dilution Tube {[MPN) Method
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Transfer of gas-positive LLSTB Tubes,to EC Broth: |

This 1s dome 1n order to find out if £he organisms
which produced gas from the lactose in LLSTB also
an produce gas from a s]ight]y different culture
dium (1t also contdins 1actose3, and San do so
at an elevated temperature (44.5° + 0.2°C.) in a
water bath. Practically all cdli1forms wh1ch came

. from 1ntestinal wasktes are able to produce gas from

lactose at the elevated temperature of th® second

medium; and practically all bacteria which produce

gas frgh lactose, but which do not come directly

from Intestinal wastes, are unable to perfomm at
elevated temperature

\ .
N
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X ’
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%
’
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)
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\
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Fecal Coliform Test by the Multiple

i ‘EFFLUENT MONITORING PROCEDURE:

_Dilution Tube (MPN} Method

FIELD AND LABORATORY EQUIPMENT AND SUPPLIES .

¢ Section Vv

TRAINING GUIDE NOTE )

REFERENCES/RESOURCES ,

ALl

Al2e

R.1.5

- A.1.6

A.3.1-5

Incubator should be kept out of drafts or direct.
sunlight 1n order to prevent temperature inside
the 1ncubator from chang&ng OUtBide the temnpera-
turn range specified (35 + 0.57). :

. .
Power supply should be selected so th&t there won't
b?too many pileces of equipment on thg same cir-
c#it.  Otherwise, circuits will be blown repeatedly.
N

Yercury bulb thermometer usually used 1n most 1ncu-
bators. Recording thermometer 15 acceptable, but,
Yt should be calibrated against a mercury bulb
thermometer which has been certified by National
Buremu of Standards. The NBS certified thermo-
meter alwdys should be used with jts certificate
and correction chart. ’

Saturated relative humidity 15 required in order
to make the 1ncubation more efficient (heat is
transferred to cultures faster than 1n a dry incu-
bator). ‘furthermore; culture médium may evaporate
too fast 1n a dry 1ncubator.

Allow enough time after each readjustment to per-

“mit the-incubator to stabilize before making a

new adjustment. At least one houn 15 suggested.

Incubator temperature can be held to much t]ospr
adjustment 1f operated continuously. Temperature
records should be kept 1n some form of permanent
record, A taemperature record book is suggested.
If a regbrding theFmometer 15 used, the charts

be keptfas permanent record; if so, be sure t

the charts are properly labeled to 1dentify the
incubator and the period ccvered.

Since .electric sterilizer will be operated 1inter-
mittently, care should.be taken that 1t 15 on a
circutt which will not be overloaded when it is
turned on. . .

. Y

Autoclayes diffar greatly 1n design and 1n method
of operation, Some are almost 1i1ke home-style
pressure cookers;J)thers are almost fully auto-
matic. This 1s a subject which reguires separate
tnstruction; and should be related to the ‘exact
make and model of equipment you will use in your
own laboratory.

(PR
'~
,

‘
s
L2

(]
. i

AN

-

Standard Methods for the

Examination of Water and

Std. Meth.

Std. Meth.

Std. Meth.

Wastewater, 14th ed.(1975)
APHA, WPCF, AWWA, p. 880
(Hereafter referred to as:

14: (page no.)

14.881

14:881 .

-
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. ¢ -
EFFLUENT MONITORING PROCEDURE Fecal Coliform Test by the Multiple . “- ‘
\

. . Dilution Tube (MPN) Method .

. ey e
- Ay

- . \ N

FIELD AND LABORATORY EQUIPMENT AND SUPPLIES ¢ section .0
TPAINING GUIDE NOTE .- REFERENCES/RESOURCES

A.5.1-2 Distilled. water in a bacter1o1ﬂgica1 1dboratory Std. Meth. 14:645-45

‘must not contain substances which will prevent . .- 14:888-851

any bacteria from growing in culture med1um n Training Manual (EPA)
- which the distilled water 1s used or will be h1gh]y Current Practices 1n Water -
_nutritive. There are procedures for testing gquale | Microbiology .
1ty of distilled water, but these should be under- . ) . v
w taken only by professional bacteriologists or 1n
Taboratories where this 1s done regularly. Use
only #leéss stills or block tin lined stills

A6 pr Meter: see cited reference ) L Std. Meth. 14-282

A.7.1-4a i Glassware: See cited refgrence on pipets and ¢ Std. Meth’. 14:882-885.1
graduafed cylinders, medie utensits, bottles. ' .

At7.1-4b  , Glassware can be checked for bacteri0static €r The . ' .
hibitory res: duns by a bacter1o1og1ca1 test pro-
cedure which, 1ke the distilled water suitability | - .
test, should be undertaken only by professional .
bacteriologists or 1n laboratories where this test )
s done on a regular basis,
A.10.1-6 Sample bottles: {1 Std. Meth.” 14:884

: ’ 14:504
W1de-mouthed glass- sboppered boft1es suggested, —2 -
but other styles acceptable .

[f glass- stoppered bott]es are used,™a strip of
paper should be placed 1n the neck of the bottle
before placing the stopper in place in preparation
or sterilizaticn. This prevents - the glass stopper

from "freezing" in place during sterilization. The
« | paper $trip 1s dwscarded at the time of sample
collection.

' 4 ’
£.11.1-6 Pipets- ¢ Std. Meth. 14-882-£83

This ‘procedure 1s described 1n terms of.reusable
glass pipets. However, STng1e-ser¢1ce prepackaged
- ’ glass or plastic pipets may be purchased and used,

. 1f preferred, case of use of single-service
‘ ‘ pipets, they be sterile when purchased, are ,
used one ti1 nd discarded immediately after use. *
“Accordingly, he step-by-sgep procedures dis- )
regard any i ctions abo reparation of pipets

for reuse 1n case 0of usin ngle-servicegpipets.

N ®

o o, Mz o

ERIC

wll Toxt Provided by ERIC

’
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&FFLUENT MONITORING PROCEDURE : Fecal Coliform Test by the Multiple o
Bilution Tube (MPN) Method

.

s

> L 4
- FIELD AND LABORATORY EQUIPMENT AND SUPPLIES

-~

Section

TRAINING GUIDE NOTE ‘ REFERENCES/RESOURCES

A11.7 - Passing the‘;Eened can of pipets through a flame
burns off excess cotton wisps sticking out of the
mouthpiece of the pjpet. If this 1s not done, it
/ is almost 1mpossible to control sample measurement
accuratety. , . .
A.12.14. See cited reference. In time, this solution will Std. Meth. 14:892
become mold-infested. At this time it should be
discardeg and a new stock solution prepared.
/ - .
A.12.3 Dilution water preparationi . e :
Measurement of dilution water into bottle with a
100 m1 graduated cylinder is time-consuming, but
effective. An automatic pipetting machine can be
. - considered a luxury, BUt is a real time-saver.
w N
A.12.4 If caps are not placed on bottles of dilution water T«
- ’ . loosely, they may crack in autoclave; furthermore,
steam w11l not be able to get in contact with the
| matertal being sterilized. After sterilization,
tightening caps on bottles of distilled water will
permit them to be kept for long periods. ,
A.12.5 Always pack material loosely and away from walls.
T ih autoclave when preparing to sterilize. Steam
must flow freely around materials being sterilized.

A.12.7 ’ If water should evapofgte noticeably or become - - .
contaminated by microbial growth, The bottle of )
distilled water should be discarded.

Funnel, Hose, and

. " Pinchcock Assémbly
Funnel ’

: 4 '

T

¢ ¥

“_Pinchcock . o .
*~— Hose

le— . Glass Tubhe

sterile for medium
delivery only
o : Page No. 8-43
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EFFLUENT HOHITORING PROCEDURF: Fecal Coliform Test by the Multiple
Dilution Tube (MPN) Method

_SECTION VIT

FIELD AND LABORATORY ANALYSES

TRATNHI.S GUIDL 1ATC REFERENCES/RESOURCES
B.3.1 Therefis no such thing as a "standard" data sheet .
for bacteriological tegts. A simplified data sheet . , ;
.| 1s shown below: .
B.3.2 ‘In this procedure, it is recommended that the worker
Tearn to select a series of 4 sample volumes in de-
) creasing amounts as indicated.
It is possible to use as few as three.sample volumes, h
s but often the worker will fail to get a measurable
result. DUn the other hand, one could have 5, 6, or
even more sample volumes ip decreasing amounts.
. Fecal Coliform Test
MuTtiple Dilution Tube (MPN) Method
Sample Type Lab. MNo.- ’ ’
. Station Description ' Pid ‘
Collection Date Time APHM. Tempx*
’ AM, AM
Received PM. Examined PM
pH Observations
Amount [Presumtrve |[Fecal] yo. ’
Sample LST . EL Pos ‘
m] 24 hr| 48 hr]24 hr! EC
. -
<
. & >
# .
. - .
{Results: ) -
Fecal coliform MPI . )
T @ To. 8-44 ‘355 -
‘ -
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EFFLUENT MOHTTORING PROCEDURE: Fecal Coliform Test by the Multiple

—— -

)
FIELD AND LABORATORY ANALYSES o

: ‘ ' v Dilution Tube (MPN) Method

SECTION VII

-

TRATHING GUIDE NOTE

™

REFERENCES/RESOURCES
B.5.2 Suggested 1a€1‘ng code for tubes:

“1. Every tube shows the laboratory bench number
(323 in examp]e shown on sample data sheet).

>
2. Below the laboratory bench number on each tube
will be found a coded symbol which represents the
L sample volume and the tube of each series of five.
; Thus:
Sample volume, ml  Tubes are  labeled
1.0 ‘a,b,d, d, e
0.1 b, ¢, e, -
0.01 Té, 1 1c, Td\ le
v 0.001 2a, 2b 2c, 2d Sée
0.0001 3a, 3b, 3c, 3dBe
P 0.00001 4a, 4b, 4c, 4d, 4e
0.000001 5a, 5b, 5c, 5d, be
0.0000001 6a, 6b, 6c, 6d, €e

‘ . e‘tc , etc.

3. For example, a tube might look something Tike
thig," to represent samp]e No. 323, with the
midd1@tube of a series of five, representing
0.1 m:

323 )

&
»
)
-~
el

r

']EIQJ!CV ) : ‘ . . " Page No. §-45.




EFFLUENT MONITORING PROCEDURE: Fecal Coliform Test by the Multiple
. " Dilution Tube (MPN) Method -

L4

- ™

w FIELD AND LABORATORY ANALYSES,

Section” yI1I

TRAINING GUIDE NOTE=

L 4

REFERENCES/RESOURCES

B.6.2-3

technique

medium.

described.

lation.

Thes ¢——— —

’
Actual volume
uf bample in tube

1 ~

o "age No. 8-46

IToxt Provided by ERI

Multiple dilution tube tests for Yuantitative de-
terminations apply a Most Probable Number (MPN)’
In this procedure one or more measured
.- . portions of each of a series of decreasing sample
volumes is 1noculated into the first-stage culttre
Through decreasing the sample increments,
eventually a volume is reached where only one cell
\ 1s introduced into some tubes.
tubes of sample-inoculated first-stage medium is
tested 1ndependently, according to the principles

Sample dilutions and 1noculations: See Figure 2 as

angther way to represent sample dilution and inocu«

Note that sample dilutions are made as

. needed during the inoculation procedure; they are
not made up before starting to inoculate tubes of

* culture medium.
n any dilution water for more shan 30 minutes at ¢
room temperature. ’

[}

Each of the several

v

Coam

Betteria shall not be suspended

o~

'
q e 2 PRIV AarRATION OF DILUTIONS

1 ml =

~ | -
1 . ! I
21l . 1ol 01 ml
|
|
\
1
Powrt insneb or Culture Tubes [
I ml GOl ml 0 00} ml 0.0001 ml 0 00001 ml
L]
+ ’h‘
.
»
D .
L { -~

+
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: FFLUENT MONITORING PROCEDURE:. Fecal Coliform ,Tes§ e Multiple @
- ' — ., Dilution Tube (MPN thod . . ’
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FIELD & LABORATORY ANALYSES . Section VII
- . t
" © TRAINING GUIDE. NOTE * @ " | REFERENCES/RESOURCES
> 4 F
C.4.2 Triﬁsfers o!A LLSTB , g . Std. Meth. 14:922
£ - F {
s - . Transfers can be made, indicated, with @ wire |, -
v loopyhaving a diameter 6f at least 3 mm. An . 2 6
-+ alte)gate methed of transfer authorizes the use of -
an "applicator, stick" which s a single service | . )
haPfdwood transfer device.? Its dimensfons are 0.2 , d .
v : 1 to'0.3 cm in diameter and 2.5 cm longer. t the . ,
~ test tube used in the analysis. The term sM@yle .
’ service denotes that the stick is pre-sterilized
and used for a single transfer (LLSTB to EC) and
. then discarded in the pan containing disinfectant *
_— and a new sterile stick used for thé next tube to | - .
e transferred. Use of this stick techniqye makes - ’
th: gas burner unnecessary for the transfer®processq . .
¢ . ' .
« _ * " o
P d -7
I - - ®
-~ s 7 . ( -
” 4
L R -
Q “ - . B ‘ £
. " ‘ * . . \ " - .
Q - - *
. L . < .
X * \ :~ , N ‘ .
! -+ - . 1 ¥ ﬁ\ ) 1¢ %
E - -
s . / . P . ] ¢ )
- * |
“: < - ‘ e
\ : ,
| : T {
o ’ ’ B & - # @ -
. . .. . .
k3 ‘l‘, » . »
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‘ * ,EFVFLUENT?HONITORING PROCEDURE: Fecal Cohform Testby the Membrane
e AN ¢ Filter Method

o This Procedure was developéd by: = *\

g ) , - “w A . / A

- ' NAME  °©  Rocco Russomannb - . : ‘
) . ADDRESS . EPA, OWPO, NTOTC, Cinggnnati, Ohio 45268

F"OSITION' Microbio]ogist—fnstructor'

’EDUCATION AND TECHNICAL BACKGROUND '

L}

. ) B. S - Un1vers1ty.of Massachu?etts
s : '
.- 5 years Envorcemeht Action, Raritan Bay Project, PHS & DI
[ 4 N . v
& 10 years Instructor, : . c L
- . ;
. .
. - NAME Harold L. Jeter »
ADDRESS * EPA, OWP0O, NTOTC, Cincinnati, Ohio 45268
ks , P . » -~
e "pOSITION Chief, Program Support Tra1n1ng Branch -
‘ EDUCATION AND TECHNICAL s,ﬁcxeRouuo '
’ T ‘A B - James Mﬂhkm Un1vé/s1ty . ! v . t
M.A. - Ohio University - L C '
/.a;' ] 4 years - US Army; Clinical Laboratories; specializing
-, bactemo]og_y ;
; " " a . . - , . - . Py
3 years .Collegé Instructorg,‘ Bacierio“ogy - PR
“ s . . 40 . ' .
© "6 years ReséaFch in Sanitary Microbiology ° | ,5’ -
. . 22 years, Trammg of Federal, State and Local per‘sonne] in _
Ly Ce prmmp]es and, practich® of sanitary bacteriology of water, {.
. \_’ N ° N [ g
A ] " ‘ ’
. - - _ N .
X .ot : ‘ Ve ] v
- ,\ ‘ -
. - . ‘. 2 |
r I A ”: . . , . Y
/ ] s ! '
‘ * e ¢
» . .
» . . - v b
« . TV i

N . ‘ 2‘30 ’ ”. : ! d .

o . ‘ o . -
. « C . : . ‘ © Page ho. 9-3.
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: a
Fecal Coliform Test
o Membrane Fz]t'e‘r Method

FTow Sheet .

-, o “." (3 san’fp]e volumes filtered

Y _MefC vgfiuf 20 mla 10mt, and 5 ml) .
. L Ve e - < = /\
. TZ’: AI} / Y v , ' : : ‘l .

ol

, {Symtar to resf . c ’
. OSSN SUIAD [ 5.t
- of flow sh 3 : {(Similar to rest o
, ‘.?,‘ - of fﬂow sheet)
v ‘ ' S “
Incubate fon 24 hours at - . - .
. 44.5°C + 0.2° £ 1n a constant ' * ‘ * . )
Ut - : temperafure water. bath ‘ ' 0" ° '
’ - / " . M A
L v ’
'Q‘? ¢ T C5lonies counted Ricroscopically ! d . . B L. oy
L. X -. {10 to 15 magnifications) ° [ ¢ “ T .
oL . Fecal Coliforms ' e ) ’ ;‘ Non Fecal Coliforms
+ TCoionies witn blue or . ' . S _ " {Caqlontes lacking ] blue . o
. ] hlue-tinted colorations) - B ;éé .. . oy blue- tinted co1oratxons, J o
T _ Obtain number 0 colonies LT B . - | . Co p \
calculate fecal cotiforms/100 mi . s feca] col1forms
. B : Not present
, . : . LI N o
. , :Record 1 Besugts as fecal coliforms/ 180 ml : \ : »
) ’ Repotigpresults as prescribed under NPDES .
. . { ’ or other regu]ator/ reomrpments
. - 261 - ) ~, . 262
¢ . . ' [ 3
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EFFLUENT MONITORING PROCEDURE: Membrane Filter TestJtethod =

a1

-are held on the

. Appligapility of tmis Procedure: $

’ A}
2 ’ - ‘ . _ r

1. In wastewater eff]uent'qdﬁlity control, the abp]icat?on of this methodology.
F

can be for one or both of the following;. .

. L . X F . N . N . .
a. To determine whether the bactemiological quality of the effluent meets:
qual ity requiremehts set by law.or by regulatory authority; and,

B. To determine the.bacterio]ogicqlJeffects of effluent-water on the
bacteriological guality of the receiving water. )
.2~ Brief description of analysis: . ' '

A series of sured sarple portions:is filtered through membrane filters
placed indi¥Muglly within a filtering apparatus. Bacteria in the samples
gibper surfacés of the filters, ile the water passes
through and 1s discarded. ,& . ( :
The membrane filters are placed on a-special culture medium, called M-FC
Broth, in plastic petri dishes: The inverted petri dishes are plased in
a 1eakpgoof p]gstic bag, and incubated totally immersed in a water bath
at 44.5° + 0.2°C for 24 hours + 2 hours. On M-KC Broth, fetal'colifqrmg

will grow and develop blue or blue-ginted cotonies. Colonies lacking this

. color characteristic are not considered as fecal codiforms. ®he blue color

may appear only 1n the centers of fhe colonies, or entire colonies may be

dolored. Very- few other colonies will develop on the medium at the stated _'

incubatdon temperature. ) - -,
Ore or two membranes are selected for colony counting on the basis of _*-
suitaple colTony density, and colonies are kounted with the aid of a
binocuiar dissecting microscope at a magnhification of 10X or 15X. After®
colontes are counted, a calculation is made in order,to report fecal
cd®iforms per 100 ml.

3. Range of Concentration:

This précedure, as outlined, will detect fecal coliforms within the range
of 100 to 1200. . ‘ k

~
»

b. Pretreatment of.Samples: *5%8
. ) ‘ ‘
In accordance with Standard Methtds, 14th ed. (p. 904) an9<as'outlined in
gMP, "Collection and Handling of ‘Bacteriological Samples.". -

. .
. 2 «

™

Analytical,Mefhod:- Sténdard~Methods.for the Examination of Water J%d Wastewater,

l4th ed., 1975, pg. 937 ff. -

1

’ '
, . , la Y akd) . B
S 269 ] Page No. 9-5
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EFFLUENT MONITORING PROCEDURE  Fecal Coliform Test by the Membrane o
: - F1lter Method
be
ﬂdﬁeneral de<cr1pt1on of equipment and supplies used 1n the test analysis

. co ~
,oor

A; Cap1ta1 Equipment L

‘r1

= 4

?

Autoclave, steam - prov1d1ng unifrom temperatures up to and 1nQludinan\l?21 &
and eguipped with an accurate thermometer, pressure gauges, satyrated

steam power lines and capaBle of reach1ng required temperatures within

30 minutes. *

.

v ¥ . - v
Balance - Sensitisity of' & 1 grar-at a load of 150 grams,=with appropriate ..
*weights i . . - T
Ircubator wa*erhafh - navw:ﬂ?forrﬂd z1rculation and provided with a- “cover.
Must be capable 0F orovicirs an incubation temparature of 44.5 +0.2 C.

0
Oven, hot-air- providing urifrom temperatuges within the range of 160 - 1367C.

' .

—

. ? :
AN L
Mete? pHA~ "accurate to within 7.1 pH uv1 « With suitable standard pH re-
- ference Tution fs;. . :

/ .

fipparatus, water disti]latiguames

A4 hi
I [ - .
- {alternately, a suitable i -~.;.~,_ N ]
Micrgscope, r10scd eV | o 10n y ‘ Taghting

ster i
preferred. Alte rnateej, atsrall

acceptable. . .
. » ‘ -b ‘
Refrizeratpr - Set for less tran 1070 Buf above the freezing temperature. [f

sa~c¥-cannot he e wwtiin 1onour refr1gorat1or w111 be _necessary. -

ump ﬂésembT/ ~1th suitable hoses and Shut-off
r. alterrate method an aspirator or kand pump
creptanle - .

. S T

Jacuum Jourca - preferabl, a o

~lamp 'or valve provided  As a2

w1tn the same provisTons are 4
‘"

'watq‘»x
pOrous o
or otrer

)
]

nt, M -3 seémiess ‘unne) attachéd to a receptacle bedring a
norous d1sc, ete ), stainless steel, glass, porcelain

—+
-‘(D

n
a
Su

abora*tnrs pperatigns ]

ot o e

Bottle, squeezk type - ~orta‘rn:nn A1f1nfe"1rg 501ut10n

AP AN . s RO - : . !
durner, gas - suitanle o Jifnratory gnzfations
. . :

2Ty
-

e ~ateria’ 1f pre-sterilized d1s-
L 1S IRMBLessAary)

. e
- ' /
L .
. Pan, ’card - orenen s cortyrinated hpet ,

sraduate oylinder 170 Y, 500k . ’ N

Aruitoxt provided by Eic:

f .




2

t
)

Pipets,.microbiological - 1.6 mly with 0.1 ml gradpationé, sterile,cotton
plugged, glass or disposable types (the disposable types are for one time
use and may be glass or plastic). ) .

Pipets, microbiological - 10 ml; with l.ml graduaMggs, sterile, cotton-
plugged, glgsg or disposable types (the disposable .types are for one time
use and may ®e glass or plastic). . .

Thermometer fwater batg)'- must indicate within the 40° - 50°¢ range and
. have increments of 0.1°C, NBS (National Bureau of Standards) or calibrated

against NBS thermome}er. Full® immersion type preferred.

Thermometer (oven) - muat indicate within the 160 - 180°C_range and have

1ncrements at least 1.0°C. .

Glassware, borosilicate
beaker, 50 m1 (for measuring pH, rosolic «acid

Flask, volumetric, 1.l1ter capacity (for stock solution-of phosphate buffer)” <

.FTask, ErTenmeyer, 500 ml capacity (for holding buffered distilled rinse water)

Plask, sidearm 1 liter s1ze - for reservoir of MF aﬂggratus. Proper sized and
bored rubber stopper is needed to connect MF filtrdtion flask to unit)

Flask, Erlenmeyer, 250 ml_(for preparing MFC medium)
B
Forceps, curved end, round tip

[}
Bottle, §ma11, Methanol or Ethanol volume to cover ends of forceps

I

Sponge, small, to spread and wipe germicide |, : ‘*
Des1cc?tor,'med1a-storage. Ideally opaque or darkened and .containing *
desiccating agent to remove moisture. . \

. Consumable Supplies- ' * | Y.

“ Dash, petri, d1ngsab1e, taght -f1tting plastic, 50 x 12 mm, sterile. -

M-FC Brgth medium dehydrated, fecal coliform. Distributors Difco, 8BL or
other eguivalent preparation, . : .

' o . « : :
Rosolic Acid reagent, 50 gram bottle, Allied Chemical, 0lin Matheson
D1fco or eguivalent preparation.

B L]
Filter, membrane, 47 mm, 0.45 pm. pore size, ,white, grid marked, sterile.

v ' i

Pad, absorbent 48 mm}’steri]e (usually included with membrane packet)
Bag, plastic, water-proof, closure provided or method of sealing Wag -
necessary for.water immersion.

’
[ ]
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/ .
Disinfectant, dilute 1odine aqueous (water) solution. Commercial preparation

or 1 gram jodine crystals and 2 grams potassium iodide to a litgr of distilled
water. ’

3
‘

Methanol or Ethanol, absolute, (for forceps g1s1nfect1on)_
Water, distilled, buffered, sterile (?or MF funnel rinsing)

- - s , i
’Stock solution; buffer, potassium dihydrogen phosphate >

Water, distilled, suitable for bacteriological operations

r
Potassium Dihydrogen Phosphate (KH;POA) reagent, 1 1b. unit

Data sheet suitable for fecal coliform procedures (has pertinent field
information [location, time, sampler, etc.]l; lab informdtion [sample,,
mls fi1ltered, colony counts, etc.], and effluent monitoering required
data [fecal coliforms/100 mi]).
. Expendable- Laboratory Supplies:
Marker, glass or plastic
Glass Wool
Non-absorbent Cétton
Paper, kraft wrapping
Tape, autoclave pressure-resistant
X,
Fo1l, aluminum, heavy duty

Matches or 51(1ker

Taweling, paper

»

Item needs n-quantities or required si1ze or space allowancgs cannot be specified,,
_as they *vary according to tha da1ly analysis schedule. As a rule-of-thumb,

space/s1ze or quantity reaujrements ¢nould be at least 3 times the normal daily

requirements. For further information on specifications for equipment and supplies,

see the Microbiology Section of the current edition of »stdhdard Methods for the

¥

Examination of Water and Wastewater.”

3

{
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EFFLUENT‘MUNITCRING PRUCEDURF: Fecal Coliform Test by the Membrane Filter Method -
- - . ’ R L
9
OPERATING PRCCEDURES STEP SEQUENCE . LUFORMAT I0%/CREFATING GOALS/SPECIFICATIONS | oUior nodes .
A. Pretest Procedures Aa. A1l pretest procedures completed before starting ’
: other first-day procedures
1. Water bath incuba- | 1. Place water bath incubator f3. On bench or tab}ensurfacg. ‘ -
tor setup, ~ o ) in permanept Jocation. Ib. Out of drafts or place in which it will be in = )
adjusgment (44.5°C \j§ - . direct sunlight part of day. V.ALL1.1 ‘
+0.27°C.) . ' lc. Location convenient to laboratory bench.
. ] . 1d. Conventent source of electric power, separate ° .
X gircuit is possible. ' g -
2. Put water in water #th. 2a. Distilled or deionized water preferred, tap water s

" ccepted.

2b.-Shouwld be deep enough to permit total immersion V.AL.2

of .the plastic bags comtaining petri dishes.

. Usually this is about 2% -3 inches above the
pPatform in the waterbath.

’

3. Install thermometer. 3a. Functions a®least in 40° - 50°C ange. Meets . }
: NBS standards. Have dt least 0.1°C increment éf7d
2 markings. '

3b. Most water baths.provide for corner location for | V.A.1.3 °
thermometer {for p:gtection from breakage).

4. Connect water bath incu- 4a. Pilot 1ight should come on. .
bator to electrig, power - ’ . . .
. < .
. source and turn on. , .
5. Adjust temperature until 5a. Manufacturer's instructions for location and - '
stabi111zed at required method of temperature adjustment. .
i % tehperature. - 5b. Allow about 1 hour between adjustments. ‘
-7, 5c. Operation must be at 44.5 + 0.2°C. > '
o 6. Operate water bath 1ncu- 6a. Requires da1ly check with written temperature i '
bator continuously. “record, with adjustment as necessary. ) )
" \ ‘ e 6b. Requires daily check of water level and addition |-
207 : of more as-needed.
. - 6c. With tap water in water bath, may require T 22(3&5
E i%:‘ : periodic scum removal from inner walls. - -
; | Page No. 9-9 o




EFFLUENT MONITORING PROCEDURF :
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Fegal Coliform Test by the Membrane Filter Method
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~—n Page No.
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9-10 ‘

OPERATING PRCCEDURES

STEP SEQUENCE

¥
THFORMATION/OPERATING GOALS/SPECIFICATIONS

—

TRAINING

© 2. Oven sterilizer

setup -

3. Autoclave setup .

1.

2.

U’l

. Connect sterilizer to

. Adjust oven temperature to

. Install and operate auto-

Place oven sterilizer in
permanent position.

Install thermometer

N

powek source and turn ON.

stabilize at required
sterilizing temperature.

‘Operate when ster111z1ng
is required.

clave according to manufac
turer's instructions.

la.
2e.
3a.

4a.

5b,
5¢c.
la.
1b.
lc.

1d.

A convenient source of electric power:

Should read in the 160- 180°C range, be accurate

withip this interval, and be marked in 1.0 degree"

intervals.

P1lot Tight or e]ement heating effect 1nd1catesg
power ON.

£y

170%¢ 45 required temperature.

) [N

. Turned ON in advance oﬁ\use and checked for

temperaturd stabilization. .
Used for dry glassware and metal ebjects which
can be covered by a paper or metallic foil
covering.

Not used for culture media, liquids, plastics,
and rubber objects or anything c0nta1n1ng or
1nc1ud1ng these.

~

!

Var1ab]e in de51gn and opegation, and unless
properly opéfated can be dangerous.

Used to sterilize objects made of or 1nc]ud1ng
liquids, rubber, and some b]ast1cs and for .
glassware, if desired.

Oper8ted for general ster1]1zat1on at 121°¢
(250”F) for a period of 15 minutes after this
temgerature has been attqﬂ\i!Ez

Stgrilized media and liquids3must be removed as

soon as possible upon sterilization.

\.

»

GUIDE NOTES

V.A3

v
. -
¢
¢

-4
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Fecal Coliform Test by~the Membrane Filter Method.. . \ y

., EFFLUENT MOWITORING PROCEDURF: - . .
. - :‘l ) . . . . RN L . . . .
‘ : g . n ' - C e
L S=== — , r - Y =
: . X g N ‘
OPERATING PRGCEDURES . STEP SEQL]ENCE Py THFORMATION/CPERATING GOALS/SRECIFICATIONS GB?S}IE ,ﬂg‘%{s
4. Wate‘r diéti]]at'\ n 1. Insha] ‘and operate in - la. Must produce water meeting quality requirements V.A.B )
equipment Y accorddnce with* mfu- for bacteriplogical tests. . ¢ ) ‘ »
B - "facturer's instructiog. . ¢ - : }
. e _ -
ol . . 2. Opsate as required to
. ¥ co- mamtam adequate supplies .. N
N “ ' of distilled water, ‘ . ‘i n . - . .
, LY - . L. & Y
- 5. pH meter . . * 1. Setup and operatg in : la. Meter must be accurate to%t feast 0.1 pH unit. '
: . . " _accordance with manufact- . , R
. urer's recomméndations. - . o , - .
= . -7 R ' . . » ‘ . ’ .
*® 6. Glassware ot 1.. Cleangd and rinsed using a] la..Non-tbxic detergent must $e comp]ete]y removed . ) : R
- ' +.]  suitable deteg;gnt and ' }. from gl‘assware . - o »
- ¥ - hot water. e © - . - L
, . '_ -y .1 o2 Yse @ final rinse of » 2a. 6.to 12 successwe rmsmgs may be r'equ1red .- Y-
L - . ) Yéionized or d1st1]]ed 2b% .Must produce a dry glassware which megts . N ‘
water. bacteriological requirements for suitability. V.A.6.2 - . g :
ﬁ \n\ » . . . ) - » . e
" ‘ o . IMPORTANT* ‘ : ¥
S 4 L ) ' v
. ' . ~ . The fo]]owmg Special cond1t1ons may apply to the . .
. . , . . & " ' ) lsample to be analyzed: 1l ' . Coo
" % LA ,y © ' . " : ’ * : PR
. . . . , TN samp]e 1s chlorinated eff]uent which contains’ o 7/ .
’ ) f‘\ , . copper, ziicy, or heavy metals do operatinge * ° , D
. ‘ .o - ‘ . procedures A.7, A.8, apd A.9completely. - ° ’
_ : . N - -l 3 L4 . . . - ]
’ .o _ : g \ _* If sample is,unchlarinated ,eff‘l uént. which contains ' - *
- 4 . copper, zinc, or heavy'metals,_eHPinq:e steps: ) o 4
: S S A.7'and A.9.1 ’ S :
< , V- ¥ .y
- *If the samp e 1S ch]ormated eff]uent which does . N
e -, ) . : . noj contain”copper, zinc, or heavy metals, eliminate S ‘-
=~ - - ' . .| steps: A.8 and A#S.2 o ' - '
“ S - ' o .. .& % *If the sample is unchlorinated and contains no .74 =9 - '.
E TC - ‘2 (l L - ' ’ *copper, Z1nc§ ?r heavy mgta]s, eliminate steps + - ’ 2 ( .- -
Rl . IS N S ' A7, A.8, 4 and A . ¢ ® " page No. 9-11" 4 »

. . . . s
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<of 10" sodium thiosulfate
solution to each sample
bottle. (.1lml to 4 oz or
120 m1 s1ze and .2 ml to
6-Foz or 250 ml size)

2 .Déliver .3 nml or"g ml of
15+ EDTA solution to each

sample bottle. (.3 ml to
4 oz or 120'm] size and
.6 ml to 6-8 B2 250'ml s1ze

v

1b. P?ov1d|§ adequate sodium thiosulfate for
neutralizing chlorine 1n sample.

t

‘?.
.

\

-,
2a Use 1 ml pipetS '
2b. Provides adequade EDTA chelating agent for metals
tn sample. *

" 2c. Return stpck solution of EDTA to refrigerator.
N o

-

oy - > - . . Ve v \
- ' ! ' S TRAINING
.~ OPERATING PEFCEDURES STEP SEQUENGE THFCRMAT] N/OEESATING GOALS/SPECIFICATIONS GUIDE‘NGTES
7. Sodwum thiosulfate 1. Weigh 10.0 grams of sodium} la. Used for dechlorination of smiﬁ]es !
solution thiosulfate. ) 1b. Use of trip-balance accepted.
' 2. Dissglve 1n 50-60 ml dis- 2a 100 ml graduated cylinder satisfaiiory.
‘ t11led water. » ’
% & '
3. Add distilled water to
bring final volume to o } - )
b 100 ml. , :
) . . ! .
-t 4. Transfer to labeled pott]gf 4a. Should be labeled as 10- soﬂwxm thiosulfate and
' . stored 1n refrigerator.
. x ®
8. Ethy]&.@f - 1.7 Weigh 15.0 grams of EDTA. 1d. Used for water samples high in copper or zinc or’
dinitrilotetra-acetic ’ . ' wastewater high in heavy metals. ¢ .
s‘acid (EDTA} solution . lb. Use 15 trip balance accepted.
-’ . , ‘' '
- 2. Di1ssolve 1n 50-60 ml of 2a. 100 m1 graduated cylinder satisfactory
- distilled water. . .
3. Add distilled water to “
e bring final volume to
100 ml. - S
0 ) ’ ¥
4. Transfer to clean labeled 4a Labeled as 157 EthyTene-dinitrilotetra-acetic .
F ) Hottle. acid (EDTA) and stroed 1n. refrigerator.
9. Sample bottle pre- 1. Deliver 0.1 ml or 0.2 ml~ la. Use 1 ml pipet R Y ~ «F V.A.9.1-6

Do
N
oo

L




_EFFLUENT MONITCRING PROCEDURF
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Fecal ‘Coliform Test by the Membrane Filter Metnod

s . . N . It
. R .
. 0 L) . s i - T Y T h
OPERATING PRCCEDURES STEP SEQUENCE TJFFrM"’Oe/“ EOATING COALS/SPECIFIGATIONS - sUinE e
9. Sample bottie pre- 3. Place cover on sample "\ _ ,7 ’ ’ .
paration {continued) bottle. -~ . | . » : ) .-
) - . .o , . :
4. Place paper or metal foil | Aa. Protects epening of sample bottle from . Pl
. cover over bottle cap or acc1denta1 contam1nat1on .
1 stopper.
5, Sterilize sample bottles | 5a. I hour at 176?C. . .
. - 1n sterilizing oven. . .
’ y
6. Store sample bottles in . ) .,
: N clean, dry place unt11 .
used. . . ,
10. Papets 1! Insert a plug of non- la. Pipets which have chipped or oken tip§ or tops . v
. absorbent cotton into . should, be dtscarded. -
. mouthpiece of clean, dry 1b. Cleanlaness of pipet-must be equ1va1ent to glass-} V.A.10,1-5
pipet. ware. '
N 1c. Non-absorbent cotton p]ug must be tight enough to
. . ! P ‘prevent easy removal, either by the pipeting B
’ action or by handling, and yet be 10ose enough - ae
. to‘permit easy air movement through the plug.
4 1d. Plug prote%ts user from ingesting sample into
. - ] his mouth.
" 2. Pasé-p]ugged end of pipet 2a. Removes wisps of. cotton which.prevent findértip'
- quickiy through’burner. , contsol of pipeting action. . .
' ¢ 3. Insert'a layer‘of g]aés 3a..This protectg tips from breakage. . -
wool om multi-layer of ) b
paper pigding in-bottom eff -
r o, 1pet c#.
- o - ) v, ’-’
- ‘H 4. Place pipet 1n pipet can .} -4a. Cotton-plugged end s p1pet1ng end and opposite - r.
JOrES. with detivery t1p down- end 15 delivery tip. ¢
. ¢ v ward. .
\ te ¢ . 2 ll t.
: . I - ‘ Page*No. 9-13
' e e ~ v
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EFFLUENT MONT

G_PRUCEDYRF:

. . ’
— v ; . i - TRAINING'
DPERATING FACCEDUPES STEF SEZ.ENCE O INFCRNET IO L RERLT NG rWLQ/SPECIFUAT GUILE NOTES
19. Pipets {contin b o Approx1wafe y 70 1 ml Dipets or.12 ml p1petsr‘
- , 1 -will normally be accormodated n these cans.
. ! 4c. fan must be able to yithstand steam pressure and
, [ ¢ dry heat. Tox1t maferials, such as ‘coppér, are .
not to be used 'A1um1pum s acceptables
- . . ) \ ; .
. 5.7Ster111ze pipets 1n oven S5a At least 1 hour 1n oven at 170°C, P
3 or autoclave. 1n autoclave for 15 minutes, gt 121°C (autoclave
. . . - set for quick venting of steam)
- . o * k. Cans removed quickly from autoclave w1th ahe ard’
~ "of asbestos g1oves .
5c Cans opened slightly to al 1ow reswdual steam to .
. escape for a few seconds and thert cldse can.
—_ -
6 Store cars 1n*®lean dry '
. slace unti1] needed. ; ’ ) .
11., Blan¥s, 211 .20r Pl Pregara Stock somtmn of la. DistTlled water maf be 'weasured n 500 ol .radu—
4 water . potassium dinydrogen phos- ated cydinder.
. phate ’“Pzpoa, by dissoly- 15. Label to show contents, 1dent1ty of preparer,
g ¢ and date of pyeparation. © . e
* ’Epz gg?m?nozogh;i of - lc. Stored in ;$;§1gerator :
! - jrbidity appears.
- distilled water and adjust 1d. Discarded mold or turbidity Pq
’ 1rg 1ts pk to 7 2 with
1'v HaOH  Dilute to 1 .
. Titer 1n a volumetric ) W .
- - flask. i —
d ’ . . '
2, Prepare stock solution of 5, l - “
magnesium sulfate ! d
(M Y by .
. { gSO4 7H20) by dissolving | 0
50 grams 0of this chemieal-
. 1n 500-600 mls of dis- ' ¢
t11led water and, after
corplete dissolvirg, bripg . .
. B tne final volufie te. ]l 1¥eq... . HS
O 'na volumetric fdask 27 )
' - ’
,’ v D ] .

4
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EFFLUENT MONLIORING PRUCEDURF: Fecal Coliform Test by the Membrane F1lter Method

v

s

. OPERATING PRCCEBURES

'
STEP SEQUENCE

IFORMET ION/CPERATING GOALS/SPEYIFICATIGNS

TRAINING
GUIDE NOTES

c

3. Prepare working .solution

of diiution water by
{ adding 1.25 m1 of the

potassium d1hydrogen
phosphate stock sojution
and 5 m} of the*magnesium-
sulfate stock solution to
each Titer of distilled
water to be used in the
preparation of dilution
water.

~
4. Deliver enough working
solution to each dilution
water bottle so that after
sterilization the Bottle *
w11l contain 99 + 2 ml of
dilution water.

5. Place gaps on bottles
loosely. -

6. Ster1l1ze tn'autoc}ave.

»

. 7. Remove from autoclave
tightem bottle caps; cool
to roomtemperature. ’

_ & Store in cool place.

3a.

4a.

4b.

8a.
8b.

' 7ation cannot be stated exactly as evaporation

. 15 minutes at 121°%C
. Pressure reduced from autoclave gradually. This
" 5 Usualtty called "liquid cool" on autoclave dial

A 10 ml or 5 ml pipet is satisfactory for
delivery of both of these stock Solutions
provided that it has graduation marks to
deliver the proper amount. Use separate

pipets for each solution to prevent contamination
of the stock sotutions. .o
L )

*

¢

N -

Recommended diiution water bottles have a mark-
ing at the desired 99' ml quantity,
Amount to be dejivered to bottle %efoge sterili=

is different with differing conditiéns and auto-
claves. .Ordinarily about 102 mi will® be re-
quired. - 'Q

/

i

markings of autpmatic autoclaves.

D1lution bottles ready for use. May be stored
-indefinitely. oo ,

Spme evaporation losses may occur, 1n time and 1n
these cases, steriie similarly prepared water
can be added. This 1s why a calibrated marked

bottle 1% desi@]e .

- 250

R " . ; Page No. 9-15
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OPERATING PRCLELUPES STEP SEQUENCE 1HFORMA |1O1/FF£:A-AH COALS/SPECIFICATIONS GE?S%",&S%L
12. Preparation of 1. Prepate 0 2 normal la Solution keeps indefinitely, should be protected .
M-FC medium. solution of sodium from evaporation josses with rubber stopper.
nydroxide by adding 0.8 1b. CAUTION: sodium hydroxide 1s_corrosive. Add -
grams of solid sodium | sodidh hydroxide to the water, never water to, the ,
L hydroxide to 100 ml * sod1um hydroxide.
disti1lied water. ,- lc. Unused solution may be stored. until exhaysted in
oo . regrigerator and labeled as 0.2 N sodium
. k,ﬁ Vo 4 ’ hydroxide. .
) f'fq’ 2 Prepare I Rosolic Acid 2a Rosolic acid should be weighed on -gnalytical
— solution by dissolving 0.1 balance. QY %
gram of Rosolic Acid 2b. Sodium hydroxide solution can be measured w1th
powder 1n 10 ml of 0.2 10 ml pipette. - : VIA.12.2
normal solution of sodium -] 2c. Unused Rosolic Acid solution can be kept up to
. -hydroxide N 2 weelg 1f stoppered n refmgerator, and 1ts ad
) ) . color remains a dark red 1t is best prepared .
. freshly, however. '
‘ 3. deigh 3 7 grams of Dehy- 3a. Medium 15 hygroscopic *(picks up moisture from °
- drated M-FC Broth. * air) and should be stored 1n trvghtly stoppered '
bottle, preferably 1n the dark, 1n a desiccator ‘
. . (a closed jar or cabinet which contains materials A
N A which take moisture out pf the air). .o,
. 4. Place the weighed medium’ 4a This flask holds more than twice the volume of
1n a clean, dry flask - £he required solution because the medium expands { * ,
= hayina about 250 ml and foams when heated and spacd is required‘for )
. tapacity swirling of f]ask to mix contents. . :
5 Add 1 ml of the 1 5a. lote that this will be a final tume of 100 m’]\ ( -
- solution of Rosolic Acid and ngt,101 ml. ‘ 3
to a 100 ml graduate, and 5b. This w1‘l be enough -for 100 ml of\culture medium, ) » .
. . “€111 to the 100 ml mark © of about 50 membrane filter platest. If different g
: Y / with-distolled water. amount of medium 1s required, adjust all )
A materials 1n proportion . - II.A.lZ.g
- - 4
~ . e 82 N
S ¢ Q .‘ .
L o 4 ‘
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EFFLUENT MUNITORING PROCEDURE: Fecal Coliform Test,by the Membrane Filter Method - ' .
I " s .

4
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0 3
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STEP SEQUENCE

" IHFORMATION/CPERATING GOALS/SPECIFICA%IONS

Il

TRAINING

‘GUIDE NOTES

-
OPERATENG PRQEEBEBES

*

-

~.

N

6. Add a small ®ount of the
Rosolic-Acid-distilled -~

water mixture to the flask{.

of weighed powder,, and mix
until a1l the powdered
medium 15 dissolved from
walls of flask (no
sticking powder). Then
add the remainder of the
water and mix.

7. Heat the medium with con-
stant agitation unt1l the
bo1ling point is reached,
and then remove from heat

. ang cool promptly to below
45-C.

8. Medium is ready for use.

-

et

7a.
7b.

8a.
8b.

Ag1tat1on necessary to avoid bprn1ng he medium,
Cooling is best by holding flask in a stream of
cool water.

.

Medium unused on day of preparation may be stored
up to 4 days if kept in refrigerator.

Final pH of medium shiould be 7.4 + 0.1 units.
This pH can be taken by utilizing a smal] portion
of the preparation and discarding after -~
measurement.

"

~

B. First-day procedures

1. Equipment
Maintlenance
j
2. Assembly of’
filtration
Material

-3

2\4\)

X

1. Check, record, and adjust
incubator temperature, 1f
necessary.

4. Membrane filtration pro- -
cedure equipment assembled
for analysis.

la.

See A.1 -

.
oty

. Funnel clean and sterile
1b.
1c.

Filtration flask and vacuum system operat1ng
Assembly of:
Data sheet, fecal cd'ﬁform test

Sterile petri dishes. o
Ster1]e memb;gne filters with absorpt1on pads

-

»

~ . L}

i

i

Page No.‘9-17 .
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OPERATING PRCCEDURES

> ;.j
. .
.

STEP SEQUENCE

T

INFORMATION/OPEPATING EQALS/SPECTFICATiONS

TRAINING ~
GUIDE NOTES

. L

3. Sample collection

’ . \ .
4. Preparation of
Laboratory Data

Sheet N
w289

1. Collect sample.

" 2. Record sampling

. information.

-3.-Transport sample to

laboratory.

v

’

1, F111 1n data sheet to

show sample information.

1a.
1b.

2a.

2b.

3a.
3b.

3c.

la.
1b. Minimal 1nformation on data sheet should include:

“Sample 1ocat1on

includes desired information, such as:

Ster11e buffered dist1118d rinse water

. Forceps and disinféctant container = -,

Pencil, marking.

Sample bottle . . e co
Sterile pipets, 10 ml )
Plastic bags i

Burner, gas

Pan, pipet discard w1th d1s1nfectant

Location selected by plant management
Sampling method as describeqmin procedure
“Sapple Collection and Handling for Bacterio-
Jogical Tests" and in the current edition of
Standard Methods. - , ) .

Mos t- plants have standard1zed sample tags which

+

Collectors name .
Date *

“Time ‘collected
‘Witness

Sample delivered to ‘
Time of delivery -
Tag may be reta1ned as permanent record.

Transported to laboratory without delay.

Sample iced if delay of start1ng test 1s greater
than one hour.

No Tonger than six hoar delay from co]]ect1on
time to laboratory Qe11very « A two. hour addi-
tional time penioed is allowable from taking the
sample from the 1ce chest to completing membrane
f1Ltrat1on f1rst -day proceduresa '

‘Information needed should be on samplé tag. -

A

-




EFPLUENT MONITORING PRUCEDURF: Fecal Coliform Jesé.by the Membran

La?

e Filter Method . -

1

a
— 4

OPERATING PROCEDURES

STEP SEQUENCE

cﬂ
TNFORMATION/OPERATING GOALS/SPECTIFICATIONS

TRAINING

K

N

3
'

. Preparation of
laboratory bench
area ‘

. Petri dish
preparatipn

. =

L]

2. Select sample volumes and
record o data sheet.

~

.'* :

1. Disinfect laboratory bench
area. )

1. Set out required number of
sterile petri dishes on
laboratory bench.

2. Place a sterile absorbant
pad in éach pettri dish.

LN

la.
la.

2a.

- R . Vi
ZaJ‘Accérding to fecal coliform density range
predicted for the sample.
2b.

source, date, collection time, name of &ampler,
name of lab analyst, assigned sample number,
time of start of test, and sample volumes.

For fecal coliforms per 100 m1 in the range:

Expeitéd range per 100 ml

From” To - §gmp1e Volume in Milliliters
2000 - 6000, . N 1 ~
<400 - 1200 .. 5* .

20Q - 600 10* e
100 - 300 20*

40 - 120 50

20 - 60 - 100

A

_Volumes showing asterisk (*) should be those
used a$ these #%il11 gover the range gf counts

to demonstrate compliance or non-;dmp]iance with
effluent permit requirements.

Sponge, d?sinfectang'solztion,'paégr toweling.

.

4

4

»

N

Plastic dishes are burcﬁased(in a pre-sterilized
condition.

Handle aseptically (not introducing bacterial
contamination). using a forceps which has been
stored in methandl or ethanol ‘and flamed by
passing the forceps quickly through a #lame. =
keep approximately 1/2 of forceps in #¢ohol b

GUIDE NOTES

using jar or béaker.

b

e

s ’ ' *

Paqe’No. 9-19
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 s1ep ‘scaube " [NFORMATION/OPERATING GOALS/SPECIFICATIONS N IR

3. Using a sterile pipet, . Amount dobs not have to be precisée as 2 ml:is am
pipet approximately 2 ml excess. i .
of M-FC medium over each . Medium’ prepared and handled in accordance with
absorbant pad. | A.12. '

Keep plates covered. . '

'

-

3
\

1

. Gently tip uncovered . . Undue tapping or shaking may spill too much

- and allow any excess medium and leave plates without sufficient
medium to flow out of medium. ,
plates. R : ) . Cover plate. It is now ready for use.

. Label each dish with the . Use wax pencil or stick on label with pen.
sample volumes to be - . Label bottom (or base) of each plate.
filtered. Pad will rot fall when plate is inverted. "
7. Filtration . Assemble filter assemB]y . Sterile funnel units removed from wéhpp1ng.

T T < procedure T upon filtration flask. . Using care to prevent contamination, such as

- e would.be caused by fingers, toyching of units to

- . T equipment, etc. ,

. . Unit should be connected to vacuum source and
have a mears of vacuum disconnection, such as by
pinch clamp on the hose. :

. Place membrane filter on . Funnel top removed .carefully to awoid * ~

base of funnel apparatus. contamination. .
. MF should be grid or inked side up. MF handled
. with flamed forceps and only by its outer 1/8
. inch edge.
) . Replace funnel top. Avoid over tightening

»

. Deliver mgasured volume of . Well shaken to 4nsure even distribution of
a 'well .shaken sample into bacteria. . ,
the funnel. . Poured gently into funngl, either by pipeting ar
ot by use of a presterilized graduated cylinder (use
Kraft paper or foil hood). Avoiding splashing
of sample, and if graduate cylinder is used,
rinsed several times with small amounts of
steriler buffered disti1led water which are also
poured into the funnel. .

>
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EFFLUENT Moﬁl;ggxug PROCEDURE; Fecal Coliform Test by the-Membrane Filter Methog
/. - - .. T / ' , . . )
TN ‘ , ‘ : . . : .
) ) - \-7
» ' OPERATING PROCEDURES" | *  STEP SEQUENCE "] INFORMATION/OPERATING GOALS/SPECIFICATIONS | guior Hoies
@ ) g . S - 3c. If small sample portions are to be used (1ess :
. { .
: v > _ than 5 m?), a small amount of &terile buffered
o *o # " distilled must be added to the funnel prigr-to
.. L e -3 \ sample addition and then a gentle swirling of
YA ) ) i the funne] to distribute the bacterxa present

-

\ ‘ 4. Apply suction: ~Ma. Vacuum app11ed only after sample has been com-
- . - pletely delivered to funnel. .
4b. Wait for complete eVacuat10d§of sample from
. ; funne] ¢ .
. - i N \ - . . . . .
- 5. Rinsé funnel. 5a. Three separate r1nses‘\1th sterile buffered ’

. ) ’ . N distilled water. .Lomplete evacuation of water

o ) must occur between each application of r1nse-
.. : + . - water using about 20 ml for each rinse.
5b. Vacuum supply shut off after last rinse )
" 6. Remove MF. - 6a. Handle gently wnth flamed forceps oq]y on outer
. - ) . 1/8 inch of MF edge. -
- 1 . 6b. Lifted gently from funnel base to break residual
- : vacuum before 1ifting. .

Pr

7. Reassemble funnel. ‘ 7a,%m't is ready for next sample and stefilization - . ] h
will not be required.

7b. 'If unit is not used within an hour it is

v advisable to re-sterilize. " . .

. — 7c., Handling of funnel top is critical in that no V.B.7.7. :

) * contamination should occur. Av6id- handling in ’ .

¢ . . funnel surfaceg that receive sample and do not v

lay on table that may have residual germicide.
. , . A ringstand with split'ring or resting on the . }

. . ' ' funnel top only on its base after hand Tifting: ’ .

. are reconmended methods. .-

8. Plating prdcedure 1 1. Remove MF. . la. ThlS was done as part of the filtration procedurJ
' : " (B.7.6) and held with one hand as the funnel is

hoge 3

Page No. 9-21 '
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OPERATING PRCCEDURES

M ¥ .
*STEP SEQUENCE. -

INFORMAT ION7OPERATING GQAL5/§PECIFIC5IIAES

TreHING .

-

9. Incubatio
. procedure

n

. 2. Remave cevex from petri

dish with prepared M-FC -
medium. ;

»

3. Plate MF over medium.

1. Place plate/plates in pro-
tective plastic Bag and
incubate at 44 57C.

+

X

2a.

3a.

" 3b.

3b.

1a,

1b.

1c.

1d.-

” .

With practice this can be dane with one hand
while the MF is held in the other.- As an aid for
easier operations, thesplates can be organized in
the order of, plating and the1r tops can be-
loosened. - 4 .

Allow the side -of the MF oSposite the forceps, to
touch the saturated absorption pad,\and with a
rolling action, plate the entire membrane onto-
the pa The grid (inked squares-) must be up.’
Ro]11ng action will tend to expel air bubbles
from under the MF and allow-an intifate contact
between medium and MF., Air pockets must be
temoved for recovery of al] fecal coliform,
organisms. -
Air pockets remﬂVed from unders1de of . MF b
gently 11ft\ng some or all of MF and re- ro{11ng
upon medj At no time must a forceps be used
to "smoo out” the surface of the MF. Any move-
ment pn- the delicate surfase of the MFyby the
forceps will result in a line growth of bacteria
1nstead of the easily countable discrete colony
form. . .,

Completed plates must be incubated within 30 -
minutes from the fime they are filtered.

A variety of bagsjand bag closure devices exist.
One of the s1mplest is a "Whirl-Pac" which has"
metal w1re fold covers to keep roIled end sealed
and 1eakproof

Bags containing p]ates must be tota]]y immersed
within the incubator's Water. It is usually
hecessary to arrange some weight, 'such®as a test
tube rack, to keep the plates under water.

A1l petri dishes must be incubated in the in-
verted position (pad, medium, and MF) now on top

of the plate) so that droplets cannot fal] on
surface of MF. . X
-', ~

v

*GUIDE NOTES
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REFLUENT MONITORING PROCEDURE :
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Fecal - Coliform Test by the Membrane Filter Method

* . S

Y

.

—

OPERATING PRCCEDURES

/
STEP SEQUENCE

INFORMKTION/OPERATING'GdALS/SPECSF}CATIONS

. 'TRAINING

GUIDE NOTES

[ |

w

le.

Observe 1mmersed bag ffir a short time to observe
thht a constant bubbling action is not occur1ng

to indicate bag teakage.
occurring and recheck. . .
. Allow to.incubate for 24“hours + 2 O‘hours N

-

Reseal if this is
3

»

C Second Day Procedure )
1. Count1ng procedure | 1.

-

Remove bag from water bath

, incubator.

. Remove ‘plates from p]ast1c

bag.’

. Select plates which have .

from 20 to 60 colenies.

1

. Count fecal coliform+ g,
‘oolonies with microsc0pic_;

aid. -

N

’

la.
1b.

2a.

3a.

4a

4b.
4c..

T -Ad.

Be sure tHe incubation hisybeenYWithin.the iim%ts
. of 24 hours + 2 hours:
Handle\carefulty to avoijd dr0p1et

within plates.

’

4

s,]attering !

10\’

Set plates on tab]e so that co]dn1es (growth)

"are visible.

Pl \d

This ability comes with experience,,butfoiates .

which are overcrowded or the ones which have

fewer colonies should be readi
It is necessary only to record

within these ranges.

other counts cah be, used as described further.

apparent. .
ate counts
If this is not-possible

. Binocular wide f1e1d d1Ssect1ng m1crosc0pe pres

ferred.

Use a 10-15 X magnification with fluorescent

lightihg.

[

_Scanfmembrane with a back-and- forth movement o

“ove gr1ds

line by line, so as to cover

the membrane completely without m1ss1ng any area.

A1l blue or blue-tinted (hlue-green, purple, etcj -
colonies aré counted as- fecal coliforms.

Color-

ation may be deep or light and can be 'all over

( partially cayer the

Colony. Some can even

have the goloring appear in flecks on the

_.surface.

/).

‘ \

296
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\'EFFLUENT MONITORING PROCEDURE:
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(Fecal Coliform Test by the Membrane*Fi]ter Method
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* Page No. 9-24 -

OPERATING PROCEDWRES |

\

. STER SEQUE‘%CE s

I - ‘ ;‘i&. i

i

INFORMATﬂ%UOPERATING GOALS/SﬁEﬁIFfCATIONS

.....
T

‘5 Select co]ony count/counts

to usé. *Use formula .tg
calculate count per 10Q ml .

res

mls Fi%teréﬂ '
i . ’

5a. Formula

.Feca} Coliforms per 300 ml = -
100 x colony count )T
~ - numbe® of millikiters (mkg) filtered

- Bb. Select colony cournt which fa]]s w1th1n the 20 60
" -range:

\'._, - - . ‘

“Example. - * ] .

, No. Co]oﬁ’

S

v : . to count)
1 o
- 5 N . 35 -

T Y
.4-

fUse: 35 co]onles vnth a 5ml sample vojume 4

" Fecal colwform =100 x° 35 qu

1. - per 100 ml*

“5¢c. If more than one plate has colony numbers within’

.the range, add the resu]t;

A - o Examg?
m]g Filtered )
T

e g

No. Colonies ]
0. . &7 .23 . J
5N A T

. -

120 m] +10ml * 30 mI ) g

" 45 colonies + 23 colonies = 68 -

Feca] cowaorms per 100 ml = 100 x 68 227

30

Uée:“gao (néarest-two significant figures)

’ oo !
. . . . . .
v “ R " .,
- ' . .
. . ’
.
< al
v
¢ . v :
. .
+

-




EFFLTJENT MONITORING PRQCEDURE: Fecal Coliform Teg\'& b(t‘he 'Mgmbrang Filter Method ™~
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e

T

° STEP SEQUENCE

INFCRMATION/OPERATING GOALS/SPECIFiCATIONS

AT
CUTDE. KOTES

* OPERATING PROCEDURES

5d. If no counts were obtained w1th1n these ranges,
the.following procedure should be fo]]owed‘

A1T above 60 Colon1es
Use that count which }s c]oser‘to the max\Tum
60 count. L

Exampl : } :
. ' xample ‘ i

, J2aomr , INTC
10 m . 150 -~
. 7 5 ml : 72

Use: 72 colomies with a § m1 sample volume
fecal coliforms/180 m1 = 100 x 72 = 144G
‘ﬂ ' . . T
or'1400 fecal coliform per 100-ml

A1l below 20 Colonies
Use, that count which is cleoser “to the 20 count.

-

v -

xamgle

20 ml
10 ml
5ml,

- Use: 15 colonies with a 20 ml éample volume

> .
-—
N

15 ”~
0

»

which gives 75/100 ml' fecal ‘coliforms.

A1l Plates wjth a Zero Count of Fec%] Coliform

Assume that the largest volume delivered has one

“.colony.

Use this in calculatiags and call the

result <(1ess than).

4

*If all. three plates show
a zero count the fecal coliform coun{\!fuld be

<5 Lpalcu]a%ipn: 100 XZ%).

‘

. .
™ kA

300
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STEP SEQUENCE

INFORMAT ION/OPERATING GOALS/SPECIF ICATIONS ,///

TRAINING
_ | 6uIDE "noTES.

6. Record co]oﬁy cougts on
-data sheet.

.Collection Date

6. There is ng\ﬁuch thing as a “standard" déia A
sheet for ba¥tériological tests. A sifiplified
data sheet is shown below: .

Feca]-Co]iform‘Test *
Membrane F¥ltgr (MF) Procedure

Sample Typé

- -

Station Description

LQE, No.. -

. \

Time APM. - Temp.

Received APM, ‘Examined .

-

pH 0bservations!

~

mls .
Filtered

d -

|
L

_ 4

“IResults:

- Fecal Coliform (MF)




EFFLUEHT “HCHITOPING PROCEDURE:  Fecal Coliform Test by the Membrane Filter Method . )
1 g\ A . N " -
S o _ . ¥ | _ o ¢
. . l T / PRI
OPERATING PROCEDURES STEP SEQUENCE IHFORMATEON/OPERATING GOALS/SPECIFICATICAS - GUIDE '97es
[ 7. Record fecal coh’form’ 7a. Recerd on desigr;ated data shee{ for 'yt)ur agency. - -
_countM00 ml. 7b. Record to nearest two significant figures.
. e . 1 s ..
) v Examples ° N
‘ _ o "o 266.6 will be 270 ) ~
4 J,( ) ' . +20.09 will be 20 - ’
, . 299.4 will be®300 = .
B _ - ‘“‘ » )_ ' ‘ » vl ) : B , .
- ke , a 7‘ - “i"" L]
< Al . ' "-\ "
N \ N s = »” e '
. ¢ . . / o, N
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‘ ' 3 ~ ' ’
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| ) . o : A » . /I/ . ‘\‘ "
- e ‘ C‘ R . » N v, N &.
, 3 , b4 O . . - . ~ N
- ' 4 . :
A] , “\ l Y <+ o . \ N
¥ * B ' v \ ' : . - ) - ; ) >
) - . . . ’» t‘* ‘4 €
' ~ 4 ’ . T, - -
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R " v . . Educationaléfoncepps - Communications . . ) N '
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. . I;a1n1ng guide matdrials are presented here under the headings marked*
. ese standardyzed headings are used throy hout thi
» y oug 15 series of procedures
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FF ﬁtﬁr MONITORING PROCEDURE :.-Fecal «Coliform Test by the Membrane Filter Method . |

o

T

=

Educational Concepts - Mathematics

.

Section I

v
4

T

TRAINING GUIDE NOTE

e

4

REFERENCES/RESOURCES

"number of plates desired.

Since 3.7 grams bf MFC powdered medium and 1 m} of

1%.Rosolic Acid is required to prepare 100 ml of ,
MFC broth, it is poss1b1e to calculate weights afid
volumes t& prepare any requ1rement based upon the
Calculations are based
on knowing the above fig#res and the requirement
of.2.0 ml of broth for each plate.

For rapid calculations the’following twq fprmu]as
can be used: .

(1) No. of plates desired X 0.074
(2) No. of plates desired X 0.02 =

= Grams MFC

EXAMPLE
> If 125 plates of MFC are required:
1?5 X 0.074 = 9.251 ‘ * : . -
o= 9.3 grams MFC medium required °
125X 0.02 = 1% Rosolic Acid

2.5 mls
T . required

’

Due to the difficulties involved in weighing
very small portions as, for instance, .074
grams of MFC for one plate requirement, it
would be wise to prepare at least 10 plates
(.7 gr. MFC and 0.2 ml Rosolic Acid) as a
minimum requirement..

Note:

-

-
-~

300

~—

ML Rosolic Ac1d.

Ld

N
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EFFLUENT MONITORING PROéEDURE:

.

Fecal Coliform ?est by the Membrane Filter Method

' @

——p—

*Field an

Laboratory Equipmeﬁt .

- Section y

TRAINING GUIDE NOTE -

REFERENCES/RESOURCES
*

A.1.3

A4

A.6.2

o
oo

matic.

~ ~

Incubator should be kept out of drafts or direct
sunlight in order to prevent .temperature inside the
incubator from chang189 outslge the temperature
range specified (44.5°C + 0.27°C).

An accurate solid heat'sink may be used. This is
constructed of. a solid aluminum block and does not
contain water for transferen;e of heat. Plastic
bags, for this reasoh, are longer required when
using. this type of incubat Since there are no
provistons for a high humidity chamber in this type
of incubatoY, 1t is important to use only the types
of petri dishes having a tight attachment of cover-
to-base thus pggyent1ng loss of moisture during the
incubation. Y

Mercury bulb thermometer usually used-in most
Tncubators and a recording thermometer is -
acceptable g Thermometers must he calibrated agawnst
a mercury Bulb thermometer which is (or calibrated
against) a National Bureau of Standards issued and
used with. the certificate and correction chart.

Autoclaves differ grelt]y in design and in method. '
of operation. "Some are almost like homg-style
pressure coolers; others are almost fully au;o-

Dist11led water must not contain substances g#
venting bacterial growth or be highly nutriti

There are ‘required procedures to testing distilled
water and should be undertaken only by profess1ona]
bacteriologists or 1n laboratories where this 1s
done regularly.

Glassware can be checked for bactériostatic or
inhibitory. residues by a bacteriological test
procedure wh1chﬂ 11ke the distilled water suita-
bility test, should be yndertaken only by pro-
fessional baqﬁer1o]og1sts or .in laboratories where
this test 1s .done qp a regular basis.

" -
thods for the
Examinatioh of Water and
Wastewater 14th Ed. (1975)
APHA, WPCF, AWWA, p.880 ff.
(Hereafter refferred to as:
»Std. Meth. 14: (Page No. )

~

Standard

Std. Meth. 14: 937

_Std. Meth. 14: 881

Std.Meth.- 14: 888 .
L

Std. Meth. 14: 885
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"EFFLUENT MONITORIN(; PROCEDURE : ./Fecal Coliform Test by. tu Membr*e Filter Method

«

%

X

X

jie]d 'an&

T .

L%Borqtory Equipment

\" ) ; ] -

" Section

N . TRAINING GUIDE NOTE

N

REFERENCES/RESOURCES

A.9.1-6

A.10.1-5

. 4 » -~
Wide-mouth, glass-stoppered bottles ‘suggested, but

other styles accepted.' Bottle must be heat stgble *

to sterilizing conditions and not be toxic or
nutritin,tQ organisms natural to the sampls.
If glass-stoppered bottles are used, a strip of |,
paper should‘Be placed in the neck qf the bottle
before placing the~stopper in place in_preparation
for sterilization.
from "freezing"-in place during sterilization.
The paper strip is descarded at the time of sample
collection. a p
. /
This procedure is described-in terms of reusable
glass pipets. However, sihfle-service, pre- .
packaged, glass or plastic pipets may be used.’
In the case of single-service pipets, they will be
sterile when purchased, are used one time, and
discarded after use. Accordingly, in the step-by-
step procedures, disregard any instructions about
pipet preparation if these pipets are used.

308

~

This prevents the glass stopper |’

I

Std. Meth. 14: 884

L d

14: 404 °

Page No. 9:31
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EFFLUENT MONITORING PROCEDURE: ™ Fecal Coliform Test by the Membrane Filter Method Voo,

‘Field and taboratory- Equipment - Section V

.TRAINING GUIDE NOTE . REFERENCES/RESQURCES’

el

If graduate is 1dbeled TC (To Contain), follow the
rinsing procedure. If it.is labeled TD (To Deliver) ) oy
. slowly add the complete sample, gently tap off the T :
last drop and do not rinse. .

B.7.3

B.7.7 When the filter holding unit is_disassembled after
sample filtration, the worker's hands must be free
‘[to manipulate the membrane filter. Upon disassembly -
of the filter holding unit, many workers place the o
_~ | funnel element, inverted, on the laboratory bench. ’
Some workers, to prevent bacterijal contamination,
o prefer a rack.or a support to keep the funnel element
from any possible source of contamination. A split ,|°
ring on a ring stand is a convenient rack for this L
purpose. ) {

P

t gUCTION FLASK RING STAND WITH SPLIT RING X R .

C.1.4 ' The dashed circle 1nd1cates the effect1ve f11ter1ng
area. The dashed back-and-forth line indicates the
colony counting pathway.

-3 ‘.

*

Page No. 9-32
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‘EFFLUE‘NT MONITORING PROCEDURE: Fecal Coliform, Test by the MeTbran’e Filter Method - + -
[y . L3
e . N " . .
’ \L _ .
"Field and_taboratory Reagents Section.
N . ’ . ) .
I TRAINING GUIDE NOTE S~ REFERENCES/RESOURCES .

A.12.2

’

Rosolic acid may be omitted from the medium if
minimal background colony counts occur and
equivalent results are obtained without it.

-

310

\

Std. Meth. 14: 894 .
%
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EFFLUENT. MONITORING PROCEDURE : Calculation of: the Geometric Mean of
- . Coliform Counts by the Use of Logarithms
. - /
This procedure was developed by:
< '
. NAME Joseph F. Santner - A
. ‘ . -
_ ADDRESS  EPA, OWPU, NTUTC, Cincinnati, Onio {5268
‘ POSITION Mathematical Statistician o .
. EDYCATION & TECHNICAL BACKGROUND .
BS - St."Louis University -
»
MS - St. Louis University ¥
4 years - U.S. Army
L . 3 years'- Operations Research Analyst
3 . ™ R N
o 7 years - University Professor - Mathematics
’ . 12 years - Statistical consultant and training of Federal,
. ~-State, and Local. personnel in the principles and
B ‘e practice of statistical analysis
: Y
- ‘ p
) .
- " . .
- ’ )
« ) L . N 4
* H
. . L~
’I [ -
’ -
B LY




EFFLUENT MONITQRING PROCEDU@EZ Ca]cy]atfon of the Geometric Mean of
. Coli'form Counts by the Use of Logarithms

v 1. The object of this procedure is the calcu™tion of the geometrtc mean of ///W
fecal coliform couhts when using logarithms. . o .
. e ,
2. Brief descfﬁption of the procedure. . ‘ M \\ '

How to use lTogarithms (or logs) and find the geometric mean (or GM) of
n feca] cotiform counts, where each count is greater than or egtal to one.

-
Let the First fecal coliform count = N]
< Let the second fecal coliform count = Nj . J ]
. etg. -
’ Let the last fecal coliform count = -
" ¢ . ) v
Let n equal the total number of such fecal coliform counts or
n = sample size. The formula for the GM when us1nq logs is: ;
GM (of Ny, No,. . ., MNp) = anti-]og[:iog Ny +Jog Np + . . . + 109 NE:]
] n . ’
, ) N ~. //——- ’
v, Inorder to complete the calculations on the right hand side of the
. equation, four operations are necessary. . %
A. Defermine the 1og for each of the n fecal qp11form counts ]
B. Add or sum the n.logs
C. Divide the sum by sample size equal to n.
D. Find the anti1-Tog of Theanswer to step C. '
» , ™~ ¢
r . .
. v % ,
. . ‘e A
¢’ - '
‘ L ]
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EFFLUENT MONITORING PROCEDURE: Calculation of the Geometric Mean of
. : Coliform Cgunts‘by ﬁhe Use of Logarithms o
: , . N
2 7 RETTS
TRAINING

OPERATING PROCEDURES ,

-

STEP SEQUENCE

INthMATIONLOPERATING GOALS/SPECIFICATIONS

GUIDE NOTES

A. Finding the log of a
fecal coliform count

. Determine d = humber of

digits to the left of thg .
decimal point '

. Calculate C = d-1 (C is

called ‘the characteristic ~
by mathematicians)

-

’r

2a.
2b.
2c.

Examples
la.’
1b.
1c.

if Ny
if N2
if N3

Qf’N]
if Ny

sonon

23 then d =2
122 then d = 3
17,100 thend = 5

e

23 thend = 2and C = 2-1 =1
122 thend =,3 and C = 2
17,100 then d = 5 and C = 4

Page ‘No. 10-5
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— ) Colifdrm Counts by the Use of Logarithme - .

. >
- —L i -~ - = — ——— —— —
e 1 = —
N - ' . \\ N 'PAL\XHG
OPERATING PROCEDURES STEP SHQUENCE II\FORMATIO‘VOPEF\ATING GOALS/SPECIFICATIO%\S GUIDE NOTES .

- - . ’-;;N] ? ? . \
~ A, (Cont'd.) . . | 3. Locate N ih the table marginf3a. For N] 23, there | N. {7 i} E] = o :
Lo The firdt two digits in the are only,2 digits - *

r » ' first column #n the left so'we must add a < 10 169,000 CU 432 fu s O 2Z'
margin and the third digit trailing zero. Lo- : —
. : ’ - ( 3 153, LY 03 G »
_ R .o in the firs® row. Note'thaf| = cate 23 or the . ¢ NZ”%] PR S A “}‘/
. ., trailing zero's can be added first two digits - 11 834 11727 120577 12 8%
) L or deleted in orcer to have'| = in the.teft margin wliios 1o 152 1o
tos the necessary threa.digits .and the third or 13107 Coar 17608 18 198 18 4ra
for entry, into twables. . last digit 0, in 16 § 20412 20 €53 "20 972,21 2% ‘
. ' s LN . ’ !
- . . s the top row, . NJ@ 2015 23 200.°23 553 23 875,
. ‘ . » - 17 e sz 23768 25 i 20 25 »
. . R - ' 3b. For ‘N = 1528the |- 192 875 5103 2530 253775 oo
* . ’ 1 4 -
o o ‘ ﬁr?; twa\c]hgltsd 20 | 30 108 30320 S0 385 B0 TEn
. . . or 12 are located |
o . ° a ‘ in the left margin - 21 132 222 32423 32 6% 3L S
) ,- . . . d; St d(-.‘ . 22 134 212 31430 2o Je S0
N - . . and the third digit Ny~Z0] 36 173 o sul Su 54 30 7o
, ; _ o N gr 2 is tocated in T P r?(’ g N -
. . t "4 435 021 35 202 35 32 O
, 1+ R - the top row. s A 708 w0 buT 40 110 40 312
- . . 17.100 the 26 | 41 407 41 664 41 830 41 G . -
’ 8 ’ : 3c. For Ny = 00 the -
o . st two digit 7 |43 138 43 207 43 457 43 %10 .
. . b . Irst two di1gits o 22 | 45716 44wl 45 0270 45 1)
- . . . " . 17 are located in 20 | 46 210 4y 359 46 533 46 67
’ “ .o : the left margin. .| : : . o
. - . . 3 30 147 712 4T 857 45 001 4S 144 ) . .
.- - .o The third digit is | 2 o : /
: . o . ;- ) a 1 and is located 3; ﬁ* 136 4': ?'? 1 41; ?‘(-; M‘)
* . . . : N 3 M 265 v ~H O .
: : . . . in the first row. w5508l 51Us3 52 11t 52 244 :
S : » R , A1l digits after : . — .
- ’ . i 2 34153 148 &3 275 53 403 853 52 :
< : . . ' . %:hi,;:hlrd are de 35 | s 407 51581 58 €51 BLTI7 ,
) ' ' e . eted or these . 3, 35630 55751 B> 8L 65 901 '
. . . . ) 1 trailing zeros are o ot 57171 . y
.« . . - \ - 3 | 6820 56 57 054 57 17 : i
g y . ignored. as | 57 078 B 00p 5S @06 58 32
~ ‘ : . 30| 0 106 39 21§ 59 329 59 489
. « R L . ) , . L
- ’ ’ ) . 40 )00 206 60314 €0 423 60531 .
. ' - T a1 | 6t 255 A1 oast 61 470 61 595 . - . .7
DRI . : C e : LI - a2 | 62 325 02425 62 03l 62 LEC »
31&) . - . - 43 | 63 317 €% 413 03 51> 63 6% 31 (
v . v . . 'S
] ~‘ \ .

4 . - - 2 v
o . . - ' ) . ‘ . » ) »
B . . - .
ERIC : o , P
’ *
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EFFLUENT MONITORING ,P%EDUQE:

/ ’

Calculation of thg,Geometric Mean of
Cqliform Counts by th; Use of Logarithms *

’

OPERATING PROCEDURES

STEP SEQUENCE

-

INFOBMATION/OPERATING GOALS/SPECIFICATIONS

)

* TPAINING
GUIDE NOTES

L

A. (Cont'd.)

P

o

ERI

Aruitoxt provided by Eic:

1

4 Read the 5 d1g1t number
within the body of the
table at the i'ntersection
of the row and column
determined in step 3.
label this number M.
mathematicians call
mantissa.

The
it the

For N1 = 23 then
= 36173 -

da.

<M b g
211 R U R P3|

N.

4b. For Ng = 122 then 4
OB :

4cy For N3

then M

°

= 17,100
23300

18
szé?

14
15
16
N3]

18
19

00 600 €0 432

0 550

04 139
07 918
11 394

14 613
17 60,
‘5 045

25 &%
24 blO

04 532
03 279
11 797

14 922

17 898
20 653

103

[

12 037

15 220
18 >4
20 952

23 553
25 007°

2

330

30 103

30 320

30

535

22

% it

38 021

3V
41

43
+
46

704
497

136
716
210

32 428
3t 439
J0 3ol

38 202

39 u67
4] 664

43 207
44 871
46 359

32
3t
36

35
40
41

43
45
46

634,

[755)
51

382

Mo
630

457
025
548

42 K33

31 cf\f)l).‘

36 748

33 561
40 312
41 994

43 616
45 179
46 657

N, o/

47 712

47 &57

44

ot

48 114

276
651
983
25
751
6 037

53092
21y

» 531,

19
i)

415
™6

BRI

403
5t
bl
054
204
329

49 574
50y
52 243
53 529
LLT77
65 991

57 171

58 320
o9 459
L4

{1}

314

423

60 53!

62 42n
6} 413

RSN

1)
Dol

51y

61 505
67 6.1
03 bl

.

Page




oliform Gount® by the Use of Logarithms

. Y . N I
pPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIBE NOTES
7 - ! R
A. {Cont'd.) 5. Log N= C.M fa. Log 23 = 1.36173 .
5b. Log.122 = 2.08636
. 7 5c. Log 17,100 = 4.23300 . > .
9 obtainea M obtained N
.- in step 2 ip step 4 ) -
» .& St . [
) \ . e . 4 B \,,
B..Sum the n Togs 1. It is assumed that addition:
is known. ) . ‘
] "/ /
N " / h - .
C. Divide the sum of 1. It is assumed that d1v1s1on . '
- the'logs by n, is known' ’ - . e
-sample size ' :
i ) } N 'Y
~D. Finding the anti- 1og 1. Determine M = the number to |Ta. If we want the anti-log of 3.11394 then b
&P 2 positive numberf  t ight of the decimal’ = 11394 ’
- point , Tb. If we want the‘anti-log of 2 32428 then .
s ' W 32428 )
lc. If e want the ant1 log of .2. 56036 then- - -
[~ ) . = 56036
T /
%, ! %
3')1-\ . V
Jas . . (e 321

N\




 EFFLUENT MONITORING PROCEDURE:

Calculation of fhe Geometric:Mean of

| B, Coliform Coynts by the Use of Logarithms
.4' . Co.
- TRAINING
OPERATING PROCEDURES * STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE HNOTES
D. (Cont'd.) 2. Locate M or its nearest 2a. M = 1139 . >
i value within the body of N jLo 1 2 3 4 v
the table. 2b. M = 32428 - . .
: m!opooo 00 432 00 &0 01 23¢ O1 703
\ ‘ T2c. M = 56036 11101 130 04 532 01 922, 05 303 05 0
(Nearest Wlue mos DIy ok i 0l
a ) is 55991) i ’ : .
. 14613 14922 13220 1553t 15 ¥4 J
"] 17 609 17 8US 1% 1R4 18 D 15 T2
3. Read N = rc at the inter- 3a. If 11394 then 20 412 20683 20952 21219 20 3n
section of row {(r) and N = r = 130 25045 26300 23 553 23 805 21 05
Cocntad in sopa "Nose 2‘98 SR\ BIRE S EW ML AN
rc is the 2 digit r and 3b. If M = 32428 then 213 TR, 30320 3055 47T S0 W . : M
. the-one digit ¢ written’ N= 211 since r = 21 \2\ |2 2 Gl s2 sy 220 3 0
side by side and are not and ¢ = 1 8 173 Su-dol 3o 519 306 736 36 9 . .
an indicated multiplication,|3c. If M = 56036 then o 29 202 357382 38 561 3R T
’ N =363 sincer=36 = 39 b7 40 10 40 312 W NS
. \ and ¢ = 3 2 41 661 41 830 41 99 42 1w}
- ' . ‘ . ‘ 7 813\ 43 207 43457 43616 43 755
, ' 4. Determine C = number to the |8a. For the anti-log of % |4 2in R® in o R
jeft of the decimal point. . 2.11134 th:q ? = 3f wlvoe 7 mon s s
. for the anti-Tog o —
- 2.32828 then C = 2 |8 mas a4l o
‘ 4C. FOY‘ the ant-i_]og Of 33§ 51 851 51 Und 02 244 52 3id \ ’
2.56036 then € =2 %18 RE! § ohi A o
367155630 55 751 55 w7l 50 110
5. Calculate d = C+] /Sa. If C.= 3, thend = 4. )
5b, If C = 2, thend = 3
. 16c. If C = 2, thend =3 7
. 16. Locate the decimal point for [6a . A.r"nt‘i-]og 3.11394 =~ >
+ the number determined in 1300. The 130 was .
- step 3 so that there are d determined in step 3a .
digits to the left-of the " and the decimal point
decimal point. Note traijl- was placed so that 4
' ing zeros can be added or digits (see 5a) are to . 323
X 329 deleted. the left of it. In this /"
v ~ \ case a trailing zero was added. ol

v

@

Page No. 10-9




. B Co.l'ifor;m Counts by the Use. of Logarithms " 8 o,
Y 2 R - == : ‘e - M
- s P TRAIINNG
BRERATING PROCEDUﬂES % STEP SEQUENCE INFORM{\TION}OPERATING GOALS/SPECIFICATIONS ~~ |-GUIDE: NQTES —
7 DB v . > ‘
Dyaksentsd. ) “1 6. (Contid.) 6b. Anti-log 2.32428 = 211. Step 3b followed by 7 v
S - : step 5b. . -
o e v 6c. Anti-log 2.56036 = 363. By combining steps- ”~ ~
i - e . - .. 3c through5c. - : { ~ ¢
N 4 ‘ A~\ Ay\ r ‘ 4 R
3 -
* - 8 ? »i - _ / ) A —
J: ‘ - . - [
. L J N, - . ‘ b - b
S » ] N P i ~ i ;} L4 *
- . * - -
5 * . 'Y ¢ ¢ ' | AN
- ’ _ 1 . =~ ) - A4
‘q ‘_ ‘ {~ ‘ . \# .
T ; . ) '\/ R ,}"" ' -
. ' ) . ‘ . .
. i : -
. 4!7‘ I‘,{‘ ' hd 4 i
) ;s oo ‘ ..
- ‘ " \_—\__‘ ' ' . "1 [
A . Lt . . . Q
i - . . e
.- .’ .’ L4 : ‘ L -
.l o . Y N ‘&. . - "
1 L] .; - / ! J ’. &
* . ,‘. , " X ‘
‘ v 1 . - -
> - N ! \
N [} N - 325
& ‘ - ~9 .
R N - . . ' A | . ’
T * - ) A h ’ > ¢ ’ : .




. 5"- - ' . ‘

- ' .
—Common logarithms of numbers— ' . ! ~

Y ) T N Lo Gt 2 3 ¢ | 5 6 7 8 9
. ‘, . ' *
10 } 00 000 00 432 00 860 01284 01703 | 02 119 02 531 02 938 03 342 03 743

< » ' -11 §04 139 04 532 04 922 05308 Q5690 J 06 070 06 446 06°819 07 188 07 55
12§07 918 08 279 08 636 991 09 342 1 09 691 30 037 10 380 10 721 11 058
1311134 11727 12 057712 385 12 710 | 13 033 .13 354 13 672 13 988 14 301

) . 1414613 14022 15220 15534 15836 | 16 137 16 435 16 732 17 026 17 319
. 15F17609 17898 18 1 18 469 18 752 033 19 312 19 590 19 866 20 140
16§20 412 20 683 .20 957 21 219, 21 484 | 21 748 22 011 22 272 22 531 22 789,

17§ 28045 23300 23 553 23805 24 0556 | 24 304 24 551 24 797 2% 042 25 285
25 527 25768 26 00T 26 295 26 4212 717 26 951 27 184 27 416 2% 646
19§27 875 28 103 28 330 28 556. 28 T80 | 20 003 20 226 20 447 29 667 20 835 .

30 103 30 320 30 535 30 780 30 93 | 31 175 31 387 31 597 31 806 32018

32222 32428 32.6% 72233 33 041 § 33 244 33 45 33 646 33 846 34 044 |
34 242 34439 34 635 34830 35025 |35 218 35 411 35 603 35 793 35 984
36 173 36 36t 30 549 36 736 36 922 | 37107 37 291 37 475 37 658

38 020 38 202 38 382 38 561 38 T30 [ 33 917 39 004 39 270 39 448
30 794 . 39 YT 40 110 40 312 40 453 | 40 654 40 824 -40 993 41 162
41 497 41 664 41 830 41 996 42 160 | 42 325 42 488 42 651 42 B13

43 136 ,43 207..43 457 43616 43 775 } 43 933 001 44 248 44 404
44 716 45 871 45 025 45 179 45 332 | 45-484 637 45 788 45 939
46 210 46 389 46°B38 46 67 46 535 ] 46 Us2 47 129 47 276 47 422

47 T12 47 857 48001 481 8 27 ]| 48 430 43 572 48 714 48 855

19 136 49 276 49 415 _49 540 603 | 19 831 49 969 50 106 50 243
50 515 50 651 50 756 50 920 St 055 f 51 188 51 322 51455 51 587

51 851 ;)1 983 -52 114 52 244 52 375 52 504 52 6.34 $2 763 52 892

53148 53 275 53 403 53 529 53 656 § 53 782 53 908 54 033 54 158

54 407 54 531 54 654 B54.77 54 900 | 55 023 55 145 55 267 55 388

55 630 55761 55 &7l 55991 56 110 | 56 220 36 348 56 467 56 585
.ot - T Y

56 820 56 937 57 654 57 171 57 287 | 57 403 57 519 57634 57 749
57 978 58.002 - 58 58 320 58 433 § 58 546 58 659 58 771, 58 883
4 59 106 .39 218 59' 59 439 597550 1 59 660 59 770 597870 59 988 60 097

NN 40 fo0 205 60314 60 428 60531 -60 538 | 60 746 60 853 60 959 61 066 61 172
' ' o 41§ 61 278 61 334- 61 490 .61 585 61 700 | 61 805 61 62 014 62 118 62 221
oy ! 02| 62325 62428 62531 62634 62 737 | 62839 63 144 63 246
| - 43]63347 63418 63 548 63649 63 739 § 63 9 64 147 64 246

‘o s ] 64345 64414 08 542 04 610 64 7380 04 66 128 65 226
. ‘. w5 | 65 521 65418 65 514 65610 65 706 | 65 66 087 66 151.
46 66 26 €6\370 66 464 66 558 66 652 | 66 745 67 025 67 117

© 47|67 210 67302 67 394 67 486 67 578 |69 67 761 67 852 67 043 68 034

. 4868124 68215 68 306 68395 68 485 | 68574 68 664 68 753 68 842 68 93l
. . 49| 69 020 69 108 60 197 69 285 69 373 | 69 461 69 548 69 636 69 723 69 810

Z 50 | 69 897" 63 984 70 070 70 157 70 213§ 70 320 70°415 70 501 70 586 70 672

-y ’ , » .

. -1~ o 1 27 a7 4 l&s 6 .1 8 0
’ : ¢ .

) - - —

' . <% T 5-226 R ;
R .Mar.Departrient July 13,1940 s,

0> Y . 326
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Aruitoxt provided by Eic:

=~Comenion logarithoms of wmbers—

————

— .
PN Lo 1 2 3 5 A 7 8 9
d
5 €9 SYT by Us T 0T 0 LT o243 | 70329 70 415 70 501 70 586 70 672
L T0 T OT0 M2 TO O TIol2 Tl oc«‘ 71,11 71 265 71349 71 333 71 517
§2 ] TLRO TLeSE TLTGT TLRAW 71933 ) 72016 T2 099 72181 72 263 72 346
) T2A2 T2H0 T2 T26T3 72704 ] T2835 72016 72 997 T3 048, 43 158
B ] T3BI 73320 73400 T340 T3IH0 | 73640 73 719 T3 799 73 878 73 957 /
B5 | 74036 74115 74191 74 2% 74 35 T4 420 T4 507 74 586 74663 T4 741
66 | 74519 74 846 T49TH 75051 75128 | 75205 75 282 75358 75435 75 511
57 75557 TsAd 75740 75 SIS TSSO | 75 9A7 76 042 76 118 76 193 76 268
BS | 76343 o418 Thd492 ThnaT o4l | 76 T1o 76 790 76 84 76 938 77 012
59 | 77 0s5 77150 7T 22 T 305 77 37 77402 77 525 77597 77 670 77 743
60 | t7win Tt tTw0 Tsod2 78904 | TS 17O 78 247 T8 319 78 390 78 462
61 TN M3 Ts N0d TSRS T T4H Ty S17 | Tios83 78 958 79029 79 099 79 169
f2 ) Ty By TUB0Y 73Ty TU 449 7O SIS | Ty 588 79 657 79 727 79 796 79 865
63 | 70U 50003 8D 072 80 140 S0 209 | 80 277 80 346 80 414 80 482 80 550
64 | W18 wWess %0 T SO a2l 80 8a | 80956 81 028 S1 090 81 158 81 224
£5 | ®l2ul %1378 st 425 51 401wl &% 81 f24 81 90 &l 757 81 823 81 889
66 | 81 ot K2 (020 82080 &2 151 82 217 | 82 282 82 347 82 413 82 478 82,543
€7 | %2607 82672 &2 737 ®2HH2 B2 676 | 82 630 &2 995 83 059 83 13 &3’57
68 | =3 251 %3315 83373 a3442 83 506 | K3 560 83 £32 83 606 83 759 &38R
69 | O w8 53 M43 &1 611 &4 073 s 136 | &4 193 84 261 81323 &4 385 84 448
0 | S510 88072 Mo Roug 51707 | B4 810 B4 SN0 54012 8 003 85 065
71 | %0126 #5187 w248 83300 &5 370 | 55 431 88 401 85 552 85 612 85 673
72 | 25733 8374 x5 84 55 914 A3 wTd [ 86034 85 034 86153 86.2]3 86 273
73 | 86332 86392 86 421 86 510 6 570 | 56 629 86 688 86 747 86 806 86 864
74 | % 923 W 982 87 040 87 Ov9 87 157 f°57 216 B7 274 87 332 87 390 8F 448 -
5 K7 506 K7 5/4 KT 622 »T AT9 KT TH7 KT 705 87 8h2 K7 810 R7 967 88 (04
76 |55 081 58138 58195 58 252 88300 | 55366 88 423 88480 €8 536 88 503 .
. v ! g
77 1 88640 88 705 88 762 8 518 &8 w74 I 5430 88 985 89.042 89 088 89 1
78 | %y Mo sy 205 89321 N9 36 80 432 w 487 89 542 89 507 89 653 89 7
79 | 89 763 89 818 89 873 ’s(ﬁ" %9 0%2 ' 90 037 90 091 90 146 90 200 90 255
80 | 90309 90363 90 417 90\90521: 90 580 90 634 90 687 90 741 90 798
X
sl | w9 w2 909 9100y Moz | o116 91%169 -01 2228 28 1
2 | 01381 o1 43¢ 91457 01 510 91.93 | 91 445 91 498 91 751 o 91 803
83 | 91908 u1 w0 92012 92065 2117 | 92160 92 221 ‘\92 324 7
&4 | 924287 02 480 92231 92583 w2 a4 | 92688 92 737 92788 ‘92 840 9¥80
85 | 2 w2 92 vu3 @3 044 93095 B | 93197 U3 247 93 208- 93 349 93
88| 9450 y3™500 93 551 93 001 U3 651 | 93702 93 752 63 8021 G¥ 852 03 902
g7 ) 03052 94002 94052 4101 94 11 | 94200 94 250 94300 94349&94399
“88 | 94 448 U4 498 04 54T 04 506 04 Aa5 | 94 0935 94 743 B4 TU2 G4 R4l 04 890
80 | 94 WO 94 ysS 05 036 63 O3 95 134 | 95182 05 21 95 279- 95 328 95 376
90 T 5424 5472 95521 U5 A9 93617 1 05685 95 713 9 61 eog 95 858
g1 | 95 %04 U3 052 95 990 94T 90 095 | w142 96 190 % 237 96 2% 96 332
g2 | Uo7y 00 326 05 4T3 06 520 06 567 | 0614 06 A61 0h TOR, DALISS 96 802
@B | w8 805 06 942 06 688 97 035 | U7 081 97 128 97 1747 97 220 A 267.
o4 | ur5in 97300 97405 97451 97 407 | 97 543 97 589 97 635 97 681 9T
96 | 07772 07 518 9T B4 07 909 67 905 | 95000 U8 046 98 091 98 137 GR 182
J96 | Ov 2T 03 202 9318 08 303 05 408 | 0% 453 OB 498 68 543 98 588 8 6@
o7 | 98677 X T2 U8 TT WX AIL BE RO | W 000 98 945 g8 980 @034 $0 078
g | w1z oo T w2l YT Wan0 |9 3 432 %9 476" 99 520
g0 | wo s w7 AL B 0 P R 92 szs 0 9 93 99 957
100 | 00000 0u (43 ¢ OB 00 130 U m 00 217 00 260 00 303 00 346 60 38)
v 5 8 9'
N. | Lo 1 2 3 4 y 8 7 :
10-12 . - pé -
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EFFLUYENT MONITORING PROCZDURS: Calcutation of the Geometric Mean of

. Co]iform)bCounts by the Use of Logarithms
- ) (j .
An example of the calculations faor operating procedure A, B, C, and D follows.

LGM (23, 122, 17100) Anti-]'og[og 23 + log 122 + 1og 17103

3

(see ASa, 5b, 5¢)

]
|
|
o
v

v, " GM (23, 122, 17140) Anti-]ogE.36173 + 2.08636 + 4'.233ﬁﬂ “
. 3 ‘
N . a
NS : . ) . Tt
R : ' {See procedure B and CT' « —
: . - = |
& GM/(23, 122, 17100)!Ant1-1og 2.56036 v
oo P ; , ) .
‘ . - - {See Déc) . o

T -
5 (23, 122, 17160)!363.

The following prdctice problems should te solved to make sure that the program
“of action is[nastered. . - )

Ve, 4l =2
2) 6M {1, 12, 190) = 10 e

it
.
,

3) 6% (M, 19, 17) =10

N ’ : \
Some checks- for, gross errors. . ]

T) GM lies between the largest and srmallest value., For the problem

GM (23, 122, 17107) = 363 the largest = 17,100 and the smallest = 23.
*Since 363 lies between these two, there is no gross error.

2) GM 15 less than the arithmatic Wean* (&M). AM = 23 + 122 + 17100 = 5742:3

. 3 .
. _ . GM =363 15 less than AM = 5748.3. Hence, there is no gross error. \
;- ,
*GM=AM if all coliform counts are equal as 1M1ustrated 1n practice problem
. number 3. ; : . \ .
: - ‘ I's ) l.
\)4 ] N : . * ~ 3 \;25 . .
ERIC -+’ - @Pace Ho: 10-13




L & PROTOTYPE FOR DEVELOPMENT OF . . o
ROUTINE OPERATIONAL PROCEDURES

' . for the .o

MEASUREMENT OF FLOW IN AN OPEN CHANNEL BY
. © - PARSHALL FLUME'

as applied in -
. . . ’ WASTEWATER TREATMENT FACILITIES )

and in the
MONITORING OF EFFLUENT\NASTEHATERS

. L}
Developed by the.

i

.National Trgining and Operational Technology Center
Municipal Operations and Training Divisiorn
_Office of Water Program Operations - *
&~ U.S Environmental Protection Aaency

o/ - ' - -
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EFFLUENT MONITORING PROCEDUREfzﬂ;zo;\hgasﬁrément in"an Open Channel by

Parshall Flume
This Procedure was developed by:

NAME . Charles E. Sponagle . .
ADDRESS™ ™~ EPA, 04PO, HTOTC, Cincinnati, Ohio 45268 -
POSITION ‘ Sanitary Engineer-Instrucfov - ‘

EDUCATION AND TECHNICAL BACKGROUND
B.é.E - Manhagtan College, 1?43 »
N.§. in C.E. - University of Minnesoly, 1948
- Professional Registration: State of York
iﬁi With Federal Water Pollution Control Pfogram since ]948, with
various assignments at Program Headquarters, Regianal Offices,

and Fie]d Stations, including positions as

Staff- Eng1neer, then Chief, Water Qua11ty Section
~ ° Denver Reg1ona1 Office

‘Staff Eng1neer, then Reg1ona1 Construction Grants Program
Director, Denver Regional 0ff1ce

Regional Construction Grants Program Director,
C1ncinnati Regional Office

D1rector, Colorado River Basin Nater Quality Control Project, *
Denver, Colorado . .

1
Industrial wastgs Consultant, Technical Advisory and
Investigations Branch, Cincinnati, Ohio

Participation in and Direction of numberous in-plant industrial
waste surveys and stream studies in New York Colorado, New
Mexico, Maine, Utah

: With National Traimng & Operational Technology Center,
. September 1969 to date.
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"EFFLUENT MONITORING PROCEDURE: Flow Measurement in an Open Channel by
, Parshall Flume
1. Objective: . To enable the student to obtain the flow rate in an-open
channel by means of a pre-installed Parshall Flume. T

2. Description of Procedure: )
The depth of 1iquid is measured at a stipulated point {or points) within the
Flume. This measurement is then used to obtain the rate of fiow {n the

channel. ) .

a. This Procedure deals specifically with 6-inch through 8-foot flumes,

- since practically all wastewater treatment plant influent and effiuent
flows can be measured by flumes of this size. Operating principles of
larger and smaller size flumesgare exactly the same. For these latter
however, some differences in procedures are involved, consisting of a
change of location for measurement of the downstream head, and use of
different discharge tables.

b. Flows obtained by visual observation of Piquid depth'are considered
herein. Use of devices which automatically provide a continwous record
of either head or flow is not included.

.

General Description of Equipment used in the Procedure:

~
o
cu
-3
w
<
<Y
-
-
al
—_
[
3
m

2) Means for v1sua11y observing depth of flow, such as a staff gage
or a float gage. . . \
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EFFLUENT MONITORING PROCEDURE: F18w Measyrement in an Open Channel by Parshall Filume

i

.

" ,r
OPQAATING PROCEDURES STEP SEQUENCE

. .
¢ .
- —

HINFORMATION/OPER’II\TING GOALS/SPECIF ICATICNS

A. “Basic Elements

1. Units of Flow
Measurement
Description of
Prosess

Sf?ucture of
F]umg

Terminology and
Definitions

Operating
Principles

Staff Gage
Ftoat Gage

Preparation for
Measurement ,
1. Physical . Observe flow upstream of . Reasonqb]yﬁsmoofh or streamTine flow.
Conditions flume . Flow distributed reasonably uniformly across
-’ . channel

. Remove any objects causing
distucbance of flow

P

3..knspect flume for deposits 1. No build-up of sediment in structure -f11.B.1.3
of solids A ‘ ) (p. 22)

» N <—
P -
N
, .

Page No. 11-5 33
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' , ! TRAINING
OPERATING PROCEDU%{S STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATICONS CuilE NOTES
, ~ !
/ - a - ‘|
! 4. Determine flow condition . Free flow or submerged flow. &II.WZ].?
: p. 22
. . 5. Inspect stilling we]], clean | 5a. Connection to channel not clogged. III.é.ﬂ.S
* . if necessary %. No deposits (p. 23)
%. NG objects 1nterfer1ng w1th float
C. Flow Measurement - ?
Free-Flow Condition, - . P
Using Staff Gage : ;
1. Determination of |1. Read gage divisien at which [la. To nearest division, \ 11,"‘5,4
. upstream head, Hj liquid surface intersects < (p. 12)
gage.
! 2. Calculate Hy 2a. From staff gage reading.'
2. Determination of |1. Use appropriate table. , 1l1a. In unit desired. . ‘ 11.c.2°
flow rate. | Ce ) (p. 15)
) 2
. i v , T )
- D. Flow Measurement -
Free-Flow Condition, E
ot Using Float Gage . .
1. betermination of |{1. Read tape division opposite }la. To nearest division. 11.D.1
upstream head, Ha index on float gage ’ (p. 16)
- 2. Calculate Hy ~ 2a. From float gage readmg
.y 2. Determination 6f 1. Use appropriate table la. In unit des1red [1.C.2
flow rate //;///// \\7 P/ (p. 15)
A, Yy r
334 335
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EFFLUENT MONITORING PROCEDURE: Fow Measurement in an Open Channel by Parshall Flume |\

P

OPERATING PROCEDURES

STEP SEQUENCE

INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

’

-

E»

Flow Measurement -
Submerged-Flaw Con-
dition, using Staff
Gages

1. Determinatsen of
upstream head, H,

2. Determination of
downstream head,

Hy -

3. Determination of
flow rate.

. Read gage diviéion at wﬁich

. Calcutate Hy

. Read gage division at which

. Calculate Hy~

. Calculate percent sub-
mergence

. Consult appropriate®chart

. Read submerged flow va]ue‘
e
. When a corre&tioh factor is

. Multiply this free-flow

liquid surface intersects
gage. :

liquid surface intersects
gage.

or table.

or obtain corréction to b
applied to free=flow value.

obtained, use Ha and find
free-flow from Table 1.

value by the correction
factor to obtain the sub-
*merged flow.

la

h

2a.

1b.

2a.

la.

p

. To nearest diyision. . N

. At the same time as for Hy
@ .

fFrom staff gage reading.

. To nearest division.
At the same time.as for Hy

from staff gage reading.

Percent submergengé = Eb.g 100
a

é

-~

[

— Pt
-
~—~ ™

L2

e




L T TR ow Measurement in an Open Channel by Parshall Flume : - . ’ )

- y s y — - . ‘;k hd < i * S 7,
.. . S a T T - “_‘ N 7 sl o - N "/ . B _:DI”IH’: — . '
: OPERATING PROGEDURES STEP SEQUENCE ﬁiFOF{fWIOWI PERATING GOALS/SPECIFICATIONS  «- . [curtfneres *+ X
- N A - [ 7z ".,_’ . e 4 : N
. . d * . © =~ ‘. s . ) L.
F. Flow Measurement - . f. . N by -~ b ) . ¥ oy o
© Submeryed-Flow RS L ) . . . g
AN ondition, using S . S\ | . ' o
Float Gages- +” ’ 3 S ., . S . | . \ .
. . Determination of. [1. Rehd tape division oppos1t¢; la. To nearest division. = - ' 10,1 g .
. upstréam head, H‘i‘ mdex on gages 1b. At the same time as for Hp (p. 16) - M .
- ' » (2 Ca]culate Ha : "+ |2a. From float gage reading. S ,‘ IR )
P v _ . X o ' R ’ ¢ )
) 2. Determination of |1, Readdape division QppOS]te 11a. To nearest division . R | S S i : : .
- downstream head 1ndex 0n gqe " ‘ At /the same time as for Hy = . (p+16) . ,
Hb . . , ' : \ ' . .
. . - 2. Calculate Hb h '~‘ ? float gagé readmg . ‘ -
) T3, Det_erminatidfbﬂ 1. :La]cu]ate perce'bsub- o qlav Pekent‘submergence_= Hb X M b - . C
B Miow rate. « .| .mergence. - T e ' ¢ .
. B ) . - . . ’ T - _ L ' . "
' .- . . 2. Consult approgmate chaPt B . ™ _ “ . I11.€.3.2 © \ ,
. { . or ‘table., -7 . b ool _ o (pl 17) \
- P L B : - ' Sp.
S R ap |3. Read submerged flow value - . . .- \‘
’ . ’ A’ o d1r§:t']y Lr obtain correctjonfs = - T .. " ) ‘ " ’
R « 3 7 | .tobedppliied to free-flow - : | E T L
) . ’ Va]ue a A . . N . . ; 0
. N i * < - . . s ‘@ - = S # ¢
~ e - 7 o 4.- When a correction factor is. . e L . S . . :
’ ' o *obtained, use Hy and find .| v I o ‘ . . ‘
L . free-flow from: fabie T ‘ . 7 X ) '
i “ ' ’ ’ - ‘- L > , . ‘. I - IS !
. . Mu1t1p1y~th1s free-flow yaluel| * ‘ .
) . . by the correction factof to ' . .
: ’ obtain the sublenged, flow. | .. . : N
* - i - s - n‘ ’ . ) - ‘ ’
SURE SRR L ' S |
; 'd ) ! ’ J ’ . ’ ’ - ’
~ ] .
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‘., _EFFLUENT MONITORING PROCEDURE: Flow Measurement in an Open Channel by Parshall Flume
D ; ] - .
N —~— = — ;
. 1 . . s . R 3 8
' ) -, . . . ’"r & '
! - . L I - S"- . "’ -
R N S~ TRAINING QUIDE-
' s " ‘ ’ ' . . Lo . .
d '] - Yo ‘ ' K .
. ) C ‘ : o7 SECTION - »° TOPIC . '
.o . . . 1‘ - " :
. ’ ' o ’ [* * Introduction _ _
s . P R ¢ ] S § LT Educational Concepts - Mathematics N
Caed ce A\ Iy Educatiomal Concepts - Science *
‘. ‘ TV ’ Edudationa’ Céncepts - Communica .
v 4 .
s . . ) v* . jd & Laboratory Equ1pment A
'\ i .« I Fleld & Laboratory Reagents i'i '
o ./ _ ) ) v ¢ o ’ .
. ’ L vir - F1e1d & Laborator_y Ana1y51s
. T T c. ‘ 3
. , ) R 0§ ' Saféty
L 4 * il
‘ . . P o _ CIx .+ Records & Reports
o ",,. pw . ' 4y - T ’ s
- SN - -
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o 4 - ; s “
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. ~  *Training guide mater1a]s ar'e presented here under the headings’marked>.
.o These standardigZ eadings are used throughout this seriks of procedures
“‘1 ‘ ' v‘ . . cd
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Measurement of Flow in an Openiﬁhaﬁnel by Parshall Flume

¢ Y { - c 9 ‘II|}
’;f= — = e o _ )
INTRODUCTION ; ASection |
- TRAIITIA GUIDE Nt o PE?ER:P ES/PESQUPLES \
R - g . : *
A2 Flow of a liguid 1n an open channel can be . 1. Handbeok of Hydraulics,
measured 1n many cases by means of a specially- ~ King, H. W., McGraw7H1l},
shaped sectgon known as.a Parshall Flume. W The flame, NY, 3rd Ed 1939
can be constructed as part of the channel, or v
instahled later either temporar11y or permanently- 2. Water Measurement.Manua],
the, depth of the flowing Tiquid is determined 4t a US Dept. of the Interior,
specific poeint, or points, 1n the flume. The Bureau of Reclamation,
measured depth, or depths, can then be used to ’ Denver, CO, 2nd Ed. 967
obtain the rate of flow of the liquid 1n the channel.| .
h & qu.)a'\ , 3. Stevens Water Pesourc S
‘ Data Book, Leupold
’ ] Stevens, Inc., Box f88,
Beaverton, OR SR0NY, hd
VR 2ndy Ed., S4:00
€y
® S A}
“ @
» 1]
R
) . '
b 3
[ 3 .y
N . [N -
. o A .
v ’ i
A S
»n
. . -
o w s -
\ .
¥ )
' B o’
. L) - ,)\
341 o
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EFFLUE&T_MONITORING PROCCDURE :

.
[

—

Measuremeft of Flow in an Qpen"Chaﬁnel by Parshall Flume

[y

" EDUCATIONAL CONCEPTS - MATHEMATICS . ) .

§ection II

FEFERCNEES/RESOURCES |

"\

A.l

I

Flows 1;gnits of Expression Lt

;;* Flow, or Flow Rate, or Discharge. L,

»

A1l of these terms are commonly used to refer ..

4 to the quantity of liquid passing a po1ot i
a certain time interysl.

< I1. Quantity of liquid can be expréssed in a number

of ways: Common units are the!pallon (Gal) and
the cubic foot (cu.ft., ft.3 To ghange from
one of these measures to another; use the table
below: , - -

-
-

‘ ]
To-obtain ¢

.5 Gal.
.134 o cuzft.

IT1. Flow 15 usua]]y i;pressed 1n th e units:

Gallons per " midate (GPM)
M1ilion galions per day (MGD)
. Cubic feet per second {(cfs, Sec.-ft.)
[ . ‘-

To change from .orfe of these units#o another,
use this table: '

gx_ To obtain
\ - «
0.646 © MGD
1.55 cfs
448.8 GPM .
0.0022 cfs
694 .4 GPM
0.60144 MGD

Multiply

cfs
MGD
cfs
GPM
MGD
GPM

IV. Flow data is needed ,to.calculate the quéntity

3

of constituents d1scharged in a plant eff]uent
Formulas are-- ,

MGD. x mg/1 x 8.34
MGD.x mg/1 x 3.78

\‘:
-

1b/dax
. Kgrday

([}

Pl
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EFFLURLT 10! (170 10 PRQ_TDIT_J. Measurément of- FTow in an Open Channel by Parshall Flume

-,

- s .
-1
8

'y

ol

v o

EDUCATIONAL CONCEPT5 - MATHEMAIICS C

-

.Section I1

TP” A L

! or nlaced 1r g st1lling well,

-~

[}

* The head Hy 15 therert1ca1 distance from the
crest-of the flume (f10or of the converging section)
to the Tiquid surface, at the stipulated point in the
converging section. Head Hn % the corresponding
distance, as measured at the stipulated point 1n the
thaglat of the flume. Both of these measurements are

erenced to the same point, 1.e., the elevation of

Ye crest of <he flume. Consequently, all equipment
aRd devices used to measure these heads must also be
referenced to the'crest ¢levation. ' .

«hen a staff gage 1s used to obtain these heads,
1t may be attached to the 1nside face of the flume,
I[n"the former case,

‘artly an approximate head determination 1s usually
possible, because of waves and-rapid water jevel
fluctuations at tne upstream ®age,, and turbulent *
.conditions at the downstream gage’. .

AY

A

-Determination of nead using the staff gage 1s
1Hlustrated be]ow for the various condi€ions which
w11l be met. < . =
. , : J .

Case I > Initis) gage rark 0.00 ft.

The gage may be 1nstalled mn e1therj?f tnhree
positions, as shown 1n fig. 1.

LiQuo — '
L} Jo3o, '
S S g
CREST l - d .

FIG 1- STAFF GAGE SETTINGS
L

FEFERLNCES/RESOUPLES
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Measurement of Flow in an Open Channel by Parshall Flume,

S

Section II T

b Y

o e

TRAINI 6 oiPDE NOTE

™ L gt
. .

FEFERENCES/RESOURCEES

»

1
qont.)

‘In "A", the bottpm of the gage is set at crest
elevation. The. intersection of the liquid surface
with the gage glves a direct reading of the head.

Hege, the head is 0.30 ft 1 R e

In "B" the bottom of the gage is set some dis-
tance "d" above crest elevation. To obtain the
head, "d" must be added tp the gage reading. For
example, if "d" in the Figure equals 0.25 ft., then
the head is 0.25¢ 0. 20, equals/0.45 ft.-

In"C" the bottom of the gage is set’ some d1s-
tance: (say 0.20 ft) below erest elevation. This

must be subtracted from the gage reading to obtain .

the head. Thu&, -0.40-0.20 = 0.20°ft., which is the
head. . ’

N . . -
. ~ °

_Case Il - Initial gage mark other than 0.00 ft.

.The mark at which the gage divisions start must
be taken into accourft in determiming the head. For
example, if a gage section starting at 3.33 ft.
instead of 0.00 ft. -is used, the calculations are

ollows for the three conditions shgwn in
Fig. 2 (which correspond’ to those of Fig. 1):

s LIQUID-
SURFACE ™

FIG. 2 - STAFF GAGE SETTINGS

N

In "A", head = 3.63-3.33 = 0.30" ft.

In "B", assuming that "d" = 0.25 ft., head =
{3.53 + 0.25)-3.33 = 0.45 ft.

In/"C", head = 3.73-3.53 = 0.20 ft.

[ ' +

H
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TABLE 1 :

FREE FLOW DISCHARGE TABLE FOR PARSHALL MEASURING FlaUME -

SEC-FT X448 83i<G P M
SEC-F® X 8483,7:M GO )
G0 x 1 safzy, secrr THROAT HOTH . : \ 1HROAT woTh GP W X 002228 -SEC-FY

nEAD e " 9 2 . " nuj / 2” IS 24"

T
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C Measurement of Flow in an Open Channel by Parsha]]‘ﬁlume

‘EFFLUFNF MONITORING PROCCDURE : & .
*

EDJCATIONAL CONCEPTS - MATHEMATICS

-

Sect{bn IN i\\>

L4

TRAlH NG GUIDE NOTC '

REFERENCES/RESOURCES

/

C.2

With H_  determined, the flow can be obtained
from a Table such as that shown in Table 1. (This
shows the head-discharge relationships for flumes
ranging in size from 6 to 24 inches. Simtlar table¥
for larger'and smal]q; flumes will be found in
References 1, 2, and 3).

The flow is obtained from this Table as follows3

Go vertically downward in the column titled
“Head" until you reach the value for the Hy
measured. Note that values of Head in this
column are given both in feet, and in inches
corresponding tq the foot values. ‘ .

I}.

2. Proceed horizontally to the right unttl you
reach the columns fdr the throat wt&tﬂ‘ei;;
flume 1n use.

3. Read the-flow in the units to be reported.
The flow is given in three units in this
Table: sec.-ft. (cubic feet per second);
GPM (gallons per minute}, and MGD (million
gallons per day). Example: ‘

For a 12" fTume, with H, = 0.86 ft.

1. Locate 0.86 ft. 1n‘thé~:ﬂead” column.

* 2. Go over horizontally to the right to the
columns under the ”12“ throat width.

LA -
. 3 Read flow: 3.18 sec.-ft., or
° . 1427 GPM, or *
2.06 MGD ,
’
. -
Q ~
\ ‘ ,
\ 347

p

4. Water and Sewage Works,
Reference & Data Section,

1954, p. R-277

Page No.-

>
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EFFLUTHT MONITORING PROCELLET :

Measurement of Flgw in an Open Channel by Parshall Flume

- ! Section I
. .

EDUCATIONAL CONCEPTS - MATHEMATILS . !

TRATITHG GUIDE HOTE ~+ . REFERLCNCES/RESOURCES

D.1 A float gage 1s shown in Fig. 3, installed 1% a
st11ling well for measyrement of H To illustrate
the calculation of Hy "M 1s assumeg that the floor

6f the stilling well 15%at the same efevation as the

PO . N

FIG.3 - FLOAT GAGE INSTALLATION

' ' @
: v crest gf the flume, and that-the liquid 1s flowing .

. in the flume with a depth of one foot. The float . i

.. . will, of.course, be resting on the surface of the .
11qu1d 1n the well, and 1t 1s also assumed that for
the condition illustrated the tape division opposite

the float index reads 8-1/2 feet.

With the specific re1at1ons'%stab]ished for ’ - . .
this one condition, the gage can now be "zerded" so . . :
that Hy can be obtained for any other condition, as .

follows .

1\

. . (a) A reading of 8-1/2 feet on the tape corre-
* - * sponds to an Ha of one foot. Consequently,
) i .# a reading of 7-1/2 feet on the tape corre- -
) sponds to an Ha of zero feet, or to the
) crest e]evat1on ,
.. (b) Therefore Ha can be obta1ned fob -any deptH‘
. ~ - of flow by Subtracting 7-1/2 feet from the
observed tape division opposite the &Pdex

’ The following points should be noted 1n connec-
tion with this procedure:

.

. (a) If the elevation of the index- 1s changed,

- _ the gage must be re-zeroed. . .
| \ . "

- Page No. 11-16 .
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l' EFFLUCKT MONITORING PROCLDURE: Measurement of Flow in an Open Channel by Parshall Flume

. o

EDUCATIONAL CONCEP1S - MATHEMATICS , Section 11
© OTRAYHING GUICE NOTE REFERENCES/RESOURCES
\‘h__—‘\_x
D.1 (b) If the pogftion of the &ape on the pulley is . "
(cont.) changed,”the gage must be re-zeroed.
.| . (c) The tape must be installed so that the )

numerical value of the tape reading
-1ncreases as the depth ot flow increases.

. Hp can be obtained with the float gage in the
- same manner as described above for Hj. .

P

E.3.2 DMcharge through the flume is not reduced from
the free-flow value unt1l the percent submergence
equals or exceeds the following values:

60% for ,6-inch and 9-1nch flumes
70% for 1 foot to 8-foot «iumes

. When the submergence reaches these values, a
‘ corrected flow must be caleulated 1n they following:

manner’ .

For 6-inch and 9-inch Flumes

Thie corrected flow can be obtained dirpectly Ref. 1 .
from Fig. 4 for a 6-inch fiume, and from Fig. 5 for
a 9-inch flume. Example: For a 6-inch flume,

Hy = 1.0 tt., Hp = 0.8 ft. . .

e V4
% Submergence =08 10p = 8oz

TR I L ]

Refer to Fig. 4. On "Percent of submergence" —
-scale on |eft-hand side, go uggto the "80"
value. Move to the right along the "80" Iine-to -
where it intersects the "Hy = 1.0 feet" curve. ’

Drop vertically from the point of intersection
to the "Discharge, Second-feet" scale along the
bottom of the chart. . L
. Read 1.7 - this 15 the discharge in cubic feet
per second through the flume. Convert flow to o .
other units 1f desired. : .

Exactly the same procedure would be followed fﬂ* a
9-1nch flume, using Fig. 5. .

' W . -
. . - SR : Page No. 11-17




. Measurement of‘?Tow in an Open Channel by Paréhal] Flume

F MONITORING PROCEDURE
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Measurement of Flow in an Open’Channel by Parshall Flumé
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EDUCATIONAL CONCEPTS - MATHEMATICS

— e - —————

N\

Section 11

-

TRATHING GUIDE NOTE

ROFERENCES/RESOURCES

™

For Flumes 1 foot to 8 feet wide

Use Fig. 6. This provides a correction facter
to be applied to the discharge obtained using Hy
and Table 1'x the free-flow discharge table. For

flumes larger than 1 foot a seqond correction, usdng |

a "multiplying factor" is necessary. Example 1.
For a 1-foot flume,
H, = 0.8 ft., Hy = 1.0 ft. -

Submergence = 0.8 x 100 = 80%
1.0

Y

Refer to Fig. 6. Un "Upstream Head H.," scale
at left-hand side, go up to 1.0 ft. Move to
the right along the "1.0 ft." 1line to where
- it intersects the "80% Submergence" curve.
_Drop vertically from the point of intersection
to the ™Correction, second-feet" scale at the
bottom of the‘chart. Read "0.35 sec.-ft."

Refer to Table 1. For a 12-inch flume with

Hy = 1.0 ft., discharge is 4.00 sec.-ft. But .,
the actual discharge will be less than this,
since submergefice exceeds 70%. To get actual
dischargey, subtract correction obtained from

Fig. 6. Then the discharge is 4.00-0.35 .

= 3,65 sec.-ft.

Note that "Multiplylng Factor" is 1.0, so the
correction factor obtained from Fig. 6 is
used directly.

~Exémp]e 2 . . .
For a 24-inch flume,
- ~

Hy = 1.23 ft., Hy = 1.30 ft. .

Submergence = 1:23 x 100 = 957

1.30 ° . -
Refer to Fig. 6. On left<hand scale go up to
1.30 ft., which is the Upstream Head Hy.

b - .

A
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" erFUYENT ronITORING PROCEDURE: Médsurement of Flow in am Open Channel by Parshall Flume

EDUEATIONAL CONGEPIS - MATHEMATICS '

. A)
TRATHING CUTDE NOTE

RECFERENCES/PESOURCES

i3

. "Correction, second-feet" s

<

Proceed hor1zontal1x to the rwght a]ong the

“1.30 ft." line. The'point of intersectign of
th1s line with the "95% Submergence” curve %is to
“be located. Since no cyrw¥ is drawn on Fig. 6
for this value of submergence, mentally locate a’
poimt on the "1.30 ft." +4ine which is midway
between the “94/ submergepee” and the "96% sub-

mergence’ curves: .

Drop vertical]yffrom this pa§nt to intersect the
cdle at the bottom of

the chart. Read "2.7".

~fzpm the Table at right side of chart on Fig. 6,

read the "Multiplying Factor"” for a 24-1inch
flume. THis factor 1s 1.8. ‘

El A

Muttigly. 2.7 x 1.8 = 4.9 sec.-ft. This is the
corregtion,factOﬁ to be used jn this case.

x - .
From Table 1 obt¥in free-tlow discharge of '+2.0
Sec.-ft. for a 2-foot'flume with Hy = 1.30 ft.

Subgact Correstion.factor from this freesflow

. value to obtain discharge with this degree of.

-

S bmergence .
, o | : L
harge = 12.0'1 4.9 = 7.1, sec.-ft.
.~ A ' /’ -
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Measurement of Flow in an Open Channel by Parshall F]ume-

EDUCAE’ONAL CONCEPTS - SCIENCE . - ¢ o

-

Section III
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) The Parshall Flume is intended for: use asemn

if poor approach conditions/exist tn the approach

shculd be elimimated.

in- -11ne structure in an open channel where regson-
ahly smooth flow, uniformby distributed across the
.cross-section, is the ndrmal conditaon. . R

A good degree of accuragy cannot be maintained

channel. Experience has shown that Parshall Fi
showld not be placed at-right angles to flowing™ =~ =7
Streams unless the flow 15 effectively straighterned
and ‘uniformly redistributed before 1t enters the
fiume. Surges and waves of any appeeciable size -

-

The %}aquid should enter the converging se3t10n
reasonably well distributed across the entr
width, and the flowlines should be essent1a]1y
parallel to the flume centerline. Flow at the flume
entra should be free of "white" water and free °
from turbulence 1n fthg form of visible.surface

boils.

Only then can™
1ntended

he flume measure flow a5

&

N

l‘.

-

measurements of Hy and H

Iby visual observat1on

. The velocity of flow through the flume w1}4
generally he sufficiently great to virtually
eliminate any dep051t1on of 'sediment within the
structure. If any such build-up is_observed, -
however, vt should be eliminated. ﬁepos1ts should
also'be removed from the channel upstream and down-
stream of the flume. »od - & ‘
. L g
The flow condition ca‘;ée determined frop
enerally, however,

these heads do not have
of flow through the flume can usually be determined

Three flow conditions through the f]ume are
shown 1n F1g. 7,

-

, S rat

0 be measured--the cond1tion .

PTFERCHCES/PESOURCES

FIG 7 - FLOW CONDITIONS s
I3 - Q;
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Section I

*

EDUCATIONAL CONCEPTS - SLIENCE‘

-

P”‘ 00 GUILL. NDTE

REFERCNCES/RESOURCES

4

1.
colg;}./’)’)Q

\

[1n the transitioy area

1208 take the appropriate steps, to returs tha £Jume

|-

In flow ;onditdon“Z, there is a drop'?n the
elevation of the liquid surface, fo]]owed by an
abrupt rise in the throat. aThis phenomenon is -
referred to as a hydraulic jump or standing wave.
When the hydraulic:.jump 1s present, free-flow
conditions exist.

In f]ow cond1t1on 1, there is a substant§a1 and
smooth drop in the e]evat1on of. the 1iquid surface
as 1t passes through the throat and the diverging .
section of the flume. Free-flow conditions exist.
Ashydraulic jump will be observed dbwnstream of
the flume. - M

. Flow condition 3 111ustrate?’the configuration
of the 11quid-surface for submarged-flow conditions.
Somet1imes a.serigs of waves or r1pp1es will be noted
etween the upstream and
dowdstream J1quid elevations. These also 1nd1cate
that submerged -flow conditions ex1st .
F]umes used 1n treatment p]ants are se]ected
to operate uﬁder free-flow conditions over the
range ‘of f]ows handied at - the plant. The existence..
of a Smeerged flow condition would therefore be.
most unuswal, and m%ght be due elther to."the flume
being to0, sma]] or to. some obstruction n the
¢hannel dowﬁstream of the, flume which'is raising the
water level. In amy case, 1t 15 ilmportant 4o
determine the reasen for a submerged flow condition,

to free ﬂow opera't1on1r 8- ‘

. ~
[ L R
o

, . For st1111n§ well to function properly, the
open1ng pipe between the well and the flume must
be kept free of deposits or materials whigh wou]d
Intefere with the free movement of 11qq'd “This
should be checked occasiogally, and any such inter-
ferences removed by fiushing with clean water® or
by. seme other«su1table proceduré. Deposits or

floating matersals n the well should also be .
removéﬁ to ma1nta1n accurate head measurement

. " \ -
' i

N
-
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LEFFLUENT MONITORING PROCEDURE:  Measurement of F]dw in an Open Channel by Parshall Flume

FIELD & LAECRATOPRY EGUIPMENT ‘

-

. ‘ ‘ o~ .. = Section V
) TPAINAG GUIDE NOTE . REFERENCES/RESQURCES
.3 Two drawinds of a Farsha]]f ure are $hown 1n. oo
. Fig. 8 The top drawing shows the appegrance of the - .
flurr unen vieved from above. The drawing labeled “ . i
YCection L-L" 15 the way the flume looks when 'viewed
frem the mde, alorg the line marted "L-L" in the
- O tep draviang. ] .
) \ 0 . N ¢ . 1 4
_ Convvergm%‘\Sectuon — . Diverging | ’ . '
. 1 Section « :
i’ Hga Throat ’ . . . '
y _ N - Section Hp \ - '
. ‘ N . . L |
. \ L3 .
L o A T R
A . Ce o, .
. - 5 - - Y Voo
.. Flowr ' o v
L . } ¢ , . oo
N . / . .t ) v € . . - !
: PLAN — - . "
- . Wingwall ' - ) - ‘
S . b2
K ~
’ §
Water Surface
— ‘ \‘+~—:
T g W °
_,1I‘ "o .
Ay
EJ’ ‘ .
. / SECTION -L ¢ :
EY ¢ ¢ 1 - ) " . - >
’ Fig.'a. PARSHALL FLUME
i " - . . .
, The flame sthucture proper ccnsxsts of three . : '
. secﬁon« o - b
' ) 1.°F converdirg <ectwon ) ’ L I l
2. K throat section_ o .
3. A diverging'cection 7 : : S
i ey o * '
~ I ;)'> f .
0. 11-24 . , ‘ " |
\\‘¥ ‘ ‘
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Measurement -of Flow in an Open Channel by Parshall Flume

'EFFLUENT MONITORING PROCEDURE :
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FIELD & LABORATORY EGQUIPMENT

[
L ¥

Section y

-

. .
.q'sl

: b
TRAINING GUIDE MNOTE

N

i

REFERENCES/RESOURCES r

. A3 (Cont'd.)

[N

.o - ’ “ ¢ B

Wing walls are shoan in Fig. 8 immediately up-
stream and downstream of the flume. In situattons.
where the channel in which the flume is located is
wider than the beginning of the converging section
and tre end of the diverging section of the flume,
these wing walls provide a gradual transition in
w1dth of the flowing Jiquid:. Their function as te .
efisure proper approach and "getaway! conditions-to’
avod measurement diff1cu]31es.x Curved wingwalls are
oreferred over sgwaight 45° walls, although any
arrangement that achjeves uniformity and smoethness

in the- flow 15 acceptable.

L ]
Flumes can be made ofpconcrete;
plastic, wood, or other suitable material. Flume
must be built to specifit dimensions, for which i
tables are avaflable (

Thrpat-Width -
Distance between the walls of the throat section.

- I'e

Flume Size ‘ . N ]
"[FTumes’ are” designated as to stze by the throat width,
as a%”B-inch flume," a."10-foot flume," etc. «

4 .

Flume' Creste k .

as the junction-point of the floor
~ysection with the throat sectign.

Crest, BYefation . ‘ o X
Elevation of theflvor of the cigyerging section.

P Strean Head (Ha) - 8 .
Depth ‘of liquid 1n the convérging section, measured
at a point two-thi™s of the section Jlength upstream

from the throgt (see Fig. #).

s

‘Downstreag Head (Hb)

Depth of Tiquid over the flume crest, measured at a
spee1fic point 1g~the thrpat section: . For flumes
considered\?n this” guide the pdint of measurement

se¢tion..
1t i often impossible to determine the head accu-

rately With a,staff gages and a ‘st1111 shoutd
be provided. - The Gonndct

« (contiaued)

galvanized steel]

oor of .the converging section. -Sometimes indicated
of the converging .

“f1s 2 anches upstream of the’ beginning of the divarging
Eecause of turbulence in the’throat section,

n 1
10n. tetween thgdzﬁiqat and .

' ‘
- -
- .
‘ )

L )

' SR s

Page No. -2
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Sect1on« V

TRAINING GUIDE MOTE

REFERENCESYRESOURCES

s A4 (cont'd.)

2.5

sti1lirng well must be located two inches upstream .,
frorm the T® roint in the flcor (dimension\x. Fig, 8)
and 3 inches above 1t*/divension Y, Fig. 8).
St1iling Well (Float lell)

A.charmber connegted through a small opening to the
Tiquid flowing 1n arf open channel. Waves and surqes
occurring 1n the flowirg li1quid will not appear in
the weil. Liguid Tevel in the well will follow all
the steady fluctuations nf the flowing liquid. The
well must nave- a tottom ard te bractically water
tignt except for the l1quid 1nlet.

Free Flou )
A flow cordition 1n wrich 11quid passing over the
crest ¢f the flure 1s not 1mpeded or slowed ty

downstrear. corditions. '

Submerced Flow ¢ -

In most Installations, wnen the discharge tkrough

the flure 15 increased ateve a certain critical value
the resistence to flowwr?the downstrear channel
beccres large erougr tc reduce the velocity, increase

tre flow deptn and cause a back water effect at the
flume, in which the flow is retarded and d1scharge

reduced. ¢ #
Submergence -
The ra%ﬁo HF, usually expressed as a percentage.
— - LI
Ha B
;. . \

. *

The Parshall Flume 15 a specially-shaped flow
section, sc constructed and installed that the rate
of flow trirough i depends only or its size {throat
width), and the depth of 11quid over the crest.
Driscrarge throuqh the “lume can occur for two con-
diticns of flow. | - . ) *

1. Free Flow, 1n which the'd1schargé dépends
only on‘the upstream head H_.% Vhen free-

flow conditions ex)st, Hisctarge thréugh the
,flume can.be oftaired by r€asuring the up-
streart hedd only. , -

2. Submerged Flow, 1 which the discharge 15
reduced due to the effect of the depth of
T1tuid downstream of the flume. In this L
case 1t 15 necessary tg measure both the

b

upsaceam head<Pa and the downstream'bead H

n order to obtair the discharge.

—
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FIELé & LABORATORY EQUIPMENT | s -

SectionV b

TRAINING GUIDE MOTE

REFERENCES/RESOURCES

A.7

_|be calculated.

-lattached to the float and connected at the other end

A staff gage (Fig. 9) is a graduated scale,
usually installed vertically, for obtaining liquid
depth, or head. An of¥erver notes the scale diyi-
sion at which the liquid surface intersects the -

—_—

I —
bR
wes B
- 7=, -
s-3
S—=.
W=
3
2 =

4 }

FIG 9 - STAFF ’
GAGE SECTION

gage {gage height). The head and ﬂ%scharge can then

f
4

Commercially-available gages are made of 18-gage
metal coated with'a substantial thickness of porce-

ard graduations are black. Gages are available in
several styles; in widths from 2-1/2.to 4 inches, in
Tengths from 1 to 5 feet. A gage divided in metric
units 1s also commercially available.

A float gage (F1g. 10) 'is a means of continu-
ously 1ndicating liquid levels, It consists 6f a

mg;a] float, a pulley mounted on a standard, and a
counterwerght. A graduated stainless steel tape is

C . (Fig. 10)
tal

to the counterweight. The float follows the rise and

lain enamel. The face of the gage is white; numera]s‘,

) 4‘fcont1nued) '
36

LY

.
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FIELD & LABORATORY EQUIPMENT ) SectionV

»

\ . C
4 TRAINING GUIDE NOTE REFERENCES/RESOURCES

A.7 (cont'd.) |[fall of the liquid surface and the level can be read }. B
SN from the tape and a pointer or reference mark. Tapes
_lare ‘availatle in selected.lengths, and are graduated
either in feet, tenths and hundredths for English

rea surements, or meters,\ggximeters and centimeters
for metric measurements. '

The floadt gage is used extensively as a refer-
4 Ence gage in stilling wells to check the accuracy® .
f automatic head or flow recordingggevices. .

A\
~ pan
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EFFLUENT MONITORING PROCEDURE: Measurement of Flow in an Open Channel by
) Sharp Crested Weir .
. : A ) . : y
This Procedure was develeped by: '

R

NAME Charles E. Sponagle
ADDRESS EPA, 0i/PO, HTOTC, Cincinnati, Ohio 45268
) : ]
POSITION S5anitary Enaineer-Instructior
] N 'y T~ L
EDUCATION AND TECHNICAL BACKGROUND ’ '
- - ’ : o
, B.C.E. - Manhattan College, 1943 ' -
¢ .M.S” in C.E. - University of Minnesota, 1948 _ .
\ : Professional registration, New York State . 7
With Federal watér Pollution Control Program since
1948, with various assignments at Program Headquarters,
. Regional QOffices, and F1e1d Stations, 1nc1ud1ng positions
as .
Staff Engineer, then Chief, later Quality Section, .
Denver Regional Office [
. ' itaff Engin€er, then Regional Cdnstruction Grants - t
Program Director, Denver RegiQna] Office - A
Regional Construction Grants Program Director, . )F\(
Cincinnati Regioral 0ffice . ’ o \
’ Director, Celorado River Basin Water Qua11ty h
Contro].Proaect Denver, Co]orado } ’ \\
\ -
Industrial Yastes Consu]tant, Technical Advisory
and Investigations Branch, Cincinnati, Ohio -
" Participation-in and Direction of numerous in-plant .
industrial wadte surveys and stredm studies in New .
York,~Lolorado, New Mexico, Maine,-Utah
With National Tralhing Cent&r September 1969 to date.
rd ‘ . :
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EFFLUENT MONITORING PROCEDURE: Measurement of Flow in an Open Channel by.
. . .- Sharp-Crested Weinr
, .o . - ) VLY
1. Objective: ) ) ' ‘ .

>

" The student will be able to make an acceptable measurement of flow rate
in an open channel by means of a preihstalled sharp- crested we1r and
- vertical staff gage or a f]oat gage. .

N Lo . o * ~\"
2. Brief Description of Precedure: - . -
The depth of liguid producing flow over a weir is.measured. *This measure-
ment is wsed to obtain the rate af flow in the channe] at the time the
« observation was made.

‘o

’

!

General Description of Equipment used in the Procedure:’
< ~

1. A Weir over which the liquid flows. * o .

-

2. Means for visually observing depth of liquid above the weir crest,
such as a staff gage or a float gage. . .

? . <
-
~
» N
® 4 .
- -
e
S
( - h) ’ ,
[ 4 d ’ A *
\ - .
k J . -
. . .
© " k4 ‘ -~
~ -
. Y
.
- - g - [
»
. .
N
» < . -
*
' *
. i ” ~ '
[] v ® ’
- °
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EFFLUENT MONITORING PRO

CEDURE :

Measureﬁent of Flow in an Open Channe] E
by" Shdarp-Crested ‘Weir

o

¥

8§ w . 5 =
: N o . v TRAINING
OPERATING PROCEDURE% 'STEP,SEQUENCE‘ 4 INFORMATION/OPERATING GOALS/SPECIFICATIONS » GUIDE LGTES -
\ \ “ - g' N - %
A. B‘a?ic Elements R . ‘
17" Units of Flow ° e - e . » I1.A.1 (p. 9) ‘
Measurement ' . - o~ s .
¥ 2. Descr1pt1on of * N I.A.2 (p. 8).
. Process » : . Y [\_e
‘ . ~ ﬂ , - -
3. Definitions ¢ ’ - V.A.3 (p, 16)-
"4, Type‘s of feirs } ¢ g . ) V.A.4 (ps 16)
. 57 Staff Gage - & y o V.AL5 (p. 18) :
s N . . g | -
6 Float Gage N ' z " - V.A.6 (p. 18)

N \ 3 T ] P ﬁi - » ! — > -
**_ B. Preparation fdr ' . ' d L.
» Measurement N : »

1. Physical | 1. Inspect weir Yulkhetd. la. No 'teakage. V.B.1.1 (p.- 19)
Conditions  ° : x ) 1b. Bu¥khead vertical.
"\ ’ e, Bu]khead perpendicular to d1rect1on of f]ow
. . Lo v, i
: . 3’ 12. Inspect weir p]ate. g »2a. Crest horizontal .o ¥.B.1.2 (p. 19)
L . PO * 2b. Crest®at zer6 gage elevation - A / ‘
. » }-'\ - 1 2G. No nicks or dents g I ok
"N . |Md..No clingirg debris or buﬂd'hp of grease, etc J
P 3. Inspect napp'e. . 3a. No submergence. ¢'» 3 V.Re.3 (p. 20)
U . - . ) \ . 3b. ‘Sprmgs clear .of downst;eam side of weir plate. ’ \ -
, - 4 Trépect approach channe] ‘4a. No large submerged gf?oatmg objects. V.B.1.4 (p..20).
* . z ) v 4b “No excessive sed1ment deposits. . .
L oL - 5. Allow flow to .-stabi]i;e. 5. -Ungmturbed flow condition. . V.B.1.5 (p. 2T)
< * — K N A‘ ‘ - S ’4' .‘ Y
. - " " ”- ‘ Bbtb
! 3 “&) « ! L4 * ~ [y ) ' ' S .
. o oL : . s .. « Page No. 12-5
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EFFLYENT !

WONITORING PRGCEDURE:

t dasd A

by charQ Crested HE1P

Measurement of Flow in an Open Channel -

»

C. Flow Medsurement

Using Staff Gage
1.- Determination

# Heatt

»

2. Determination,f

Flow Rate

. Use apprepeiate weir tap}e.

. Read gage divigion at which

17quid: surface intersects
gage. ‘

' o
+2. Calculate head on weir.

[

x

3

IHFORMATION/OPERATING@OALS/SPECI FICATIONS °

A —
la. To nearest division.
1b. This ‘reading should be made at a distance at

Teast 2. 5 H upstream of the weir. ¢

2aT From staff gage reading.

2b. Should not be 1esi than 0.2 feet.

v

D. Flow Measurement
Using Flpat Gage

" 1. Determination
Head .’

2. Determination
Flow Re\‘t_g&

- e

. Read tape division opposite

index on' float gage.

. Calculate head on weir.

. Use appropriéte weir table.

L 4

s
’ -

Ta. To nearest division
1b. This readihg should be made at a distance at
least 2.5 H upstream of thé weir.

[
2a.#From f]bat'gaé\zgead1ng -
2b. Should not be 1¥es.than 0.2 feet. *

B

-




« EFFLUENT MONITﬁRING PROCEDURE ;" Méasuremen£ of Flow in ag Open Channel \ *
., . by Shqrp-Crested Weir ) ' 7' . :
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IntrodUctions . § ’ : Section I &-
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Flow df a licuid 1n*dn open channel can often be /7 1. Handbook of Hydrauhcs\
Lonvemer*tl'y and accurately measured by means of -a ng, H.W., McGraw-Hill, ,

starp- cre§ted weir - 1nsta1 led 1n the channel., For.a | Y, 3rd Ed. 1939 o \
wetr of specific size and shape with free-flow - - . " 7
steady-state cancitions and proper aprroach com- | 2. ‘Water Measurement
ditions, only ore.depth of l1guid can exist upstream Marual, US Dept. Idterior,

of the weir for .a givan flow. Tne flow 15 determined Bur. Peclamation, Denver,
ty reasuring the vertical distance from the crest of | CN,.2nd Ed. 1967

the welr plate to }hé urstream liquid surface and
then using a weir formula or weir tebde.. The merr
rust rave a standard shace and dirersions, and te " Desources Data Boolk. * ¢
installec sC that the-syster performs in a stancard Leupol & Stevens.'
Tenner. “Inc., Box 538,

: Beaver‘ton, Oreqon,
97005. 2nd td.

)4 s]

3. Stevens Water
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‘11.. Quantity-of liquid can be expressed ina’

‘AN of fhese ternis are commonly used ‘to refer
to the.quanmty of Tiquid #assing-a po1n1; in.a
+ certamn time 1nterval.

numper of ways. Common units ate the
(Gal) and the cubit foote®cu. ft., ft.
change from one of these measures to anbther,
use tw table below:

ga]]o

Multiply by  To obtain
Ccu. fE. 7.5 Gal. .
Gal. £.134 cu. ft.

11, Flow ismusually expressed 1n’these units:

Gallons per minute (GPM)
Mi11ion gallons per day (MGD)
€ubic -feet per second-{cfs) , -

y
Yo change f-om one of these units to aﬁother,
use this tatle:
Multiply by To obtain
cfs 0.646 MGD - ‘
MGD 1.5¢ . cfs Y :
cfs ' ,442.8 @eM ' !
GPM 0.0022 tcfs
MGD 694.4" GPM .
&PM ©0.00144 MGD
IV. Flow data 1s peeded to calculaje the quantity.
* of comstituents d1scharged 1n plant effluent. |
Formulas are-

. 1b/day #MGD x mg/1 x 8.34 N
’ Kg/day MGD x mg/1 x 3. 78

o ., .
» T ’ ’ . ° . .
: + : K ' ‘ i v
EFFLUENT Mpﬁ{lpRING FCOCEDURE Measurement of F]ow in.an Open Channel o
‘ . e by Sharp-Crested Weir ° .
4 . ‘ $
.= 'A‘. = — 7 - —
' Educational Concepts - Matheratics . ‘7 Section TI .
- SR TRATNING CUIDT NOTE  © . FEFERCNCES/RESBURCES
o , ' ] . -
A1 Flows - Units of Measurement
a .
. - A
I. Flow, or &low Rate, or Discharge.
3 ) t
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|+~ FIG.2 - HEAD ON WEIR

-~ . »

The heg;ﬁgh.the'we1r 1s calculated from the staff
gage r ng. [Dither of twa conditions may exist,
depending on zero gane elevatTor:

. ylase | - Zerc gage elevaticn 1s at "0 on tne gage

. -

LIQUID '
SURFACE ' g GAGE ( WER

FIG. 1 - HEAD ON WEIR

!

Tne nhexd on the
riersectec Ly,

fe Tuwgurd. Ip'the
abocve diaurz

.. 4 -

Case Il - Zero 3age elevdiicn 1s at scre glge- .
j 14
‘ ”1“1s1on -other fthan "M" N

thi1s case when the .

&

3
(D

cr O
- Ln

O

qg Lelecw 11%ustrate
drvisior cn the cage
gcrest. - . .

[k |
1

[®al

T
M r —
fD
—
~

LIQUID , A
SURFACE  GAGE - WER

Since ‘he né d or the ver

by the 11qu1
ed the head on the wen

rate can be oktarred fror .z weir tatle

tatle for the type of weir 1n use. mpstte sa]efted
The use of welr tables 15 Skown Lelow.

Priaving cetern v, the flow

CREST

creesponds o the gage djvisicn
f nf ¢

's 3t the same elevation

CREST

d1fferencc between |
dwv.s1or Intersected
ee ’ C

The proper

.

N

&
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EFFLUENT PONTTORING PROCTOURE: Measurement of Flow in, an Open Channel -
. A , . by Sharp- Crested Heir

* . v "

. Educatioﬁal‘Concepts - Mathematics' B - ) Section Ii

° TRATIHINC GUIDE HOTF FEFERENCES/RESOUPﬁES ),
2 (Cont'd)| Use of 'weir tdbles. T

" | 1. 90° v-notch weir - Tible I

1 This table lists flows corresponding to weir heads

' ranging from 0. 10" to 2.09'. The flow for" any head
. in this range can be read directly from the table.

N Example: For H=0.€5'

At 1ntersection of values of 0.60 imleft-hand

head column and 0.05 in top column, read

0=0.852 cfs or 0.550 MGD

o ’
2. Standard Contracted Rectangu]ar Weir - Table II

! " Flows are given for various heads and for weirs
hav1ng different crest lengths

txample® Weir crest=3'

. i : =
‘ . ‘ ‘ ’
H=0.26" .

" Read from table Q=1.3C cfs or 084 MGD

3. Standard Suppressed Pectangular Wéir - Table II1
- The format of this table differs from that ‘of
o - Table II, in that the flow .is'given per foot of
- weir crest length. Values obtained from the
table must therefore be multiplied by the
st length of the weir to obtain the total
) flow. . .

*» /{:amole
) .

From table; f=

‘ "Welr crest length= 10‘
H=1.0' . -

cfs or 2.15 MGD

, : " This 1s the flow per foot of weir length; there-
. forewthe tota1 flow over the weir 15 .

0:3.33 x 10=33.3 cfs or 21.5 MGD v

Ref. 3

Ref. 3

1z-11
\
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S TABLE 2"

in an Open Channel

S

FLOW THROUGH RECTANGULAR WEIRS :
WITH END CONTRACTIONS

Fortula CFS 48 33(L-8 2H)H3/2

\
MGD = CFS X 646317
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EFFLUENT MONITORLNG'PROCEDURE: Measurément of Flow in an Open Channel
‘ . “by“Sharp-Crested Heir

. i

TABLE 3 .
* FLOW PER FOOT OF LENGTH THROUGH. RECTANGULAR
‘ WEIRS WITHOUT END CONTRACTIONS
Formula CFS = 3 33L H3/2 MGD = CFS x 646317 *

T

02 - 04 0s 06 ]
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A float gage is shown in

‘Fig. 3, installed in a

REEERENCES/RESOURCES

v

. . 5ti11ing-weld for measyreﬁent,o head on 'the

- weir {H). The floor of the stilling weld is level } ‘
| with the bottom of the channel in whic¢h the 1iduid \ oy
. is flowing. In order to use the gage’ to measure

GAGE INDEX SRR
<STHLLING WELL ) \\ T .

. =
\ . . . v N

l ’ X *r—rr‘_[: r e ; o

~ . | FIG.3 - FLOAT GAGE INSTALLATION.

-

X & m o, w31
|

X

the head on the weir, it must be "zeroed" under a ,
set' of, known ccnditions, which-are, for purposes® .

) - , ] of illustration, assumed. to be as shown in the ’ .
' ‘ . figure. These conditions are a$ follows: . .
. . ' v % . .
. ¢
Height of tHe weir crest. above the channél .
floor - 1- foot gy ~

Depth of liquid at the gage site - 2 feet

S Tape reading opposite gage index - 3 feet
Under these conditionsg it is known that the head
on the weir equals one foot, i.e. liquid depth at
the' gage (2 feet) minus the distance from the floor
of ‘the channel 'to the weir crest (1 foot). There-
1 fore 2 feet must be subtracted from the gage tape-
reading to obtain the head on the weir. Conse-

| quently, by subtracting 2 feet, from the tape - !
. | reading ander any other condition, the head on the
‘] weir wj]] be obtained.

The following points should be noted in connection :
with this procedure: , - N -
- , " (a) If the elevation of the gage index is
‘ changed, the gage must be re-zeroed.
; _ e : LAt .
(b} If the position of the tape on’the pulley is
changed, the geage must be re-zeroed. : .
» \ :

. h [}
(c)-The tape must be installéd 'so that' the
numerical valué of. the tape reading in- o
. creases as the depth of the flow Tncreases.

2

4

iy e
3 ¢

-

L]

»
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A side'viewlof afchénnel in which a weir has been
installed is shown in Fid. 4. ‘ -

~ "

WEIR CREST

- LIQUID SURFACE

HEAD(H)
- Ax‘ Y - P S - TR NP - Ht
i > AR
. “FIG. 4"~ WEIR INSTALLATION
~ :
The following definitions apply: T

Weir - A notch-of regular-fort
Tiquid flows.

Weir ‘Crest - The ¢
flows,

. t p
® over which the Hqui}

7, -

.Sharp-crested Wetr - A weir with a sharp upstream
edge so formed that the 11qq}A spr1ngs clear of
‘the. crest .

e

Head on Weir-(H) - wpstream depth of 1iquid over
the crest of the weir. For a V-notch weir, the
depth' 1s meastried faom the bottom of the notch.

Nappe -* the overflowing sheet of liquid.

. Lo A
Free. Discharge” (free-flow) - when nappe
discharges into the air.

 Submerged Discharge (submergence) -.when liquid
Tevel downstream of the weir is at a higher
elevation, or the same elgvation as the weir*
crest, so<that the nappe «discharges partially
“under water.

Zero Gage Elevation - The division on the staff
gage which is at the same level as the weir

f crest

Weirs are designated according to the shape of the -
nofch through which the 1iduid flows. * The types +*

of weirs most commonly used to measure wastewater
flows are: .

a

. Jo0

-

-
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" A{EFERENCES/}{EEOURC‘ES

A.4 (Cont'd

/

1. The 60° V-notch (triangular) weir, which has

sides inclined45° from the vertical.

METAL
PLATE
¥

}

SECT..A-A
FIG. 5 - 90° V-NOTCH WER ‘

(NOTE : Triangular weirs having notch angles other
than 90°.may also te used. Angles of 22-1/2°,

45°, and 60°, will sometimes be seen.

Procedures

for using these Weirs are exactl
the.90° weirs except that differ

the same as for
t formulas and

A}

weir tables apply. It is necéssary that the ,
proper formula or_table be se]ected for the specific .

yeir being used.) ‘z
2. The standard contracted rectangular weir, or
weir with end contractions. . /

L] /
1CREST - '
A -

A

\

A Y

L=CREST
LENGTH

1

SEE FIG. 5
FOR SECT A- A

o

FIG. 6 WEIR WITH END CONTRACTIONS

12-17
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EFFLUENT MONMITORING PROCEDURE: Measurement of Flow in an Open Channel
' . . by Sharp-Crested Weir .
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Field and Laboratory Equ1pment . . ' Section V_
§ . . .
\ TRAIr. 116 CYIDE NOTE o PEF[RENCE%SOURC[S
A.4 (Ckct'd} 3. THe standard suppressed rectanau)ar weir, or ////’ > .
4 N weir without end contractions. ~° *
\ CRESTX A"” 4 ,
~— 'L=CREST .~ :
.« ‘_ ‘ .
1. A< | LENG
‘ ' ?s "

A.5

FIG. 7 - SUPPRESSED%/ EIR

The wéir notch or welr cresf, as shown in the above

111¢strations, 1s cut, wit /% sharp upstream edge

into a relatively thin mgtal plate that is mounted
on a supporting bulkhead. The crest should be 1-2 m
h)

thick, (3/64 to 5/64 hc

/ 2 , 4
A standard otaff gage, used for obtaining head .
if1ustrated below: -

18

— NV W s Wwo W

IllIIIlllllllllIIII'IIII'“IIII\I|I|II|I|III|rII|I

FIG 8 - STAFF’
" GAGE SECTION

)

Commercjally-available gages are genera]]y made of
18 gage metal coated with a substantial thickness. of
porcelain enamel.. The standard gage is 4" wide and
3-1/3"' long. The face of the gage 1s white; numeralsg
and graduatqons are black. Gagés may be made to any
1ength des1red, using s1m11ar deta1ls

A float gage (Fig. 9) is a’ means of ggntinuously -
indicating liguid levels. It consii%g of a metal

fleat, a pulley mounted on a standard, and a
1)
age No. J12-18 . P ; \jpm
Q " .

\
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|

i .
B ,i' .

-"J/‘ q “ ) ?
o

L Wi
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FIG. O - FLOAT GAGE

countrerweight. A graduated-stainless steel tgpe is
attached to the float and connected at the-other
end to the counterweight. The float follows the
rise and fall of the liquid surface and the level
can be read\from the tape and a pointer or
‘raference mark.. Tapes are available in selected
lengths, and are graduated either in feet, tenths,
and hundredths for English measyrements, or meters,
decimeters and cehtimetgrs for metrig measurements.

b

' The float jage is used extensivh]y as a reference
gage in stiiling wells to check thé accuracy of «
automatic head or flow recording devices.

The measured head will be too Tow if leakage Bf the
1iquid occurs along the sides or bottom of the

/ bulkhead. A1l observed leaks should bg immediately
/ : .| eliminated. ~ ‘ - -
: The upstream face of the bulkhead should be in a
vertical plane perpendicular to the .axis of the
channel, for accurate results.

B.1.1.

-~

The bulkhead. should be perpendicular to the
| direction of 1iquid flow, for accurate results:

The weir crest must be horizontal for standard
AFormulas and weir tables to @pply. The-crest
"should be checked periodjcally, and leveTed, if
required, . . N

/ v

e /0 S

Ny
£3-
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. " by.Sharp-Crest®) Weir
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EFFLUENT.MONITORIHG'PROCEDUR[: Measuremént of Flow ih‘a;-ODen Chanmel

T

= n

Section V

Field and Laboratory Eqdipmenf

-
El

TRALLING GUIDE note . 4 ~

[y

FEFERCNGES/RESOURCES.

B.1.3

B.1..4

The gage division which. is at the e]eVatidﬁ of the
-weir crest will be referred to as the "zero -gage 1
. €levation." Its value must be known in order td
catculate the head on the weir. When a weir in-
stallation s mgde, the zero gage elevation is
deterniined, but, since this may change” for some
reason, it should be checked from time to time and °
a new zero elevation established, if necessary,

Small nicks and dents can reduce i%e accuracy of a
weir installation. : Those that do occur should be
carefully dressed with a fine-cut file or stone,
stroking only in the plane of the upstream weir
face, the plane of the weir crest or sidesy or the
plane ‘of the chamfers.. Under no circumstances s
should the upstream corners of the notch be rounded
of chamfered; nor should the shape of the weir
opening be changed by attempting to complately re-
move ary imperfectior. Instead, only those portions
of the metal that protrude above the normal Ssurfates
shtuld be removed. In extreme--cases, replacement

of the weir.plate may be required. ’

o

.

9
Build up of extraneous material -on the weir crest
can cau jnacturate results. Sych material shoyld
be cleaned 6ff the weir plate prior to a head
measurement.’ .

If the T1quid level downstream of the wejr rises
high enough so that thére is no air space under the -
nappe, use of standard formulas and, weir tables will
produce inaccurate results. The nappe must be .
-ventilated, 1.e., have-an air space underneath it.
Do not attempt to use the weir as a measuringedevice
if it is operating under a conditign of submerged

discharge. ’
Iflthe nappe does not spring completely free of the

part, an inaccurate result will te obtained. The
cause of such a condition muét be determined, and
the cgndition corrected, if good data are to be -
secured, ’ - : -

Any large §ubmerged or.floating objects in the
channe} upstream of the weir should be rempved.

~

(3

‘affect the accuracy of the installataon. Deposited
material must te cleaned out when the vertical dis-

weir, but clings to the downstream side wholly or in [

Sediment deposits behind the weir structure can T

tance from t?b\{op of the deposit to the weir crest

Page No. 12-20 C 9o
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. EFFLUCNT JW@!ITODRING PROCEDURE :

L 4 N \

by Sharp-Crested Weir

Measurement of Flow in an ‘Open Channe?

/

Field and

aboratory‘quiphent . ’ 2t

Section V

o

1

-

TRAINING GUIDE NOTE

: REFERENCE§>RESOURCES

|
\is one foot or 1ess. More frequent c]eap1ng is
Hes1rab1e ' ‘

\ .

d1sturbance of the normal flow pattern/w11] affect
the accuracy of a measurement made while.such dis-
turbance exists. If the normal flow is disturbed
fok any reason in connection with obtaining a head

ﬁ ing, adequate time should be allowed before
.making the reading, so that norna] conditions may
bg re-established.

A Y
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, A PROTOTYPE FOR''DEVELOPMENT OF \ o
ROUTINE OPERATIONAL PROCEDURES o

. ‘ “ ‘ A for the L_’w . N xS
. . AMPEROMETRIC DETERMINATION OF FREE AND COMBINED j o N
RESIDUAL CHLORINE IN WATER s )

¥ . ‘ ‘ .

*as applied in !

: /» ‘ WASTEWATER TREATMENT FACILIRIES
' and in the

MONITORING OF EFFLUENT WASTEWATERS' N
- ¥

Developed by the

. National Training and Operationag Technology Center - .
‘ L, Municipal Operations and Training Division
i Office of Water Program Operations
. U.S. Environmental Protection Agency .
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N EFFLUENT MONITORING. PROCEDURE : ' Amperometric Determination.of Free and Combfned
“- ! ' . Residual Chlorine in Water /
. . . / ’ . N “ A i )
This instructional sequence was devel,oped by: . . T Q‘ . .
NAME Paul F. Hallbach ] s
. ., PODRESS  GPA8PO. HTOTC. Cincinnati. Ohio 45268 . . - S
' POSITION Chemist Instructor L o N
EDUCATION AND TECHNICAL BACKGROUND v L g T
s’ » R .
B.S. - Chémistry ° .o
- _ 14 years Industrial -Chehist
- e
16 years HEW-FWPCA-EPA-Chemist - .

. . i * R
. . .
¢ " ‘

o
o
~I
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" EFFLUENT MONTTORING PROCEDURE : AMberometE1c Determ1nat1on of Free and Combined
. L , ) Rés1dga1 h]or1ne in Water ..

_ 1. Analysis Objectives ‘ l . .7 C
The operatdr will be able to perform an amperometric titration for the deterhination
of free and combi ned re51dua1 Chlorine in water. . -

2, Brief Deschptwn of’ Ana]ys1s* . ’

Free -available residual ch]brine and combined residual chlorine aré titrated .
success1ve1y using an.amperometric titrator. The free available residual chlorine

pH 4 and ‘then potasstum jodide is added to the sample. The first titration wWill
represent the free available residual chlorine while the second titration w11?
‘represent the “combined res1dua] ch]or1pe y
b Apphcab111ty of this Procedure: o . N
» R ! . %k
. 'ﬁ#
Chidrine res1duals over 2 mg/l are best deasured by means of smaller samp}es,
/’or by d11ut1on with water that neither 1s chlorinated nor has a chlorijne demand.
b. Pretreatment of Samples: ' ) o ‘ 4 ﬁ'

e

a. Bange of ConCentrat1on

:%

None
. 4
c. Treatment of Interferéhsbs in Samples:

None

* *Standard Methods for the Examination of Water and Wastewater, 14th Ed., 1975. APHA,
Washingten, D.C., p. 322

‘ r * )
' " e
. .\t
a -
- ~ )',
— >
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is titrated first. The sample. pH is then dropped to' 4 by adding buffer solution " ,

®, N ' : . xf(y .
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EFFLUENT MONITORING PROCEDURE: Amperometric Determ1nat1on of Free and Comﬁ1ned

Residual Chlorine in Water ’ Y
[ o General Descriptioh of Equipment used in tne Process ! .JV/ B
A. Capital Equipment - ; . , o™
¢ 1.‘Amperometric Titrator Assembly - Wallace and Tiernam* - .
N B. Reusab]e ‘ .
g 1. 1 pipette (1 m1 capacity) . .
. 2. 1 pipette (5 ml ‘capacity) A o y
. 3.1 sample cup {td contain 20C ml) CL- i ' - N

4’1 plastic squeeze bottle
+ C. Consumablex* )

} bottle phenylarsene oxide solution 0.00564 N (16 ounce)
1 bottle pH 4 buffer solution (4 ounce)

1 bottle pH 7 buffer sotution (4 ounce) . ’ ‘
1 bottle® goﬁass1um jodide solution (4 ounce) )

1 bott]e sbdium chloride electrolyte tablets (8 ounce)

N wWnN —

<

, “ Ed

%
R v

*Mention of a spec1f1c brand name does not constitute endorsement b the
U.S. Environmental. Protection Agency o

, (\
**Consumable reagents 1{sted are available from Wallace & Tiernan Industrial / ‘
Products Division, 25 Main St., Belleville, NJ 07109

.
) i [} N
- : "
‘ . - ’ * .
VA ,
,
. .

389 7 s
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AP '\ Comned Residual Chloring in Water. : Pace No. ]3'&. -
. x n _ . . [y 2‘ . : ’Sr.
" 1} ’ ' ) N N
- .- ‘ - s SR RS T
. “OPERATING PROCEDURES STEP SEQUENCE » | IRFORE ATIOP/OPERATII\G GOALS/SPECIFICATIO.\S CUIDE NOTES
. - » . ’ O ] M < - .
A. Equdipment Preparation’} 1. Set up titrator on work la. Electric out]et 110 vo]t requ1red~ * ” .
- ' - |. . bench, - ,- : s /7
L. . ) - $o. 1b. Amperometric titrator assemb]yavaﬂab'le from CA
o : . o , Wallace-and Tiernan Corpgration - :
/ 07 '\ : ! 2. Select Qropqr p1pette for © 1 2a. Ywo pipettes 'are furnished With the titrator.
) - - trtratwn - The ] ml. pipette i¢_generally used when the
o~ - ) - * “residual is less than t mg/1. ~A 5 ml pipette, is’
S e T . __. for use with higher residuals. o :
) . BT ‘- . . -7 ) - g . .
! ‘ . iy 3. Lightly grease the lower 3a, Use silicone grease or other similar lub®cant. '
.= end and insert it in the . . .
' Lt top of the pumpsunit on the | °° T . i
t | side of the titrator. ‘ s ' ) . .
’ . L. 4 . . ' 4 K I s .
* 4, Fi11 the pump squeezg bottle | 4a. Reagent is mthy toxtc - avo1d 1ngest1on .
- 1 - about 2/3 to 3/4 full with.,1 . 4 ‘
phenylarséne oxide solutidn. _ Lo ’ ; ,
i -~ 5. Screw the_ bdtt]énn to the 5a. It.is easier to turn_tHe bettle than the cap. .
: : pump, T A e R
.- : ~ .. . - . . o N . ~ l.
;‘ o 6. Pour sufficient.alectrolyte E VII.A.6
[l A e T tablets irite ‘the ‘tell unit - . -~ (p. 18) -
. ’ .to filT the thamber about ¥ o .
. ) 2/3 full. : - \ A~ 9.
-~ _7..Add enough distilled water | 7a. Use a d7ast1c squeeze bott'lu# ] v
| to teygr the tablets. « - : - 3
o ) - L} '\4 ‘k I
. ; 8. Rlug the ceﬂ‘umf into the ° 83 The cell s so des1gned that it cannot be\plug&i 'V.A.8.8a
i ’ t1trator \ in except in the ‘torrect pos1tion C e (p. 13}
: 9. Ex,amfn\e the titrator cup. 9a. Whenever the term “samMe“ is: uséd in thdse in- ) s
. < The <up_'has aJdine indicat- structions it shall mean a 200 m] volume of the ' .
g < ing the 200 ml level.- \-,‘, water to be testeﬂ T ) ' 0
° 4o - A 381
A . - ° ~ PR G
%‘ * ~* - .-
.”. »
» -
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EFFLUETH‘MONITQRING PROCEDURE:

’
[ . -

Amperometr1c Detefﬁfnat1on of Free and

Combined Regidual ChTor1ne in Water .
. o
. i e —_—
o _ , . , TRAINING
- ,OPERATING PROCEDURES * STEP SEQUENCE . INFCRMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
. Petermination of Free | 1. Plug fhe'e1ectric bbwer plug |"* . . ‘ . [.B.1.
Available Residual into a source of 115 volt, (p. 13)
Chlorine - single phase, 60 cycle A.C. .
. current., )
, v . . ] . < ¢
‘ 2.°Fil11 the pipette wfth 2a. Alternately squeeze and re1ease the s \eze . "
, phenylarsene oxide so1ut}én. » bottle. . N
. | X \ . . . ) -
o, 3. Remove all air from the 3a’, The pipette should dra1n tnrough the Plastic r 3
' pipette and plastic- tub1ng tubing.
[ by rotatif the red knob in
: -the stefm unit 1/4 turn i .
- counter-clockwise.
4. Catch the discarded soiutioe ) .
in a’ 50 ml beaker. ‘Vy L ’ (N‘ .
5. Refill the pibefte to the
R ftop (zero) calibation mark. . . .

‘ 6. Ad¢ sample water to the cup. | 6a. The volume of eamplefds.ZOO ml. ,‘
7 AdJUSt the level to the line., - . o \ -
~| 7. Place the cup on the + | 7a. The top edge of the cup should go behind the cup

s titrator. ° guide post.
. ' 7b. The bottom of the cup should«rest on the support
’ . post. \ . A
» W N ¢
. : ' 7c. The p1ast1c tubing from the’ pump should be sub-
.. ' merged in the sample aboyt 1/16 ipch. If
. .~ \ necessary, adjust the tubing on the gu1de post N\
. - . to obtain this cond1t1on
£ - ’ N . ' \ .~ = 39\3
] 39") N . -
H {/\ . ) )
N ’ B _Page No. ]3;1




EFFLUENT MONITORING PROCEDURE: Amperometric Detergfinatjan of Free and
v P Zi" T Combined Residua}/Ch]o ing in “ater .
i/ [ 4/ '
= Us ' ‘ ) / ’ ) ‘ ° ~ .
. UPERATING PROCEDURES STEP SEQUENCE . INFORMATION/OPERATING COALS/SPECIFICATIONS
A ) ] i
; > . 8. Add 1 ml of byffer solution | 8a. The droppers furnished with the titrator are h ml
. fH,7 to the water sample. 9ni{s. A dropper full of solution should /be used
: > ) .o . // , wherever 1 ml of solution is called for,. | /h
? ; . [
i ; / - ' 8b. If the pH of the sample is bétween 6.0 and 7.5,‘
R ! ] S , . it is not necessary to add buffer. . . K
. P ‘ VY ,/ ’ / /
. . | 9."start/the agitator g{turn- ) /
1 ’;ﬂg' he switch td "OR'. i , !
N - TOﬂV just the ﬁeter to make the [I0a. Rotating the adjusting knob clockwise should
- ointer read maximum on the - increase the reading. L,
' R /scale. ’ : a . L R
, § - ' y -NI0b. If the pointer is atove maximum when fthe adjust-
°, ing knob .is rotated completely, counter-clockwisey
¢ ' ) . then the titration should be started/with the
/ , - knob in this position. / -
: . Start addﬁng,gmall ahgunzé///11a.‘lf free available chlerine is preseﬁt in the

of titrant and’note,the
deflection of the meter
» scale after’each addition.

.o ® ;
i, [ : : R -

B
jddition of !

of titrantwun-
on of titrdnt
jes a deflegtion
W

Conginue the

sll§] amounts
til the addvt
no longer cau
of the needle

12.

4

~

., sample and, if’ thewpointer is on sc
. beg¥nning of the titration, then 't

-rotating the adjusting knob clockwise: \

. In most waters the end-point of

. The amount of titrant used in th"tit?%tfon is

e at the
e first addf-
tion of titrant should cause a defjnite pointer
movement to the left. If the pointer goes below ¥,
zéro then it should be brought bagk on scale by

t e Qéaction is
just passed-when the addition of ja small amount
of titrant no longer deflects thé pqinter to the

left. . . <

|
then reéad from the pipette and the last” increment
is subtracted from &he pipette reading &nd the,

resultant figure represents the/free available
residual chlorine in mg/1. P -

-

e oL,




EFFLUENT MONITORING PROLEDURE Amperometr1c Determination of Free ao%

re
)

Combinad Res1dua1rCh10r1ne in Water -

" QOPERATING -PROCEDURES

STEP SEQUENCE

hd £

. .
) ‘ -
v £
] N /

TPATLIING

. Subtrgz the last.reading .

. Record your resu]t

from-the previous reading.
e

. The reading’on the.pipette’

represents the amount of

"free available ch]or1ne in
‘.mg/] R
>

. Turn ﬁnstrument "OFF",

-

v

-
> z

L . }

"

INFORMATION/OPERATING GOALS/SPECIFICATIONS

' . . /

GUIDE NOTE

-

C. Determtnation of

>

combined residual
chloring

. Repeat stgps 1. throﬁgh 7 of

the free availabTe cllorine

. The genera]fprocedure for measur1ng to£a1 résidual

procedure if the free avail-q- .

atle chlor1ne determ1nat1on

'has not been performed

. If yoy ‘have Just compTeted

the freg chior1ne determ1na- .

tion, you &an continue the

- use of the same sample for.

t

this deterwnnmtlon ) "“?'

. Add 1 m] of. buffer solution

PH 4 tb the sample. 7

soJut1bn to'the water samp]e

Al

. Add 1Jn1 of potass1um jodidé

.:UseCQhe dropper tq -add ‘the buﬁfer 501utdon

. Use the dropper to add the potassium 1od1de
‘solutJon o ‘ -

.'Hhen potass1um tod ide )s added the pointer may .
‘f1rs; deflect to the 1eft and then go up- staJe G

chlorine 1s tEe same s that g1ven for- measur1ng
free'ﬁya1]ab1 res1dua4\chlor1ne ’

.n

N v

.

;t .

f .
A - i

\

VI1:C.4.3b"
(P._14)




agdne ON] TURING PRULEDUR Amperoftetric Determination of ‘Free and - Page No. 13-10
, Combined Residual Chlorine in.Water . : .
- ¢ e roev L
- t o : T e
OPERATING PROCEDURES STEP SEQbEdCE INFORMATIOP'/OPERATING GOALS/SPECIFICATIO’\S * . |GLISE NUTES
» . 5 FoHow steps ) bhrough 16, of | 5a. Free availatle residual chlomne and combined
t (‘ tbe‘-,prevmus procedure f/r residual chlorine may be measured in one sample 4
. ’ the deterhination of free *. by combining the two procedurés. )
Y . avaitable chlorine. In’this )
., or case the result is reported | 5b. The free ava1Jab1e chl me is neasured Arst. .
\ as combmed res1dua1 The samplé pH is then dropped to 4 by adding
' ch]orme ‘ " buffer solution 'pH 4 and then potassium jodide.
) P Y, 5¢. If combjhed residual ‘chlorine is present, ehe *
. ‘pointer will deflect™to the. r1ght when potassium
. &= . . iodide is added.
. 5d. The first'titration will represent the free
‘ . ) available residual chlorine while the second .
. ’ : titration will represent the combined residual
, D chlorine. ,
. . L I .
v P , \ .
' 7
. , 5
N - L
- . ~
." - )
) a {0 ' ‘
. . . : *
’ } \ -
» \ - -
M . v -~
PRV ’ - s ‘ .
¢ ' » 1
. ; . '
! = ' N -




18

. —
4

EFFLUENT MONITQRING PROCEDURE ‘Amperometrﬂc Determ1nat1on of Fre€ and
_ Combined Re51dua1 Chlorine in Water

?

TRAINING GUIDE

section - TTTORIC - )y
I* ) Introduction . e
I1 ' Educational Concepts - Mathemati;s
nr -, .. Egducational Con&epts - Science
UL : ' Educatidhal Concepts - Communications
e "~ ., Field and Laboratory Equipment -
vl ﬁiu .‘ Field and Labo;étory Reagents
| ARG Field ;nd quOrator} And]ysi;‘
vn} ' Safety _ A
X - Records and Reportg
.
‘ .
¢
~ . .

*Trainiﬁg guide materials are presented here under‘¢he’headinq marked *,

* These standardized headings are used throughout this series of procedures.

‘a_ / , ’

[
»

Paqg No.

13-11
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EFFlUENT MOUITOLING PROCE g Amperometr1c Determ1nat1on of Freeriig

. Combined Residual Chlorine jg Water§f - ’ .
. =\ . ) . : Sect1ons I&vV *
. . 1)
P - JRATHING CHIDE NOTE ) ‘i . P[FFR[lCES/PE%OURCC§
. . A [
1.2 The funddmental Chemical procedure involved |~ . . ) .
.o in the amperometric titrator is the neu- ’

tralization of an ox1d1zwng agent (free”

. . Javailable chlorine) in a sample of water by
- the addition of a reducing agent of known
. strength. Immersed in the sample cell unit
which produces a ¥md11 yYinect current which
Tis proport1ona1 to the free chlorine present
in the sample. The current is indicated on . .. S ‘e ¢
. a microammeter whigh is connected to the . - o :

cel],unit. As the reducing agent is addéd, L .

the amount of free chlorine is reduced, the . :
cell current decreases,.and the micro- .
ammeter pointer moves down scale. The end ’ ?J/
point of the reaction: occurs when enough
reducing agent has been added to just
neutralize all of the free chlorine in the o T
‘. sample. When this point is reached, the .
further addition.of a small amount of re- P L
ducing agent nd longer deflects the pointer '
to thé left. On the titrator, the sample

3

volume and the $trength of the reducqing - )

agent have been selected to make ] 114~ “ . ‘
Titer of reducing agent equivalent to one :
milligram per 1iter of chlorine. When the . :

endpoint is reached, therefore, the volume ! ‘

of reducing agent used represents the
chlorine concentration in mg/1.

‘ Uﬁﬁer the conditions specified in the
titration procedure, the titration can be - *
used to distingwish between free available
residual ctiorine and combined regidual
chlorine because the reducing agent em-
ployed reacts readily with free chlorine ’ r Y
but does not react with combined chlorine. )
If ei1ther combined or total residual
chlorine is to be measured, potassium
jodide is added to the samp]e to produce

an amount of free iodine which is equiva-
lent to the original residual_chlorine.

The reducing agent reacts neadi]y with free

-, ) . . . . M
. jodine so that the titration can be carried.| .
\ . out in a manner similar to that used for . L ’
g free available residual chlorine o
N - determination. ) v

V.A.8.8a |The electrolyte used in the inner chariber of
the cell ha$ a tendency to crystallize out .
E on the contact springs and in the terminals ) ‘e .

JJof the cell Unit. This may slightly corrode :

k!

Paae No. 13-12
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HONITORIIG PROCEDURE :

l . EFFLUEHT It

~

Amperometric Deterpination of Frée and
Combined Residual Chlorine in Water

Sections V & VII

TRAILING GUIDE HOTE™

REFERENCES/RESOURCES

VII.C.4.4b

CAUTION:
[ 100°F, as hot water softens: the plastic.

‘If free available residual chlorine de-

1solution for 10 to 15 minutes.

the electrical contacts between the various
units. Improper electrical connections
cause erratic microammeter pointer readings.
during the titration. Should any crystals
accumulate on the plastic cell unit, these
parts should be washed off with warm water.
Never use water warmer than

When the titrator is not to be used for
extended periods, the cell unit should be
washed out to remove all electrolyte
tablets and solution, and stored dry.

terminations are to be made after potassium
jodide has been used in preceding titrationg
the cell unit should be.rinsed off in
seve?-samp]e cups of water to remove .
trac®® of potassium iodide solution and
buffer solut10n pH 4.

Occasionally, when potassium jodide 1sg§dded
to the sample, the pointer will drop to the
left and will not come back on scale even
though the poteniometeyr is turned com-
pletely clockwise. Under these cofditions,
the cell unit js said to have lost its
sensitivity to iodine. - This situation is
likely to arise if the titrator has been
used to determine free chlorine ohly for
eXtended periods of time, i.e., the cell

it has not been exposed to 1od1ne fnr
%ﬂo]onged periods.

The sensitivity of the cell unit can be™ re-.
stored by adding enough free jodine to th%
dis€illed water 7in the $ample jar to cpgate
a yellowish cglor. The free iodine mdy be
in the form of tincture of jodine or may bga
obtaiked by adding potdssium iodide to a °
strong chlorine solution. Agitate the
sample for two:or three mjnutes and then
allow 'the cell unit to stand in the icdine
After ithis
treatment, the cell unit should be rinsed
off throughly to remove all traces of
jodine,

400
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EFFLUE ][”ITOQIIG PPOCFDHR@ Amperometr1c Determ1nat1on of Free and \ e
. Combined Residual (hlorine in Water ° e, 0 ‘
L N - . L] N . . -

.

Section VII o ’ .

TRAINING GUIDT HOTE

REFERCNCES/RESOURCES

.
VII.A.6

The main requirement as far as _electrolyte
tablets.are concerned is to have saturated
electrolyte solution inside, the cell unit at
all times. Theoretically, this requirement
is not as long as any tablets and water are
in the cell unit. The actual water level
inside the cell unit dannot te controlled
since this level tends to equalize with

{or even go below) the water level~in the
sample jar through the pprous wicking.

4070
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EFFLUENT HMONITORING PROCEQURE: Amperometr1c Determination of Tota] Residual
Ch]or1ne in Wastewater ’

1. Anaty$is Objectives

€

P
The operator will be able to perfform an amperometr1c titration- for the determ ion
of total residual chlorine in a sample of wastewater treatment plant eff]uen

—

2. Br1ef Description of Ana]ys1s* . . . (

/ Residual chlorine present in wastewater is in the form of combined chlorine.
A “Back-Titration" procedure is used té determine the phenylarsene oxide excess
and a formula used to calculate the concentrat1on of total residual ch]or1ne in
the sample. - .

3. Applicability of this Procedure; . .
a. Range of concentrations:

.Arplicatﬂe to all types of wastewater.

¢
b. Pretreatment of Sample * ¢ 0
None 2
.c. Treatment of Interference in Samples. . »
. C : ~ . . ' .
Manganic Manganese, in concentrations as low as 1.0 mg/liter liberates iodine
from iodide at 'a pH of 4.0. . -

- .Chromates reduce phenylarsine oxide. Method not applicable when high con&eﬁtra-
. tions of chromates are_ present. . .
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EFFLUENT MONITORING PROCEDURE: . Amperdmetric Determmatmn of Total
- “ . Residual Ch]or1ne.LD Wastewater

f L}

s . ' - . -

General Description of Equipment used in th® Process

-

A. Capital Equipment . C

4
P -
1. Amperometric Titrator Assembly - Wallace and Tiernan*

- B. Reusable *

1. 1 pipette (1 ml.capac1ty)
2. 1 pipette (5 ml capacity)

3. 1 samble cup (to contain 2C0 m]) Lo
4. 1 plastic squeeze,bottle ’ B .
C. Consumable** ’ . )

bottle pHenyIarsene oxide solution 0.00564N (16 ounce)
bottle pH 4 pbuffer solution (4 ounce)
bottle pH 7 buffer solution (4 ounce)

. bottle potassium iodide so]ut1on {4 ounce)

. 1 bottle sodium chloride electrolyte tab]ets (8 ounce)
- Standard iodine solution 0.1 N :

Sor

O ONNOO B WY —

. Standard iodine titrant 0.0287 N a .
. Potassium iodide crystals , s
. lodine grystals, purified ™~ )
1 J s L 4 . o -
'

' .
e .

*Mention” of a specific brand name does nhot constitute endorsemert by the
u. S Environmental Protection Agency

**Consumab]e reagents listed are available from Wallace & Tiernan Industr1a1

‘ /oducts Division, 25 Main St. BeHevﬂ]e NJ 07109 .
. '
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EFFLUENT MONITORING PROCEDURE:

|

Amperometri¢ Determination of Total Res™s

3] Chlorine in Wastewater
-

OPERATING PROCEDURES

)

. STEP SEQUENCE

INFORMATIdN/OPERATING GOALS/SPECIFICATIONS

~

A. Reagents
Standard iodine
slution V.1 N

Iodine standard
so}ytion (0.0282MN)

-

(=

1. Dissclve 40.0 grams of |
potassium iodide (KI) in
. 50 ml of distilled water,
Add 1247 g. of iodine
crysta%g and stir until

solutiok is complete.

2. Dilute t
distille

t il

3. Transfer ¢5 grams of

potassiumjiodide iqto a
one liter Wolumetric flask.

~

oné liter with
water. . .

.2, Add 200 m1\of distilled
‘water and

‘so]u;1on and difute to the
nark with distilled water.

irl to dissolve.
5. Add 285 ml of 0.1-N iodine, 4

" 3a.

~

A

/

4a.,

"Use a trip balance.

Use a graduate cylinder.

%

.+ Store the solutign in a dark bottle.

B. Determinatioﬁ of
total residual
chlorine

1..Set up titrator and plug
into a source of 115 volt,
single phase, 60 cycle A.C.
current.

Adjust the level to the

fhine,

. ¢ “

»3. Place the cup on the
titrator.

2. Add sample water’ to the cup.

2a.

3a. The top ed‘:

guide post:

The vodume of samp]e‘1s°200 ml. . :
Y - , e

S

of the cup should ge behind the cup

1]

3b. The bottom of the cup shou1d rest on the support

post.

»

. ' .
N .
f
L /
‘ ’ b ‘ *
.
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‘ ' ‘ 7 TRAINING
- %PERATING PROCEDURES * STEP SEQUENCE .o INFORMATION/OPERATING GOALS/SPECIEICATIONS , GUIDE NOTES

8. Continued . Turn the switch to start .
: ‘ the agitator. . * -

¢

. Add 5 ml of phenylarsene 5a. Use a 5 mi pipette.
oxide sdlution to the samplé

r
and mix, . b <7 ///
)

. Add 4.0 m1 of pH 4.0 buffer | €a. Should be sufficient to insure a samﬁfe pk
solution to thé sample and between 3,5 and 4.2, L
mix. ’ :

7. Add 1.0 m1 of KI solution.

8. Rotate the adjusting knob so
that the microarmeter pointen
reads about 20 on the scale. .

9. Add 0.0282,N iodine solution |%. Use a 1 ml volumetric pipette graduated in. 0.1 ml.
in small increments. : 9b. The standard reaggnt bottle, pump, pfpette, and

‘applicator tubing canngt be used for this purpose
since the'plastic cﬁonents may reatt with the
* 1odine solution and change its strength,

99. As iodine is added to the sample, the pointer re-
mains practically stationary until the end-point °
is a&pprpached. .Just before the true end-point
each ifcrement of iodine solution causes a
temporfary deflectton of the micr8ammeter to'the
right, but the pointer drops back to about its
original positioh. The true end-point is reached
when a small addition of iodine,so]ution'gisggﬁiﬂ\

,definite and permanent pointer deflection to the
right (up-scale). ’

. Mote the volume of jodine a. Calculate the total residual chlorine as follows:
solution used to reach the total. ] (5)(m1 of ipdine)
end-point. [~ mg/1 chlorine = [phenylarsene! - fused in

oxide used J titration

(step 5)
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STEP SEQUENCE

-
\ ~

TRAINING
GUIDE NOTES

+ OPERATING PROCEDURES

E. Contued

INFORMATION/OPEQATING GOALS/SPECIFICATICNS

10b.

‘Example of calculation: ,
.1. Total phenylarsene oxide used 1n

. The‘accuracy of the above procedure depends on the

step 5 = 5.C ml.

. ml of jodine- réquired to reach the ‘end- point
in step 9 =0.6 ml

mg/1 ch]or1ne «

a
@

volume of tie sample (step 2), the strength of
the plfenylarsene W jfle solution (0.00564R) which
is quite stable, and the-strength of the iodine
solution (0.0282 NY wh1ch is subject to
deterioration with time..- If the iodine is,not

C.0282 N, it must be standard1zed by the’ following |

procedure.

A

: s ya
C. Standardization of

jodine solution
, ¥

N

1, Add«5.0 ml of-phenylarsene
oxide solution to 195 ml of
dechlorinated water.

>

Titrate with .the iqdine
solution.

>~

_of phenylarsene oxide solutions the iadine solution

Chlorine-demand-free water: add sufficient
chlorine to distilled water to destroy the
ammonia. The amount of chlorine required will be
about ten times the amount of amhonia nitrogen
present; in no case produce an ifitial residual
of less than 1, N mg/1 free chlorine, 81Tow the "
chlorinated water to stand overnight or longér;
then expose to direct sunlight until all residual.
chlorine is discharged. Use distilled water free
from ammonia and nitrite to produte the chlorine
demand-free water. Check chlorine re51dua1 by
amperometric.titration.

The %end point ig reached when .a smaH addition of
iodine gives a po1nter deflection to the right §#
(up scale) which holds for, 15 to 20 seconds. If
1.0 m1 of iedine solution neutralizes the 5.0 ml~

-
s
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EFFLUENT MONITORING PROCEDURE : Amperometric Determination of Total Residual Chlorine inﬁwastewatér
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< - TRAINING | :
_ INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES . e

| OPERATING PROCEDURES STEP SEQUENCE
) " ) i . (11a. Continued -
| ' o - 15 0.0282 N. AIf the iodine solution has
t - - deteriorated, the volume of iodine solution to
! ) : v , reach the end-point (something greater than .
.o p 1.0 m1) "is equal to 5 ml of phenylarsene oxide )
- ’ : "~ T solution. -

t : - \ I'{11b. "Back titration" for tesidual chlorine may ge

’ ’ . made with weaker than 0.0282 N, iodine_solutions, .
. The attached chart can be use&tko determine the

excess phenylarsene oxide by fo¥owing step 12

\Ci\ . / and subsequent steps. \
i
l

— ——

’ 12. Locate’on line "A" the mJ - ) L
.of iodine equal to 5.0 m
of phenylarsene oxfide. - P ~—

A

"13. Locate‘on line "C" the

volume_of.iodine as de- . ‘
termined™in step 9. A : ) ’
- p . : 1 .
, - | 14. Determifie where a lin 14a. This is the excess phenylarsene” oxide. .
2 connecting these poin?s 14b. As expressed in the formula, the Qgé] of chlorine . 4
crosses line "B". residual is the excess phenylarsene oxide sub-
) N / - tracted from the total.
, 14c. Example of calculation: ¢ e
~ . /’/ - . s . 1. Total phenylarsene oxide = 10.0 ml -
. p - 2. ml iodine equal to 5.0 ml phenylarsene

- g oxide = 1,2 ml. -

3. ml iodine to reach end point of "back -
- titration" = 0.4 . .
. 4. Excess phenylarsene oxi1dé€ (from chart) = 1.6
. . . . (approx.4
A i /~\J' _ 5. mg/1 chlorine residual = 10-T.6 = 8.4 : '

LU 414 . . . : 15
c 0 Y . B
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. Jotal-pleavlarsene oxide 5ml,
ml. |oum' equal to D ml phony!:.,&ro cwoe 1 ial, (0.0282‘[\4' solution)
{ ml. iodine to reach end point of "iagk Titration” 0.6
Excess ;u&,mlorsene oxidz (froa chart) = 3.
. or (from formula) 5
pp chlcring residuul - 5

EXANITC

/
7 I

Totol p! ~1ijiuria o

ml.ieai L oL ui £ . phznviae o Voxide 1.2 ml.

ml, ivdie tore inr o ”bam: Titrasion” 0.4

CErecss AL e '"‘:, (fror 2 ) 1.5 (opprc\:imo"cly)
Prm 2t o residis “10 - 1,6-8.4

.t “

»

ATICON

-8.0

-y
1Y

3

N I
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L
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_EFELUENY MONITORING PROCEDURE Titrimetric Determination of Total Res1dua1
“ Chlorine in Wast6water Eff]uents

. v :
v Analysis ObJectwes s .
“ The learner will determine the tota] residual ch]orme “in a sample of -
. wastewater treatment p]ant effluent. L N

2. Brief Descr1pt1on of Amalysis: . ,
: ' t
» — Cgbmne, hygochl-orusi‘amd. and hypoch]or1te'Von are. coHectwe]y referred
, tolds free chlorine. Free chlorine is added Q. &tewater effluents for
% disinfection purposes. It combines with ammonia fin the effluent to’ form
- monochloramine, 'dichlordmine, and nitrogen tr1§|1br1’de; these threé com-
pounds together, are called combined chlorine. The sum of combined and
free chlorfhe is referred to as total residual chlorine. In this procedured
called agback-titration, an amount of r%cing agent (phen_y]arsene oxide).
more thap_sufficient to react with the tBtal residual chlorine is added to
\/ .the sample. The amount of excess reducing ageﬁ is then determined by .
*titration with standard iodine solution. The result i3 expressed as r'ng wof

S 7 total resid orine per liter )df sample. P ' ) { Lo
= ‘ S ) , $
| 3. Applicabildty th1s‘Procedure: T - J \_ e -
\ ” " . ' ) “ B : “ ) ()} n
: a. Range of 'Concéntration' LT ) . . . .
- k7 , *
B Although the cited reference* does not spec1f1caHy mention the, range
‘. l . of applicabilifys it can be inferred from the procedure that concentra- é‘
7Y . -tions of up to|JO mg total residual ch]orme/hter can-be accurate]y
° ana]yzed No Thference can be madgabc)ut the 10)@*\41m1t of the test.
. ‘ b. Sampl\e Pretreatment | - ¢ .- ) oy
¢ > <. i ' ; "

None. Tge determ1nat1on must be carried out 1rrmed1ate1y after samphng
Avoid exposure of the samp]e to strong sunhght and extesswe agltat1on
SR }

c. Trea of Interferences: b . . ! |

buffer]ng the reaction mixture as descmbed in this procedure If the
sample contains a large amount. of organic matter, the titratign end--

r . point may be.obscured. This, problem may he. overcome -by acidifying the .

. reaction mixture to a pH of 1.0, but only if the sample contains no. K3
manganese,*iron, or nitritef If they are present; then the amperometric ’
,procedure S be used : - .-

f
nw -8 . ) "‘ . . o .

. %'Source, of Procedure: Standard Jethods; 14th ed., flethod 409°B., page 318.
) . - M ¢ " .

. ) . . : . B
l‘ “ ' »

Page No. 15-4 . 419 . ) é.
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. . The interference due to manganese, iron, and nitrite®is minimized by %/ .
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) 6' EFFLUENT MONITORING PROCED/UR;:‘ Titrimetric Determination of Total, Residual

i Ch]or1ne in Wastewater Eff]uents
’ o T
‘ General Description of Equipment Used in the Process - ) ‘

A. Capital Equipmeng: ‘ ; e

1. 'Trip balance, 100 g capacity
2. Analytical balance
" 3. Still, or other source of d1st111ed water

B. Reusab]e Supphes: .
1. Brushes {for cleaning g]assware) .
. 2. Brush (for cleaning balance) e b
. ' 3. Laboratory apron . .
4, Safety g]asses . -
.5, One distil]ed water plastic JSqueeze bottle .
6. One pen or pencil - “. . »
) " 7. One notébook (for reeording data)
<% ° 8.'Sponge (for cleaning laboratory-table top)
) 9. One 2 liter Erlenmeyer flask
4 10. One 500 m1 Erlenmeyer flask
1. One 250 m1 Erlenmeyer flask .
) - 12. One 125 m1 Erlenmeyer flask .
: . 13. One 1 liter graduated cyTinder . . "
*,  14. One 500 ml“Jradyated~cylinder’ ' i :
- "15:6ne.250 ml grawyated cylinder :
. 16. One 100 m]1 graduated cylinder
’ .7 17. One 10*~m] graduated .cylinder
MR 18. Six 1 liter glass-stoppered bottles
rw C - 19. One 1 liter plastic bottle ~ R
« |- ¢ . 7 20. Two 100 m} gldss-stoppered bottles .
oy . 21, One 1 liter voluymetric flask*
s : . v22. One 50 ml volumetric pipet L. —— RN
. : . .23. One 10 m1 volumetric pipet ” . r
> 24. One 5 ml volupetric pjpet - . . ' .
’ $ . 25« One 19 ml graduated pipet ‘ i . - -
.o 26. One 250 m1 beaker L 4 ¢~
"+ "¢ 7 7.27.0ne 30 m bepker
28. One,2 liter beaker (for tleahing g]assware)
e 29. Oge small spatulas{for use when weighing-solids)
.t - 30." One hot plate (to agcemmodate a’ 2 liter Erlenmeyer f]ask} \
.o e 31. Ofe, mortar and, pestle (about 100'm
. 32. One 50° ml Rure’
. : 33. One 5 m] buret'- )
. 3. One 5mall powder fhnnel (to fit into tFre top of a 1 liter volumetric flask)
+35. One small funnel (to fit in the top of the buret)

g + 36..0ne clamp (to support: the buiret) -
e 37. Ong ring stang.(for use with the buret d c]amp) : .
’ 38. Magnetic stirrer and 2 inth stirring ptional), , 4

39. One weighing bottle with top (about ™ ml capacity) -
, 4 40. Fifteen inches of 6 mm g1dss tubing «

- *41. Two feet of tygdn-tubing (to”tonnect the lecture bott]e‘of carbon
: M d1ox1de to the 6 mm g]ass tubing) - -
- . 4 ;

o B . :“ '%‘ *

) c /\\'420 ) ) Page No. 15-5 ‘&

-
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EFFLUENT MONITORING PROCEDURE: Titrimetric Determinatfo& of Total Residual
A : Chlorine in Wastewater"Effluents
- h

42. One universal clamp (to support the lecture bottTe on the ring stand)
4%. One eyedropper '
44. One grease pencil v
45. One pH meter (with pH 4 & 7 buffers)
46. Six inch stirring rod :
47. Sufficient aluminum foil to-wrap a.1 liter glass-stoppered bottle

*48. One asbestos glove or towel (to facilitate lifting a flask of hot water)

-

il

_C. Consumable’'Supplies:

Concentrated sulfuric acid, H,50, .
Sodium dichromate, Na2CF207 '

Soap . .

Eight plastic weighing boats {about 2 inches square).
76 g of potassium iodide, KI LI ; -~
5 g of soluble starch i

. . . _ * RS
1.25 g salicylic acid, 2-HOC,H,CO,H A

5 g of arsenic trioxide, A5203 * ) . .

9, 27 g'of sodium hydroxide, NaOH . . W
10. Lecture bptt]e of carbon dioxide, CO2 ' ’ )

00 NOOI_sWwWw N —

12. 55 ml of concentrated (TXN) hydrochloric acid, HCI .
13. 0.8 g of phenylarsine oxidws, powder, C6H5A50 ' - .

14, 146 g of anhydrous sodium acetate, NaC2H302 or 243 g of- raR,acetate
trihydrate, NaC,H;0,*3H,0 . L3 o f y
. - - ;"W P ’:ﬂ

11. 13 g of resublimed (Sowﬁ\ta]%s\imply use the word sublimed) “iodjne, I

2372 : ‘

L N
.. 4 %’F& ¥"
. s .

3 & [

Items C.1., C.2., and C.3. are for cleaning g]asswaré. The quantities néaded 55:

will therefore vary.

s
o

Items C.5. through C.14 (except €.10.) .are the exact am0unis‘ﬁeeded. Jo facilitate _-’

weighing solids and measuring liquids, include slightly more than the required

amounts. . .
- - -4

« 8‘ w ., Ce

., N '
49 | ¢
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EFFLUENT MONITORING' PROCEDURE: Titrimetric Determination of Total Residual

Ch]o;:ne in Wastewater Effluents
[ Y * B

- R (@

A1l reagents should be of high quah‘t?. Different chemical manufacturers may
have different ways of indicating a high quah’ty reagent. While no endorsement
of one chemical manufacturer ofer another is intended, the following are some
designations ysed in four chemical catalogs to indicate high quahty reagents

Catalog ' ' Designations
‘Thomas ' Reagent, ACS, Chemically .Pure (CP)
Matheson, Coleman s gefl " Reagent, ACS i
. Curtin Matheson Sc’1ent1f1c, Inc. Primary Standard, ACS, AR - . -
! Fisher . Certified, ACS .
E 3
/ ! - ’
-§ L]
1 [

-4 r)‘o )

.
£y re ¢

. ‘ : » 298 No. 1557
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Titrimetric Determination of Total Residual Chlorine in Wastewater Effluents

OPERATING- PRCCEDURES

STEP SEQUENCE

INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES '

A, quipment Preparation

1. Cleaning of glass-| 1. Glean all glassware and la..Throughout this procedure, ealess otherwise V.A.L
ware 1 rinse with d1st111ed water, stated, the term water means @igtilled water. ’
2. -Balance -inspection| 1. Check the analyt?cal and 1a. Consult the manufacturer's manual for ass1stqnce -
trip balances for cleanlt- in correcting any malfunction.
ness and proper. operation. . . N i 2
‘ : 1
"]
= L
- ® .
‘, !
B v '
- . ‘ ! . .
\ - - L
{ | :
\ L]
'
. \ .
X ‘ bl ¢ *
/ - -y

425 .
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10.

place it on top of the
Erlenmeyer flask.

Turn the hot p]ateloff.

L}

ey 5 P’age NO. Ib‘]U 4
i ’ \ -
. e ) . o TRAINING
. PPERATING PRCCEDURES STEP SEQUENCE INFORMATION/CPERATING GGALS/SPECIFICATIONS * GUIDE NOTES
% 4 g —
.B., Reagent Preparation ® . . .
1. Starch Indicator 1. We1gh 5 g of so?t/]e o la. Use a trip balance. _
- : starch. ' o
. ' 2. Transfer it to a mortar. ! )
> ‘ . —~
‘. 3. Measure 1 liter of water. 3a. Use a 1 l1ter graduated cylinder. , ~, -~ |
: . 5 ‘ 1
» . 4. Pour the water into a: ~ 4/(’
. . 2 liter Erlenmeyer flask. .
- 5. Bring the water to a boil. | 5a. Use 4 hot plate. ‘
. 5b. While the water comes to a boi), do steps 6 &7, 4 Y,
6. Add 1 ml of water to the 6a. Use a 10 ml graduated cylinder to measure the ’ \/?\\~ i
starqh in the mortar. water.
i . , 7. Grind the starch and water | 7a. Use a pestle. . ,/)
together. 7b. The objective 1s to form a thin paste
, / , 7c. A few additional drops of water may have to be
' ddded. . ’
' 8. Slowly pour'the thin paste | 8a. Be cautiguys about the hot flask. -
into the boiling, water. 8b. If the er has not yet come to a boil, wait “\\\
. until ifWfoes. v ”
9. Invert a 250 ml beaker and 9a. As protection against contamination.
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EFFLUENT MONITORING P
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Titrimetric -Determination of Total Residual Chlorine in Wastewater Eff]ﬁénxs

‘l’

OPERATING PRCCEDURES

7 v

] " STEP SEQUENCE

q.INFOR@ATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

B. Reagent Preparatioq

(continued)

2. Potassium/Iodide,
KI, 10% .

.
-

L J

11. Remoye the flask from
the hot p]atet"

12. Allow the starch to
stand overnight.

13. Carefully decant the
supernatant liquid into a
* 1 liter glass-stoppered
bottle. . .
14. Weigh 1.25 g of salicylic
acid. ’

;

"175. Add it to the bottle.

16. Swirl the bottTe. ~

1. Weigh 10 g of potassium
Jodide, KI

-

2. Transfe},it to a 250 ml
Erlenmeyer flask.

3. Measure 90 ml of water.
4. Add it to the flask.

s

P

~

1a.

12a.

14a.

Cautip?: the flask is hot.

Prepare the other reagents while the starch
. solution is standing.

/

Use an analytical balance (or trid balance if it
weighs to the second decimal place). ~

» ~

4

16a. To dissolve the salicylic acid.
la. Fourteenth Standard Me$hods does not specify the
strength of this solution. Ten % is the author's
opinion. h
3a. Use a 100 m1 graduated cylinder.
\ /
..'\“\
v
N

Page No.
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.

OPERATING PRCCEDURES
: Nl

STEP SEQUENCE

THFORMAT ION/OPEKATING COALS/SPECIFICATIONS

TRAIMING

B. Reagent Preparation
(continued)

3. Standard Arsenite,
0.1N

~—r”

. Swirl the flask.

3

. Transfer the solution to

a 100 ml glass-stoppered
bottle.

. Wipe a weighing bottle

with a tissue.

-
'

. Weigh about 5 g of arsenic

trioxide, As,0.,, in the
weighing bof%]e.

. Remove the bottle from '

the balance.

. Fill a 1 liter volumetric

flask about one-half full

of water.
N

..Place a small powder funnet

into the mouth of the i]ask
.. Remove the top of th

weighing bfttley

. Carefully turn the bottle

upside down into the funnel
in the-volumetric flask.

5a. To dissolve the potassium iodide.

la. To remove fingerprints.

1b. Throughout B.3:, always handle the bottle with

a.tissue $o as to avoid fingerprints.
. !
“2a. To#our places to the right of ,the decimal.
2b. Arsenic trioxide, Asy03, is extremely toxic.

Wipe up any spilled powder with a damp tissue,

discard the tissue, and thoroughly wash your
hands with soap and water.

1

.
.

.7a."The arsenic trioxide is powdery, and will tend

to "fly around"; so do this step carefully.
) ' '
- ) 4

~ E

GUIDE NOTES

v

®
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* EFFLUENT MONITORING PROCEDURF:  Titrimetric DeteFmination of Tofal Résidual ‘Chlorine in Wastewater EffTuénts " LA
4 . ;‘,..‘:‘ N - . - . »gn . . ' . - , !‘ ': s , o P - . . N\ ' -
Lt 0 e D .‘: ’ [- - . L. . n ‘A
- PERAT - AN 2NN BRI ‘ . "I 7raNiNg
- OPERATING ercCEOuges | - STEP SEQUENCE _ INFORYAT ION/OPERATING* GOALS/SPECIFICATIONS GUIDE NOTES
. - ' i v - ‘.‘ B . . VW : . ’ . ‘
. B. Reagent Preparation SRIRY S e . . o ! . ",
T (gontinued) .- . . i . _ .
- - vt ‘ B. Gently taf the bottom and '| "8a. So as to knock more of the arsepic trioxide #nto | o~
A : ., sides of the we1ghzng R | “the funpel. e
: S . botile’. ’,‘ .- | 8b. Some of the.solid wilt 'stay in the bottle. V :
. o ) .o - Y
>t “ | g -Remove’ the weighing pottle da. RemembeM™the arsenic trioxide tox1city when you
‘ ‘ e N from the funnel. =~ . later wash the bottle. . AR
- L * , : . - . , \ l ' . . ‘ .o '
: ' . 10. Rep]ace the top gf the - . . . . . : i
. we‘nghmg;bott]e ' L / : . o .
. . . L
f . 11. Rewe1gh the we1gh1ng e. the samecana]ytwal +balance that you used
R - bottle. A . efore. a :
. AN % L _ b, ®ecord the weight to four es to the r1ght of . |-
S T ‘ e TS cthe decimal pomt' o . ' .
) L. E - pe. Us‘ing a plastic squeéze - ° 113 Use a m1n1m6ﬂt of water.. . B .
. . [ - ‘bottle o‘F'Water, carefully ] }\* N . '
”.o.\-_'_' A e wash the arsenic trioxide | v - N )
S . g down into -the volumetric. . E S :
. - B : féask and remove the funnel - < ,, »
. . LR R - L) " M - . f - * .
- & "‘ , ) 13. Measuge 51,;00 ml of water 1,3 Use a 100 nﬂ graduated cyhnder ‘ ]
- -,. \‘ - T e 414. Ne1gh 15 g of sodium ]4a Use a tr1p baIanse b - A ' o -
N L hydroxdide, NaOH.' N ' ’ N
. - - N o ‘ " . - . - ¢
{f - 15. Add the sodium hydroxide | ., . - | : s
oL ~and 100 m1 of Water to the : T . - A AR
. C . . % vosumetric f]ask A . . ) .
A . - - " N o » . )
. ‘ ' % 6. Smr],the«'flask cjent]y " [16a. 1o d],sso]ve the*sodium hydrox1de and arsenic $
oy ‘1 - ‘trioxide. - “ .
R 5 . - . ., . e .
. . . » . .‘ ) : . /' ‘ . . i ) ‘. ./ .
- : s, . o . ) : . e o
- ey b - : , 433~
R, S - - b <7 . : . e T PR
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- v

OPERATING PRCCEDURES®

STEP SEQUENCE

" INFORMATION/OPERATING GOALS/SPECIFICATIONS -

TRAINING
GUIDE NOTES

'ﬁu' Reagent Preparation ~
(continued) )

v

Ve
- ]
- [ ]
-
4
0).-:‘
[]
R S
)
L3 4
. (-“
v
.l
M T
-, . e

\
17. Add 150 ml of water to
-the flask.

Al

18: Gently swirl the flask.

19. Insert the §lass tube .
leading from the lecture
bottle of carbbn dioxide,
C0,, into the -volumetric
f]gsk, see-the f1gure

‘ on page.

»

20. Carefully opeM the lecture
bottle 'valve ang adjust -
the flow of ‘carbon{dioxide
so that about 1 bybble
per second comes from->the
‘end of the tube. | -

21. Continue the addition of
carbon dioxife for about
15 m1nute5\ P
”,

22 Remove the'tube frop the R

flask. . .~

23. Close the Jecture bottle
vﬂv!

24 Add water to the 1 liter’
Y mark of, the f]ask

25 Thoroughly mix the(con-
tents of the flas«k.

. o

18a. To thoroughly mix the contenis.

17a. Use a 190 ml_graduated cylinder.

v .
N .
s { . : -

.

‘19a. The glass tube should extend to the bottom
of the.flask.

"




EFFLUENT W;)NITORING-PROCEDURJF: Titrimegric Determination of -Total Residual Chlorine ¥n Wastewatér. Effluents
. -, . . . , )
. . X . ) ‘e ¢ . c . <
¥ - . .
- s ola ~ i : . : 5 “TRAINING
OPERATING PRCCEBURES i STEP SEQUENCE - - INFORMATION/CPERATING GOALS/SPE\QIFXCATION : GUIDE NOTES
B. Reagent Preparation ) ' h " ’ : L . :
(continued) - \ ‘ . - ~ )
. 26. Transfer thée solution to 26a, . The arsenic trioxide solution is a]so extreme]y
a 1 Titer glasssstoppered toxic. If ‘any is spilled on the skin, rinse it *
— bottle. 1off imgediately with large gmounts of tap water. . N 4 .
‘ 27. Calculaté the strength - [27a. N= A - B TN . : V
¢t + |- ¢ (normality, N) of the - 49,855 . « & . R ‘
arsenic. trioxide. ; : A . X o s
e . N = the strength {normality, N) of, the arsenic . :
T ‘ tr1ox1de > ) 3 ] R
’ : . ; ' s f ks the weight, in- g, of the we1gh1ng ottle . 17 ,
' . . . © " 4 top + arsenic-trioxide. . . A
P . . ‘ . - rs . ¢ .
T . ’ - A : B = the weight, in g, of the weighing bottle »
' v .. . .-* top *+ arsepic trioxide residue. @
|~ ) 27b. The arsenic trioxide solutiow 15/tab1e almost '
- . . : p 1ndef1mte1y . & - N
\ :4. Standard lodine 0.1N }1. Weigh 40 g of potassiym la. Use a thp ba]ance. A .
. . iodide, KI. . e - .
§. . - - .. 4
- .| 2. Transfer it to a 250 ml ' C—1 : :
a ' Erlenmeyer flask. : . . . - )
¢ . ' 3 B 0 N ¢
F 3. Measure 25 ml of water 4 "] 3a. Use a 100 ml graduated cylinder. \
.4. Add the water to the flask. , ip .
J -} 5 Swirl ge flask. 5a. To gissolve the potassium iodide. '
) ‘6. Weigh 13.g of resublimed fa. Use a trip balance. !
- . N . iodine, 12. , |
- :{ . »/ . -
43 P
, -y ‘ .43 3
) ) T Page No, 15-15
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A

e

“  OPERATING PRUCEDURES

\

" STEP SEQUENCE

IHFORMATION/&PERATINC GGALS/SPECIFICATIONg

TRAINING
GUIDE NOTES

B. Reagent Preparation

. .(continued) ’

w
-
N -
~
-
-
o 14
.
-
s
‘
’
. 3 .
Ly
' +
[ IS )
A '
‘ ve . "
4
I -
'
" &
L 4 . )
i . w

8.

10.

11.
1

Y ' )
. Add
- flask.

-

Swirl the flask.

. Transfer’'the selution to

a1l liter volumetric
flask. "

Fi1l the flask to the 1
Titer mark with water.

X : -
Thoroughly mix the con-,
tents of the flask., . '

DS}

. Transfer the solutioh to *
-a 1 liter glass-§toppered

bottle. *

\

#t to the Erlenmeyeny '

8a.
9a.

-
v ‘k ‘l
To dissolve the, iodine.

_Rinse the Er]eﬁmeyer ftask with sevé’%] small
portions of water and add the rinsings to the

¢

vo]umetric flask. s
. . . . - T ,-/
12a. The strength of \this solution is approximately.
0.1N.
—_—
Qoo .
' ]
-
. . 14
\; '
!




EFFLUENT MONITORING PROCEDURF :
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Titrimetric Detérminat1on of Total Residual Chlorine in Wastewater Effluents

N

OPERAT-ING PRCCEDURES

STEP SEQUENCE

TRAINING
GUIDE NOTES

B. Reagent Prepamation .

. (continued)
5. Sodium Hydroxide,
NaOH, 0:3N
4
] ~
(4

6. H{droch]or1c Ac1d,

- ‘
1. Weigh 12 g of sodium
hydroxide, NaOH.

2. Transfer it to a 2 liter
Erlenmeyer flask.

13. Meésgre 1 liter of water.

5. Swirl the flask.

6. Transfer the 0.3N base to
. a1 Titer plastic bot;]e.

7/

1.,Meashre 50 ml of water.

Erlenmeyer flask.

~

3. Measure 50 ml-of 12 N

~Jydrochloric acid, HCI

T -

4, Pour 1t slowly into the
flask.

5. Thoroughly mix the contents

of the flask.

4. Add the water to the.flask;

2. Pour it into a 250 ml "

1a.

-
.

3a.

5a.

la.

3a.,

3b.

" formation of white fumes indicates that the hydro-

INFORMAT JON/QPERATING GOALS/SPECIFICATIONS

Use a_trip balance.

Use a 1 liter graduated cylinder.

[y
-

To dissolve the sodium hydroxide. ' .

Use a 100 ml gradugted cylinder.

[
.

In a well ventilated area.

Use a 100 m? graduated cylinder.
The usual concentratien of hydrochjoric acid as
it is purchased .for ordinary Taboratory use is
12N. More dilute concentrations can be pur-
chased, however. Twelve N'acid can be detected
by gently blowing across the open bottle top, the

chloric acid is 12 N. The mdre dilute concentra<

t#ns do ngi fume.

-

441,
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CENT MUNTTURTIYG PRUCEUUK Tu C D on o7 1013l Restdual Torine 1n Wastewater ruents -
' Page No. 15-18
_J — * - .
Ceeen TRATNING
OPERATING PRCCEDURES STEP SEQUENCE INPCRMAT 10N/ OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
Reagent Preparation . T < - ' ~
“{continued) 4
. ~ ] 6. Transfer the 6N acid to a
glass-stoppered bottle.
7. Standard Phenyl- 1. d:?éh 0.8 g of phenylarsinel 1a. Use a trip halance. »
arsine oxide (PAO), oxide (PAO) powder. 1b. Phenlarsine oxide (PAO) is extremely toxic. g
0.01N 3 Wipe up any spilled powder with a damp tissue,
o N discard the tissue, and thoroughly wash your
, hands with soap and water. .
2. Transfer it to a 250 ml *
Erlenmeyer f]ﬁs%qﬂr' . .
g. Measure 150 m]l of/b 3N 3a. Use a—+69'mj graduated cylinder.
sod1um hydrOxldi e '
< .
4. Pour it into the flask. ) . '[
5. Stir the contents of-the 5a. By means of a magnetic stirrer. I
flask. - 5b, Until the PAO dissolves. It may take a long time.
.~ . ‘ ° ,
6. Turn off the magnetic ~ ¢
- stirrer.
7. Allow any soli1d material »7a. For 30 minutes.
remaining 1n the flask to.
settle.
8. Decant 110 ml of the
R supernatant liquid into a | .
250 ml graduated cylinder. ) .
. - ' '
9. Measure 950'%1 of wateri. Ga. Use a’1 liter graduajte™ cylinder.
A9 - i . . .
4 i 107 Pour 1t 1nto a Z liter —

Erlenmeyer flask.

443
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Titrimetric Determination of Total Residual Chlprine in Wastewater Ef%]bents

v

OPERATING PRCCEDURES™

F -~
_ STEP SEQUENCE

TRAINI
GUIDE NOTES

B. Reagent Preparation
- (continued)

14

12.

13.

15.
16.

J

H.&aCe a mark at the 950 ml

]eve]. .
Pour 150 ml of the water
back into the graduated
cylinder. ’
Discard the. 150 ml of
water.

.~ Pour tﬁe‘110'm1 of super-

natant PAO into the 800
ml of water in the 2 ljiter

Erlenmeyer flqsk. x
Swirl the flask.

Standardize a pH meter
with a'pH 7 buffer.

y

v

. Measlre the pH of the

solution.

. Add a few drops of fhe

6N hydrochloric acid to
the flask. .

. Swirl the flask.

. Measure the pH of the

salution.

. Repeat steps 18 through 20

above until the pH of the
solution is between 6.0
and 7:0. o

~ ;-

15a.

17a.

T8a.

19a.

INFORMATION/QPERATING GOALS/SPECIFICATIOQE},

-~

To ﬁhorough]y mix the contents.

~ P
—

1t should be bétween 6.0 and 7.0. If it is not,
do steps 18 through 20. If it %s, prgceed to
step 22.

Use an eyedropper.

‘To thoroughly mix the contents. i

"

.?; . page No. 15a19
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JENT MONTTO OC n' h 1tr1met?1c Deter‘rmnatmn of Tetal Residual Chlorine J‘n Wastéwater Effluents »:
S . ] \; | W ' Page No. 15-20
- & S r .
M . Al = . . - e ‘ ] -
OPERATING PRCCEDURES STEP SEQUENCE - INFORMATION/OPERAJI‘GOALS/SPECIFICATImS ' Gﬁﬁé”,ﬂg%g
Reagent Preparation a . ‘ ' ‘ - - _
(continued) ‘ ) [ r
y ot 22. Add enough water to the - 22a, The QAO so]ut1on is also extremehy toXic. If .« -
flask to bring the 1evé] sany is spilled on the “skin, rinse it off drle- ’ ‘
. ‘zf |‘ to the 950 m) mark. mediately with lagge amounts oF tap water.
23. Thoroughly mix the coritents ’ < ) {,—%\
. ' - _of the ﬂ?sk ‘ - v - « ’
.y . s ” 2 6 d @ r R .
\ 4. Transfer the so]utwon to. : . {
o a1 liter glass- stoppergd e C e
N bottle. J : ' ¥ . \
v - - ‘. - ’ - N ’
8. Asetate Buffer - 1. Measure 400 ml of water. ] Use a 500 ml graduatad cylinder, ' R
Solution, pH 4.0 ’ e . e ’
2. Pour it into a 1 Viter . Y.L, -
. ' volumetric -flask. P ¢ .o ' » £
i 3. Weigh 146 g 'of sanhydrous ' q@'a Use a trm‘ba]aﬂce - .
§o. a * sodium acetate, NaCoH30,. 1.3, Two hundred forty-three g of sodium ‘acetate . [
& J Al trihydrate, NaC2H302 3H20 may also be used. - }
L 14. Transfer it, to the flask.r o ° = | -
- B & ke ‘
. Mg 5. Swirl the flask. - ¢ I 5a. To dissolve the solid. « % -7 ° ’
;i ' - - . ’ . \
- - ‘ - 6. Measurs 457,ml-of acetic 6a. Uge a 500 ml graduaf cylimder. . .
: acid, HC,H 0 L 6b. In 2.well venti]ate area. . . ‘
3 2° . 4 R . - ~ e, /
o2 ‘ ’ . ' \; -Fy
22 * A\\ﬁ Add it to the flask. - ' = ' . 3 . "
Q. 8. Add water to the 1 Titer 4‘ fe ) :
. '_ mark . ce . v oe p ( - .
R 9. Swr_] the f]ask 9a. To thoroughly mx the contents. B ‘f i 1. .
44b 10. Transferathe solution to ‘ ' . o e .,.,' - “ 3 )
'a.l litem. gtass-stoppered * . v 4 ( i .
\ bottle. (.\ . ¢ . .. ¢
“ = - \ N P,
/ ] ) ' -‘ . , T - ‘ . .
o » ' ‘ ! ' g ) . .




(EFrLDENT MOKITORING PROCEDURF: Titrimetric Determination of Total Residual Chlorine,in Wastewater Effluents

[ ] - . X
o . , o » , N .
/ . [N ¢ N - 4
- . [ 4 - F &3 v .

© , . : 1 = : .
$ SPERATING PROCEDURES _® STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GS%EN%?ES

N~—C. Standardization of ' B . ‘ L .
) ;Reagents - . N )

»

-

- . . t
1. Standardization of . Pipet 50.0 m1 of the
*  -the iodine. standard arsenite (B.3.)}"\
<y . into a 250 m] ~l‘1enmeyer
Flask. - _ ’ -

a 50.0 ml volumetric pipet.

. Measure 2 ml ei starchy Use 2" 10-ml graduated cylinder-
add #t to the. flask and .

m1x” /N :

. Fi11 a 50 g burek with . Use a 10 m1 graduated cylinder.
the  approximatety 0.IN ., : . ~4
iodine (B.4.). , - 0 :

. Remove air bubbles from
. the buret tip. » )
. While swir]ing the flask . Constant and thorough mixing is important.
. (or using a magnetié N . " -
stirrer), add jodine from
'the’ &ret to the flask at : _ .
a fa,st drTopmse rate, .

. - ~ L - © e <7
. When you see a blue colér . Even ‘thoygh a l6calized blue color formed, tr
forming where the drops - - overall solugmon shoyld still be co]or]ess when |
of ‘iodine hit the liquid . the s'o]utio’s) mixed, .
ir® the flask, - -stop the -6b. If it is blue,-you have added tog much iodine.
addvtu)n of the iodine.. Rinse out the flask dnd start again at step
.1.1. ahove. .

. Add 3 drops of c‘oncen-tra—«, . Use .gh eyedropper. ‘.

ted hydroch]omc acfd to .4

the flask.

L
.

. Swirl the fiask. . | 8a: To thoroughly mix the ’cé)j\tents.
! : 8b. Bubbles of* carbon dioxide will form.

\. 449
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R

1

i . M -
¢ : \ ‘ T - ’ Léﬁ’rgﬁ’ TRAINING
OPERATING PRCCEDURES STER "SEQUENCE (|~ 7 INPORMATION/DPERATING GOALS/SRECIFICATLIONS GUIDE NOTES

C. Standardization of
Reagents (continued)

o

- »

4

. N 4

-

. L .
» -y o

.. 2. Standard Iodine.
0.0282N.

. Titrant,

10.

1.
2.

AR Y
*

K

. While swirling the flask

“When the addition of 1 drop

" mation of a permanent blue 4

-

1. Calculate-the volume &f

g

(or using a magnetic
stirrer), continue addition
of the iodine from the
buret at,g slower dropwise
rate th&n before.

of the iodine. causes for-

color, immediately 'stop
the-addition of the iodine.

Record the ml of si0dine
used-

Calculate the $rength
{normality, N) of the -.
iodine. R -

-

10dine (B.4.) to be diluted
to 1 liter to obtain a
0.0282N solutdoy.

’ \ *

. About’ one= Eh1rd as fast

= ¢ x50.0 °
7D

N s the strength. (norma11ty, N) of the iodine. '

C = the norma11ty.of the arsen1c tr1ox1de,

B:3.27.27a.
» b = the ml of iodine used from the buret.
*la, E.="F x 1000 = ' ) -

. .8
©oEe=m 64 fbdine (B.4) to be diluted.

?,= desired N of the-iodine after dilution,
0. 0282N

1000 =

the desired voldme in m]) of the diluted .
. .iodine.. )

- - of t Jod1ne\to be d11uted
- ee C.

= 28.2 ST

3




I4

2

-
*

EFFLUENT MONITORING PRUCEDURF :

/

Tistimetric Determinftion of

Total Residual Chlorine in Naﬁtewater Effluents

(]

-3

o

OPERATING PRCCEDURES

STEP SEQUENCE'

INFORMATION/OPERATING GOALS/SPECiFiCAIIONS ‘

TRAINING
GUIDE NQTES

C. Standardization of
Reagents (continued)

4

.

-

‘7

t

2. Mgasure\]po ml of water.

3. Pour it into a 1 Titer
volumetric flask.

4. Weigh 25 g
jodide, KI

-of potass1um

5. Add‘the_potass1um 1od1de,
KI, tp the flask.:
»

6. Swirl'.the flask.

A

7. Measure the caleulated
volume of i@dine' to Be

" tain a 0. 0282 N solution.

9.‘Add water to the 1 liter
mark. - . .
B '~ ¢ ,
0. Mix the confent® of the
flask thoroughly.

1. Transfé? the 0.0282 N
iodine solution to a 1

bottle which has been
~ "wrapped in aluminum foil.

p
. .
' : * / Coe

diluted tQ 1 liter to- ob-.

liter glass-stoppered .

2a.

da.

¢

Use a 100'ml graduated cylinder..
A & .

Use a trip balance.

6a, To dissolve the potassium iodide, KI.~

*Ja.

4.

‘11b.

11¢c.

E will be an "unusual" volume, about 282 ml. .Use
a8 500 ml graduated.cylinder to measure to the*
nearest 10.0 ml, and a 10 ml graduated pipet to
measure to the nearest 1.0 mige For examp]e,
measure 280 .ml in the cy11nder, and 2.0 il in

the p1pet .
‘ -

The solution should be protected from the “sun-
light? .
This solution should be standardized on each day
it is. usge

The standard1zat1on is carried qut exactly as -
describedgin ssegtion C.1. above except: pipet
10.0 ml o’ arsenic trioxide instead of 50.0 ml,
and use a 125 ml Erlenmeyer flask instead of a

¢

250 m1 Flask. Also, the dllusod iodine
6s]used 1n the buret, instead of the a
LY

(0.0282 N)

8

ﬂbrox1mate1y Co
- Page Ng, '15-23
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IHFORMAT ION/OPERATING GOALS/SPECIFICATIONS

TRAINING

STEP SEQUENCE,

Pipet 10.0 m1 of freshly
standardized diluted

jodine titrant (C.2.11.11c.)
into a 125 ml Erlenmeyer
flaske2 »

. Fill a buret (B.7) with

the PAQ.

, X
. Remove air bubbles from

the buret tip.

. Measure 1.0 ml of potassium

jodide.

. Add it to the flask.

. Swirl the'flask. &

OPERATING PRCCEDURES
C. Standardization of
Reagents (continued)
» 3. Standardization of | 1.
" the PAQ
7
. 2
}
- 3
4
5
6
Y
%
4‘:
(V)

3
in . Ll

la. Use a 10 m1 volumetric pipet.

4a. Use a 10vm] graduated cylinder.

k]

6a. To-thoroughly mfx the contenté.
6b. The solution is red brown in color.

GUIDE NOTES
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FFFLUENT MONITORING PRUCEDURF: Titrimetric Detérmination of Total Residual Chlorine in Wastewater Effluents- ‘

OPERATING PRCCEDURES

STEP SEQUENCE

INFORMATION/COPERAT ING GOALS/SPECIFICATIONS

TRAINING

€. Standardization of
_Reagents (continued) .

-fie.

. While swirling the flask

(or using & magnetic

“'stirrer), add PAQ from the

buret to the flask at a
fast dropwise rdte.

. When the color of the

solution changes to a pale
yellow color, stop the
addition of PAQ.

. Measure 2.0 ml.of starch.

. Add the starch to the ~

flask.

11, Awirl the flask. /

While swirling the flask,
(or using a magnetic
stirrer), continue addi-
tion of the’PAO at a slower
dropwise rate thanp before.

. Calculate the strength

{normality, N) of the PAQ

7a.

9a.

1a.
11b.

12a:
12b.

12c.
12d.

Y

Constant and thorough mixing is important.
’ L4
Use a 10 ml graduated‘Ey]inder.
. / . ‘ .
To thoroughly mix the contents.
The solution is now medium to pa]q blue in color.
About one-half as fast. '
At some point in the titration 1 drop of PAO will
cause the solution to turn colorless.
Immediately stop the addition.
Record the ml of ,PAO used.
CN=H£10,0 ‘ tﬁ;“PKU//,/:/’I
| . )
~§ = the strength (normality, N) of PAO, it
" will be approximately 0.01.
H = the normality of the jodine (C.2.¥1.11c.) .
I = the ml of PAO used from the buret '

« .

GUIDE NOTES

© 457

v
-~ Page No. 15-25
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TRAINING' .

OPERATING PRCCEDURES . STEP SEQUENCE IHFORMAT ION/OPERAT ING GOAUSASPECTFICATIQNS ‘| GUIDE NQTES

b

C. Standardization oA ’ ., : . ’ . . .,
< Reagents (continyed) ’ ) ‘
- s ) : . v
4. PAO Solution 1. Calculate the volume of la. J = K x 1000
0.00564N PAO (C.3.13.13a.) to be . L ) A
I diluted to 1 liter to ob- J = ml of PAD (C.3.13.13a.) to be Hiluted
tain a 0.00564 N solution.

3

K =desired N. 8f the PAO 'solution after
d11ut1on, 0.00564.

'

o 1000 = desired volume (in ml) of the 'dﬂhEed PAD -
) ’ L N of PAD (C.3.13.18a.) _

12. Measure the'calculated - 2a. J will be an "unusual" volume; about 500 m1. If
volume of PAOD to be - J 18 more than 500 ml, use .a 1 liter,graduated
diluted to 1. liter tb ob- cy11nder to meigure to the nearest 10.0 ml. If -
tain a 0.00564d solution. . J is less than 500"ml, use a 500 ml graduated
. ! ; cylinder tq measure to the nearest 10.0 ml.

] , . After using the appropriate cylinder, use a 10 mt

« N '. graduated pipet to measure to the nearest 1.0. or -
. ’ ] 0.1 ml,

I

3..Add the measured volume to-} ) . SN
al liter vo]umetric f]ask. ;

4. Ad4 water to the 1 Titer . o i . .
. mark - ) ~ N

5. Thoroughly mix the con- | 5a. If the dilution was done proper]y, the N of the’

tents of the flask. PAO is 0.00564 N. )
. [ . L} " -
5. Checking the N of 1. Repeat.steps C.3.1. . ¥ 1a. Except that‘the diYuted PAOsis added from ‘the
~the diluted PAQ through C.3.13. burets, instead of the stronger PAO.

‘ . 1b. The N of the PAO is 0.00564.

b - : lc. If it 1s not, ‘discard the d11uted bao and repeat
. . . sect1ons C.2, C.3., and C.4.

-~




EFFLUENT MOHITORING ‘PRUCEDURF: Titrimetric Dete‘rmiﬂ'ation of "Total Residual Ch%r.ineﬂ'n.wa%tewater Effluents -

+
. . .o “

~T g ,.; N 7
‘ , ‘ , I < - TRAINING
OPERATING PRCCEDURES STEP SEQUENCE INFORMATION/QPERATING GOALS/ SPECIFICATIONS GUIDE NOTES
© D." Procedure ? B Pi%G&S 0 ml of the L. la. Use a 5 ml volumetric pipet. ' P

0.00%4 N PAOTCS.) into
" a:30 ml beaker. 6 -

’

-

‘,

L 2

- 2. l‘igh 1.0 g of potasswm .2a. Usea trip'palance.
1031de, KI. - .
3. Add it to the beaker.
' T 4 . .
% Stir the beaker -contents. 4a. Use a stirring rod.
- ‘£ ' 4b."To dissblve the solid.
a ! .ad . - ’
. J .- .5, .
R T. 9w
5. Standardize a pH meter withl )
- -2 pH 4 buffer, . . A ‘
" "&‘ . ¢ " ' i [ T
6. Check the pH of the splu- 6a. It must be.bdtween 3.5 and 4.2 before the
tion in the beaker. "w » titration is .begun. o,
- o o 6b. If it is, prggeed to step 1-1 If it is not, do
, L " steps.7 through 10. ) ,

i

4

510 drOps of acetate 1 78 Use an eyedropper:
buffer . T ' e . .
4 . , 7, . » N
‘8. Swir]ﬁe‘ﬁb@kér. ' ] 8al To thqrdughly mix the contentss e

9. Reche'ck tha_pH. , : §a. It must be between 3.5 and 4 2 before the
" t'1trat1on is begun )

\

’HaRepeat ste;j 7, 8, and 9 -

, gbovehyntil the pH is be-" . -
twéen 3.5 and 4.2. « e

11. Pour the contents of tHe
beaker-into # 500 ml"
Er]enrpeyer flask.

Page No. 15-27
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from the buret to the flask

. .
B
. .
1 . - . .
" .
. A vt "
N . -

at a. dropwise rate.

-~
-

Thoro%gh.andaﬁqnstaht m1€ng are essg.ntm] dur-

' - ' , , Page No.
.ot , : R
brece , or , . ; . TRAINING
OPERATING PRCCEDURES STEP SEQUEﬁCE . INFORMATJON/CFERATING GOALS/SPECIFICATIONS GUIDE NOTES |
- - . B = 1
D. Procedure- . ' . - .
{continued) 12. Measure 200 ml of sample. | 12a, There can pe no delay between the time the sample
. is collected and the time the analysis is done.
Protect the sample from sunlight .and do not .
. - agitate it. \
. 7 12b. Use a 250 mf graduated cylinder.
« : 12c. Two hundred ml of sample are used wheh the ex- -
‘ o pected concentration of total residual ;h]erme
® : is less than 10 mg/1. *
12d. One hundred fifty m1 would bA used if the ex-
o . _ ’ pected concentration is between 10 and 15 mg/1.
M 12e. One hundred ml would be used if the expected
‘ concgntration is between 15 and 20 mg/1®
. ' i ?3.~R1nse the 30 ml beaker 13a. Pour each rinse into the Erlenmeyer flask. - .
with several portions of . " .
'Y - sample fron’ the graduated '
-7 : aylinder. .-
v——— ™ ) .
" M;.Pour the rest of the .
: sample into the flask. X
[15. Swirl the flask. " [15a. To thorougHly mix the contents. I \
d 16. Fill a 5 ml buret with ’ .
. othe 0.0282 Niodine ! . ) ! .
F 4 (C. 2.0 11c. ) . . »
. - ; ... . e K h . SN PR ‘
r 17, Rem0ve air bubbles frOm k 8 )
-c ¥ the buret tip.
, E : | _ L , g -
- . 18. Measure 1.0 ml of starch., 18a. Nse a 10 ml graduated cylinder. ) &“
"' 18. Ag 1t to the: f!ask _ ~'\ .
20, Sw1r1 the f]ask 20a. To thorough]y?rux _tf{e contents. 463
'
1(, - 21. While swwhng the flask [21a. About one” dfop per second. . .
{or using a netic 21b. *
stirrer), a he:iodine ing the'titr

4
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EFFLUENT MOKITORING PRUCEDURY : Titrimetric Detérmination: of

*

’

4

oW

v, .

Total Residual Chlorine in Wastewater Effluents -

v

T . = <El N J » n‘)‘
OPERATING PRCCEDURES STEP SEQUENGE. .‘f:sEoRMﬁTzora/OPEm*ING BOALS/SPECIFICATIONS' GB%%%‘%ES
D. Procedure .y B S : L ' o ) i
(continued) 22. At some point the addi- 22a. The co]or wﬂ] not fade on standindg fgr a few .
L ) " tion of one drop of iodine secg‘l S. - . .
e will cause formaﬁon of a e, v ' N
i blue cdlor. . ‘3 . : »
o 23 Inmedia'tely stop the ) . ) | ‘ ’
" addition of 10dine when ) . = .
this happens. N . L. . )
24. Record the ml of fodine  |24a. To the nearest 0.1 ml. .
- used from the buret. ‘ ' ‘ > . v,
) . . ' ’ ’ k ¢ §
E. Calculation 1. Ca]cu]atq the total- | | la. mg.of tota] residual chlorine per liter of, ; - "
. . résidual ¢hlorine con- . . sample = (5 0'-5A) X 200 e .
. / * tent of the samp]e in B ’ v ‘
: i ) mg/ 1. Tb. A =ml of 1od1ne used from th ‘et. - ' : -
. ) B = ml of sample , ' ;
. lc. When B = 200, mg of. total residual ch]orme per
- d‘lt?r of samp]e (5.0 - 5 A). - : ’
- . ’ »*
; . . < . ’
. . , L
L 4 - - R ~
. » . §
a . . . . ) L .’
] , , . . . ¢ v _
, * . ]
. [ 4 . A _" w
. ) ‘/ . - Ld N ‘. ’
164 - 4o I - 3 oo
.t ' ' - ' M
~ . “ i N - i Y * 46\) N 1
» ' : '! .
~ . » 3 '
. ' ) ) . - - i Page No. 15-29 '
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+EFFLUENT MONITORING PROCEDURE: Titrimetric Determination & Total, , ) ¢
. A Residual Chlorine in Wasteéwater * * e T
. ( . . tot. ) © . C
- DR S TRAINING GUIDE o s
T . o - t . R
SECTION . _ ToPIC ' | SRR
s 1 _ Introduction ' C o
-~ 11 ¢ "[Edutational. Concepts - Mathematics, !
111 ; Educational Concepts - Science ' - L
IV ’ Educational Concepts - Communications - - ‘
L SV . FieTd % Laboratory Equipment ‘ : ' T
- . A . )
VI ' *iem % Laboratory Reagents T ) !
VFII . . Fie]_d & Laboratory Analysis ° : - .

. VIIT - . Safety . . \)} . - |
.. N . 4
- / IX ' Records & Reports ’ ‘_\ , S

’ ’ - .
, .
‘ 4
s -: . : .'
) . , .
\ -
4 .
T ' - i !
4 A
7 . - ’ )
. [ i . *
N . , 2,
N4
K -~
. ‘ a4 a . 4 }
v *Training guidé materials are presented here ur‘er ‘the headings marked *. ~ ' o ‘
s . . « 4 ;:Kg\ , . .. ’ A LS
' ' . ,'1 ’ ‘"'
’ h . ; . k , . ' o,
’ ' . -
¢ ANy - » - » . '
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‘ EFFLUENT MONITORING PROCEDURE ;

.t

-,

Titrimetric. Determination of Total Residual ~

Chlorine in Wastewater . ‘
v . . / " . I ‘
— — = -
- FIELD & LABORATQRY ECUIPMENT, - ) 'Sle_ction v
. , s, TRAINING GUIDE NOTE . REFERENCES/RESQURCES
— Ty . . ﬁ ) : ' :
« A If the glassware is especially dirty and cannot be Standard Mgthods, 14th ed
~ cleaned with ordinary detergents, chromic acid 1975, p. 336, par. 2.c.2
L cleaning may be required.
co > 1..Pour 35 ml of distilled water in a 250 ml begkeéry , : .
v . \ . ‘ . - .
" 2. Add about 1/2 teaspoon (simply estimate thi .
quantity) of sodium dichromate’, NaZCr207z C A
o the water. - - : .
. '3, Swirl the beaker until the sodium dichromate
- - %as dissolved. ‘
Bt " 4. Keep repeating steps 2 and 3 until no mor@
. Sodium dichromate will dissolve.
5. Pour the solution into a 2 liter daker. ’
€. Slowly pour 1 liter of concentrafed sulfuric ! . N
. . acid, H,50,,1Tto the 2 liter Beaker. Y
. CAUTYON'_ e eyeg]assesi/m,/protective clothing.t . oL
‘ i 7. Stir the mixture thordughty. s '
2. Store 1t in a glass stoppered bott]e ’
t
, . 3. The c]eamng solutign s_hou]d be at,a temperatare ,
of about 50°C when it is used. s ~ .
10. It may therefore be necessary to warm the )
o c1ean1ng so1ut1on -
’ 11. Wher, us1ng the warm cleaning solutqon, £111 the L S
p1ece of g1assware with Phe so]ut1e\\\'- - <
~ 12. Allow 1t to soak for 2-3 minutes (or 1onger) ) -
t . ,
" 13..Pour the cleaning so]utnon back 1nto the storage W . v
.o bottle. - - : .
B
. 14. Rinse the” p1ece of glassware ten tm‘e Qith,
’ ' -tap water o ©
; 115. XThe c1eamng solution may be reused until it N
-turns green. LT ‘
. . 16. It should then be distarted:  » _ !
v . ‘e P .; (' \ i ) .
N © . Page Ho. 15-31°
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. EFFLUENT MONITORING PROCEDURE: Total éuspended (Non-FilterablQ) Solids, mg/liter

'L

v Y 4

LY

. e " This Operational Procedure was developed by:
Name Audrey D. Kroner - : ,

Adc'jress ' EPA, 0UPO, HTOTC, -Cyncinnati, Nh1o 45268 .

.,Pos1t1on C't-lnstructor

o fducation and Technical Background - ' ) ‘ -
B.A. EdgecTiff College
* _ 1 year Industrial Research Chemist
M s € years Secondary School Chemistry Instruct .
. 4 yedrs DHEW-DI Water Quality-Program Chemist
d 7-1/2 years DI-EPA-Chemist-Instructor * :
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!
EFFLUENT MONITORING PROCEDURE: Total Suspended (MNon-Filterable) Salids, . I
my/liter -
1. Objective: . R |
-
' 70 determine’ tota] suspended (non-filterable) solids on a weight (mg/liter) n o
basis. g .
:‘.‘ . . . )
2. Brjef Desc§1ption of Analysis: 3
. A well-mixed sample is filtered through a weighed, standard glass fiber filter

- disc in a f11trat5on asssmb]y. The filter disc with retained residue is dried
in an oven at 103" - 105°C until a constant weight is obtained. The difference
- between the'weight of the filter disc plus residue(g} and the original weight
. of the filter disc (g) is,divided by the milliliters of sample filtered, then
mu1t1gj1ed by 1,000,000. “The final, resu]t is recorded as tota] suspended (non-
filterable) so]1ds, mg/liter. s

3. Applicability of“this Procedure: " o
a. Range of Concentration:
. 1D to 20,000 mg/1iter 5%

<Pretreatment of Sample: o ' .

&5

The Federal Register Guidelines do not specify any pretreatment

c. Treatment of -Interferences 1n Samples:

‘.

This procedure 1ncludes directions and information about choos;ng a samp]e A
‘ volume small enough to prevent getting too much residue on. the filter.
(Th1s entraps water and prolongs dry1ng pertiods.)

[

* -
No otner,1nterferences are noted in the Source of Procedure . i

s ) ' {.\
. . N - ’
R : - - . LT
‘ . n . . . . AR . .-
- : » . . { " .
. K . . t\{ X .
. 1l ’ .
. L . \ . / (‘/‘ .
. . i [ . >
' . s ! . r.".

~ ’ , : 1 -
. . .

. ~\ . L ,
) "4 . t =
*Souyrce of Procedure: MEBthods for Chemical AnaTysis of Water dnd Nastes, 1974,

U.S.t Environmental Protect1on Agency, Methods Development & Quality Assurance
Research Laboratory, Cwnc1nnat1 Oh1o 45268, p. 268 - ‘

1
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EFFLUENT*MONITORING PROC'EDURE: Fotal Suspended (Non-Filterable) Solids,
. ' mg/liter :

L -

. Optlaram'ng Procedures:: . e -
A. Prepare the filter disc - -/ a
60 minutes in oven at 103°-105°C . .~
20-30 minutes in a desiccator : '
B: Prepare to test the sagple - . - ) ; - .
C: Weigh the filter disc oL
O. Seat the filter disc ) ‘ ¢
. Ay E. PRilter the sample . . : .
F. Wash down walls of*filter apparatus . ?
te G. Dry filter disc and residue . :
( J.l_.‘ C]ea.Qhe f1-1tirz:1t10n equipmerit ‘ . - o
’ . . 60 minutes in oven at 103°-105°C . R
\ 20-30 minutes in a desiccator : ] )
" M. Weigh filter disc and residue  * a L -
. 1* Check for complete dry.ing R ’ c ‘ '
’ ) . S ! h
o ' 30 minutes, in ovep ‘at 103°-105°C . s
4 - 20-30 minutes in a desiccator C .
. Finish check for complete drying -

» J,2 Clean filter disc supp¥rt - . . p

3 . K. Galculate total susr;ended' (non-filterable) sol‘ids, mg/liter
L., Report the data o .

[MC ' ‘1‘: . ’ ‘ Page No. 16-5
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EFFLUENT MONITORING PROCEDURE: Total Susﬁ%nded Non-Filterable) Solids, - ,\\2
. ’ mg/1iter -

e r

Equipmenb.-{:\i Supply Requirements ‘

A. iCam tal- Equ1 pment :

. \

Ba]ance, analytical, capable of we1gh1ng to 8.1 mg under a 200 ¢ 1oad

Oven, drying, for use at 103°-105°C.

- \ . .
Vacuum sourcCe or pump draw1ng 15 inches mercury

QB. Reusab1e Supplies:
1 Cy11nder, graduated, 25 or 50 ml

1 Cylinder, graduated, volume equal to or greater than the volume of
sample to be filtered,” (100 ml is commonly used. For¥sample
volumes lese than 10 ml, a wide-tip pipet can be used with a
ptg&} bulb to draw sample into pipet.)

Lesiccator (for storing filter discs on watch glasses, etc.)
Flask, suction, with side arm, 1000 ml

Hose connection from suctiongflask‘to vacuum source
Pinchcock clamp to use-|n hose I

Filter ho]der: membrane filter holder assemb]y-or Buchner funne] -or
Hirsch funnel. The filter holder should have a stopper which thS
-~ into the mouth,of the 1000 m1 suction flask. Gooch cruc1b1es may”
e used--one for each sample plus one adapter to hold the crucibles
in the mouth of -the 1000 m} suction flask.
1 Support for filter disc during drying (watch gdlasses, etc., number '
a depends on number of samples).” If Geoch crucibles are used, omit
this item. :
\ -
1 Pair Tongs or gloves, etc., to remove crucibles or watch glass from
the oven

1 Pair Forceps .(flat, to handle filter discs) ,\//}

1 Wash Bottle, squeeze type for distilled water

.

1 et Cork Borers

4
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EFFLUéNT MONITORING PROCEDURE: Total Suspe'nided‘(Non-Fﬂte’ab]_e) Solids,
' L. mg/1{ter - . :

’, "

—

L. Consumable Supplies:

Filter discs, glass fiber, without organfic.binder, Reeve Angel type1 Y
o - 934A or' 984H, Gelman'type A, Whatman GF{C or equivalent. Diameter -
should be large enough sqg disc will-cover-openinf& ip the filter '
holder to beeused. :

A )

.

s . - .
Markihg ink to permanently mark glass'or porcelain. A marking tool can
. be used jnstead. ' ‘ . , . . .

t

¥

Nojte'bo?)k, bound- A

l*l T .

Tissues, saoft (for Balance worw
J ' T

Waﬁ‘eVr, distilled

v




EFFLUENT MONITORING PROCEDURE: Total Suspended (Non-Filterable) Solids, mg/liter - ;

\

L > . ‘.
. . N T « : B i ' 4 o
OPERATING PROCEDURES STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS i TRAINILG
‘ . " ' GUIDE hOWES
4 , ’ - . A
"TOTAL SUSPENDED (NON-FULTERABLE) SOLIDS, mg/liter L ' I Y
/ P L ip'
A. Preparing the - ‘ ‘ " . ‘ e
Filter Disc 1. Gather equipmentt.— la. See page 6 for list gf/chessary equipment. The V.A.1b
. ’ : R .oven should be turned~on and set for 103°-105°C (p. 27)
, Aemperature.
. 1b. Filter disc supports (watc‘h glasses, etc.) or V.A.1c
. . ; Gooch crucibles shouggl have permanent identifica- | (p:. 27)
tion ‘marks. : s
. ' “Ic. Be sure equipment is clean,
' 2. Place-filter holder with 2a. Twist, pressing downward for'a'ir—t'ight Fit.
» . Stopper or adapter iinto the : " '
. * suction f]ask l .
- ’ . ) '
Z 3. At.tach hose. . 3a. Frorﬁ-‘;side‘arm of suctien flask to the vacuum
" source: .% . ) . ~ e N
4. Pick up a filter disc. 4a.'U>sing forceps. ' )
5. Place. fﬂter-disd-on the 5a, Wrinkled surface'of filter disc facing upward.
+filter holder. 5b. Disc should cover all openings in filter holder. .
6. Apply vacuum, \ . 6a. Gpadually, to seat the *fﬂter disc. A pinchcock
- ‘ . by ¢lamp on the,vacuum hose can be used- to regulate q-
/ ' application of vacuum. S -
6b. If a flembrane filter holder is used attach funne1
. . now and t1ghten the collar. .
7. Measure out about 20 ml |7a. In a 25 of 50 ml graduated cylinder. - ,
distilled water. ! ’ . P
’
e
4?"; . 4W7{| '
i _} -
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™ EFFLUENT MONITORING PROCEDURE: Total Suspended (Ron-Filterable) Solids, mg/1iter . . K A
A ’ . . : " . * kL ¥
, — T . : K g * TRAINING
OPERAIINQ PROCEDURES ‘STEP‘.SEQUEN)CE 0 INFORMA:[IQN/OPETATING GOALS/SPECIFICATIONS ¥ GUIDE NOTES'
A, Preparing the Filfer » ‘ . . 4 S
" Disc (Continued) - o _ - . |
T : 8. Pour the 20 ml distilled water | 8a. Vacuum still being applied. . ‘4 ‘ ’
' , ‘ on to the disc. 8b. To rinse off the filter disc. ‘
s rd ] 8c) If fibers- bf disc form a lumpy area, discard the
disc and begin again at step 4. . i~
. 9. Measure out abdut. 20 ml 9a. In the same graduated cylinder.
’ distilled water. : ‘ . . .
» . ( , v
‘110. Pour_this second 20 ml amount {10a. Vacuum still being applied.’ v L
of distilled water on to the [l1Ob. A second rinse for the disc. ‘ » N
e T disc. . . . g )
;o CT 11. Measure out about 20 ml’ 11a. In the same graduated cylinder.
. distilled water. ' T
4 _ N2. Pour this third 20 ml amount ~ N12a. Vacuum still being applied. ,‘ ! !
of .distilled water on to the# 12b. A third rinse for the disc. -t . ’
N disc. - . . ) /
' " h3. tontinue vacuum applicatton. [I3d. For 2 minutes to remove all traces of water. - df . ,
13b. If a membrane-filter holdef {s used, 1aosen the " . e
- S collar and remove the funnel. J
-~ * : . ° . /
(4. Turn off vacuum. ' 14a. Break vacuum by pushing upward on the rubber ;.
. . : ~ . adapter or stopper until air can énter the flask. .
[3 ‘ ) . ‘/\
5. Loosen the filter disc from J5a. If a Gooch crucible is used, omit this step. /
J the filter holder. o 5b. If a membrane filter holder: is used, use forceps /
L - ” - to loesen the disc. Be careful not to damage the 4
- ’ A . 9 - . . di Ce , T . Pl . . .',. //,
» v i ) ) B ’: 1 .. B / N ~
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OPERATING PRCCEDURES

STEP saeub«c&,

A. §:éparing'the Filter
Disc (Continued)

'y

17.

18.
) from dven. .

19,

20.

21,
until needed.

)

. Slide the filter disc onto
- a suitable support.

Put disc {on support) info
an oven. )

>
.
-+

Remqve disc.fdn-support)

Allow disc {on support) to
cool partially to room
temperature.

Put disc (on support) into
desiccator.

|

Store digc in desiccator

L

8

IHFORMAT [ON/QFERATING GOALS/SPECIFICATIONS

L4

If a Gooch crucible is used, remove the crucibie
with the filter disc in it. Wipe the outside
with a tissue to remove droplets of water, fingers
prints, etc. Do not directly handle "the crucible
during the procedure. Use tissue, forceps or
tongs -instead.

If a membrane filter holder is used, use a dry
watch glass, etc., to hold the disc.

16a.

16b.

16c. The filtration assembly can be left as.is for

future use.
17a. To dry at 103°-105%. O X
17b. For 30 minutes in a mechanical convection oven.
17¢. For 60 minutes in a gravity convection oven.
17d. Note: Do not open oven door during drying period.
183, With tongs or gloves, etc. '

\) [

19a. Place on clean, hea% resistant surface for about

three minutes.

A

20a. With tongs or 'gloves, etc.
20b. -Desiccant must be dry.

20c. Desiccator should Be air-tight ‘with enough room
so disc supports d not touch each other or the
side of the desiccator.

2la. Disc and §@pp9rt should be cog]ed to room tem?

perature before weighing--20 to "30 minutes.

TRAINING
GUIDE NOTES .
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» EFFLUENT MONITORfﬁE PROCEDURE: Total Suspethd (Non-Filterable) Solids, mg/liter
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OPERATING PROCEDURES

. STEP SEQUENCE \

INFORMATION/OPERATING GOALsS/SPECIFICATIONS

* TRAINILG
GUIDE NOTES

B. Preparing to Test’

-

.

4

the Sample 1. Assemble filtering equipment ' |la. E6u1pment 11st is on page
) except for filter disc. 1b. The filtering assembly us@a to prepare the disc
., (¥insing it) can be re-used at this tim “
. lc. Rinse water can remain in suction f]ask
' 1d. Filter holder or Gooch crucible adapter should be
tightly in mouth of suction flask.
le. The oven should be turned on and s!t for 103°-105°C
. temperature.
. , | ) . N
/ 2."Record the sample identiftca- |2a.:Sample sﬁéu]d be at hand before continu1ng with VII.B.2a
tion information. this test. ' (p. 2%)
ce 2b. Use a laboratory notebook. ' IX.B.2b
' » 2c. Record "identification", "type", "date and time (p. 31)
collected", and name of samp]e collector.' IX.B.2¢c
- R * (p. 31)
N . ' P A =
C. Weighing the Filter A z- ]
Disc 1. Bring forceps, record book la. Use an analytical balance.
and pen to balanmce table. ‘ - . ' .
2. Zero the balance.
3. Remove filter disc (on support)|3a. If a Gooch crucible s being used, use a t1ssue,
from desiccator. . forceps or tongs to remove it- from the desiccator
It should contain a rinsed, dr1ed filter disc.
‘14, Record filter d1sc identifica- |#4a. Gooch crucible number or watch glass number. V.C.4a
tion. . (Examples: C=12, WG-1) p.o 270 -
4b. In laboratory notebook +
. 4c. In column of the sample for- which this dise will
be used.
4d. Labeled "filter 1dent1f1cat1on IX.C.4
'45'J . {(p. 32)
- h)
. . 6.1 481
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4 ’
¢ \forceps to slide the filter disc- from the pan on
£ . to its storage support (watch g]ass, etc.).
. Return all weights on the ! ' ‘ “ !
' balance to zero position. \ - !
hd 2/ ¢ L. Y \‘
7 3 |
1 | )
s %- .
. i A R
A ! ’ ) ) 4SJ .
¢ ’ 4(:‘ ® . ‘i' . "
N | A , N .
Q ‘ .

pan.

- g . ) . A rdage NO. 10~
EFFLUENT MONITORING PROCEDURE: Total Suspended (Non-Filterable) So]ias,,mg/Jiter\
' £- - L e .
— ' : = — = 1 ———
OPERATING PROCEDURES STEP SEQUENCE - INFORMATION/OPERATIN'GXYGOALS/SPECIFICA'{IO‘.(:S Gaiéé”}bﬁ, S
. ) — - — X am— —
C. Weighing the F1?ter - | -
Disc (Continued) - i o ' v /
.. . Place filter disc on balance 5a. If a Gooch grucible is| being used, use a tissue, ~ >

¢

‘\

. Weigh the filter disc.‘

. Record the weight. \,
. . [

v

’ ' [
. Remove the.filter disc from

the balance pan.

forceps or tongs to plhc

S |
bar To four decimal ptlaces.

it on the balance paff

5b. {f a membrane filter hplder is being used, use *
forceps to slide the f{lter disc from the storage N
support (watch glass, @tc.) on to the pa

1 6b. For Gooch crucibles, yol can save weighing time by

, keeping a list of the nimbered crucibles with their

-

for this operation. \

7a. In laboratory notebook,

approximate weights so you have a beg1nn1ng we1ght

L3
LY
’
L ]

7b. In‘column of the samp]e kor wh1ch this disc wi]T

be used. L
7C ~Jabeled "weight of fwlte‘
. are used, this is the we
\ taining a filter d1sc i

fijter disc.

(g.).“

ght of the cruc1b

\
8&. If a Gooch crucible is bdfng used,
. forceps ‘or -tongs to remove cruc1b1e conta1n1ng

%
8b‘\If a membrane f11ter holder is being used, use

If Gooch $ruc1b1es
e con-

L J
use tissue,

IX.C.7 J
(p. 32)

T T &
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EFFLUENT MONITORING PROCEDURE: Total Suspende_d.(Non-Filterab]e) Solids, mg/liter
9 . ) * ' \"
OPERATING PROCEDURES *STEP SEQUENCE - INFORMAT ION/OPERATING GOAES/SPECIEICATIONS ‘ eméNrqugzs
s : : i £ : v !
! ™ ’
" D Seating"the Fﬂter . v la. If a Gooch crucible is used, put crucible and disc )
- Disc 1. Slide the filter-disc on to ipto the Gooch crucible adapter.
. the filter holder held in the |1b. If'a membrane filter holder is used, place the
. mouth of the suction flask. .. wrinkled surface of the disc facing upward on the
filter holder. =
" Jc. If a series of funne] type filter -assemblies. are
. used, be sure to write the filter disc identifica-" 4o
L. ~ tion number on the correspondmg funnel or flask.
. i 2. Ppply vacuum. 2a. Gradually, té\e]p seat filter disc. hcock
d clamp on the vacuum hose ¢an be used to r 1ate B
- » ' application of vacuum.
or 2b. If a membrane filter holder is being used, attach
- ‘e unnel now and t1ghten the collar. ° \
A \F
- {3. Pour about 5 ml distilled 3a. Yacuum still being appHed ° -
. . water on to the filter disc. 3b. Can use squeeze bottle of distitled water and e
e estimate volume. ~ ., -
: : X 3c. Wetting helps seat filter against holdeP. A -
4. Lédve vacuum on. . . . o
‘ »
5 \ ' [
t Fﬂtermg the - . ' - ' te
Samp]e * 11, Record date and time. la. In Jaboratory ,notebook . ' Y ]
, { . 1b. In column of“the sample to be filtered-. L .
. : ) Tc.. Labe]ed- "Date and Time Analysis Began." IX.E.1
. ' M (p. 32)
Y 2. Select “the vo]ume of samp]e 2a. 100 ml of samp]e is a commonly used volume.
\ N to be filtered. a 2b. CAUTION: Too much residue on the: filter will entrap|VII.E.2b
\. water and mdy require prolonged drying. If sus- (p. 2931~
‘ x pendéd SO)'I-d concentration in the sample, is
! ’ " obviouslylgreat, choose a less-than-100 ml volume |
, ‘ ' . of well mixe samp]e "y )
- . ’. .Y " - \ - o
3. Shake the sample, 3a. So Bortion used is reg‘esehtative of all the sample. . 48[.,
- . ' ) - -
] . ) =« page No. 16-13

~

o 1




K1

. . . B A ' L\ Page No. 1b-14
s\ . ] 1 N N
- ERFLUENT MONITORING PROCEDURE: Total Su;pendet‘j (Non-Filterable) _Solids,*mg/1iter e ‘e
— T . B '\/ I . s . ‘ ) - -
\ e ¢ ’ [3 . - "4 s b e \
OPERATING PROCEDURES STEP.SEQUENCE . INFORMET ION/OPERATING GOALS/SPECIFICATIONS Cg%&%“},ggc S
- - v , ) b . " - " ULl WIZO
i . ¢ - « . s .
-~ E! Filtering the ] . . ) ¢ .
Sample {Contirued) (4. Immediatély-measyre out the ! 4a. Using a graduated cylinder (use a wide t1p p1pet
. . o selected volume. ( " for.volumes less than 10 m1). .
§ T * 4b. Measure rap1d1y since solids may settle in the’ . .
¢ - i ., sample: .container while you-are filling the cylinder.
N : ‘ / 4 = ‘. 4c. If you pour the sample to above the graduations,
* ' -0 - pour that sample bdck into the bott,]e and beg1n
< e “ Lo ‘again at Step 3. ¢
L 1+ o L " i . . . - i '
i ~ 5. Pour the amp]e on -to the 5a. You should filter aH the. samp]e you meagure out .
N fMter d¥sc in the fﬂtratwn because you should rinse remaining, settled solids
assembly. out of the G¥ylinder and on to the filt .- _
. {5b. If a serdies of samples are being f.j sure - T
* yqu filter éach sample through*the c_you s :
* Vo~ wdighed and designated for 'that.sample on- the -lab ’
- ) § . data sheet ’ . "
6, R1nse any sgmple left in the “fea. With d15t111ed water. ' ,
cyhnder on to the filter disc. §b. As, requ1reda P K .
> 6¢. If ‘suspended so]id,con;entratwn on ﬂthe f’ﬂter ‘disc .
s : ] is obviously small, measure additiongl VOlumes of :
‘ ! ~ well-mixed sampTe and filter these, r1ns1ng the . )
P S . cylindgr each time. ) :
. Leave suctign on . ' : .
eave sauctiqn on. \ } N B "
. 8 Record the total ml of sample Ba In Taboratory notebop#g ;
. ‘ ; f1w \ . ‘In golumn of the sample fﬂtered . - :
" ) T Bc Labeled "m] Sample Fﬂtered " IX.E.8
- ' b ) . L (p. 32)
‘ Nap - -} . N\ b .:
™ - Y
:Ad e ' \rn‘ = . ) L ] C
* * : \: ‘ N Y ¢ . . = " vy
P o 4\/ ) - - - v . 48 i
. 4 x N - ‘ » .
N - R . - ) - . .
’ » v, 'r/*l R . : ’ .
. 7 [} - s
. O C @
» yau , " / .




" EFFLUENT MONITORING PROCEDURE: Total Suspended GNon—Fi]teQable) Solids, mg/liter -~

- . .

T

—

OPERATING PROCEDURES STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS, = GL?éLN'%'?Es

.. A+ -~ S‘

F. Washing Walls of
Filter Apparatus . Rinse walls of filter holder . A sgqueeze bottle of d1st111ed water can be used.

’ with about 10 ml d1st$41ed Estimate the 10 m} voTume.

water. . ) . Otherwisa, use a f§raduate and direct the rnse onto

/ the walls.
. Suction should be applied.

Allow time for complete . . S, e

drainage. .

. Rinse walls of filter holder . $eé information above for F.l.
with another 10 ml distilled ' -
water. 4

. Allow time for comp]ete . -
drainage. . . : .

-
L)

. R{nse»walls & 1hjrd time with - . See information above for F 1

about 10 ml distilled water. . NOTE: Thesdiluted filtrate cannot be used for a

v ) . dissolved sotids'.deterffination. .
67 Continue vacuum application. . . For two minutes to remove all traces of water.

_ ) ) b. If a membrane filter holder is used, Toosén the
" . . collar and remove the funnel. T

7. Turn off vdcuum. - . . Break vacuum by pushing upward on the rubber
' adapter or ifopper until air can.fntgr the flask.

1

489

_Page Wo. 16-15
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EFFLUENT MONITORING »PROCEDURE: Tpta] Suspended (Non-Fijterable) Solids, mg/liter ) ) ’ -
. . ’ ! N - N * [ 4
S~ J4 < , N L/
"L - [l - prawe
OPERATING PROCEDURES STEP SEQUENCE INFORMATION/QPERATING GPALS/SPECIFICATIONS TRAINIIG
B , EP SEQUENC] { "0 5 GQA\5/SPECIFICATION | GUIDE 1OTES
. ' S
G. Orying the Filter - f - .
, Disc and Residue " | 1. Loosen the filter disc from | 18. If .a Gooch crucible is used, omit this step.
s ‘the filter holder 1 1b. If a"membrane filter holder is used, use forceps
.' o . V / / ’ to loosen the filter disc. P 4
. ' . 2. Slide the filter disc plus 2a. If a Gooch crucible is used, remove the crucible .
AR ' . _residue on to its support. *  with the filter disc in it. Wipe the outside with
. , N a tissue torremove droplets of water, fingerprints, .
o D T . etc. before drying. o o
- . | 2b. If a membrane filter holder is ysed, slide the ' :
{ : filter disc on to the same marked watch glass you
Y| . -used earlier for its support.
N G ’ c. . - . . LA S
3, EE:’;t disc [on suppert) into 3a, To dry at 103°-105°C. .
oven. , . {3b. For 30 mindtes in a mechanical ‘convection ovep. YII.G.3b
., - . 3¢. For 60 minutes in a gravity convection oven. x| (p.. 29)
, L -— ‘ / 3d. NOTE: Do not open oven door during drying p?r1od'..
R ’ ™ o0 3e. NOTE: While solids are in drying oven, do .
. S . ! . , _C]eanigg the Equipment, Step 1." . A
v - C. I ' ,’-‘ - ' ' " L4 ‘ . "
. 4. Remove disc (on support) from  mda. With tongs or gfoves, etc.- VI ’ -
- pven., . - -|4b.’Let oven turned on and set for 103°—lO§?’C-temﬁeri- ,
. * PR . ture. - ¢ ' , -
—— ) - L ‘ /
5. Allow disc ;,lon support) to \Sa. Place on clean, heat-resistant surface foF about .
cool partidlly to room temper- three minutes. , ’
ature. ‘ p - - : . B N
: ! ‘ 2 ‘ ' : ) . , "9}
. . . 6. Put disc (on.support) into 6a. Desiccant must be~gry., V.G.6a .
Za desiccator. . " |6b. Desiccatar should"®e ain-fight with enough room “(p. 27)
. R so disc sypports do not tough each other or the’ : ’
. L i side.of the desiceator. S A ' R
. o 7. Allow time for disc t'o cool .{7a. Twenty to 30 minutes, . . . ‘
! 4 ()" | 'to room temperature. . . “ - ’
D QLW . e ° ! ‘.
— e >
T . e g ‘ . 391




[EFFLUENT MONITORING PROCEDURE: Total Suspended (Non-Filteraple) Solids, mg/liter « . - .

(R4

, — J /L - o
GPERATING PROCEDURES STEP SEQUENCE : INFORMATION/OPERATING GOALS/SPECIFICATIONS GE‘I‘QENI{_-‘*EES
r Wi
. H. Weighing the Fﬂter ; - C o i :
Disc and Residue . Bring forteps; record book Use the same ana]ytlca] ba?ance\you used ear]ier
. - and pen to balance tablé. . ‘ to weigh the disc.! R
. . ’ . B
. . Zero the bglance. o et :“ — .
) . Remove filter disc plus |’ If a Gooch Erycible is be1ng used, use- t1ssue, ' .
residue (qn supportg from forceps or' tongs to remove it from the desiccator
des1ccat0r NP . AN ~
. . v "y . v . ) . . '
¥ . Place- f11ter d1sc on Balance . %a. If a‘Gooch crucible is being used -use a'tissue, Y
pan. ' - ; oy forceps oe tamgs to place it on the balance pan.-
' " Y ‘ j{4b. If & membrand filter helder is bming used, use .
s R " forceps-to, g11de the filter disc from, the storage
RIS ,‘J’ . support, (watch glags, etc ). onto’ the pan.* ~ , | '
, ’ N ‘. .
., Weigh_ the fﬂ ter disc p’l’us ; ; 5a.. To four decimal p]a‘ces. ' ‘«
‘ res1due ; "¢ |5ba-"Use the "weights, of the filter" (or of the-Gooch ,
\ . RN cruciBle with flter) om your Laberatory. Data ,
. LT Sheet as a beginnin ikye1ght , el
4 // A q I4 < !- ‘ _ ¢ )
v . Record the weight. e | 6a In 1aﬁoratory notebook, . . ° e .
o : " '16b. In colut of -the samp]é for wh1ch the d1sc was lmed. -
- ’ S 6c.“Labeled "Ist. we1ghtlo?'fi1ter plusgresidue (g)." IX H.6
< - . 4f Gooch crucibles are used, this Ts the weig t- of L(p. 32)
; | ' t, -the crut1b1e containing'a f11ter disc with residue. |' -~ &

. Remove <the fijlter. disc from

the ba]anne pan

"
» . -
~ .

’ .

. Return all.we¥fhts on the
© halance-to zero positioh,

/,7a; If. a Gooch’ crucib]e is béﬁng used, remove cruc1b1e

v
containing filter disc with.residue. " .
If a membrane fi]ter holder isbeing used, use ..
forceps .to slide pe Filter dist with residue back
on to Tts support (wa'tch. g]ass, etc.)

TN

7b.

—

.

+Page

. 493

No. 16 V7




\ . P
. .

10. Weigh the filter disc plus

residug.

.

10a.
10b.

forceps to slide -the filter disc from the storaée A
support (watch glass, etc.) on to the‘pan:

To four, decimal p]aces ‘

Use the "1st weight of, the filter plus’ “residug
(g)" recorded on your data sheet ﬁpr th1s sample
as a -beginning weight.

7 ! b »
. ‘ 4.J\)

L

L ) - i .
. ; 2
1. - A ) “
¥ . T ’ ‘ ‘ A TRAINING
OPERATING PRGTEDURES STEP SEQUENCE . IHFORMATION/OPERATING GOALS/SPECIFICATIONS »'#7." | GUIDE NOTES .
I. Check for Complete L . R 2 ‘
Dryings, . 1. Put disc plus residue (on la. At 103°-105°C AR 'S0 0% QR
. ; * suppert) 1nto an oven, Ar 1b. For 30 minutes. (p. 30)
. ) > . 1" .Jc. NOTE: Do not open oven ddor dur1ng drying period. . .
, ) . r 2. Remove disc gen support) 2a. Using tonds or gloves, etc. .
\ from oyenl . L 2b. Let oven turned on and set ‘for 103°- 105 C tem- . *
' - - perature. . Y
. i , "y ”
PP 3. "Allow disc {gn support} to § 3a. Place on cdean, heat-resistant surface for about 7 &
. —J cool -partiaTly to room three minltes. . - .
<o tamperature. P . - !
, 4. Put disc {on support) into | 4a. Desiccant must be dry.:
o desiccator. ’ 4b. Desiccator should be air-tight with enough room
, a - so disc supports do not touch each other or the )
. . . . side of the desiccator. +
v" ‘ ’ . A
. 5. Allow time for disc to cool} 5a. Twenty to 30 minubes.
. to room temperature. - ’ p . .
* ‘, s ' » ) - W’
6. Bring forceps, record book | 6a, Use an analytical ba]gnce. . . . " .
' - and pen to balance table, - : . . '
7: Zero the balance: N < '
' . ; ~ ’ . ‘ -t .
8. Remove filter disc {on - 8a. 1f a Gooch crucible is being used, use a tissue, '
- support) from desdccator. , forceps or tongs to remove it from the des1ccator. .
A}
9. Place filter disc on 9a. If a Gooch crucible is being used, use a tissue,
[ balance pan. gg' forceps or tongs to place’it on the balance pan. ‘
. 4 . ‘b, If a membrane fjlter holder is being used, use . ,
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| EFFLUERT MONITORING PROGEDURE: Total Suspended {Non-Filterable) Solids, mg/liter 5 e ..
- . . - é
OPERATING PROCEDYRES STEP SEQUENCE , INFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINILG
NN . GUIDE NOTES
I. Check for Complete , s T
Drying-(Continued) |17 Record the weight.- 11a. In’laboratory notebook . )
. ) ’ 11b. In column of the sample for which the’disc was
. used. -
¢ - 11c. Labeled "2nd weight of filter p]us residue (g)." IX.I.1
. If Gooch crucibles are used, this is the weight (p. 32)
$ of the crucible contain1ng a filter dis¢ with ’ .
Y ) residue . Sy
’ }2 Remove the filter g#ﬁc plus 12a. If’a Gooch crucible is being used; remove crucible .
- ‘residue from the balance pan. containing disc with residue. "Savé this. . ,
12b. If a membrane filter holder is being used, use )
N . forceps to slide the filter disc with residue back’ L
et gka on.to its support (watch,glass, etc.). Save this.
13. Return all weights on the » ,
balance to zetro position. voe o
14. Fif the difference between % |14a. In laboratory notebook.
N th@ 1st and 2nd weights of 14b. In column of the sample for which the isc was i
the filter 'plus residue. used.-
X 14-. Labeled "difference (1Ist-2nd)." IX.1.14
. ‘L - - ' (p' 32) ..
15. Inspect the dﬁfference for  -|{15a. If the weights agree, drying was comp Tetee so the ,
.acceptable agreement of . procedure is finfshed. '
- these two weights. ) ‘The weights should ideally be cdnstant [the I1.1.15a.1
same weight, + the possible balamce error of - | (p. 26) ' '
- . 0.00019'?0.1 mg)]. Use the last %eight obtained. <8 .
. K An acceptable difference between these succes- II.1.15a.2 :
\ sive weights is no more than 0.0005g (0.5 mg). (p. 26) ;
5 _In this case, use the last weight obtained for ‘ |
*“the "final weight of filter plus resjdue (g)"
‘e on line 13 of the Laboratory Data. Sheet. - .
» . - .
“ 0 (Continued) oy
? Y4 s U . . 49 ‘\
¥ \ ~
4
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EFFLUENT MONITORING PROCEDURE: Total Suspended (Qon-Filteiable) Solids, mg/titer »

P 2

OPERATING PROCEDURES * STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS - TRAINIIG

GUIDE NOTES

~

-

I. Check for. Complete . : :
Drying (Continued) : 15b If the weights do not meet the requirements of IX.I.15

agreement, repeat this “Section'I: Check for Com-|(P. 32)
plete Drying" until you do obtain two successive .

- weights that agree according to a.1) ora.2)
above. Use the last weight obtained as the, "final
weight of filter plus residue (g)" on line 13 ‘of

. the Laboratory Data Sheet.

. Sign the laboratory(data . In Taboratory notebook,
sheet. . . In column for sample(s) you tested
) . loc. Labeled "analyst."
: Turh oven off. : '
. rd -
. Discard the filter disc plus - Unless there is some reason for saving the solids.
residue. - The filter disc support should be cleaned
’ according to "J. Cleaning the Equipment, Step 2."
- . \ . M
+ ' . >
- J. Cleaning the Equip- 1. Clean the filtration equip- . Membrane filter holder assembly: Leave disc support
ment ent as soon as possible . v in suctioffl flask, use squeeze bottle of distilled
after use (See G.3e). water, rinse disc support while ‘applying gentle-
. suction. Assembly neeq not be completely dry before

re-use.

. Hirsch flnnel or Buchner funnel: Leave funnel in
suction flask and rinse with distilTed water as
described above in J.1.la.

. Gooch adapter: Leave in suction flask and rinse
the small glass funnel with distilled water
(squeeze bottle) while applying gentle suction.
Adapter need not be completely dry before rg-use.

. Suction flask: Remove the rinsed filter holder.
Empty “the flask through the top (not the side-arm).
Rinse it with tap water. Flask need.not be &om-
pletely dry before re-use. . .

(Continued)
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EFFLUENf MONITGRING PROCEDURE: Total Suspended (Non-Filterable) Solids, mg/liter

P

—

BPERATING PROCEDURES

{

¥
STEP SEQUENCE

INﬁORMATION/OPERATINGfGOALg’gPECIFICATIONS-

TRATHING
GUIDE WOTES

ment (Continued)

"“:"id ?Ieaﬁing -the Equip-|

4 »

. Clean the filter disc support
_as soon as possible after use.
{See 1:17.b)

—

i

Te.

.

[

2a,

2b.

_ tilled water.
2c.

# ’ ~ . -

Graduated cylinders:” Rinse with distilled water
These should be dry beforesre-use.

If.stronger cleaning measures are required, -use
‘directions given in the Trainlge Guide.

Rinse with distilled water and
Crucidle need not be completely

Godch crucibles:-
shake off exc s

dry bsh.re r -

‘Disc sdpport’ (watch glass etc.): Rinse'with.dis-
Dry qp]ete]y »before re-use:

If stronger cleaning measures are required, use
directions given in Train1ng Guide. = ~ .

—

S

'V.J.Zc
(p. 27)

K. Calcylations

— ’

. Use the following steps.to ‘

calculate "total suspended -
(non-filterable) solids,
mg/liter.

—_—t- -

la.

'\
The calculation formula is:

Total sUspended ﬁolids,'mg/liter =

filterynings (3547 x 1000”x 1000

IR [( 1us residue

1b.

. ml sample filtered

The "Typaca] Laboratory Data Sheet" has the stepsl

and an example for doing this ca]cu]at1$
Numbers used in the examples below are ¥rom tht
example, in the third “Sample" column on the
"Typical Laboratory Data Sheet." )
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EFFLUENT MONITOthG PROCEDURE: Total Suspended (Non-Filterable) Solids, mg/liter -
' . . e ‘ _& iy
t - v
OPERATING PROCEDURES STEP SEQUENCE , INFORMATION/OPERATING GOALS/SPECIFICATIONS ;?Eé”ﬁh—-
K. Calculations (Contihued)
2. Subtract the "weight ofwfilter |2a. Example bn data sheet: ,/fﬁ
. (g)" on line 14 from the i ’/,~/
“final weight of filter plus line 13 - C 1413 g- .
- residue (g)" on line 18. line 14 v 0.1293 g. \\
Difference = 0.0120 g.
- ' i
2b. NOTE: This is the gram weight of the residue
. which was on the filter disc. . ’ . .
. , 2c. IMPORTANT: This gram weight of the residue {the VII.K.2c.
. difference) should.be greater than 0.0025 g. If (p. 30)
the weight of the residue (the difference) is less
than 0,0025 g, you should repeat the procedure anhd
’ . filter a larges volume of the sample so more -
residue is obtained. B
L] L J
' 3. Write the difference on 1ine 3a. This has been done for the exampTe Yin the th1rd “IX.K.3
15 of the data sheet. "Saffiple” eo]umn . {p. 32}
4. Divide this difference on 4a. Example on data sheet:
line 15 by the "m47samp1e .
.filtered" on 1ine t line 15 _ 0.0120y _ ®
a 7 decimal place”answer. ine 37_5_ﬁ¥ 0.0001791 g/ml .
4b. NOTE: This is the/gram weight of res1due in %®ach .
ml of the sample.
5. Write this aaswer on line 16. ' {5a. Th1s has been done for the example in the third IX.K.5
- : "Sample" column ~ {p. 32)°
¢ . ]
’\1,“
Y 503
7 / &
5\ :
. . . ’
K ~ 4
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EFFLUENT MONITORING F"ROCEDURE:' Total Suspended (Non-Filterable) Solids, mg/1iter

4 +

. .
, ' - PECIFICATION TRAININLG®
OPER‘ATIL\G PROCEDQRES ST.EP.' SfQUENﬁE INFORMATION/OPE*TING GOf\LS/S EC.I I‘C IONS GUIDE MOTES
K. Calculations (Continjied) e R p
" 6. Multiply the 7 decimal place |6a. Example on data sheet: » '
. answer on Tine 16 by 1,000,000 - oo, .
‘ s (Move the decimal point 6 Tine 16 is 0.0001791 g/ml x 1,000,000 = 179.1 mg/liter
places to the right). .
. 6b. NOTE: This muTtiplication converts the gram weight -
’ R + of residue per ml 'to the unit of mg/liter.
’ 7. Write this answer on line 17. |7a: This has been done for the.example in the third IX.K.7 -
- “Sample" column. (p..32)
4 . ; - .
8. Round off answer on line 17 to |8a. Example on data sheet: II.K.8a
to the nearest whole mg. . ‘ (k. 1 26)
line 17, 179.1 mg/1i#r becomes: 179 mg/1iter y
- r - v ° ' < °
9. Write this answer on 1ine 18.+ |9a. This has been done for the egample in the third IX.K.
: “Sample" column. . 1 (p. 32
) . - 9b. Records should be tkept in a laboratory notebook.
. .
. . ’
L. Reporting Data : ) )
) 1. Report total suspended ' la. On any uired record or report sheets. ‘IX.L. 1
“ {non-filterable) solids, \ ’ (p. 31
mg/liter. . .. p o .
\\ A
> ! S N .- [y
’ RN < F
» L. . \ . .
& ‘I\. . .
‘ ) ' s ¢ i *- 505
901 | .
A
, ‘

' Page No. 16-23




EFFLUENT MONITORING PROCEDURE: Cetermination of Total.Suspended (Non-Filterable) '
o0 .7 S6lids, mg/liter o :

’
. .
R
v . e '
» .
.
)

TRAINING GUIDE

< , : . .
SECTION - TOPIC : . oo .
Lo ] Introduction .
' *11 ‘Ecucatronal Concepts-Mathematics
I Eduéat;‘onaT _Conce-pts-Science‘
1 P Educational Conceipts-Comunicat'ions » ) 7
AT l Field & Laboratary équipment ) ,
i Field & Laboratory Reagents ' .
Wi Field & Laboratory Analysis | : ; , .
viIe . Safety . : , ' .
Lo C*IX Records & Reports A
\ o | )
: ™
. p |
' . , ‘ |
| Vs » . .
e -
NG - —
{
.

o0 ' ‘ ‘

Page Ho. 16-24 ' -
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FLUENT MONITORING PROCEDURE :

’ ‘ . “‘
.
'

*Solids, mg/lifer -

’

Determiﬁatﬁénxo¥'Tota1 Suspended (Non-Filterable)

_s

L4

" INTRODUCTION

—F
Section)I

! TRAINING GUIDE NOTE

-

REFERENCES/RESOURCES

"Suspended solids are imsoluble solids that are in

suspension or dispersed in water, wastewater, or
other 11quids. These are largel$ removable by
standard filtering procedures in a laboratory.

The term "suspended solids" is used here to refer
to the quantity of material removed from wastewater
under specified laboratory test conditions: The
test described in this instruction can be found in
the EPA Methods Manual on page 268, entitled "Resi-
due, Total Non-Filterable."

The amount of suspended solids in samples can be
used to 1ndicate the efficiency of primary and
final settling tanks and the quality of plant
effluént. Thus the results of this test are used
for plant control and for regulatory requirements.

This procedure to 4eterm1ne suspended solids can
also be found 1n Standard Methods on page 94, en-
titled "Total ‘Nonfi1ltrable Residue Dried at
103-105C (Total Suspended Matter)."

207

Glossary Water &"Wastewater
Control Engineeging. 1969.
WPCF Hashingtordy DC 20016

- Methods for Chemical

Analysis of Water and

Wastes. 1974. EPA-MDQARL,
Cincinnati, OH 45268, :
p. 268 . ’

»
P4

Standard Methods for, the
Examination of Water and

Wastewater. 14th ed.,
1976. APHA, Washington,
DCy p. 94

” »
[ "

-~ Paqe No:‘16—25
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EFFLUENT MONITORTNG PROCEDURE: Determ1nat10n of Tbtal Suspended (Non—Filterable) folids L

| - mg/liter _ - ' ‘
 CDUCATIONAL CONCEPTS-MATHEMATICS , - — « _ , section I1 '~ ° )
| ' . TRALMI"" GUIDE, N0 T . | perrrencrs/resouRcEs /
1.15a.1 . | EXAMPLE of constant weights that differ only by a
. possible balance error of + 0.000tg (0.1 mg{ ,
True weight = 0.1286g . ,
. . BN i . ki
. Tst wt. obtained = 0.1287g (True + Q.1 mg) . .
2nd wt. obtained = 0.1285g (True - 0.1 mg)
Difference = 0.0002g -
Thus to agree within possible balance error, the * :
difference between the two weights should not be more ' Y
than 0.0002g (C.2 mg). ) - 7
.o :
[.15a".2 EXAMPLE of an acceptab]e difference between succes- . .
sive weights where the d1fference is not more than
0.0005g (0 5mg):
/ . -
18t wt. obtained = 041287¢ - - f .
2nd wt. obtained = 0.1283g _ Ca e
DiffereMce = 0.0004g (0.4 mg) T ‘ i .
Use the 2nd wt. o#'tained 4
K.8a. - |Round1ng resu1ts to the negrest whole mg: If the Standard Methods for the ¢ ‘
. digit 0, 1,2,3 or 4 is dropped, thé preceding digit Examination of Water and
. is not altered. Wastewater. 14th ed., 1976.°
‘- .1 APHA, Washington, DC. p. 18
EXAMPLE: 1G.4 mg is rounded to .10 mg . Lot
‘ | - | U.S. EPA, Handbook for
If the digit 5 is dropped, .the preceding digit is Analytical Quality Control
) rounded off to the nearest even number. - in Water and Wastewater, -
‘ Laboratories. 1972, EPA-
EXAMPLES: 10.5 mg is rounded to 10 mg b AQCL, Cincinnati, OH 45268. .
; 11.5 mg is rouhded to J2.mg p: 7-2 -
If the digit 6,7,8 or 9 is dropped, the preceding
[igit is jocreased by one-unit. st , ¢
EXAMPLE: 10.6 mg is rounded to 11 mg /// *
[y ‘
. * 004) - .
4 ‘ .
DAY - - ‘ /

Page No. 16-26 ‘ N
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EFFLUEHT MONITORTIA PPOGEDULE:  Determimation of Total Suspended (Non-Filterable) Solids —-

mg/liter . ‘
\ : -
’ FIELD & LABORATORY EQUIPMENT ' R . Sectign V )
= N L |
. RO : FEFERENCES/PLCAIPCES
» P ’ - - -
A1b. Gooch crucibies or filter d;§g~supports (watch , 7
C.da. glasses, etc.) shculd have {dentification marks which .
will not be lost at the oven temperature.,of 103°- -
, 105°C.  Gooch crucibles with this type marking can
be gurchdsed fror. laboratory supply companies. You [ ,
’ cant permanently mark glass or porcelain surfates with r
) an electrical marking tool or with marking ink " . .
foilcwed by firing inﬂzxflame. You can_purchase the | Hamilton and Simpson, Quan--
tocl or ink, or you caf.rmake marking g0lutions of titative Chemical Analysis.
ferri¢ chloride cor ,of ordinary blue-bJack ink forti- | 1958. Macmjllan, NY, RNY
fred with a few grars ¢f dissolved igpn-potassium p. 40 :
.. tartrate. The narks are welted ontg¢’the surface by . -
. firing 1n a flame or oven. Cor
A.lc ‘fThe sucticn flask does nct reguire cleéning, Using U.S. EPA, Handbook for
‘a soft brush, clear all other equipment with scap Analytical Quality Control .
J.og, or detergent. [f stronger cleaning measures are ‘| ip Water and Wastewater
J.2c. required, soak equiprent 1n dilute acid or chromic Laboratortes. 1972. EPA-
acid cleaning mixture, MAQCL, Cincinnati, OH 45268,
. ) p. 4-7 o .
S~ After cleaning, Mwse the equipment three times with ) )
. tap water and three tives with distilled water. ’ ‘
. . The following do not have to be completely dry ) N .
before using. Goocn crucibles, filter funnels,
- filter-hclders, suction flasks.

~he following should be completely dry pefore using:
g Yraduated cy)inders for measuring sampl ilter
supports such as watch glasses. - '
.20a. Desiccants are hygroscopic materials capable of
a .fabsorbing moisture from air: Silica gel (Si0p) and- L.
. jealcium sulfate (CaSG4) are two commonly used
desiccants available-from laberatory supply companies|
These change color as they become satufated. The
rmoisture can be renoved from the desifcant by heating
1t 1n an oven. . :

. - Fage 4o, 1£-27




+ EFFLUENT éunomuq _PROGZDURE :

v

1,

Determination of Total Suspended (Non- F11terab1e) Solids,

/

s

mg/1iter -
: — — )
FIELD & LABORATORY ANALYSIS . Section VII
TRAINIYG GUIDE HOTC .4 REFERENCES/RESOURCES
=T ; 0 7 "

B.2a.

F Q

E119

’ —_

COLLECTION OF SAMPLES FOR. THIS TEST:
Samples shoutd be collected- from a preagreed site
by a preagreed technique known to all parties con-»
cerned. You should be familiar with the following -
informat™m since you record most of it on your
laboratory data sheet. You may be responsible,for
actua]]y collecting the sample; consu]t your super-
visor.

LOCATION -

Plant control and se]f-mbn1tor1ng requirements wild .
be the basis for se]ect1ng places to collect samples.
Final collection points should be such that samples
drawn there are as representative of the entire
sample §ource'as possible. Consult your supervisor.
IDENTIFICATION -

Bach collection Tocation should be assigned a number
or simple identification*tode. Use this to label
gsamples from that location and to record on the lab
data sheet.

TYPE - .

Permit requirements determine whether a grab or a
composite sample will be co]]ected, consult your
supervisor. Mark type on sample conta1ner and on .
laboratory data sheet.

TIME OF COLLECTION -
Mark time and date on samp]e container and on lab
data sheet.

CONTAINER -

The analyst should know what volume container is
required for each sample source. Containers should
be capped, of resistant (to adsorption of solids)
glass or plastic. Clean used containers by rinsing
with dilute hydrochloric acid solution, with tap
water (3 rinses) and with distilled water (3 rinses).
Shake out excess water, s

COLLECTION -

Rinse container two or three times with sample, then
collect the sample. Consult the analyst about the
volume required from each sample source. Exclude
very large solids like leaves, stjcks, fish, lumps
of}fecal matter, etc. Put cap on container.

‘-l ) P4

Standard Methpds for the
Examination of Water and
Wastewater. th ed.,
1976, APHA, WasHIngton,
oC, p. 38

Ibid., p. 40

-

Methods for Chemical Anal-
ysis of Water and.Wastes.
.1974. EPA-MDQARL, Cin-
cinnat1, OH 45268, p. xi

Ibid., p. 268




EFFLUENT 10N TQRING P OCEQURE:

.
~ -

-

Determination of Total Suspendad (Non F11terab1e) Solids,

S g/ 1iter,
: _ " - —_—

FIELD & LABORATORY ANALYSIS . . Section, VII

JTRATHING G100 HOTE FEFERENCES/RESOURCES
SIGNATURE - ) ,
Sample Collector should sigr name on container or
. label so this information can be recorded on the
lab data sheet.
. - d ”~ ’

. § STORAGE - '

’ [t is not practical to preserve and stpre these .
samples. Analyze promptly to minimize' chemical 4
and/or physical changes. -

E.2b. You want to filter a volume of samp]e suchthat pro-
Tonged dry1n% times are not required (up Ao 0.200 g) -
but that will y1eld a significant weight/of residue
(at least 0.0025 o) on the filter disc
Exper1ence with samples from the same locations will '
held you cheose such volumes.
W

One  useful guide (except for samples containing a
very .)high concentration of suspended matter, or
which filter very slowly) is to select a sample
volume “of 14 ml or more per square cm of filter
area. (Recall that for a circle, area = 3.14 times
radius-squared.) -

You can also use turbidity to estimate sample size.
If the sample has a turbidity of 50 f@intts or less,
filter a liter of sample. For turbidity greater
than 50,units, filter sufficient sample to yield

up to 50 mg and not more than 100 mg of residue.

(If you are using a Gooch crucibte, 50 mg is the
practical 1imit due to drying requirements.)

The time required for complete drying depends on
the amount and nature of the solids on twe filter
disc. The drying time given in this protedure is
the MINIMUM time to be used. .

1. If the solids have a glassy, wet appearance
after the MINIMUM drying time, increase this
drying time. -

the same/source and check them for complete
*drying fsee I. in the procedure), you could
“ choose”a smaller sample volume -for future
determinations so that a longer drying time will

not be necessary.

If youA;jutinely run this test on samples from

Standard Methods for the
Examination of Water and
Wastewater. 13th ed.,
1971.
p. 537

o

Page No. 16-29
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ggiermination of Total Suspended (Non-Filtérable)

EFFLUENT MdNI?ORING PROCEDURE:

Jids, mg/liter
L d

g

.
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.
-

FIELD & LABORATORY ANALYSIS

— I—
Section VII . .

TRAINING GUIDE NOTE

REFERENCES/RESOURCES
N A

K.2c.

ﬁége No.

O

-

16-30

The nted to verify the complete drying of the
filter plus residue is important enough to warrant
the extra time required to make this check. .The’
weight of traces of water allowed to remain in the
residue would contribute s1gn;£icant error to the
final results in this test e check for complete
drying presented 1n this section depends on 0b- -
taining a constant (sahe) weight after repeating
the heating, cooling and weighing cycle for the
filter plus residue.,

If the weight of the residue is less than 0.0025g,
there 1s not enough weight to be significant for

Methods for Chemical
Analysis "of Water and
Wastes. 1974. EPA- .
MDQARL, Cincinnati, OH
45268, p. 269

$ 4

-
1

J
Standard Methods for the
Examination -of Water and

this direct weighing method.

- Wastewater.

13th ed., °

1971.
p. 291

"APHA, New York, NY,

—
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‘U’JLUENH’ MONITORING PROCEDURE:

Solids, mg/liter .

Determination of Total Suspended (Non-Filterable). *

)

' 4
« RECORDS & REPORTS 7 section IX
) e - TRAINING GUIDE NOTE REFERENCES/RESOURCES
B.2b. A11 laboratory records must be kept for three
- years, preferably in a permanently bound notebook.
The time period is required by regulatory agencies. 3
- , s
Bs2c. . Attached as the next page is-a typical laboratory
data sheet fdr recording weights and for the
57’ later calculation of final results for suspended
solids determinations. .
e ’ .
L.la. ) Dependg on your organ1 zational set- -up, it may ~
- . be your job responsibili® to enter this data on'
§ the plant operation record, state report form, _ )
g etc. Check with your supervisor. , 7
4 ’ -—
. ’ )
' ) ? S
¢
‘ . \" .i \}
A // L \ o
- L i ~
. /
i » . , ’ %,
, ] x . « . .
L \ ) : .
A
. . N . ¥ / -
/ r ‘ % -
' 0l3
- /\‘ '
O ¥ ' . s Page No. 16-31
" . "
ERIC P .



_ Typical Laboratory Data Sheet

o '- ., .
i . = for - '
2 . . C 4
= , . TOTAL SUSPENDED (NON-FHLTERABLE) SOLIDS, mgyliter ‘
. Name of Plant’ . ’ .
. - ) 4 .
. L
STEP SUSPEYDEF SOLIDS & _SAMPLE SAMPLE * SAMPLE
N >
8.2 Identification ' N INS #1 % 1
B.2. T'ypei_(grab', Bte.) S . 4 : GRAB" 12
i . - N Y r . C
., B.2 Date & Time Collected . . ‘ 5/1/74 0900 3
"B.2 . *|sample Xotectow ' . Tom, Sampler 4
C.4 Filter. Identification ' NG2 R
E.1 @ |Date & Time Analysis.-began . ‘ 5/1/24 1100 6
" £.8, _ Iml Sample Filtered L 67.0 7
v 1st weight of Filter* , L . ' ,
H.6 7 |[plus Residue (g) T [0.1426 ?'4‘8
. 2nd weight of jg1ter* ) - \ ’
I.]] -Jmus Res]'due 0.]4]6 9
1.14 Difference (1st-2nd) ‘ v \q\o,oglo/
AY L [3 -

- 3rd weight of Filter* . - ST
1.15 . "|plus Residue (g) - ot i 7 0'].4]3. n-
— A - - — []
1.15¢  |Difference (2nd-3rd) om #7 |0.0003 12
g Final weight of Filter* . N ' los1413 113

1')15 p]us Re51due (g)s _' - ' ' '0' 43 ‘. -
c.7 Weight of Filter* (g) e |- 0123 W14 _
Find Difference (g) by subtractmg N 3
K? Line 14 from Line 13 ‘,\ 0.0120 1,-'5‘_
i Divide to 7 decimal places: N
K.5 1ine 15) difference (g) . .0.0ﬁ791 16
ine 7). ml sample 14 bered - L ' : : -
KT Multiply Line 16 by 1000 000 - > ~ 1791 o
. . (move decimal point 6 places Rt‘) L o 17
K. 9 Jéound answerhor]\“LmebU v /C' 179 mg/ {18
o nearest whole num er — . S
I 13 Analyst’ \B \ Mary-Analyst |19
Al & -
*"Fﬂter" means the filter ®isc if a fuhnel type fﬂtra\uon assembly is used, If @ochl ]
crucibles are used "fﬂter" means the crucible cdntawning a fﬂter disc.. ’. . e
. » . . "P t 4 &) ’ A 4 N ‘
Péqe No. 16-32. - li Y L
. g - ) « « R -
I:KC ! \ - - ’ b f P . H
\ - ; .
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v . A PROTOTYPE FOR DEVELOPMENT OF
‘ ROUTINE OPERATIONAL PROCEDURES

N N——
for

SETTLEABLE SOLIDS, m1/11tér
j}MHOFF SETTLING CQAAI

‘as applied in

" WASTEWATER. TREATMENT FACILITIES
and.in the

»

MONITORING OF EFFLUENT NASTEN&ZE?S

Developed by xhe T

‘ha!t1onaJ Tra1n1ng ;A;%b érational Technology Cefiter

Municipal Operations and Tra1n1ng Bivision
o Office of Water Program 0perat1ons "t
7“7’ u.s. Env1ronmenta1 Protection Agengy

. O  CH.SOL.set. EM# 1.5.77

ERIC. © 7




@ - B
*o. Et‘,UENT MONITORING PROCEDURE: Settleable Solids, ml/1iter (Imhoff Sett]jng Cone)
This operational procedure was d(e]oped by* ’ '
NAME - Audrey D. Krener S .
“ADDRESS  EPA, OWPO, NTOTC, Cincinnati, Ohio 45268
POSITION Chemist-Instructor
EDUCATION AND TECHNICAL BACKGROUND
" B.A. - Edgecliff College” S
1 year Industrial Research C]'nemist

8 years Secondary School Chemistry Instructor . .

T4 year's DHEW-DI Water puah'ty Program Chemjst »
) X

b * 7 1/2 years DI-EPA Chemist-Instructor
4 ‘ ‘
. ’ r
- \
. * 4‘/\ - .
» )
. Y
. w—_x", - L .
S * )
1]
* p - | . ’
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EFFLUENT MONITORING PROCEDURE: Settleable Solids, m]/liéer‘ (}Imhoff Settling Cone) = ‘

o

1: Analysis Objective: -

To ‘determine settleable matter on a vwme ('ml/l) basis. . . .
. 2. Brief Pescription .of Procedure: ‘_ ,
A one liter sample is poured into an Imhoff Cone and thé voTume (m]/]) ‘
of settleable solids is recqrded-after a one hour settling period. \
3, Applicability of this Procedure: »
. a. Range of Goncentration: :
The one Source of Procedure* cited in the Federal Register Guidelines does -
: not state'a range of concentratdon. This EMP includes a procedure for
cases when the settleable solids exceed the graduations 6n an Imhoff Cone. . »
b. Pretreatment of Samples: . ‘ .
* The Federal Reg1ster Gu1de]1nes do not specify any pretreatment, nor does
the Séurce ‘of Procedure*. ' _ %
i c. Treatment of Interferences in Samples: o . e - .
e . A .

The Source of Procedure does not note any 1nterferences to this deter- . |
mination. . NN .

water, 14th ed., APHA, washmgton, D.C., p..95. r . *

-

‘ 1 N~ 0

Source of Procedure: Standawd Methods for the Examination of Water and Waste- ) - |
|
|
|

@




EFFLUENT MONITORING PROCEDURE:
. ' \ | -
! Flow Sheet for Determination:
e
1. Mix sample
2. Fill cone
3: Settle 45 minutes
4. Stir gentTy or swirl

Settle 15 minutes

6. Read results

"

Settleable Solids, ml/liter (Imhoff Settling Cone)
)h
3

S
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e EFFLUENT MONITORING PROCEDURE: Settleable Solids, mg/liter (Imhofwbettling Cone)

. . " °.
7 . -
vy

‘Equipment and Supply Requiremenfs: .
A. Capital Equipment: Nome = .

¢

B. Reusable Supplies: ) L w

-

1. Imhoff Settling Cone, glass or plastic,.with or without stopcth} graduated
to 40 ml and with a graduation at 1 liter volume

2. Imhoff Cone support, 3 place . '

3. Imhoff Cone brush (or centrifuge tube brush)

4. Stirring rod, the same length as' cone

5. Timer, interval, 60 minute minimum with alarm N

'

C. Consumgble: None

‘
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EFFLUENT MONITORLNGYPROCEDURE: Settleable Solids, m1/1iter (Imhoff Settling Cone)

’

- - . »

Z
' * | I ‘ TCATIONS TRAINING
OPERATING PROCEDURES STEP SEQUENCE INFORMATION/QOPERATING GOALS/SPECIFICATION GUIDE NOTES .
SETTLEABLE SOLIDS , . I
- : 1(p. 11) .
- A. Preparation for the .,1( Gather equ1pment for detenm- la. Imhoff cone
Determination -~ “~nation. Tb. Imhoff cone support
: “- 1c. Long stirring rod
) 1d. Timer
J2.. Clean the cone and rod. 2a. If required . . '
i : . . 2b. Water drains without leaving many droplets. - V.A.2b,
- ‘ , .. « [ 12)
= 3. Bring sample to work area. 3a. Sample should be at hand before continuing with VII. A.3a.
A thfg test. - - (p. 13)
- . 4. Record sagple identification. {42, In laboratory notebook I ‘ "M AL da,
. . a 4b. In column' to be used for sample (p. 15)
L .o - ' . kc Identification, type, date and time'collected, IX.A.4.
) N : sample coHector (p. 15)
' o ’
. 5. Record cane 1dent1f1cation Ia. If more than one cone is to be in Use :
~ ‘information. ‘ bb. Cones can be numbered with a lab marking pen or -
. oo D pencil:
Ec. Record identification in laboratory notebook
Bd. In column-for corresponding sample
" {Se. Labeled Cone Identification” v %;A]g) .
. R . ’ ‘ )
B. Determination 1. Record date and time, 1a. In laboratory notebook
oo .- * {1b. In column to be yged for sample’ '
. . Tc. Labeled "Date & Time Analysis Began" IX.B.1. .
. . (p. 18)
) 020 - : S 021 .

B g ' ~ Page No. 17-7
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EFFLUENT MONITORINGiRdCEDURE: Settleable Solids, m1/Titer. (Imheff Settluinq Coneé) . ' . a )

-

e I

OPRRATING PROCEDURES STEP SEQUENCE NFORMATION/OPERATING COALS/SPECIFICATIGNS TRAINING
. GUIDE NOTES
- -] . M ‘ .
B. Deterrpination' T 2. Thoroughly mix the samp]b ?a. Use a stirring rod or swirl gent]y.‘ _ VII.B.2b.
(Continued)* 2b. Do not shake the sampie. (p. 14)
3. Fill the Imhoff Cone to the a ' ! ,
. 1 Titer mark with §amp1e. . . A
4. Set timer at 45 min.. N A
. 5.,A'How the sample to settle 45‘ 5a. in quiescent location .' / VII.B.%a.
- minutes, ) 5b. not in sunlight (p. M)
= . ‘ VII.B.5b. :
’ .. . (p._14)
6. @ntly stir the sample along fa. to dislodge sqlids clinging to inner wall. ~
the inner wa]ll of the cone, 6b. Use a long stirring rod or else spin the cone.
7. Set timer at 15 miniites. , X : ot ) -
' 8. Allow the sample to settle for )
15 more minutes. ) ’ . \ . \
t ' ) . ' ) N,
€. Results |1. Read the final’volume of, la. in ml ’ . . ’.é?} o
; settled solids, + 11b. with eye at el of surfagce of settled matter. 4 ~
1c. In rare cases, the final*volume of settled matter VII.C.lc.
may be above the 40 ml mark (p. 14)
n, 2. Record the final volume of 2a. in laboratory notebook, o, IX.C.2a.
settled solids in the cone 2b. in column yséd for that sample, (p. 15)""
. 2c. labeled "Final Volume of Settleable Solids, 1X.C.2.
ml/T1ter”, ' (p. 16)
2d. to nearest whole ml per liter.
. r A
: 520
P A\
D2,
. R 4

’
‘ Py 4w
* }
)
L} . .
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+ _EFFLUENT MQHiI!E}NG PROCEDURE : Settleable Solids, ml/1iter (Imhoff Settling Cone)

. o

OPERATING PROCEDURES

STEP SEQUENCE

JINFORMAT LON/OPERATING GOALS/SRECIFICATIONS

TRAINING
GUIDE NOTES

C. Resu]ts(Conf{nued)

. Sfgn the laboratory data sheet.

v .
..Report Settleable Solids,

ml/1iter -

3a. Labeled "Analyst"

4a. on any required record sheets,

IX.C.3.

(p. 16)
IX.C.4a.

(p. 15)

D. Cleaning Equipment

. Discard cone contents.

. RKinse the cone and stirring

rod . ,

. Complete cleaning the cone

and rod as soon as possible,

Fd v r
L 4

2a. with tap water

3a. to prevent algal growth

- ~

Page No. 17-9




TRAINING GUIDE

S

’ SECTION TOPIC
' *] Introduction
11 i Educational Soncepts-Mathe@atigs '
111 . Educational gonceptSrSCiencs‘ ,\\\
v - Edusational'Concépts-CoMnuqications
v Field & Laboratory Equipment
vi© Field & Laboratory Reagents
L2 SRR _Field & Laboratory Analyses
VIII . "~ Safety
T CO*IX O, — Records & Reports
7 ‘ ~
N
. 2
. . ’ R <

3

[

i »

*Only these sections are used in this procedure.
! ) -

Page No. 17-10
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.[FFLUENT MONITORING PROCEDURE: Settleable Solids, ml/liter (Imhoff Settling Cone) -
- hy . = \ = N B . .
INTRODUCTION - - . : . s .Sect1on 1 &
. . .
~ . TRAINING GUIDE NOTE ' © | - REFERENCES/RESOURCES
L ] * . *
Sei;]eab]e solids wolld be that matter in wastewater G]oséary Water and Waste-
which will not stay_ih suspension during a pre- water Control Enginggring.
% selected settling period (such as one hour) but " 1969. WPCF, Washington,
. .leither settles to the hottom or floats to the top. DC 20016. ’ .

In the Imhoff Cone test, ‘the settling period is one
hour and the guantity of solids is expressed by

volume Jml1/1) of settled matter. :
‘4 The test described in this instruction is Method Standard Methods for the
’ 208F, page 95 in Standard Methods. - Examination of Water and
' Wastewater. 14th ed.,

]

1975. APHA, Washington,

DC 20036. ’
. - _
|This test is used as a Control Check on the proper Richmond, M.S., et.al.
functioning of treatment pracesses. Usually, samples Simplified-Laboratory
are drawn from the' raw wast&\inf]uent and from .Procedures for Wastewater |
effluents of the primary and>secondary processes. Examination. Pub. No. 18,
. By comparing the quantity of settleable solids among | 1968. WPCF, Washington,
" |these samples, the effectiveness of removing solids DC 20016.
(and turbidity) cap be determined. Although the .

test is not quantitative, it is very useful as a
process control test to indicate the volume of sludge
which must be withdrawn from a particular process.

This test is listed in-the Federal. Register "Guide- .

, lines Establishing -Te¥t Procedures fop-the Analysis *

" ] of Pollutantg." The only reference cited for the e
: procedure is Standard Methods, 14th ed., page 95.

v -
N <o
) s
i
?
-~ - ' ,

* A

e -

[
1 ‘¢
- . B .
A
[ ]
—_— ,

7~ ¥

- " ’ \ l

.

O . .
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’ EFFLUENT MONITORING;ﬁROCEDURE; .Settleable Solids, 'ml/diter (Imhoff S)t_] ing ﬂo’nej) :
. ~ - @ \ —
Smm—— — — — =
L RS R
é‘ : > 3 PRI :
~ g . - . ’ ~ ' Pl .
) { - R ,. ~ TRAINING GUIDE MOTE - . V(EFERENCES/RESOURCES.
\ g . A : 'f.‘ - N - o' R »
o » . . LY . - ‘.
. —~ . g\ . | .
A.2b. : Us1n‘g an Imhoff tone brush, c]ean ‘cones with soap or | Handbook for Analytwa]
T /. ‘| detergent water. Bmse ?th tap water, shdke and - Quality Control in Water
. ‘ . [nvert to drain dry. ew rop]ets of water may and*Wastewater Laboratomes
. ‘Pemain on the walds of the'cone, especially if - . |#1972_ U.S. EPA, NERC,
¥ |-plastic cores are Used. 'Fh1$ is permissible. If Cmcﬁmatl, OH 45268
stronger d@heaning measuiés are required, rinse cone .
’ with dilute acid or “chromic acid c]eanln&mlxture, <1 " ,

rinse'with tap water*and drafn. (Chromic acid
cleaning mixture contains' ®@1furic ac1d and s

‘ ’ h ‘ _. . .
.~ [be used garefully. Sulfuric,acid causes seve . v
R oo burns ) . . e ) ! )

:D.2a. o It s ﬁways gosd practice to rfge equrpment,wﬂth “ fbﬁd._ T "/
B .‘ -~ o | tap water 3s soon as p0551b1e after use to facilitate SE
. “- c]eanfng o~ ] o . - ‘,.._ . - ]
. . R . ’ ~t . h N
Df3a'.‘.' , { | Use cleaning procedure described above in A:2b, }‘ .ot

< . ) d
~ o .
- ‘9 {‘ ‘- co. 3
R s
- I . .
¢ N
1
) . o .
" - '
. * ‘ 14 '3 ‘
K . .
[ ~.
<4
R (94
. . 3
» .
R W { , /
~ o
» - .
LS
[
- ‘{ .
’
‘ - f
o
7 ¥ |
d '
R
» ' -
& (e ‘- .‘ﬂe e
- \ g .
’ > rF 4
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EFFLUENT P;IB'MTORING PROCEDURE - Settleable Solids, ml/liter (Imhoff Settling Cond

rA * .- - . =
, . : . L ]
‘ N o . ’ ' “

« SECTION V1

A . . o B v 3 )

- .+ - TRAINING GUIDE NOTE . ‘ REFERENCES/RESOURCES: -

" A.8a. 7| COLLECTION OF SAMPLES FOR-THIS TEST: L

-
1 - [

Ypu shouJd be fami]iar w1th) the following 1nformat'ron - P

N since you record most of 1t on your laboratory data
">} sheet. You way be responsible for ‘actually collect- |

N . 1ng the sample: consult, your supervisor. - c ) 4

’, ; ®
>

! . Location - «» & ‘ T Standard\Methods for the
4 Plant control and selfﬁomtomnq requ1rements will Examination of Wam and

besthe basts for seTectmg’ places to collA@t samples. Wastewater. 14th ediy 1975,
Final:collection points‘should be 3uch that ‘amp1es .1 APHA, Wasthhp c
drawn“there are as representative of “the en¥ire’ " 120036, p. %8

L sample sourge as possible. Consult your supervisor.

Ident1f1gat10hs S P . 4 M
. Each_callection should be ass1gned a number or simple| . . .
\ . 1dent1f1cat1on code. Use th1s to Tabel samples from o,
that location and to record on the Tag dia sheet. Y T

vy " ] Type - ) ) 4 Ibid. o * - '
. . Collect a grab sample 1mmediately before the 'test is L -
‘ to be started Mark type {grab) on sampTe container T .
) ¢ _ |and on lab dat%st&t . . -t -
R Y RS ' B A
., - Time of CotTettion - v, .
v ] MaYk date and time onm sample contaiper dhd on. 1ab ’ i
’ data sheet . . : Wb
- » 4 . .I.' ' R L - * r‘ } v\
. “onta}ner - b Lt ] 1bid, g 0 ’ _ .4
. 1 r000* ml volume apped resistant (to &dsorption‘ R B
' |of gotids) bbr plastic. Clean used containers ~ . ©
> by Winsing driute hydrochloric agid solution, ~ ~
:?% tap water (three rinses) and with distilled, . . » ‘
at

A\ K3

o

) r (three ridses). Shake out excess water. o =
~] 1 . R

s ’ Co on -~ : -
. . » e
AR R%nta@r two or” thgee t1mes with sappie, then T oo
) . ~|co about #2000 ml-of sample. Extlude very ' Co . '
. large solids 1ike 1eave§, sticks, fish, lumps of . ", : . /

f »

’al matter, etc. Put’cap oq container. Yo

\b y S1qngture - ’ ’ . '
, Samplg Collector should s1gn flame on container or '
label so this 1nformat1on5ran be"(ecordewn the lab

data shv L w 'l‘ ‘6

'Storage- ]
‘C It 1s not pract1ca1 tQ preseryve and store these ., ° .

) Semples. Analyze promptly to minimiz€ chemical and# , : " ‘
‘ C " Tor phys1ca1 chanqes . . A
@ . ; . . T

. 8 -

" N . - . rr), ) ~
© - ‘ : 0Ly <L

ERIC  o- . . . _ Page No. 17-13
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EFFCUENT MONITORING PROCEDURE: Settleable Solids, ml/liter ,(Im‘hoff Settling Cone)

el - a > .
- N N - - e N
[ @ -
- . - [4 Al
T -

AR . i o s SECTION VII
' - . - - . “
T, . . TRAINING' GUIDE NOTE REF—'ERENCES/RESOURCESk .
. e v b s . ) .
B.2b., Entrained ai¥ interferes with settling. - . - .
» - N \ . Y . R . ". N .
9) W, ) . . - ‘ . . . “ .
. 8.5, - . Vibrations therfere with settling. - '
B.58. ! Sun§jght cam cayse heat currents in the sample wh1ch
<iaterfere wwth settling. - - > \\
e v oL ,
‘C.lc ' "It is possible to have a final volume:of se‘t‘ﬂed &
ratter greater than the 40 m1 (largest) volure ' . :
) 4 marking on the cone. If this happeny:
N . o . r ) *f )
. ., Y| 1. Use a grease or' wax pencil and put a mark on the | . - ’
\ ' outside of the cbne at the, level of the surface ¥
-/ - of .the settTed matter. . » :
’ . D N -f " . ) »
Lt ”é..“Dﬂscarg the sample from thé céne. .
.’ | 2. Using a 100 m1 graduated cylinder and tam vater,
¥ . " . . fill the cone up to the mark'you made on The & ) )
) cone. Keep & count of the volumes of water you . - .
. e ,add‘ . » - hPI . .y
- " . ] . ' "‘ ) . R -~
. r‘d, The totai'ml of water added to reach ths mark .
- U+ | .- you rade on the cone are the ml of settled » -
. g ratter you chould report as the test result, 4 .
P - . . . 3 - “
P ’ . , . . .. .
e ] ’
/‘ N ] ) Y " ’ . N -~
! <, Q . . . < , ,
. * - } , - < * \ ) .
» - . ( ;
v'/ . . - ' ) ' . ; »
.. . ' ~
R . . L S " 4 L
+ ! \J . T h - ' A
v Wy ) . ' - 1
. . ld 13
. v .
, J ,,j:) . ‘ Y.
- I » \ . . ‘
! 4 - L . ' , ‘ : X i
N Paqp No.- 17-14 \ : } .
- & ‘ :
EKC B ‘ ‘ ’ oy ' ,f./)' T . * o ‘
Mnmiivm B “ ~ V M ) , . . ' . :.
o, ”{ § N N \ { g : N 4
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EFFLUENT MONITORING PROCEDURE:

s
IR

. . , .
E .%7
— —

Settleable Solids, ml/Tfte}. (Imhoff -Settling Cone)

SECTION IX ~

e ——

TRAINING GWIDE NOTE

. REFERENCES7RESOURCES

4

A.4c.

C.4a.

D

A11 Jaboratory records should be kept in a“pes-
manently bound book. THis is especially important

' as documentation fpr any future questions about
data required by regulatory agencies. '

Attached as the nextgpage ighﬁ‘typical labaratory
data sheet for recording information about this
analysis. i .
.Depending on your organizational set-up,.it-may be
your responsibility to enter the result on- the
plant operation record, state report form, NPDES -
report form, etc..-Check with your supervisor.

}
F3
RN
Y \\\\
Y
™
‘s
A . .
> » BN
. RS
L J

»

A S

[N
¢
. ® Ll
-

9

- »
L)
— { *
g

Handbook for Analytical
Qualdity Control in
Water and Wastewatef
Laboratories. 1972. U.S.
EPA, NERC, Cincinnati; .
OH 45268

-

L

L4 -
L /ﬂj - .

t

-F
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‘Typical Laboratory Data Shget Py

e
. - .

S I S “ N\
- SETTLEABLE SQLIDS, ml/liter-
\ (Imhoff Se ®1ing Cone) ° -
v e i ’ \ '
Name of Plant :
rs. ‘ R Y, -
\ ‘ . - LT .., . ~
. : . ’ . &
STEP | SETTLEABLE SoL&Ds ~ SAMPLE S.AMPt'E SAMPLE -
. - 2
A.4, Identification. » . N ) IN # N
A4, Type (Grab, etc.) ' Y- 14 ) R GRAB
- _ — -
. 6.4. DaFe & Time Collected . - ~ T . »9/23/74 ‘9‘55
, T — — & AR , .
_/A.d.ﬁk Samplg Collector ¥ .. John Sampler
\5{5. T ‘Cbne Identifﬁcation ’ - . 2] »
'B.1. | Date & Time Analysis began . ", - . \ . i ‘9/2‘3/74‘ 19:00 '
/C.2 Firal Volume of Settleable . g ' - . .
o Solids, ml/liter . . . v 26 ml/Titer
T - . ) 4 .
C.3. Analyst . ' ' N Tom Analyst -
= : M - K
A
_/ : ‘ L3 R
DO e .,
* ‘f -
"
AN R
- - B ‘
- ‘- ) . -
. ' e
g r} () ) e R
P . LS e . ,A"’
) . v ) ) l.. A d h
| ‘ LN , 4

1 Pagé No. 17-16
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A PROTOTYPE FOR- DEVELOPMENT OF ,
ROUTINE OPERATIONAL PROCEDURES -
, 8- B
for the ’

v . .

REPORTING OF SELF - MONITORING DATA

r
*

-

24

o

- as applied in
5 WASTEWATER TREATMENT #ACILITIES

~and in the
MONITORING OF EFFLUENT HASTEWATERS

"
~

Developed by the ~

3 . s
., . s

WP.CH.EMP.2.3.77

National Training and Operational Technology Center
Municipal Operations and Trainipg Division
Office of Water Program Operations
U.S. Environmental Protection Agency

v | \
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EFFLUENT MONITORLAG PROEEDURE:

- .

This Procedure
NAME -
ADDRESS

POSITION

.-

\ REPQRTING OF SELF-MONITORING DATA .
i T c T
Y s : L

was developed by:
Charles E. Spondgle 1 -

EPA, OUPO, IITOTC, Cincinnati, Ohio 45268

1

Sanitary Engineer-Instryctor ' .
Q . . L

,  EDUCATION AiiD. TECHHICAL BACKGROUND

+

8.6.E. - Manhattan College, 1943 .

<

M.5%in CiE. -*Universify of Minnesota, 1948

~ . * -
Professional Registrafion: State of New York

With Federal ”wter Pollution Control Program since 1948, ‘With
various asgignients at-Prograr Headquarters, Regional Offices,

and Field Stations, 1nc]ud1ng positions as

Stcff Enginecr, then Ch1ef
Dznver Regiopal Office -

. v , o
Staff Engincer, then~?eglona1 Construction Grantc Prograa
Directaor, DosverwRegional Offdce

. Water P@] ity Sec t1on

Reqional Construction Grants Program Director, )
"Cincinnet1 Peuional Cffice ’ . !

N .
Director, Cglorado Diver {Q§1n Water Quality Conuru1 Project,
Genver Colorado

Induct?1a| 1astes Condultant, Technical Advisory und
Invest1g.11.5 Branch, u1nc1nnat1, Ohio -. *

*
Partieipatio in and Directibn of nuacrous in-plont industrisl
waSte savveys ond strowa studies anHew'York, Colorado,
New Ucx1C0, Maine, Ltah

itk v ootenal Training Centor, Sepiziber 1963 to cate.

‘e

- : \

. ‘ Page No. 18-3
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EFFLUENT MONITORING PROCEDURE:' Reporting of Se]?—Mdn1tor1ng Data'

1. ObJ%ct1ve. To enable thé‘student to complete the NPDES DiScharge “w
Monitoring Report, EPA Form T-40(4-74), or EPA Form 3320-1(10-/2).

Descr1pt1on of Procedure-

Self- mon1tor1ng data obtained-by a permit holder under the terms of his
permit must be reported to the regulatory agency periodically, us1Rg the
proper NPDES reportwng form. The manner 1n wh@ch such data should be '
reported on EPA Form T-40 1s 11lustrated in this procedure. Additional
nformation reguired to complete the form 1s also indicated.

Assumed conditions used to 11lustrate completion of the form are:
. «

. 3
. 1 Reporting of data on a monthly basis is requireqd.
* LY

Z Self-monitoring data developed over a period of one
gbnth 15 as shown 1n Table I, Page 5
: v . . , . .
“Effiuent Timitations specified 1n the permit are as
shown on Table-II, Page 6

”on1tor1ng requ1rements specified 1n the permit are
as shown 1 Table 11, Page 6

ath required data has been obtained 1n accorddnce
witn permit requirements. ,*‘

aqe No. 18-4
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EFFLUENT MONITORING PROCEDURE: Reporting of Self-Monitoring Data

TABLE T | !
SELF - MONITORING DATA
September 1974

e

LY

L] . ~
SEWAGE FLOW RAW INFLUENT ' FINAL EFFLUENT

4 .
Treated ) BOD5 -T.8.s. BOD5 TLS.S. Fecal
Coliform ~
gpd mg/1 mg/1 , mg/ 1 mg/1 N/100 ml

—
v

720,100 .
09,000
326,900 . ) 16
367, ' '
32300
458,500
571,000 °
508,600
146,000
253,000
406,800
519,200
328,600
413,100
699,000
703,900
806,700
_ 714,800
19 " 169,100
20 272,900
21 713,200
22 671,900
23 761,800
24 . 642,900
25 314,900
26 291,600
.27 240,700
28 478,900
L 29 525,600
30 - 670,100
Total 14,635,200
\¥ﬁyerage 487,é00.

. «
— med med md e e ea .
DB W N O w0 N Y DB W N
-
S N

—
~J

AN
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EFFLUENT MONITCRING PROCEDURE: Reporting of Self-Monitoring Data "-

A3

TABLE I

.
. —_—— l\ .
[ 4 .

v EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

. . DISCHARGE LIMITATIONS
Concentration ka/day MINTMUM )
in mg/1 (1bs/day) MONITORING REQUIREMEMNTS
Monthly ‘“eekly: Monthly Veekly Measurement Sample

€

* EFFLUENT CHARACTERISTICS ’ Average Average Average Average Frequency . Type

Biochémical'Oxygen Demand (5-day) *30 45 (70 ) twice weekly 24 hr. composite
150 : .

2 . . . ,
Suspended Solids *30 45 (?Ooj twice weekly 24 hr. composite
8

pH -"standard units - B,O-Q.O (not to be averaged) twice weekly >~ grab
“ ' * , ' - ~
Fecal Coliform - organisms/100 ml 200 ann : tgice weekly grab

Flow - mgd -2 ol DL daily ‘ recording
ot 4, N .
.,

+ The arithmetic mean*of the values $br~eiilqsgt samp]eé,measuring biochemical oxygen demand
{5-day) -and suspended solids.collected in a period of 30 consecutive days shall not exceeq
15 percent pf the arithmetic mean of the valtues for influent samples collected at aoprox1mate1y
the same times during the same period (25 pencent remova]—-m1n1mum) .

L}

* Whichever is the more stringent.




EFFLUENT MONITORING PROCEDURE:  REPORTING OF SELF-MOWITORING DATA

]

OPERATING PROCEDURES - STEP SEQUENCE a INFORMATION/OPERATING GOALS/SPECIFICATIONS

u\y

. Description of ‘ Y
_EPA Forms : 7/

- - - - - aan - —— ——
. p

£ -

Identification . Enter“Name and Address . In space provided at left of Instructions
of Permit Holder | .° of Permit Holder . . May already be entered by permit-issuing
and Discharge . authority. .

. . Enter State in biock 2a. \Use standarq two-letter postal code
labelled ST - 2b. See notes la and 1b.above.

Enter Permit number .in 3a. See notes la and 1p above.
block for same. :

Enter discharge number 4a. As identified in-permit (001, 002, etc.)

in "Dis" block. ° 4b. See notes 1a and 1b above.

. Enter Discharge code - 5a. For municipal wastewater discharges, the
.\ number is 4952. L

Xb. See notes la and 1b above.

Enter Latitude and . " '6a. If known.
Longitude of discharge. 6b. See notes la and 1b above.

. Enter reporting period in 7a.” In this procedure the 30-day period for ‘the
" dpproprajite blocks. month of Septembertis used.
' 7b. Will be specified in permit.
7c. See notes la and 1b above.
14
This portion of the report form, compTeted in accordance with assumed .permit conditiors, and
- the data of Table I, is shown-in Fig. .. .

L

[ -

540 .
8

“Page No. 18-7 .
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. [FFLUCNT MONITORING PROCEDURE: -REPQRTING OF SELF-MONITORING DATA ) .
- g * . ° . ~ * .

. - S
B o TRAINING

OPERATING PROCEDURES STEP SEQUENCE " INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NC)TES

NATIONAL POLLUTANT DISCHARGE ELIMINATION'SYST EM M

~ .
. ' MSOfARGE MONITORING RE(ORT ' Form Approved '
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C°1ty of Nonamﬁ Dept * Env1ronmenta] Serv1ces
184 Any Street
.Noname; Anystate, 12345

* lNSTRUC&'lONh

7! — . = - =4 —_—
’ ’ . 1 Provide 0(" for period cvvart?by this repor! in spaces marked ‘"REPO! 11'NG PBRIOD'®
- 2 Enterrep and values under “QUANTY ‘and "CONCENTR

\ N T - in the unxu wpecified for uch paremeter as sppropriata Do mot enter values in ben- o
_— ‘a» = y ‘——*- r— *j = 75., nlcnlkl. "AVERAGE'' 13 bvespge computed over ectus! ume discharge is opsreting ‘"MA.
. 1 i ‘ @ - . “'MINIMUM'’ ase sxtremengaiyse observed during the reporting penod. '
. .N.Q l 234 56 7. . i ! 49 Sa 470 20 '4 " i 3 Sg,qnly the cumber of enalyzed samples thit exceed lhe meximum / end/ ot minrmum as approprisle,
h— - o rﬂo—l—‘f 4 permit conditzons 1n the columne lebeled ‘‘No Ex’ . enter 'O’
e _PERMIT NUMBER L_ELJ LATITUDE o 4 Specily frequency-of analyus for each parameter as No nlynl/No doy} (og WY u.oqu‘vo
. X 2'e 2221¥ 26 2% b 26 27 (@ 29 (30 ¥ lent to 3 analyses pnlomnd every 7 deya ) 1f contznuous enger * W’ ¥
v v 5 wocuy uuple type (" gub or ‘“__ hr composite'') as spplicable If jrequencv was continuous,

f | M
¢ enter “NA"
REPOMTING PERIOD FROM 7 4; 0 l'9‘ Oi ] ' 71 4 0[ 9 3i 0 ‘ $:- Appropnsie signsture || reqmred on bottom of this form
° i MO ° 7 Remove carbon and retain copy for your records "p
(YEAR| MO | DAY | AY, 8 Fold slong dotted lines, staple and mail Origina! to olﬁle specifed n permit

s

”, . N Py Y. .8
. Flow Data. . - \ o - "
- 4 i .( ‘. - + R
1. "Quéntity" . Enter minimum and max®mum . Minimum-flow of 0.15 MGD on Sept 9 (Table I)
section. ~ flows dliring,the reporting . Maximum Low of, O 81 MGD on Sépt. 17.(Jable I)
= . period in the correspond- . % .
ing spaces on the ’ -
: “reported’ line. ' e e ] S
DA & X ONETIR
2. Enter Average flow during - Add the flows reported during the reportmg
sreponting pemod in ) period. D1v1de((h1s tota] by the pumber of
\‘?rr‘espondmg space on . floys reported: ]4 635,200
r

eported" 1ine. . From Table I‘ Average™~=

R T O49MGD
[ ‘30

Enter-on )[Permit Condutwn . If\u ecuﬁed in Pegmit, place a dash in the {
line the average and = * ‘appropma'te space or spaces?

maximum daily flows . May a]ready have . been entered by, perm1t issuing
specifed in-the permit.” .k authomty

. . -

7'
-
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o . " | TRAINING
SLFQRMATION/ CPERATING GOALS/SPECIFICATIONS i GUIDE NOTES

*
On the “Reported” line, . 4a. If none, enter "0".
in the "No. Ex" space, .
enter the number &f times 4b. If a maximum daily flow is not specified i
during the repor#ing the permit, place a dash in this space.
period that the maximum . ’
‘daily flow specified in |
the permit was e»ceeded . ’ ’

N "Concentﬁatioﬁ" . Place” dashas in the b la. May already be entered by the Permit- issuing o
section / - "Units"space wapd ig the authority.
oo b, “'No. Ex" spages on the - - //, :
ol - - "Reported" line. - I ’ : , ) -

« 3. "Frequency of . . On the "Reported” 1ine la. Daily, Weekly, Continuous (Cont.), etc.
Analysis" enter the frequency with . -

' Column which flpws were measipd

during the reporting

period. .

Y P -

.« On the:"Permit Condition" 2a. May a]ready be entered by Perm1t -issufng
* 1ine emer the frequency *authority. .
‘of f]ow measurement as ) .-
. 'spec1f1ed 1n the permif.

-

.""Sample.ije“, - Enter Dashes on both lines.
Column

-
.

This port1é/ rebort fonm_lcompleted»1n accordance w1th assumed permit cond1t1ons, and‘the data of
Table I, is in f1g 2: s

.

-
v
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cFFLUEuT MONITORIN G PROC D”RE REPORTING, OF SELF-MONITORING DATA ) ..
\'.t‘ N . o ‘ '
' = = = —
: ' , " 3 BRI AN AN
OPERATING PROCZILSTLS STEP SELOUINCE - INTORMATIO/CPERATING GOALS/SPECITICATIC!S * A GUILL LOTES,
(_ , e .
+ - . 4 -, )
. L . “h
oARAME rER "'“m:r?- . - w T L 0z 034 ::::”Mn ° CO\rENYh‘T o : o rnz;;::tcv ! 5::97\::—
. o zﬁE B . ﬂi‘::_‘._._u:‘* : AVERAGE - MAXIMUM T Jn *s :e) MIN UM :VEHA;EV *7;1?;4; ’j ;n;;v -4;:—.- .':L:.ss B TYPE N
mewzmeen , rereas Covaran '.'.T(.. L) o T e -
FLOA T e “T.f..’?f-l’sm 042 v 0.8l "D - eavarr 0 weweer esvees T onfe
L B B N - - P ‘.: E2 2223 E2 222 Loni, : _ )
. ‘ '
k Fin. 2 ’
- he . ¥ ’
) . 1] b ’ b .*r" "
~ A
r— A M » '
) ) e
D.” pHData, ~ . - . . .
1. "Ouantity” 1. On‘the "Reported" line " la. Although the- permt requwes ‘that pH be
section NP epter the minimum and ) vdetermined twicesweekty, a pH-was run each day
' : " - maximum pH values occurring . .during the month. The report form must be -~
p s|- durrng the reporting _ "> prepared on the basis of all 30 results.
, ’ period. . . 1b.. Minimum pH 5.4 on Sept. 7 (Table.l)
’ t‘" J - Tc. hjaxm‘umth)9.2 on Sept..17. (Table I)
V2 il 2 On the "Permit Condstion” 2a. Permit YequiresspH to be between 6.0 and 9.0,
> T1ne enter the m?n%:um andr’ at atl times (Table II). -
! ) maximem pH values spec- 2b. May a]réady be entered on the form by the
.- . “|* o fied 1A the permit. *  permit-issuidg author1ty .
-~ * ’
) 3. Gn the Reported Tine, ' 3a. 'The Jmaximum permit requirement of 9.0 was
.*in the "Ho £ spaceyi L L |, exceeded twice - once on Sept 17, and again
s. |- - enter the total ‘yumber of ". "ON Sep® 19.. ?ﬂh&)e\ge .o
|0 . times that-@he pH exceeded {*3b. ,The pH was less than oinimum permit
. . « [, the maximum allowed by the réquirement of 6.0 on Sept. 7. (Table'1) ° .
. permit, and was less sthan | . ' . . - '54(_,
54~Q . ! . the minimum allowed by the . . - ’
- permzt. - ] - - : .
- . ) - T
| e @
. ' . “ ’ ) ’ . v
o ! ~ __ 4

- T
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EESL VELT LT PINGEGNNE REPORTING QF SELF-MONITORING -DATA s
v ]
- - ' 2 % [
* | : : TREINING
SO S N ' STEP SET I OF T.O2O0ATIO 'i/(‘v?ERATI:‘iG GOALS/SPECIFICATIONS GUTCE NOTES
T { N B " T
. / . + H he ~ . s
*D. pH Data (coqff) ; N 3c. Permit requirements were violated a<total of
) d ) ' i 3 times during the reporting period.. A "3"
. ‘ ! shauld be epAgredmon the Form. . _ . S
? . . 3d. "If the pH had not exceeded the permit limits,
: a "o" »would be entered. .
. § ' ) .
2. "Concentration”. ; 1. Place dashes in the la. May a]r'eady be entered by Permit-issuing
‘ section Units" spase and in the authority.
'!, "No. _Ex"space on the , - -
. N | "Repoﬂed Tine. . N
’_ ‘ . ’ 4 * ’ %
3. "Freguency of. { “1. Enter frequency of la. The actual frequency of analysis is®reported.
Analysis" ! analysis during the® )
3 column. I reporting period on the 1b. pH was run each day. The frequency of analysis
e . e : "Reported" line. . ° - is reported as 7/7, which indicates that 7
* : - . analyses were performed every segien days. \
. - 2. 2a. The permit requ1res that pH be’ run twice weekl" . A
‘ (Table 'IT) /7 is entered on this line, .
, . indi that 2ana1yses were to be 2
’ W perfo every 7 days. Voo
f
" . - . 2b. May a]ready be entered by the Perm1t issuing
v i S ‘,\ . ‘authority. ‘ - -
. . , .
. 4. “Sampf%'Type" *»1. On the "Reported” Tine las A grab sample is assumed here. "Grab" is
i . column. R 8 indicate the- type of . entered. .
‘ \ ‘ sample, on which the -
Wnalysis-was perfdrmed. ¢
x " . \ :
RN { 2. oOn the “Permit Condition’ 2a. A grab samp,bis spec1f1ed (Table 11}  Enter
Y . 11ne enter the type of "Grab" . .
s 7 sample specified by the !
T permit.- 2b. ‘May already, ge entered by the Permit-1ssuing .
54 . ; IR L / o ~ authomty y ) 54:)
‘- 4 . ‘ ® .Page No. .81’
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: . ‘ TFATNING
e STe SITUINOE ‘ I TICN/GPERATING GFALS/;D'”IFICATIONS GUICL NOTES
» uin . ®
D. pH Data (cont ) . . 'Y \
» -
Th]S port1on of the report form, completed in accordance with assumed permit condltlons, and the data of
) »Table I, 15 shown 1n F1q. 3 below: - - A
S . ‘ . 2. . L
AN ’ ’ \
» AY
- [} [ ~
— L e ram - . — 4 XK1l ) 83 7 N
tomed inly » %JANv Ty | 4 card only, CONCENTRAT ON raEQuENCV awpLe L
BARAME~ER - . M MY e _ _t2 el 3k % N . W see L L ey or MPL o
R N MW C/ERAGE s CMAX MM [PV :3 N L AvEBAZE MAXiWM UM Mt :f “‘L'ss TYRE
DH ~ HE,:Q‘L: . 5&77 ) j:ﬁ"tii L 9 . 2 «SLT}(}:I‘EQRD 3 ) '7'7"" ) ) it'71717177 ) ; inii"->‘4‘_‘ Grab
CEA T ChRRERN . ' PUSUPOR I 2222 P22z
6.0 9.0 N . T ' 2/7 - Grab
19, 7
. 9
* &

E.  BOD; Data, Fingl . .
Effluent. . .
1. Computation of .i 1. For each reported g oo \ I1.E.1
Quantities © analytical result, o . L 4 . {p. 30)
. % calculate the quantity of
A BOD5 discharged in Kg/day.
2. "Quantity" A i 1. On the "Reported” line la. Minimum - 11.0%g/day ‘
" section “ enter the minimum, average, Y L ,
and maxiymum quantities Tb. Average - 37.5 Kg/day
. discharged over the ,

h, reportina period, in thd® lc. Maximum - 94 Kg/day - . ‘
= - 544 u appropriate spaces. . | .

* -
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GUIDE MNOTES

Effluent.{cont.)

. '

E. BOD5 Data, Final i _2.

+

'y
. " !
!
3.
i
}
3. “Concentration” 1.
section. .
f 4
2.
\ »
551
Q -

On the "Permit Condition”
‘line enter the average and
maximum quantities
permitted to be discharged,

~

In the "lo. Ex" column,

on the "Reported” line,
enter the number of times
that the maximum daily
discharge of B0Dg (Kg/day)
allowed by the permit has
been exceeded during the
reporting period. 7

On the "Reported" link
enter the minimum, avew-
age, and maximum BODg
concentrations observed
during the reporting -
period, " )

v
On the "Permit Condition"
line enter the average and
max1imum concentrations

*, specified in the permit.

~

2a.

2b.

2c.

Ja.

3b.

la.

1b.

1c.

2a.

20.

Average B0Dg d1scharge over a 30-consecutive-day
period is specified as 70 Kg/day. (Table II)

A Maximum da11y discharge limitation is not
indicated in the permit. (Table I1I) A dash
is therefore placed in the "maximum" space:

May already be entered by the Permit-issuing
authority.

If none, enter a "0". 4

Since no maximum daily discharge limitation is
specified in the permit {(Table I1), a dash is
placed in this space.’ ;

LY

[

Minimum - 15 mg/1

Average - 21 mg/1

Maximum - 35 mg/1

Average BODs concentration over a 30-

caopsecutive-day period is spec1f1ed a5489~mg7TT/

(Table 11)

A maximum concentration is not indicatedy in the
permit conditions (Table II). Therefore p]ace
a dash in this space. . - ) .

lay already be entered by the Perm1t 1ssu4%g )

author1ty

.o LT : Page

No.

18913

.

559
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5.

BODg Data, Final’

Eff]uenz.(cont.)

~

. “Frequency of

Analysis"
column

-

"sample Type"
column

Jhis portior of the Report Form, completed in accordance with assuned perm1t.cond1t1ons, and the data of

In the "llo. Ex"_celumn,_

the. "Reported" line, enter

the number of* tipes that

the maximum concentration®

allowed by the permit has

-‘been *exceeded during -the

reporting peridd.
. o

- On thie "Reported” line

enter frequency of
analysis during, the

‘ reporting per1od

On the "Permit Cond1t1on
line enter requi réd
frequency of analysis as
specified 1n.permit.

‘ L2

EY

On the ;Reportéa” T1ne .

" enter the type of sample

on which the ana]ys1s was
performed .
On the “Permit Conditior"
Tine: enter the type of
sample specified,in the
perm1t ‘ =! o

Tab]e [, 1s shown.in Fi1g. 4:

”

2a.

3b.

la.

2a.
2b. |

“la.
Pl

2b.

“4

3a.

1

”?WATIC%/(PEPATIHG COALS/SPECIFICATIONS .-

o .
If ndne, ‘enter a "0". ’ ”

Since no maximum concentration is specified fn
the permit (Table'II) enter g dash Tn this

space. -2 T o

A

Entew 2/7, indicating that the analysis was
perforned twice week]y @able I).

4
Permit requ1res dﬁa]X51s twice weekly
(T ab]e ). Enter 2/7.

May a]re;dy be entered By the Perm1t 1ssu1ng
Lauthority.

* -

Enter "24-Hr. comp.“ since it is ashiged in
this procedure that the data ‘has been®
in accordance with permit requirements.

'

. Enter “24 Hr comp¥" (Table II).
May already be eniered hy the Perm1t 155u1ng
authority. . "

btained -
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’ - . - " ‘ : * . “ 7 e e 09 710 M l
- ) ".) ! T ,f"s card anl‘y.* - sgulm'rwrv cees . e [:::: i . CL.QTEE’LTRAT‘OEHL 82 83 r“d::“cy [ SAMPLE ’
; 1’-? p‘“‘“E”YERv ) ' :’“mm‘u\;u - Av(ﬂAﬁ I& MAXIMUN X u-mYs ;2 ; MENTM UM I_' AVERAGE ‘-I—ﬁ MAXWMUM .{ UNITS E :C; ANALYSIS 7f jj’e_
Ve - e I L — N | S T T 4 i ;
L J I aghomren . ' - N = .
. i’ 80D - . "2 1000 375 0 9% veom by W5 20 L 380 i, 2/1__{24-Hr.Cgmp
= T ‘e . . ik .o H s . - s
SRV o | T ‘ - Lt 30 - e < 2/1._124-Hr, Caomp
b e} s — —~—~J—Qir~‘ - (0 SRR T T T -~ ., . v
v o, p Fig 4 : ' W - ‘
’ . | : - . -
. e . ¥ . ) .
™ SN o ) ’
. 1 . Iy -
x » :
’ . . ‘ v
” * . . &
- - B ~- . . L
~ . - 3 L . — -
- i ' g0 ' : * : Cr /
. K, N 4 . ~ - .
» ' -’d\ N . P S
. ! C e . b ¢ * . . o
- F. “Percent Removal ' N , . - ‘ o ) , - ,
» L4 .
BOD, l ¢ . . . . PR 3 4
) . [ ! .y t é * B . Ty .
1. Computation 1. Cglculate- the pgrcent . . Vs ITVF.]
. ) GOgp, removal fé each . . (p. 31)
L ¢ paircof 1nfluent gnd « , . . - .o
,ﬁg)S L ‘f effluent -analyses wade’ 4 < ! : A
d 3 ! during the reporting, - . .
.- period. | - v N 4 . " SR
2 ¢ i il ! ! .. . i 5 O
. ‘ ’ . . ' N
Q- ~ LY, ) * ~ ‘ . ¢
ERIC _ ! ‘,“ . . i ., < 5 '
. . . lvi ) , ) , * - Page. No. 18-15.
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SELLT . SRR REPORTING OF SELF-MONITORING DATA - .
J L -7
v
(‘ B A * ' “t ’ A
. e - ' V TRAINING
T tTER T DL C TIPS GOALS/SPECIFICGTIO GU hc NOTES
. } T s . ) .
F. Percent Removal. i . ' < ‘l
BOD,. (cont.) ¢ ,
. 5 o . ) Lo
. i . , .. -
f . 2. "Quantity” & P71, On the "Reported” 11ne tar Minimum - 777
' section : enter the minimum, ’ Ll *
. : average, arfi maximum o { 1b. Average - 87.9% . ' .
® : percent reffiovals an the B / .
, * . appropriate spaces. Te. Maximum -, 917 \
oo = ' > . [ °
I 2. On the "Permit Conditidn" 2a. There is no minimum removal requirement 1n the
‘ _ 11ne enter the minimum -, assumeg permit conditions (Table II). Enger -
o0 . and- average temovals | > a dash 1n this space.
. i required by the permits i ’ : g s
‘ : . ‘ { 2b. Average removal required over a 30-consecutive-
A - ; “day period is 857. (Table I;).' .
. ) « N 2c. May already be entered Hy the Permit-issuing
* iy . - authority. .
. 3.4 In the "No. Ex* column, 3a. There is no minimum removal requirement in the *
on the ‘'Reported" line, assumed permft conditions (Table I1). Enter N
) enter the number of times a dash in this space. . :
that the minimum percent ’
F : removal. required in the o , )
¢ , -perm1t was not obtained. ,
T S i * il Gl
3. "Concentration” 1. Epter dashes 1n the “ la. May alrgady be entered by the Permxt 1ssuing N
section v "Units"” space and in the authori@
' v "No. Ex" space on the & -
- 1 .o “Reported” Tine. y e
ys portion of tbe Report Form comp1eted an accordance with assumed po.rmt conditions, and the data of .
E ~
ble I, 15 shown 1n‘ 19. 5 ] « 558
S ) AN = .
v ‘“ ) . & »
‘ k4 ' "(' ! ~,
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PARAMETER

———t e — . — -

PERCENT REMOVAL
. BOD
| - T

I card only)

QUANT TY
» e - 3y

e see;

74 caed oply)

:o&«:su‘r
82-63% $8 ¢% - %y

4

v T
| FREQUENTY.

RATION
$4-8 11 82 433 SAMPLE

MINIM UM AVERAGE '

MAXIMUN

" MO
7 N
' JMiTS L Ex ™ MK IM N AYERAGE

43833 of
xO
pEX | ANALYSIS

T ——

v ghxieum P oumiTs i TYee

87.3 91

' | -
AR N 1

L RRRRRR rdnnnn

85

kRt h 'f""

"e'fﬁ .

N~

'
g
. . E2 2234 &4 L i st d
. v
. . N .

1
+ —v-———$ -f S —— —
AhkRhRh 4.::::(‘1 2222
. . ,
— e

.

G. Suspended Solidssy

Final Bffluent

1. Computation
of Quantities

h 4

iy

2. "Quantity”
section -
. .

¢

QA et provided by ERiC

4

v

4
i

.

For each reported

“analyttcal result,
- talcutate the quantity of

suspended solids

. discharged in'Xg/day.

On the "Reported" 1ine
enter the minimum,
average, and maximum

.quantities®ischarged

over the.regprting
period, 1n W
corresponding spaces.

Minimume- 13.8- kg/day
Average = 47.1 Kg/day ”

Maximum - 161,

oot

Page No. 18-17
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"Lq/u”_vlr;v ‘1 VT IS I

s ’ c

Suspended S§11v ‘ 'n the Permit Cond tion Za AVerﬁge suspended solyds d1scharg% over &

Final Efflyent | . | e enter tne average “30-consecutive-day pepaod 15 specifured as .
{cont )} = ' ar< max1—ur aquantities 8“ kg/ day {Table I1) ) N +

i perritted to be : o

digcharged -~ 2b. A ma«mum daily discharge Timtation 1s not

g . specified 1n the permt {Table II1). A dash

s therefare placed 1n the ‘maximum" space.

]
2c. ™May already be entered by the Perm1t-15§uﬂn9
;7~ authority: -

»
.

No o Extocolumn, 3a.- If none, enter a Q'
Reported” gine, , hd
*he number of . 1 3b. Since no maximum da11y d1>cnarge Timitatioh
that the maximum = . 15 1ndicated 1n the perm1t (Table II), a.dash
discrarge 0% 19 p]aceﬁ n this spage
oondej solids (kg/day) . ) ) : ‘

nd4s neen esceeded during 7
trasreporting period. -

n the 'Peported line A Mimimum’ 12Am§>1
enter the minimum, ’
averaze, and maximum . Averajge - 25.0 mg/}
*suspended solids concen- . .
tration observed during “ayimum - 60 mg/1
,the reparting period, 1n
the corresponding spaces LI A

.

Permit Condition . Averaze suspended spl #ds concent#at1on over a
erter the averane 30- con§ecut1ve day pﬂrf&d 1S spe!1f1ed as -
max1mum Loncén- e 30 mg/1 (Table'11). . :

rs specifved 1n the . . . NG
. 1n *Ye appropmiate
K :

Aruitoxt provided by Eic:




TPAINING
GUIDE' NCTES

Suspended Solids,
Final Effduent.

(cont.)

"Frequency of
Analysis'
column

"Sample Type"’
column.

o m e e = ——

T

In the "!o’ £x" columnm,
on the "Reported" line,
.enter the nurber of times

during the reporting
period that the maximum
concentration allowed by
the permit has been
exceeded. ’

»

On the 'Reported” lime
enter. frequency of
analysis during the .
reporting period.

On the “Permit Condition"
11ne entér reguired
frequency of analysis, as
specified 1h permit. °

+
-
.

On the 'Reported" line,

enter the type of sample .
- on which the analysis was
. performed.

On tne Permit Condition” |

“line enter the type of
sar.phe specified 1n the
permit. ‘.

, 2b.

3a.
3b.

la.

28’

2b.

2a

2b.

Since no maximum concentration is specified in

the permit (TabTe II), enter a dash in this

space.

May already be entered‘by the Permit-issuin

authority.

If none, enter a "0".

.
-

Since no maximum con6entrqtion is specified
in the permit (Table II), enter a dasih 1n

" this space.

'

v

4

3

Enter 2/7, indicating that the analysis waé
performed twice weekly (Table I).
R /

.

N '

. *Permit requires analysis ‘twice weekly
* (Table 11).  Enter 2/7.

<
v

May already be entered by Permit-issuing

authority,&

T

E€nter "24-Hr. comp.” since 1t is assumed in

this procedure that the data has been’obtained

in accordance with.permit requirements.

" May already be e

?uth0r1ty

' - . ¢

-

Enter "24-Hr. comp." (Téble . 7/

n&red by the Permit-1ssuing ~ 7
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e e o o o TPAINING
_ Trool ; e TTT Dk DT ATIC/NPID AT ING GRALS/SPECIFICATIOHS GUICE OTES .
LY .3
G. Suspended Sohds,i , ‘
Final Effiuent. i | . -
‘ (cont.) ! “ <
H - .
; Tms portion of the Report Form, completed 1n accordance with assumed permit conditions, and the data.of .
_ Table I, 1s shown 17 F1g. 6 below - . R ’
v 4 ¢ \ : ~
-~ ~ i “ ’ .}?. ..’ ;i
- _ o I el o _‘_' Y S . . o . ) 6a u- e . v
A uzenTRATON o rey TTRUERSY T e
~ PARAME *f & - . - . . NS 5.2 oF |
: : MMM s /ERAGE WA XML tawrs” :2 N UM AVERASE MMM UNITS ;2 ANALYSIS TYPE ‘ ‘
’ s 4380 470 161 _ e
SLSPENOED §ALL - ";’3" 7.1 - 61 _ K6/0RY :;’;2" . 25.0 . 60 . 2/7 24 Hr. CQmP .
. e e 80 ) - .. . 30 o= 2/7  24-Hr.Cdmp |
’ Fig. 6 . .
b 4 - .
. " ;L,rl].f._—- - e e - .
H. Percent Pemoval - : - “ o
Suspended J’ .
Sol1ds ) g ~ . ‘ .
; . . . ’
1. Computatisn F 1., Calculate the percent . ' I(I.H.l )
* “removal of suspended : p.33 (
' solads for each pair of | , N o ‘
) ' nfluent and effluent ] L .
, ana]yses made during the' , v 0 g
’ . _reporting period. i 3
2. 'Nuantity ‘ 1.. On the "Reported”.line la. Minimum - 66.6% i o ﬁaﬂh .
Na sectinn . enter the minimum, | . ) -
o ; ' averaqe, and maximum I Tb, Average - 6.5 _»‘\ -
' l'(f ‘ percent removalg 1n the ! . \ "R
9 A - . . AT . . v
torresponding spaces. la. Maximym -493.0 7¢ 5()
o '

E

Aruitoxt provided by Eic:
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- ‘e

s . - TRAIEING
=Ep sazug:.:s_‘. ) LETETION/OPSRETINS GOALS/SPECIFICATIONS , - | GUIDE QRS

Py
» 4 .

< - . -~

Percent Removal ~ . On the "Permit Condition" 2a. There is no minimum removal requirement in the
- Suspended ‘ lTine enter the minimdn . assumed permit conditiens (Table 4I). Enter -«
Solids. (cont.) and average removals ’ a dash in this space. | ’
", required by the permit. ] -
) ’ . Average removal reguired over a 30 consecg11ve—
. day period is 85’ (Table II). e

L

-

May already be-entered by the;perﬁit— ssding
authority. .

hY
i . ’
»

In the "No, Ex" column, .. There is no minimum nemova( requirement in
on the "RéPorted" line, X the assumgd permit conditions (Table IT).
énter the number of times - Enter a dash in this spaces ,
that the minimum percent ) ' .
removal re§uired in the . If none, enter a "0".
permit was not obtained. .
8. "Concentration" . Enter dashes*in the . .May already be entered by the Permit-issuing
section. ) "Units" space and in the authority. -

) "No. Ex" spa¢e on the :

"Reported” Tine. . .

4

This port1on of the form, compléete¥ in accordance w1th assumed permit cond1t10ns, and.the data of”
Table I, is shown in F1g 7 below:

4
X X1 1)

77 cded only, QUANTITY (8 coedonty) CONCENTRATION A . FREQUENCY ampLE
., 17 & . 4% . . . . L
pamameren 7 R R N R T . _‘Wf:‘_os_’_\ a LS L L Wy L tes .. . INT or 3
MINIMUM AVERAGE u’umuu €x MMM AVERAGE , - MAXIMUW ANALYSIS TYPE
. - - BN - - - - .o PR R
; N
' . . A} . - L]
et LT [T T T SN Ly Ty
RFPORTED . . ol
66.6 86.5 - 93. O -

PERCENT REMOVAL . — . = . — % . . . _ . -
SUSPENDED ®0LI10S _'p""‘ : N 85 *hhhhk . Rk RS O kR kR e ey Ve . LT LA
. - o P I LT s . B 4 N

r g

LY
N

]

\"v ) ' . . :* . ' ' L ] ’ )
56(‘ - .- ' ) 56b

-
—

) ) ) A . . . .'Paa'e No. 1R-21 .




-

3b. There is no maximum value spéc1f1ed in .the
permit (Table I1). Enter a dash in the
'maximum" space. ’

@t T YnTITARTUG PROCIDLRE: T REPORTING OF SELF-MONITORING DATA T Page No. 18-c2
- - ) N ' ' N \l ’
NI o ;o A TRAINING  °
T ) ST 2 IImi T Ir ID7oR - TION/CPERATING CQALS/SEECIFLQATIONS GUIDE NOTES
A o . 14 p LI
. Fecal Coliform i .
. . ' : ) .
+ 1. Computation - 1. Calculdte the geometric la. See also the effluent monitoring procedure 1o o
' / mean for the fecal v Calculation of the Geometric Mean of Coliform (p. 34) *
. coliform data. obtained s . Counts by the Use of Logarithms. .
during the reporting A . : . . .
- period. ’p ' .
2.’”Quant1£y“ 1. Place dashes 1n the la. Tready be entered by Wi Perm1t 1ssu1ng .
N section - "Units" space and in the authority. .
' ’ o "No. Ex" space on the
"Reported" line. ' , -
- . . .
3. "Cencentration” r 1. Enter the minimum and la. Mintmum - 110 organisms/100 ml -
section. . maximum reported results : , ) .
in the corresponding 1b. Maximum - 540 oerganisms/100 ml '
v spaces on the "Reported" . i
' line. ) A
- ' . ' / « ¢
, 2. [Enter the geometr1c mean 2a.' Geometric Mean - 220 organisms/100 ml
. I the "average" space - )
: \\\§ on the "Reported” iine. . .
\\7 | 3..0n the "Permit Cond1tion“ 3a. The geometric mean of samples ana]yzed over a /[ \
! line enter the.geometrjc ¢ _ 30-consecutive-day' period is not to exceed >
’ ; mean and maximum count 200 organ1sms/100 ml. (Table®II) hnter *200" (
: . spec1f1ed in the perhit. in ”average space. )
1~ . ' .

.




&
TET LT VTNITIRNS Pm,_JU“E: " REPORTING Of SE?:F-MONI?ORINé DATA ’ Ny
h N B - ' [} .
— —
e * e , ) TRAINING
STTETTTIZORRCITIUTE SiEF SENTCE CTTOTTATION/ OPERATING COMLS/SPECTFICATIONS GUIDE MOTES
] . K . 7 A
I.  Fecal Co}iform. 4. In the "No. Ex" column, 4a. If none, enter a "0".
(cont.} “on the "Reported” line,
| . - enter the number of times | _ 4b. Since: no maximum count is specified 4n the '
, .during the reporting permit (Table II) enter a dash in this space.
' ‘ period sthat the maximum .
+ count a¥lowed in the .o /
perrmt has been exceeded.. , i~
> "Frequency of 1. Enter frequency of la. Enter 2/7, 1nd1cat1ng that the analysis was :
Analysis" analysig during the performed twice wgek]y {Table I%"
column ' . | reporting period on the
N —— TL "Reported! 1ime: - - - 4 e ‘«*“ S
2. Enter required frequency < 2a. Permit Pequires analysis twice weekly
. ' of. analysis, as specified | (Table II). . Enter 2/7.
in permit, on the - )
] "Permit Condition" line. -
5. | 1. Enter type of samp]eion . la.» Entet "Grab"! since it is assumed jr; this
which the analysis wds sprocedure that the sample has beerd ohtained -
. performed. . in accordance with permit requirements. . .
' [ 4
po ¥ion of the form, completed in accprdance with assumed permit cond1t1ons, and the jata of - = ,
Tab]}e I,\is shown in Fig. 8 below:
- , L ) .
. { ° \
i !Ann:er:l Y‘L”_“—i;"z’ S L‘H_gu:_"—.:..”' L84y ) :“‘7—:""" ‘(i.O:G.CENTRATIO':“..” .7 o a3 "fO::"CV shurLe
F ‘ j MINIMUN T AVENAGE w4  MAXWMUN j umiTs I"j ' ! AVERAGE I MAXINUM unITs :: ANALYSIS Tree
o = - D eeronrie | aveers T aveses ] Lover | i S T
| * FECAL COLIFORM i - 220 - 54Q~_Hf,/1om - 2/7 Grab
] L . ! Tt : [1 22 1 o (22 22 2] -200 _ S . 2[] GRAB
' .. ' / -
4 / ' . 5,
- 57 . ’ ” - oo X1
271 , . 572
[} -~ : A ‘ ‘
e . Page No 1§323 .
+ .. .

4

«
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1. The completed form must
be signed by the ranking
elected official of the

J. Signature

s

.....-.4”.......__._._..,._

municipality, or other J .
duly authorized . - .

= municipal employee. ‘

2. Complete the fqur spaces 2a. Hame, title and signature of ranking elected ’
provided at thé bottom official or dulw authorized employee; and date - . to.
of the form. . 1 of completion.
' 3. Forward completed form ° |. 3a. The entire Form, completed in accordance with

. to permit-1ssuing . “the permit conditions assumed for the purpose
authority in accordance of this procedure, is shown in Fig. 9.
with reporting -

. Instructions specifiel y
. // nopermit. 7 -




NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

DiSCHARG E MONITORING REPORT Form Approved
QB NO 158-RO073
7

City of Noname, Dept. of Environmental Services
184 Any Street

Noname, Anystate,. 12345 . ¢

INSTRUCTIONS ; ,

Provide dates for period covered by this repornt in speces marked ''REPORTING PERIOD''
_J Enter reported minimum, average and meximum values uader “QUANTITY'' and “CONCENTRATION"
(12 18 = 10 the units mpecifisd for esch parameter ss sppropriste Do Rot enter values in boxes containing
" r nmnks "AVBIAG! ' i average computed over actual time discherge is opersting '‘MAXIMUM''
i " ° . " “MINIMUM'® ste extreme vaiues observed &u::: the rq»rual(por;»d.
{ Q So!dly the sumber of analyzed samples that sxc the and/or a )
00] %495 47%0 98 26 ] ] pomn conditions in the columna labeled ‘'No Ex.’’ If none, enter ‘'O’ . .
o L% LaTiTuoe LONGI TUDE Specify [requency of analysis for sach parameter as No unyns/lln d-y: (e g, "7 is squiva-
' i fent to 3 anslyses p-rlomod svery 7 deys ) If continuous enter “CONT
v (222W 243w J (L6 27 136 29} (M0 B0 wccu? u-olc type (“'grab’’ ot " Ar composite'’) es mpplicable. If troqnncy wss continuous,

snter
meronting perioo reow 17 141019{ 0111 410191310 Awropﬂ-u signature |8 required on bottom of thim fopm
N YEAR] mo DAY - YEAR] MO DAY Remove cerhon and retain copy for your records
2] bt Fold aiong dotted lines, staple end me1] Onginel 1o office specified 1n permiL , s

132 9 < i . (99-03: (98 70;
(3 card enly) QUANTITY (4 card only) ONCENYRATION v FREQUENCY

13 aw (R 2Y eee i RN a% LIRS ©oF SAaMPLE
[
MINIMUN AVERAGE MA XIMUM o MINIMUM AvVERAGE MAXIMUM ANALYSS Tyre

PARAMETER

hd AERARE ez vy ARRARy

nk-ouv:o .
0.15 0.49 0.81 w0 . Cont.

PR T KAAAER e Rry rarawe T et Y

coNDITION -\ - . N 3 Cont. b

neronsep 5.4 . 9.2 Szﬂgggn Laad il kR whway 7/1 Grab

Bt 6.0 9.0 rAAy RAAn o wawkaw L 2/1 (frab

MEPORTRO V -
e | V.0 | 375 | 98 gy (= 15 | 2 35 E 24-Hr.Cdmp
B compimon | " 70 I 0 B - ] - 3 24-Hr.Cqmp

: L2 a 222 1222227 L2242 2 1] 222177
.

/ ALFORTRO
PERCEN REMOVAL 77 87.9 91 .
BOD » e T 2T [T 2y L 22222

5 CONDiTION - 85

. - ' 1 :
REFPORTEOD . 4 . . -H )
SUSPEKDED SOLIDS —— "1*3"8 I.1 13— KG/DAY ""] i 25.0 60 ! 24-Hr.Comp

CONOITION . 80 » ' - s - 30 - : ’,‘ 24-HY‘.C mp

meronTEO Ry iarn oo - Ny
PERCENT REMOVAL - 66.6 86.5 93.0 —

SUSPENDED SOLIDS c::::‘,;N - 85 R Rae AR hrany Ribth ] worhaan

[ AR el LeLE ) 110 ’ 220 Grab

LT
CONODITION

- ———— — - - - - —_—

s

. FECAL COLIFORM

A raRAE rxadn "ERNAY 200 GRAB

NERPORMTRD

3
. | ¢CoNoition

MAmE oF l’mnanAL !xlcunvt OoFFICER T+TLE OF THE OFFICER DATE

1 certily that | an [amilisr with the infemation contained in this

[ t wi and balie! such nto *
John J. | Maxor‘ 7[ 4]0[91 3L0 m:,.:,:: :,:7,:".:4‘::5?,:,:‘” ot eugh nfor SIGNATURE OF PRINCIFAL EXECUTIVE
BT el " »mﬁfi — e YEAR MO DAY ) . OFFICER OR AUTHORIZED AGENT

T80 (674 - PAGR 1 oF

Elk\l‘c ' . Fig. 9

r~
: Page No. 18-25 (
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EFFLUENT NONITOP WG PPOCEDURG:  REPORTING OF SELF-MONITORING DATA

-

\

'

.

INTR@®DUCTION

$Section [

T

TRATTING *CHIDE OTE

h

FEFEREMCES/RESCURCES

«

Holders of discharge permits issued by the U. S.

L4

' Environmental Protection Agency are to report

self-monitoring data-either on EPA Form T-40

(Frg. 10), or on EPA Form 33201 (Fig. 11).

Form T-40 will- be used temporarily, and will be
furnished by EPA to municipalities for reporting
purposes. The T-40 form shown 1n Fig: 10 consists

of the 3320-1 form, which has been preprinted

" fbr the reporting of data ﬂor basic paramefers

common to all minicipal wastewater discharges..

. As information for each municipality'is incor-

porated into EPA's computer system, form 3320-1
w1]].rep]ac¢ Form T-40. For data reporting, é
municipality will then receive from EPA Form
3320-1 on which the effluent parameters specific
to that municipglity will be computer preprinted.
Until that time, however, data for any add1tiona1

parameters tg‘be reported which are.not now 1n-

Cluded in the preprint on T-40 will be entered

by the municipality, using as many additional
p]ank copies of_the forrm as are required. =

Completion of form T-40, is illustrated in this
procedure for the basic parameters, assuming that
permit conditions are as indicated in Table iI.
Report1ng of add1t1ona]'parameters'would be done
1n a manner similar to that i]1u§{rated(

A\]

Page No: [8—27
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Aruitoxt provided by Eic:

NATIONAL POLLUTAN

ISCHARGE ELIMINATION SYSTEM

Page No. -

Form Approved

. DISCHARG € MONITORING REPORT .
* OMB NO. JQ-RI)W*
M ) .
- ' R . .
A .
- N "y [y . .
. v, INSTRUCTIONS i
. .1 Provide dates for period covered by thie report in spaces nukod “‘REPORTING PERIOD"
L _J N 2 Enter reportéd um, sverage and mazimum ulnn under “QUANTITY’’ sad ‘‘CONCENTRATION'’
: PRT in the unite fied for each parsmater ee sppropriete Do not enter values in boxzes containing
— — N essterisks. ‘A GE’’ is aversge computed over sctual time discharge is operating ‘‘MAXIMUN’’
I ! ! and “MINDMUN'’ are sxtreme values observed during the reporting périod
i { 3 Specily the mbcr of .ulnod nnpln that n;nd the .ag/o; an P
P permlit diti thé led ‘‘No Ex.’’ If none, eater 'O"".
ST 5. 7} PEMMIT NUMBER LaTiTUDE LouBiITuoe 4 Specily (requency ol snalysis for each perameter as No. nulnn/No dayl. (a8, Y7 u nqu)n-
. " . fent to § analyssa performed avery 7 daya ) 1f continupys sater "co
. (LR L L2 LA MMM‘ . s uocll‘y .-ph type (‘‘grad’’ or *__he composite’’) as sppliceble.’ If fnqu'u‘cy wes condnuoul.
. enter ‘‘NA"
- REPORTING PERIOD FROM To - i | ] d on bottom of thie form.
B vear] wo- ~Y - 7 Remove carbon end retsin copy for your records -
e € Fold slong dotted lxnnl, atapje and meil Onginal to office specified 1a pemit.
Ny A - 184-08) 109 70}
QUANTITY (4 caed only) CONCENTRATION FREQUENCY SANPLE
PARAMETER L4 R I 3A l:o' 198-4W l.‘lll is48 U N (lNl-°’: oF
-~ AVERAGE MA XIMUM uNITS ex MINIMUM AVERAGE MA XIMUM £x ANALYSIS TYPE
mEPORTEO ‘ . (22222 Ak drdrird ThRAn
Moo ¥ .
FLOW ¢ . mERMIT (22230 | haRkhn RNAAR é
~ COMNODITION
. ? . REPORTEO whAARh STANDARD RANRRR Rikihn 12221
' H UiITS
I 4 PERMIT La 202 2] Lt il Ladiiad ARRRRA \
conoiTioN
REFORTED
BOD . KG/DA¥ : -
5 PERMIT LA ' (223227
CONDITION "
neronTEo . RNERRY L) ‘a- VOO
PERCENT REMOVAL * 1
BOD - . . FERMIT e aes kR Ah ARRRAR P P Ts e
g < comMODITION N .
) Y5
N;FDNYID . s
SUSPENDED SOLIDS P —{KG/DAY povves
. CONDITION A}
. %
N , REPORTED N P2ttt e e de ] ARRRAN ririarkd
" | PERCENT REMOVAL e — q - :
$SPENDED SOLIDS conorron TRk hirk . ARRANE ARRRRE ';tttﬁ ﬁf“t
REPOR Y)D 2420 ¢ BEE 22712 TN s .
FECALEOLIFORM . . — /1008
FEmaT ARRRAR el Rt l GRAB
CONDITION '
e T
mEPORTED" .
’ [
" PERMIT
‘ .
CONDITION 1 .
TITLE OF THE OFFICER e :

MAME O# Pmuc-—u. :izcunv( OFFICER

i |

L]
{ cortity that I' am lidr with the

R
LAST FIRST

Yitee YEAR. O

OAY

repgrt and that to #a best of my kno wtedge and an such Infor
wiation la truq, complete, and -cwnu.

\

SIGNATURE OF PII’!CIPAL EXECUTIVE
OFFICER OR AUTHNORIZEOD AGENT

T-40 (474 ' .

PAGE or
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- N - R . R . ,
~ - - D : - N ‘g
' " . .  NATIONAL POLLUTANT DISTHARGE ELIMINATIONIIGSTEM ‘ . ’ -
' ¢ . . . ' : DISCHARGE MONITORING REPORT . . Foem Approved
° . ¢ ' . . OMB NO_ 158-R007 3
LI 'A : ‘
. J ¢ Ins Id . . »
’ T ¥ ' ..
4 . ' ..
. . LY . ‘ . . . « .. . :
- - . . . . . o
. . 3 . N 4
. . . )
L . oL INSTRUCTIONS .
i « ' . N v . 3 ‘
i ‘ . . ' . 1 Provide detes for period covered by this weport in speces merked ' TING PERIOD"'
Y
" A . . _J 2 *Enter reported minimum,' sverage and meximum values under ''QUAN' *'sand **CONCENTRATION"*
.e . e et . . 1n the units specified for sach parameter as fopriste Do not enter vslues in boxes containing
e s e e s e + 2 ¥ ‘ asterisks. ""AVERAGE'’ is saverags computed over sctual time discharge is“operstipg. ''MAXIMUM''
M ' ‘ ’ . and *“MINIMUM'’ sre extreme valyes obssrved during the reporting period .
. i i 3. Bpecify the pumber of analyted sampley that exceed -the maximum (and/or munimum aa priets)
i « P kS
7 sroo st ooy — = permit vonditiogg 1n the columas labeled ‘'Ng Ex.’" If none, enter *'O"’ .
N\ PERMIT NUMBER } oS sic LAmMTUOE LONGITUDE 4 Specily Irequency of agslysis for each parameter as No -n-lyle-g;)w:nys (@ g.""34(7" ia equiva-
’ - e . . R leat to J analywes performed every 7 deys ) If continuous enter '’ :’
LRl , 22 23 2428 26 27 26 285 (% !n' © & 5 Specify ssmple type (“grab’’ or ‘.. Kr composite'’) as spBlicable If frequency wes continuous,
P - | H i LA Lenter 'NA"" N R
> REPORTING PERIOCD MRom | | P To . 6 Approprists eignsture 1s required on bottom of this fo ¢ - .
! N b—gl;\*‘i—‘L-“F‘—:‘* .o Ei”‘ Ay . 7 Remove carbon and retein copy for your records - .
¥ o 8 \ [YEARd MO | DAY | £ 8 Fold slong dotted lines, staple end meil Onginel to office specified in permit
2P W .. ‘ ! - - . . B “ isesa . 65 70
m L * o] T3 cordonty) QUANTITY (¢ card anly) CONCENTRATION FREQUENCY -
L ' ,ARA“E\\E,‘ H 3 en 6 53 e 12 831138 43 coe 83 1S40 62 *oF SAMPLE
- ' t ) \ NO .
. : ‘ L NN 1 MINIMUM AVERAGE | MAXIMUM :: © MINIMUM AVERAGE MAKIM UNI TS £x ANALYSIS v TYRE
[ - - b rer] i -
. . —F ¢ v N N P
. i . ,“ ' . i -
. . REPORTED ' L 4 » N
. . . i ¢ M ¢ P
i . b
- N » ; - . PERMIT [ 3 ' g
R | ) - . AR N
. Copsewemen %L . 4 UMA.
. . ‘ L i i ] v v . .
- . * mepogres | ;- . VoL,
. . . . N - [ Lf;"““ . . o i | .
. ‘ 7 ' P E R T ' o * oo N .
' CONDITION 1 . o | )
RS v- e e - — PR s ;
. ' : B 4 -
. : } . . . RmeponTro ‘ . R ) 7
. P TR el x I
[ PERMIT ) \ [y R
v . N . b conoiTiON | . N ‘
. . i . - G L= e — 1
4‘ ' l ’ REPORFED : -
, N ' S e | - e o
o S : S ' 4
. | congTidn | . R
. ‘ ! nEPORTED | ’
KT LR Beas T
» ’ v CONDITION ' - .
‘o L R AN U T
U N ! 3 . .
o i | REPORTED | N - -
g . S N g : :
. ' PEAMIT i e | [
. . - ¢ tok ! . .
' . -, . CONOD ncj 74 o * . .
: - 4 “* | nesonren | . P .
i N L—*“'A’ . - < L — e
' | PERMT k h . .
| coNnDITION ! - h , >
Lo + . -+t - SR sttt Skt i e
. - i
! . \ — s } mrpomsteo ..
! - . [ - R T S
. ¥ . M . ! X IVIRG ' - - .
| . . - conoifion « N
o \- — - - - P 1 } -
HAME IF PRINCIPAL EXECUTIVE OFFICER \
- & P ’ f certify thet f am familiar with the infomnetion contatned in lh'ls
he M report and that to the beat of m) krowledge end belief such infor- ———— 3
%« ! N _| metion iz true, complete, and atcurats - K THGNATUNE OF PRINCIPAL EXECUTIVE
LAST ‘,\ FIRST “m . roo . OFFICER OR AUTHORIZED AGENT
[t 1 g e e e - v
> EPA Form 3320 1010 72 ' . ) . . f R PAGE or
RIC : ‘ : \ - L ‘ § o
’ ) i <
. . TR , . Page No. 18-
. ¢
. : ) : , . ,
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EFFLUENT MO:ITOPING PPOCTDURE:  REPORTING OF SELF-MO@}IORING DATA

]

-

EDUCATIONAL COWCEPTS - MATHEMATICS . : © ° Section II

» TRATHING CUIDE NOTE . REFFBENCES/RESOURCES
: 3

NOTE: In all of the calculations 1n this section, ' CFump]er, T. B. and Yoe,
rules for computation as given by Cyumpler J. H. Chemical Computations
~and Yoe were follgwed. Crumpler, T. B. and and Errors. wg1ey and Sons.

Yoe,,J. H. Chemical Computations and Errors. N Y. 1940.
“ Wiley and Sons. N.Y. 1940 . // ’

'/Enmputat1on of Quantities of BOD discharged 1n Final
Effluent. T .

[ ——

Pertinent reported data from Table I 1s listed 1n
the first three columns of the Table below. In .
colump 4 the flow has been converted from gpd’
to MGD  The quantity of”BOD. -is obtained by multi- |
plying: the value 1n column 3°(mg/1) by the valuk
n colupn 4 (MGD}, and. then md1tiplying the result
by the factor 3.78, ’
. ' 4 ‘'

Th1s 1s expressed 1n mathématical form as

Kg/day = MGD x mg/1 x 3.7
1 P4

lExamp]e: . 2
On Septenber 3, Kg/day = 0u33 x 16 x 3.78
Date Flow ) .
gpd _ mg/%
326,900
453,500
146,000
513,270
704,990
272,900
761,300
291,600
525,600

Total

Averaqe BODS' 190 . 21 mq/1
333

Averaoe BOD, = = 37.5 Ko/day

~

Page . 18-30
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' Computation o%ercgnt BOD5 ,remova]’s.'

Pertinent reported data from Table J is listed 1n
the first three columns of the;Tab]l*be]ow, The
percent BOD5 removal for each day appears in

column 4, . .

The percent, removal 1s obtained by subtracting the
concentration of 80Dg 1n the firfal effitert from -
that in the plant influent, divad#ng this"
diféference by the concentration of BODg'in the
influent, and multipkying the result.by#100. This
can be expressed 1n mathematical form as follows:"

n 5
Influent BOD: (mg/1) -ﬂE:f?Ebgt’BUD;

e v s mancn

BOD5 Removal =

Influent BOD, (mg/ 1)

S,
A

.
-

Example:

17

On September 3, RPD Removal =

BOD5-mg/1
Inf. Eff.

170 16
160 15
200 20
190 20
150 35
170 19

, .
20

Date % Removal

’
’

o

Total

.

Average

. Average BOD5 Rémova]

g

(mg/1)

-

-

»

+ ’'Page No. 18-3I
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o' 4

e

o - = T
EOUC IXONALASﬂ@CEPIS - MATHLMATICS . . . Section 11
T TRAINING CUID7 ATE “| FEFERTICET/RESERCES .
Computation of Quant/mes of__Squended Solids : ' .
Discharged 1n Final,/Effluent, ‘ . oL
"Pertinent regor ata.from Table I 15 Tisted 1n -
the first three mns, of the Table below. In ‘
column 4 the flbHw has been converted from gpd to ,
“G3. *The aaaghity of suspended solids 1s obtained ,
by multiply1gf the value 1n codumn 3 (mg/1) by the
. yalue 1n cofumn 4 (MGD), and then multiplying the
Yesul™ by the. f!ttgr 3.72  This 1s expressed in ) .
/ ratnematigal form as : . -
s / . “
) “Gfday = ‘GC__;: /1,0 3078 ' . 5
fxample  On“Ceptember 3, ¥g/dpy = 0 33w 12 x 3 78°= 15
Il P '
b3 3‘ p
L 2 » -
Jate Flow TS.S “Flow T.S.S. R
god mg/] MG Yq/day -
A 3 22€.990 12 033~ 15
: 153,500« 16, 046 23 !
' : 146, 00dl 25 7146 13 3 .
2 513,200 . 25 052 49
1¢ 70%.,990 €0 671 161 . )
27 W 272,907 19 0.27 19 )
1
23 761,507 27 075 66 !
. 44 271,670 20 n 29 22
2 525,570 25 N 53 50
¥ ’ v
" Total 225 424 . .
‘ . s L :
Fverane T.5 5 = "7 = 25 0 ma/l ‘ - g
. ‘ < ) ) K
‘ S%é.raqe TSS = 4—5-:' = 47 1 kg/day .
'} ‘\ ) w ! ‘. v
; Y . ;
B . - . °n X /
oo
J\%\,’ P
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-

Computation‘of percent suspended solids removal.

Pertinent reported data fFOm Table I is listed in

the first three c6lumns of the Table,below.
percent suspended solids requa1 for. each day /

appears in colump 4.

The /

’ ‘

The percent removal is obtained, by subtragting the

.concentration of suspended solids -in the final

effluent from* that 1n the plant- influents—dividing
tkis difference,by the concentration of‘suspended
solids in the plant influent, and mu1t1p]y1ng the

result by 100.

’

o T $.S.+ Removal =

Egample'

On September 3,

. 1!
L}

Date * T6.S.-mg/l - g RemOVa1
C e Inf  Effe. - .
. . ! . R n -
3 N 12 93.0 % .
‘6 168 167 . 90.5 [/
B 200 15 " 815 K\;//:~
12 198 25 ° 57.4 :
16 4180 « 60 66, ’ ,
20 170 .19 88.8, )
, 23 - 186, 2% 87.67% v
26+ 195 2p 89.7
’ P ¢ . . /‘ U™
29 - 195 25 37.2¢ "
Total - 1,663 - 225 . ‘
Average' .. 185 25 ~ "
_.185-25 S
T8 1 100 = 86.§b

"' -Average, % ReToval =

mat1ca1 form as follows:
’

Inf]uent 7.5.5.

This can be expressed in mathe-

-

(m3 T effluent 7.5, s

. N

. ’ .
REFE!NCES/P.ESOUPCES

-

L

(mém

1

% T.5.5. removal = lllT§Tlg x 100.= 93.0

P

Influent' Tﬂs (mg/T) .

x, 100

-

A7)
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TRAINING CGuoIDE NOTE - ) FEFERENCES/RESOURCES <o
. - FI - 4 J , /’ ” '
Computation of the.Geometr1c Mean v . "
Is h ’ . )
Pertinent reported data from Table I is 11sted m v . /
. the first two columns of the Table below. The . . N
logarithm of the repérted Coliform value appears in [ . - ‘ .
column 3. “lNote that two-pl garithms are used b, e g
1n this calculation. That/1s, th mantissa of the- v - A
Togarithm (the numbers to the right of the decimal Lo .
point) contatns only two numbers. -Two-plgce v Y | v,
logarithms are adequate since the coliforfm values o | i , /R T '
are reporfed onTy tQ two s1gn1f1cant f1gures ) - . ‘ PR
K "1 Qo =
1oqar1thms n co]umq-B are addéd the total 1s L e - /
‘ d1¢1ded by the number of values .reported, and the D ' - v
ant1-Jogarithm ,of the guotient 1s obtaingd, . This ST e R
1s the geometr1c rMean. It'1s reported to. tWO . \ /
significant fig#;es N . N . .
N . X . " - N 7? /I 4
- " * o " “_ A : ! ' / )
Date Fecal Coliform -Log of Pecal . S ‘.[" : ' .
NALCEL Colnform R N .
N . I P ’ '/! - SN * :
7 130" . 2,54 0 ‘
T s e " .
2 541 = 2.73 . N R ’ .
9 320 , 2.26 -+ - o S
12 A 177 223 s - DA Q
[ A I 12.34 .
N 2D .2 38. e Lt A
23 110 2.04 IS Lo
26 130 ¢ . - 2 1 vl A . S
2z 250 2.45 K A
Total 21.00 . - ' T ,
. . [ 4 i * ’
. . I LY . .
21 % : IR
Ty = 2.3 The antitogarithm of 2 34 A .
15 220, This 15 the - bl
qeometric mean. -If the - . ., - . ’ !
antilogarithm did not end’ . ,
- _ with a %ero, the number A o -
- ~would be rounded*®to t? ’ C T ‘*
nearest ‘ten for ‘reporting ’ ‘ .
urpose . v .
2 purposes . ) . ’( X
" - ' ‘ ) l . .
. 14 P f, ‘ ’ . ‘.
5553 { . 14 ...
- 4 + ,.
. -
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" RECORDS ND' REPORTS R . .

) .SectiOn:IX

TRATHING "6UIDE NOTE - .-
'

Reporting of . minimum and/or maximum values may or

—

Y —

may not be required By the permit-issuing author-
ity. If not requ1red,~a dash or an asterisk may )

" dlready ‘be entered 1n eithertor both of these
%paées. The same 1s true for all of, the other
parameters shown, with the exception of pH, for

which minimum and maximum values must be reported.

Préghinted forms pay already have either a dash .
. or an asterisk 1n this space, fIh]s also applies
to all-dther cases in this, procedure-where the

entry of a dash in a space 1s.specified. .
"’
. ’ -
Ld
. / .
¥ " h s\/- |
xJ;:7 ‘
\ . N
e
. I /
[
H A}
N -
. .
s ¥
~ .
L
v ~ 4
\
*
| S .
[ ‘)\(.
k. ’ l P

| rreeRENCES/RESTLPCES

P
4
(
-
’
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{
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!
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