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EFFLUENT MONITORING PROCEDURES: NUTRIENTS

This course is designed for the treatment plant operi-tor:or,
technician who,isrequireCto-MonitCr effluent discharges
under-a National Pollutant Discharge Elimination System (NPDES)
_Perm% and who has.had,little or-no previous experience in
wastewater analysis.

fht:COurse includet:protedurOt for MeasuilhOotallihosphorus
(as P), theMical-0XYgen.DeMand,Aieldahl-(Total)-.Nitrogen,
,Ammonia (as N) ofKjeldahl N
and M,ionia N Nitrate-Nitrite (as II), Nitrite (as N), Nitrate

(as Oib-y,differendi.nfAitfate-Aitite=M,andliittteltiind
Oil and-Grease, Thecoutite=alto'inCluAet-fieddedures!10related
tkIlls=,usinvalpictoolopmetOiand;Orpparing'vCilibration,

,

:

During the course, thestudint.4111.,,petfcimran-40Proved

analYtical-prOdedure for each: Of-t*me-aiiW.eimnts. At'the
conclusion, he will be.giVen-a-certifititte-Verifiing,which,

.measurements he perfOilmed in a satisfactory manner.

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Water Program Operations

TRAINING PROGRAM
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DISCLAIMER

Reference to commercial productsOrade names, or
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Such references do not constitute endorsement by the

Office of Water Program Operations, U.S. Environmental
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

This operational procedure was developed by: i.<

NAME Charles R. Feldmann

ADDRESS EPA-WPO-National Training *ter, Cincinnati, OF. 45268

POSITION Chemist - Instructors

EDUCATION AND TECHNICAL BACKGROUND

4v
B.S. - Chemistry

M.S. - Chemistry

1-1/2 years Industrial Chemist

, 4 years, college Chemistry Instructor

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

4-1/2 years DI - EPA, Chemist-Instructor
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

1. Analysis Objectives:

The user of the attached effluent monitoring procedure will learn how
to use the Bausch and Lomb Spectftnic 20 Spectrophotometer for making
colorimetric measurements.

_2. BriefDescription'of Analysis:

In-the-field_Of_water pollution_analnia, manyLdeterMinationtIam____
based on measurinn the intensity of color at a patticular wavelength.
In general, color is formed in the sample by some sort of preliminary
treatment such as distillation or digestion, and then adding.a color
developing reagent. The intensity of the color formed is related-to
the amount of material (such as phosphorus) in the sample. As part.

of the analysis, col& is also-developed-in a series of-standards;
in each of the standards is a known amount of the material (such as
phosphorus) of interest. A calibration curve is made using the
color intensities of the individual-standards and the-corresponding
amounts of material present. The amount of material present in the
sample is determined using the calibration curve. A Bausch and Lomb
Spectronic 20 Spectrophotometer is an instrument used to measure the
color intensities of the standards and sample. The word absorbance
is associated with the words color intensity; i.e., a sample or
standard which has a low color intensity will also have a low absorbance.

Sourceof Procedure: Spectronic 20 Spectrophotometer Operating Manual,
'Bausch & Lomb, Rochester, New York 14602

PRRIOn of a particular brand name does not constitute endorsement by
the U.S. Environmental Protection Agency

ti
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

General Description of Equipment Used in theProcess

A. Capital

1. One Bausch and Lomb Spectronic 20 Spectrophotometer
2. One manufacturer's manual for the spectrophotometer
3. Still,or other source of distilled water
4. Hotplate
5. One spectrophotometer cell - A set of cells-may be, used

only if tht7tills are optically matched. One cell would
be used for each solution.

B. Reusable

1. Brash --(for cleaning- spectrophotometer cell)
2. Laboratory apron
3. Safety glasses
4. One pen or pencil
5. Notebook or-data sheet (see page 1-23) for recording data
6. Brush (for dusting spectrophotometer)
7. One 2 liter beaker
8. One 250 ml beaker
9. One glass stirring rod

10. One 2 liter glass stoppered bottle
11. One visible phototube (Bausch and Lomb catalog number 33-29-71)
12. One infrared phototube (Bausch and Ldmb catalog number 33-29-72)
13. One infrared filter (Bausch and Lomb catalog number 33- 29 -18)
14. Ten soft tissues (for wiping the cells)
15. One plastic squeeze distifled water bottle
16. Sink or 1 liter container for rinsing solutions
17. One 1 cm cell (tc fit the Spectronic 20)

C. Consumable

1. Soap
2. Sodium dichromate, Na2Cr207

3. Concentrated sulfuric acid, d2SO4

Items A4, B7 through B10,and Cl through"C3 are for cleaning the
spectrophotometer cell.

z-,
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EFFLUENT MONITORING PROCEDURE:, Use of a Spectrophotometer

SCALE

9

c

PILOT LIGHT

Page No. 1-6

WAVELENGTH
CONTROL

SAMPLE
HOLDER
COVER

WAVELENGTH
SCALE

SAMPLE
COMPARTMENT

POWER SWITCH/ZERO

10
CONTROL

FIGURE 1

LIGHT CONTROL
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer
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BOTTOM OF SPECTRONIC 20

FIGURE 4

16
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\ EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

BOTTOM OF SPECTRONIC 20

FIGURE .5

19
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EFFLUENT MONITORING PROCEDURE:. Use of:a Spectrophoto6eter

FILTER

FILTER
HOLDER.

BOTTOWOF 20 4

'r' R-FIGURE 6
'171

c3)

21
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

OPERATING-_-PROCEDURES

A. Equipment Preparation

-1. Cell cleaning

2. Spec 20 cleaning

Phototube

B. Spec 20

Warn?

STEP SEQUENCE -INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 1-12

1. Clean the Bausch:& Lomb la. For the rest of this,effluent monitoring pro- .

Spectron-ic-20-Spectro,----_cedure-the-abbretriatriorpes-21V-w41-1-be-tisech
photometer test tube(cell.

1. Clean the Spec 20.

2.-If the power cord is
plugged into a Wall,
outlet remove it.

1. Check whether the proper
phgtotub is in place.

la. It should be free of dust, dirt, and spilled
chemicals.

lb. The Spec 20 should be stored in an area where
there is.no danger that chemicals will, be spilled
on it.

lc. The plastic cover sUpplied with the Spec 20
should be covering the instrument whenever it is
not in use.

la. See section C for 4nstructions on changing the
phototube and inserting the filtPr.

lb. On the wavelength scale, .note that below about
625 nm, the numbers are in black, and that above
625 nm, the numbers are in red.' '

lc. If, the wavelength to be used in the particular
determination is in the black zone, the visible
phototube (Bausch 81,Lomb Catalog number (33-29-71
should be used.

Id. If the wavelength to be used is in the red zone!,
the in -red phototube (Bausch & Lomb Citalogi

-fium'er 33-29-72) and infra-red filter (Bausch
& Lomb Catalog number 33-29-18) should be used.'

41. Plug the power co'ainto a
wall outlet.

la. 115 V, A.C., 60 Hz

'TRAINING
GUIDE NOTES

23
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

OPERATING PROCEDURES STEP SEQUENCE

, B. Spec 20
(continued)

2. Operation

t

24

'

2. Turn the power switch/zero

control knob (see figure 1)
clockwise, until a click
is heard.

3. Turn the power switch/zero
control knob an'additional
one half clockwise turn.

4. Wait ten minutes.

I. Assemble the standards and
samples whose color in-
tensities are to be
measured.

2. Set the wavelength control

to the desired setting.
O

A

3. If the sample holder cover
is open, close it.

.4. Turn the power switch/zero
control knob until'the
needle reads infinite
(symbol co) absorbance.

I

INFORMATION/OPERATING GOALS/SPECIFICATIONS

2a. The instrument is now turned on.
2b. If there is a pilot light on the instrument, it

will also be en.
2c. The sound Of the cooling fan may also be heard:

3a. This will keep the needle from "pegging" durAng
the warm-up period.

1

4a. This is the warm-up period:_
4b. Ten minutes are geherally specified in the manu-

facturer's manual. However, longer warm-up.
periods. thah those specified generally give
betternStrument stability.

4c. If the Spec 20 is old, a longer than 10 minute
warm-up peripd may be required. Twenty to thirty
minutes would be a suitable warm -tip time.

2a. This setting will be specified in the procedure
you are using to,determine the particular -.
parameter.

.°2b. Always aPproach.the desired setting by turning
the knob clockwise. '

3a. It should be closed unless a cell is being
inserted or removed.,

4a. Use the absorbance (lower, part of the scale.
The other (upper) half of the scale is marked
in transmittance.

I.

3 sd

TRAINING
GUIDE NOTES

V:B.1.2.2b
(,p. 22)

. - .

4

Page No. 1-13
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EFFLUENT MON TOR* PRICEDURE-: U`se.'of a. Spectrophotometer

4,-

Page No. 1-34

APPWPGI-P

1.

26

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

4 '""fl

0-

5. Fill the cell with the, ,

blank.

-6. EniOty the cell .into,41'

sink.: -

7. Fill the 'cell- with blank.

8. Empty the cell into:the
-sink.

9. Fill the cell with blank.

4.-4h. The words ahorbante and color intensity are
related; I.e., -If a solution has alow-color
intensity, it will also have a low absorbandp.

;

5a: .110 sometimes called the zero_stendard.
Y

8a. The cell has now been rinsed twice with solution.

9a. Three fourths full. Estimate this volume.

10. Thoroughly wipe the outsid 10a. So as to remove finger prints and any spilled
of the cell with a tissue.

11.

12.

Open the sample holder
cover.

Slowly and gently slide th
cell down into the sample
holder es far at it will
gd.

13: SlOWly rotate the cell un-
til the white vertical
line on the cell is in
line with the ridge on the
edge of the sample holder
(see figures 2 & 3). -

12a. Do not force the cell down.
12b. The needle will-move away from the infinite'

absorbance setting.

13a. Be sure to rotate the cell slowly-so that it
is not scratched by the cell holder inside of
the instrument.

TRAINING
GUIDE NOTES

,

27



.EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

OPERATING PROCEDURES. STEP.SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS'

B. Spec 20
(continued)

23

14t-CW6-the sample-holder--------
cover.

15. Turn the light control
knob until the needle
reads zero absorbance.

16. Recok an absorbance of
zero and a concentration
of zero for this solUtion.

17. Raise the sample holder
cover.

18. Slowly remove the cell.

19. Close the cover.

20. Empty the contents of the
cell into the sink.

21. Fill the cell with tap
water.

22. Empty it into the sink.

23. Fill the cell with tap
water.

24, Empty it into the sink.

15a. Use the absorbance scale for all oethe readings.

16a. An example data sheet is on page 23.

19a.

19b.

solution should be spilled on the inside of
instrument.

The needle should return to the infinite
absorbance setting. If it does-not, reset it
with the power switch/zero control knob.
If it was necessary to reset the infinite
absorbance reading, repeat steps 11 through
15.

TRAINING
GUIDE NOTES °

_ 29-

Page No. 1-15
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i'EFFLUENT' MONiTORiiid,PROCEDURE:- . a S

, - _ ,

'

_

Ctrophotometer
,

PER#ING'108CEDURES

8. SPIc2Q
(toiltinued)..

STEP-- SEQUENCE' _

1

5. Fill: the cell with dis.;--
tilled water.'

2C ,E0ty it, into the sink.

27. Fill; the-Cell- with.
tilled water.

28. Empty it into the sink.

29. Fill the cell with the
next'solutiOn whose color
intensity (absorbance) is
to be measured. .

30. Empty it %to the sink.

31. Fill the cell with the
same scilution again.

32. Empty it int&ttfe sink.

33T. Fill: the cellrthrae fourth
full.-with 'the same
solution.

34. Thofougtll'y wipe the out.
Mite of 'the .Cell with 'a
tiisbea .

30

;

5. Open-the sample .holder
cover:

Page No. 1-16
1. Ae

INFORMATION/OPERATING GOALS/SPECIFICATIONS
I TRAINING

GUIDE NOTES

,

29a. It; a set Of standards, the. absorbance of the
'lowest.concentratlon standard is, measured
second, and so-on-, to-the highest concentration
standard'.

A

34a. -So as to remove finger prints and.any
solution.

36-.' SloWlYind gently _slide 36a. Do_ not force the cell down.
,. ..

. the cell down intoi the . 36b. The. needle will move away from the infinite
samPle-cholder-it far as it ;absorbance setting.
WillAci.:

'



EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

B. Spec 20
. (continued)

i.

3'

37. Slowly rotate the cell.
until the white vertical
line on the cell is in
line with ridge on the
edge of the sample holder
(see figures 2 & 3).

38. Close the sample holder
cover.

39. Record the absorbance and

concentration of this
solution.

40. Using each of the rest of
the standards in sequence,
and samples, repeat steps
17 through 39.

39a.

39b.

39c.

39d.

39e.

While looking at the absorbance scale, note that
in some of the scale, the third place to the
right of the decimal will be an estimated number,
while in other parts, the second place will be an
estimated number.

Absorbance values of greater than 0.7 are con-
sidered to be inaccurate. For this reason, about
three sample dilutions are usually done so that
at least one will give an absorbance of less
than 0.7. If one of the standards happens to
have an absorbance of greater than 0.7, it
should not be used.
If a great ,number of measurements are to be made
at a particular time (e.g., a great number of-
phosphorus absorbencies are to be measured),
steps 4 through 15 should be repeated every
fifth measurement..

Recall,that step &was done with no.cell in the
instrument.

This is an insurance aganist "drifting" of the
setting.

TRAINING
GUIDE NOTES

Page No. 1-17
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EFFLUENT M0NTORING PROCEDURF Use 'f a Spectrophotoneter - Page No 1-18

S

TRkINNG
-' OPERATING PROCEDURES - STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDENOTES

B. Spec 20 . 41. Repeat steps l7throügh
(continued) 28.

- 42. Store the cell until it is
again needed.

43. Turn the power swjtch/zero 43a. f the instrument has a pilotlight, It will go
control knob. slowly contei out.
clockwise until a'click is 43b. The Spec 20 istàrned off.
heard.

44. If a plastic cover was -..

supplied with the Spec 20,
it should now be replaced. -

C. Phototube Changing 1. Turn the power switch/nero la The instrument may already be turned off.
control knob slowly lb. If the instrument has a pilot light, it will
coun.ter-clockwise until a go out.
click is heard. lc. The Spec 20 is turned off.

2. Remove the power, cord from 2a. The power cod may' already be removed from the
the wall outlet. wall outlet.

3. Tilt the Spec 20 away from 3a.
S

-

The Spec 20 should be standing on ts back:
you. 3b. The bottom of the instrument is facing you.

3c. ThIs position is somewhat unsteady. Be careful
not toknock the instrument over.

N
4. Stead' the instrument with-

1 .. one hand.

5. Loosen thethumbscrew with
the other hand (see figure

34
. 4).

:

I '

'.35:
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'EFFLUENT MONITORING PROCEDURETUse-0-&-SOettrophotometer

\
MIMMINM

OPERATING PROCEDURES STEP SEQUENCE INFORMATION /OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES
C. P- hototube 'Changing

(continued)
6. Gently pull on the

thumbscrew.

7. When removing the phototube
9

to be,replaced, grasp it
with the finger, tips (see
figureS). ,

8. Pull gently.

9. Insert the other phototube,

and, or, filter (see figure
6).

\

10. Close the compartment door.

11. Tighten the\thumbscrew.

12. Return the Spec 20 to its
normal position.

13. Continue with the EMP,
Section 8.

6a. So as to open the compartment door.

8a. A slight amount of wiggling may be needed.

'Page 'No. 1-19
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EFFLUENT MONITORING PROCEDURE: Use of,a Spectrophotometer.

SECTION

II

III

IV

V*

VI

VII.

VIII

IX

TRAINING GUIDE

11219.

Introduction

Educational Conoepts

;

Educational= Concepts

4 .

Educational ConCepts

Field and Liberaticry

Field and Laboratory

Field and Laboratory

Safety

- Mathematics.

- Science

ComMunications_.

Equipment

Reagents

Ahalysii.

Records and Reports

,

*Trainifig guide materials-are presented here under the headings marked *.
These standardized headings are used.through,this series of procedures.

38
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--'---EFFLUENT_MONITORING.PROCEDURE:Use- of a--Spectrophotometer

1 '

A.1.1

FIELD AND LABOATORY EQUIPMENT:-

TRAINING GUIDE NOTE

If the-glassware is esOecially'dirty and cannot be
cleaned with ordinary detergents, chromic acid
acleaning may be required.

1. P q ur 35 ml of distilled, water in 250 ml beaker.

2. Add bout 1/8 teaspoon (simply estimate this
quan ity) of sodium dichromate, Na2Cr207,

VP the water.'
, .

'3. Swirl the beaker until the, sodium dichromate
has dissolved. -

4. Keep repeating steps 2
-sodium dichromate will

S. Pour-the solution.into

and 3 until no more
dissolve.

a-2 liter- eaker.

6.' Slowly pour 1 liter,of concentrated' sulfuric
acid, H2SO4, into the 2 liter beaker;

Caution: Use eyeglasses and
protective clothing.

7. Stir the mixture thoroughly'.

Store it in .a glass stOOpered bottle.J
9. 'Ai cleaning solution should be at a temperatur

of about 50°C when it is

0..It-may therefore be necessary to warm the
cleaning solution.

T. When'using the warm cleaning solution, fill the
piece of glassware with the solution. 0

2. Allow it to soak for 2-3 minutes ..1r longer).

3. Pour the cleaning solution back into the storage
bottle.

4. Rinte the piece of glassware ten times with
tap water.,

5. The cleaning solution may be reused until it
turps green.

6. It should then be discarded.

3 9

Section V

REFERENCES/RESOURCES

13th Standard Methods,
p. 135, section 2.t.2

'Page No. i -21



. 'EFFLUENT MONITORING PROCEDURE; Use'of a Spectrophotometer

. FIELD AND LABORATORY EQUIPMENT

pAINING GUIDE NOTE

. 3.1.2.2b. There are two 1versionsllsof the Model'95 Spec 20.
The regulated model has within t, electrical
components wh4ch prevent flUctuations in.:current
from affeCtiri, readings. The non- regulated model

, does not have :nil featUre..',Iither "version" may,
or may not, have a pilot light.

41:

C

40

Section,V

REFERENCES/RESOURCES.
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A 'PROTOTYPt FOR,OEVELOPMENT OF

ROUTINELOPERATIONAL,PROCEOURES

for the

-.1*EPARATIiN'OF CALIBRATION GRAPHS

-

as applied in

WASTEWATER TREATMENT FACILITIES
and in the

1.110tiaTORING OF EFFLUENT WASTEWATERS

Developed by the

,
National Training Center

-Municipal Operations Amt-Training-,Division
Office of Water Prograul Operations

1.1.S:-Environmentil Protection Agency
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EFFLUENT MONITORING PROCEDURE: Preparation of Calibration Graphs

This operational procedure was developedty:

NAME Charles R. Feldmann

ADDRESS EPA-WPO=National Training Center, Cincinnati, OH 45268

POSITION Chemist-Instructor

EDUCATION AND TECHNICAL BACKGROUND,

B.S. - Chemistry

M.S. - Chemistry

1-1/2 years Industrial Chemist

4 years additiohal Graduate School

4 years college Chemistry Instructor

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

4-1/2 years DI EPA, Chemist-Instructor

Page No. 2-3



EFFLUENT MONITORING PROCEDURE: Preparation of Calibration Graphs

1. Analysis Objectives:

The learner will prepare a calibration graph and will. use it to determine
the concentration of a chemical. constituent in a sample of sewage-effluent.

The word concentration means how much of the chemical, constituent is- present
in acertain amount of sample; 1.0 milligram/liter is an,txample value of
concentration.'

2. Brief Description, of Analysis:

In the field of water pollution analysis, calibration graphs-are commonly
used in two areas: absorbance and transmittance measurements. In the first

__Caseonergy isibsorbed by soMe-chemicalconstituentin a solution. In the
second,case,_energY is, transmitte&bySome_Ohemieal constituent in a.solution.
The amount-of_entrgy absorbed Or transmittean, be-related to the quantity of
chimical-ConstitUent in a=-water saMplegiy:Means-_ofa-calibration:graph.

.Eiamples of abiorbance measurements are colorimetric determinations-, such as
nitrate-:or:phosphate using vspectrophotometer,nd_the determination or
mercury or-iron-using-atomic absorption. Examples of transmittance
measurements are the-determinations-ofsodium-or-potassium using, flame
photometry.

Two things must be done in order to prepare-a calibration graph. A series of
standards must be prepared. A standard is a solution which contains a known
amount of the same chemical constituent which is,being determined in the
Simple., Secondly, the absdrbance or transmittance of these standards must'
be measured.

In order to actually determine how much of the chemical constituent is in the
sample, the absorbance or transmittance of the Sample must first be determined.
The amount of chemical constituent is then read from the calibration graph.

For the sake of simplifying the instructions, absorbance values only will be
used in the following procedure.
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EFFLUENT MONITORING PROCEDURE: Preparation of Calibration Graphs

General Description of Equipment Used in the Process

A. Capital

None

B. Reusable

1. One ruler, 12 inches long
2. Pencil
3. Eraser

C. Consumable

1. Graph paper (one piece for each calibration graph). There are many kinds
of graph paper. In ordinary water pollution analyses, a simple type of
graph paper is used. Figure 1 is an example of the type of simple
graph paper. The main feature of simple graph paper is that it is
divided into a certain number of large squares of equal size. (For example,
one inch might be the length.of one side of the large squares). These
large squares are subdivided into a certain number of smaller squares of
equal size. (For example, a one inch square: might be subdivided into one
hundred small squares).
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EFFJENT MONITORING PROCEDURE:

I

Preparation of Calibration-Graphs

OPERATING PROCEDURES111117 STEP.SEOUENCE INFORMATION OPERATING GOALS/SPECIFICATIONS TRAINING
GUIDE NOTES

A. Graph Paper

General comments 1. Remove the page containing
figure 1. A

2. Lay it on a desk or any.

other place where it will
be convenient for you to
write on it.

2. Labeling the
graph paper

. 6 5

1. Draw two lines on figure 1
so that it looks like
figure 2.

2. Label figure 1 so that it
looks like figure 3.

!

2a.. For the remainder 0' this procedure, you will
actually use figure 1 and some example absorbance
and concentration values to 'prepare a calibration
graph. Additional figures.are ilso included to .

demonstrate the instructions.

2b. You will halie 'tcTfurnish your own pitce of graph
paper when you want to prepare other calibration
graphs.

la Use a since yuu mayhave to do some
erasing during the preparation of the calibration
graph.

a. mg/1 stands for,milligrams per 1
an expression of concentration.

chemical constituent present in
tremely small, the label pg/1

liter) Might be used. kstands

2b. The mg/1 line is a horizontal li
the X.axis,or abscissa. The A
Y axis, or ordinate.

iter. It is

If the amount of
the sample is
(micrograms per
for absorbance.

. -
ne. It is called
line is called the

Page NO. 2-17 66



EFFLUENT MONITORING PROCEDURE: preparation of Calibration Graphs

..,
Page No. 2-18

'OTRATING PRCCEDURES STEP SEQUENCE INFOPMATION /OPERATING GOALS/SP "gCATIONS

A Graph Paper
(continued)

)-t
u

til=sia._
I. Examine the example absorb- 3a. mg/1 ." A

ance and concentration 0.0 0.000
val in the column at 5.0 0.060
the r,rit. ,- 10.0 0.120

20.0 0.250
30.0 0.3401

40.0 (1.470

50.0 0,590

4. Note that the lowest mg/I
vane i§ 0.0 and the high-
est is 50.0.

5. Mark the mg/i axis on
figure 1 so that it looks
like figure 4.

TRAINING
GUIDE NOTES

A of sample = 0.180

3b. It is data for aseries cf standards.

3c. Each pair of values (e.g. 5.0 and 0.060)
represents a point on the graph.

" Later, you will complete the calibration graph by
drawing a straight line through the seven points.

5a. Note that the entire lencth of the mg/1 axis was
used. Always use as muc' : this line as is
convenient. Do not, for example, use only one-
half of the mg/1 axis to mark off the values.

5b. Also note that each of the large squares is marked
as a whole number of mg/l.

5c. Two of the smaller squares equal. 1 mg/l.

68



S .

CFFLUENT MONITORING PROCEDURE: Preparation of Calibration Graphs

OPERATINGO9CEDURES 'p

A. 6raph Paper
(continued)

3. Drawing the
caIib tion graph

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

6. Note that the lowest A
value is 0.000 and the
highest is 0.590.

7. Mark the A axis on figure
so that pit looks like

figure 5.

\

1. On figure 1 draw a vertical
line from the 50.0 mg/1
point of the mg/1 axis to
the top of the graph.

2. On cigure 1 draw a horizon-
tal line from the 0.590
point of the A axis to the
right side of the graph.

6a. It is generally not considered good practice to
have A values greater than 0.6 or 0.7.

7a. Note that the entire length of the A axis was used
Always use as much of this line as convenient.
Do not, for example, use only one-half of the A
axis to mark off the values.

71)% Also note that each'bf the large squares is marked
as a whole number of A units.

7c.'One of the smaller squares equals 0.01 A units.

7d. If transmittance measurements were being made,,
the Y axis or ordinate, would be marked T. T axes
are always marked from 0 (bottom of axis) to
100 (top of axis).

la. Figure 1 should now look like figure 6.

2a. Figure 1 should now look like figure 7.

2b. The intersection of these two lines is the point
represented by a concentration of 50.0 mg/1
and an absorbance of 0.590.

TRAINING
GUIDE NOTES

70
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EFFLUENT MONITORING PROCEDURE: Preparatibn of Calibration Graphs
Page No. 2-20

OPERATING.PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

A. Graph Paper
. (continued)

3. Using the same technique as
in Land 2 above, locate
the next five points cn
figure 1.

4. Lay your ruler on figure i.

5. Look along the edge of
the ruler.

6. Draw a line between the
0.0 - 0.000 and the 50.0
0.590 points.

3a. The point located at 0.0 and 0.000 is at
intersection of the mg/1 and A axes.

3b. Your graph should now look like figure 8. Some
analyses may require more than five points.

4a. So one end of it lies at the 0.0 - 0.000 point,
and at the 50.0 - 0.590 point.

5a. The other five points (represented by the inter-
sections of the horizontal and vertical lines do
not all lie along the edge of the ruler.

6a. Note that some of the points lie slightly above
the line, tome lie slightly below the line, and
some lie on the line. If one point is consider-
ably off the line, some error in preparing the
particular standard was probably made.

6b. This is the line of best fit for the seven points.
Always draw the line of best fit when preparing
calibration graphs. .

6c. The calibration graph is now complete.

6d. Figure 1 should now look like figure 9.

6e. After you have prepared a few calibration graphs,
you will find that you won't have to draw the
horizontal and vertical lines t locate the points.
You'll be able to move your pencil along the graph
paper and put dots at the appropriate points.
You'll then draw the line of best fit through them
to the 0.0 - 0.000 noint.

TRAINING
GUIDE NOTES
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EFFLUENT MONITORING PROCtDURE:
Preparation of Calibration Graphs

OPERATING PROCEDURES STEP SEQUENCE

4

B. Determining the
Concentration of the
Chemical Constituent
in the Sample.

C. Sample Dilution

1. Locate 0.180 on the A axis.

2. Draw a horizontal line to
the right side of the paper,

3. Locate the intersection of
..h1s horizontal line and
the sloping calibration
graph.

4. From this intersection,

draw a vertical line down
to the bottom of the paper.

5. Note that the vertical line
crosses the mg/1 axis at
15.3.

1. If it was necessary to
dilute the sample, the
value read from the mg/1
axis must be multiplied by
a dilution factor.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

la. This was the absorbance of the sample.

2a. It should now look like figure 10.

4a. It should now look like figure 11.

5a. Recall that on the mg/1 axis, 2 of the small
squares equal 1 mci.

5b 15.3 mg/1 is therefore the concentration of the
chemical constituent being measured in the sample.

la. The dilution may have been necessary so that the
A value for the sample would not be greater than
the A value obtained for the highest concentration
standard; 0.590 in this set of example data.

lb. The dilution factor is the ml of sample taken
for dilution, divided into the ml to which it was
.diluted; e.g., if 10.0 ml of the original sample
were diluted to 1000 ml (as in a volumetric flask)
the dilution factor would be 1000/10, or 100.

lc. In some determinations, you may prepa more than
one dilution of the sample. Look at the mg/1
axis of figure 1 and assume that three dilutions
of the sample gave Values of 2.2, 24.0, and 48.0
mg/1 , before correcting for the dilution factor.
It is common practice to use the 24.0 value,
since it lies nearest the middle of the calibra-
tion graph.

TRAINING
GUIDE NOTES
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A PROTOTYPE FOR DEVELOPMENT OF
ROUTINE OPERATIONAL PROCEDURES

for the

DETERMINATION OF TOTAL PHOSPHORUS (as P)
OR OF ORTHOPHOSPHATE (as P), SINGLE REAGENT METHOD

CH.PHOS.EMP.1a.3.76

1

as a'pplied in

WASTEWATER TREATMENT FACILITIES
and in the

MONITORING OF EFFLUENT WASTEWATERS

National-Training Center
Municipal Operations and Training Division

Office of Water Program Operations
U.S. Environmental Protection Agency
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EFFLUENT MONITORING PROCEDURE: DeterminatiOn of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

This Operational Procedure was developed by:

NAME Timothy R. Counts

ADDRESS Water and Wastewater Technical School, Box 370,
Neosho, Missouri 64850

POSITION ..nemist-Instructor

EDUCATION AND TECHNICAL BACKGROUND

B.S. Chemistry, Missouri Southern State College
Missouri Secoriary Level Teacher's Certificate, Chemistry
2 years Industrial Laboratory Technician
1 year Water and Wastewater Technical School,
Wastewater Laboratory Analyst

I
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate'(as P), Single Reagent Method

1. Objective:

To determine orthophosphate, mg P/liter or total phosphorus, mg P/liter.

2. Description of Analysis:

Orthophosphate* In dilute solution will react with ammonium molybdate and
antimony potassium tartrate to form a heteropoly acid. This acid is re-
duced to an intensely blue-colored complex, molybdenum blue, by ascorbic
acid with the amount of blue produced being proportional to the amount
Of orthophosphate present.

In the procedure this is accomplished by the addition of a combined reagent
to a 50 ml sample and a set of orthophosphate standards, followed by a wait
for color development. A photometer or spectrophotometer is used to measure
the absorbance of the samples and standards. The orthophosphate concentra-
tions of samples are read directly froma graph prepared by plotting the

_absorbance values of the standards against their concentration.

This analytical procedure utilizes reactions that are specific for the
orthophosphate ion. In order to obtain the total phosphorus concentrations

- of, samples, all non-orthophosphate phosphorus forms must be converted to
the orthophosphate ion. 'lithe procedure this is accomplished by digesting
samples with ammonium persulfate and sulfuric acid. This step does not
affect the original orthophosphate content of the sample, but ensures con-

--'version of all other forms of phosphorus to orthophosphate. Direct
orthophosphate colorimetry may then be performed on the sample as described
'in the preceding paragraph, and the results obtained reported as total
phosphorus, mg P/liter.

*The orthophosphate ion, (PO4)5 ion, is the smallest and simplest of the

phosphorus-oxygen radicals. It consists of four oxygen atoms tetrahedrally
arranged around and bonded to a central phosphorus atom. The more complex
and commercially important phosphates, the poly or multiphosphates

(P207, P3010, etc.), are typically formed by linking orthophosphate units.

The term "phosphate" is a general one and may apply to any one of hundreds
of compounds. The (PO4)= ion is distinguished by the prefix "ortho" and

is correctly called the orthophosphate ion.

3. Applicability of this Procedure:

a. Range of Concentration:

0.01 to 1.00 mg P/liter
(The range may be extended for samples by dilution.)
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

b. Pretreatment of Samples:

This procedure includes the persulfate digestion for the total Phosphorus
determination as specified in the Federal Register Guidelines. These
Guidelines do not specify any pretreatment for the orthophosphate
determination.

c. Treatment of Interferences in Samples:

This procedure includes directions for removal of turbidity or suspended
solids from samples for the orthophosphate determination. It_also includes
the modification to prevent adsorption of phosphorus on metal precipitates
in samples for the total phosphorus determination as publicized in the
"Changes and Errata. . ." for the Source of Procedure*. For either de-
termination it includes the treatment for samples which have been.preserved
with mercury chloride. Arsenate is the one additional interference listed
in the Source of Procedure*. No remedy for its presence is currently
available, but one should be aware that arsenate also responds to this
analysis and can contribute to erroneously high phosphorus values.

*Source of,Procedure: Methods for Chemical Analysis of Water and Wastes,
1974, Environmental Protection Agency, Methods Development and Quality
Assurance Research Laboratory, Cincinnati, Ohio, page 249.

1 76'
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

FLOW SHEET OF OPERATING PRbCEDURES

Jemr
Sample

1

Total Sample (No Filtration

I

Direct Persulfate
Colorimetry Digestion

Colorimetry

Orthophosphate I

Filter Ithrou h a 0.45 micron filter

Direct
Colorimetry

Dissolved
Orthophosphate

H
2
SO

4

!!ydrolysis &

Colorimetry

I'Filtrate

Persulfate
Digestion &
Colorimetry

Dissolved Total
Phbsphorus

H
2
SO

4

Hydrolysis
& Colorimetry

r
-Dissolved Hydrolyzable
& Orthophosphate

This EMP includes only the material within the dotted line area.

79

S:

Page No. 3-6 4)



EFFLUENT MONITORING PROCED"RE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

\jquipment and Supply Requirements

A. Capital Equipment:

1. Balance, triple-beam, capable of 0.1 gram sensitivity
2. Balance, analytical, capable of weighing to 0.1 mg under a 200 g load
3. Desiccator

4. Hot plate or plates, cape)le of holding a minimum of ten 125 mi
Erlenmeyer flasks or an

autoclave, capable of 121°C (15-20 psi), with capacity for a minimum of
ten 125 ml Erlenmeyer flasks

5. Oven, drying, for use at 105°C
6. pH meter, electric, equipped with single combination electrode, capable

of + 0.1 pH unit sensitivity

7. Refrigerator, capable of maintaining a 4°C-temperature
8. B and L Spectronic 20 (or equivalent) spectrophotometer equipped with

accessory infrared phototube an4 filter capable of operation at 650
or 880 nm or-a

filter photometer, equipped with red filter or a
spectrophotometer, -e-visible,-capable%of operation at 650 nm or 880 nm

9. Vacuum source or pump drawing 15 incheemercury

B. Reusable Supplies:

1. One apron, laboratory

2. One pound glass beads, 5 mm,diameter, for smoothing boiling action
3. One beaker, 250 ml
4. One beaker, 1000 ml
5. One beaker, 1500 ml

6. Two 100 ml bottles, glass or plastic with raps_
7. One shallow, open mouthed bottle
C. Three 500 ml bottles, plastic with caps
9. One 500 ml bottle, dark glass with stopper

10. Two 1000 ml bottles, glass with stoppers or caps
11. Two 1000 ml bottles, plastic with caps
12. One 2000 ml bottle, glass with cap
13. One bulb, rubber for pipetting
14. One 25 ml cylinder, graduated
15. One 100 ml cylinder, graduated
16. One 500 ml cylinder, graduated
17. One 1000 ml cylinder, graduated

18. One evaporating dish, porcelain, 100 ml, to contain ammonium persulfate
19. One evaporating dish, porcelain, 35 ml to dry potassium dihydrogen phosphate
20. XXX membrane filter assembly with funnel in a #7 stopper to fit the mouth

of a 500 ml suction flask. One as minimum, faster with nine plus one-
.for each sample.

2]. XXX 500 ml suction flask with side arm--one for each filter assembly
22. XXX 50 ml flasks, volumetric with stoppers, nine + one for each sample
23. One 500 ml flask, volumetric with stopper



EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of

Orthophosphate (as P), Single Reagent Method

B. Reusable Supplies (Cont'd.):

24. One 1000 ml flask, volumetric with stopper
25. XXX 125 ml flast.s, Erlenmeyer, graduated, nine plus one for each sample
26. Two funnels:-:-.1 glass, powder and 1 to fit 50 ml voiumetric flask
27. One pair ruder gloves_for washing glassware with acid solution
28. One pat goggles or 'safety glasses
29. 'XXX hose lengths for connecting suction flasks to vacuum sources
30.'Ond 1 mi pipet, graduated in 0.1 ml
31. One 1 ml pipet, volumetric
32. One 3 ml pipet,'volumetric
33. One 5 ml pipet, volumetric

- 34. One .0 ml pipet, volumetric
35. One 20 ml pipet, volumetric
36. One 30 ml pip t. volumetric
37. One 50 ml pet, volumetric
38.- Two 10 ml pipets, graduated (Mohr)

_ 39. One pneu tic trough or small pan for ct,ld -water bath

40. One resp rator if a hood is not available
41. One sp .ula
42. One O. g measuring spoon, Hach or equivalent (optional)
43. One 8 inch stirring rod, glass
44. One pair tongs
45. One wash bottle, squeeze type

C. Consumable Supplies:

NOTE: All reagents must be of high purity, such as "A.C.S.," "reagent grade,"

zor, "analyzed"

L--
1. Water, distilled (as needed)
2. Hydrochloric acid (HC1), concentrated, 1 pint minimum .

3. Sulfuric acid (H2SO4), concentrated, 1 pint minimum

4. Antimony potassium tartrate [K(SbO)C4H406.1/2 H20] (recommend purchase

of 1 lb. units)
5. Ammoniu 'nolybdate [tNH4)6 Mo7024.4H20] (recommend purchase of 1 lb. units)

6. Ascorbic acid (recommend purchase of 5-ounce units)
7..Ammonium persulfate [(NH4)2S208] (recommend purchase of 1 lb. units)

8. Potassium dihydrogen rhospilte (02R04) (recommend purchase of 1 lb. units)

9. Sodium hydroxide (NaOH) (r commend purchase of 1 lb. units)

10,*Mercuric chloride (HgC12)
11 .*Sodium chloride (NaC1)
12. Boats, weighing, plastic disposable

*Only needed if samples must be preserved (i.e. if analysis cannot be performed

on the same day that the sample wat', collected).

Page N*. 3-8
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EFFLUENT .MONITORING PROCEDUREr Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

13. Filters, 0.45 micron pore size membrane, phosphorus-free, Gelman GA 6
or equivalent

14. Notebook, bound laboratory, for permanently recording data
15. Paper, graph: 8 1/2 inch by 11 inch dimestore schoul supply

is suitable. Recommend graph paper have seven major divisions
along 8 1/2 inch side and 10 major divisions along Ii inch side.

16. Tape, labeling, one roll (masking tape is suitable)
17. Tissue, lint-free, for wiping colorimeter tubes or cuvettes

82
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EFFLUENT MONITORING PROCEDURE: Determination of Total PHosphorus (As P) or of Orthophosphate (as P),
Single Reagent Method

Page No. 3-10

OPERATING PROCEDURES STEP SEQUENCE

TOTA! PHOSPHORUS,(as P) 1OR OF ORTHOPHOSPHATE (as P), SI

A. Glassware
Preparation

1. Assemble all necessary
equipment.

2. Heat 500 ml 1:1 HC1.

O

3, Rinse all glassware to he
used in procedure.

INFORMATION/OPERATING GOALS /SPECIFICATIONS
TRAINING
GUIDE NOTES

GLE REAGENT METHOD

la. See pages 7-9 for list of necessary equipment.

2a. In a 1000 ml beaker.
2b. Use a hot plate or bunsen burner.
2c. For directions on making 1:1 HC1,,See B,"Reagent

Preparation."
2d. CAUTION: Use extreme precautions with hot 1:1,

HC1 acid. This solution will cause severe burns.
Wear gloves, apron. goggles, etc., while handling.
Vapor from hot acid is extremely irritating to
eyes and throat. Use a hood or wear a respirator
while using.

3a. Use hot 1:1 HC1.

4.-Discard all 1:1 HC1 used 4a. CAUTION: 1:1 HC1 caelessly poured down drains
in rinsing glassware. will quickly eat out traps.

5. Flush away discarded 5a. Use plenty of tap water.
1:1 HCl. ,

6. Rinse the glassware with 6a. Fill and empty two times.
tap water.

7. Rinse the glassware with 7a. Use several portions of distilled water.
distilled water.

8. Rinse the glassware with
combined reagent.

8a. One time.

8b. For directions on making combined reagent, see B,
Reagent Preparation.

(continued)



EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

SINIMINIII

OPERATING PROCE M ES Sl SEQUENCEa
.

INFOR MAtION/OPERATING GOALS/SPECIFICATIONS
NITRAI

GUIDE
NG

NOTES
A. Glassware

Preparation
(continued)

.

9. Check all combined reagent-
rinsed glassware.

10. Rinse the glassware with
distilled water.

8c. The combined reagent will AN blue on contact
with orthophosphates.

8d. The purpose of this cleaning procedure is to
remove all phosphates. Appearance-of blue color
on combined reagent-rinsed glassware is indicative
of failure of first cleaning or else phosphate
contamination in the distilled water.

9a. After 10 minutes contact with the combined
reagent. .

9b. Look for blue color.

9c. For any glassware showing blue color, repeat
steps 3 through 9 of this Operating Procedure.

9d.,For any glassware not responding with blue color
in tl combined reagent, proceed,to step 10.

9e. If any glassware shows blue color after second
cleaning, have distilled water checked for
phosphates.

Y \. ..

10a. Use generous amounts.

,'-,'

B. Reagent Preparation

1. 1:1 hydrochloric
acid

,

1. Measure out 1000 ml dis-
tilled water.

2. Pour the water .40-,

clean glass bottl.

3. Measure out 1000 ml con-
centrated hydrochloric_
acid (HC1). ,

la. Use a 1000 ml (1 liter) graduated cylinder.

2a. Bottle must have a capacity greater than 2 liters,

3a. Use a 1000 ml graduated cylinder.
3b. CAUTION: Hydrochloric acid causes severe burns.

Vapor is, extremely irritating. Use care when
handling.

\

.

,

n L
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EFFLUENT MONITORING PROCEDURE: Determination of Total PHosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

OPERATING PROCEDURES

B. Reagent Preparation
(continued)

2. 10 N sodium
hydroxide

87

STEP SEQUENCE

4. Slowly, pour the 1 n ^0 mi

of concentrated HC1 into
the bottle.

5. Gently swirl the bottle o

mix the contents.

6. Label the bottle "1:1
Hydrochloric Acid."

1. Prepare a shallow co
water bath.

2. Weigh out about 40 grams
sodium hydroxide-(NaOH)
pellets as rapidly as
possible.

3. Transfer the pellets to a
250 ml beaLer.

4._Measure out 100 ml of
distilled water.

5. Place the 250 ml beaker
in the prepared cold-water
bath.

o. Slowly pout the 100 ml

of distilled water into
the reagent container.

INFORMATION/OPERATING GOALS/SPECIFICAIIONS

Page No. 3-12

TRAINING
GUIDE NOTES

4a. Avoid spattering the acid by holding the bottle
at an angle so that the acid runs down the side.

a.

la.

The date and initials of preparer should always
be included on the label of any reagent container.

In a small pan or pneumatic trough.

2a. In a tared weighing boat on a triple beam balance.
2b. Sodium hydroxide rapidly picks up moisture.

4a. Use a 100 ml graduated cylinder.

7. Gently stir the beaker's 7a. Use a glass stirring rod.
contents in the cold-water 17b. To mix the contents and cool the solution to
bath. room temperature.
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EFFLUENT MONITORING PROCEDURE: Determination of Tdtal Phosphorus (as r ) ° :or of Orthophosphate (as P),
o Single Reagent Method

OPERATING PROCEDURES STEP SEQUENCE

B. Reagent Preparation
(continued)

3.-0.1 N sodium
hydroxide

8. When solution is cool,
remove the beaker from the
water bath and pour the
solution into a reagent
container.

9. Label the 'reagent bottle
"10 N Sodium Hydroxide."

1. Measure out 10 ml of the
10 N sodium hydroxide.

2. Pour the 10 ml of 10 N
sodium hydroxide into a

reagent container.

3. Measure out 900 ml of
distilled water.

4. Slowly our the distilled
water into the reagent
container with the 10 ml
10 N sodium hydroxide.

5. Swirl the container.

6. Label this reagent con-
tainer "0.1 N Sodium
Hydroxide."

INFORMATION/OPERATING GOALS /SPECIFICATIONS

8a. Reagent container must be 100 ml capacity or
greater.

8b. NOTE: Plastic storage containers are preferable
for sodium hydroxide (NaOH) solutions as they will
etch glass over a period of time, resulting in a
loss of strength of the solution.

9a. Solution is indefinitely stable if container is
kept tightly capped when not in use to prevent

'admittance to atmospheric carbon dioxide (CO2)

A1111001111

TRAINING
GUIDE NOTES

gas.

la. Use a 25 ml graduated cylinder.

lb. This is reagent #2, above.

2a. The reagent container should be 1 liter capacity
or greater.

2b. A plastic reagent container is preferred, as
sodium hydroxide etches glass.

3a. Use a 1000 ml graduated cylinder.

5a. Tu thoroughly mix the contents.

6a. This reagent will be used solely for adjusting
the pH of samples and standards.

Page No. 3-13
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method*

Page No. 3-14

OPERATING PROCEDURES

B. Reagent Preparation
;continued)

4. Strong acid
solution, 11 N
sulfuric acid

. Li _.-...

STEP SEQUENCE

1. Measure out 600 ml dis-
tilled water.

-2. Pour the distilled water
into a 1500 ml beaker.

3. Measure out 310 ml con-
centrated sulfuric acid
(H

2
SO

4
)

4. Place the 1500 ml beaker
in a cold-water bath.

5. Veil/ slowly pour the 310 ml

concentrated sulfuric acid
into the 1500 ml beaker:

6. Gently stir the contents
of the beaker in the cold-
watcr bath.

.

7: Measure out 901RT of
distilled water.

8. Slowly pour the 90 cl of
. distilled water into the

1500 ml beaker,

9. Gently stir the contents
of the 1500 ml beaker.

t
,.

INFORMATION/OPERATING GOALS /SPECIFICATIONS
1---

'--4_,...

la. Use a 1000 ml graduated cylinder

3a. Use a 500 ml graduated cylinder.
3b. CAUTION: Contact with concentrated sulfuric acid

causes severe burns.

a. In a small pan or pneumatic trough.

5a. Hold the beaker at an angle, so the acid runs
down the side of the container.

5b. CAUTION: If the acid is added too ruickly, the
water will boil and spatter the suiruric acid.

6a. Use a glass stirring rod.
6b. To mix the contents.
6c. Let the reagent container stand in the cold-water

bath while the solution. cools to room temperature.

7a. Use a 100 ml graduated cylinder.

9a. Use a glass stirring rod.
9h. To thoroughly mix the content

TRAINING
GUIDE NOTES

o
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`rFaiNT MONITORING. PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),

Single Reagent Method

OPERATING PROCEDURES STEP SEQUENCE

B. Reagent Preparation
(continued)

5. 1.1 N Sulfuric

acid

6. 5 N sulfuric acid.

10. When solution is cool,

remove the beaker from the
water bath and pour the
solution into a reagent
container.

11. Label the reagent contain-
er "Strong Acid Solution."

1. Measure out 900 ml of
distilled water.

2. Pour the distilled water
into a reagent container.

3. Measure out 100 ml of 11 N
sulfuricac.id.

4. Slowly, pour the '100 ml of

11.N.sulfuriC acid into
the'agent container with
the distilled water.

Swirl the reagent
containatz.'

6. Label this reagent con-
tainer "1.1 N Sulfuric
Acid."

1. Measure about 400 ml ufs-
tilled water.

2:-POur the.distiled water
into a 500 ml volumetric
flask.

INFORMATION/OP:RATING GOALS/SPECIFICATIONS

--P'
TRAINING

GUIDE NOTES

10a. Reagent container may be either glass or plastic.
10b. It must be 1 liter capacity or greater.

lla. Solution is indefinitely stable.

la. Use a 1000 ml graduated cylnd6r.

2a. The reagent container should be glass,'1 liter
capacity or greater.

a. Use a 100 ml graduated cylinder.
3b. This is reagent #4, above.

5a. To thoroughly mix the contents.

6a. This reagent will be used solely for adjusting the
,p11 of samples and standards.

la. Use a 500 ml graduated cylinder.

Page No.'3 -15
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EFFLUENT-MONITORING PROCEDURE: Determination of total Phosphorus (as P) or of Orthophosphate (as P),
f .

_ Single Reagent Method
Page No. 3-16

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

B. Reagent Preparation
(continued)

7. Antimony potassium
tartrate solution

95

3. Measure out 70 ml concen-
trated sulfuric acid
(H

2
SO
4

).

4. Place the voluMetric flask
in the cold-water bath.

5. Slowly pour the'70 ml con-
centrated sulfuric acid
into the flask.

6. Gently swirl the flask in
the cold-water bath.

7. When solution is cooled to
room temperature, add dis,r.

tilled water to bring
solution to 500 ml volume.

8. Transfer the solution to a
500 ml plastic storage
container.

1. Weigh out exactly 1.3715
grams of antimony potassium
tartrate

[K(SbO)C4H406.1/2 H20].

2. Quantitatively (that is,
completely) transfer the
1.3715 grams of antimony
potassium tartrateto a
500 ml volumetric flask.

3a.

3b.

4a.

5a.

5b.

6a.

Use a 100 ml graduated cylinder.
CAUTION: Contact with sulfuric acid causes
severe burns.

In a small pan or pneumatic trough.

Hold the flask at an angle, so the acid runs down
the' side of the flask.' ,

CAUTION: If the acid is added too quickly, the
water will boil and spatter the sulfuric acid.

To mix the contents and cool the solution to room
temperature.

8a. Container should be labeled "5 N Sulfuric Acid."
8b. Prepare this solution weekly. .

la.

lb.

lc.

2a.

2b.

In a weighing boat.
Use an analytical balance.

Observesall handling precautions given on the
reagent bottle label.

Funnel the chemical into the flask, usiiry a

.distilled water squirt bottle to wash all traces
of the chemical from the weighing boat and powder
funnel into the flask.

.

CAUTION: ,Use minimum amount of distilled water
necessary.



EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),Single Reagent Method

110..M.

OPERATING PROCEDURES STEP SEQUENCE
INFORMATION/OPERATING GOALS/SPECIFICATIONS

-B. Reagent Preparation

:,(continued)

8. Ammonium molyb-
date solution

97

1.- Measure out 400 ml of
. -

distilled water.

4. Pour the 400 ml of dis-
tilled water into the

. flask.

5.'Swirl the flask gently.

6. Dilute the contents of the
flask to 500 ml.

7. Transfer the solution to a
clean storage bottle.

8. Label the storage bottle
"Antimony Potassium
Tartrate Solution."

1. Weigh out 20 grams

ammonium molybdate

[(NH4)6Mo7024.4H20],r

2. Measure out 500 ml of
distilled water.

3. Trdnsfer the 20 grams of
ammonium molybdate to a
plastic storage bottle.

4. Rinse any remaining chemi-
cal from the weighing boat
into the plastic storage
bottle.

'3a. Use a 500 ml graduated cylinder.

a. Until the chemical has dissolved.

=11MI

7a. Bottle must be 500 ml capacity or greater.
7b. Bottle must,be dark and glass-stoppered.

8a. Store this solution in the dark at 4°C.

. TRAINING
GUIDE NOTES

la. In a weighing boat.
lb. Use a triple-beam (0.1 g sensitivity) balance.

2a. Use a 500 ml graduated cylinder.

3a. Use a powder funnel and distilled water squirt
bottle to wash all traces of the chemical from the
weighing boat and powder funnel into the storage
bottle.

3b. Bottle must be 500 ml capacity or greater.
3c. vJe a minimum of distilled water.

4a. Use part of the 500 ml distilled water measured
out in step 2.

Page No. 3-17

s 98



EFFLUENT - MONITORING PROCEDURE: "Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

CP.

Page No. 3-18

OPERATING-PROCEDURS

B. Reagent Preparation
,(continued)

9. Q. -1 -M ascorbic

acid

99

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

.5. Pour the remaining dis-

tilled wateeinp the
plastic storage, bottle.

6. Gently swirl,the plastic
bottle.

7.' Label the bottle "Ammonium

MOlybdate,Solution."

-1/ Weigh-out 1.76 grams -nf-
ascorbic acid.

'2. Measure out 100 ml dis-
tilled water.

3. Transfer the 1.76 gascor-
bic acid to a storage
bottle. .

4. Pour the remaining dis-

tilled water into the
storage bottle.

5. Gently swirl the'storage
bottle.

-6. Label the bottle "Ascorbic
Acid Solution."

6a. To dissolve the ammonium molybdate.

7a. Store this solution at 4°C.
7b. Prepare this solution weekly,.

la.

lb.

2a.

-In a-weighing-boatT----

Use an analytical balance.

Use a 100 ml graduated cylinder.

3a. Storage bottle must,be 100 ml capacity or greater.
34. Storage bottle may be either plastic or glass.
36. Use part of the 100 ml of distilled water measured

out in step 2 to rinse any remaining traces of
ascorbic acid from the weighing boat into the
storage bottle.

5a. To dissolve the ascorbic acid.

6a. Store the solution at 4°C.
0

6b. Prepare this solution weekly.

100
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JILT MJNITORING PROCEDURE:' Determination
of Total Phosphorus (as P), oof Orthophosphate-(as P)

Single REagent Method -

OPERATING PROCEDURES 'STEP SEQUENCE

I!

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

8. Reagent Preparation
(continued)

10. Combined reagent

(combination of
reagents 6, 7, 8,
and 9 above)

10.1

1. Bring reagents 6, 7, 3, la. It is critical that all solutions used in theand 9 to room temperature
makeup of this combined reagent be at roombefore doing the following
temperature'before mixing,,and that they be mixedsteps. in the ordei. given.

2. Measure 50 ml 5 N sulfuric Za. Use a 100 ml graduated cylinder.
acid into a storage con- 2b. Solution must be at'room temperature.tainer. 2c. Storage container may be either glass or plastic.

2d. Storage container must be 100 ml capacity or
greater.

3. Pipet 5 ml antimony

potassium-tartrate solu-
tion into the storage
bottle.

4. Gently swirl the storage
bottle.

5. Measure 15 ml ammonium

molybdate solution into
the storage bottle.

6. Gently swirl the bottle.

3a. Use a 5-ml, volumetric pipet and a rubber bulb.
3b. Solution must be at room temperature before

addition.

4a. To thoroughly mix the contents.
4b. If any turbidity (cloudiness) is observed, shake

the bottle and allow it to stand for a few minutes
until the turbidity disappears before proceeding
to step 5.

5a. Use a 25 ml graduated cylinder.

5b. Solution lust be at room temperature before
addition.

6a. To_thoroughly mix the contents.
6b. If any turbidity (cloudiness) is observed, shake

the bottle and allow to stand for a few minutes
until the turbidity disappears before proceeding
to step 7.

Page No. 3-19
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3-20e NoEFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Page

Single Reagent Method

.0
111011"

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

-B. Reagent Preparation 7. Measure 30 ml ascorbic
(continued) acid solution into the

storage bottle.

11. Ammonium
persulfate

8. Gently swirl the bottle.

9. Label the storage bottle

"Combined Reagent."

7a. Use a 100 ml graduated cylinder.
7b. Solution must be at rovA '.emperature before

addition.

8a. To thoroughly mix-the contents.
8b. If any turbidity (cloudiness) is observed, shake

the bottle and allow the combined reagent to stand
fora few minutes until the turbidity disappears
before using the combined reagent.

9a. The combined reagerit is extremely unstable and
must be prepared fresh before each use.

9b. This 100 ml of combined reagent is sufficient for
12 determinations. If large numbers of samples
are to be run simultaneously, larger quantities of
the combined reagent may be prepared by using the
same reagent proportions.

Use a spatula.
Put into any open-mouthed, shallow container con-
venient to scoop or weigh from.
CAUTION: This is a vigorous oxidizing agent.

1. Transfer about 50 grams of la.

aMmonium persulfate lb.

(NH
4

)
2 S 2'08

into a

container.

2. Label the container
"Ammonium PersUlfate."

12. Stock phosphorus 1. Preheat an oven to 105°C.
solution

103

lc.

2a. Store in a desiccator.

2b. Prevent contact with any combustible material.

la. An oven used for drying suspended solids crucibles
or filters is suitable.

2. Transfer a few grams of 2a.

potassium dihydrogen phos- 2b.

:phate (KH2PO4) to a suit-

able container.

Use a spatula.
NOTE: Any shallow, open container is suitable as
long as it can withstand 105°C heat. A small
porcelain evaporating dish is handy for the
purpose.



EFFLUENT MONITORING PROCEDURE:

0.,

OPERATING PROCEDURES

8. Reagent PrePiration

(continued)

-"1.-

Determination of Total.Pflosp-horus4as P) or of Orthophosphate (as P).
Single,Reagent Method'

STEP.SEQUENCE .

er the container of
potassium dihydrogenNphos-
phate to the preheated
oven.

1(6

4"

4. Trabifer.the container of
'potassium dihydrogen phos,
'phate to a desiccator.

5. Transfer the container of

potassium dihydrogen phos-
phate to a spot convenient
to the analytical balance.

6. Weigh out exactly 0.2197
grams of potassium di-
hydrogen phosphate.

INFORMATION/OPERATING GOALS/SPEC FICATION$

3a. Use tongs. "`\%

3b. This will drivoff atmospheric moisture 'that the
chemical has picked up and allow.accurateweighing.

3c. Dry, for i minimum of 1 hour before proceeding to
step 4.

3d. NOTE: Oven dour should not be ()pened during
drying period.

4a. Use tong.
V.B.012,4

4b. NOTE: Potassium dihydrogen phosphate may be safe- (p. 41)
ly desiccated With amemium'persulfate.

4c. To cool to room temperi.ture.

4d. About 30-40 minutes should'be sufficlent.

.TRAINING 0

GUIDE NOTES

#-

5g. Use tongs.

6a.

6b.

6c.

7. Completely transAhr the 7a.
0.2197 grams of pptassium
dihydrogen phosphate to a
one liter volumetric flask..

8. Fill the volumetric flask 8a
about one-half full.

9.,Gently swirl the flask.

In a weighing boat.

On the analytical balance.
NOTE: This step should he accomplished as quickly
as is consistent with best weighing technique to,
avoid the pickup of atmospheric moisture by the
chemical during weighing..

Funnel the chemical into the flask, usinfa dis-
tilled water squirt bottle to wash all tracesOf
the chemical from the weighing boat and funnel
into the flask.

C

Use distilled water.

9a. 'To completely dissolve-thepotassium dihydrogen
phosphate.

10. -Dilute the contents of the 10a. Use distilled water.
flask to one liter.,

I

F.D

.10()
Page No. 3-21r'
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"EFFLUENT MONIf0FING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

OPERATING PROCEDURES,

B. Reagent Preparati
(continued)

!"

STEP SEQUENCE

11. Stopper or cap the flaik.

12. Gently invert the flask.

13. Transfer the solution to
a. storage bottle.

14. Label e bottle "Stock
Phospho s Solution."

f C. Preparation of
Standard Phosphorus.
Solution -:'''

. INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 3-22

. Pipet exactly 20 ml Of"
stack phosphorus solution
Into a, .one liter volumetric
flask./

o

2. Dilute the stock phos-'

phorus solution in the
flask to one liter.

3. Stopper or cap the'flask.

4. Gently invert the flask.

5. Label the flaik "Standard
Phosphorus .Solution.."

0

do.

12a. Do,this half-adbzen times to ensure complete
miring.

4-*

must be 1000 ml capacity or greater.
tob.-Bottle-can be- glass -or plastic.

14a. 1.0 ml equals 0.05 mg P (50 microgram P).
14b. Solution is stable for a maxlmum of six months if

stores at 4°C when not in use.
14c.. NOTE: Solution must be warmed to room temperature

before use.
4

Ta. Use a 20 ml voluMetric pipet and a rubber bulb.
lb. NOTE: This volume onl applies for the Bausch

and Lomb Spectronic (or equivalent) equipped
with the standard 1/2 inch tubes. For 'other.: 1
1/2 inch tubes this volume must be adjusted:
See Training Guide.

2a. Use distilled water:

4a. Do-this-half warAozen-times -to-edsurecompitte
mixing.

.

5a.,1.0 ml equals 1.0 ug P.
5b, ThiS dilute solution is unstable and must be

'prepared daily.

4

TRAINING..
r.:IDE NOTES

VI.C.
(p. 4

I
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EFFLUENT' MONITORING PROCEDURE: Deteehitiation of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

OPERATING PROCEDURES - STEP SEQUENCE
INFORMATION/OPERATING GbALS/SPECIFICATIONS

.ama moomMum.
TRAINING

GUIDE NOTES
D. Preparation of

Phosphorus CAlibra-
-. tio6"Standards

1133

1. If you are preparing a

calibration curve, measure
the amounts of standard

phosphorus solution shown
in Table 1 into nine 50 ml
volumetric flasks. If a
calibration curve has
already been established,

omitrthis step and steps
2 through 6 and proceed to
step 7.

la. Use volumetric pipets and a rubber bulb.
'lb. Label each flask with its appropriate mg/1

pho.r)orus concentration as given in Table 1.
NOTE: If you will be using spectrophotometer
tubes kith a width greater than one half inch,
the concentration of these standards will be ,

different. See Training Guide.
lc. NOTE: The 40 ml volume of standard phosphorus

solutilammay require a combination of volumetric
pipets.

TABLE 1

Flask
No.

ml of Standard .

Phosphorus Solution
-Per 50.0 ml

Concentration
of Phosphorus,
mq per liter

1---- -a-- -----b.00

2 1.0 0.02

3k" 3.0 0.06

4 5.0' 0.10

5 10.0P 0.20

6 20.0 0:40

7 '______30.0----- 0.60: ----.

8 40.0 ,0.80

50.0 1.00

VI.D.lb

(p..42)

J.

1.10 .
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method ....04*

Page No. 3-24

TRAINING
GUIDE NOTESOPERATING PROCEDURES STEP. SEQUENCE INFORMATION/OPERATING GOALS /SPECIFICATIONS '

D. Preparation of
Phosphorus Calibre-
tion Standards
(continued)

ti

0.,

2. Dilute the various ,

amounts of standard
phosphorus solution in
the.nine flasks to the
50.0 ml, mark.

3. Stopper or cap each flask.

4. Gently invert each flask.

5. Pour each of the nine
prepared calibration

2a. Use distilled water.
2b. NOTE: The 50 ml flask requiring 0 ml of standard

', phosphorus solution is a "reagent blank" a:. ..ill

merely be filled to the'50 ml mark with distiller'
water. However, this flask must be carried
through the rest of the steps, being treated
exactly as any sample or calibration standard.

4a. Do this half-a-dozen times to ensure complete
mixing.

5a. Label each 125 ml Erlenmeyer flask with the mg/1 P
concentration corresponding to the Tel-titular 50m1

-

.

.

VI.D.8b
(p. 43)

112

.

'

f

,-,

1 11

standards-from-thetr-SOIn
volumetric flasks into a
125 ml Erlenmeyer flask.,

A,
6. If you are preparing a

calibration curve, omit
steps 7 thrOugh 15 and
proceed to E, "Preparation
of Samples."

c

7. Pipet 5 ml of standard

phosphorus solution into a
50 ml volumetrit flask.

8. Label the flask "0.10 mg/1
P."

-Nt1111Wetrit-fran emptied into Tt.

, 4
,

. ,

.

.

7a. Use a;5 ml volumetric pipet and a rubber bulb.
.

,

8a. This is a "low" calibration standard. It must be
used to check the accuracy of the calibration,
curve.

8b. If you will be using spectrophotometer tubes with
a width greater than ohs e half inch, the concen-
tration of this standard will be different. See
Training Guide. .



EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus .(as P) or of Orthophosphate (as P),
Single Reagent Method

OPERATING PROCEDURES

D, Preparation of

Phosphorus Calibra-
tion Standards
(continued)

STEP SEQUENCE

9. Pipet 40 ml of stand4rd

phosphorus solution into a
50 ml volumetric flask.

10. Label the flask "0.80
mg/1 P."

11. Dilute the standard

phosphorus solution in the
two flasks to the 50.0 ml
mark.

12. Stopper or cap each flask..

13. Gently invent tfie flask.

14. Empty these flasks into
each of two 125 ml
Erlentheyer flasks.

15. Pipet 50 mi of distilled
water into a cleah 125 ml
Erlenmeyer flask.

-INFORMATION/OPERATING GOALS/SPECIFICATIONS

la. You may have to use a 20 ml volumetric pipet,
filling it.twice and using a rubber [Alb.

TRAINING
GUIDE NOTES

10a. This is a "high" calibration standard. It will
be used to check the accuracy of the'calhration
curve.

10b. If you will be using spectrOphofieneter tubes with VI.D.10b
a width greater than one half inch, the comeen- (p. 43)
tration of this standard will be different. See
Training Guide.

la. Use distilled water.. -

3a. Do this half-a-dozen times to thoroughly mix the
contents.

4a. Label the 125 ml Erlenmeyer flasks with the
-corresponding mg/1 P concentrations.

5a. Use a 50 ml volumetric pipet and a rubber bulb.
5b. Label this flask "0.00 mg/1 P."
5c. This is the "reagent blank." It is carried

through all the steps, being tested exactly as
any sample or calibration standard.

w.

1 114.4.
1.1.11
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

OPERATING PROCEDURES

E. Preparation of
Samples

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 3-26

TRAINING
GUIDE- NOTES

. Record the sample identi-
fication information.

2. Shake the sample.

3. Immediately pipet 50 ml
of sample into a 125 ml
Erlenmeyer flask.

115

t4

4. Label this 125 ml
Erlenmeyer flask "Sample."

la. Sample should be at hand before continuing with
this test.

lb. Use a laboratory notebook..

lc. Record "location," "identification." "type ",
"date and time collected," name of'Sample
collector," and "date and time analysis, egan"
on the data sheet provided.

VII.E.la
(p. 44)

IX.E.lb
(p. 48)

IX.E.1c

(p. 49).

3a. Use a 50 ml volumetric pipet and a rubber bulb
unless the sample contains large particulate
matter. Then use a 50 ml graduated cylinder.

3b. Measure rapidly since solids may settle inItie
sample- container while you are filling the pipet
or cylinder.

3c. NOTE: -Wastewater samples may contain more than VII.E.3c
1.00 mg/liter phosphorus and require dilution. (p. 45)
With a-wastewater sample of unknown mg/liter P
concentration, -it is desirable to set up addi-
tional fla0s containing sample aliquots diluted
to 50.0 ml:

3d. NOTE: -,If orthophosphate is to be run, any sample JI.E.3d
containing appreciable quantities of turbidity or (p. 46)
suspended solids must be filtered through a 0.45 .

micron phosphorus-free filter. Before attempting
to run orthophosphate on such a sample, refer to
.the Training Guide for an explanation of the
required procedure modification. Sample aliquots
on which total phosphorus is to be determined
must not EFTTItered at this time.

4a. If the sample dilutions are being used, include II.E.4a
the amount of dilution on the label. (P. 40)

4b. Also record -the amount of sample dilution on the X.E.4
data-sheet"provided.
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EFFUENT MONITORING PROCEDURE:
Determination of Total Phosphorus (as P) or of Orthophosphate (as P),3
Single Reagent Method

MEW

OPERATING PROCEDURES

E. Preparation of
Samples (continued)

7

11'7

STEP SEQUENCE

5. If only orthophosphate is
to be determined, adjust
the pH of the sample and

calibration standards to
7.0 + 0.2, then skip.
Procedures F and G and
start at Procedure H,

"Preparation of Spectro-
photometer." If total
phosphorus is to be
determined, continue with
Procedure F, "Digestion
Procedure f6r Total

Phosphorus Determination."

friFORMATION/OPERATING,GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

5a. Use an electronic pH meter.
-5b. Use thelON and 0.1-N sodium hydroxide and the

strong acid solution (11 N sulfuric acid) and the
1.1 N sulfuric acid to adjust the pH. On any pH
adjustment, begin with the strong acid (11 N) or
base (ION), and use the weaker (1.1 N sulfuric
acid and 0.1 N sodium hydroxide) soluttons only
for the final precise adjUstments.

5c. If no sample dilution is being used (i.e., you use
50.0 ml of sample) any acid or base used-for pH
adjustment will cause a volume error (final olume
will be greater than 50.0 ml),-and thus cause low
results. SignifiLant pH adjustment volume errors
on strongly acid or basic samples may be minimized
by very roughly adjusting the pH of the 50.0 ml
aliquot using concentrated (36 N) sulfuric acid or
very strong (10 N) sodium hydroxide dropwise,
followed by precise adjustment using the more

___dilute_solutions-as-givehlin,,6b-above. Small
volume errors will still be unavoidable.

5d. If a sample dilution is being used, a volume error
from pH adjustmedt may be avoided by pipetting the
filtered sample 'aliquot into an Erlenmeyer flask
or beaker, addiig distilled water to bring the
volume to approximately 40 ml, performing the pH
adjustment, and then pouring the pH adjusted sampl

s-diTUtfaiiinto a 50.0 ml volumetric flask and add-
ing distilled water as-needed to bring the volUme
to the 50.0 ml mark.

5e. NOTE: If you are preparing a calibration curve,
there will be nine calibration standards to pH
adjust (prepared in D, steps 1 through5). If a,
calibration curve has already been established,
°there will be three calibration standards to pH
adjust (prepared in D, steps 7 through 15).

O
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- EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P), Page No. 3-28

Single Reagent Method

OPERATING.:PROCEDURES

F. Digestion Procedure
for Total Phosphorus
Determination
(Cal-ibration

Standards., Reagent

Blank, Samples)

119

STEP SEQUENCE

1. Turn ona hot plate, or
plates.

2. Add 1 ml of strong acid
solution (11 N sulfuric
acid) to each 125 ml
Erlenmeyer flask.

3. Remove the ammonium per-
sulfate from the
desiccator.

4. Weigh out a 0.4 gram
portion of ammonium.
persulfate for each
solution in a flask.

5. Add 0.4 gram ammonium per-
sulfate to each of the
125 ml Erlenmeyer flasks.

6. Add 3 or 4 glass boiling
beads to each flask. c-

7. Place the flasks on the
preheated hot plate(s).

INFORMATION/OPERATING GOALS /SPECIF.ICATIONS
TRAINING
GUIDE NOTES

la. Let them heat.

lb. The surface area of the hot plate(s) must be larg
.enough to accommodate a minimum of 10-125 ml
Erlenmeyer flasks.

lc. If an autoclave is to be used, omit this step.

2a. Use a 10 ml graduated (Mohr) pipet and a rubber'
bulb.

2b. NOTE:' All standards including the reagent blank
are digested along with, the sample.

4a. In weighing boats.,
4b. Using a triple-beam balance.
4c. NOTE: If you are using a 0.4 gram,Hach measuring

spoon (or equivalent), this step may be omitted as
the portions may be scooped as needed;

6a.'This will control bumping (uneven boiling).

7a. Alternately, the-flasks may be autoclaved for
30 minutes at 121°C (15-20 psi).

8. Gently boil the flasks. 8A.

$b.

For 30-40 Minutes or until a volume of approxi-
mately 10 ml is reached. "

CAUTION; Do not allow any of thellasks to go to
dryngss. This will ruin the. determination. 1.4



FLUENT- MORITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Orthophosphate (as P),. _

Single Reagent Method

OPERATING PROCEDURES----I

G. pH:ldjustmant of
_Digest Tr,alibration
Standa Reagent
Blank, Samples

12

1.

STEP'SEQUENCE .4"6 I
INFORMATION/OPERATING'GOALS/SPECIFICATJONS

Set up YS.:many 0 micron
filter assemblies as you
have standards, blanks,
and samples.

2'. Cool the digest.t.A flasks.

3. Filter each standard,
blank, and sample.

4.' Rinse each Erlenmeyer

flask and filter the
rinse water.

5. Pour each filtrate back
into.its corresponding

12511-Erlenmeyer flask.

0

6.. Rinse each filter flask.

7. Adjust the pH of each
standard, blank, and
sample.

.1a. See the Training Guide Not referencecrto this
step for information concerning this type of
asiembly-ind the required phosphorus -free filters.

lb. If you do not have this many filtration assem-
blie's, you can rinse out and reuse the equipment.

-This requires more time.

2a, -Hold them under running tap water or use a very
Aafibw.eold-water bath.

/r
3a. Ute a phosphorus-free 0.45 micron pore size filter

and assembly.

4a. Use distilled water.

.4b. Use no more than 2,5 ml portions for each flask,
Adding each portion, siiirlingeand then pouring
each portion through the appropriate filter.

5a. A powder funnel may be useful.
5b. For laboratories having only double-electrode-pH

meters, labeled 100 ml beakers may be substituted
foFthe 125 ml Erlenmeyers at this point.

6a. Use one 10 ml portion of distilled water, adding
the rinse water to the 125 ml Erlenmeyer flasks.

6b. Volume in each flask must riot exceed 35 ml.
7a. Adjust to pH 7 + 0.2.
7b. Use an electric MH meter.
7c.-NOTE: When adjusting'the pH, add 10 N sodium

hydroxide rapidly using a graduateo (Mohr) pipet
or eyedropper until the pH is raised to'about 3
(this will require approximately 1 ml). There-
after, add base slowly and dropwise to ,pH 6,
watching the pH meter carefully. At this point
continue the dropwise addi* )n, but using 0.1 N
sodium hydroxide until the pH is up to 7:0 + 0.2.
If pH is raised too high, use 1.1 N sulfuric acid
dropwise to lower the pH.

TRAINING
GUIDE NOTES

VII.G.la
jp. 47)

1_22
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EFFLUENT MONITORING-PROCEDURE:-Determinationof-Total OhosOorus
Single Reagent Method 4,1'4

/-

-Ptge-Nv-3=30or of Orthophosphate (as P), 0

OPERATING PROCEDURES__ STEP SEQUENCE
INFORMATION/OPERATINGLS/SPECIFICATIONS

TRAINING
GUIDE NOTES

Gp pH Adjustment of
Digested Calibration

. -Standards, Reagent-
Blank, Samples

(continued)

H. Preparation of
Spectrophotometer

12

8.. Add 0.1 ml of 11 N sul-
furic acid to each OH-

adjusted-standard, bank"
and sample.

9. Pour each standard, b nk
and sample into the 0 ml
volun*tric flask i. which

was originall made up.

10.-Dilute each f ask to the
mark.

11. Stopper each flask.

12. Gently invert each flask.

13. Pour each 50.0 ml solution
back into its correspond-
ing 125 ml Erlenmeyer
flask.

1. Turn the instrument-on.

. Use a 1 ml pipet,flraduated in 0.1 ml, and a rubber

8b.-NOTE: will prevent possible adsorption of
phosphorus on iron, aluminum, manganese or other
metal precipitates.

9a. If there is room in the 50 ml volumetric flask,
'add a small volume rinse of Cle flask or beaker
used to adjust pH.

10a. Use distilled water.

12a. Do this half-a-dozen times t) thoroughly mix the
contents. s;

13a. Each is now ready for the addition of colorimetry
reagents.

la. Allow a warm-up period of approximately 20 minutes
(10 minutes minimum).

lb.Use a B & L Spectronic 20 (or equivalent) equipped V.H.lb
'with accessory infrared phototube and filter for (P..41)
use at 880 or 650 nm wavelength.

:

lc. There is an EMP on "Use of a Spectrophotometer.'"

124.



EFFLUENT MONITORING PROCEDURE: DAtermination of Total. Phosphorus (as P) or of Orthophosphate.(as P),
..angle Reagent Method

OPERATING PROCEDURES STEP SEQUENCE

I. Color Development 1. Add 8.0 ml of combined

reagent to each 125 ml
Erlenmeyer flask.

2. Gently swirl the flasks.

3. Allow a 10 minute

.(minimum) to 30 minute

(maximum) waiting period.

INFORMATION/OPERATING GOALS /SPECIFICATIONS TRAINING
GUIDE NOTES

la. Use a 10 ml graduated (Mohr) pipet and a rubber
bulb.

2a. To ensurs! complete mixing.

3a. For maximum color development.

J. Spectrophotometric_
Measurements

1. Adjusting the
instrument

2. Beading

absorbance

12 j

1. Consult the manufacturers
instructions for calibrat-
ing your particular
instrument. .

2. Adjust the wavefength'to
880 nm.

3. Check to make sure that
the instrument reads

infinite absorbance with
no sample tube in the
instrument.

4. Use the reagent blank

(0.00 mg/liter P) to ad-
just the instrumentto
zero absorbance.

5. Repeat step 3.

1. Measure and record the
absorbances for each of
the calibration standards.

la. Instrument must 'be warmed up at least TO minutes.-
lb. There is an EMP on "Use of the Spectrophotometer."

2a. 880 nm is the preferred wavelength, but 650 nm
may also be used.

3a. If it does not, adjust the instrument so that it
does read infinite absorbance. (See manufac-
turer's.insXrustions).

4a. Spectrophotometer tubes'must be cleaned with
1:1 HC1, etc. See Procedure A, Glassware
Preparation.

4b. Use manufacturer's instructions to make the
adjustment.

la. If you are preparing a calibration curie, there
are 8 calibration standards.

lb. If yoU are running check standards, there are 2..

(continued)

V.J.1.2a
(p. 41)
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EFFLUENT MONITORINGsPROCEDURE: .Determination of Total Phosphorus (as P) or of Orthophosphate (as P),
Single Reagent Method

6

-
=

Page No. 3-32"

OPERATING PkOCEDURES

- J. Spectrophotometric
Measurements
(continued)

STEP SEQUENCE

2. Measure and record the
absorbancas for each of
the samples.

3. Turn off the

spectrophotometer.

K. Making a Calibration
Curve

12 7

. If a calibration curve
has been established, omit
this Operating Procedure
and proceed to.Dperating
Procedure 1,-"Checking
the Calibration Curve."
If a calibration curve has
not been previously es-
tablished, proceed with
step 2 below.

2. Obtain an 8 1/2 x 11 inch
piece of graph paper.

3. Label the longer side is
the concentration axis.

4. Label the shorter side as
the absorbance ixis.

INFORMATION/OPERATING GOALS/SPECIFICATIONS.
_ 1 GUIDE NOTES

TRAINING

lc. In either case, proceed from the lowest to the
highest concentratioll.

ld. Record the absorbance value next to the corre-
sponding mg/liter P concentration of the call-

`-bration
or check standards on-the data.sheet

provided.

2a. In the absorbance column provided for samples on
the data sheet.

3a. Unless it is to be used for other measurements.

la

IX.J.2.1d
(p. 49)

IX.J.2.2a
(p. 49)

. Since the standards for a total,phosphorus,

determination must be digested beforg colorime-
try, and the standards for an orthOplibsohite
determination are not digested, one calibration
curve will be needed for the total phosphorus
determination and a separate calibration curve
for the orthophosphate,determination. Unless the
are exact duplicates, the two curves must not be
used ifiterchangeably.

2a. The last page of this EMP is a model of graph
paper labeled for this test.

IX

(p. 50)



EFFLUENT MONITORING PROCEDURE: Determination ofTotal PhosphorUt (as P) or of Orthophosphate (as P),
. Single Reagent Method

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS /SPECIFICATIONS TRAINING
GUIDE NOTES

K. Making a Calibration
Curve (continued)

5, Use the absorbance value
and corresponding con-
centration for each of
the standards to make a
plot of absorbance versus
concentration.

6. Skip Operating Procedure

L, "Checking the Cali-
bration Curve,",and
proceed to Procedure MI

"Reading Results from the
Calibration Curve."

5a. Thit graph should be prepared with,utmost' care.
5b. The points plotted should form a straight line.
5c. This straight line plot is the calibration curve.

L.- Checking the

Calibration Curve

123

1. Locate the absorbance

v.Tue just recorded fo
the 0.10 mg/liter P

calibration standard.

2. Read its observed con-
centration.

3. Record this curve mg/liter
P concentration.

4? Compare this observed
mg/liter P concentration

to its trueyalue of 0.10
mg/liter P.

la.

lb.

On the calibration curve for the determination
you are doing--total phosphorus or orthophosphate.
If you adjusted the concentration of your stand- VI.L.lbards for other than half-ifich width spectro- (p. 42)
photometer tubes, the concentration of this
standard is different. See Training Guide.

.3a. In the column next to the absorbance column for
check standards on the data sheet provided.

4i. The observed mg/liter P concentration of the
calibration standard, as -read'from the call-
braVion curve must be within 1:2% of its true
value of 0.10 mg/liter P.

- 2% of 0.10 is 0.002

- Thus the acceptable range is 0.098 to 0.102
mg/liter P.

(continued)

IX.L.3a .

(p. 49)

'La()
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phospjiorus (as P) or'Orthophophatelas P),
Single Reagent Method

-1

Page No. 3-34

OPERATING PROCEDURES,

L., Checking the

Calibration Curve

131

STEP SEQUENCE

5: If the observed concen-
tration is wthin the,'
acceptable range of-the
true value, proceed to
step 6,- If the observed
concentration is not
within the acceptible
range of the true value,
discard the calibration
curve and prepare a new
one by starting at
Procedure D, following all
directions for "If you are
preparing a calibration
curve."-

6. Locate the absorbance

valub recorded for the
0.80 mg/liter P cali-
bration standard.

7. Read its observed

concentration.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

4b. See Training Guide if you adj,_ ted the concen-
tration of this standard.

'5a. Failure'of the observed and true concentrations
to agree within + 2% of the true value means'
that the calibration curve is no longer suffic-
iently accurate to report mg/liter P data obtainer

-from it., .

6a.

6b.

8: Record this cum mg/liter 8a.
P concentration.

9. Compare thi's obsei'ved mg/ 9a.
liter P concentration to
its true value of 0.80 mg/
liter P.

Again, on the-calibration curve for your specific
phosphorus determinatidn.
If you,adjusted the concentration of the stand-
ards for other than half -inch width cells, use
.the adjusted concentration.

In the column next to the absorbance column for
check standards on the data sheet provided.

The observed mg/liter P concentration of the
calibration standard, at read from the calibra-
tion curve, must "he within ±.2% of its true value
of 0.80 mg/liter P.

- 2% of 0.80 is 0.016

The acceptable range is th6refore 0.784 to
0.816 mg/liter P:

(continued)

VI.L:4b
(p 43)

VII.L.5a
(p. 47)

XX.L.8a
(p 49)

1S2
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of Qrthophosphate (as.P),Single Reagent Method

-9

OPERATING PROEEDURES STiPEP

L. Checking the
Calibration Curve
(continued)

10. If the observed concen-
tration is within the
acceptable range of the
true value, proceed.-to

-

Procedure M, "Reading
Results from the Cali-
bration Curve.". If the
observed concentration is
not within the acceptable
range,of the true value,
discard the calibration

curve and prepare a new
one by starting at Pro-
cedure D, following all
directions for "If you are
preparing a calibration
curve."

INFORMATION/OPERATING GOALS/SPECIFICATIONS
°TRAINING
GUIDE NOTES

0.
9b. See Training Guide if you adjusted the concen-

tration of this standard.
VI.L.9b
(p. 43)

M. Reading Results
from the Calibration
Curve

1. Use the absorbake value
recorded for each sample
and the standard curve
for your specific phos-
phorous determination to
obtain the mg/liter P
concentration.

2. Record this curve mg/liter
P concentration.

2a. In the column next to absorbance column for
samples op the datasheet provided.

IX.M.2a

(p. 49)

1-0 es
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EFFLUENT MONITORING PROCEDURE; TeterminatiOn of Total Phosphorur (as P) or ef. Orthophosphate-(as P)1,
, Single Reagent Method ,:

040° J'4J=I
OPERATING- PROCEDURES

_
STEP SEQUENCE

Page No. 3-36

N. Calculation,. .

0. Reporting Data

P. Clean-Up

135

1. Determine the'-dilution

factor.

2. Record the dilution .

factor.

3. Mull iply the carve mg/
7iter-P bylthe dilution
fe:tor.

, f

4: Rec S, final mg/liter
P.

.5. Sign. the data sheet...

.. Report total phrisphorus,

MS/lifer P, or orthophos-
phate, mg/lAter P. '

,

1. Discard'unused combined
reagent and standard

-..phospbords' solution. ,-

1

2. Store the other reagents.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

la. The dilution factor for a straight (undilutedi
Sample 151.

lb. The total sample volume is always 63 ml, sb 25 ml
of sample diluted t6 50 ml'ih the volumetric
flask wad be 25/50 or 1/2 dilution, and :che
dilution factor would be 2. For other dilutions,
see the Training Guide.

lc. The.data Sheet has a section with "Example
Calculations." .

2a. In the column provided on the data sheet next to
the curve mg/liter P column. .

'

0

4a. In the column provided ft the data sheet.

5a. On the line:prov'led on

II.N.lb
(p. 40)

(p4 49)
-

IX.N.2a °

(p. 49) .

IX:N.4a
(p. 49)

the data sheet, "Analyst." IX.N.5a'

la. On,aily required record or .report sheets.

.

la. Combined reagent must be made fresh before each
,run.

lb. Standard phosphorus s2lutton may he retained for
other analyses to be performed that,same.day.

2a: Observe special stbrage requirements of some
reagents as stated. in B, "Reagent Preparation."

(p..49)

IX.0.1a
(PL. 48)
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FLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) Or of Orthophosphate (as P),Single Reagent Method'

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS /SPECIFICATIONS
P._ Clean -Up

(continued)
3. Transfer all glassware to

wash area.
,

4. Clean all-glassware.

137

4a.In readiness for next determination.
4b. According to the steps -in Operating Pr medure A,

"Glassware Preparation."
4c. This step may be performed when time permits.
4d. It is desirable, but

not mandatory, that all
glassware used in this procedure be maintainedas
a separate stock, used only for the phosphorus
determination.

4e. NOTE: Never clean glassware to be used in
phosOhOrus determinations in, commercial detergent,
as the'active ingredient is usually a phoph6te
compound.

TRAINING
GUIDE NOTES
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as.P) or of
Orthophosphate as P), Single Reagent Method

TRAINING GUIDE

4.

SECTION TOPIC-

I* Introduction

II* Educational Concepts - Mathematics

III Educational Concepts - Science

IV Educational Concepts - Communications

V* Field & Laboratory Equipment

VI* Field & Laboratory Reagents

VII* Field-& Laboratory Analysis

VIII Safety

IX* Records & Reports

*Training guide materials are presented here under the headings marked *.
These standardized headings are used through this series of procedures.

Page No. 3-38
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'EFFLUENT MONITORING PROCEDURE:
Determination of Total Phosphorus (as P) or.of
Orthophosphate (as P), Single Reagent Method

INTRODUCTION Section I .

TRAINING GUIDE NOTE
:REFERENCES/RESOURCES

Sources of phosphates in water besides the geological
include agricultural fertilizers, sewage (human
wastes, synthetic detergents, biological protoplasm)and various industrial wastes.

Phosphates are a necessary and sometimes growth-
limiting nutrient for microorganisms. In high 4
concentrations, phosphates can produce nuisance
levels of algae and other

photosynthetic aquatic
organisms.

Since the natural
phosphorus content of most watersis quite 16w, the presence of high phosphate con-

centrations can be an excellent indicator of thelevel of pollution. Hence, the phosphate test willbe a common tool of technicians monitoring water
quality for the NPDES system.

The orthophosphate (PO4); ion is the smallest and

simplest of the phosphorus-oxygen radicals. 'The
orthophosphate determination as given here is limited
to the inorganic

phosphorus (PO4). in the sample
as measured by the direct

colorimetric-analysis
procedure.

ore complex phosphorus compounds are usually com-
posed of linked orthophosphates or of phosphorus
litted to carbon compounds (organic phosphorus). Thetotal phosphorus determination as given here refers
o all of the phosphorus present in the sample,
egardless of form, as measured by the,persulfate
igestion procedure:

he test descrit...1 in this instruction can be found
n the 1974 EPA Methods Manual on page 249, titled
hosphorus, All Forms (Single Reagent Method). Other
eferences which have acceptable procechfres for
PDES purposes are: 14th ed. Standard Methods, on
ages 476 and 481, and 1975 ASTM Part 31 on page 384.

140

Standard Methods for the
Examination of Water and
Wastewater. '14th ed., 1976
APHA, 'New York, N.Y. p. 466

Griffith, et, al., editors.
Environmental Phosphorus
Handbook. 1973. John Wiley
and Sbns, New York, N.Y.
p. 443ff.

Methods for Chemical Analysis -
of Water and Wastes. 1974.
EPA, MDQARL, Cincinnati, OH
45268. p. 251.

249.

p. cit. pp 476 and 481.
nual Book of Standards,

art 31, Water, 1975, ASTM
hiladelphia, PAi p. 384.
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

EDUCATIONAL CONCEPTS - MATHEMATICS Section II

%
TRAINING GUIDE'NOTE REFERENCES/RESOURCES

E.4a

N.lb

Since the dilution is only part sample, when'the
absorbance reading obtained for it is converted to
a mg/liter P concentration using the calibration
curve, the concentration obtained is only that of
the dilution. To obtain the mg/liter P concentration
of the sample, the mg/liter P concentration of the
dilution must be multiplied times the amount of
dilution factor. For a 1/2 dilution (25 ml sample/
50 ml total volume) the-dilution factor would be 2
(the dilution is only half sample). For a 1/5

dilution (10'ml of sample/50 ml total volume) the
dilution factor,waild be 5. Use of dilution-factors
is illustrated for a total phosphorus determination
in-the 'typical data sheet in Section IX at the back
of this Training Guide. Below is a table of common
dilution factors for a 50 ml sample

ml of SaMple per Amounfsif
50 ml Total Volume Dilution

Dilution
Factor

25 1/2 2

10 1/5 5

5 1/10 10

1 1/50 50

0.5 . 1/100 100

0.05 1/1000 1000

The dilution factor for any dilution may be calcu-
lated by dividing the ml of sample used in the
dilution into 50:

Dilution Factor =
50 ml

ml sample used in-dilution --

-Example*: 2 ml of sample diluted to 50 ml

Dilution Factcr
50 1111111 25

The dilution factor would be 25,

Page No. 3-40
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EFFLUENT MONITORING PROCEDURE:
Determination of Total PhtiSp. rus-tas-0) or of
Orthophosphate (as P), Single Reagent Method

. FIELD AND LABORATORY EQUIPMENT
Section V

TRAINING GUIDE NOTE'
REFERENCES/RESOURCES

8.11,2a Desiccants are hygroscopic
materials capable ofB.12.4

absorbing moisture from air. Silica gel (S102) and

calcium-sulfate (CaSO4) are two commonly used

desiccants axaVable from laboratory supply compa-nies. DeSiccanti must always be dry before use.
The moisture can be removed from them by heating inan oven (103-105°C).

H.lb
Je1.2a

Ordinarily a waveleoth of 880 nm is used for
phosphorus determinations. The second wavelength
(650 nm) maybe desirable because of your particular
instrument capabilities or because of unusual inter-
ferences in the sample. If.you have such a situationtest your standards at the 650 nm wavelength to seeif you get6 range of responses significant enough
to construct a calibration curve. If you do, you
can use the 650 nm wavelength,setting.

0

142
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. 'EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reage9,t4lethol

FIELD AND-LABORATORY REAGENTS Section VI

TRAINING GUIDE NOTE REFERENCES/RESOURCES .

C.lb
D.lb
L.lb

The mg/liter P concentration range that a Spectronic
20 with 1/2 inch colorimeter tubes can dttect is
from 0.02 mg/liter P to approximately 1.00 mg/liter
P. This covers the useful working range of absorb-
ance readings from 0.005 to approximately 0.7
(Readings above about 3/4 of full scale deflection,
which is approximately 0.7 absorbance, are inaccu-
rate and should be discarded). Using 23 ml of stock
to prepare 1 liter of standard phosphorus solution
allows the preparation of 8 calibration standards
whose mg/liter P concentration covers the range of
0.02 to 1.00 mg/liter P. If the absorbance of these
same solutions were to be measured in 1 inch
colorimeter tubes, they would give absorbances
ranging from 0.02 to approximately 1.4. Since the
useful working range is from 0.005 to about '0.7,
about half of the standards would be useless, as
they would read off the scale. This is because with
a 1 inch colorimeter tube, you are measuring the
absorbance of twice the thickness of colored solu-
tion, and twice the thickness of -a given colored

solution will absorb twice as much light and give
twice the absorbance reading (Beer's Law).

If you are using 1 inch colorimeter tubes, you will.
need to use 10,0 of stock phosphorus solution,
rather than 20 m1,- to prepare, the standard phos-
phorus solution. The various ml of standard
phosphorus solytion used in Table 1 (Operating
Procedure D.lc) will then give calibration_ standards
of the correct Concentrations for use with 1,inch
colorimeter tubes. The concentrations as given in
Table 1 will now be inaccurate, however: If you
use 1 inch spectrophotometer tubes, and hence only
use 10 ml of stock phosphorus solution to make up
the standard phosphorus solution, Table 1 will read
as follows:

Page No. 3-42

mY of ttandard Phosphorus[

Solution per 50.0 ml
Concentration of
Phosphorus, mg/
liter

0 0.00
.0 o.ni

3.0 0.03

5.0 0.05

10.0 0.10
20.0 0.20

30.0 0.30

40.0 0.40

50.0 0.50

(continued)-
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EFFLUENT MONITORING PROCEDURE: Determination
of Total Phosphorus (ai P) or of

. Orthophosphate (as P), Single Reagent Method

Section VI
FIELD AND.LABORATORY REAGENTS

TRAINING GUIDENOTE: REFFINCES/RESOURCES

C.lb
D.lb
L.lb

(continued:)

0.8b
0.10b
L.4b
L.9b

Notice that since you are using 1 inch colorimeter
tubes that have twice the thickness of 1/2 ,inch
tubes, the mg/liter P concentrations of the stand-
ards have been halved. Calibration curves and
data sheets made up using these 1/2 strength
standards will need to have these new concentrations
substituted for those given in the typical call-
brationcurve and data sheet at the back of this
Training Guide, as they,are examples of data ob-
tained using 1/2 inch colorimeter tube calibration
standards. ,

If you aro using 1 inch-colorimeter tubes, the
strength of the calibration curve check standards
will also be different, and hence the acceptable
range of observed. concentrations they can have will
be different. For 1 inch tubes the concentration of
the calibration curve check standard using 5 ml of
that standard phosphorus solution will be 0.05 mg/
liter P. Two percent of 0.05 is 0.001, so the
acceptable + 2% range will be from 0.049 to 0.051
mg/liter P. The concentration of the calibration
'curve check standard using 40 ml of standard phos-
phorus solution will be 0.40 mg/liter P. Two percent
of 0.40 is 0.008, so the acceptable observed
concentration range will be 0.392 to 0.408 mg/
liter P.

144



EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or, of
Orthophosphate (as P), Single-Reagent Method

FIELD AND LABORATORY ANALYSIS Section VII

TRAINING GUIDE NOTE REFERENCES/RESOURCES

E.la COLLECTION OF SAMPLES FOR THIS TEST:

Samples should be collected from a preagreed site by
a preagreed technique known to all parties con-
cerned. You should be familiar with the following
information sinceyou record.most of it on your
laboratory data sheet. You may be responsible for
actually collecting the'sample; 'consult your
supervisor.

LOCATION.- Plant control and self-monitoring re-
quirements will be the basis for selecting places
to collect samples. Final collection points should
be such that samples drawn there are as representa-
tive of the entire sample source as poss4blet
Consult your supervisor.

IDENTIFICATION - Each' collection location should be
assigned a number or simple identification code.
Use this to labersamples from that location and to
record on the lab data sheet.

TYPE - Permit requirements determine whether a grab
or a composite sample will be collected; consult
your supervisor. Mark type on sample container and
bon laboratory data sheet.

TIME OF COLLECTION - Mark time'and date on sample
container and on lab data sheet.

CONTAINER - The analyst should know what volume
containe r is required for eadi sample source. Con-
tainers should be capped, and may be of plaitic
material (such as cubitainers) or of Pyrex glass.
Used conte*rs should be rinsed with hot 1:1 HO,'
with tap water (2 times), with diitilled water;

checked for Oosphite traces with combined reagent,
then rinsed again with. tap and distilled water (see
Operating Procedure A, "Glassware Preparation," in .

the EMP for specific details).

COLLECTION - Rinse container two or three times with
sample, then collect \the sample. If benthic deposits
are present in the area being sampled, great care
should be taken not tO\include these deposits.

SIGNATURE r Sample collettor should sign his name on
the container or label so this information can he
recorded on the lab data sheet.

Page No. i-44j.

(continued)
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Standard Methods for the .

Examinatfod of Water And
Wastewater.- 14th ed., 1976,
APHA, New York, NY, p. 38.

Ibid.

Methods for Chemical
Analysis of Water and
Wastes. 1974. EPA-NERC-
MOCIARL, Cincinnati, Ohio

45268. p. 249.

Ibid.



EFFLUENT MONITORING PROCEDURE: Determination
of Total Phosphorus (as P) or,of

Orthophosphate (as P), Single Reagent Method

J

FIELD AND LABORATORY ANALYSIS
Section VII

TRAINING GUIDE NOTE
r

REFERENCES /RESOURCES,

Ibid, p. 249:50, 252.-
E.la PRESERVATION - If the analysts cannot be performed
(continued) . the same day as collection, the sample should be

preserved by the addition,of 2.m1 concentrated
sulfuric acid (H2SO4) or 40 mg mercuric chloride

(HgC12) per-liter and refrigeration at .4°C. If

HgC12 is used as a preservative, sampleS should be

spiked with a minimum of 50 mg/liter of sodium
chloride (NaC1) to prevent interference of the HgC12

with samples containing low (less than 50 mg C1/1)
chloride levels.

E.3c

1,4

HOLDING TIME - Maximum,holding time for preserved Ibid, p. x and xi-
samples is seven days. Samples for the orthophos-
phate determination that must be filtered, should. r

be filtered as soon as practical after colection.'

A phosphorus determination on ,a 504myaliquot of any
sample containing over 1.00ing/literT will result
in an absorbance outside the range of. -the calibra-
tion Curve. The blue color produced by additionof
the combined reagent will'be so strong that the
spectrophotometer.wfll be unable to measure it.
Samples containing over 1.00 mg/liter P concentra-
tions must be diluted. Since the mandator', sample
size is 50 ml, all dilutions will be based on a
lesser amount of sample diluted to'50 ml. The
correct procedure'is to use a volumetric pipet to
transfer a volume of sample to a 50 ml,vOlumetric
flask, then to dilute.that volume of sample to 50 ml
with distilled water and mix thoroughly; This
dilution, may then be used in the procedure.

A natural question arising is, "what amount of dilu-
ticin should I use?" The best answer is that only
trial and error experience will show you the beat
dilution to use with a given sample. A rule of thumb
is that potable. water samples will usually require
little or no dilution. A typical series to run on
a potable water sample of'unknown mg/liter P con-
centration might be to prepare one. flask cutaining
50 ml of undiluted sample, one flask containing 25 ml
of sample diluted to 50 ml (this would be a 1/2
dilution, 25 ml sample/50 ml total, volume) and a
third flask containing 10 ml of sample diluted to
50 ml (this would a 1/5 dilution, 10 ml sample/
50 ml total volume):

.(co
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k

. :
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single Reagent Method

,FIELD AND LABORATORY ANALYSIS Section VIIm7

TRAINING GUIDE NOTE REFERENCES/RESOURCES

E.3c
(continued)

E.3d

e

Sewage samples may contain 10 mg/liter P. concentra-
tions or more, 'and consequently require dilutions as
high as 1/1000 (.05 ml of sample diluted to 50 ml).
The problem encountered here is that volumes.of less
than 1 ml are hard to measure directly with any
accuracy, and obtaining a representative sewage
sample using such a small volume is unlikely. In

making dilutions requiring less than I ml -of sample,
a good procedure is to use duaLdWitIons. -A dual
dilution means taking a volume of sample, diluting
it, taking a volume of the first dilution, and
diluting it again. To illustrate the use of dual
dilutions, consider a sample requiring a 1/100

4k dilution to get a mg/liter,P concentration inside.

the required range of 0.02 mg/liter to 1.00 mg/liter.

First, take'l 50 ml volumetric flask and pipet into
it 5 ml of sample. Dilute this flask to the mark,
and you have a 1/10 dilution% .acn 1 ml of the
contents of this flask contains 0.1 ml of the
original sample. 0.5 ml of the sample is needed to
dilute to 50 ml to achieve a 1/100 dilution, so if
you.pipet 5 ml from the first dilution flask into
a second 50 ml volumetric flask, you will have
0.5 ml of sample tri al50 ml: flask. When allied to
the 50 ml mark, this second flask will be a 1/100
sample dilution, teakfor determination. -

INTERFERENCES - TUrbidity or suspended solids inter-

.

fere with the orthophosphate determitation. This is
because a spectrOphotometer works by' measuring the
amount of light absorbed by ,color pranced Ima
samplesby the addition of specific reagents.
Turbidity .or suspended' solids in a sample will
falsely increase the absorbahce reading because a
spectrophotometer cannot differentiate between
light absorbed by the color in a sample and that
scattered or blotked by solids.

The interference of turbidity or suspended solids in
the orthophosphate determination may be eliminated by
filtering the sample through a .45 micron membrane
filter before the determination is begun. The
filtration should be done as soon as possible after
sample collection. A change in the .name of the p. 251.
phosphorus fraction reported must be made to signify
that the sample was filtered. An orthophosghate
detirmination made on a filtered sample muse be re-
ported as Dissolved Orthophosphate, mg PTTIer.

(continued)

1 4
ti
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EFFLUENT MONITORING PROCEDURE: Determination
of Total 'Phosphorus (as P) or of

Orthophosphate (as P), Single Reagent Method

IEtD AND LABORATORY ANALYSIS
Section vii

WINING GUIDE NOTE REFERENCES/RESOURCES

E.3d

(continued)
G. la

.1

A membrane filter assembly typically consists of a
funnel clamped to a fritted (porous) base,^lidlding
between them a .0 micron pereize cellulose
membrane filter. A stopper on the fritted
used to bold this assembly uptight.in the neck-of a
500 ml-side-arm flask.confiected to a vacuum source.
A quantity of well-mixed sample is Measurbd'into the
funnel. The vacuqm%is appliedi.ind the sample is
drawn through the filter intd_the side-arm flask.
This filtered sample will now.be free *mill
turbidity' r suspended solide..lt may.be decanted
from the side-arm flask and used. in subsequeht steps
of the determination.

A

Since_the very fine pOrditY filters clog'quickly,
samples containing-high levels of particulate'
'matter may.require that 2.or3, f ilters be used in
succession to obtain enough filtrate fd the,de--
termination. Ih the case. of &total phosphorus
determination, the entire digetted.sample must be
filtered and recovered,

Before use, the membrane filter assemblies must be
cleaned in the same manner as all Ether glassware
used in the procedure..-,

The Mem brane filters must also be phosphorus-free.
This can be accomplished by soaking ordinary .45
micron membrane filters in distilled water: 50
filters per 2 liters distilled water for 1 *Jr,
changing the water, and soaking an additional-','
3 hours.

Alternately,,phosphorus-free filters, may
be'purchased (Gelman GA6-or equivalefft).

In the determination of tdtalphosphorus, low values
haVe been reported because of possible adsorption of
phosphorus on iron, aluminum, :manganese or, other
metal precipitates... This can be avoided by fil-
tration before neutralization and re- dissolving the
metal hydroxides that form with 2-3 dropS of acid
before color development.

If ypu find that you mustlrequently discard your
calibration curve because one or both of the 0.10
and 0.80 mg/liter P calibration curve check standards
fall outside the + 2% acceptable range of-their true
value, you may find it advisable to run, the full setof-calibration curve standards and prepare a new
calibration curve for each batch of samples
determined.

148

tandard Methods for the
amination of Water and

astewatir, 14th ed., i976
PHA, New York, N.. p. 472;.

I

'Changes'. and. Errata in

Methods for Chemical Analysis
of Mater and Wastes," 1974,

EPA-NERC-MD1ARL, Cincinnati,
)i° 408 .
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EFFLUENT MONITORING'PROCEDURE: Determination of Total PhosOhOrus (as P) or of
Orthophosphate (as P), Single 'learnt Method

.00-
RECORDS AND REPORTS Section IX

TRAINING GUIDE NOTE :

E.lb

0.1a

All laboratory records must be kept for three years,
preferably in a perManentlY bound noteboOk. The
time period is.required by regulatorY agencies.

c"lached as the next two pages are an example data
sno qd a graph which.can be used to construct a
cai., .zion curve. These can be used for either a
Total Phosphorus (asP) Or an Ortho 'tosphate (as P)
determination.

44. Depending on your organizational set-up, it may be
your job responsibility to enter this data on the
plant operation,record, state report form, etc.
Check with your vioervisor,

C

Pace No. 3-48
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of
Orthophosphate (as P), Single ReagEnt Method

411/RECORDS AND REPORTS Section IX

EXAMPLE DATA SHEET- FOR TOTAL PHOSPHORUS OR FOR ORTHOPHOSPHATE, mg/liter P

E.lc

E.lc

E.lc

E.lc

E.lc

N.5a

'Sampling Location

Sample Identification

Type of SaMple

Date and Time Collected

Sample Collector

Date and Tins Analysis Began

Analyit

Final Effluent

E.S.

Grab or Composite

1;,17/75 9:00 a.m.

Tom Sampler

1/17/75 9:3C a.m.

Dick Analyst

Calibration Standards
mg/liter P Absorbance

0.02
0.06
0.10
0.20
0.40
0.60
0.80
1.00

e

Amount of
Sample Dilution Absorbance

Check Standards Curve
mg/liter P Absorbance mg/liter P

0.10

0.80

Curve
119/liter P

Dilution
Factor

Final

EsalltLE

N Amount of
Sample Dilution

..

Absorbance
Curve

- mg/liter P
-Dilution,

Factcr
Final'

mg/liter P

Straight:Sarnle off scale 1

1 (25 ml sample off scale 2
50 ml total)

1 (TO ml sam le 0.3525 0.520 5 2.60T m. tots

1 (5 ml sample 0.1775 0.260 10 2.60
/1). 50 ml total)

1 (2.5 ml sample 0.0875 0.130 20 2.60
20 50 ml total)

150'
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EFFLUENT MONITORING'PROCEDURE: Determination of Chemical Oxygen Demand

This operational procedure das developed by:

Name Audrey Donahue

Address EPA, WPO. National Training,Center, Cincinnati, Ohio

Position heMst-Instructor

Education and Technical Background

B.A. Edgecliff College

1,year Industrial Research Chemist
8 years Secondary School Chemistry Instructor
4 years DHEW-DI Water Quality Program Chemist
6 years DI-EPA Chemist-Instructor



EFFLUENT MONITORING PROCEDURE: Determination of Chenfical Oxygen Demand

1. Objective:

To determine the mg/liter Chemical Oxygen Demand of organic and oxidizable
inorganic substances in a wastewater sample.

2. Description of Analysis:

A measured water sample is mixed with a measured volume of potassium dichromate
solution which is a strong oxidizing agent. A volume of concentrated sulfuric
acid equal to the combined volume of sample and oxidizing agent is added to
provide a 50t-by volume mixture which particularly promotes oxidation of
organic and oxidizable inorganic substances in the sample.

The mixture is in a flask which is then attached to a condenser over a source
of heat. The heat is applied to maintain the mixture at a gentle boiling
temperature of 145°C for a two hour period. The condenser,cools and re-
liquifies materials that vaporize during this period.

In order to determine the amount of sample that is oxidized under these
conditions, the potassium dichromate solution, must be added in excess. The
measurement involves titrating any unused oxidizing solution after the oxi-
dation period, and: then calculating the Chemical Oxygen Demand from the
amount of oxidizing solution that was used. A reducing agent, ferrous
ammonium sulfate solution, is usenb titrate the unused potassium
dichromate solution in the test mixture. Ferroin is used as a color indi-
cator in this titration.

If there is no potassium dichromate left to titrate after the two hour
oxidation period, the test must be done over using less sample. Water is
added to make up for the missing volume of sample in order to maintain the
50% volume of concentrated sulfuric_acid required in the test mixture.

Organic substances are particularly susceptible to oxidation when placed in
the conditions of this test. Even when the best laboratory technique is
used, some organic contamination may be present and will affect test results.
Consequently, a blank using distilled water instead of sample is run with
each group of samples and is titrated with ferrous ammonium sulfate solution.
The resultssare included in the calculation formula to correct the data for
minor contamination. The titration results for the blank may be of a
magnitude to prompt a check of reagents and/or distilled water as contributors
of excessive organic contamination in the test.

3. Applicability of this Procedure:

a. Range of Concentration:

5 to 50 mg/liter COD
Information is given so the same stepwise procedure can be used for COD
greater than 50 mg/liter.

b. Pretreatment of Samples:

The Federal Register Guidelin(1 do not specify any pretreatment.

Page No. 4-4
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical\Oxygen Demand

This procedure includes directions for conditioning glassware and in-
formation about checking distilled water to minimize organic contamination.
To minimize loss of volatile materials during the addipon of sulfuric
acid, instructions include cooling the test flask in ice water. Addition
of mercuric sulfate to complex routine lelvcis of interf\ering.chlorides is
also part of the procedure. However, if the chloride concentraticn exceeds
2000 mg/liter, consult the Source of Procedure* for the\required modi-
fication of mercuric sulfate addition and of the calculation formula.

No other interferences are noted in the Source of Procedure.*

c. Treatment of Interferences in Samrles:

*Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974,
Environmental Protection AGency, Methods Development and Quality Assurance
Research Laboratory, Cincinnati, OH, p. 21.
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4
FLOW SHEET:

SAMPLE

FERROUS

STANDARDIZATIOE
OF

AMMONIUM SULFATE

Page No. 4-6
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OXIDATiON

TITRATION
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

Equipment and Supply Requirements

A. Capital Equipment:

1. Balance, with a 0.1 or 0.01 gramsensitivity

2. Balance, analtical with a 0.1 milligram sensitivity

3. Distillation Equipment - Use an all-glass distillation unit if possible.
A meta still is acceptable if all the surfaces that contact the
distil ate are heavily coated with pure tin. The still should be
located away from areas wh,e volatile organic solvents are stored
and/or used. DO NOT USE ion - exchange columns or membrane filters
to prepare the water. These treatments can add organic contamin=
ation.

4. Magnetic Stirrer - Hot Plate and Magne-t1ZF-affiiiiF-TiffEk-u0 rod).
OPTIONAL

5. Oven, laboratory for drying chemicals at 103°C.

6. Specific Conductance Meter and related equipment to test inorganic quality
of distilled water. OPTIONAL

7. Total Organic Carbon Analyzer and related equipment to test organic quality
of distilled water. OPTIONAL

B. Reusable Supplies:

J. Reflux Apparatus: One flask-condenser-heating surface assembly is re-
quired for each sample or blank to be tested. These should be
permanent

assemblies-fm-the-laborataryi-protected-frOM COritamin-
ation'by glass wool plugs in the open end of the condensers and
with the flasks connected to the condensers.

Flasks, heat-resistant glass, 500 ml Erlenmeyer or 300 ml round
bottom, with a ground glass neck to fit the condenser of choice.
If the Erlenmeyer type flask is to be used, purchase those having
graduations for approximate volumes contained in the flask.

Condensers, 12 inch Allihn or equivalent with a ground glass joint
tolit *into the flask. (24/40 is a commonly 'used joint size.)

Tubing Connections from cooling water source to condensers.

Heating Surface, flat for Erlenmeyer flasks or heating mantles for
round bottom flasks. Either should have sufficient power to
produce at least 9 watts/square

inch to supply the 145 °C temper-
ature required. The amount hgat supplied should be adjustable.

NOT4: A 16 amp line is usually required for a series of 6 reflux
set-ups.

2. 2 Automatic dispensers (pipets), glass with delivery settings up to 10 ml.
OPTIONAL

3. Beads, glas about 2 mm diam. 5 forach flask - condenser assembly

s'.1*
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

.13. Reusable Supplies: (ContinUed)

4. 1 Beaker, glass, 250 ml

5. 2 'kitties, brown glass, about.50 ml with dropper pipet in screw cap for
ferroin. Alternatively, use a stoppered reagent bottle and a
medicine dropper.

6. 3 Bottles, glass, screw cap, minimum capacity of 1 liter each to store
reagents.

7. 1 Buret, 50 ml, 0.1 ml graduations, teflon_stopcock plug prefeiTed.

8. 1 Clamp, buret, for titration stand

9. Containers, storage, glass or heavy plastic with screw caps for COD
waste test materials containing mercury complexes and significant
amounts of sulfuric acid.

10. 1 Buchner funnel to catch glass beads when test wastes are transferred
from flasks to storage containers.

11. 2 Cylinders, graduated, 25 ml.

12. 2 Cylinders, graduated, 100 ml.

13. 1 Cylinder, graduated, 500 mi.

14. 1 Desiccator to store cooling chemical for reagent preparatio4.

15. 1 Evaporating dishiper sample to separate flask from heating surface.
(Optional)

16. 2 Flasks, Erlenmeyer, wide mouth 500 ml.

17. 3 Flasks, volumetric, 1 liter.

18. 1 Funnel, short stem, diam. about 75 mm (to fill 50 ml buret).

-19. 1 Pan for ice water to cool mixtures, about 4 inch depth and about 8 inch
diameter is sufficient.

20. 1 Pipet bulb

21. 1 Pipet, graduated, 10 ml (Omit if an automatic dispenser is used for
the concentrated sulfuric acid).

22. 1 Pipet, volumetric, 10 ml.

23. 1 Pipet, volumetric, 25 ml.

24. 2 Pipets, volumetric, 50 ml.

,25. 2 Pipets, volumetric, 100 ml.

26. 1 Reagent bottle; glas with glass stopper. Only required if preparing
less than 9 pounds of the sulfuric acid 7 silver sulfate solution.

27. 1 Reagent spoon to roughly measure 1 gram of mercuric sulfate.

28. Rings, cork as supports if round bottom flasks are used, 1 per flask.

29. 1 ,Stand, titration, support for buret.

Page No. 4-8
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-EFFLUENT MONITORING PROCEDURE: Deter6ination of Chemical Oxygen Demand

B. ReuSable Supplies: (Continued)

30. 1 Stirring rod, glass to use in 250 ml beaker. Omit if ferroin
solution,is purchased already prepared or if a magnetic stirrer
is-available.

31. Storage containers for distilled water, preferably glass. If only

polyethylene bottles are available, be aware that organic
plasticizers may be leached into water stored in such bottles
over a period of time. -

32.1 Wash bottle,,squeeie type 500 ml.

C. Consumable Supplies:

"

1. Glass wool, to make plugs for condensers,: bottle of distilled water, etc.

2. Labels for reagent bottles, at least 7.

3. 1.aboratory notebook with spaces for information similar to the "Typical
Laboratory Data Sheet" in this EMP.

4. Pencil, wax marking.

5. Towels, paper.

6. Weighing boats, at least 5.

7. Ice to cool flasks during test.
9

8. 'Reagents - Quantities for one sample plus one blank:',

. 2 grams mercuric sulfate (HgSO4) reagent grade.

1 1/3 - pound bottles concentrated sulfuric acid (H2SO4) reagent grade.

23.5 grams silver sulfate (Ag2SO4) reagent grade

6.5 liters distilled water, high quality with very low chemical
oxygen demand

14 grams potassium dichromate (K2Cr207) primary standard grade.

*1.5 grams 1-10 (orthq) phenanthroline with molecule of water of

hydration (ferroin)
C12H8N212°)*

*1 gram ferrous.sulfate with seven molecules of water of hydration
l'e SO4.7H20)

4

98 grams ferrous ammonium sulfate with six molecules of water of
hydration [Fe (N)2(SO4)2-620]

,

*If ferroin indicator solution is purchased, these reagents are not required.

160
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand
4 4

Pige No. 4-10
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OPERATING PROCEDURES STEP SEQUENCE

ti

INFORMATION/OPERATING GOALS/SPECIFICATIONS

A. Preparing to
Test'the Sample.

Assemble all equipment
to be used.

Prepare the reagents for
the test.

If necessary, condition
any flasks, boiling beads
or condensers to be used
for the test.

4. If necessary, condition
any other glassware to

;.4'4 Pbe-used in the test.
sz.r

A 1,1/

.1:';7)

5. Record the sample identi-
fication information.

la.

lb.

Equipment list ison 7 and 8.
Flasks, boiling beads and condensers should be
with the chosen heat source in a permanent
assembly.

2a. See Procedure B. Reagent Preparation

)

3a. Conditioning is necessary if the equipment is
new, if it has been used for COD mixtures that

turned green during the boiling period, or if
it was used for tests other-than COD.

3b. See Procedure D , ":onditioning Flasks, Boiling
Beads and Condensers"

4a. This glassware is included in the equipment <

list on pp. 6, 7 and 8.
4b. Conditioning. is necessary if the glassware is

new, if it has been used to measure COD samples,
or if it has been used for tests other than COD.

4c. See Procedure E , "Conditioning. Glassware
Other Than Flasks, Boiling Beads or Condensers".

5a. The sample should be at hand before continuing
with the test.

5b. Use a laboratory notebook with space for inform-
ation similar to the "Typical Laboratory Data
Sheet" in this EMP.

5c. Record "Identification", "Type"(grab or compos-
ite), "Date and Time Collected", and the name,,
of the "Sample Collector" in one of the columns.

,TRAINING

GUIDE NOTES

(p. 45)

IX.Sheet I
(p, 51)

IX.A.5.

(p. 51)



EFROENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

01111

OPERATING-PROCEDURES

B. Reagent Preparation

1. Mercuric Sulfate

2. Concentrated
sulfuric acid

3 Sulfuric acid -

silver sulfate
solution

163

TRAINING
STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATS GUIDE NOTES

Use a 1 gram reagent spoon. la. Use reagent gra:. powderqd men:uric sulfate.
to measure the mercuric lb. Use one gram for each sample and for the blank. .

sulfate (NgS0A) at the tim
of the test. '

Use concentrated sulfuric
acid (H SO) to prepa-e
other rbagents and also as
a reagent in the test.

. In a weighing h-at, weigh
23.5 grams of _fiver
sulfate (Ag2SO4).

2. Put the weighed chemical
in a 9 pound bottle of
reagent grade, concentrate
sulfur' acid.

3. Screw the cap ontc the
bottle of acid.

la. You need reagent grade concentrated sulfuric

lb. You need 2.5 liters for preparations.
-lc. You need 5 ml for each sample and for the

blank.

ld. Since sulfuric acid causes severe burns to the
skin, you may want to put it in an automatic
dispenser for use during the test. Label the
dispenser.

la. Use reagent gradesilver sulfate.
lb. You need 70 ml of this solution for each sample

and each blank. If you do this test routinely,
it is easiest to'prepare the amount of reagent
as given in this procedure. To make smaller
volumes of the reagent, mdltiply the ml of reagen
desired by 0.0108 grams to find hOw many grams
of silver sulfate are needed.

lc. -Use a bal -e with 0.1 or 0.01 gramsensitivity.

2a. To make smaller volumes, measure the acid with

a graduate and carefully pour it into d glass
reagent,bottle. Add an amount of silver sulfate
calculated as described above in lb. ,

V.B2.ld.

(p. 46)
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EFFLUENT MONITORING PROCEDURE: Determination of Chdlnical Oxygen Demand

OPERATI?. PROCEDURES

B. Reagent Preparation
(Continued)

v

3. Sulfuric acid -

silver sulfate
solution
(continued)

4. Distilled water

165

STEP SEQUENCE

4. Swirl the mixture in the
bottle every half hour or
so until the silver sulfate
dissolves.

5. Label the container.

1. Prepare 7 liters of high

quality distilled water with
very low chemical oxygen
demand due to organic or
inorganic contamination.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

4a. It will take several hours for the silver sulfate
to dissolve. If you have a magnetic stirrer
assembly, use it to speed up the dissolving.
CAUTION: Sulfuric acid causes severe skin burns.
Be careful not to splash it out of the bottle when
you put the stirring bar in. Also, use a
retriever to get the bar ott and thorougoly rinse
the acid off of the retriever and the stirring
bar at once, with water.

5a. This is the sulfuric acid - silver,sulfate
solution to be used in the test. Also write the
date and your name on the label.

5b. You may want to put some of this solutiOn in an
automatic dispenser for use during the test.
Label the dispenser.

la. Requirements for distillation equipment are
described cn p. 6.

lb. When distilling water, use clean glass wool
packing around delivery tubes to prevent organic
contamination of the distillate.

lc. Requirements for water storage containers are
described on p. 8.

ld. Mark the date of distillation on the water
container.

le. Plug the container of distilled water with clean
glass wool or cover it with a screw cap.

lf. Store the container of distilled water away from
areas where organic solvents are stored and/or
used.

lg. You can test the inorganic quality of water with
specific conductance measurements, either in line
or on the distillate. The specific conductancc
should be less than 2.0 micromhos at 25°C.

(continued)

TRAINING
GUIDE NOTES

V.B3.5b.
(p. 46)

186

S



EFFLUENT MONITORING PROCEDURE: Deteriiiination of Chemical Oxygen Demand

OPERATING rROCEDURES STEP SEQUENCE
INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

B. Reagent Preparation
(continued)

4. Distilled water
lh. The organic quality of water is difficult to VII.84.1h.(continued) monitor in line. If test blanks indicate

significant organic contamination (See Training
(p. 48)

Guide, BLANKS) you could arrange to have total
organic carbon tests acne on the distillate. At
least check the still for cleanliness and check
storage procedures.

5. 0.250 N .1. Dry about 14 grams of la., Use primary standard grade potassium dichromate.potassium
dichromate
solution

potassium dichromate (K2Cr20
in a laboratory oven for two
hours at 103°C.

lb. A round weighing :is sufficient for this step.

2. Remove the chemical from the
oven to a desiccator to cool.

2a. Desiccant should be dry.
2b. Allow about 20 minutes for cooling.

3. In a weighing boa* weigh out 3a. Use an analytical balance.
12.259 grams of the dried
potassium dichromate.

4. Put tie weighed chemical int
a 1 liter volumetric flask,

5. Add about 500 ml distilled
water to the flask.

5a. Use high quality distilled water with-very low
COD (See B.4).

6. Swirl to dissolve the
potassium dichromate.

6a. Support the bottom of the flask with your hand
while swirling.

7. Add distilled water by to th
one liter mark on the flask.

8. Mix the solution by invertin

the flask several times.

187
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z.

Page No. 4-14

OPERATING PROCEDURES STEP SEQUENCE. INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES
B. Reagent Preparation

(continued)

5. 0.250 N
potassium

dichromate
solution.

(continued)

6. 0.025 N
potassium
dichromate
solution.

7. Ferroin indicator.
solution.

1.69

9. Pour the solution into
screw cap bottle.

10. Label the container.

. Measure 100.0 ml of 0.250 N
; tassium dichromate
(K2Cr207) solution.

2. Drain the 100.0 ml into a
1 liter volumetric flask.

3. Add distilled water up to
the one liter mark on the
flask.

4. Label the container.

. In a weighing boat, weigh
1.48 grams of ferroin,
i-10 (ortho) phenanthrolinc

monohydrate (C/t12H02H20)'

2. Put the weighed ferroin
into a 250 ml beaker.

10a. This is 0.250 N potassium dichromate solution. It

is used for testing samples with COD greater than
50 mg/liter.

10b. It is very stable and can be stored' at room
temperature for several months.

10c. To use it for-COD less than 50 mg/liter, you must
dilute it to be 0.025 N. -

la. Use a volumetric pipet.

3a. Use high quality distilled water with very low
COD (See B.4).

4a. This is the 0.025 N potassium dichromate solution
to be used for COD less than 50 mg/liter.

4b.. Write the date and your name on the label.'

You can purchase this indicator solution already
prepared.

You can use a balance with 0.01 gram sensitivity.

la.

lb.



EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
8. Reagent Preparation

(continued)

7. Ferroin indicator
_ solution (continued)

8. 0.250 N Ferrous
ammonium
sulfate solution

3. In a weighing boat, weigh 3a.
. _

0.70 grams of ferrous
sulfate with seven mole-
cules of water of
hydration.

4. Put this into the same
250 ml beaker.

5. Measure 100 ml distilled
water in a graduate.

6. Put the water into the
250 ml beaker containing
the two weighed chemicals.

7. Stir to dissolve.

8. Put the indicator solution
into dropper bottles.

9. Label the container.

1. In a weighing boat weigh

out 98 grams of ferrous

ammonium sulfate crystals.
(Fe(NH4)2(SO4)2'6H20).

Use the as above.-

A toe high quality distilled water with very low
COD (See 8.4).

7a. Use a stirring rod or a magnet and magnetic
stirrer apparatus.

7b. You can speed the dissolving process by heating
the solution until it is just warm.

8a. Use brown glass bottles.

8h. You need two bottles of about 50 ml capacity each.

9a. This is the ferroin indicator solution to be used
in the test. Also write the date and your name on
the label.

la. Use reagent grade ferrous ammonium sulfate.
lb. You can use a balance with 0.1 or 0.01 gram

sensitivity.

lc. In this section, the letters FAS will be used when
referring to this chemical.

TRAINING
GUIDE NOTES

,
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1_72



EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand Page No. 4-16

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS /SPECIFICATIONS TRAINING .

GUIDE NOTES
B. Reagent Prep.aration

(continued)

_J8--0.250-N-Ferrous- ---
ammomium
sulfate solution
(continued)

173

-2,-Put the weighed-chemical
into a 1 liter volumetric
flask.

3. Fill the flask about two
thirds full with distilled
water.

4. Swirl to dissolve the FAS.

5. Measure 20 ml of concen-.

trated sulfuric acid in a
graduate.

6. Tilt the 1 liter flask and
slowly pour the acid down
along the inside wall of
the flask and into the
solution.

7. Swirl to mix the acid and
the FAS solution.

8. Add distilled water up to
the one liter mark on the
flask.

9. Mix the solution by
inverting the flask
several times. .

10. Pour the solution into a
screw cap bottle.

3a. Use high quality distilled water with verylow
COD (See 8.4.).

a. Support the bottom of the flask with your hand
while swirling.

5a. CAUTION: Sulfuric acid causes severe burns to the
skin.

6a. The solution may get slightly warm.

7a. Support the bottom of the :la'sk with your hand
while swirling.

4a. Use high quality distilled water with very low
COD (See B.4.).

S
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EFFLUENT MONIfORING.P.ROCEDURF: Determination of Chemical Oxygen Demand
t

OPERATING PROCEDURES STEP SEQUENCE
INFORMATION/OPERATING GOALS/SPECIFICATIONS

GUITRAININGGUIDE NOTESB. Reagent Preparation
(continued)

8. 0.250 N Ferrous
ammonium sulfate
solution (continued)

7

N' .

9. 0.025 N Ferrous

ammonium sulfate
solution.

.

''

.

11. Label the container.
N

1. Measure 100.0 ml of
0.250 N ferrous ammonium
sulfate &

(Fe(NN4)2(SO4)2.6N20]

solution. ,

2. Drain the 100.0 ml intoa
1 liter volumetric flask,.

3. Add distilled water up to
the one liter mark nn the
flask. '

4. Label the container.

...

. .

lia. This is 0.250 N ferrous ammonium sulfate solution.
It is used for testing samples with COD greater
than 50 mg/liter.

.

rib.-Iti-§ unstable and should be stored in a dark
bottle.

llc. When using it for tests,..it must be standardized
with potassium dichromatd solution (Procedure C.).

lld. To use it for COD less than 50 mg/liter, you must
dilute it to 0.025 N. ,

.

la. Use a volumetric pipet.

3a: Use high quality distilled water with very low
COD (See B.4.).

4a. This is the 0.025 N ferrous ammonium sulfate
solution to be used for COD less than 50 mg/liter.

4b. Write the date and your name on the label.
4c. The solution.is unstable and should be stored in a

dark bottle,.

4d. When using it for tests, it must be standardized
with-.potassium dichromate solution .(Procelure.C. ).

.

rib .176
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EFFLUENT MONITORING PROCEDURE: Determination of,Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE4___,4.

Page No.,4-18

INFORMATION/OPERATING GOALS/SPECIFI
TRAINING

CATIONS GUIDE NOTES

C. Standardization of
Ferrous Armonium
Sulfate Solution

1. Measure 15 ml distilled
water.

2. Pour-the water into a
250 ml Erlenmeyer flask.

3. Repeat steps 1 and 2 with
a second flask for a
duplicate test. a

4. Prepare an ice bath.

5. Plan one flask into the
ice bath.

6. Measure 10.0 ml of the
0.025 N potassium dichro-
mate (K2Cr207) solution.

7. Drain the 10.0 ml into the
250 ml flask in the ice
bath.

8. Swirl the beaker to mix
the contents.

9. Let the flask in the ice
bath.

10. Repeat steps 5 through 9
for the duplicate test
flask.

la. Use a graduate.

lb. Use high quality distilled water with very low
COD.

4a. The depth of the water should be about one inch.

e-Ati

6a. Use a volumetric pipet.

9a. You want to cool, the flask.

11. Measure 20 ml concentrated pla.
sulfuric, acid (H2504).

lh.

Use a graduate or an automatic dispenser checked
for accurate delivery.
CAUTION-. Sulfuric acid causes severe burns to the
skin;

V.C.11a.
(p. 46)
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EFFLUENT MONITORING PROCEDURE:
Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE

C. Standardization of
Ferrous Ammonium
Sulfate Solution
(continued)

17J

12. Tilt the 250 ml flask and
slowly pour.the acid down
along the inside wall and
into the solution.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES
12a. The ,solution and the flask will get warm.

13. Swirl the flask in the ice 13a. You want to cool the flask to room temperature.
bath to mix the contents.

14. Remove the flask from the 14a. The bottom of the flask may be slightly warm toice bath. the touch.

15. Repeat steps 11 through
14 for the duplicate test
flask.

16. Put a buret clamp onto a

titration stand.

17. Rinse and drain the inside
of a clean 50 ml buret
with about 15 ml of the
ferrous ammonium sulfate
[Fe(NH4)2(SO4)2.6H20)

solution which is about
0.025 N.

18. Put the buret into the
clamp on the stand.

19. Close the stopcock of the
buret.

20. Add about 15 ml of FAS
solution to the buret.

7a. In this section, the letters FAS will be used when
referring to this ferrous ammonium sulfate
solution.

7b. Put the FAS in a beaker so you can pour it into
the buret.

20a. Use a funnel.

13O
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OPERATING PROCEDURES

C. Standardization of
Ferrous Ammonium_
Sulfate Solution-
(continued)

181

STEP SEQUENCE

21. Check the tip o' the
buret for air bubbles.

22. You may have to add more
FAS solution to the buret.

23. Record the level of the
solution in the buret.

24. Check that the 250 ml
flask and contents are at
room temperature before
proceeding.

25. Add one drop of ferroin
indicator to the mixture
in +. flask.

26. P. .:y swirl the flask to

mix the contents.

27. Add about 8 ml of ferrous
ammonium sulfate solution
from the buret fairly
rapidly while constantly
swirling the mixture in
the flask.

Page No. 4-20

INFORMATION/OPERATING GOALS/SPECIFICATIONS

?la. If there is an air pocket, swiftly turn the
stopcock in a complete circle to expel it. You

may have to repeat this turning of the stopcock.

22a. You will need at least 10 ml of FAS for the

titration.

TRAINING
GUIDE NOTES

23a. Use one of the columns on the sheet titled IX.Sheet II

'','Standardization of Ferrous Ammonium Sulfate (P. 52)
(FAS) Solution."

23b. This number is "ml FAS at START of titration." IX.C.23.

23c:. Use the lowest part.of the curve of the liquid (p. 52)

(the meniscus) to take this reading. Some burets
have a color stripe and you can see a colored
point. Record the reading using the line where
the point rests.

24a. You may have to put the_flask back into tne
container of cold water to get this condition.

25a. The ferroin should be in a dropper bottle. If it

isn't, use a medicine dropper to transfer it.
25b. One drop is used for A 45 ml mixture.

26a. This ensures thorough Oxing.
26b. Do not swirl any of the contents out of the

flask.

26c. The mixture is a deep orange color.

27a. You must constantly swirl the flask so the FAS
solution conies into contact and reacts with the
mixture in it.

182
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OPERATING PROCEDURES

C. Standardization of
Ferrous Ammonium
Sulfate Solution
(continued)

1°

28. Now adjust the stopcock so
the FAS solution in the
buret goes into the flask
more slowly and continue

'swirling the flask.

29. Now regulate the stopcock

so the FAS solution in the
buret goes into the flask
one irop at a time.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

28A. The mixture in the flask gradually changes color
_during this titration. Beginning with a deep
orange color, the mixture becomes green, then
blue-green. At that stage, ypu are very close to
the end point and the end point color of reddish-
brown will appear at the surface of the mixture
in the flask when drops of FAS reach it. When
you observe this reddish - brown color, close the
stopcock.

29a. S irl the flask after each drop is added. At the
end point, one drop is enough to change the color
of all of the solution to a reddish-brown.

30. Stop adding FAS when all 30a. This is the end point of the reaction in the
.the mixturejw.the flask
is.a reddish-brown color.

31. Recora the final level of
the solution in the buret.

32. Repeat steps 22 through 31
for the duplicate test
flask.

33. For each column of data,
subtract the recorded "ml
FAS at END of titration"
and record the difference
on your data sheet.

flask.

31a. Use the same column as before on the sheet titled
"Standardization of Ferrous Ammonium Sulfate (FAS
Solution."

31b. This number is "ml FAS at END of ;titration."

33a. Use the same columns on the sheet.
33b. This is the "ml of FAS solution used for the

standardization" reaction.

TRAINING
GUIDE NOTES

IX.Sheet II

(p. 52)

IX.C.31.

(P. 52)

IX.Sheet II
(p. 52)

IX.C.33.
(p. 5Z)
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand
o

70.

Page No. 4-22

OPERATING PROCEDURES

C. Standardization of
Ferrous Ammonium
Sulfate Solution
(continued)

STEP SEQUENCE

34. The differences found in
,step 33 above should agree
within ±0.05 ml:

35. Divide 0.250 by one of the
"agreeing" ml differences
found in step 34 above.
Your answer should have
four decimal places.

36. Record this four-decimal
pldce answer.

37. Round off the answer to
the division so the final
answer has three decimal
places.

38. Record this three decimal
place answer.

39. Record the date.

Sign the sheet.

1 5

INFORMATION/OPERATING GOALS/SPECIFICATIONS

34a. If the differences do not agree within ±0.05"ml,
repeat steps 1 through 34 (omitting 3, 10, 15, 32
to get a third difference which should agree with
one of the differences recorded in step 33 within
.the ±0.05 ml limit.

/
35a. Since the final answer is rounded off, you need

not use averaged ml differences for this division
35b. The division comes from using this formula:

(ml potassium IN potassium\
Normality

FAS dichromate / 'dichroMate
ml ferrous ammonium sulfate

or
N
FAS

(10.0) (0.025)
ml FAS

36a. Use the same column on the sheet.

38a. Use the same column on the sheet.
38b. This is the "Normality of the FAS solution." The

number will be used later to calculate COD.

39a. Use the same column on the sheet.

40a. Use the same column on the sheet:

TRAINING
GUIDE NOTES

(p. 52)

IX.C.38.
(p. 52)

IX.C.39.
(p. 52)

IX.C.40.
(p. 52)
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE

N.

INFORMATION/OPERATING GOALS /SPECIFICATIONS

D. Conditioning Flasks,
Boiling "Beads and

Condensers.

10'

1. If flasks, beads or con-
densers are new, if they
were used for COD tests when
the boiling mixture turned
green,:or if they were used
for other tests, use these
steps" to condition them for
use ,in COD tests.

2. Measure 50 ml distilled
water.

3. Pour the water into the

flask to be used in the test

4. Repeat steps 2 and 3 for
each flask to be used in the
test.

5. Measure 25 ml 0.025 N
/ potassium dichromate (K

2
Cr

2
0
7,solution.

6. Pour this ir.tc one of the
flasks.

7. Swirl the flask to mix the
contents.

8. Repeat steps 6, 6, and 7 for
each flask to be used in the
test.

la. After conditioning, do not use this glassware for
any other laboratory procedures. Even traces of
organic materials on the glassware will react_
during the test and give higher results.

2a. Use a graduates
2b. Use high quality distilled water with very low

COD. (See B.4.).

3a. Round bottom flasks can be supported by a heating
mantle or a cork ring during these steps.

5a: Use a graduate.

TRAINING
GUIDE NOTES

1S)
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D. Conditioning Flasks,
. Boiling Beade and

Condensers.
(continued)

**. IVp

EFFLUENT MORIORING PiOCEDURE: Determination of Chemical Oxygen Demand
Page No. 42

0PgRATING PROCEDURES

0

1S9'

STEP SEQUENCE

9. Measure 75 ml concentrated
sulfuric acid (H2SO4).

10. Tilt the flask and slowly
pour-the acid down the
inside wall.

.
.

11.'Swirl the flask to mix the
.contents.
,

12: Repeat steps 9, 10 and 11
for each flask to .be used

in the test.

.

....

13. Add 5 glass beads to each
flask containing mixtures.

14. Carefully swirl each flask
again.,

1 . Check the heat of each
flask.

.
.

16. Use a paper towel to wipe
off any water droplets on
the outside of the flask.

17. Attach one of the flasks tom
a condenser.

18. Gently' twist the flask while
gently pushing it upward
onto the condenser.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

9a. Use a graduate.
91 CAUTION: S"lfuric acid causes severe burns to the

skin.
10a. The solution and flask get very hot.

14a. CAUTION: You must thoroughly mix the contents.of
the flask'to avoid an explosion during pftcedure.

15a. If the flasks are just warm to the touch, go to
the next step. If the flasks are very hot, put
them one by one down into a container of cold
water' to get rid of excess heat.

17a. The condenser is described in the equipment list,
page 6.

18a. This ensues a good seal.

TRAINING
GUIbE NOTES

190
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE

0: Conditioning Flasks, 19. Center the flask on/in a
Boiling Beads and heating surface.
Condensers (Continued)

20. Repeat steps 17, 18 and 19
for each flask you are.

conditioning.

21. Do not turn on the water tc
cool the condensers.

22. Turn on the heat source for
each flask.

23. When the contents of the
flask begin to boil,-keep
looking to see if vapors
come out-of the top of the
condenser.

24.-Note the time when you see
vapors coming out.

25. Let the boiling continue
5 to 10 minutes.

. fNFORMATION/OPERATING GOALS/SPECIFICATIONS

lea. Options for heaters are describ-ed in the equip-
. rent list, page 6.

21a. You want the vapors of this cleaning mixture to
move all the way up inside the condenser.

26. Turn off the heat source for
each flask.

27. Allow flasks to cool.
' 27a.

28. Squirt distilled water into
the opening at the top of
each of the condensers.

28a.

28b.

This takes 10 to 15 minutes.

Use up to 25 ml of high quality distilled water
with very low COD.
This rinses any condensates down the inside walls
and into the flask.

TRAINING
GUIDE NOTES

192
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

- OPERATING PROCEDURES, STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

D. Conditioning Flasks,

Boiling Beads and
Condensers (Continued)

29. Lightly plug the top opening
of each condenser with clean
glass wool.

30. Using a-twisting 'motion,
partially disconnect one of
the flasks from the con-
denser.

31. Squirt distilled water over
the condenser tip, allowing
this rinsing to-go down into'
the flask.

32. Remove the flakk from under
the condenser.

33. Squirt distilled. water on
the inside of the neck of
the flask, allowing.this
riaing to go down into the
flask.

34. Turn on the cold water in a
sink.

35. Slowly pour the contents of
the flask directly into the
drain.

36. Let the cold water run at
least 5 minutes.

29a. This prevents contamination from air-borne
particles. The plug can be left in the condenser,
during the test.

31a Do not touch the condenser tip with your fingers,
paper towels, etc. Organic contamination of the
tip could result.

34a. You will have to dispose of the cleaning mixture.

34b. Plumbing must be able to tolerate acid.

35a.' The glass heads should stay in the flask.
35b. You could pour the contents through a Buchner

funnel to catch the glass beads.

36a. This dilute& the acid in the drain.

194
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FLUENT MONITORING PROCEDURE:
Determination ofChethical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE . TRAINING
INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES. .

D. Conditioning Flasks,
,

Boiling Beads and
Condensers (Continued)

37. Use to water to rinse the
flask 3 times.

38. Use distilled water to rinse
the flask 3'times.-

39. Drain the lastof the
distilled water fromthe
flask.

40. Attach the flask to the
rinsed condensbr.

41. Repeat stepi 30 through 40
for each flask-that is
being prepared for use.

E. Conditioning Glassware 1.
Other Than Flasks,

Boiling Beads or
Condensers.

1.92j

If the glassware is new, if
It has been used to measure
COD samples, or if it has
been used for tests other
than COD, use these steps
to condition it for use.

37a. The glass beads should stay in the flask for
these rinsings or rinse those in the Buchner
funnel.

38a. Use high quality distilled water with very low
COD'.

38b. The glass beads shbuld stay in the flask for
these rinsings or rinse those in the Buchner
funnel._

39a. The glass beads stay in the flaik. If you have
used a Buchner funnel, roll the beads back into
the flask.

40a. The flask should. stay there until\sit is used or
a test.

la. Glassware is included in the equipment list on
pages 6, 7 and 8.

lb. This section applies to glassware used to prepare
and'gtore reagents' as well as to glasswa're used
during the COD test.

lc. After conditioning, do not use this glassware for
other laboratory procedures. Even traces of
organic materials on the glassware will react
during the test and give higher results.

A
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EFFLUENT MONITORING PDOCEDURE: Determination of Chemical'Oxygen Demand

OPERATIMG PROCEDURES

a

STEP SEQUENCE

.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

C

TRAINING
GUIDE NOTES

E. Conditioning Glass-
wareOther Than
Flasks, Boiling Beads
or Condensers.
(Continued)

2. Measure 250 ml distilled
water.

'

3. Pour the water into a clean
.-

bottle.-

2a. Use a graduate.
.

2b. Use high quality distilled water with very low.
COD. (See B.4.);

3a. The bottle will be used for storage so have one
with_a screw_cap-__You.can mse_a'_clean_aci_d_ __ .

bottle. .

4a. Use a graduate.

.

.

- .

_

6a. The depth of ice water should be an inch above
the level of acid in the bottle.

_

.

0

19''
4,...," a

/A

,

,

4. Measure 125 ml of U.025 N

0 potassium dichromate
solution.

5. Pour the(Measured potassium
Cdichromate(K9r907) into the

same bottle.

6. Put the bottle into an ice
bath.

.

7. Keeping the bottle in the
ice water, swirl the con-
tents in tte bottle.

,--_

8. Leave the bottle-in the ice.
bath.

9. Measure 375 ml of concen-
trated sulfuric acid
(H2SO4). .

7a. You want to miZ it.

.

8a. You want it to get cool.

9k. Use a graduate.
9b. Use reagent grade acid.
9c. CAUTION: Sulfuric acid causes severe.burns to

the skin.

..
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FFLUENT MONITORING PROCEDURE: DeterMination Of.ChemiCal Oxygen Demand

OPERATING 'PROCEDURES - STEP .SEQUENCE

E. Cdnditioning Glassware
Other Than Flasks,
Boiling Beads or,

. Condensers.

(Continued)

199

10. Tilt the bottle in the ice
bath and slowly pour the
acid down the inside wall.

11. Keeping the bottle in the
ice bath, swirl the con-
tents in the bottle.

12. Check that the bottle is
601 enough to handle.

13. Label the bottle.

14. Use the warm sblution,to

rinse over the walls of the;\
glassWare.

1E. Discard the used solution.

15. Repeat steps 14 and 15 two
more times for-each piece
of.glasswarOo be con-
ditioned.

17. Rinse each piece of glass-
ware with tap water 3 times.

18. Rinse each piece of glass-
; ware with distilled water

3 times.

INFORMATION /OPERATING GOALS/SPECIFICATIONS

10a. The solution and bottle get hot.

lla. You want to mix it.

13a. This is Conditioning Solution for COD glassware.
Also mark the date and your name.

14a, You can store the solution for future use. In
this case, pour an adequate volume into a beaker
and warm the solution on a hot plate.

14b. CAUTION: The sulfuric acid in the solution causes
severe burns to the skin,

\
5a:,Turn the cold water tap on in a sink.

15b. Slowly pour the acid down the drain.
15c. Let the tap run at least 5 minutes.

17a. CAUTICN: The first rinse contains a significant
.amount of sulfuric acid.

18a. Use high quality distilled water with low COD.

, 1

.TRAINING
GUIDE NOTES

Page No. 4-29
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IFFLUENT -MONITORING PROCEDURE: Determination of- Chemical Oxygen ()emend .

. . V-

4

OPERATING 4PROGEDURES..
, ,
f. Conbitioning- Golassy140

Other Than FlaskFt
Boiling' as or_

-Condens rs.
(Cent ued).

tr ,STEP,1EQUENCE

1 ',Let 1e glassware 'drain dry.

2Q "Stire the ,glassware
separately from glassware
used .for tests other than

. COD. /:

21 Store unu.ed.solution for
future use, .

TRAINING
INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES

F. Oxidation. of the Sample

and Blank

201

1. Remove two reflux flasks
from cdb flask-condenser
assembl i es .

2. Mark the sample identifi-
catiOn on the outside of
one of the flaps.

r,

3. Mark the word, "Blank" on
the outside of the second
flask.

4. Measure 1 grail.. of mer

SUlftte(HODA)
.

-5. Plate the'imercuric sulfate
in the Sample

lk. Equipment
is.e

describeeL on pages 6, 7 and 8.
lb. Each flask should have 5 glass beads in it.
lc. All flasks, glass beads and condensers should

have been- used previously.for. COD tests. If any

for other' tetts)each mustbe con itioned according
flask, -beads.. or cendehter is newoi,ri has 4:feen used

to Procedure D. in this, EMP.

2a. Use a wax marking pencil.`
2b. S'ee the label' on_the sample, bottle f6r an identifi-

cation code.' /
2c. 0 this procedure we will call. this the Sapple

lask. . -

°

3a. You will prepare a birank and.test it in the same
manner 'as.-the sample.'

3b. In this procedure,. we will 'call thii the Blank'
flask.

4a. Use a 1 gram reagent -tpbon.

. .

5a. Round bottom flasks can be supported by a heating
mantle or ,a cdrk ring during these steps:

vir.F.3a.

(p. 48)



EFFLUENT MONITORING PROCEDURE: peterthination of Chemical Oxygen Demand
4.

smmm..E

OPERATING PROCEDURES

F. Oxidation of the
Sample and Blank
'(continued)

203

STEP SEQUENCE

6. Repeat steps 4 and 5 for
the Blank flask.

7. Shake the bottle of sample

8. Draw 50.0 ml of sample
into a pipet.

4

9. Deliver the 50.0 ml into
the,Sample flask.

10. To prepare the blank,
draw 50.0 ml of distilled
water into another pipet.

11. Deliver the 50.0 ml

distilled water into the
Blank flask.

12. Draw 5.0 ml concentrated

sulfuric acid (H2SO4) into
a pipet.

13. Deliver the 5.0 ml of acid
into the Sample flask.

'INFORMATION/OPERATING GOALS/SPECIFICATIONS

8a. " . in volumetric pipet. 4-
8b pipet bulb.
BC. For samples that turn green during the test and

which cannot be'titrated to an acceptable end
point; you may need to dilute the sample to a
final volume of 50.0 mlat this step. You won't
know you have to do this until you have run
50.0 ml of the sample through the.test up to H.
Quantification, Step 12. To avoid this
cicertainty, you can prepaee'dilutjons now. See
Training Guide. .

9a. Record "S, ml Sample Used" on the "Typical
. Labbratory, Data Sheet" in "his EMP. r.

10a. Use high quality distilled water with very low
COD.

ldb. Use a clean volumetric pipet.
10c. Use a pipet bulb.

12a. CAUTION: Sulfuric acid causes severe skin burns.
12b. Use a clean 10 ml graduated pipet and a pipet

TRAINING
GUIDE NOTES-

(p. 49)

IX.F.9.
(p. 51)

V.F.12b.
bulb, or else an automatic dispenser checked for (p.,48)
5.0 ml delivery.

13a. Tilt the flask and,deliver the acid down along th
. inside wall.

204
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EFFLUENT_MONITORING PROCEDURE--:DeterininatiOO of Chemical Oxygen Demand

OPERATING _PROCEDURES

F. otidation of the
'Sample and Blank
(continued)

0A

STEP SEQUENCE

,

14. Rinse. off. the outside of

the pipet at a sink.

15. Swirl the contents of the
flask.

16. Repeat steps 12 through 15
to add 5.0 ml of acid to
the Blank flaslc and rinse
the pipet -

17. Prepare an ice bath.

18. Place the Sample flask
into the ice bath.

19. 'Draw 25.0 ml of 0.025,N
potassium dichromate
(K

2
Cr 207) solution into a

pipet:

20. Swirl the flascv:as you

.slowlS, add ihe 25.0 ml of
0.025 N potastium dichro-

. mate solutfon.

21. Let the flask. in 'he ice

'bath.'

2 'Measbre 70 ml of sulfuric _

acid-si er sulfate
(H2SO4tAg2SO4)-'sbloti .

23. 'silt the flask in the ice
, bath' 'and -sit! -=tc'reontitiu;;-

ously you- slowly ad_d

, the -aCid-sil Ver: -sulfate_

_

401

INFORMATION /OPERATING GOALS/SPECIFICATIONS

Page No. 4-32

TRAINING
GUIDE NOTES

14a. Use tap water. to. rinse any acid into the sink.

14b. Let the water continue to run for a few minutes.

15a: Most of the mercuric sulfate disiolves.

17a. The depth of the water should be about one inch.

19a: Use a clean volumetric
19b. Use a pipet bulb.

214. You want to cool the flask.

22a. .CAUTION: Sulfuric acid causes severe skin burns.
22bAse a clean-100 in gradate br use an automatic

dispenser checked for accurate delivery.

23a. If the ecid-sulfate solution is added too-ripidly,
'heat at the surface-of the solution can cause
spattering -upward.

.-

V.F.22b.

(p..46)
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EFFLUENT MONITO(ING,PROCEDURE:
Determinatian ob.Chemical Oxygen Demand

111/

OPERATING, PROCEDURES STEP SEQUENCE

F: Oxidation of the
Sample and Blank
(continued)

20.

24. Swirl the flask in the ice
bath.

?5. Remove the flask 4rom the
ice bath.

26. Wipe the water off the
outside of the flask.

27. Carefully swirl the flask
again.

28. Repeat steps 18 through 27
to add potassium dichromat
and sulfuric acid-silver
sulfate solutions to the
Blank'flask.

29. Attach the Sample flask to
a condenser.

30. Gently twist the flask
while 4ently pUshing it
upward ont6 the condenser.

31: Center the flask on/4n a
heating surface. ,

32. Repeat steps 29 through 31

to,attach-the Blank flask
to a condenser.

33. 54-mi the circulation of
cooling water through-the
two .ondensers.

.1111

INFORMATION/OPERATINGVALS/SPECIFICATIONS

24a.. You want to cool the flask.

25a. The bottom part of the flask may still be warm.,

26a. Use a paper towel.

27a. CAUTION: You must thoroughly mix the contents of
the flask to avoid an explosion during reflux.

27b. CAUTION: Do not swirl so vigorously that the
contents come out of the flask.

29a. The condenser is described in the eciuipment list,
page 6. . ,

.

,(
..

,

30a. This ensures a good seal.

31a. Choices for heaters are described in the
equipment list, page 6.

TRAINING
GUIDE NOTES

-
. N
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'EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS /SPECIFICATIONS
TRAINING

GUIDE NOTES

F. Oxidation of the
Sample and Blank
(continued)

34. Turn on the heat source
for each flask.

35. When the contents othe
flasks begin to boil,
'recore, the date.and time.

36. Regulate the heat sources
if necessary.

37. Reflux the contents of the
flasks far two hours.

35a. Uae the "Typical Laboratory Data 3heet
35b. Use the columns for the sample(s) and blank

36a. Adjust the heat to maintain a gently rolling boil
in each flask.

37a.

37b.

The mixtures in the flasks are usually a dark
orange color during this period. If some turn
to a green color, the potassium dichromate may
be completely reacted. Continue the test for
such flasks, though, because there may be enough
potassiuM dichromate left to titrate later on in-
Procedee H. Quantitation.
If the samples are known to require less time for VII.F37b.
complete oxidation, less reflux ,time is (p.50 )
acceptable.

IX.F35.

(p. 51)

G. Rinsing and. Removing
Flasks from
Condensers (continued),

209

1. Turn off the heat under
the flask-condenser
assemblies.

2. Allow the flasks to cool.

3. Squirt dihilled water in-
to the opening at,the top
of the condenser which is
attached to.the flask
containing the samOle.

A

la. The contentS of the flasks should have gently
boiled for 2 hours.

2a. This takes 10 to 15 Minutes.
2b. PlaCing an evaporating diSh upside down between

the flask'and,the heating surface makes for
faster cooling.

3a. Use high quality distilled water with very low
COD.

3b. You want to rinse any condensates doWn'the inside
-walls and into the flask.

3c.--U:e up to 25 ml of water.

c



EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP SEQUENCE

G. Rinsing and Removing
Flasks from
Condensers (continued)

,211

4. Using a twisting motion,

partially disconnect the
flask from the condenser.

5. Squirtdistilled water
over the condenser tip,
allowing this rinsing to
go down into the flask.

6. Remove the flask from
under the condenser.

7. Squirt distilled water on
the inside of the neck of
the flask, allowing this
rinsing to go down into
the flask.

8. Squirt distilled water
down along the inside of
the walls of the flask.

Add enough distilled
water to-the flask con-
taining the sample to
bring the final volume
to about 300 ml.

plegilMATION/OPERATING GOALS/SPECIFICATIONS

4a. Point- the lower tip of the condenser down into
the flask.

4b. Be very careful to avoid adding organic contimina
tion to the joint and into the inside of the neck
of the flask. Do not touch these parts with your
fingei-s, paper towels, etc.

7a. You want to rinse any condensates down into the
flask.

8a."If a 300 ml/round bottom flask has,been

used, transfer the mixture to a 500 ml Erlenmeyer
flask. Squirt distilled water down the inside
walls of the original flask and pour the rinsing
into the Erlenmeyer flask. Repeat this rinsing
of the original flask three times.

volumes,are markdd on the flatk, add distilled
water to the300.0 mark.

9b. If volumes are not marked on the flask, estimate
the amount of water needdd to bring the volume
to 300 ml, measure it in a. graduate and add it
to the flask. (The original mixture totaled
150 ml and ilnsings of the condenser, jOint and
flask would range, from 40 to 70 ml.)

TRAINING
GUIDE NOTES

0-

212
Page No. 4-35



= EIFLUENT NITORING PROCEDURE: Bete

-
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OPERATING P SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

. Rinsing.an
Flasks fro
U.densers

Repining 10. Put tii4s flask near the
titrat o stand.

(continued)

`s

,.\

1

1

P 1 1 'I
H. Qiontitfdcatiork:

Titr*ion of Sample
a1d Blank \

\I\ \
'\ \

11. Squirt i tilled water in-
to the p ning at the top
of the c denser which is
attached othe flask

the distilled
bla

12. Repe X ste s \LT through 10

above\to In se inner walls
of this condOser and
flask Wand t4 bring the
final "'volume' to about

300 ml

Tla. Use high quality distilled water with very low
COD.

11b. You want to rinse any condensates down the
inside walls and into the-flask.

11c. Use up to 25 ml of water..

'213

1. Rinse and draimlhe inside
of a clean, 5Q ml buret
with about 15-all of

ferrous ammonfr sulfate
[Fe(N114)2(SO4y6R20]

solution of known
normality. '

2. Put the'buret into the
clamp on the titration
stand.

a. Ferrous ammonium sulfate solution is unstable and
must be standardized on the day you use it'so the
normality is known. The procedure to do this is
described in "C.'Standardization of Ferrous °

Ammonium Sulfate Solution."

3. Close-the stopcock of the
buret.

4. Add about 15 ml of the
ferrous ammonium sulfate
solution.

4a. Use a funnel.
4b. In this section, the letters FAS will be used

when referring to the ferrous ammonium sulfate
solution of known normality.



EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

OPERATING PROCEDURES STEP'SEQUENCE INFORMAlION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

H. Quantification:
Titration of Sample

.:and Blank (continued)

215

5. Check the tip of the buret
for air bubbles.

-6. Add more FAS solution to
the buret.

7. Record the level of the
solution fn the buret.

8. Check that the flask con-
taining the sample is at
room temperature before
proceeding.

9. Gently swirl the contents
of the flask containing
the sample.'

10. Add 40 drops of ferroin

indicator solution to the
mixture in the flask.

11. 'Again, gently swirl the

contents 'of the flask.

12. Add FAS solution from the
buret fairly rapidly,
while constantly swirling
the mixture in the flask.

'..

5a. If there is an air pocket, swiftly turn the stop-
cock in a complete circle to expel it. You may
have to repeat this turning of the stopcock:

6a. You will need up to 25 ml of FAS for each sample
and blank.

7a. On the 704cal Laboratory Data Sheet" in the .
column with the sample identification information

7b. This is the "ml FAS at START of-titration".

8a. You may have to put the flask intoa-pan of cool
water to get this condition,

9a. This ensures thorough mixing.
9b. Do not swirl any of the'contents out of the flask.

The ferroin should be in a dropper bottle. If it
isn't, use a medicine drPPPer to transfer it
Ten drops are used for-,e 300 ml mixture.

This ensures thorough mixing.
The mixture is-a deep orange color.

You must constantly swirl the receiving flask so
that the FAS solution comes into contact and
reacts with all the mixture in it.

12b. The mixture in the ftask will tradually change
color becomingAreen.:then blm -green. When the
addition of F'AS solution makes a reddish-brown
color at the surface of the sample *solution,
close the stopcock.

O

(continued)

IX.Sheet I. .

(p. 51)

IX.H.7
(p. 51)

2164
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EFFLUENT-MONITORING-PROCEDOA: Determination of Chemical Oxygen Demand

7-3

OPERATING,PR EDURES STEP\SEQUENCE
, - .

INFORMATION/OPEOATING GOALS/SPECIF1CATIONS GUIDE NOTES

1,,AUantificatiOn:
TO.tifflin of-Sample
and Blank (Continued)

,

.

', q
.

_

12c: If a sample had turned,a green color during the
2-hour-boiling.period'i there may be no potassium
dichromate solution left in the flask. ..If you

,- add up to 22 ml of FAS solution to such a
mixture and cannot ohterve the- Color changes
described above in 121):', stop the titration.
You.should do the test over, using a smaller
volumeof'sample: (See Training Guide). Also,
the flask, boiling beads'and condenser used for

VII.H.126.
(p. 49)

\ ,

A
.

- ---,
..... _

..,

.

i

..-.'

.

,..=

,--

,..

.

.

'

,

, - --

.

'.

.

-

.

.

"'"

. .

13. Now 4djust the stopcock so
the FAS solution in the
buret Ties into the flask
one d op at a,time.

. .
.

14. Stop adding FAS solution
.,.

when all the mixture in
the fl ik is a reddish
brown-dolor.

,

151 'the final level of
the FAS in the
:buret.,

16. Subtract the recorded "ml
''--4 of FAS' at beginning of

'titration "from" ml.of FAS
at end ortitration" and'
record the difference on
yo data Sheet.

17.- To -titrate the'blank,

. first check-thelevel of
thelFAS solution in-the
-buret.

that sample will have to be conditioned before
re-use. (See Procedure D.)

. <

13a. Swirl the flask after each drop is added. At the
end point, one drop is enough to change the -color
of all the Solution to a reddish brown:

,

. ,

14a. This is the end point of the reaction in the
'flask.

,

,

, - ,

15a. On the date sheet, this is "ml FAS at END of
titration". ,

154 Use the column for this sample.,

16a. On the data sheet, this is "B, ml. FAS used to
titrate the Sample". '

16b. Use the column for this sample.

,
.

.

17a..You will need up to 25 ml of FAS solution to
'tttrate the blank. Add more MS if necessary.

-"

.

-,

.

.

IX.H.15'

(p. 51)
,,

IX.H.1°.

(p. 51) .

.

% r

218
.
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- EFFLUENT MONITORING PROCEDURE: Determin'ation of Chemical Oxygen Demand

OPERATING PROCEDURES

H. Quantification:

Titration of;Sample
.. and Blank (continued)

STEP SEQUENCE

18. Record the level of the
FAS solution in the buret,

19. Check that the flask f

containing the blank is at
____room_temperature before

. , proceeding.

20. Gently swirl the contents
of the flask containing
the diitilled water
plank. ..,

21. Repeat steps' 10 through 14
above to-add the FAS solu-
tion from the buret until
all the mixture in the
flask is reddish brown.

22. Record the final level of
the FAS solution in the
buret.

23. Subtract the recorded "ml
of FAS at beginning of
titration" from "ml of FAS
at end of titration" and
record the difference on
your data sheet.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINIP(G
GUIDE NOTES

18a.On line one of a 'column on the data sheet, Write
"Blank" as the identification.

18b. In that column,, record the level of FAS as "ml
FAS at START of titration".

19a, You may have to put the flask into a an of cool
water to get this condition.

20a. This ensures thorough mixing. '

20b. DO not swirl any of the contents out of the flask

22a. On the data sheet, this is "ml FAS at END..of
titration."

22b.-Use the column forthe blank.

23a. Oh the data sheet, this is "A,,m1 FAS used to
titrate the Blank".

23b. Use the column for the blank.

219

IX.Sheet I
(p. 51)(

IX.H.18.
(p51)

IX.H.22.

(p. 51)

IX.H.23.

(p. 51)

22()
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-EFFLUENTAONITORINePROCEDURkr-Determina tion _of Chemical Oxygen Demand

.

OPERATING PROCEDURES

221

-STEP SEQUENCE

1.-tarefUlli-004r the
CententSof-both the
StOple:and-the Blink. .

flaskt through a cleaned
Buchner funnel and into a
.storage container.

_2, Use tap water to r nse
each

3. Use distilled water to
rinse each flask 3 tiMes.

4. Wipe any wax markingS,off
the outside of the flasks.

-5. Use tap water to rinse,
the buds 3 times.

Ose distilled water to
rinse the beads 3 times.

Trahsferi glass beads to.
each rinsed reflux flask.

8,. Attach each flask to a
condenser used and rinsed
Auring the test.

_Page-No.-4-40-

,INFORMATION/OpERATING GOALS/SPECIFICATIONS

la. The-gliSs.ibeads-shouldIstay in thesfunnel.
lb. The-storige_ContainershOld be glass or thick,.

plastic With a-strew cap. .

lc. These mixtures have-Up to-25% cOncentrated.
sulfuric acid so handle And-itoreihem with
caution..

ld. These mixtures also contain, mercury -complexes

WO need special th:atment for disposal.

-the=flask-containeta mixture which. turned
--green-during_thel:oiling pen odh

'flask, beads and Abe condenser will have t
conditioned before re-use for a COD test.'
(See Procedure D.)

4. Use high quality distilled water with very low
COD (See B.4.)

.t. ,

5a. The beads are held in the Buchner,tunnel:

Oaf The beads are still iwthe funnel.

1

TRAINING
GUIDE NOTES

VI.I.id.

(P.

7a. Do not contaminate the beads at this step. Use
a spatula to =roll the beads from the edge of the'
funnel to the. flask or use forceps to make the
transfer.

8a, The flasks should staythere until,, they are used
. again,



EFFLUENT MONITORING PROCEDURE: Determination. of Chemical Oxygen Demand

,

OPERATING' PROCEDURES

I. Clean Up (continued)

r, STEP SEQUENCE

9. Drain any ferrims ammonium

sulfate solution out of
the buret.

1-10. Use tap water to rinse
the inside of the buret
3 times.

11. Use high quality distilled
water to rinse the buret
3 times.

12. Put the buret back in the

titration stand but upside
down with the stopcopc
open.

13. Other glassware (pipets,

used, during the test
ould be rinsed with tap

water.

14. As soon as possible, this

other-glassware should be
cleaned using Procedure E.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

a. This can be put directly down the sirain of'a sink

12a. The buret can drain completely.
12b. This burg should be used only for the COD test.

Even traces of organic materials from other
solutions may result in errors in future COD
titrations.

TRAINING
GUIDE NOTES

223
Page No. 4-41
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EFFLUENT MONITORING PR CEO Determination of Chemical Oxygen.Demand

OPERATING PROCEDURES STEP SEQUENCE

J: Calculations

225

r

r

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

1. Use the following steps to
calculate COD, mg/liter:

2. Subtract "B, ml FAS used to
titrate the S pie on line
10 from "A, 1 FAS used to
titrate t Blank" on line
9.

3. Write the difference on
line 11 of the data sheet.

4. Record "N, normality of
FAS" on line 12 of the
data sheet.

: .

kti,pr!'

-la. The calculation formula is: .

Chemical Oxygen Demand, mg liter =

(A-B) N x 8000
S

Where:
-

A= ml FAS to .titrate the Blank
B= ml FAS to titrate the Sample ,

N= normality of FAS'
S= ml Sample. Used

8000 convents.to COD, mg/liter

lb. T)e "Typical Labioratory,pata Sheet" ha:; the steps 'iX.Sheet I
and an example for doing this calculation. (p. 51)

lc. Numbers used in the examples below are from the IX.Sheet I
-example in- the last columns on the Trypical (p. 51)
Laboratory Data Sheet".

2a.. Example on4data sheet:"

Tine : 23.55
line 10: 15.00

DifferenCe= 8.55

3a. This has been done for the example on the data
. sheet.

4a., This number is calculated as shown by the
example on the sheet titled,"Standardization of
Ferrous Amignium Sylfate (FAS) Solution."

4b. .The example number, 0.024, from C.38 on that
sheep has-been recorded on line 12 of 'the data
sheet.

7y,

IX.J.3.

(p. 51)

IX.J.4.
(p. 51)

226
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EFFLUENT MONITORING Determination of Chemical Oxygen Demand
.. .

OPERATING'PROCOURES STEP, SEQUENCE INFORMATIONIOPERATING GOALS/SPECIFICATIONS
TRAINING .

GUIDE NOTES

J. Calculations
(continued)

5. Multiply the difference on
line 11 by "N, normality of
FAS" on line 12.

6. Record the product on line
13.

7. Divide 8000 by "S, ml Sample
Used" which is recorded on
line 6.

8. Record the answer on line 14

9. Multiply line 13 by line 14.

10. Record the product on line
15:

11. Round off the number on line
:15 to the nearest whole
number of mg/liter:

12. Record this number on line
16.

13. Sign the data sheet on line
17.

5a. Example on data sheet:

8.55 x 0.024 = 0.2052

6a. This has been done for the example on the data
sheet.

Example on data sheet:
., 8000

160
50.0 -,

8a. This has been done for the example on the data
sheet.

9a. Example on data sheet:
0.2052 x 16p, = 32.8320

10a. This has been done for the example on the data
sheet. -

lla. 32.8320 becomes 33.

11b. If 3/bur answer fbr a sample is greater than

50 mg/liter, you should start using the 0.250 N
solutions of potassium dichromateandierrous
ammonium sulfate for samples from that same source.
See the Training Guide.

12e. This has been done for the example on the data
sheet.

13a. This has been done for the example on the data
sheet.

r

IX.J.6.

(p.' 51)

IX:J.8.

(1). 51)

IX.J.10.

(p. 51)

I.J.11b.'

(p. 44)

IX.J.12

(p. 51)

227
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand

TRAINING GUIDE

SECTION '1 TOPIC

I* Introduction

II

III

IV

V* Field & Laboratory Equipment

VI*. Fiel & Lab ratory.Reagents

VII* .Fld & Laboratory, Analysis

Educational Concepts-Mathematics

Educational. Concepts-Science

,Educational Concepts-Communic#tions

VIII S6 y

IX * Records & Reports

*Training guide materials,are -presented here under the heading marked*.
-These standardized headings are used thrOughout this series of procedures.

140-No..,4 -44 Ug>
-
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EFFLUENT MONITORING PROCEDURE: Determination.of Chemical Oxygen Demand

Introduction r.

TRAINING GUIDE NOTE

J.11b.

'Section I

IREFEREt10ES /RESOURCES

The Chemical Oxygen Demand (COD) Test provides an
estimate of the proportion of sample matter'suscept-
ible to oxidation by rigorous oxidation-conditions.

Some inorganic compounds may be oxidized but most of
the reaction involves organic-compounds. Thus the
COD Test.provides a commonly used estimate of organic
materials in water samnles.

The procedure described in'this EMP is.for the range
of 5 to 50 rug /liter COD one expects in treatment

plant effluents. -Ifyou de this EMP nrocedure'and
get results greater than 50 mg/liter COD, YoLi should
do the test in the same manner as described in the
EMP but use more concentrated solutions (0.250 N
instead G7 0.025 N) of potassiumdichromate and of
ferrous ammonium sulfate. For "B. Reagent Prewira-
tion", you would not make number 6 (0.025 N potassium
dichromate solution) nor number 9 (0.025 N ferrous
ammonium sulfate solution). Any place in the
procedure that refers to 0.025 N concentrations of
either of these solutions should be read as 0.2500N.
All-Other instructions and information are to be
followed as written.

The Test described in this instructiop can be found
in the 1974 EPA Methods Manual o; Page 21, entitled
Chemical Oxygen Demand (Low Level). Other references
which have acceptable procedures for this test for
NPOES purposes are: 14th ed. Standard Methods on
page 550 and 1975 ASTM Part 31 on page 472.

D

Methods for chemical
Analysis of Water and
Wastes, 1974, EPA, MDQARL
Cincinnati,.0hio 45268
p.r21.

Standard, Methods for,the
Examination of Water and
Wastewater, 14th ed., 1976,
APHA, New York, N.Y. p. 550

Annual Book of StVidards,,,,
Part 31, Water, 1975, ASIR;

p., 472

1,Page No. 4-45
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'! 'EFittlENT MONITORING PROCEDURE: - Determination of qhemical-Gxygen-DeMand

.!-----

Field and Laboratory Equipent

- 0.1

%_.''TRAINING GUIDE NOTE

AUTOMATIC DISPOISERS:
82.1d. Since,s4furie. acid Causes severe burns to the skin,
131.5b. yop -mi choose -td use a .0 ass, automatic dispenser
-C.11a. (pipet ' to store and measure the two reagents

a§ this a44d. Use -the-manufacturer's 1nstruc-
'F.22b% tions to fill and prime the ditpenser and to make the

initial setting of-the delivery volume. Sulfuric'
abid' it heavier than-water .0 this deli vAry -volume

- must checked. Do this_ by delivering the acid into
a clean-, -dry -graduate. Allow the acid.t6 "tettle"

. in the graduate, then read the vOlume. If that
voltime is-pore or less -than.it should .be (see beiow),

"adjust the-delivery setti94-nn the dispenser accord
Aboy,,, Then- check the new. setting for accurate
'4 el iVe'ry,- usi ng,ano,ther .c1 eat) , dry graduate. Con-
o tInue -tbis prcicedure ,until you are satisfigedthat

he delivery -volume is. accurete.^

e final oiolumes required for the .concentrated
s lfuric acid reagent dre-5--ml-a0 20 ml so adjust. ,

a dispenser to deliver 5 ml. :then dispense the 5 ml
lb r times,for the 20 ml -requiretilent.

The 'flital volume required for the sulfuric acid -

_silver suTfate reagent ts-70 ml. In this case.'
adju t a 4ispenser to,deliVer 10 ml , Then dispense
the 0 ml seven times for the 70 ml-requirettlent.

--Pige:446

2
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--EFFLUENT MONITORING_PROCEDURE: Determination of Chemical Oxygen Demand

=111==1=1,,L
'1'

and Laboratory Recgents

TRAINING GUIDE NOTE

DISPOSAL OF MERCURY-CONTfINING WASTES1
Thes2westes can be treated.to convirt the soluble
mercury complexes to some insoluble .formation.
Some refiners of mercury are wijling to accept
hir Amts of such precipitates to recycle the metal.
Ask your City, County,.or State Pollution Control
Agency for spactfici*tructions on how you are"to
dispose of COD test-Wastes..

a

Section VI

REFERENCES/RESOURCES

Dean ,. Wi 1 1 i ams., Wise:

"Dtsposal of Mercury
Wastes from Water

Laboratories," Environmental
Science and Technology
Vol. 5, No. No 1971.
p. 1044

ag and Hecker:

'Recovery of4iircilry in
olutiOn," Journal of
nvi ronmental Quality.

ol. 1, No.'2, 1972; d.192.'

Page No. 4-47



EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand .

Field and Laboratory Analysis
411111101 4

84.1h.

F.3a.

t.

TRAINING GUIDE NOTE

BLANKS:

You run a blank by using distilled water instead of
sample water'and testing that distilled water in the
same way you test samples. By doing this, you are
checking the COD of the distilled water and of the
reagents used in the test. You use the titration
results for the 'blank in the calculation formula to
correct your COD values for samples.

Some contamination is expected to shoW up and affect
the titration results. However, if the blank
requires less than 90% of the ml of ferrous
ammonium sulfatO solution that would be required to
titrate a situation of "no contamination,'' it is
a signal to you that the distilled water or reagents

are contributin- contamination and should )e
checked.

EXAMPLE - If 25.0 ml of 0.025 N potassium dichromate
solution are used'to try to oxidize a blank con-
taining no oxidizable contamination, it would take
25.0-ml of 0.025 N ferrous ammonium sulfate solution
to react with the remaining potassium dichromate
bring the Quantitaticn Titration Procedure. 90% of .

25.0 ml of FAS would be 22.5 ml. If you use less
than 22.5 ml of FAS for two or more blanks, a check
of the distilled water and of the reagents is
advisable.

See "B. Reagent Preparation, Procedure 4. Distilled
Water",fOn informationabout checking the quality
of distilled water -,nd about storing it.

To check reagents, consult your laboratory records
to see which reagent was made most recently. Using
the "E. Conditioning..." Procedure; clean the glass-
wareware required and themprepare a fresh supply of

i that reagent. Use the fresh reagent and run a blank.
If the blank results are still too high, you should
purchaSe a new supply of the chemical to' make your
reagent solution.. If you always purchase reagent°

\ grade chemicals and take care not to contaminate
them-with dirty spatulas, etc., you should not have
problems with'them;

Page No. 4 48 233
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EFFLUENT MONITORING' PROCEDURE: Determination of Chemical Oxygen Demand

77.

Field and Laboratory Analysis . Section. VII

TRAINING GUIDE NOTE

SMALLER VOLUMES OF SAMPLE FOR THE TEST:
F.8c. If you cannot titrate a 50.0 ml sample to an accept-
H:12c. able end point during 9.1. Quantitation step 12,"

you will have to re-run thetest.beginning with
"F. Oxidation of the Sample and Blank". At F. Step
8, you will have to use less sample and then add
distilled water to make the 50.0 ml volume. The
-workable proportions can only be determined by trial
and error. You might prepare two mixtures at this
step such as:

Add 10.0,m1 sample, then 40 ml distilled water to
the flask

Add 25.0 ml sample, then 25 ml distilled water to
the flaik."

(1) Use &pipet to measure the sample,
(2) ,11se a graduate to measure the water,

(3)Ase high quality distilled water with low COD.
C4)--if-you get results for both dilutions, use

the results for the 25.0 ml sample..
(5) For future tests of_samples from the same

source, at step F8 use the dilation proportion
you found workable.

(6). Do not caange the volumes of any other solution
in the test. The volumes as given in the EMP
are critical conditionsof the test.

(7) If you cannot titrate as low as 10.0 ml of
sample(with 40 ml water added to the test
mixture) during "H. Quantitation, step 12",
you will have to do the test using the 10.0 ml
sample and more concentrated potassium
dichromate and ferrous ammenim sulfate
solutions (the .0.250 N solutions are used).
See section I in the Training Guide for a
discussion of this.

234
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical 0Xygenttmand

Field and Laboratory Analysis

TRAINING GUIDE NOTE

F.37b.
TWO HOUR OXIDATION (BOILING) PERIOD:
Some samples contain materials that can be.oxidized
in the OD test conditions within a very short-time
period. If your samples always have the same
materials in them, you may want to check'them and
see if you might use a shorter oxidation (boiling)
petiod. Prepare two test.mixtures from the same
sample. Boil on. for two hours, boil the other for
say 30 minutes. Complete the test as usual and
calculateCOD results for each. Do 6 other such
duplicate tests on 6 other samples. These should
be done over a.period of time on samples collected
from the same source over a period of time. Compare
the results-from the seven tested by using, the
usual 2 hours with the results from the seven tested
by using a shorter oxidation (boiling) period. If
the results are the same or if they agree within +
4 mg/liter COD,:you may use the'shorter oxidation
(boiling) time for future samples from the same.
source. About once every 10 times you perform the
test on such samples you should check that they
continue to be the same composition. DO thfs by
preparing duplicate test mixture, usingA two hour
boiling period for the second mixture, and comparing
the results for agreement as above.

235
Page No. 4-50
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1REFERENCES/RESOURCES

Methods for Chemical
Analysis of Water and
Wastes, 1974'EPA, MDQARL
Cincinnati, OH 45268, p. 23.

ti

Handbook for Analytical
Quality Control= in -Water
and Wastewater Laboratories.
1971, EPA, MDQARL,-
CinOinnati, Ohio 45268
p.'6-1.



Name of Plant

Typical Laboratory Data Sheet for Chemical Oxygen Demand, mg/liter

A.5 -Identification
Blank EFF #1

'A.5
.

Type (grab, composite) =,.

-,.

Composite

A.5 Date and Time Collected , 3/17/75
0600-1200

3

A,5
.

SaMple Collector e
Tom Sampler 4

f.35 Date and Time Boiling'Began . 3/17/75
1300

5 --

F.9 RECORD: S, ml Sample Used
50.0

H.15
H.22

ml FPS * at END of, titration
:,

, 38.55 20.00

H.7-
H.18

mlFAS * at START of titration
15.00 5.00 b

H.23 A, ml FAS* used zo titrate the Blank
, 23.55 23.55 44.19---

H.16 B; ml FAS * used to titrate the Sample
15.00 10

J:3,t SUBTRACT B (line 10)from A (line (9)
8.55 11

J.4 RECORD: N, normality of FAS *
(Calculated on Standardization Sheet.,C.29) 0.024 12

J.6 MULTIPLY ml Difference of FAS* (line 11)
by Normality of FAS (line 12) 0.2052 13

J.8 DIVIDE 8000 by S, ml Sample Used
(See line 6) 160 ,, -14

J.10 MULTIPLY line 'T3-by line 14
-32.8320 1 15

-J.12 ROUND OFF lice 15 to the nearest
whole number of mg /liter 33 16

J.13' Signature ,

w
Jim Analyst 17

* FAS means Ferrous Ammonium SulAe Solution CALCULATION FORMULA: COD, mg/liter = (A-B)N x 8000
S

236 Page No. 4-51
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STANDARDIZATION OF FERROUS AMMONIUM SULFATE (FAS) SOLUTION IX SHEET II

Flask 1 Duplicate

C.31 ml FA t at END of titration
24.60 . 35.15 1 .f

C.23 ml FAS at START of titration
.

14.00 24.60 2

_

C.33 ml FAS used for Standardization
(SUBTRACT ml FAS at START on line 2
from ml FAS at END on 14'e.1)

.

.,

.

.

.

10.60
.

.

10.55 3

,

C.36 DIVIDE 0.250* by the ml difference
on line 3 to a 4 decimal place answer. ,

0.0236 4

C.38

,

Normality of the FAS solution
line 4 to 3 decimal places)

4.

.

-

0,024(ROUND.OFF 5

C.39

_

:

. Date

.
.

.

4

3/17/75 6

C.40 Signature I Jim Analyst 7

* From the formula:

2 3 8, Normality FAS =
(10.0 ml potassium) (0.025 N potassium)

dichromate fl dichromate

ml ,FAS

.
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EFFLUENT MONITORING PROCEDURE: Determination of -Total Kjeldahl Nitrogen

This Operational Pro'Cedure was developed by:.

NAME Will i\aM T. Engel

ADDRESS CharlesCounty,CommunitY College
-PI 0.Bpx 910
taPlata, Mryland 20646

POSITION ASsiitahi Professor of Chemistry

EDUCATION & TECHNICAL BACKGROUND.

BS 'Saint Francis College, Loretto, Petinsylvania

MS --Xavier U9iversity, Lincinnati, Ohio

'6 years Instructor:
,

Instructor - Associate Professor (Chemistry)
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EFFLUENT MONITORING PROCEDURE: Determination of Total'Kjeldahl Nitrogen

I. Objective:

To determine the Total Kjeldahi Nitrogen content of an effluent.

2. Description of Analysis:

The procedure converts nitrogen components of biological origin such as amino

acids, proteins, and peptides to ammonia. Two-alternatives are listed for the

determination of ammonia after distillation: the titrimetric method which is

applied to concentrations above 1 mg N/liter and the arkametric method
which is applicable 'to concentrations below 1 mg N/litee.

.3. Applicability of this.Procedure:

a. Range.of Concentration:

Colorimetric Method 0.03 to 1.0 mg NH3 -N /liter

Titrimetric Method - Lb to 25 mg NH3-N/liter

(The range of these methods may be extended for samples by dilution.)

NOTE: A range from 0.05 to 1400 mg NH -N /liter is available by using
an ammonia selective ion electrdde.- A separate EMP on thts
method is available.

b. Pretreatment-of Samples:
F

The Federal Register Guidelines do not specify any pretreatment.

c. Treatment of Interferences in Samples:

The Source of Procedure* does.not note any interferences to this
determination.

*Source of Procedure: Methods for Chemical Analysis-of Water and Wastes, 1974,
Environmental Protection Agency, Methods Development and Quality Assurance Research
Laboratory, Cintinnati, Ohio. page 175.

Page No. 5 -4
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EFFLUENT-MONITORING PROCEDURE: Determination. of Total Kieldahl Nitrogen

V

FLOW CHART

SAMPLE

,DIGEST ISTILL

DISTILL

.

It should- he mentioned that the -Armen* deterthinatiog ri§ht,side
of the flOW. chirt,folloWi the same -procedureias the left Ode free! DISTILL4own
to:the completion., _--

"the;Organic HAtrogen Amy- .cal culated follows:

Organic,Nitrogen =1Tatal, Kieldaill 'Nitrogen Ammonia Nitrogen.

'page-No:. S-S



EFFLUENT. MONITORING PROCEDURE: Determinati *on of Total, Kieldahl Nitrogen

,,Equipment andSupply Requirements

A. Capital Equipment - Macro or Micro DeterthinatiOnS
- ' ,

1. Digestion KpParatus and Distillation' pparatus: ..,

,The pieces ofequipment required to assemble. a system for digestion
. and-distillation will. diffen.according\to Whether.a 500 ml sample .

(macro determinatiOn) or a 50 ml sainple\lmicro determination), is
analyzed. See the diagrams at. the end of\these listings to identify\..

`2. 'Balance, analytical, capable- of weighing-tost.lomg it o 200 g load
the 'items require,d,fdr your chola Of

3. Balance, triple beam, capable-of weighing to,0.1 g t a 500 g load
4. SPectrophotoMeter for use at-400-425.nm with a light path of 1 cm or

lohger
.,

..,,
, "5 -.Water, Still and an anionucation exchang:.: system to' produce ammonia-

free- .,water .

' .: - .

B. Reusable Supplies r Macro or Micrd Determinations

-NOTE: All beakers and flasks should be either Vyre)e-vor Kimak
- ro.

1. One 50 na beaker, graduated
One 100 mi beaker, graduated`

3. Two 150-m1= beakers, graduated
4. One 250.ME beaker, graduated
5. One 50.4 bottle, grass with stopper
6. Thrie-150%ml bottles, glass with dropper tops
7..0fie 500 ml bottle, _glass
8. Two 1000 M1 =bottles, glass with ,tops

n9i One 50 ml buret
1G. One 10.ml cylinder; graduated
1T. One 100 ml 1inder-i, graduated
12. One so% ml cyl irider,--gtaduated
13. One 504,1n1- Erlenmeyer flak, graduated
14.° One 125-mrsErlennieyer flask, graduated
15. Four 1000 ml Erlenmeyer-flasks, graduated

16. Five 1000.111- volumetric flasks with stoppers
17. Glass beads, 4:mm,
18. Nine .Neitler tubes, scored at 50 ml

-19. One. Nessler,tube support
20. Two 10' :Mohr, graduated
21. One- 10` ml .pipet,-Volumetric
22. One..25 ml- Pipet; volumetric
23. One 50.M1.-pipet, volumetric
24. One ring stand
25. One' buret holder
26. One #3 or #6 rubber stopperOr a cap to fit Nessler tubes

V I
tor



-TOLON71400411NOROCEDORE: 'Determination of Total Kjeldahl Nitrogen
".
,

C:_CoffiUmable Supplies Micro-or Micro Determinations

li 4 g ammonium chloride,'NH=4C1 reagent, granular
:-

2. 20 0:bortc,a009 Hin.

-3-. 7004a-ithyl-aldotiol, 02N5OH, eagebt,denatured

4.. 0.5-,:040y1ora_ngeOlididator, (fci,titration method)
-5. 200,mg-,Methyl 110, reagent-(for itratiOn method)
6. 200,mg,*thy1eheblue.(fOr-titra idn'Method)
T. 4.1-nierOrit,nxide060;-reagent ow*, red.
!". 100 000r-- idlidet-NgI2,

9. 54phi0610hth, 06i0
10: ,70g liaaiSiUMIo4fde, KI,,reagint- owd0

-11-. 1341464Ssiu iiii"atetly04,:reag nt-powder

12.54-04110carbonate,44.R3, reagan powder (for titration method) anhydrous

114660*SddiumAidroxide0400110agen pellets

14.:25'g_todfit04:thiosnifatt-pentaWrit =Na2S03.51i20, reagent grade
,

15._22340-SUlfurid;acid,A2SO4, .)agelA grade

16. 14-weighifig,bOats

ThefollOwinvreigents-may bi4urchased'cOmercially thus alleviating
'_SeyerilSAdtions:-under reagent preparations and some of the above

t

-.-._

I 1
*1.:Nesslerre4geht,;(100 gmerturic-lodide, 70 1,potassium iodide, A 1

160-0OdiuMAYdrOkide) .

*2..Phenolphthileiti-indidttor.solution.1%1500.ml-ethYl alcohol,
5 g-OhenolphthileinY Ai) ,_.:

*3. DigeStio*reigeOttke'. Ke1=Pit9(n14-n7Mathison)] L4 g mercuric oxide (red), ,-

134AtpotissiWrsulfate, 226111 .sm:fnrit -acid°
.

-..i

*4. Sulfuridacid-(0:02N):(6 g Sodium-taibonate, 3 ml sulfuric acid)

. _

chWidal re0iiemints--
--/

*COmmOcialVIDrfllared_reagenti=may be- uSed in analyses for NPDES

Turpdies-ifthb-solUfionOive-beeq-pceliar'ed:-acCording to the
eiageht,:SeCtiOt-Of-the.6006Vid?mithods dited;_inthi:Fideral
Register It is s#OnglY:iecommendedhatiibicheited-reigents be
verifiedby initially-chedkinvthith-agianst al:quality -dOtrol check
saipple,available thrOUghjoue--RegionalEPA'AnalYtidal Quality
'Control:CoOrdiilator-(froM:3/21%75_EPA-MNARL me06).

,

c

Page No. 5-7
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EOFLUENT ITORf IN6 PRCA.- EWE; Dotorainotion of Tital Kjeldithl Nitrogen

tAA.CRO KJELDAHL DETER MAW Al'ioN

DIGESTION APPARATUS

KJELDAHL
SPRAY TRAP-

800 ml
KJELDAHL

FLASK

CONDENSER

500 MI
ERLENMEYER
RECEIVING

.FLASK

Page No., 5-8
DISTILLATION APPARATUS



EFFLUENT NONITONING_PROCEDUREi Determtnation of Total Kjeldahl Nttivon

MICRO KJELDAHL DETERMINATION

DIGESTION APPARATUS
SAFETY T1JSE

.11

STEAM DISTILLATION APPARATUS-

247

STEAM DISTILLATION APPARATUS
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EFFLUENTAONITORING PROCEDUREI ,Determination of Total'Kjeldahl Nitrp9g1) Page No. 5-10

OPERATING PROCEDURES STEP SEQUENCE

DETERMINATION. OF TOTAL WELDAHL NITROGEN

A. Equirent
Preparation

1. Glassware Washup

2. Balance Inspection

3. Spectrophotometer
Inspection

4. Still Cleaning

248

1. Clean all glassware ire

suitable detergent.
4

1. Clean balance

1. Clean spectrophotometer.

2. Turn main power on by
*rotating the zero control
clockwise.'

3. Select wavelength by
rotating the knob at the
extreme right on the top
of the instrument
either clockwise'or
counterclockwise.

4. Zero the instrument.

5. Use an empty cell and, ad-

just the light control to
10% T.

1. Add a 1:1 mixture of

ammonia-free distilled
water and sodiUm hyc'roxid
sodium thiosulfate solutio
to each of Kjeldahl flasks
to be used. .

INFORMATION /OPERATING GOALS/SPECIFICATIONS

la. Distilled water drains without leaving any
droplets.

la. Free of oust and dirt.

la. Free of oust and dirt.

2a. Pilot lamp on.

3a. 425 nm.

4a. Meter needle reads zero % T.

5a. To be sure that the instrument can achieve 100%)..

la. See Equipmnt and Supply Requirements Section for
diagrams of Kjeldahl Apparatus. (Pages 5-8 & 5-9)

lb. Glass beads should be added to each flask.
lc. At least 400 ml'of solution should be used for

macro equipment. Use 40 ml for micro equipment.
ld. See B, Reagent Preparation #5.

TRAINING
GUID NOTES

I
-

(p. 36 )

V.A.l.la

(P 39)

V.A.3.1a
(p. 39)

.A.3.4a
(p. 39)

.A.3.5a
(p 39)

.A.4.la

(P 39 )
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IIIFFLUENT MONITORING PROCEDURE: Deteniination of Total KjeldaShl Nitrogen

OPERATING PROCEDURES STEP SEQUENCE

A. Equipmer";
Preparation
"(continued)

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

2. Using`the appropriate

apparatus, distill half of
this solution.

3. Add 1 ml of Nessler'4

Reagent to the distillate.

2a. The distillate should be checked colorimetricaliy
to insure that it is ammonia-free. The Nessler
reagent that is used for the ammonia determination
can be used at this point. (Reagent #15)

3a. If the distillate remains colorless,the glassware
is not contaminated with ammonia. If the dis-
tillate turns yellow, distill another half and
repeat step 3.

B. Reagent Preparation

1. Distilled Water 1. Prepare at least four (4)
liters of distilled water.

This water should be free
from ammohia.

2. Sulfuric Acic
Solution (20% by
volume)

3. Mercuric Sulfate
Solution

250

la.

Measure 50 ml of distilled la.
water in a 125 ml
Erlenmeyer flask.

2. Add 20 ml of concentrated 2a.
sulfuric acid (H2SO4) and 2b.
mix.

3. Dilute the solution to
100 ml.

1. Weigh 4 grams of red

mercuric oxide (Hg0) in a
weighing boat.

All solutions must be made with ammonia-free
water. It is best to have an ion exchange
system in conjunction with a suitable water still
to insure high quality water. An anion-cation
exchange resin should be used.

This solution is used in Reagent PrepaAtion #3.

Flask should be tilted to avoid splattering.
Solution may be diluted directly in the Erlenmeyer
flask.

la. This solution is used in Reagent Preparation #4.

2. Dissolve the mercuric oxid 2a. A 100 ml beaker may be used.
in 25 ml of the 2u% sul-
furic acid solution.

VI.B
(p 40)
VI.B.1.1a
(p. 40)

251
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.EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen Page No. 5-12

OPERATING PROCEDURES

B. Reagent Preparation
(continued)

4. Digestion. Reagent

ID

5. Sodium Hydroxide -

Sodium Thiosul-
fate Solution

252

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

3. Dilute the solution to
50 ml with distilled water.

1. Weigh 134 grams of potas-
sium sulfate (K2SO

4
).

2. Add 650 ml of distilled
water to a 1 liter
Erlenmeyer flask.

3. Add 200 ml of concentrated
sulfuric acid (H2SO4) and
mix.

4. Dissolve the potassium -

sulfate in this solution.

5. Add 25 ml of the mercuric
sulfate solution (reagent
3) to the solution and
mix.

6. Dilute the solution to 1
liter.

1. Weigh 500 grams Of sodium
hydroxide (Na0H) and 25
grams of sodium thiosul-
fate pentahydrate

(Na2S203.5H20) in a 1

liter Erlenmeyer flask.

rH

la. A 150 ml beaker is suitable for this weighing.

3a.

3b.

Erlenmeyer flask should ue tilted to avoid
splattering.
Caution: \Solution and flask tend to become warm.
A cold water bath may be used to keep the tempera-
ture down.,

6a. Store in glass container.
6b. The solution should be kept at about 14°C to

prevent cr4tillization.
6c. If crystals form, warm the solution in the flask

on a hot plate and stir/swirl to re-dissolve the
crystals

la. Exercise caution
sodium hydroxide
substance.

lb. Double check for,

with such a large amount of
since this is a very caustic

pyrex glassware.

253
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EFFLUENT MONITORING PROCEDURE: Determination of Total kjeldahl Nitrogen

OPERATING PROCEDURES'

B. Reagent Preparation

(continued)

6. Phenolphthalein
Indicator

Solution (0.5%)

7. Methyl Red
'Indicator
Solution (0.2%)

8. Methylene Blue
Indicator
Solution (0.2%)

254

STEP SEQUENCE

'2. Add approximately 700 ml
of distilled water and
dtssolVe the reagents.

3. Dilute to 1 liter with
distilled water.

1. Weigh 5 grams of phenolph
thaiein in a weighing boat.

2. Dissolve in 500 ml of 95%
ethyl alcohol in a glass
Ottle or container.

3. Add 0.02 H-NaOH until a
faint pink color appears.

4. Store in a glass or p1 ,tic
bottle.

1. Weigh 200 mg of methyl red
indicator in a 150 ml
beaker.

2. Add 100 ml of 95% ethyl
alcohol and dissolve_the
indicator.

1. Weigh 200 mg of.methylene

blue indicator in a 150 ml
beaker.

2. Add 100 ml of 95% ethyl

alcohol and dissolve the
indicator.

INFORMATION/OPERATING GOALS/S2ECIFICATIONS

2aA Fumes will be given off. Therefore use a suitable
',renting device.

3a. 601 to room, temperature before diluting to
final volume.

3a. Dissolve '0.4 g NaOH in 500 ml of ammonia-free
distilled water to make 0.02 N NaOH. Very exact
weighing iS\not necessary.

2a. This solution will b used to prepare #9, mixed
indicator which is re wired for the titrimetric
method to determine ammonia.

2a. This solution will be used to 4.epare #9, mixed
indicator.

TRAINING
GUIDE NOTES

255
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EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen Page No. 5-14

OPERATING PROCEDURES

B. Reagent Preparation
. (continued)

41'

` 9. Mixed Indicator

'STEP SEQUEJCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

10. Methyl Orange
Indicator Solution

,

11. Boric Acid
Solution

12. Ammonium Chloride
Stock Jolution

256

1. Mix 100 ml of the methyl
indicator solution with,50
ml of the methylene-blue
indicator solution.

-1.-Weigh 100 mg of methyl
orange indicator in a
150 ml beaker. .

2. Add 100 ml ammonia-fr
distilled water:

3. Stir to dissolvo the
indicator.

4. Store in a 150 ml glass
bottle with dropper top.

1. Weigh 20 grams of boric
acid (H3B03) in a weighing
boat. 4

2. Transfer to a 1 liter-
Erlenmeyer flask and
dilute the acid to 1 liter.

. Weigh 3.819 grams of
ammonium chloride (NN4C1)

in a weighing boat.

.
la. The mixed indicator is required for the tftrimet-

ric method to determine ammonia.
lb. This solution should be prepared fresh every

30 days.

la. This indicator -is required for the titrimetric
method to determine ammonia.

3a, If the solution is cloudy, filter it.

TRAINING
GUIDE NOTES

MNIMM=QM1
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EFFLUENT MONITORING PROCEDURE: Determination of TotalKjeldahl Nitrogen

OPERATING PROCEDURES STEP SEQUEOCEr INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

B. Reagent Preparation
(continued)

13. Ammonium Chloride
Standard Solution

14. Sodium P.ydroxide

Solution

15. Nessler Reagent

25E

2. Dissolve the ammonium
chloride in ammonia-
free distilled water
in a I liter volumetric
flask.

Dilute to 1 liter.

1. Dilute 10.0 ml of the
stock solution to
1 liter in a volumetric

1. Weigh'160 grams of sodium
hydroxide (NaOH) in a
1 lite:. Erlenmeyer flask.

2. Add 500 ml of ammonia-
free, distilled water.

3. Dissolve the sodium
hydroxide, eno cool to
room temperature.

1. Weigh 100 grams of
Ileruric iodide (H02)

and 70 grams of
potassium iodide (KI)
together In a 250 ml
beaker.

3a. 1 ml - 1.0 mg.Ammonia Nitrogen (NH3-N).

la: Use a volumetric pipet.
lb. 1 ml - 0.ul mg ammonia nitrogen (NH3-4).

la. This solution,is used in Reagent Preparation #15
which is required fov. the colorimetric (Nessler)
method to determine ammonia.

0

259
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EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen Page No. 5-16

.1111,111.,

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE N
TRAINING

OTES

B. Reagent Preparation
(continued)

2. Add enough distilled
water to dissolve the
mixture.

2a. Approximately 50 ml should be sufficient.

3. Add this mixture slowly
with stirring to the
sodium hydroxide solution

(#14).

4. Dilute the mixture to
1 liter.

4a. The solution is stable for at least one year in a
pyrex bottle out of direct sunlight.

C. Preparation and
Standardization of
0.02 N Sulfuric Acid
Titrant

1. Sulfuric Acid,
Approximately
0.1 N

2. Sulfuric Acid,
Approximately
0.02 N

1. Add 3 ml of concentrated
sulfuric acid (H2S34) to

600 ml of carbon dioxide-
free water in a 1 liter
volumetric flask.

2. Dilute this solution to
1 liter.

1. Dilute 200-ml of the 0.1 N
sulfuric acid solution to
1 liter in a volumetric
4flask.

Ca. This entire procedure is required only if you are
using the titrImetric method to determine
ammonia.

la. Heat 2 liters of distilled water for 15 minutes to
drive off the carbon dioxide (CO2).
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EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

C. Preparation and .

Standardization of
0.02 N Sulfuric Acid
Tjtrant (continued)___

3. Sodium Carbonate
Standard,
0.0200 t

4. Standardization of
the Sulfuric Acid
Solution

260

1. Dry 5 grams of sodium

carbonate (Na2CO3) at

140°C for 2 hours.

2. Cool in a desiccator.

3. Weigh 1.060 grams in a
weighing boat.

4. Transfer to 1 liter
volumetric flask.

5. Dissolve the salt and
dilute to 1 liter with
carbon dioxide-tree water.

1. Fill a 50 ml buret with
.approximately 0.02 N
sulfuric acid solution.

2. Transfer 25.0 ml of the
sodium carbonate solution
to a 125 ml ErieimPver
flask.

3. Add 2 drops of a methyl
orange indicator to the
flask.

2a. Thirty minutes is recommended.

3a. Use the analytical balance.

5a. See C.1.1a for preparation of carbon dioxide -

, free water.

2a. Transfer with 25.0 ml volumetric pipet.
2b. A beaker may be used, if a magnetic stirrer

is available.

263
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EFFLUENT MONITORING PROCEDURE: Determinati7 of Total Kjeldahl Nitrogen Page No. 5-18

OPERATING PROCEDURES

reparat on and
Standardization of
0.02 N Sulfuric Acid
Titrant (continued)

'264

\
STEP SEQUENCE
11=11MIMS. INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

4. Add the approximately
0.02 N sulfuric acid
solution to the sodium
carbonate solution until
the color changes from
yellow to orange.

5. Record the ml of sulfuric
acid used.

6. Calculate the normality of
the sulfuric acid titrant.

4a. A pink color indicates the titration has gone too
far and should be repeated.

6a. Example Calculation

If the number-of ml used is 20.8, the
calculati Is would be as follows:

N
H
2
SO

4
=

N
Na

2
CO

3
x

v
Na

2
CO

3
1(

N
H SO

4
= 0.0200 N x 25.0

2 -7E8-
N
H
2
SO

4
= 0.500

20.8

N
H
2
SO

A
= 0.0240 N

7. Record the correct normal- 7a.-For example, the above 0.0240 N value should be
ity on the storage-bottle. recoded on the st-age bottle for the sulfuric

acid titrant.
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EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen

OPERATING PROCEDURES STEP SEQUENCE

D. Analysis Using Macro D.a. See diagrams of Macro Apparatus in the Section on
Apoaratds (800 ml Equipment and Supply Requirements. (page 5-8).

INFORMATION/OPERATING GOALS/SPECIFICATIONS

See Procedure E for
Analysis Using Micro
Apparatus (100 ml
Flasks), page 23

1. Measurement of
Sample

266

. Place a measured amount of

well-shaken sample into an
800 ml Kjeldahl flask.

2. If the sample size is less
than 500 ml, dilute to 500
ml with distilled water.

3. Add several glass beads.

la. Sample size can be determined from the following
table:

Kjeldahl Nitrogen
in J.,:mple; mg/liter

Sample Size
ml

0-5 500
5-10 250

10-20 100 .

20-50 50.0
50-500 25.0

lb. A normal effluent should have an organic nitrogen
concentration between (0) and (1) mg/liter. If

it is known that the concentration is greater than
1 mg/liter, the sample volume should be adjusted
appropriately.

lc. Record information about the sample and the "ml
sample used" on an appropriate data sheet. See
Training Guide.

2a. Use a graduated cylinder to measure the
difference in volume.

3a. Glass beads should prevent bumping in the flask.

TRAINING
GUIDE NOTES

IX.D.1.1c.
(p. 41)

267
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EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen Page No. 5-20

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

D. Analysis Using Macro
Apparatus (800 ml

. Flasks) (continued)

2, Reagent Addition

3. Digestion

4. Distillation

263

1. Add 100 ml of the diges- la.

tion reagent to the flask.

lb.

. Evaporate the :dixture in

the Kjeldahl apparatus
until sulfur trioxide
(SO

3
) fumes are given off

and the solution turns
pale yeAst.

2. Continue heating for 30
additional minutes.

3. Cool the residue.

1. Add 300 ml of ammonia-
free, distilled water to
the digest i mixture in
the Kjeldahl flask.

2.'Add 0.5 ml of the
phenolphthalein

indicator solution.

TRAINING
GUIDE NOTES-

Use a graduated cylinder for the digestion
reagent prepared in B.4.

If commercially available packets are used, then
1 packet (for macro Kjeldahl digestions) would be
added in place of the reagent.

la. See diagram in Section on Equipment and Supply
Requirements for proper position in digestion
rack. (Page 5-8)

lb. SO3fumes. will be indicated when white smoke begins

rising from the solution.
lc. Sulfur trioxide (SO

3
) fumes are extremely toxic.

Therefore, extreme caution should be observed.

VI.D.g.la
(p.40)
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EFFLUENT MONItORING PROCEDURE: Determination of Total Kjeldahl Nitrogen

OPERATING

D. Analysts Using Macro
Apparatus (800 mT
Flasks) (continued)

276

STEP SEQUENCE

3. Add 50 ml of the 2% boric
acid to a 500 ml

Effeblitew receiving
flask.

4. Position the Erlenmeyer
flask so that the tip of
the condenser (or an ex-

, tension of the condenser
tip) is below the level of
'the boric acid solution in
the receiving flask. (See
diagram next to Step,6
below)

5. Tilt the flask and care-
fully add 100 ml of the
sodium hydroxide-

thiosulfate solution to
form an alkaline layer at
the bottom of the flask.
(See diagram at right).

.=mok
INFORMATION/OPERATING GOALS /SPECIFICATIONS TRAINING

GUIDE NOTES

3a. Before using the flask, measure 350 ml of ammonia-
free die'illed water in a graduate, pour it into
the flask and make a mark at 350 ml on.tbe out-
side. You will need this marking for a later
step.

KJELDAHL FLASK

SODIUM HYDROXIDE-
SODIUM THIOSULFATE
SOLUTION

ALKALINE LAYER

5a. The lower layer should be red.

5b. Do not agitate the digestion flask until It is
connected to the distillation apparatus, since
free ammonia may be liberated too soon.

Page No. 5-21

271



EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogenemit Page No. 5-22

v.
OPERATING PROCEDURES . 4 INFORMATION/OPERATING GOALS/SPECIFICATIONS

D. Analysis Usinp Macro 6. Connect the Kjeldahl flask
Apparatus (800 ml to the condenser. (See
Flasks) (continued) diagram at right)

2 7 2

7. Turn on the heat source.

8. Distill up to the 350 ml
mark on the Erlenmeyer
flask at the rate of
6-10 ml/min into the boric
acid solution.

TRAINING
GUIDE NOTES

KJELDAHL
SPRAY TRAP

800 ml
KMELDAHL

FLASK

CONDENSER

SOO ml
ERLENMEYER
RECEIVING

--FLASK

9. Remove the receiving flask

10. Put'a small beaker under Oa. To receive any additional distillate.
the condenser tip.

11. Remove the heat source. .la. To stop the distillation.

2' 3



\ EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen

AERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

D.\Analysis Using Macro
Apparatus (800 Fr--
Flasks) (continued)

5. Determining

Ammcnia

12. Dilute the distillate to 12a. Record 500 ml on the data sheet as "B. ml total
500 ml by adding ammonia- distillate, including boric acid (H3803) and
free distilled water up dilution water."
to the 500 ml mark on the
flask.

1.-If the sample is a normal
effluent, the anticipated
nitrogen concentration of
0-1 mg/liter requires the
Colorimetric Method
presented as Procedure F.

2. If it is known that the

nitrogen concentration is
greater than 1 mg/liter,
use the Titrimetric
Method presented as
Procedure G.

IX.D.4.12a

(P. 41)

E. Analysis Using Micro
Apparatus (100 FT---
Flasks)

1. Measurement of
Sample

274

1. Place a measured amount of
well-shaken sample into a
100 ml Kjeldahl flask.

Ea. See diagram of Micro Apparatus in the Section on
Equipment an Supply Requirements. (Page 5-9)

la. Simple size can be determined from the following
table:

Kjeldahl Nitrogen
in Sample; mg /1

Sample Size
ml

0-5 50
5-10 25

10-20 10
20-50 5

50.500 2

(continued)

275
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OPERATING PROCEDURES

Page No. 5-24

11-,
STEP SEQUENCE

E. Analysis Using Micro
Apparatus (100 FIT

Flasks) (continued)

2. Reagent Addition

3. Digestion

216

2. If sample size is less
than 50 ml, dilute to
50 ml with distilled
water.

3. Ad: several glass beads.

1. Add 10 ml of the eigestion
reagent to the flask.

. Evaporate the mixture in
Kjeldahl apparatus until
sulfur trioxide (S03 )

fumes are yen off ane
the solut' turns pale
yellow.

2: Continue heating for an
additional 30 minutes.

3. Cool the residue.

lb.

lc.

2a.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GILIDE NOTES

A normal effluent should have an organic nitrogen
concentration between (0) and (1) mg/l. If it is
known that the concentration is greater than
1 mg/1, the sample volume should be adjusted
appropriately.

Record information about the sample and the "ml
sample used on an appropriate data sheet. See
Training Guide.

Use'a graduated cylinder to measure the
difference in volume.

3a. Glass beads should prevent bumping in the flask.

la. Use a graduated cylinder for the,digestion
reagent prepared in B.4.

lb. If commercially available packets are used, then
1 packet (for micro Kjeldahl digestion) would be
added in place of the reagent.

la. See diagram in Section on Equipment and Supply
Requirements for proper position in digestion
rack. (page 5-9)

lb. SO3 fumes will be indicated when white smoke

begins rising from the sclution.
lc. Sulfur trioxide (S03 ) fumes are extremely toxic.

Therefore extreme caution should be observed.

1X.E.1.1c
(p. 41)

I.E.2.1a
(p. 40)

277
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OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

E. Analysis Using Micro
Apparatus (100 ml
Flasks) (continued)

4. Steam Distillation

2

1. Add,30 ml of ammonia-free

distilled water to the
digested mixture in the
Kjeldahl flask.

2. Add 2 drops of the
phenolphthalein indicator
solution.

3. Connect the Kjeldell flask
to the ground glass joint
of the Micro steam
distillation apparatus.

4. Add 5 ml of the 2% boric
acid to a 50 ml Erlenmeyer
receiving floki-

5. Position the receiving
flask so that the -ip of
the condenser (or an
extension of the condenser
tip) is below the level of
the boric acid solution in
the receiving flask.

6. Carefully add 10 ml of the
sodium hydroxide-
thiosulfate solution from
the dropping funnel.

7. Turn on the heat source.

3a. Diagrams of this apparatus are in the_section'on
Equipnen. and Supply Requirements. (page 5-9)

4a. A 50 ml short-form Nessler tube also may be used.
4b. Before using the flask or Nessler tube, measure

35 ml of ammonia-free distilled water in a
grthate, pour it into the receiving container
and make a mark at 35 ml on the outside. You
will need this marking for a liter step.

6a. The mixture in the Kjeldahl flask should be red.

279
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OPERATING PROCEDURES

E. Analysis Using Micro
Apparatus (100
Flasks) (continued) '

5. Determining
Ammonia

.

STEP SEQUENCE

8. Distill up to the 35 ml
mark on the receiving

flask at the rate of 6-10
ml/min, into the boric
acid solution.

9. Remove the receiving flask

10. Put a small beaker under
the condenser tip.

11. Remove the heat source.

12. Dilute the distillate to
50 ml by adding ammonia -

free distilled water up
to the 50 ml mark on the
Tessler tube.

1. If the sample is a normal
effluent, the anticipated

nitrogen concentration of
0-1 mg/liter requires the
Colorimetric Method
presented as Procedure F.

2. If it is known that the

nitrogen concentration is
greater than 1 mg/liter,
use the-Titrimetric Method
presented as Procedure G.

Page No. 5-26

.11
INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

8a. Exercise caution when working with this steam
apparatus.

9a. If an Erlenmeyer receiver was used, transfer the
distillate to a 50 ml Nessler Tube now.

10a. To receive any additional distillate.

lli. To stop the distillation.

12a. Record 50 ml on the data sheet as "B. ml total
distillate, including boric acid (N3803) and
dilution water."

IX.E.4.12a
(p. 41)

F. Colorimetric Method

1. Color Development
of Standards and
Sample

2 El

1. Place.nine Nessler tubesin
the Nessler support rack.

2. Label the tubes (1-9). 2a. Use small stick-on labels.

81
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OPERATING PROCEDURES

F. Colorimetric Method
(continued)

232

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

3. The Nessler tubes will be
used for preparing the
standards for the
determination. The table
on the right lists the
volumes of standard

ammonia solution to be
added to each tube. The
volumes of standard should
be measured with a Mohr
pipet.

4. Add ammonia-free distilled
water to each tube, di-
luting each to the 50 ml
line.

5. Into tube #9 place 50 ml
of the sample taken from
the receiving flask con-
taining distillate.

3a

5a.

5b.

5c.

Tuft #
ml of standard

Ammonic Solution
mg of Ammonia

Nitrogen per 50.0 ml

1 0.0 0.0

2 0.5 0.005

. 3 1.0 0.010

4 2.0 0.020

5 4.0 0.040

6 . 5.0 0.050

7 8.0 0.080

8 10.0 0.10

If Macrq apparatus was used, pc.r the distillate
from D.4.12 into tube #9 up to the 50.0 ml mark.
If Micro apparatus. was used, the distillate was
either colldcted in a 50 ml Nessler tube or
else transferred to one after distillation.
The distillate was diluted to 50 thl in
step E.4.12. Label this Nessler tube as #9
for these steps.

In either case, record 50 ml on the data sheet
as "C. ml distillate taken for Nesslerization."

X.' 1.5c

(P. 1)

Page No. 51,83
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OPERATING PROCEDURES

F. Colorimetric Method
(cbntinued)

2. Spectrophoto-
metric
Measbremenis

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

6. Add 1 ml of Nessler
Reagent to each standard
and sample.

7. Mix the sollitionli-Y-Plac-

ing a cap on the tube and
inverting three times._

.

8. Place the tubes back into
the rack and let sit for
20 minutes. ;7

1. Arrange 9 spectrophoto-'
metric tubes (1/2") in a
test tube rack and label
1-9.

2. After the twenty minute
time span, transfer the

appropriate standards and
sample to these tubes.

3. Place tube (#1) in the
sample holder of the
instrument.

4. Using the light contr
turn t'e knob until
the meter needle reads
100% oh. the transmittance
(T) scale.

I

6a. Use a Mohr Pipet.

7a. A #3 or a #6- rubber stopper may be used instead at
cap. _ _ _

7b. RinSe and dry the cap or stopper after each use
with a tube.

a. During this time span, the spectrophotometer
should be double checked for proper operation.
(seeSpectrophotometric Inspection in A.3.)

la. If you do not have a matched set of tubes for your
spectrophotometer, a single tube can be used. It

should be rinsed with distilled water, then with
the solution to be put into the instrument. The
procedure is presented in the EMP, "Use of a
Spectrophotometer".

3a. The wavelength should be set at 425 nm.

TRAINING
GUIDE NOTES

2,95
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OPERATING PROCEDURES
.

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

F. Colorimetric Method
(continued)

286

5. Place tube #2 in the
sample holder and record
the absorbance value.

6. Place tubes #3 through #9
in the sample holder,

recording each absorbance
value.

5a. This value will be found on the bottom scale as
shown below.-

% I r4ANSIMITTANCE

6a.

6b.

ABSORBANCE

0 50 100

>2.0
111111111111111111i

03 0

For example the transmittance was 50%, the
absorbance should be recorded as 0.3 A.

Values should be recorded in a notebook or on an
appropriate data sheet. See Training Guide.
EXAMPLE RECORD OF ABSORBANCE VALUES

Tube # Concentration
(mg NH3-N/50.0 ml)

Absorbance

1 0.0 0.0
2 0.005 0.04
3 0.010 0.08
4 0.020 0.16
5 0.040 0.32
6 0.050 0.41
7 0.080 0.64
8 0.10 0.82
9 To be determined from

calibration curve.
0.52

IX.F.2.6a
(p. 42)

287
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OPERATING PROCEDURES STE? SEQUENCE

F. Colorimetric Method
(Continued)

3. Plotting and use
of the calibration
curve.

283

Plot the absorbance values la.

for the standards obtained
in F2. above v. the
concentration of ammonia
nitrogen in the standards
as in the Table
F.1.3.3a.

2. Draw the best'straight line

through all the poihts to
produce a calibratiob

3. Use the absorbance value
for the sample (Tube #9)
obtained-in F.2.6.6b. abov
to draw.a dotted line from.
the absorbance line over
to the calibration curve.

curve.

4. From that point on the
calibration curve, draw a-
perpendicular line down to
the concentration line.

PA,' No. 530

INFORMATION/OPERATING GOALS/SPECIFICATIONS

Following, below, there.is an example calibration
curve using the example absorbances from the
table in F.2.6b above vs the concentration of
ammonia nitroqen in the standards as in the Table

F.1.3.3a. The absorbance value used for the
sample is 0.52.

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

TRAINING
GUIDE NOTES

MO .0 =Map 11., SAMPLE (TUBE #9)

ABSORBANCE=0.52

CONCENTRATION OF SAMPLE/
0.063 mg NH3-N/50.0m4

9(1_
.01 .02 .03 .04 .05 .06 .07 .08 .09 .10

CONCENTRATION
(mg NH3N/50.0m1) 289
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OPERATING PROCEDURES

F. Colorimetric Method
(c)ntinued)

STEP SEQUENCE INFORMATION /OPERATING GOALS/SPECIFICATIONS

5. Record the concentration 5a.
value at this point for
sample as mg NH3- `1/50.0 m1. 5b.

a

4. Final Calculation 1.

for Macro Analysis
- (See ext proce-

TRAINING
GUIDE NOTES

Record this on the data sheet as "A, mg NH3-N/50.0
ml from curve.",.,

In this example, the concentration for the sample
is 0.063 mg NH3-N/50. ,N,

Using the formula at the la. TKN, mg/1 = A X 1
right, compute the Tattl ml sample
Kjeldahl Nitrogen

dure, #5, for concentration.
Final Calculation

. for Micro Analysis

290

Where:

A = mg NH3-N (ammonia nitrogen)/50.0 ml from curve

B = ml total distillat2Oncluding boric acid
(H3B03) and_dilution water

---C-= ml adiitillate taken for Nesslerization

ml sample = ml of original sample taken

An examplg calculation using a value from a
calibration curve would be:

Ns,

TKN, mg/1 = A X 1000 B
m same e X

A = 0.044
B = 500 ml (300 ml distillate + 50 ml boric acid +

150 ml dilution water)
C = 50 ml

ml sample = 500 ml

2 10
TKN, mg/1 = 0.044 X

600
;000 x

1 1

= 0.044 X 2 X 10
= 0.044 X 20
= 0.88

TKN = 0.88 mg/1

IX.F.3.5a
(p. 41)

Page No. 5-31
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4

OPERATING PROCEDURES

F. Colorimetric thod
(continued)

STEP SEQUENCE

5. Final Calculation
for Micro Analysis

292

Using th' formula at the
right, compute the Total
Kjeldahl Nitrogen
concentration.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

la. TKN, mg/1 = A X 1000 v B
MTiiETiTe r

Where: .

A = mg NH3-4ilammonia nitrogen)/50.0 ml from curve

B = ml total distillate, including boric acid
-(H3B03) and dilution water

C = ml distillate taken for Nesslerization

ml sample = ml of original sample taken

An example calculation using a value from a
calibration curve wouldbe:

TKN, mg/1 = A X 1000 v B
m samp e " r

A = 0.045
B = 50 ml (30 distillate + 5. boricacid +

+ 15 ml dilution water)
C = 50 ml
ml sample = 50 ml

20 1

TKN, mg/1 = 0.045 X 1r

1 1

= 0.045 X 20 X 1
= 0.045 X 20
= 0.90

TKN = 0.90 mg/1

TRAINING
WIDE NOTES

293
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4

.W.6.....

OPERiiiNG PROCEDURES

G. Titrimetric Method

.

1p itration

.0.

1

I.

2. calculations

4

294

STEP SEQUENCE

0

1. Transfer the contents of
the distillate receiving
flask (from D.4.12.or
E.4.12) to the next

largest volume Erlenmeyer
titration flask.

2. Add 3 drops'of mixed

indicator to the flask
and its contents.

3. Set up a buret for
titration.

.

4. Fill the buret with a
0.020 N sulfuric acid

5. Add the sulfuric acid

citrant until the color of
the solution changes from
green to purple.

1. The Total Kjeldahl Nitro-

gen (UN) would be calcu-
lated by the formula to
the right.

INFORMATION/OPERATING GOALS /SPECIFICATIONS
TRAINING'

GUIDE NOTES

0.-

1. %. 6

2a. If ammonia nitrogen is'presept.the.color.of the
solution will be green.

3a. Use a 50 ml Durk.

O

5a. A blank can belnalyzed also, so that the true
color can be seen.

5b. A blank contains all necessary
distilled water is substituted

la. TKN mg/1 = (A-B)N X F X 1000
S

reagents except
for the sample:

A = ml of standard H
2
SO
4 used in titrating sample

B = ml of standard H
2
SO

4
used in titrating blank

N = normality of sulfuric acid (ProcedulC.)
F = 14 the millequivalent weight of nit gen)
S = ml of sample digested

If the Normality (N) of the Sulfuric Acid is-
exactly 0.020 N then the f rmula may be reduced to
TKN mg/1 = (A-B) X 280 \

$
where A, B,.S, refer to the s terms as above.

Page No. 5-33
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OPERATING PROCEDURES

G. Titrimet -ic Method
(continued)

STEP SEQUENCE INFORMATION /OPERATING GOALS/SPECIFICATIONS
TRAINING

`GUIDE NOTES

2. Given the following 2a. EXAMPLE CALCULATION:
sample data, the compu-
tatioo would be made as TKN, mg/1 = (A -BIN X F X 1000
shown at the right.

0

19.2 - -0.4' X 0.021 X 14 X 1000

= 18.8 X 0.021 X 14 X 1000

f0?-

1

A = 19.2 ml

N = 0.021
F = 14
S = 500 ml

= 18.8 X 0.021 X 14 X 2

= 18.8 X 0.021 X 28

= 18.8 X 0.588

= 11.1 mg/1

TKN, mg/1 = 11.1 mg/1
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-TRAINING GUIDE

Introduction

II
s

Educational Concepts - Mathematic

III / Educational Concepts-Scie

IV- Educational Cohcepts,ComMunications

V* FielCand-laboratory--Equipment

.Field-..and Laboratory Reagents

, "

Field and LaboratOrtAhalysis

VIII' Safety.

Records'A'Reports

*Training guide materials-are presented here under the,headings-marked*.'
4-i,TheSe standardii4d headingS are 'used throughout this series of procedures.



UENT MONITORING PROCEDUREI Determination of Total Kjeldahl Nitrogen

INTRODUCTION

TRAINING GUIDE NOTE

Nitrogen-has-long_been_recoptzedas a very im-
portant element in regard to polluti-On Control-

analysis. Nitrogen-can exist in several forms.
These_forms_are_related-by-what -is-call& the
nitrogen cycle (shown below).

sxcieRIAL oxIDArk,.
00TERIAL RED "%qt/

a.

Section I

REFERENCES/RESOURCES

Chemistry for Sanitary
Enqineers,-Sawyer_and_
*Carty, 2nd Edition,
cGra

299 '
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INTRODUCTION

J

Section I

TRAINING GUIDE NOTE
4'" REFERENCES/RESOURCES

Looking at the diagram one can see that the
atmosphere contains a large amount of nitrogen
existing as (N2). The atmospheric nitrogen is

_converted-to-N205 4n-an-elettfital-storm:1M--
nitrogen pentoxide is subsequently converted to
nitrates, (NO3)", as a result of the mixing with

water. These nitrates serve as fertilizer for
plants and are subsequently'converted to plant
protein.

Animals and human beings utilize plant protein for
the groWth and repair-of muscle tissue as well as
energy. These nitrogen compounds are subsequently
discharged as waste groducts (fecal matter and
urine). Bacterial Necomposition of fecal matter
as well as hydrolysis of urine will produce,ammonia.

The bacterial decomposition may be accomplished
under aerobic,or anaerobic conditions:

The ammonia formed by this may now further
undergo bacterial oxidation (aerobic conditions)
to form nitrites, (NO2)", and eventually nitrates,

(NO
3
)"

'
which can be used as fertilizer, or plants

etc.

It should be-noted that several changes- may -- occur -
that will modify the fate of a certain compound in
the cycle. For example the system suddenly turns
anaerobic upon nitrate, (NO3) , formation. This

wodld'cause bacterial reduction to occur. Sever
other,;examples are shown in the cycle.

111r.t4atment plant utilizes the nitrogen cycle
td its processes. The raw sewage will hive some- .

What high Organic Nitrogen content. As it moves
through the treatment process, it is converted to
ammonia, nitrites and finally nitrates. An example
of the Nitrogen Transformation in a typical treat-
ment system is shown on the next page.

oe

300-,1

0

Page-No; 5-37
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INTRODUCTION

TRAINING GUIDE NOTE

Section -I

REFERENC /RESOU ES

et

16

Is 14

12

10

8
z
..1 6

0 4

2

\c
e.;sV

*. :74

4 .5 6

TIME (DAYS)

Isolating a certain volume .of raw sewage on Day I

(Point-A), one can see that the Organic Nitrogen
is relatively high*but decreases and is converted
to ammonia (Point, 8).' Subsequent bacterial'

-oxidation-produces nitrites-(Point_Cl_and finally__
nitrates (Point D).

10

It therefore'can be seen that the treatMent plant
simply follows the,nitrogen cycle, and-with-proper
monitoring procedures, (analysis of these 4 .

parameters), one can very easily measure-the
efficierity of the treatment process.

The test described in this instruction Can be found
if! the 1974-EPA Methods-Manual-on page-175. Another
reference with an-acceptable procedure for NPDES
purposes is 14th ed. Standard Methods on page 437.

Page No. 5-38

301.

Methods for Chemical
Analysis of Water and
Wastes, 1974. EPA, MDQARL,--
Cincinnati, OH 45268,
p. 175.

Standard- Methods-for the
Examination of Water and',

Wastewater, 14th ed., 1976,-
APHA New York, NY, pt 43k

'
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*INTRODUCTION

A.1.1a

A.3.la

A.3.4a

A.3.5a

4.1a

... 11

Section V

TRAINING GUIDE NOTE

Mostgl ssware can be cleaned simply by washing
them fi st with detergent, suchAs Aldonox. Next
rinse.w th tap water and finall4With distilled
-water.- ForglassIt00000&, WiI'the glass plug
in tissidtlring-storage

If.a fi m or droplets appeargon the glassware, use
an Acid Potassium_Dichromate cleaning solution.

The E written for the operation of this instru-
ment s ould oe'consulted for further detail: The
"Spect onic 20" operates on the principle that
visibl light broken down into all wavelengths may
be usel in quantitative determinations.

.After10 minutes warrit-up time,he zero control
may bel_adjpsted to bring the meter needle to "0" on
fthe Pe cent trinthlittandeT)--scale.

_

Later duringthe procedure a eagent blank is
used f r the final adjustment of the light control.

1

. .-,

The,04M manual- for the approOria e digestionack
shout be consulted before operation.; ----

A mac o Kjeldahl distillation apparatus utilizes an
800 ml flask which requires 500 ml of sample. A
micro Kjeldahl apparatus utilizes a 100 ml flask
which requires 50 ml of sample. Either Apparatus
is acceptable.

.7,

REFERENCE /RESOURCES

U.S. EPA Ha dbook for .

Analytical Quality Control
in Water an Wastewater
Laboratories 1972, AQC1.-

NERC, Cincin ati, Ohio
"Guidelines, o the Care and
Use of Analytlical Glassware

and Apparatu0 Hudson
Champlain-Project

Page No. 5-39
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LABORA ORY REAGENTS Section VI

STRAINING GU DE NOTE, REFERENCES/RESOURCES

B

B.1.1a

D.2.la
E.2.la

If Organic Nitrogen concentr
below 1 mg/1 then the follow
eliminated from procedure.

tions are;iknown to be

ng reagents may be

1. Methyl Red Indicator tution - 8.7.
2. Methylene Blue Indicator Solution - B.8

\

3. Mixed Indficator - B.9
4. Methyl Orange Indicator Solution - B.10
5. Sulfuric Acid Titrant - All of Section C

High Ammonia (NH) concentration in distilled water
-could-possibly influence the expected low values
for normal nitrogen content of effluents.

Disposal of mercury - containing samples is a
recognized problem; research. investigations are
under way to replace it,as a preservative."

Q

303

Dean, Williams, Wise:
"Disposal of Mercury Wastes ,

from Water Laboratories,"
Environmental Science and
Technology, Vol. 5, No. 10,
1971. p. 1044

Maag and Hecker:
"Recovery of Mercury in
Solution," Journal of ,

Environmental Quality,
Vol. 1, No. 2, 1972, p.

1.



EFFLUENT MONITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen

.RECORDS AND REPORTS
Section IX

TRAINING GUIDE NOTE., REFERENCES/RESOURCES

Typical Laboratory Data Sheet
for

Total__1(jeldahl_Nitrogen,_mga

Name of Plant

6

D.l.lc.

E.1.1c.

D.4.12a
E.4.12a

Sampling Location

Type of Sample

Date and Time Collected

Sample Collector .

_Date_and Time Analysis Began

Analyst,_

Method Used (Macro or Micro)

ml. sample used

B. ml total distillate including boric acid (H3B03)
and dilution water

F.1.5c. C. ml distillate taken for Nesslerization ..

F.3.5a. A. mg NH344/50,0 ml,frbm
O

Use thisl'formula in calculating the'results for the calorimetric method:

TKN mg/1 = A x-1000 B
m same ex E (See pp. 5-31 and 5 -32) -

If Organic Nitrogen (mg/1) is needed and a separate ammonia analysis.has been?
performed, use the following equation to determine this,

Since: TKN = Organic/N Ammonia/N)

Then: Organic/N = TKN Ammonia/N

Final Results

TKN mg/1

NH3-N, mg/1

Org-N, mg/1

304
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EFFLUENT MoNITORING PROCEDURE: Determination of Total Kjeldahl Nitrogen

A

RECORDS AND REPORTS Section IX

TRAINING GUIDE NOTE REFERENCES/RESOURCES

F.2.6a Values from Nesslerization Procedure

Tube # Concentration Absorbance Absorbance Absorbance

mg NH3-N/50.0 ml

1 . 0.0
,

2 'D.005

3 0.010
.

.

.

0.020
.

.

.

'' ..

5 0.040
.

6 : . 0.050
. .

,
.

7
,

0.080 '

. . .

.

. 0.10
, .

. ,

. ,...

,

9 ,,' Sample
- .

. A

.

.

..

10

.-. _,

Sample -
.

,11 Sample
4

.
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A PROTOTYPE FOR DEVELOPMENT OF
ROUTINE OPERATIONAL. PROCEDURES

for the

NITROGEN, AMMONIA DETERMINATION

I

as applied io'

WASTEWATtt\TREATMEi4T- FACILITIES
.and,iti the

MONITORING OF EFFLUENT WASTEWATERS

1

t
'1.
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'EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

This operational TwOcedure was developed by:

NAME Paul F. Hall4ch,_.,,;

ADDRESS EPA -WPO- National Training Center, Cincinnati, Ohio

POSITION Chemist Instructor

EDUCATION AND TECHNICAL BACKGROUND

B.S. Chemiitry

14 years Industrial Chemist

16 Years HEW - FWPCA- EPA - Chemist

I
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EFFLUENT MONITORING PROCEDU

1. Objective:

: Nitrogen, Ammonia Determination

To determine the nitrogen (as ammonia) content of an effluent

2. Brief Description of Analysis:

The sample is buffered at a pH of 9.5 with a borate buffer and is ttien
distill gritrituascauttorrottforic acid: For samples containing ammonia
concentration of less than one milligram per liter, the ammonia concen-
tration can bedetermined colorimetrically. For samples containing
higher concentrations (1.0 to 25 mg/liter) the AmMonia concentration is
determined by A volumetric titration procedure.

3. Applicability of this Procedure:

a. Rengeof Concentration:

Colotimetric Method - 0.03 to 1.0 mg NH3-N/liter -

Titrimetric Method - 1.0to25 mg NH37N/liter

(The range of these methods may be-extended'for,samples by dilction.)

NOTE: A ramge.''from 0.05 to 1400 mg NiiirN/liter is available by using_

an ammonia selective ion electrode. A separate EMP on this
method is available.

b. Pretreatment of Samples:

This procedure includes the manual distillation of the sample at
pH 9.5 as specified in the Federal Register Guidelines.

c. Treatment of Interfe ces in SaMples: .

Thit procedure includ s addition of sodium thiosulfate to r
residual chlorine. I _saMplis contain volatile alkal Onds
or mercury salts (s times used as preservatives), onsult the
Source'of Procedure for appropriate treatments.' '

Water and,WaStes,
pmient and Quality.

*Source of Procedure: Metho
1974, Environmental Pftecti
Assurance Research Laboratory

Page, No. 6-4
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EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

, Equipment and Supply,Requirements

A. Capital Equipment

1. Anal;,tical balance, 200 g capacity
2. Trip balance, 500 g capacity
3. Meter, pH
4. Spectrophotometer and cuvettes

B. Reusable

1. Burner, Meker type, yas
2. Safety glasses
3. Laboratory apron ,

4. Pipettes, volumetric, 1, 2, 5, 25, 50 ml
5. Graduated cylinder, 100 ml
6. .6eldahl flask, 800 ml
7. Condenser, Allihn, 600 ml
8..Kiedahl spray trap
9. Support, tripod base, 13 x.24 inch

10. Clamps, two, utility ,
13. Beaker, 600 ml

1 Flask, Ertinmeyer, 500 ml
. Reagent bottles, 200 ml, 500 ml

14. Plastic squeeze bottle, 500 ml
15. Nessler tubes, 50 ml

C. Consumable

1. Concentrated sulfuric, acid
2. Boiling chips
3. Boric acid
4. Methyl red indicator
5. Ethyl alcohol or'denatured (3A or 30)

thylgne blue
7.. Mercuric iodide ,

..,;_.

,..

8. PotassiUm iodide
9: SodiOm tetra borate

:---- . . 10. Sodium thiosulfate
il. Sodium hydroxideA

's, 2. Ammonfbevchloride,
, --..v :I, '''' 1

., .

All reagenWshould be high quality.

311
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-EFFLUENTAONITCRING-PROCEDURE:. Nitrogen, Ammonia.betermination

1-

OPERATINGT_P

44ITROGEN,'AMMON OETERMI

A. SaMple__Oetervation
Addition Of

preservative

STEP-SEQUENCE-----

TION

1:-Add 2_ ml of r,ncentrated
. sulfuric aci4 (H2SO4) or

40 mg of mercuric chloride
(HgC12) per liter store_

at 4° centijrade.

,

Paa No. 6-6'

INFORMATIONMERATIND GOAWSPECIFICATIONS

la. Because organic nitrogen is progressively
ammonffia by b1'logic activity, the determination
of ammonia is best made on a fresh sample.

lb. The use of mercuric chloride is discouraged.

TRAINING
GUIDE NOTES

I
(p. 17)

I.A.1a.

-(P.-17)

B. Equipment Preparation

1. Glassware wash-up
4

2. Still Cleaning

312

1. Clean all glassware in

suitable detergent.

1. Add 500 ml of ammonia-free
water to an 800 ml KJeldahl
flask.

2. Add a few boiling chips.

3. Set up the still assembly.

4. Ignite the burner under the
flask and,apply heat cau-
tirusly so that the water
boils slowly.

5. Test the distillate by addfng
akaut 5.0 mrof Nessler's
reagent.

1TITid water ditills-Nrithout=leavihg-any --
droplets.

la. Use'deioniied distilled water. Shake 4 liters of
distilled. water with 10 grams of Ionac C-101
cation exchange resin",' available 'from Ionac
Chemical. Company, Birmingham, NJ*.

2a. The addition of boiling'chips which have been
"previously, treated with dilute sodium hydroxide

_ will prevent bumping.

3a. Assembly. .consists of gas burner, distillation

flask, condenser and receiving flask.

5a. If the distillate remains colorless, he glassware.
is not contaminated with ammonia,

*Cation exchange resins are available from many
manufacturers. This recommendation is not an
endorsement this particular product.

4
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rLENTMORnaktUGPROCEDURE, Nitrogen, Ammonia Determination

r.

OPERATING PROCEDURES STEP SEQUENCE
---

INFORMATION/OPERATING GOALS/SPECIFICATIONS,
_TRAINING
GUIDE NOTES

C. Reagent Preparation

1. Boric Acid
Solution

2; Mixed Indicator
Solution

3. Nessler Reagent

1. Dissolve 20 grams of boric
acid (H B0) in distilled
Water acid dilute to one
liter with distilled water.

1. Dissolve200 mg methyl red
indicator in 100 ml 95%, .

ethyl alcohol.

2. DisSolve 100 mg methylene
blue in 50 ml of 95% ethyl
alcohol.

3. Transfer the above two
solutions into a dispensing
glass o e.

1. Dissolve 100 grams of
mercuric iodide and 70 grams
.of potassium iodide in about
300 ml of distilled water.

2. Add the above mixture slowly

to.a cooled solution of
160 grams of sodium hydroxide
previously dissolvedin
50011 of distilled water.

3. Dilute the mixture to 1
liter.

la. Thtels a 2 percent solution of boric acid.

la. Specially denatured ethyl alcohol conforming to
formula 3A or 30 of the U.S. Bureau. of Internal
Revenue may be. substituted for-95% ethanol.

3a. This solution should be-prepared fresh every
30 days.

la. Mercuric iodide dissolves after potassium
iodide is added.

2a. Use a glass rod for stirring or a magnetic stirrer
when the mixture is being added.

3a. Store the reagent in a pyrex glass bottle. Keep
out of direct sunlight. It will remain stable
for a period of up to one year.

3115
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tOPLUENTMONITORING-:PROCIDURF.:-:Nitiogerr,-.TAntionia--.Determination

OPERATING:.PROCEDURES

4. Borate Buffer
""--

p

316

STEP SEQUENCE'

Page No. 6-8

INFORMATION/OPERATING GO ALS/SPECIFICATIONS-

Add.10-ml;
hydroxide to,
di sti 11 ed,,Wate r -and Ai lute
to the mak ,wi thdi

-water'.

2. Add '4--.75 -grams- of sodium_
tetraborate (Nai3407.10110)
'to about 300.m1 distilled
water in ''a 500 ml volumet-
ric flask.

3. Dissolve and dilute to the
500'ml volume with.
dliti 1 1 ed water.

4. Add 88 ml of the 0J N NaOH
(Step 1) to a 1 liter
clask.

5. To the same flask add
.500 ml of the 0.025-M
sodfitm tetraborate (Step 3)

6. Swirl to mix and dilute to
the 1 liter volume with
distilled water.,

--44.

la. Use a .100 ml volumetric flask.
lb. -This solution will have a concentration of 9.1 N.
lc. Seereagent #6 for 1 hi sodium hYdroxide

preparation.

I-.

I

TRAINING
GUIDE_ NOTES

,3a. This solution will hiVe a concentration'af 0.025 M 4 .

4'

6a. This i s the borate fiuffer solution.



LUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

A

OPERATING PROCEDURES STEP SEQUENCE

5. Sulfuric Acid

Stock Solution
Approximately 0.1N

6. Sodium Hydroxide
1N

7. Sodium Thiosulfate
(1/70N)

8. Stock ammonium

chloride (1 ml =
1,0 mg of ammonia
'nitrogen)

318

1. Add 3 ml of concentrated
sulfuric acid (specific
gravity 1,84) to about
800 ml of CO

2
free dis-

tilled water. Mix well
and dilute to 1000 ml with
CO

2
free distilled water.

2. Dilute 200 ml of this solu-
tion to one liter with CO'
free distilled water. '

1. Dissolve 40 grams of sodium
hydroxide (NaOH) .in am-

monia-free water and dilute
'to one liter. .

1. Dissolve 3.5 grams of
sodium thiosulfate
pentahydrate in about
300 ml of distilled water
and dilute to one liter
with distilled water.

-71Insolve--3781-9-grams -of----
NH Cl in' water and dilute
to
4

1 liter.

la.

lb.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

Use a 3 ml pipette. A pipette bulb must be us
Use a 1000 ml volumetric flask.

2a. Use a 1000 ml volumetric flask. The concentration
of this solution should be about 0.02N.

2b'. Standardize according-to the procedure prescribed
in the EMP "Determination of Total Kjeldahl
Nitrogen."

la. Use a volumetric flask,

lb. Transfer reagent to pyrex reagent bottle fitted
with a rubber stopper.

This solution can be used to remove residual
chlorine from the sample prior to distillation.
One ml of this solution will remove 1 mg/liter
of residual chlorine in 500 ml of sample.
Use sodium thiosulfate pentahydrate Na2S203 5H20

la Wherever, water is mentioned it refers to

Page No. 6-9
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EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Datermination Page No. 6-10

OPERATING PROCEDURES STEP SEQUENCE

9. Working. ammonium

chloride solution
(1 ml = 0.01 mg
of. ammonia

nitrogen)

1. Dilute 10.0 ml of the
NH

4
C1 to 1 liter with

water.

INFORMATION/OPERATING GOALS/SPCIFICATIONS .

la. Use the stock ammonium chloride solution
(reagent #8).

GUIDE NOTES .

D. Procedure (Sample
" contains LO to

25.0 mg/1 ammonia
nitrogep)

320

1. Add 500 ml of ammonia-free
water to ail 800 ml Kjeldahl
flask.

2. Add a few boiling chips to
the flask.

3. Set up the still assembly
as before.

4. Ignite the burner and ste
out the distillation
apparatus.

5. Continue the cleaning .

process until you are

-assured,that_no....traces_

of ammonia ore present.

6. Trans iiii10Cra-a1ititto

of sample into a 600 ml
_beaker.,

la. Use a graduate cylinder.

- A

2a. The addition of boiling chips which have been
previously treated with dilute sodium hydroxide
will prevent bumping during the distillation
process.

3a. Cooling water to condenser turned off:

4a. PeriodiCally,check the distillate in thi re-
ceiving flask by adding a few milliliters of
Nessler's reagent. If the distillate remains
colorless, the apparatus is not,cOntaminated with
any trace of ammonia.

r

f-chlorTheAspresent in the sample it must be VII.D.6a.
removed prior- tfTtlfedittitiat-ion--by---adding-LAL__I 8
of sodium thiosulfate for each 1 mg/liter of

-chlorinein_500.M1 of sample.



OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SP CIFICAT/ONS
TRAINING
GUIDE NOTES

/7

3 2
pr.&

7. Add sodium hydroxide solutior
(1N) until the pH is raised
tcr 9.5

8. Transfer the sample to the
previously steam-cleaned
800 ml Kjeldahl fl7k.

9. Add 25 ml of the borate-
buffer.

10. Attach the flask and connect, Oa. Turn on water to cooling condenser.
the still assembly.

11. Add 50 ml of 2 percent
boric acid to the 500 ml
receiving flask; and
position the flask under
the ;condenser tip.

12. Ignite the burner and distill
300 ml at the rate of 6 to
10 ml \per minute.

13. Remove the receiving flask'
and, turnoff the burner.

14. Add 3 drops of mixed indi
cator to the receiving flask,
and its contents.

7a. Use a magnetic stirrer or a gTi§t-stirring-rod for
stirring. Use a dropping bo tle for 4-Ne addition;
of sodium hydroxide.

7b. Check the pH during the additt n with the use of a
pH meter or by the'use of shor range pH paper.

9

la. The condenser tip should be adjusted so that it
is below the surface of the liquid.

VII.D.7a.

-(P. 18)

C-

323
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EFFLUENT tONITORING PROCEDURE: Nitrogen, Ammonia,DetermJnatien

OPERATING PROCEDURES STEP SEQUENCE.

15. Set UP 3 titration burette

and fill it with 0.02 N
sulfuric acid standard.
solution.

16. The color change at the'end
point in the titration shQul
match the color change pro-
duced at the end point when
'a plain distilled'water

sample is re through the
same procedure using all..,
reagents that would be used.
for a sample.

E. Calculations for
Titration-Procedure
(Sample contaits-1.0
to 25.0 mg/1 ammonia-'
nitrogen)

r-

324

1. The amount of ammonia
nitrogen present can be
determined with the use of
the formula to the right.

. -

INFORMATION/OPERATING GOALS/SPECIFICATIONS

5a. Use a 50 ml burette.

TRAINING,
'GUIDE tiOTES

2. There is a calculation sheet-
page 19.

_

la. NH
3
-N /1 = A x 0.28 x 1000

S
where:

. A - will equal the milliliters of 0.02 N
sulfuric acid used in the titration

S - will-equal the milliliteri of sample
used in the test

An example of the use of this formula for the.
analysis of-a-wastewater sample-fellows:.

1. Sample si-z;:iii?-the'afta1jIsis . 400 ml

2. ml of 0.02 N sulfuric acid r 17.0 4
. .

3. NH3N,mg/1 * 17.0 x0.28 x 1000
400,

NH
3
N mg/l's 11.9 mg/1, '
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EFFLUENTAIONITORING:PROCEDOREt Nitrogen, 'Amnia Determination

=

OPERAIJOi=PROCEDURES_ell stEp,sEigiENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

-._Ifthe-_SiMplecontaint more
than--25_110/litAn4_0, ammonia,_

an-appropriately S6a11er,
sample.-size*At be used

Al. if the sample-contains

1.0-mg-or leSs-ammbnia-

_nitrogin-.0erliter,-the
following procedure rihould
be

.

.

TRAINING
GUIDE NOTES

F. Procedure
.(SamOle contains
0:05, to 1.0 mg

anmonia nitrogen

Per liter). - _

4

OP

326

1. Transfer a 400 ml sample di

a 600-mlbeaker.
. .

2. Add NaOH with an eye
dropper until the.pH is 9.5.

.

3. Transfer _the pH 9.5 sample

to a.steam cleaned 800 ml
Kieldahl flaft and add
25 ml of boq&te puffer.

4. Distill AO ml at the rate
of-6-10 ma/minute into 50 ml

. of-2 percent boric acid
contained in a 500 ml glass
stoppered Erlenmeyer
flask.

.

5. Dilute to 500 ml.

6. Into 50 ml Nessler tubes
pip4 the followin, volumes
of the working ammonium
chloride solution:- 0.0, 0.5,
1.6, 2.0, 3.0, 4.0, 5.0, 8.0,
and 10.0 ml.

2a. Use a pH meter or pirpaper and'stir the solution
during the addition of sodium hydroxide.

3a. Use a 50 ml graduate for the buffer addition.

5a. Use ammonia-free water.

=

. Page No. 6-13



EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

r
OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 6-14

TRAINING
,

GUIDE NOTES

7. Add suffident ammonia free
water to bring the volume
to 50 ml.

8. Pipet into three Messier

tubes 2, 25, and 50 ml of
the distilled sample from
step 5 above. Dilute with
water to, 50 ml.

9. Pipette 1.0 ml of the
Nessler reagents into each
standard and sampl,e_tube
and mix. .

10, Transfer appropriate aliquots
Into cuvettes for measure-
ment of. the color intensity
.in the spectrophotometer.

11. Read the absorbance of all
tubes after 20 minutes at
425 nanometers against the
the 0.0 standard.

8a. Use a volumetric pipette. The purpose of using
three aliguyts is to ensure that when the colors
are developed, one of the three will produce a'
color which lies within the range of the calibra-
tion curve.

9a. Use a volumetric pipette.
,

lla. There is an EMP on "Use of a Spectrophotometer."

G. Calculations for
Colcrimetric Pro-
cedure (Sample
contains 0.05 to
1.0 mg ammonia
nitrogen per ltter)

323

1. Prepare a calibration-curve

of absorbance values of the
standards versus mg of
ammonia nitrogen. For
examrle: if 2:0 ml of the
wolKing NH C1 are used, and
its concentration is 0.01 mg
of NH -N /ml, then 0.02 mg is

the value plotted on the
calibration curve versuscthe

corresponding absorbance.

la. There is an EMP on "Preparation of Calibration
Graphs."

329



EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

OPERATING PROCEDURES

4

330

STEP SEQUENCE /OPERATING GOALS/SPECIFICATIONS TRAINING
GUIDE NOTES

2. Determine the amount of
NH

3
-N present in the sample

from the calibration curve.

3. Determine the mg of
NH
3-N/liter of sample using

the formula:

00 B.
mg/1 .NH3-n =

A x 10
x

t-

3a, A = mg NH3-N read from standard curve

B = ml total distillate collected, including boric
acid and dilution

C = ml distillate taken for nesslerization
D = mi of original sample taken

An example calculation,using a value from a
calibration curve would be:

A = 0.015 mg (read from standard'curve)
B = 500 ml (300 ml distillate + 50 ml boric acid

+ 150 ml dilution water)
C = 25.ml (distillate which was diluted for

nesslerization)
D = 400 ml (ml of original sample .taken)

mg/1 NH3N- A x 1000

50 PO
0.015 x 1000

400 A

20
1

= 0.015 x 50

mg/1 NH3-N F 0.75,

There is a caTCulation sheet on page 20.

Page No. 6-15



EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammohia Determination

TRAINING GUIDE

SECTION TOPIC

I* Incroduction

II Educational Concepts - Mathematics

III Educational Concepts - Science

IV Educational Concepts - Communications

V Field and Laboratory Equipment

VI Field and Laboratory Reagents

VIIt Field and Laboratory Analysis

,VIII Safety

IX Records and Repprts

*Training guide materials are presented here under the headings marked *.
These standardized headings are used through this series of procedures.

Page No 6-16
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EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

INTRODUCTION Section I

TRAINING-` GUIDE NOTE REFERENCES/RESOURCES

A.la. The compounds of,nitrogen are of interest because
,of the importance of nitrogen in the life processes
`of all plants and animals. Chemists analyzing .

sewage and freshly polluted waters learned that most
of the nitrogens originally present in the form of
organic -(protein) nitrogen and ammonia. As time
progresses, the organic nitrogen is gradually
converted to ammonia nitrogen, and later on, if
aerobic conditions are present, oxidation of ammonia
to nitrites and nitrates occurs. Waters that contai
mostly organic and ammonia nitrogen are considered
to be recently polluted and therefore of great
potential danger. Waters in which most of the nitro
gen is in the form of nitrates are considered to
have -been polluted a long time previously-and

therefore are not dangerous to the public health.
Since the treatment plant is an accelerated version
of the natural process of converting nitrogen from
one compound to another, the monitoring of the
ammonia concentration is an effective means of
determining the efficiency of the biodegradation.

The test described in this instruction can be found
in the 1974 EPA Methods Manual on page,159, entitled
Nitrogen, Ammonia (Distillation Procedure). If the
distillation is done at pH 9.5, another reference
which contains an acceptable procedure for this test
is on'page 410 of the 14th edition of Standard
Methods.

Sawyer, C. N.' and

McCarty, P. L. Chem.
for San. Eng., 2nd Ed.,
McGraw-Hill, 1967

Methods for Chemical
Analysis of Water and
Wastes, 1974, EPA,
MDQARL, Cincinnati,
Ohio 45268, p. 159.

Standard Methods for
the Examination of
Water and Wastewater,
14th ed., 1976, APHA,
New York, New York,
p. 410

Page No. 6-17



EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination

FIELD AND LABORATORY ANALYSIS Section VII .

TRAINING GUIDE NOTE REFERENCES/RESOURCES

VII.D.6a At some water treatment plants ammonia is added in
the combined residual chlorination of water. Where
the free residual chlorination process is employed,
ammonia nitrogen will react with chlorine in ratios
which vary Withsthe nitrogen concentration. At
low ammonia'concentrations (0.1 mg/liter nitrogen)
theratio approximates I. to 10, while at higher
ammonia concentrations the ratio approaches 1 part
of ammonia nitrogen to 7.59 parts of chlorine. If a
sample contains residual chlorine, then monochlora-
mine, dichloramine, or trichloramine may be present.
Dechlorination prior to analysis will convert these
substahces to ammonia.

VII.D.7a. Ammonia recovery:from preliminary distillation 011
be low on water-samples containing more than
250 mg/liter calcium,unless the pH is properly
adjusted before distillation is undertaken. The
calcium and the phosphate buffer react to precipitate
calcium phosphate, releasing hydrogen-ions and
lowering the pH.

Standard -Methods
13th Ed., p. 223

Standard Meths
.13th Ed., p. 223
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LABORATORY DATA SHEET

Nitrogen, Ammonia Diterminatftm
.,1Sample-contains-1.0 to 25.0_mg/l_NH

3
-N)

Sample No. Date/Time Sampled - Sample Point

(Sulfuric acid 0.02N ml ) (0.28)(1000)

Sample ml

c.

mg/liter NH
3-N

Analyst

Date

Page No: 6-19
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LABORATORfATA,SHEET

Nitrogen, Ammonia Determination .

(Sample Contains 0.05 to-T.0 mg /liter NH3 -N)

Sample No. Date/Time Sampled Sample Point

(mg of-NH3-N it1000)- (Total Distillate* Cotected

x

(Sample ml_L) (Distillate Taken for Ness'eriiation

.1

mg/1- NH3-N

Date

337
*Include boric acid plus dilution water

Analyst

338
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EFFLUENT/MONITORING PROCEDURE: Determfnation.of Nitrate-Nitrite Nitrogen
, and of Nitrate Nitrogen, Cadmium Reduction

Method

This operational procedure was developed by:

NNE- Don Roach

ADDRESS Miami-Dade Community College, South Campus, 11011 S.W. 1J4 Street,
. Miami, Florida 33176

POSITION- '111 Chemispy Department

0
:EDUCATION AND 1c..,...,CAL BACKGROUND

.

t.

I

S. - Chemistry .
r.)

M.S. - Chemistry

PhD. - Analytical Oodhemistry

1 year Commercial Laboratory Chemist

,10 years College Chemistry Instructor

7 yearp'Chemical Consultant to Indv stry
4_

-

'

340
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EFFLUENT MONITORING :20CEDURE: Determination of Nitrate-Nitrite r.,:ogen
and of Nitrate Nitrogen, Cadmium Reduction
Method

1. Oblective:

To determine the nitrate-nitrite nitrogen and the nitrate nitrogen content

of are effluent.

2: Brief Description of Analysis:

The procedure-coaverts- nitrate nitrogen to nitrite nitrogen when the
nitrateis-passed through-a column contafiling-copper-cadmium granules.

Nitrate is alfflOst qUantitatiVely reduced toi_nitritetithO,Process.
The,resulting-nitriteAs,deterliiined by-reacting:the-effluent-With sul:
fahilamida-and-coupling m1t101.,(1.;00thA) ,.,ethylenediamine &hydro-

chloride- tO:for04,:highliboTored-dye-whiCh-can_thente-determihed,
colOrimetriCallY., -A,cerriction-must=-beJmage. for aOlnitrite_inthJly
present in-the=saihOlet-1-cethe'MethOC-determines totaYhitrite. The .

conientrationje in -a-timPle ca0e-determined
by-ornittingAhe-initial copperradiniUm reduction and carrying- -out the

remainder-Of:therpro:edure: Separate- nitrate - nitrite values for a sample

may-be obtairied-by analyzing two aliquots ef the same; one-with the
upper-cadmium-reduction step. and- one-without the initial reduction step.

3. Applicability of this ProcedUre:__ .

a. Range of Concentration:,

0.01 to 1.0 mg NO3-NO2 N/liter

(The range may be extended for stmples by dilution.)

b. Pretreatment of Samples:

. 'The Federal Register Guidelines do not specify any pretreatment.

c. Treatment. of interferences in Samples:

This prbcedure includes directions for removal of turbidity aPd/or of
grease and oil from samples. It also inclddes addition of EDTA to ..

eliminate interferences from metals. No other interferences'are noted
in the Source of Procedure.*

1

* Source oC Procedv-:: Methods for Chemical Analysis of Water and Wastes, 1974,

Environmental Protection Agency, Methods Development and Quality Assurance

Resoarc) Laboratory; Cincinnati, Ohio, page 201.
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EFFLUENT MONITORING. PROCEDURE: Determination of Nitrate-Nitrite Nitrogen
and of Nitrate Nitrogen, Cadmium ReduCtion
Method

FLOW SHEET:.

SAMPLE

TURBIDITY REMOVAL
(if necessary)

IOIL AND GREASE REMOVAL
, (if necessary)

ADJUST pH TO BETWEEN 5
AND 9 (if.necessary)

4

REDUCTION OF NITRATE TO
NITRITE BY PASSING THROUGH
CADMIUM REDUCTION COLUMN

1.

COLOR DEVELOPMENT BY REACTION
OF NITRITE WITH SUU'ANILAMIDE
AND WITH N-(1- NAPTHYL) - -

ETHYLENEDIAMINE DIHYDROCHLORIDE
.s. ,

I

MEASUREMENT OF ABSORBANCE AT
540 ran

RESULTS: NITRATE N PLUS
ORIGINAL NITRITE N

The above procedures determine nitrate N plus nitrite N. The initial nitrite
concentration of the samples should be determined, prior to reduction. Thus,
the nitrate concentration can be-determined by:

Nitrate N = Total Nitrite N - Nitrite N before reduction

'
Page No. 7-5
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen
and of Nitrate Nitrogen, Cadmium Reduction
Method

Equipment and Supply Requirements

A; Capital Equipment:

1. Balance, analytical, 160 g capacity, precision + 0.1 mg

Lalance, triple beam, 00 g capacity, precision-+ 0.25 g

3..pH meter/combination electrode, range 0-14 pH
4. Refrigerator, temperature rani- 2° - 10°C .

5. Spectrophotometer, wave length range 325-325 nr.
6. Still and de-ionizing cartridges-(or other means of distilling and

de-ionizing water)

B. Reusable Supplies:
;

1. One apron, laboratory
2. One 100.mt beaker '"

,-3. Four 250 ml beakers (3 for buffer solutions)
4._0ne 400 ml,beaker
5. One 1 liter beaker
6. One 2 liter beaker
7. Two bottles, Barnes with stoppers and two dr ppers, small gauge

8. One 150 ml bottle, dropper
9. One 250 ml bottle, plastic wash

10. One 100 ml bottle, storage with. screw -on cap (storage of 6N HC1).

11. Seven 1 liter bottles, storage, brown with screw -on caps or rubber stoppers

12. Two 5 gallon bottles, water with bottom spout
13. One brush, camel hai.. (cleaning analytical balance)
14. Two brushes, bottle (cleaning glassware) ,,

15. One propipet type
16. One buret holder,"double clamps (reduction column support)

,17. Two columns, reductior (see Figure 1. at the end of this section)

18. Three cuvettes
.19. One 25 ml cylinder, graduated
20..One 50 ml cylinder, graduated
21.,One100 ml cylinder, graduated
22. One 500 ml cylinder, graduated
23. One 1 liter cyl nder,,graduated
24., One 50 ml flIsk, volumetric with stopper (dilution of sample)

25. Twe've 100 ml flasks, volumetric with stoppers (for standards)

26. X 100 ml flasks, volumetric with stoppers (for samples - 1 flask

per rumple)
27. Twelve 250 ml flasks, Erlenmeyer with stoppers (for standards)

28. X 250 ml flasks, Erlenmeyer with stoppers (for samples-1 flask per sample)

29. One 1 liter flask, Erlenmeyer, or a large, empty chemical bottle

(for Cd washings) ,

30. Three 1 literflasks, volumetric wfth stoppers
31. Two 2 liter flasks, volumetric with stoppers
32. One filter funnel for 0.45 y filter (turbidity removal)

Page No. 7-6
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-N-Nxite Nitrogen
and of.Nitrate Nitrogen, Cadmium Reduction
Method

B. Reusable Supplies (Continued)

33. One funnel, powder
34. One funnel, large powder with large filter paper (for Cd washings)
35. One 250 ml funnel, separatory (oil and grease removal)
36. One pair glasses, safety

37. Two hoses, rubber, 3" strip, 4 cm I.D. with screw type clamp
38. One notebook (recording data)

39. Two-100 ml volumetric pipets (construction of reduction columns)
40. One C.5 ml pipet, volumetric
41.-Cne 1 ml pipet, volumetric
42. One 2 ml pipet, volumetric
43. One 5 ml pipet, volumetric
44, One 10 ml pipet, volumetric
45. One 25 ml pipet, volumetric
46. One 50 ml pipet,volumetric
47. One rod, stirring (6" or 12")
48. One sieve, 40 mesh
49.- One sieve, 60 mesh
50. One spatula (scoopula )
51. Two stands, ringjsupport funnel, and reduction column)
52. One support, ring, small (support funnel)

C. Consumable Supplies:

1. Glasswool, wad
2. Membrane filter, 0.45 u
3. Notebook (recording data)
4. Pen or pencil (recording data, marking flasks)
5.- Soap

6. Sponges (for cleaning)
7. Tissues, soft (wiping cuvettes and electrodes)
8. Towels, paper
9. Twelve weighing boats

10. 26 g ammonium chloride, NH4C1

*11. 100 ml ammonium hydroxide, NH4OH

*12. 150 ml buffer solution; STD pH 4
*13. 600 ml buffer solution, STD pH 7 ,

*14. 450 ml buffer solution, STD pH 10
'*15. 25 g cadmium granules, 40-60 mesh

16. 55 ml chloroform, CHC13

17. 20 g copper sulfate, pentahydrate, CuSO45H20

18. 3.4 gdisodium ethylenediamine tetraaeltate, C H N Na
10 14 2 -2

0
8

19. 1 g N-(1-napthyl) - ethylenediamine dihydrochloride, C12H14N2.2HC1

*20. 200 ml hydrochloric acid, concentrated, HC1
21. 100 ml hydrochloric. acid, dilute (6N), HC1
22. 100 ml phosphoric acid, concentrated, H3PO4

*23. Potassium dichromate (cleaning solution), K2Cr20i

24. 7.218 g potassium nitrate, KNO3

344
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen
and of Nitrate Nitrogen, Cadmium Reduction
Method

C. Consumable Supplies (Continued)

25: 6.072 g potassium nitrite, KNO2

26. 240 g sodium hydroxide, pellets, NaOH
27.: 10 g sulfanilamide, C6H8N202S

*28. Sulfuric Acid, concentrated,' (cleaning solution) H2SO4

28. 100 g zinc sulfate; heptahydrate, ZnSO4.7H20

30, Labels, package, 1 1/2 x 1 inch

31. Paper, graph 1/2 x 11, package

All reagents should be reagent grade.

The above amounts do not allow for spillage or mistakes.

*These amounts will vary
"

**This Meta) can be purchased from EM Laboratories; Inc.,.
500 Executive-6oulevard; Elmsford, New York,10523, Cat. 2001 cadmium,

coarse powder
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen
and of Nitrate Nitrogen, Cadmium Reduction
Method

25 drn,...

100 ml
volumetric

pipet

GLASS WOOL PLUG

CLAMP

TYGON TUBING

..4

Figure 1. Reduction column

346
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EFFLUENTAONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

\

Page No. 7-10

OPERATING,PROCEDURES I STEP SEQUENCE INFORMATION/OPERATING.GOALS/SPECIFICATIONS

DETERMINATION OF NITRATE- ITRITE NITROGEN AND OF NITRATE NITROGEN, mg/liter

A. Equipment
Preparation

1. Glassware Wash-Up

2. Balance Inspection

3. Spectrophotometer
Inspection

1

. Clean all glassware in
suitable detergent.

1. Clean balance.

1. Clean spectrophotometer.

2. Turn power on by rotating
the power control
clockwise.

3. Select wavelength by
rotating the wavelength
control knob either
direction until the proper
wavelength is reached.

4. Zero the instrument by
bringing the meter needle
to "0",on the percent
transmittance scale.

5. Use an empty cell and
adjust the light control
to 100% T.

la. Distilled water drains without leaviig any
- droplets on surfare3.
lb. Use chromerge if necessary.

la. Frei of dust and dirt.

la. Free of dust and dirt.

2a. Pilot lamp on.
2b. Directions are for Spectronic 20.

3a. 540 nm on the wavelength scale.

4a. Meter needle reads zero.

5a. To be sure that the instrument can achieve 100% T.

TRAINING
GUIDE- NOTES

I

(P 41)
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FFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite NitrOgen and of

OPERATING PROCEDURES

B. Reagent Preparation

1. Distilled Water

Nitrate Nitrogen, Cadmium Reduction Method

STEP SEQUENCE

2. Concentrated

Ammonium Chloride
EDTA Solution

349

. Prepare approximately ten
(10) liters of highly pure
water. .

1. Weigh 26 g of ammonium

chloride, NH4C1, in a

weighihg boat and wash
into 2:.0 liter graduated
beaker.

2. Weigh 3.4 g of disodium
ethylenediamine tetra-

14N2Na208,acetate, H

and wash into the same
beaker.

3. Add enough distilled water
-to bring the total volume

to approximately 1800 ml.

4. Use a pH meter to adjust
the pH of the solution to
8.5 by the dropwise addi-
tion of concentrated
ammonium hydroxide,
NH

4
OH.

5. After the pH has been ad-
justed, transfer the
solution to a 2 liter
volumetric flask.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

la. An ion exchange column in conjunction with a still
provides an adequate source of highly pure water.

lb. This water will be used for all reagent prepara-
tion and washing of equipment.

lc. The pH of the water must be between 5.5-7.5.

la. Distilled water should be used for all phases of
solution preparation including water used in
washing a solid into a container.

b

4a. Mix the solution thoroughly by stirring, after
the addition of each drop of NHAOH.

5d. Whenever a solution is transferred, the container
from which the transfer is made should be washed
and the washings added to the container to wHch
the transfer was made.

Page No. 7-11
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen; Cadmium Reduction Method

OPERATING PROCEDURES STEP SEQUENCE
TRAINING

INFORMATION/OPERATING GOALS/SPECIFICATIOn, GUIDE NOTES

B. Reagent Preparation
(Continued)

3. Dilute Ammonium
Chloride EDTA
Solution

4. Color Reagent

351

6. Dilute to volume with
distilled water.

7.- Label the bottlein which,
the solution is stored.

1. Measure 1200 ml of the'
concentrated ammonium
chloride-EDTA solution,
using a graduated
cylinder:

2. Pour the measured solution
into a 2.0 liter volume-
tric flask.

3. Dilute to volume with
distilled water.

4. Store in a labeled
container.

1. Add 800 ml of distilled
water to -a 1 14er4-50ask.

2. Add 100 ml olOoncentrated
?hosphOric acid, H3PO4, to

the same flask.

3. Mix thoroughly.

4. Weigh/ 10 g of sulfanilamide
(C6N0202S) in a weighing

boat.

6a. The solution is stable for several months.

7a. Include the name of the solution, your name
the date of preparation.

4a. Both the concentrated and dilu,,e ammonium
chloride-EDTA solutions are stable for several
months.

la.

lb.
Use a graduated cylinder.
Use a 1 liter volumetric flask.



EFFLUENT MONITORING PROLE URE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

MOM

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOAb/SPECIFICATIONS
TRAINING.

GUIDE NOTES

B eagent Preparation
(Continued)

5. Zinc Sul?ate
Solution

353

-a-wash-bettle-and
funnel to wash the
sulfanilamide into the
1 liter flask containing
phosphoric, acid solution.

6. Weigh 1 g N-(1-napthyl)-

ethylenediamlne dihydro-
chloride, Marshall's
Reagent, and wash into
same flask.

7. Dilute to volume with
distilled water.

8. Storc in a labeled
container.

I

1. Weigh 100 g of zinc sul-
fate heptahydrate,
ZnS0

4
.7H

2 '

in0 ir a weighing

boat.

.1

8a. Container should be dark 1 liter plastic reagent
bottle.

8b. Store at 4°C when not in use.
8c. Use at room temperature.

8d. The solution is stable for several months.
"Se. A very faint pink color may show up in this

color reagent, You may still use the reagent.
If a precipitate forms in the reage , though,
discard it. .

la. This reagent is vNid if flocct'lation is employed
as an alternativ .; filtration if the sample
requires removal of turbidity.

2. Wash into a 1 'iter flask 2a. Use a volumetric flask.
using a wash bottle and a
funnel. -,

'3.

Zeis-uftfoT
sufficient

the solid.
.

Page No 7-13

354



1

EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

Page No. 7-14

---OPM,ING-PROCEDURES STEPSEVEWCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

-GUIDE NOTES

B. Reagent Preparation;
(Continued)

6. Sodium Hydroxide
Solution (6N)

D

7. AMmon4um
Hydroxide

8. Hydrochloric
Arid, (6N)

355

4. Dilute to volume with
distilled water.

5. Store in a labeled
. container.

. Rapidly weigh 240 g of
solid sodium hydroxide,
NaOH, pellets in a'l liter
graduated beaker.

2. Add 500 ml distilled
water to dissolve the
sodium hydroxide.

3. Dilute to a total volume
of 1 liter.

4. Store iq a glass bottle or
jug and stopper with a
rubber stopper.

5. Label the container.

1. A 100 ml supply should be
available.

2. Place in a Barnes
(dropper) bottle.

1. Add 50 ml of distille(,
water 1 . 400 ml beaker.

5a. This solution is stable for at least one year.

la. This reagent is used if flocculation is employed
as an alternative to filtration if the sample
requires removal of turbidity.

lb. .Sodium hydroxide picks up moisture from the air
quite readily.

2a. The water should be added with constant swirling
to avoid fusing.:,

3a. The solution should be allowed to cool to room
temperature before the dilution is made.

4a. Sodium hydroxide slowly etches glass causing
glass stoppers to stick.

4b. The solution is stable for at least a year.

la. Drop quantities may be required for,pH
adjustment.

la. A 100 ml graduated cylinder is suitable for
measuring the volume of the distilled water and
the volume of the acid.
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EFFLUENT MONITORING PROCEDURE: Determinationof Nitri.-1:-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method.

OPERATING PROCEDURES STEP SEQUENCE . INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

B. Reagent Preparation
(Continued)

2. Slowly add 50 ml of
concentrated hydrochloric
(NC1) acid (12 N) to the
same beaker.

1

3.*Mix thoroughly.

4. Store in a 100 ml bottle.

5. Label the container.

9. Cc, per_ Sulfate

Solution (2%)
1. Weigh 20 g of copper

sulfate pentahydrate,
CuS0

4
.5N

2
0

'
in a weighing

boat.

2. Wash copper sulfate into a
one liter volumetric
flask.

3. Add sufficient distilled
water to dissolve the
solid.

3a. About 500 ml of water should be sufficient.

4. Dilute to volume with
distilled water.

4a. This solution is stable for at least one year.

5. Store in a labeled
container.

10. Nitrate Stock
Solution

1. Carefully weigh 7.218 g of
potassium nitrate, KNO3,

in weighirg boat.

la. An analytical balance could b. used.

358
357

Page No. 7-15



EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium.Reduction Method

Page No. 7-16

OPERATING PROCEDURES STEP SEQUENCE

B. Reagent Preparation
(Continued)

11. Nitrate Standard
Solution

35J

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

2. Transfer the solid to a
1 liter volumetric flask
equipped with a powder
funnel.

3. Use Wash bottle to wash
the solid into the flask.

4. Add sufficient distilled
water to dissolve the
solid.

5. Dilute to volume with
distilled water and
thoroughly mix.

6. Store in a labeled glass
bottle.

7. Preserve the,solution by
adding 2 ml of chloroform,
CHC13.

1. Carefully pipet 10.0 ml of
nitrate stock solution
into a 1 liter volumetric
flask.

2. Dilute to volume with
distilled water.

2a. This is best achieved by washing the solid onto
the funnel witlta wash bottle.

3a. The weighing boat should be rinsqd three times
and all of the rinse water should be added to
the flask.

4a. About 500 ml is sufficient.

7a. The solution prepared,stored and preserved in
this manner should be stable for at least
6 months.

7tr. The nitrate stock solution contains 1.00 mg of
- nitrate nitrogen (NO3-N) in each 1.00.0 of

solution.

la. This nitrate standard solution should be prepared
fresh for each use.

lb. The nitrate stock solution should be at room
temperature before using.

lc. Use a 10 ml volumetric pipet.

G
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410
EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of

Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES STEP SEQUENCE

B. Reagent-Preparation
(Continued)

12. Nitrite Stock
Solution

361

3. Stoi.e in a labeled
container.

1. Weigh 6.072 g of
potassium nitrite, KNO2,

in a weighing boat.

2. Transfer the solid to a
1 liter volumetric flask
using a powder funnel.

3. Use wash bottle to wash
the solid into the flask.

4. Add sufficient distilled
water to dissolve the
solid.

5. Dilute to volume and mix
thoroughly.

6. Store in.a labeled glass
bottle.

7. Preserve the solution by
adding 2 ml of chloroform
for each 1 liter of solu-
tion and refrigerate when
not in use.

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

3a. Use within one hour of preparation.
3b. The nitrate standard solution contains 0.01 mg

of nitrate nitrogen (NO3-N) in each 1.0 ml of
solution.

. ,

la. An analytical balance should be used for all
weighings involving standards.

3a. The weighing boat should be washed three times
an,4 the washings added to the flask.

4a. About 500 ml is sufficient.

7a

7b

. The solution should be stable for at least
3 months when preserved this way and storci
at about 4°C when not in use.

. The nitrite stock solution contains 1.00 mg of
nitrite nitrogen (NO2 -N) in each 1.0 ml of
solution.

362
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Redpction Method

Page No. 7-18

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS .

TRAINING
GUIDE NOTES'

B. Reagent Preparation
. (Continued)

13. Nitrite Standard
Solution

1. Pipet 10.0 ml of nitrite
stock solution into a
1 liter volumetric flask.

2. Dilute to volume with
distilled water.

3. Store in a labeled
container.

la. This nitrite standard solution should be prepared
fresh for each use.

lb. The nitrite stock solution should be a1 room
temperature before using.

lc. Use a 10 ml volumetric pipet.

3a. Use within 1 hour of preparation.
3b. The nitrite standard solution contains 0.01 mg of

nitrite nitrogen (NO2-N) in each 1.0 ml of
solution.

C. Reduction Column
Preparation

1. Preparation of the
Glass-Column.

363

1. C6nstruct a glass column
by joining a 10 cm length.
of 3 cm ID glass tubing
with a 25 cm length of
3:5 mm ID tubing using
figure 1 as a guide.

2. Loosely plug the delivery
tip,of the column with
glass wool.

-Figure 1 is at the end of the Equipment and
Supply Requirements Section.

The column shown in Figure 1 was constructed by
cutting both ends off a 100 ml volumetric pipet
as indicated. '

Fire polish all cut surfaces.
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

,

OPERATING PROCEDURES STEP SEQUENCE

C. Reoictiop Column
Preparation
(Continued)

2. Preparation of

Copperized
Cadmium for
Packing the
Glass Column

365

.

I. Weigh aboutr,20 g of

cadmium graOules in a
weighing boat. .

2. Transfer the cadmium to a
400 ml beaker.

3. Add enough dilute (6N)
hydrochloric acid to
cover the granules.

4. Swirl the contents of the
beaker.

5. Pour off the acid while
retaining the granules
in the beaker.

6. Add enough distilled water
to cover the granules.

INFORMATION /OPERATING GOALS/SPECIFICATIONS

la. This will be enough for one column..

lb.-Granulated cadmium (40-60 mesh) can be purchased.
lc. Alternatively, file sticks of pure cadmium metal

(reagent grade) with a coarse metal hand file
(about second cut) and collect the fraction which
passes a. sieve with 10 mesh openings and is re-
tained on sieves with 40, then 60 mesh openings.

ld. Handling cadmium is-hazardous, thin filing should VIII.C.2.ld
be Conducted under aliTaiiiThg rubber gloves an (..46 )
mask.

2a. A scupula and wash bottle with water is good for
this.

5a. All decanting should be done into a container
equipped with a large funnel and filter paper
so as-to catch all the small cadmium particles.

5b. Use this filter paper for any subsequent cadmium
washings.

366
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EFFLUENT MONITORING-PROCEDURE: Determination of Nitrate - Nitrite' Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OP,ERATING. PROCEDURES 2

C. Reduction Column
Preparation
(Continued)

3"6

STEP SEQUENCE

7. Pour off the water while

retaining the granuios in
the beaker.

8. Repeat step4,6 and 7,
above, two more\tiws-so--
that the granules receive

total' of three dis-
tilled water'washings.

9. Add 100 ml of the 2%

topper sulfate solution to
the granules and swirl for
five minutes of until the
blue col r of the copper
sulfate fades.

10. Carefully decant off the
solution leaving the
copperized cadmium
graaules in beaker.

11. Repeat steps 9 and 10
until a brown colloidal
(very fine) precipitate
of metallic copper dogs
form.

12. Wal.11 the copper-cadmium

at least 10 times with
distilled water.

13. Place the waded copper-
' 'cadmium on the 60 mesh

sieve.

INFORMATION/OPERATING GOALS/SPECIFICATIONSarwmaaml,

Page No. 7-20

9a. A brown colloidal (very fine) precipitate of
metallic copper may form.

10a. Also decant off through the filter paper any
precipitate that formed.

12a. All of the brown precipitated copper should be
removed by washing 10 times but continue to
wash if any remains.

TRAINING
GUIDE NOTES
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411FLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES STEP SEQUENCE

C. Reduction Column
Preparation
(Continued)

36j

INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

14. Pour water over the
granules at least three
times so that all the
small particles will
wash through the 60 mesh
s,:reen.

15. Return meshed granules to
the beaker.

16.Decant off excess water
used to transfer the
cadmium.

14a. Hold the sieve over the filter paper during
these washings.

15a. Use a scupulu and the wash bottle.

17. Close the clamp on the
column delivery tube.

18. Fill the column almost to 18a. Use a graduated cylinder and very slowly pour the
the top of the cup part solution down the inside wall of this column so
with ammonium chloride- air pockets do not form.
EDTA solution.

19. Loosely fill the reduction 19a. Avoid tight packing of granules by allowing the
column with copper cadmium granules co "float" down through the solution
granules to .1 level about of ammonium chloride-EDTA.
2 cm below the broad, 19b. A glass stirring rod may be used to transfer the
cup-like section as shown cadmium to the column.
in Figure 1. 19c. For regeneration of column see training guide.

19d. When column is not in use, fill it with ammonium
chloride-EDTA solution so that the granules are
covered with about 2.5 cm of solution above them.

VII.C.2.19c

(P.43)

3'70
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. EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nit.gite Nitrogen and of
Nitrate Nitrogen, Cadmium PJ.tduction Method"

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 7-22

C. Reduction Column
Preparation
(Continued)

20. Open the screw rump and
measure the flow rite of
ammonium chloride-EDTA
solution through tne
column.

21. When the flow rate 'can be

maintained between 7 ml
and 10 ml/minute, drain
off the ammonium chloride-

EDTA solution until it is
about 2.5 cm above the
top of the granules.

22. Close the screw clamp.

20a. To calculate the flow rate, place a short 50 ml
graduated cylinder under column and measure the
amount of fluid collected in one minute.

20b, The flow rate should be between 7 ml and
10 ml/minute.

20c. If the flow rate is too fast, tighten the screw
clamp. If the clamp must be so tight that control
is lost, add more copper cadmium granules to the
column.

20d. If the flow rate is too slow, decrease the length
of the copper cadmium column until a flow rate of
.7-10 ml/minute is achieved.

TRAINING
GUIDE NOTES

21a. When the column is not in use, the copper cadmium
granules should be covered with ammonium chloride-
EDTA solution so they do not dry out.

D. Removal of
Interferences

1. Turbidity Removal
(If Necessary)

371'

. Prior Co analysis, remove la.
turbidity from samples
by filtering through a
0.45 u membrane filter.

lb.

If the turbidity is not removed by filtration,
proceed as follows: Add 1 ml of the zinc
sulfate solution to 100 ml of sample. Add
enough 6 N sodium hydroxide to bring the pH to

(about 8 to 10 drops is usually sufficient).
Lat the treated sample stand for 15 minutes.
Filter through a 0.45 11 membrane filter.
Suspended solids can clog the reduction. column.

VI.D
(p. 42)

370



110.
4111FLUENT MONITORING PROCEDURE: Determination of NArate-Nitrite Nitrogen and of

Njtrate Nitrogen, Cadmium ReductionMethod

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 4
TRAINING

GUIDE NOTES

D. Removal of
Interferences
(Continued)

2. Oil and Grease
Removal (If
Necessary)

373

1. Prior to analysis,

measure 100 ml of the
sample (filtered sample
if the original sample
was turbid) into a 400 ml
beaker.

2. By riropwise addition, add

sufficient concentrated
hydrochloric acid (12 N)
to bring the pH down to 2.

3. Place theosample in a
250 ml separatory funnel.

Er. Add 25 ml of chloroform.

5. Shake gently to ,xtract
the oils and grease into
the chloroform layer.

tr." Allow the separatory

funnel to stand until all
of the chloroform layer
settles to the bottom.

7. Open the stopcock and
allow the bottom (chloro-
form) layer to pass into
a 400 ml beaker.

la. Oil and grease can clog the reduction Column
and coat the Cu/Cd granules.

,

2a. Use a pH meter in adjusting the pH to 2.

2b. Standardize using standard buffer of pH =-4.00.

5a. Carefully release the pressure after shaking
gently so that no-saM"ple is lost. This can be
accomplished by inverting the separatory funnel
and slowly opening the stopcock away from face
and other people.

6a. Place funnel in ring stand.
6b. Remove stopper while layer is settling.

7a. Grease and oils are extracted into chloroform
layer leaving a grease-oil free sample which is
used for analysis.

374
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate - Nitrite Nitrdgen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES STEP SEQUENCE

D. Removal of
Interferences

(Continued)

E. Preparation of
Nitrate Working

. Standards

1. Nitrate Working
Standards

3

8. Repeat steps 4, 5, 6, and
with 25 ml of fresh

chloroform.

1. Prepare nitrate working
standards by respectively
pipetting the following
volumes of nitrate
standard solution into
each of six 100 ml
volumetric flasks.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 7-24

TRAINING
GUIDE NOTES

8a. The,second chloroform extract is added to the
same beaker as the first extract.

Add This For This
Volume of Concentra-
Nitrate tion of

o Flisk Standard NO3-N in
No. Solution mg/1

1 0.0 ml 0.00
2 0.5 ml 0.05
3 1.0 ml 0.10
4 2.0 ml 0.20
5 5.0 ml 0.50
6 10.0 ml ' 1.00

2. Dilute each of the flasks
to volume with distilled
water,

la. Label flasks.

lb. Use appropriate volumetric pipets (0.5 ml, 1.0 ml,
2.0 ml, 5.0 ml, 10.0 ml).

lc. The 0.00 solution which contains no nitrate (or
nitrite) serves as the reagent blank for the
nitrate samples and standards which are passed
through the reduction column.

37
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
WIDE NOTES

E. Preparation of
Nitrate -Working

Standards"(Continued)

3. Use the working standards
immediately after their
preparation.

F. Reduction of Nitrate
to Nitrite

1. Adjustment of pH

2. Activation of
Column

377

1. 'ise a pH meter to adjust
the pH of each of the
working standards to
between 5 and 9 either

with concentrated hydro-,
chloric acid or with
concentrated ammonium
hydroxide.

1. Pipet 25.0 ml of working
standard #6 to a small
Erlenmeyer flask.

2. Add 75 ml of the dilute
. ammonium chloride-EDTA

solution to the same
flask.

3. Mix the vorkini standard
thorough',: by swirling

the conten s of the flask.

4. Place a'250 m beaker
under the reduction
column.

la. Use'a beaker small enough for this volume of
standard to cover the pH electrode(s).

lb. Make sure that the pH meter is calibrated within
this range.

lc. Use buffer solutions pH 4, pH 7, pH 10 to
calibrate and check the meter.

ld. This pH adjustment is necessary to insure that
the pH is approximately 8.5

(No-pH adjustment is necessary if the pH is
already between 5 and 9.)

la. Activation of column is necessary to prepare
surfaces of Cu-Ld Oanules for re:d.tion process.

lb. This stand-.rd is 1.00 mg NO3-N/liter
concentration.

lc. A 250 ml flask is good for this purpose.

2a. A 100 ml graduated cylin4er is good for this
purpose.

.\
4a. You will collect the reduced working standard

in this beaker.

378
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EFFLUENT MONITORING PROCEDURE:
Determination of Nitrate-Nitrite Nitrogen and cf
Nitrate Nitrogen, Cadmium Reduction Method

Page No. 7-26

c

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
MIRING

GUIDE NOTES'

F. Reduction of Nitrate
to Nitrite
(Continued)

ni

0 ,jJ6

a.

5. Check that the'level of
ammonium chloride-EDTA
-solution in the column is
down to the top of the
granules.

6. Pour the prepared nitrate

worklu standard into the
reduction column.

7. Using the screw clamp

(see Figure 1) adjust the
collection rate to
7-10 ml per minute.

8.ColleCt the reduced
working standard until
the level of solution, is

0.5 cm above.the top of
the granules.

9, Close the screw clamp to
stop the flow.

10. Discard the entire re-
duced working standard.

11. Measure about 40 ml of .

ammonium chloride-EDTA
solution.

5a. If the level, is too high, drain the excess into
the beaker.

6a. Since the column will not hold the total amount,
add the final amount after the first 15 ml has'

:passed through the column.
.

.

7a. The clamp should be slowly opened until a

collection, rate of 7-i(Tml per minute is
achieved.

7b. A collection rate of -10 ml of solution per
minute should be carefully maintaired throughout

tl. the colleCtion proces /to assure complete re-
duction of nitrate in the sample.

10a. The. column is now activated.

380,



EFFLUENT MONITORING PROCEDURE:
Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

WIDE NOTES
F. Reduction of Nitrate

to Nitrite

(Continued)

3. Reduction of
Working Standards

381

.

12. Pour the 40 ml into the
column.

13. Repeat steps 8 and 9.

Pipet 25.0 ml of the

lowest concentration of-
nitrate working standard.

into-a-small-Erlenmeyer--
flask.

2. Add'75 ml of the dilute

ammonjuM chloride -EDTA
solution to the same
flask.

3. Mix nitrite working stand-
ard thoroughly by swirling
the contents of the flask.

4. Place a short graduated

cylinder under the reduc=
tion column.

5. Pour the prepared nitrate

working standard into the
reduction column.

6. Using the screw clamp

(see Figure 1) adjust the
collection rate to 7-10 ml
per minute.

V

13a. The nitrate standard should now be "washed off"
the column.

la. A 250 ml flask is good for this purpose.
lb. Label the flask.

lc. Begin with the 0.00 mg/liter solution.

V
2a. Use a 100 ml graduated

-

4a. You need to measure 25 ml,of solution in the
graduate.

5a. Since the column will not hold the total amount,
add the final amount after the first 15 ml has
passed through the column.

a. The clamp should be slowly opened until a
collection rate of 7-10 ml per minute is
achieved.

6b. A collection rate of 7-10 ml of solution per
minute shoulbe-carefully.maintained throughout
the collection process to assure complete re-
duction of the nitrate in the nitrate working
standard.

IFIge No. 7-27 -382



EFFLUENT MONITORING PROCEDURE: Determination_of Nitrate-Nitrite Nitrogen and
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES-1 STEP SEQUENCE

F. Reduction of Nitrate
to Nitrite
(Continued)

,

7. Discard the first 25 ml
df solution which is
collected.

8. Replace the graduate with
the rinsed,air-dried
flask used for this
standard.

9. Collect the remaining__

portion of the reduced
standard in the original
flask.

10. Analyze the reduced
standard immediately
after collectionfrom .

the reduction column.

11. RePe'at steps 1 through 10
for each of the prepared
working nitrate standards,.

of Page No. 7 -28

IhFORMATION/OPERAT TRAINING
GUIDE NOTES

7a. This discard portion serves to "wash off"
solution remaining i the column from any
previous pass-through.

9a. Close the screw clamp when the level of solution
is about 0.5 cm above the granules.

9b. About 70 ml should be in the flask.

10a. While one solution is passing'through the column
you should proceed to color development of the
previous solution that has already been reduced.
Color development (Section G) mist begin within
15 minutes after reduction:

lla. Proceed from the least concentrated to the most
concentrated standard.

11b. Label each receiver flask.

G. Color Developmentof
Reduced Nitrate
Working Standards

1. Use a 50.0 ml pipet to
remove a 50.0 ml aliquot
from flask #1 (0.00 mg/
liter NO3 -N)

1,

la..By using a propipet the aliquot can remain in
the pipet during the next two steps.'

lb.' Aliquots of each of the working standards should
have been passed through the reduction, column as
dcxibed in the previous section (Section F).

lc. The reduced working standards should'be,inalyzed

as soon as possible after the reduction, \and in
no case should they be allowed to stand 'for more
than 15 minutes after reduction before' color
development is begun.

\



EFFLUENT MONITORING PROCEDURE: Detesrmiliation of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES

Color Development of
Reduced Nitrate
Working Standards
(Continued)

STEP SEQUENCE

2. Discard the remainder of
the nitrate reduced
working standard.

3. Shake flask dry.

4. Add the 50.0 ml working

standard bark to same
flask from which it was
removed.'

5. Add 2.0m1 of the-color
reagent to the 50.0 ml
of working standard.

6. Mix thoroughly by
swirling.

INFORMATION/OPERATING,GOALS/SPECIFICATIONS '
TRAINING

GUIDE NOTES

3a. Do not rinse the flask.

4a. If you find the technique in steps 1-4 too
difficult, transfer the 50.0 ml to a different
flask.

7. Allow tlie working standard 7a.
to stand until color

_develops.

8. Repeat steps 1 through 7
for each ofthe reduced
working standards.

a-2-.11-ml-vol-UM-etrit pipet.

The reduced working standard should be allowed
tO'stand for at least0 minutes but not more
than two hours before doing Procedure L,
Spectrophotnmetric Measurements.

8a. Start with least concentrated solution and
proceed to most concentrated. -

8b. Rinse the 50.0 ml pipet thoroughly after each
standard.

H. Analysis of Samples
for Nitrate Reduced
to Nitrite

1. Dilutian of
Samples (if
necessary)

385

1. Pipet 25.0 ml of unknown

sample into-50 ml volu-
metric flask.

la. .Potable water samples will usually require no
'dilution, while sewage samples may require
dilution.

'386
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

Page No. 7-30

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

IS&

TRAINING
GUIDE NOTES

H. Analysis of Samples
for Nitrate Reduced
to Nitrite
(Continued)

2. Adjustment of pH

3. Reduction of
Nitrate to Nitrite
in Samples

4. Color Development
in Samples

2., Dilute to volume with
distilled water.

1. Use a pH meter to adjust
the pH of each sample to
between 5 and 9 either
with contentrated hy-
drochloric acid or with
concentrated_ammonium_
hydroxide.

1. Aliquots of each of 'the
samples should be passed
through the reduction
column as described in
Procedure F.3, "Reduction
of Working Standards."

1. Follow the steps in
Procedure G, "Color
Development."

2a. Ifyou need to dilute a sample, you must apply a_
dilution factor to the concentration found from
a standard curve. ",

la. Put the 50 ml of sample in a small beaker so
the pH electrode(i) is covered with solution.

lb. Make sure that pHmeter is calibrated within
this range.

lc; Use buffer solutions pH 4, pH 7, pH 10 to cali-
_ brate_and check_the_meter. _

Id. This pH adjustment is necessary to insure that
the pH is approximately -8.5

(No pH adjustment is necessary if the pH is-
already between 5 and 9.)

VII.H.1.2a
(0. 44 ),

I. Preparation of
Nitrite Working
Standards

1. Nitrite Working
Standards

387

1. Prepare nitrite working
standards by respectively
pipetting the following
volumes of nitrite stand-
ard solution into each of
six 100 ml volumetric
flasks.

Label flasks.

Use appropriate volumetric pipets (0.5 ml, 1.0 ml,
2.0 ml, 5.0 ml, 10.0 ml).

The 0.00 solution which contains no nitrite (or
nitrate) serves as the reagent blank for the
nitrite standards and samples that are rat.passed'
through the column.

388



1.11iNT MONITORING PROCEDURE:
. ,

Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitroger, Cadmium Reduction Method

PERATING PROCEDURES

.ePreparation, of

Nitrite Working
Standards
(Continued) . .

q.

2. Adjustment

389

STOP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

of pH

o Flask
No.

Add This For .This
Vo,lume of Concentrate
Write Hon of
Standard NO2-N in
Solution mg/1

- 1. 0.0 ml 0.00
2 0.5 ml 0.05
3 1.0 ml 0.10
4 2.0 ml 0.20
5 5.0 ml 0.50
6 10.0 ml 1.00

2. Dilute each of the flasks
to volume with distille
water.

3. Use the working standards

immediately after their
preparation.

0 4

1. Use a pH meter to adjust
the pH of each of the
working standards to
between 5 and 9 either

with, concentrated hydro-
chloric acid or with
concentrated ammonium
hydroxide.

r

TRAINING
GUIDE NOTES

9

\,

a

r

la. Use a beaker small enough for this volume pf
standard to cover the pH electrode(s).'

lb.. Make sure that"OH meter is calibrated within this
range. .

lc. Use buffer solutions pH 4, pH 7, pH 10 to
calibrate and check the meter.

ld. This pH adjustment is necessary to insure that
. the pH is approximately

, (No pH adjustment is necessary if the pH is
already between 5 and 9.)

Page No.
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen andtof
Nitrate Nitrogen, Cadmium Reduction Method

p4)

f 1=0'
Page. N. 7-32 a, .

.

6

OPERATING PROCEDURES

J. Color Development of
'Nitrite Working
Standards

591
O

STEP SEQUENCE.

. Pipet 25.0 ml of each of
the nitrite working
standards into each of
six clean 250 ml
Erlenmeyer flasks.

2. Add 75 ml of dilute

ammonium chloride-EDTA
solution to each of the
nitrite working standards.

3. Mix each thoroughly by
swirling each flask.

4. Use a 50:0 ml pipet to '4a. By using a propipet the aliquot can remain in the
remove a 50.0 ml aliquot pipet during the next two steps.
from flask #1 (0.00 mg/
liter NO2 -N).

5. Discard the remainder of
the standaki from the
flask.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

la. Use a 25.0 ml volumetric pipet.
lb. Label each flask.

lc. The nitrite working standards are not passed
through the reduction column. '

2a. Use a 101) ml graduated cylinder.

6. Shake the flask dry.

I!. Add the 50.0 ml, nitrite
working standard back to,
the same flask from which
it was removed.

8. Add 2.0 ml of the'color

reagent to each nitrite
working standard. .

9. Mi't thoroughly by
,swirling.

6a. Do not rinse the flask:12,:,

veg_

.

8a. Use a 2.0 ml volumetric pipet.

S

1

4NINEEs

392



LUENT MONITORING'PROCEDURE4 Determination of Nitrate-Orite Nitrogen nd of
Nitrate Nitrogen, Cadmium Reduction MethoL

f

OPERATING PROCEDURES

J. Color-Dev lopment of
Nitrite Working
Stdndards (Continued)

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

10.

11.

Allow the working stand-
ardS to 'stand until color
develops.'

Repeat steps $ tHrouyh 10
for each of the nitrite
standards.

10a. At least 10 minutes but no more than 2 hours
' should be allowed before doing Procedure L,

Spectrophotometric Measurements.

lla. Proceed from the least concentrated to the most
.rated standard.
the E- Ocml pipet thoroughly after each

Standard.

ITRAININ'
GUIDE NIES

K. Analysis of
NOnrreduced
Samples for
Nitrite,

1. pilutioo,ef

Samples (if
necessary)

2'. Adjustment off'pH

3. Color Development

393 ,

1. Pipet 25.0 ml of unknown
sample into 50 ml volu-
metric flask.

2. Dilute to volume with
distilled water.

1. Use a pH meter to adjust
the pH of each sample to
between'5 and 9 either
with concentrated hydro-
chlor;c acid or with
concentrated ammonium
hydroxid .

1. Pipet 25.0 ml cf sample
into a cleah 250 ml

Erlenmeyer flask.

la. NOTE- : otable-water samples will usually
requir no dilution, while sewage samples
may re uire dilution.

2a. If y u need to dilute a sample, you must apply 1 VII.K.1.2adil .ion factor to get a final answer.
'(p: 44)

la. Put the 5' lesample in a small beaker so the,
pH electrode is covered with solution.

lb. Make sure that p meter is calibrated within
tnis range.

lc. Use buffer soluti ns pH 4, pH 7; pH 10 to
calibrate and ch ck the meter.

ld. This pE adjustmbnt is necessary to insOre that
the pHsis approximately 8.5
(No pH adjustment is necessary if the pH is
already between 5 and 9.)

la. Use a 25.0 ml volumetric pipet.
lb. Label the flask.

lc. The sample It not-4'ssed thfough the reduction
column.

394
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EFFLUENT MONITORING PROCEDURE,: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERA ING PROCEDURES

K. A alysis of
N n-reduced
Samples for
Nitrite (Continued)

STEP SEQUENCE

2. Add 75 ml of the dilute
_ammonium chloride-EDTA
solution to the same
flask.

by swirling.

4. Use a 50.0 ml pipet to
Mmove a 50.0 ml aliquot
from flask.

'to

Page No. 7-34

INFORMATION/OPERATING GOALS/- SPECIFICATIONS

2a. Use a 100 ml graduated cylinder.

TRAINING
GUIDE NOTES

5. Discard the remainder of
the solution from the
flask: .

6. Shake flask dry._,

7. Add the 50.0 ml of sample
' back to same flask from

which it was removed.

8. Add 2.0 ml of the color
reagent to the same flask.

9 Mix the sample thoroughly
) by swirling.

10. Allow the sample to stand
Until color develops.

11. RepeAt steps 1 through
10 for each sample. ,

vv

4a.,By using a propipet the a quot can'remain in
the pipet during the next o steps.

S.

6a. Do not rinse the flask:

8a. Use a 2.0 ml volumetric pipet.

10a. At least 10 minutes but -no more-than-2 hours
'should be allowed-before doing Procedure L,
Spectrophotometric Measurements.

lla. Rinse the 50:Q ml pipet thoroughly after efach
sample:

396
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FLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduct on Method

OPERATING PROCEDURES

L. Spectrophotometric

Measurements

1. Adjusting the
Instrument

STEP SEQUENCE

2. ed4ced Nitrate
S andards and
S ple(s)

3. Non reduced

Nit ite Stand-
ards and
Samp e(s)

397.

1. Consult the manufacturer's

instructions for cali
brating your particular
instrument.

2. Adjust,the wavelength to
540-nm.

Check to make sure that,
the instrument reads

infinite absorbance with
no sample cell in the
instrument.

1. Use the reduced nitrate

reagent blank to adjust
fhe nsfrtitheiit to zero

absorbance.

2. Measure and record the

absorbance.of eadh re-
duced nitrate:working
standard.

3. Measure and record the
absorbance for each
reduced sample.

1. Use-de nitrite reagent
blank (non-reduced) to
adjust the instrument to
zero absorbance.

0

O

INFORMATION/OPERATING GOALS /SPECIFICATIONS

la. Instrument must bewarmed up for at least
10 minutes.

lb. There is an EMP on "Use of a Spectrophotometer."

3a. If it do'es not read infinite absorbance with no
sample cell in it, adjust the instrument so that
it does read infinite absorbance (see manu-
facturer's instructions).

3b. Use on and off switch to calibrateinftnite
absorbance.

la. Use 0.00. nitrate working standard reagent blank
whith has been passed through the column.

---lb-Adjust-to-zero-absorbance using the calibrationknob.
2a. Use the nitrate, working standards which ave

been passed through the column. \I
2b. Use data sheet provided.

3a. Use data sheet provided,

la. Use 0.00 nitrite working standard reagent ;lank.
lb. Adjust to zero absorbance using the calibration

knob.

TRAINING
GUIDE NOTES

f--
, 334
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EFFLUENT MONITORING PROCEDURE: Determination Nitrate-Nitrite Nitrogen and of
Nitrate Nitron, Cadmium Reduction Method

Page No. 7-36

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

L. Spectrophotometric
Measurements
(Continued)

2. Measure and record the
absorbance of each non-
reduced nitrite working
standard.

3. Measure and record the
absorbance for each non-
reduced sample.

2a. Use data sheet provided.

3a. Use data sheet provided,

M. Preparation of
Calibration Curve

393

I. Obtain an 8,1/2 x 11 inch
piece of graph paper.

2. !Abel the longer side as
the concentration axis.

Label the shorter side
as the absorbance axis.

Use the absorbance value
and its corresponding ni-
trate concentration for
each of the nitrate wnrking
standards'to make a, plot of
absorbance Orgus
concentration.

5. On another piece of graph
paper folloW steps 1, 2,, 3,
and 4 using absorbance val-
ues and the corresponding;.'

,nitrite concentrations-for
eickl_of-tbe-nitrite working
-gtin4iNs. -)

2a. See Training Guide for an example of labeling
the axis on a calibration curve.

4a. Use the absorbances and concentrations recorded
on the data. sheet in Column B, "Total NO2+NO3-N."

4b. This will be the standard curve for reduced
samples.

5a.

5b.

Use the absorbances and concentrations recorded
on the data sheet in Column 0, "NOI-N."

This will be the standard curve for nonreduced
samples.'

TRAINING
GUIDE NOTES

IX.L.3.24

(P. 47)
.2),0

;:N

VII.M.2a
(p. 45)

IX.M.5a

(p... 47)

I .,L46.1,..

"tc*Z441:%,'.;

-2
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41/1FFLUENT MONITORING PROCEDURE:
Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

OPERATING PROCEDURES

N. Checking Column
Efficiency

401

STEP SEQUENCE

1. Divide the absorbance
value for the 1.00 mg/
liter NITRATE (NO3)

working standard by the
absorbance for the 1.00
mg/liter NITRITE (NO2)

working standard to
obtain the column
efficiency as-follows:.

abs of 1.00 mg/liter NO3 std

abs of 170 mg/liter NO24std

2. Divide the absorbance

values for each of the
other NITRATE (NO

3
)

working standards by the
absorbance value for the
corresponding NITRITE
(NO

2
) working standard to

obtain a column efficiency
value in each as-was
done in the previous step.

3. Calculate the average
value for the column
efficiency.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

f
la. The abbrevi Non, abs is used to stand for

absorbance.'

100 = % efficiency

3a., The average value for the col
should be between 96% and 104
% efficiency does not fall in
another cadmium reduction col
prepared and tested until the
efficiency does fall in this

3b. For regeneration of a column,
Guide.

umn efficiency
%. If the average
this range,

umn should be

average column
range.

-see Training

;

TRAINING
GUIDE NOTES

VII.N.3b

(P. 43)

Page No.



EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

4,

7774,

. OPERATING P OCEDURES \ STEP SEQUENCE INFORMATION/OPERATING GOALS/;17I;;TI13NS

Page No. 7-38

TRAINING
GUIDE NOTES

O. Determina ion of

mg/liter itrite
Nitrogen us Nitrate.

Nitrogen in.a Sample

1. Use the absorbance for-
the reduced sample and
the standard curve for
reduced samples ("Total
NO2 +NO3 -N") to obtain

the mg/liter of nitrite-N
plus nitrate-N in the
sample and record it in
Column (A) on the data
sheet provided.

la. If the sample was not diluted (25 ml of sample
is used), the mg/liter result is read directly
from the nitrate standard curve.

lb. If the concentration of nitrate in the sample
is too high for ahalysithelsample must be
diluted. The procedure is described in H.1 Ind
involves diluting the sample to a 50 ml volume.

In_this_tase,_the_mg/literxesult_from-the-nitrate-
standard curve must be multiplied by a dilution
factor which would be:

IX.0.1a
(p. 47)

Dilution Factor 56 ml
ml-sample used in dilution

lc. The reduction process converts the nitrate-N
initially present in the sample to nitrite

',nitrogen and the species analyzedis nitrite
nitrogen.

ld.,Any nitrite nitrogen initially present in the
sample remains as nitrite nitrogen after the
reduction. Thus the total'nftrite analyzed is
the sum of the.nitrite injttally present and
the nitrite which has been 'f0m0 by reducti n
of nitrate.

VII.0.1b
(p. 44)

P. Determination of
mg/liter Nitrite,

Nitrogen-in a Sample

401

1. Use th absorbakc for
. the no,-reduced 4 ple \.

and the statidardzcUrve

for,non-reduced samples
( "NO2-N") to obtain the

Ing/liter of nitrite-N inyt
the sample and record'it..
in Column (C) on the data
sheet proVided.

y," 1

le. If the sample wasrngtAiluXerd (25.ffil of sample is,
used), the mg/1#.00,e6lris read' directly from (p. 47)
the nitrite std0a0d.curm.

lb. If tlie sampleoyekAilUte# to a 50 ml volume (as VII,P.lb
HA), (litOgiliter result read from the (p. 44)

staridard turVe must be multiplied by a
ailtition factor whia would be:

/ ,"

Dilution Factor = 50 0
le sample useittinvijaution

404
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FFLUENT MONITORING PROCEDURE:

(OPERATING PROCEDURES

Determination of Nitrate-Nitrite Nitrogen and of
Nitrate Nitrogen, Cadmium Reduction Method

STEP SEQUENCE

Q. Calculation of
. _mg/liter Nitrate

Nitrogen in a Sample

a

1, Subtract the mg/liter of
nitrite-N in the sample
from the mg/liter of
nitrite-N p10 nitrate-N
in the sample to obtain
the concentration of
nitrate-N.

. .

2. Record the answer in
Column (E) 'on the data
sheet provided.

INFORMATION /OPERATING GOALS/SPECIFICATIONS

la. Since the procedure measures the total nitrite
concentration in a sample, the nitrite concen-
tration of samples must be determined before
reduction and after reduction. The nitrate
concentration of a sample is t.en determined by:

NO
3
7N = (NO

2
+NO

3
-N) TOTAL - 002-N)

,AFTER
RE-

DUG-
TION

These concentrations were recorded on the data
sheet in Columns (A) and (C) respectively.

BEFORE
REDUCTION

TRAINING
GUIDE NOTES

IX.Q.la
(p. 47) ,

R. Calculation of
mg/liter Nitrate
in Sample

1. Multiply the'valut found
for nitrate-nitrogen

AN0341) by a factor of

4.43,'

2. Rectird the answer in
. Column (FA on the data

sheet-provided:---

. Calculation of
mg/liter Nitrite
in Samples

405

'1. Multiply the value found
for nitrite-nitrogen
(NO2-N) by, a factor of

3.29.

2. Record the answer in
Column (G) on the data
sheet provided.

la. (NO3-N) x (4.43) = mg/liter Nitrate in sample.

lb. NO3 -N value was calculated in Procedure Q and

recorded in Column (E).

la. (NO2-N) x (3.29) = mg/liter Nitrite in sample.

lb. NO
2-N valOe is found. by using the calibration

curve for non-reduced samples as in Procedure P
and recorded in Column (C).

IX.R.lb

(p. 47)

I

IX.S.lb
(p 47)

4I()(;
Page No. 7-39
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EFFLUENT-MONITORI G-PROCEDUREI-Determinationrof-NittattAitfi

Nitrogen, Cadmium Reductiob Method
trogen and Nitra

INTRODUCTION Section 1

TRAINING GUIDE NOTE REFERENCES/RESOURCE4,

The cadmium reduction procedure for nitrate-nitrite

nitrogen provides-a sensitive method for the deter-
mination of nitrate singly, or nitrite and nitrate
ccmbined in drinking, surface, and saline waters.
The method is commonly used to determine,both
nitrate-N and nitrite-N in water samples'.

The procedure/slescribed in this EMP is applicable
for range of 0.01 to 1.0 mg/iter of,nitrate-
nitrite nitrogen. However, the range may be
extended by appropriate sample dilution.

The test described in this instruction can-be' found
in the 1974 EPA Methods Manual on page 201, entitled
Nitrogen, Nitrate-Nitrite (Cadmium Reduction Method).
Another reference which contains an acceptable
procedure for this test is on page 423 of the 14th
edition of Standard Methods.

The major sources of nitrogen entering the environ
ment are: through the heavy application of_nitrogen-
ous fartiliiers which cause agricultural runoffs, as
the end products of aerobic stabilization of organip
nitrogen, in domestic sewage, through anisal and
plant processing wastes,. in animal manure, through
the atmosphere and `in various types of industrial
effluents.

While nitrogen is essential to our survival (as in
the make-up of amino acids and proteins); when it
exists as nitrate and nitrite it can be toxic. A
limit of.10 mg/1 nitrate-N and 1 mg/1 nitrite-.N is
recommended for public water sources. The desirable
criteria is virtually 0 mg/liter.

In ruminant animals.(i.e. cows) nitrates may be
internally reduced by bacteria present in the rumen
to nitrites. The nitrites have been found to be toxr
is to these animals. Dr. Joptha E:-Campbell, (Chief,
Food Chemistry Unit, Milk and Food Research, Environ-
mental Sanitation Program, Public Health Service,
U.S. bepartment of H.E.W., Cincinnati, Ohio, 1968)
has reported methemoglobinemia in cattle receiving
water containing 2.790 mg/liter of nitrate..

Nitrates in high concentrations have also been found
to stimulate vegetative growth.under favorable con-
ditions. Heavy undesirable growth in fresh water can
lead to eutfification of important waterways.

408

1. Methods for Chemical
Analysis of Water and
Wastes; 1974, EPA-
MDQARL, Cincinnati,
Ohio,45268, p. 201.

2. Standard Methods for the
Examination of Water and -

Wastewater, 14th ed.,
1976, APHA, New York,'
New York, p. 423".

3. Federil Water Pollution
Control Administration
Water Quality Criteria,
u.S. Government Printing
Office, Washington, D.C.
1968.



EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate
Nitrogen, Cadmium Reduction Method

FIELD AND LABORATORY REAGENTS
Section VI

TRAINING GUIDE NOTE REFERENCES/RESOURCES

D. Samples should be analyzed for nitrate nitrogen as
soon as possible after sampling to avoid any change
in nitrogen balance due to biological activity. If
analysts.can be made within 24 hours, the sample
should be preserved by refrigeration at 4°C.
Samples should be preserved with sulfuric acid if
they are to be held more than 24 hours. To pre-
serve samOles for analysii, add 2.0 ml ,of con-

centrated sulfuric acid per,liter 'of sample and
store at 4°C.

409 a



FFLUENT` MONITORING-PROCEDURE:- -Determlnationof-Nittate-Ni fate Nitrogen and Nitrate
, Nitrogen,.Cadmium Reduction Method , .

FIELD MD LABORATORY-ANALYSIS

C.2.19c
N:3b

Section VII

TRAIN/NG GUIDE NOTE I REFERENCE5/RESOURCE5,

°Check the column efficiendy when it is suspected
that column efficiency is decreasing, as indicated
by suspected low concentration levels. Prepare
working standard nitrate solutions, and pasS them
through the column. (Begin at E. Preparation'of
Nitrate Working Standards.) If the absorbance for
the known concentration does not' 91ve an average-
between 96% and 104% of you'. standard curve value
for reduced nitrate standards of equivalent concen-
tration, the column must be reactivated.

REACTIVATION OF COLUMN

1. Empty cadAum granules,from column into a clean
beaker.

2. Wash with distilled water 3 times.

3. Add enough dilute HC1 to cover granules.

4. SWirl

5. Decant HC1.

6. Wash with distilled water 3 times.

7. Add 100 ml CuSO4 solution to granules.

8. Swirl contents of beaker for approximately '5

minutes until the blue color fades to colorless.

9. Decant liquid leaving the granules.
/,

10. Repeat steps 7, 8., and 9 until a very fine
brown-red precipitate forms.

11. Wash granules with distilled water (approximately
10 times) until precipitate is removed.

12. Place granules on the 60 mesh sieve.

13. Shake to remove the small.particles (the particl
which remain on the sieve are the ones you want.)

14. Repack column (packing must be-loose).

15. Standard curve using nitrate working standards
must' be re-established.

16. Check column efficiency -as described in N,
Checking Column Efficiency.

410
Page No. 7 -43.



EfFLUENT-MONITORING-PROCEDURt:-Determination-of-Nitrate-Nitrite-Nftrogen ani Nitrate-
! Nitrogen,, Cadmium Reduction Method

FIELD AND LABORATORY ANALYSIS" Section VII

TRAINING GUIDE NOTE REFERENCES/RESOURCES .

H.1.2a
K.1.2a
0.1b
P.lb

Since a dilution is only part sample, when the
absorbance reading obtained for it is converted to
a concentration using a calibration curve, the

concentration obtained is only that'of the dilution.
To obtain the mg/liter concentration of.the sample,
the mg /liter concentration of the dilution must be
multiplied, times the amount of dilution (must be
multiplied times the dilution factor). ror a 1/2
dilution (25 ml sample/50 ml total voliime) the
odilutibn factor would be 2 (the dilution is only half
sample). For a 1/5 dilution (10 ml of sample/50 ml
total voluMe) the dilution_factor_moulllq_5. Below
is a table of some dilution factort when the sample
is diluted to a 50 ml volume.

ml of Sample per Amount of Dilution
50 ml Total Volume Dilution Factor

.. ____ _

25 - 1/2 2

10 1/5 5

5 1/10 10
1 50
0.S ,,' 1 /100 100

70:05 111000 1000--
The dilution factor for any dilution may be calcu-
lated by dividing the ml of sample used in the
dilution into 50:

Dilution Factor'-
50 ml

sample used Tqflution

Ex. 2 ml of sample diluted to 50 ml
50 _

"
nr

The dilution factor for this dilution would be 25.

.Page No. 7-44
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EFLUENT MONITORING PROCEDUREeDeteeMination of Nitrate-Nitrite Nitrogen and Nitrate
Nitrogen, Cadmium Reduction Method

AND ANALISIS
Section VII

TRAINING°GUIDE NOTE REFERENCES/RESOURCES

M.2a .A calibration curve is prepared by plotting the
measured absorbance of each of the working

standard versus the concentration in the working
standard as shown below.

w

O

t.

1111-.1111lif--1
CONCENTRATION OF,NO3 or NO2. N, mg/liter

412

-4
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EFFLUENT MONITORING PROCEDURE: Determination.of Nitrate-Nitrite Nitrogen and Nitrate
Nitrogen, Cadmium Reductioh.Method

SAFETY' Section VIII

TRAINING"GUIDE NOTE

_ Cadmium metal is highly toxic thus caution must be
exercised in the use of cadmibm. Cadmium metal
shoUld never be handled directly since cadmium has
been shown to have. cumulative effects. Rubber
gloves should be used whenever cadmium must be
handled. A mask should be worn during the filing of
cadmium and the filing should be done in a hood,
The waste cadmium should be disposed of in an
appropriate manner Which conforms to Federal, State
and local pollution control regulations.

Page No. 7-46
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate
Nitrogen, Cadmium-Reduction Method

RECORDS AND REPORTS
- Section IX

TRAINING GUIDE NOTE REFERENCES/RtSOURCES

L.2.2b

L.3.2a
M.5a

0.1a

P.la

Q.la

R.lb

S.lb

You will need the following Key to use the Example
Data Sheet found on the next page:

KEY TO DATA SHEET

(B) Record the absorbances of the column-reduced
nitrate working standards and of the column-
reduced sample(s) in Column (B).

(D) Record the absorbantes of the non-reduCed
nitrite working standards and of the non-reduced
sample(s)ln Column (D).

(A) Read the mg/liter (concentration) of
Total NO2 +NO3 -N in the column-reduced sample(s),

from the corresponding calibration curve and
record the answer(s) in Column (A).

(C) Read the mg/liter (concentration) of NO2-N in

the non-reduced sample(s) frail the 'Corrending
calibration curve and record the answer(sspoTin
Column (C).

(E) Subtract: Value (A) - Value (C) = Value (E)

(F) Multiply: Value (E) x 4.43 = Value (F)

(G) Multiply: Value (C) x 3:29 = Value-(G)
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate -Nitrite'Nitrogen and Nitrate
Nitrogen, Cadmium Reduction Method

Section-1X=

EXAMPLE DATA SHEET

See Key on' Page No. 7-47

SAMPLE
NUMBER

mg/liter
TOTAL

NO
2
+NO

3
=-N

(A)

ABSORBANCE
OF TOTAL

NO2 +NO3 -N

(B)

mg/liter
NO

2
-N

(C)

ABSORBANCE
NO2 -N

mg/liter
NO

3
-N

(E)

mg/liter
NO

3

(F)

mg/liter
NO

2

(G)
4

Reduced Nitrate
Working Standards ,

4. 2

3

,,

0.05 0.05 0.22
.

0.10 0.10 0.44

1111r
A4 0.20 i AIIIIII

,

0.20 "0.89

5 0.50 0.50 2.22

6 1.00 1.00 4.43 .

Reduced Sample(s)
.

..

+ . Ili

Non-reduced
Working_Standards

2

Nitrite

,

0.05 0.16

3 , 0.10 0.33

4 - '0.20 0.66

5

.

0.50

,

1.65

6 1.00 3.29

Non-reduced Sample(s) .... _
-

wIlirellgir 1,,,..,w
.

,

( i

-
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EFFLUENT MONITORING PROCEDURE: Deterinination ofNitrate-Nitrite NitrOgen and ofAitritiMitrogen,

M.

. -Cadmium Reduction Method
, .

RECORDS AND' REPORTS
Section IX
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.EFFLUENTMONIIORING PROCEDURE:, Determination of Oil and Grease

Thifoperational procedure was developea by:

NAME Charles R. Feldmann

"'ADDRESS EPA-40-rational Training Center, Cincinnati, OH 45268

PISITION Chemist-Instructor

I CATION AND TECHNICAL BACKGROUND

Chemistry

M - Chemistry

1-1/2 years Industrial, Chemist

4 years additional Graduate s.bool

4 years college Chemistry Instructor

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

4-1/2 years DI - EPA, Chemist-Instructor
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.EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

1. Analysis Objectives:

The operator will be able to perf:rm an o
',a sewage sample.

.2.'Brief Description of Analysis:

t

nd grease determination on

The sample is shaken in a.separatory funnel with 1,1,2-trichloro-1,2,2-
trif joroethane, CoF3C11, Freon TF or Geno,lsov D. The solvent and water do
not dissolve in Rath other, and after the shaking, they separate and form
two layers, with the solvent on the bottom. During the shaking, the oil
and grease are taken from the water layer into the solvent layer, because
the oil and grease are more soluble in the solvent than in water. The solvent
is transferred to a previously weighed ciistilling flask. This process
of shaking- the Ater with solvent, t1-. %ing of the oil and grease into
the solvent, and the separation of the vent, .s called extraction. The
Atraction is repeated two more times. ,1 three solvent portions are
combined in the distilling flask and evaporated. The flask'is again
weighed. The increase in weight is due to the;oil and grease in the
sample.

The method cannot distinguish between oil and grease, because both are 1_

soluble in the solvent, The two components are treated as one. Other solvent
soluble Materials may also he present and contribute to a result higher
than it' should be. . .

3. Applicability of this Procedure:

a. Range of Concentnatioff:

5 to 1000 mg/liter extractable material

b. Pretrealilent of Samples:

The Federal Register Guideline: do not specify any pretreAment.

c. Treatment of Interferences in Samples: 6No.
The Source of Procedure* does not note any interferences to this
determination.

*Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974,
Environmental Protection Agency, Methods Development Ind Quality Assurance

. Research Laboratory, Cincinnati, Ohio, 0. 229

Page No. 8 -4
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11.

EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

General Description of Equipment Used in the Process

,A. Capital

1. Analytical-balance (200 g capacity)
2. Still, or other source of distilled water
3. Source. of vacuum (water aspirator or vacuum pump)
4. Hot water bath (80°C temperature needed)
5. Oven (103°C temperature needed)
6. Refrigerator, 4°C (for storing samples which will not immediately

be analyzed after-collection)
7. Hot plate (must have continuous setting between its Iver and

upper limit; cannot have only low, medium and high settings)
8. Steam bath (large enough to accommodate at least 1 distilling

flask, 125 ml size)

B. Reusable

1. Brushes (for cleaning glassware)
2: Brush (for cleaning.balance)
3. Laboratory Iron

4. Safety glasses
5. Pen or pencil
6. Notebook (for recording data)
7. Centigrade therMometer (for taking readings at 70°C and 80°C)
8. Distilling flask, 125 ml, with a 24/40 ground glass neck (Corning

number 4100:is an example) Oap flask is used for each determination.
9. Glass stoppered bottle, 1 liter

10. Grease-pencil (for marking bottle)
11. Desiccator (large enough to hold at least one 125 ml distilling

flask)

12. Crucible tongs (may be used in place of lintless tissues)
13. Graduated cylinders, 10 ml and 50 ml
14. Erlenmeyer flask, 125 A
15. Glass stoppered bottle, 50 ml capacity
16. Ring stand-

17. Funnel, 60,:, 100-150 mm
18. Ring (to support the funnel)
19. SeParatory funnel-with Teflon stopcock, 2 liter
20. Ring (to support the- separatory funnel)

21. Clamp (to fit neck of distilling flask)
22. Rubber stopper and glass tubing for preparing suction device;.

see figure 2
23. Beakers, 1000 ml (1), 100-150 ml (2)
24. Glass Stoppered bottle (for storing cleaning solution if prepared)
25. Beaker, 250 ml (for preparing cleaning soluti.Qn)

_ 423
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EFFLUENT MONITORING'PROCEDURE: Determination of Oil and Grease.

B. Reusable (Coptid.)

26. Rubber stopper to fit the distilling flask, item 8 above;see
figure 2.

'27. Fifteen inches of pyrex glass tubing (6 Mm size); see figure 2
28.-Gesand laboratory burner to bend the glass tubing; see figure'2
29.-File to cut.the glass tubing; see figure 2

C. Consumable

1. Ccncentrated,sulfuric acid; H9S0 or concentrated hydrochloric,
acid, HC1,(Either acid may be us4d in the.determination. Con-
centrated sulfuric , id, H9S0A, maybe needed for cleaning glassware.)

2. Sodium dichromate,..NaoCio0, (for cleaning glassware)
3. Detergent (for cleanihg §lAssware)
4. 1,1,2-trichloro-1,2,2-trifluoroethane*
5. Desiccant (enough to cover the bottom of the desiccator)
6. Lintlesstissues (may be used in place of crucible tongs)
7. Whatman number 40 filter paper (to fit the funnel in 3.17)
8. pH sensitive paper (for measurement at pH 2)
9. Anhydrous sodium sulfate, Na2S0A

10. Matches

*Freon 113 is a general name used by E. I. Dupont de Nemours, Inc.,0, for the above solvent. TF and PCA are.two specific ,rades ofFreon 113. TF is the better of the two. ri.mosolv D is the name
used by Allied Chemical Company for the above solvent. EitherFreon TF or Cenosolv D may be used in the determination.

Page No. 8-6
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

GLASS
TUBING

RUBBER
STOPPER

TO
VACUUM

DISTILLING
FLASK
125m1

.

Page No.8-8

FIGURE 2
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.,EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

adapter

3 prong
extension

clamp

11,18 condenser

clamp holder

adapter

water out
rubber tubing

extension
clamp

125 ml
distilling
flask

800 ml
beaker

water in -..
rubber tubing

ring stand

erlenmeyer
flask

hot plate

FIGURE 3
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease Page No. 8-10'

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATINGGOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

A. Equipment
Preparation

1. Cleaning of
glassware

2. Sample container

1. Clean the 125 ml distilling
flask and all other
glassware.

2. Rinse all of the glassware
with distilled water.

3. Allow all of the glassware
to drain dry.

4. Rinse the 12510 distilling
flask with 20 ml of
1,1,2-trichloro-1,2,

2-trifluoroethane (Freon
TF or Genosolv D.

5. Allothe flask to drain
dry.)

1. Pour'l liter of distilled
water into a 1 liter glass
stoppered bottle.

2. Place a grease pencil mark
on the outside of the
bottle at the 1 liter level,

31<mpty the water.

4a. For the-remainder of this procedure the symbol
TF/D will be used to mean this particular solvent.

4b. Use a graduated cylinder to measure the TF/D.

5a. Proceed with preparation of the sample container
and desiccator while waiting.

la. Measure the water with a graduated cylinder,
500 ml or 1000-m1-size:

2a. There must be at least 1 inch space between the
bottom of the glass stepper and the surface of
the water.

2b. So that no oil will be lost by clinging to the
stopper.

2c. And to allow room for the addition of reagents
later in the determination.

2d. If theredis less than 1 inch space, a larger
bottle (marked at the liliter level) must be used.

V.A.1.4

(p. 26)
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

OPERATING PROCEDURES

A. Equipment'Preparation
'(continued)

3. Desiccator

\\

4. Distilling flask,

5. Stopper and glass
tubing suction
fitting

431

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

4. AlloW the bottle to drain
thoroughly.

5. Rinse the glass stoppered
bottle with about 20 ml of
TF/D.

6. Hold the bottle upside down\

7. Lean the bottle up against
some part of the laboratory
bench top.

1. Prepare a desiccator for
use.

1. Wipe the clean dry 125 ml
distilling flask thoroughly
with lintless tissues.

2. Dry the "flask in an oven.

3. Cool the flask in a
desiccator.

1. Drill 2 holes in the rubber
stopper.

5a. This TF/D may be disposed of by pouring it into a
small beaker and allowing it to evaporate in a
well ventilated area.

7a. Make sure the bottle will not fall over.
7o. The bottle should not be standing vertically.
7c. The heavy TF/D vapors must be able to escape

from the mouth of the bottle.

la. It must be large enough to hold at least one
125 ml distilling flask.

lb. The desiccator size will depend on the number
of flasks to be held.

lc. One flask is required for each sample and blank
determination.

la. To remove all finger prints.
lb. From this step on, until the determination has

Eigarleted,-ilwaiTWUTO the flask witr-
117ness t ssues or craTUF-tongs.

2a. For 1 hour at 103°C.

3a. For 30 minutes.

3b. Store the flask in the desiccator until needed.

la. To accommodate the 6 mm glass tubing; see figure
2.

432

Page ho. 8-11
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EFFhUENT MONITORINGIACiDURE: Determination of Oil and Grease Page No. 8-12

0 ER4TIN PROCEDURES , STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

A. Equipment Preparation
(continued)

2. Cut, bend, and fire polish
the glast tubing.

3..InsePt. it through the
holes in the rubber
stopper.

. See figure 2.

3a. See figure 2.

°

B. Reagent Preparation'

1. Sulfuric add;
H
2
SO

4'
50% by

volume

, 433

S

1. Measure 10 ml of distilled
water.

2. Pour it into a 125 ml
ErlenmeyeP flask.

la. Use a graduated cylinder.

434
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EFFLUENT MONITORING PROCEDURE:),Wprpinattion of Oil and Grease

MMWAIIIM.M.:17MMIMMIM=MW
WOlommIMWIRM=MMIM

OPERATING PROCEDURES

B. Reagent Preparation
(continued)

C. Sample

1, Collettion

_435

STEP SEQUENCE

3. Measure 10 ml of concen-
trated sulfuric acid,
,H2SO4.

4. Pour about 1/2 of the.acid
slowly down the inside of
the Erlenmeyer flask.'

5. Gently swirl the flask,tn
mix.

6. Pour the rest of the acid
'into the flask. .

7. Gently swirl tie flaskto
mix.

8. Allow the 61*.tkre to cool

to room tempera e. .

' a

9. Store the 50% sulfuric acid
H SO in a snail glass
stopered bottle.

. Fill the glass stoppered
bottle to thl 1 liter,
with sample.

2. 44easure 5 ml c: 50% by vol-
ume sulfuric acid, H2sn4

3. Add the acidto the sample
bottle.

4. Gently swirl the bottle to
Mix the acid and sample.

INFORMATION/OPERATIAGOALS/SPECIFICATIONS

3a. Use.a9raduateecylinder.
3b. Concentrated hydrochloric acid, HC1, may be

subs.tituted for the concentrated sulfuric acid,
'H 'so,

-4'

4i. Caution: Heat will be generated.

5a:.Caution: 'Heat will be generated.

of aboid 50 ml,capacity.
9h: Five ml are needed for e-ch determination.

-Caner quantities of the 50% acid (hydrochloric
may be substitut0d)may be prepared if needed..

a.

a

C011ect the sample directly in the'bottle so as to
minimize'loss of 'oil/grease by the use'of an
intermediate container: ,

,

2a. Use a graduated cylfnder.

2b. Fifty percent by 'Oollme hydrochloric acid, HC1,
may be substituted.

TRAINING .

GUIDE NOTES

V.C,1.

(p. ';)

436
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Page No. 8-14
EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATINGsGOAL/SPECIFICATIONS

C. Sample 5: Check the pH of the acidi, 5a. Use pH sensitive paper.
(continued) fied sample. 5b. The pH must be 2 or less.

. 2. Preservation

D. Procedure

1: Extraction,

A ""/'
4) a

6. If the pH is n6t 2 or less,
add 5-10 more.drops of the
50% acid.

7. Swirl the bot and again
- check the pH uefore.

7a. With the stopper off.
7b; Repeat the acid addition, mixing, and plettleck

until the pH is 2 or less.

1. If the analysis will Tot be la. For no longer than 24 hours. Otherwise, thedime immediately, store the analytical result may be unreliable.acidified sample in a re=
fri erat at 4°C

1. Mount a 2 liter separatory
funnel on a ring stand.

TRAINING
GUIDE NOTES

la. The separatory funnel should havea Teflon
stopcock.

lb. Use a ring.

Tighten the screw or clamp 2a. A loose stopcock can cause loss of the'Sample
which holds the 'topcock in by leakage.
plate.

3. Close the stopcock.

4. Pour the acidified sample
into the separatory funnel.'

5; Measure 30 ml of TF/D.

6. Pour it into the sample
bottle.

7. Swirl the sample bottle.
%

4a. Use a funnel of about 75.mm diameter.

a.,L a graduatedOtylinder

7a. To thoroughly rinse the inside of the bottle
with the TF/D.

438



EFFLUENT MONIYORING PROCEDURE: Determination of Oil aid Grease

OPERATING PROCEDURES STEP SEQUENCE

D.. Procedure 8. Pour the TF/D from the
(continued) sample bottle into the

-separato'ry funnel.

9. Stopper the funnel.

10. Holding one_hand-over-the

_stoppeF,ctift the funnel
out of the ring stand.

11. Carefully turn the funnel
upside down.

12. Slowly open 'the stopcock.

13. Close the stopcock..

14. Shake the funnel gently for
about 5 seconds.

15. Slowly open the stopcock.°

16. Clot'e the stopcock.

439

17. Shake the.flask gently for
about 5 seconds.

18. Slowly open the stopcock.

19. Close the stopcock.

20. Shake the funnel vigorously
for 2 minutes.

21. Place the separatory funnel
back in the ring stand.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

8a. Pour the TF/D carefully so that any solids
preseht are transferred to the se_ paratory
funnel.

lla. The stopper-is oointed down. Re sure the tip
of the funnel is not pointed toward your face.

0
12a: A hissing sound may be beard.

15a. A hissing sound may be heard.

18a. A hissing sound may be heard.

TRAINING
GUIDE NOTES

440
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease,
Page No. 8-16

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

D. Procedure
(continued)

441

22. Remove the stopper.

23. Allow the TF/D and water
layers to separate.

24. While the layers are
separating, weigh the
125 ml distilling flask.

26. M ',unt a 60° funnel labout

50 mm size) under the:tip
of the separatory funnel.

26. Fold a piece of Whatman
number 40 filter paper to
fit into the small funnel.

27. Place it in the funnel.

28. Place a 100-150 ml beaker
under the tip of the small
funnel.

29. Pour about 10 ml of TF/D.

into a second 100-150'ml
beaker.

30. Slowly pour the IF/D into
the small funnel.

711111111111=116

TRAINING
GUIDE NOTES

23a. The TF/D layer will be under the water layer.
23b. There may be some bubbles at the point where the

water and TF/D layers meet.
23c. These bubbles'sN-Juld break after a few minutes

standing.

23d. If the shaking was extremely vigorous, an emulsiln
may have formed; that is, the water and TF/D
molecules are so well mixed that they will sepa-
rate only after long standing.

Which had been stored in the desiccator.

See the example data sheet on page 27.

Use an analytical balance to weigh the flask.

25a. The tip of the separatory funnel should extend
down about one-half inch into the separatory
funnel.

26a. The size of the filtefpaper,wil depend on the
size of the funnel.

?4b.

24c.

30a. The entire surface of the filter paper must be
wet.

30b. The TF/D will evaporate from the filter paper
rapidly.
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IlltUENT MONITORING PROCEDURE: Determination of Oil and Grease

OPERATING PROCEDURES

D. Procedure (continued)

443

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

31. When all of the TF/D has
drained, through the small
funnel, the TF/D may be
disposed of.

32. Place the previously

weighed distilling flask
under the tip of the
small funnel.

33. Examine the separatory

funnel and note whether the
TF/D and water layers have
separated so to form a

sharp line between the two
layers.

34. If they have not, pour
about 1 g. of anhydrous
sodium sulfate, Na2SO4,

into the small funnel.

35. Open the stopcock on the
separatory funnel slowly.

f .nen the water layer is
about to enter the hole
through the stopcock, close
the stopcock.

31a. By evaporation in a well ventilated area.

32a. The tip of the small funnel should extend down
into the neck of the flask about 1 inch (see
figure 1).

33a.

33b.

34a.

34b.

34c.

35a.

36a.

36b.

No clear answer can be given as to how long the
levers may take to separate. As little as a few
minutes may suffice..

About one-half hour would be the longest Tactical
time .one should wait before decid!ng to use the
anhydrous sodium sulfate, Na2SO4 (see step 34).

Estimate the 1 g.

Omit step 34 if the two layers have separated.
If there is doubt as to whether or not the two
layers have separated properly, use the anhydrous
sodium sulfate, Na2SO4.

The TF /D should flow slowly from the separatory
funnel into the small funnel, through the sodium
sulfate (if used), through the filter paper, and
into the distilling flask.

A drop or two of the TF/D should remain in the
funnel with the sample.
There may be some scum clinging to the inside wall
of the separatory funnel. It should be left in
the separatory funnel.

Page No. P
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease
Page No. 8-18

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

D. Procedure
(continued)

37. Repeat steps 5 through 23.

38. Place the small funnel (the
same one used before) and
filter paper under the tip
of the separatory funnel.

39. Place the distilling flask
under the tip of the small
funnel.

40. Repeat steps 35 and 36.

41. Repeat steps 5 through 23.

42. Repeat steps 38 and 39.

43. Repeat steps 35 and 36.

4. Pour about 10 ml of TF/D
into a small beaker.

45. Pour a few drops of the
Freon on the tip of the
separatory

46. Pour the rest of the TF/D
slowly around the inside of
the,small funnel.

37a. The sample is still in the separatory funnel.

38a. If anhydrous sodium sulfate, Na2SO4', was used

in the first filtration, it is not necessary
to remove it from the small funnel, even if
the TF/D and water layers have cleanly separated.

38b. If anhydrous sodium sulfate, Na9SOA was not used
in the first filtration, it may`be-wnecessary to
use it now, if 'the TF/D and water layers have
not cleanly separated.

39a. The tip of the small funnel should extend down
into the _distilling flask about 1 inch.

39b. The TF/D from the first extraction is still in
the flask.

,o

41a. The sample is still in the separatory funnel.

42a. The TF/D from the second extraction is also,
still in the flask.

43a. The distillation flask now contains the TF/D from
all three extractions.

44a. The same one used in step 28 or 29.

45a. To.rinse down any TF/D which may contain oil and
grease.

46a. The filter paper and sodium sulfate, if used, will
she washed.

46b. The washings will pass into the distilling flask.
446



FLUENT MONITORING PROCEDURE: Determination of Oil and Ilse

OPERATING PROCEDURES

D. Procedure
(continued)

2. JF/D removal

447

STEP SEQUENCE

47. The sample, sodium sulfate,
Na

2
SO
4'

(if used), and

filter paper may now be
discarded.

1. Fill a 1 liter beaker half
full with tap water.

2. Place the beaker on a hot
plate.

3. Turn on the hot plate.

4. Adjust the hot plate so the
temperature of the water is
70°C.

5. Support the flask in the
70°C water.

6. While the TF/D is evapo.::

rating, set a steam bath at
80°C:

INFORMATION/OPERATING GOALS/SPECIFICATIONS.

47a., The sample remaining in the separatory,funnel
after,Rxtraction can be discarded now.

TRAINING
GUIDE NOTES

la. The TF/D removal may be done in one of two ways.
The method described in the remainder of this
procedure involves evaporation, and therefore
loss, of the TF/D.

lb. If the TF /D is distilled off, the TF/D may be
recovered for reuse. The source of neat for the
distillation should be a beaker of 70°C water on
a hot plate. ,While the TF/D is distilling off,
proceed with step 6 (see figure 3).

2a. In a hood or other extremely well ventilated area.
2b. A hood is preferable because of the danger of

inhaling TF /D fumes.

4a. Check the temperature, with a thermometer.

'4b. Because of air currents, it will probably not be
possible to maintain the temperature at exactly
70°C.

5a. Use a clamp and ring stand.
5b. The lower third 'of the flask should be in the

water.

5c. TheCTF/D'will:begIn to boil and evaporate.
5d. If severalAeterminations are being done at

once,, a 1'ir46r water bath will be required.

-10, It'w111 take:about 30 minutes for the TF/D to
eyaWate it 70°C.

"6b:-Use a thermometer to check the temperature.

448
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'EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

.
.

'

OPERATING PROCEDURES
11111111*

D. Procedure
' (continued)

I e
!".

\
_

0.,
,

,

E. final- Weighing

STEP SEQUENCt

7.,Afpr the TOD hPs
'rated at 7ddC, 'piece the
-flask in the 80°C team

,1:"bat.,11:

%

.

8. Heat the flask for 16
.minutes.

'

4 WORMATION/OPERA
. r

9. Remove the, flask from the
steam bath.

10. S4port'the flask by:MeanS
of a clamp and ring stagde

11. Attach the stoppr with.
glass tubing (see figure 2)

12. Apply suction to the flask
for 1 minute,

13. Wipe the outside of the
flask-thoroughl;, with
lintless tissues.

4. Place the flask in a
desiccator to cool.

1, Remove the flask from the
-'desiccator.

2. Weigh '

Page No. 8720 2.
,

GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

7a. Because of air curtvIts, it Will mbably nct be
. possible to maintain a temperature of exactly,

80°C.

7b. Ohly,the lowerJ0r4 pf the-f1SIZ should be
heated. .

. s

9

12a. While the flask is itill warm.

13a. To remove grease Which mpy have been in the Water
of either of the two batFs.

14a. For 30.minutes. .

balance.as before.

C".
,
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41/FLUENT MONITORING PROCEDURE: Determination of Oil and GIse

OPERATING PH9CEDURES

F. 3lanks

45.1.

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

. Clean a 125 ml distilling la. The same type as was used in the procedure.
flask. lb. Steps 1 through 11 should be carried out in same

manner as was used in-the-procedure.

2. Rinse it with TF/D.

3. Wipe it with lintless
tissues.

4. Dry it at 103°C.

5. Cool it in a desiccator.

6. Weigh it.

7. Measure 100 ml of TF/D.

8. Pour it into the distilling
flask.

9. Evaporate the TF/D.

(O. Ccol the flask in the
desiccator.

1. Weigh it.

4a: For 30 minutes.
4b. Stand the flask upside down in the oven so the

heavy TF/D vapors will escape.

6a. Use an analytical balance.

7a. Use a graduated cylinder.

9a. Use the same technique as, for the sample.

lla. The initial and final weights should be within
0.0002 g of each other. This difference was
suggested by the fPA laboratory which wrote the
1974 EPA oil and grease method of analysis.)

llb. If the two weights are not within 0.2 mg of each
other, check for faulty laboratory techniques.

452
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease Page No. 8-22

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING
GUIDE NOTES

F. Blanks -(continued) 12.- Calculate the value -of -the- 12a. Blank,
blank. D = value of the blank in grams

E = weight of the flask after evaporation of the
100 ml of TF/D (in grams)

F = weight of the empty flask (in grams)
12b. Example calculation:

Weight of the flask after evaporation of the
100 ml of TF/D (E) = 54.6961 g

Weight of the empty flask (F) = 54.6959 g
Blank, D = 54.6961 g-54:6959 g = 0.0002 g

G. Calculationi

45i

1. Calculate the mg of oil and la.- of oil and grease per liter of sample =mg
grease per liter of sample. [(A-B)-D] x 1000 x 1000/C

lb. X= the weight of the distilling flask + the
oil/grease residue (in grams)

= the_weight of the empty distilling flask
lin graMs)

1000 = a conversion factor to change milliliters
to liters

1000 = a conversion factor to change grams to
milligrams
C = milliliters of sample
D = value of blank (in grams); sie-F:12 for the
calculation

lc. Example calculation:
Weight of flask and the oil/grease
residual = 54.7803 g (A)
Weight of empty flask = 54.6961 g (B)
Volume of sample = "'00 ml
Value of blank = 0.0002 g (D)

LS54.7803-54.696l)-0.0002] x 1000 x
84.0100

454*
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EFFLUENT MONITORING PROCEDURES: Determination of Oil and Grease

SECTION
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Safety
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Equipment

Reagents
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41'

*Training guide materials are presented hee-CITArer-the-heatiings-marked *.
These standardized headings are used through this series of procedures.
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

INTRODUCTION Section I
Or

TRAINING GUIDE NOTE REFERENCES/RESOURCES

The terms oil and grease are not clearly defined.
The definition depends on the_procedure_used. For
example, the solvent used to extract the grease and
oil, and the presence of extractables which are
neither grease nor'oil, will affect the results.
Hydrocarbons, esters, oils, fats, waxes and high
molecular weight fatty acids feel greasy and are
associated with grease problems in wastewater
treatment plants. Gasoline, heavy tdel and
lubricating oils and asphalts are included in the
term oil.

Oil and ^ease interfere with.wastewater treatment
by coating particles of organic matter, thus in-
hibiting oxygen transfer and stabilization by
micro-organisms.

They can coat equipment, reducing its efficiency,
and can cause a safety hazard on walkways and
ladderg.

The test dexcribed in this instruction can be found
in the 1974 EPA Methods Manual on page 229. Another,,
reference which has an acceptable procedure for this
test far NPDES purposes is 14th ed. Standard Methods
on page 515.

ti

Page No. 8-24
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limommiNs.

Methods-for
Analysis of
Wastes, 1974
Cincinnati,
p. 229.

Standard Met
ExaMinatlon
Wastewater,
1975, APHA,
p. 515.

Chemical

Water and
, EPA, MDQARLio
Ohio 45258,

hods for the
cf Water and
14th ed.,
New York, NY,



EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

FIELD AND LABORATORY EQUIPMENT

TRAINING GUIDE NOTE

A.1.1 If the glassware is especially dirty and cannot be
cleaned with ordinary detergents, chromic acid
cleaning may be required.

1. Pour 35 ml of distilled water in a 250 ml beaker.

2. Add about 1/8 teaspoon (simply estimate this
quantity) of sodidm dichromate, Na2Cr2O7, 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. Pour the solution into a 2 liter beaker.

6. Slowly pour 1 liter of concentrated sulfuric
acid, H2SO4, into the 2 liter beaker.

Caution: Use eyeglasses and protective clothing.

7. Stir the mixture thoroughly.

8. Store it in 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 necessary to warm the
cle'aning solution.

11. 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 cleaning solution'back into the storage
bottle.

Section V

REFERENCES/RESOURCES

14. Rinse the piece of glassware ten times with tap
water,

(

15. The cleaning solution may be reused until it turn
green.

16. It should then be discarded.

457

13th Standard Methods,
p. 135, section 2.c.2

/7
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EFFLUENT MONITORING PROCEDURE:. Determination of Oil and Grease

FIELD AND LABORAT3RY.EQUIPMENT Section V

TRAINING GUIDE NOTE REFERENCES/RESOURCES

A.1.4

C.1.1

Toward the end of this determination, TF/D will be
evaporated from the distilling flask, and therefore
lost. The TF/D may, however, be distilled from the

-flask and recovered for -later reuse. This is the-
reason for using a distilling flask. (See fig. 3)

Depending on how the plant outfall is constructed,
-there will probably be several ways in which the
sample can be collected in thebottle. Whichever
method is chosen, make sure that it is done in the
same manner each time.

Page No. 8-26 458
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease

Blank Determination

Weight of di:tilling flask after evaporation
of the 100 ml of TF/D = E = grams

Weight of the empty distilling flask used to
determine the blank = F

-. -grams

Value of blank, D = E-F

Sample Determination

Weight of distilling flask the oil/grease
-residue = A

Weight of empty distilling flask used fpr
the sample = B

Volume of sample = C

'grams

grams

milliliters

[(A-bi-D] x 1000 A 1000Milligrams of oil/grease residue per liter sample =

459
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OTHER APPROVED ANALYTICAL PROCEDURES
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A PROTOTYPE FOR DEVELOPMENT OF
ROUTINE OPERATIONAL PROCEDURES

for the

DETERMINATION OF AMMONIA
BY AN AMMONIA SELECTIVE ION ELECTRODE

CH.N.dm.EMP.2.5.76

N.16.1.

as applied in

WASTEWATER TREATMENT FACILITIES
and in the

MONITORING OF EFFLUENT WASTEWATERS

Developed by the

National Training Center
Municipal Operations and Training Division

Office of Water Program Operations
U.S. Environmental Protection Agency
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EFFLUENT MONIluRING PROCEDURE: Determination of Ammonia by an Ammonia
Selective Ion Electrode

This Operational Procedure was developed by

NAME John D. Pfaff

ADDRESS EPA; OWPO, National Training Center, Cincinnati, Ohio 45268

POSITION Chemist-Instructor

EDUCATION AND TECHNICAL BACKGROUND

B.S. Chemistry

3 years - Research Chemist
13 years - Training Instructor
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j.EFFLUENT MONITORIN'PROCfDURE:,, Determkatiop Of-Ammonia by an Ammonia
a i,.

,. % - ,Selective Ion Electrode,.. , .

. % 0,1

,

!

'Objective:

To pike an Orion** ammonia eleArode and specific -ion meter into operltion
to m.Ixe a deteMinatioeof the ammonia concentration lin an effluent sample.

'
.* 2. Brief description-ofInalysis:

Following c manual distillation of the sample at a pH of 9.5 the ammonia
concentration is determined using an ammoia selective electrode and a specific
ion meter. The procedure includes electrode assembly, membrane
and calibration of th,, meter.

-4

3.'Applicability of this Procedure:

a. !large of Concentration

0.03 to 1.0 0011:13-N/liter

Information is given so the same stepwise procedure can be used for MT N
concentrations up to 1400 mg/liter.

:b.-Pretreatmeni-of Samples:

The Federal Cegister Guidelines specify manual distillation of the sample
. at pH 9.5unlesssufficient acceptable proof exists to show that non-
distilled samples yield comparable data. The distillation procedure is
not included in this write-up because thb step-wise directionVare in the
EMP, "Nitrogen, Ammonia Determination."

c, Treatment of Interferences in Samples:

Two interferences art listed in the Source of Procedure*. It notes that
volatile adnes in samples 'contribute to high results. However, no remedy
is given SO treatment for this interference is not included in this procedure.,
The other interference is the presence of mercury which forms a complex with
ammonia to give low results. The Training Guide in this EMP inciudes remedies
for thi interference.

*Source of Procedure: Methodg of Chemical Analysis of Water and Wastes, 1974,
.Envirvimental' Protection Agency, Methods Development and Quality rance
Research Laboratory, Cincinnati, Ohio, p. 165
and

Instruction manual for Probe and Meter, Orton Research Inc., Cambridge, MA 02139.

O

'

iaiTiltrigilaliTEFFIFTIETAbes not consaliii-gEFien7FE-5i-fg-------7
U.S. Environmental Protection Agency

Page. Ho: 9-4
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EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia
Selective Ion Electrode

Equipment and Supply Requirements

)A. Canital Equipment:

1. Orion Specific Ion Meter, Model 401, 407, or 407A
2. Orion Ammonia Electrode, Mode1.95-10
3. Magnetic stirrer

4. Analytical/ balance, 200 g capacity
5. Trip balance, 500 g capacity
6, hater still and ion exchange column containing a strongly acidic cation

exchange resin mixed with a strongly basic anion exchange resin
7. Sttllifor distillation of samples (For details see the EMP, "Determination

of Iotal Kjeldahl Nitrogen," which contains this procedure.)

B. Reusabl Sup'!" ies:

1.1Wbeakers, 150 ml,'two plus one for each sample .,

2. Oni/Cylinder, graduated, 100 ml
3. One flask, Erlenmeyer, -graduated, 1000 ml
4. Three_flasks, volumetric-, 1000 ml
5. One,flask, volumetric, 250 ml
6. One pipetOolumetric, 1 ml
7. Two pipets,-volumetric, 10 ml
8. One pipet, Volumetric,-2A ml v

9. One pipet,.vOlumetric, 100 ml
10. One pipet bUlb
11. One plastic wash bottle
12. One pair safety glasses
13. One spatula, medium size
14. One laboratory aprod

C. Consumable Supplies:

1. Sodium hydroxide, NaOH, reagent grade, 1 lb. unit
2. Ammonium chloride, NHAC1, analytical grade, 4 oz. unit
3. Brushes and soap to clean glassware
4. Wax marking pencil
5. Disposable paper wipers
6. Two plastic weighing boats

Air

0
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EFFLUENT WlTORING PROCEDURE: Determination of Ammonia by an Ammonia Selective

OPERATING'PROCEDURES'

Ion Electrode

STEP SEQUENCE

DETERMINATION OF AMMONIA

A. Sample Preservation

1. Collection

2. Addition of

preservative

4

B. Equipment PreAration

1. Glassware

2. Still cleaning

,3. Specific ion meter
- preliminary check

467

1. Collect a minipium of 400 ml
in a plastic or glass
container:

2. Cool to 4°C.

1. If more storage time is
needed, 2 ml of.concen-
trated sulfuric acid,
H

4'
SO per liter may b;2,

added before cooling.

INFORMATION/OPERATING GOALS/tECIFICATIONS
TRAINING

GUIDE NOTES

la. Because organic nitrogen is progressively formed
by biological activity, the determination of
ammonia is best made on a fresh sample.

2a.- Sample may be held for 24 hours.

la. When acid is added there exists the possibility
of breakdown of organic nitrogen to form ammonia.
This addition is done only if storage time in
excess of 24 hours is expected.

(p. 23)

1. Clean all glassware in

suitable detergent.

2. Rinse with ammonia-free
distilled water.

1. Clean the still until the
dist' te shows no trace
of mania.

. Check-meter zero.

la. Distilled water should drain without leaving any
droplets.

2a. See section C.l.la.

la. For this, procedure consult the Training Guide
or the FMP, "Determination of Total Kjeldahl
Nitrogen."

la. With the instrument turned off the needle on the
meter should point to the center of the scale.
If not, a screw adjustment is located on the meter
face.

I.B.2
(p. 23)

V.B.2.1a
(p. 28)

468
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EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective

. Ion Electrode
Page No. 9 -8

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

B. Equipment Preparation
(continued)

2. Turn function switch to
the BATT position. See
Figure 4.

3. Replace batteries if
necessary.

oft

4. Specific ion meter
operation,check

C. Reagent Preparation,

1. Distilled water

L,

1. Insert shorting strap in
electrode connectors.

2. Turn function switch to an
measuring position (not
battery test).

. Prepare about six (6)
liters of distilled water.
This water should be free
from ammonia.

10,
2a. Figure 4:*is in the Training Guide.

2b. The needle should swing past the green BATT OK
area on the right side of the meter face. If
the needle fails to pass the green area, replace
the batteries.

3a. Replace with two 4.5 volt alkaline type
batteries --NEDA #1306A (Mallory-#MN-1336,
Ever eady-#523 or Burgess #AL 133).

3b. Place instrument face down and remove four
recessed screws. Lift off rear panel and remove
batteries.- Check connections for corrosion and
remove any if it exists. Replace batteries
matching the marked polarity. Repeat battery
test and if okay, replace panel.

la. The shorting strap is a single wire with the
same type connectors that are on the electrode,
one on each end.

lb. Insert large connector into large input jack on
the instrument panel and'small connector into
small red input jack.

2a. If the-needle is not nn scale, turn calibration
control to bring the needle on scale.

2b. If after'coming to rest in one position the
needle does not remain stable, the instrument is
not functioning properly and should be serviced.

la. Pass distilled water through an ion-exchange
column containing a strongly acidic cation ex-
change resin mixed with a strongly basic anion
exchange resin.

TRAINING
GUIDE NOTES

V.B.3.2a
(p. 26)
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41,LUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

OPERATING PROCEDURES

C. Reagent Preparation
(continued)

2. Ammonium chloride
stock solution
(1000 mg

NH
3
-N/liter)

3. Ammonium chloride
intermediate
solution
(10 mg NH3-N/liter)

4

STEP SEQUENCE , INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

1. Weigh out 3.819 g of
ammonium chloride (NH4C1).

2. Transfer the chemical to a

1 liter volumetric flask.

3. Add about 500 ml of water
to the flask.

4. Dilute to the volume mark
with water.

1. Add about 500 ml of water
to a 1 liter volumetric
flask.

2. Pipet 10 ml of stock
(1000 mg NH3-N/liter)

ammonium chloride solution
into the flask.

la. Use an analytical balance.

3a. Unless.otherwise specified the term water means
ammonia-free water.

4a. Label flask as ammonium chloride 1000 mg
- NH3-N/liter.

4b. Mix well by shaking.

2a. Use a 10 ml volumetric pipet.

3. Dilute to the volume mark 3a. 1.0 ml = 0.01 mg NH3-N.
with water.

3b. Label flask as ammonium chloride
10 mg NH3-N/ liter.

3c. Mix well by shaking.

45 2
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EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective.
Ion Electrode

Page No. 9-10

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

C. Reagent Preparation
(continued)

4. Ammonium chloride
standard solution

0(1 mg NH3-N/liter)

5. Ammonium chloride

standard solution
mg NH3 -N/

liter)

473

1. Add about 500 ml of water
to a 1 liter volumetric
flask.

2. Pipet 100 ml of the inter-
mediate.('i0 mg NH3-N/liter)

ammonium chloride solution
into the flask.

3. Dilute to the volume mark
with water.

1. Add about 150,m1 of water
to a 250 ml volumetric
-flask.

2. Pipet 25 ml of the

standard (1 mg NH3-N/literk

ammonium chloride solution /
into the f.ask.

2a. Use a 100 ml volumetric pipet.

3a. Prepare dilution fresh daily.
3b. 1.0 ml = 0.001 M§ NH3-N.

3c. Label flask as ammonium chloride
1 mg NH3-N/liter.

3d. Mix well by shaking.

2a. Use a 25 ml volumetric pipet.

474



EFF,JENTMONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICAtTONS
TRAINING

GUIDE NOTES

C. Reagent Preparation
(continued)

6. Sodium hydroxide
solution, 10 M

3. Dilute to the volume mark
with water.

1. Weigh out 400 g of sodium
hydroxide (NaOH).

2. Dissolve the 400 g of
sodium hydroxide in 800 ml
of water in a 1 liter

Erlenmeyer flask.

3. Cool to room temperature.

4. Dilute to the 1000 ml
volume line with water.

3a. Prepare dilution fresh daily.
3b. 1.0 ml = 0.0001 mg NH3-N.

3c. Label flask as ammonium chloride 0.1 mg NH3-N/
liter.

3d. Mix well by shaking.

la. CAUTION: This is a strong base and-should be
handled with care. Us. safet, glasses.

lb. Use a trip balance.

2a. CAUTION: A large amount of heat is liberated
during dissolution.

3a. Allow cold tap water to run on the side of the
flask.

This solution should be kept in a plastic
container.

4b. Label container as sodium hydroxide, 10 M.

D. Assembly of Electrode 1. Unscrew the top portion of
the electrode through
which Or wire passes.

2. Lift out top and attached
inner body of electrode.

4'75

la. See Figure 1 in the Training Guide. V.D.1.1a
(p. 24)

476
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EFFLUENT' ONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

OPERATING ,PROCEDURES

D. Assembly of Electrode
(continued)

477-

STEP SEQUENCE

3. Place inner body on flat
clean surface

4. Unscrew bottom portion of
electrode outer body.

5. Remove 0-ring, spacer, and
old membrane;

6. Remove a membrane from the
the container with the
tweezers.

7. Place the new membrane in
the bottom cap.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 9-12

5a. If this is the first use of the, electrode, there
will be no old membrane in plate. The electrode
is shipped 'dry and without a membrane.

5b. The 0-ring is a red 'rubber ring.
5c. The spacer is a black plastic ring with a black

0-ringrecessed in a notch at one end around its
inside diameter. The end which has the 0-ring
is placed toward the bottom of the bottom cap.

6a. The membranes are packaged with a blue packing
paper between each membrane. Discard the blue
packing paper.

6b. The -^mhrane should not be handled.

7a. With the tlimpled" side facing upward toward the
inner body and the patterned side facing down
toward the sample solution. See Figure 2 below.

.DIMPLED PATTERNED

FIGURE 2

TRAINING
GUIDE NOTES

I,D.6a

(P. 23)

4'78



Jr,
LU NT MONITOING PROCEDURE: Determination of Ammonia by an Ammonia Selective

Ion Electrode.

OPERATING PROCEDURES

D. Assembly of Electrode
(continued)

479

8. Replace spater.

9. Replace 0-14hg.

10. Screw outer bOdy into
bottom cap.

11. Fill outer body\with fill-
ing solution provided by
the manufac4urer.

.

12. Screw top cap and inner
body onto outer body.

13. Place assembled electrode
into holder attached to
rod. on the meter.

14. Plug the electrode cable
into the meter.

INFORMATION/OPERATING GOALS /SPECIFICATIONS

8a. With its recessed 0-ring down.

,

.

10a. Do this by turning the outer body,.not the
bottom cap. .

11a. It is best to put the filling spout on the bottl
This spout is provided With but not on the fill-
ing solution. .

11b. Fill the outer body with illing solution to
about 1 cm above the-joint betwden the outer
body and the bottom cap. f-the outer body is
'overfilled, the excess Wil flow out of the vent
hole when the inner body is replaced.

13a. Electrnde must be held at a 20° angle with re-
spect to the vertical to prevent air bubble
entrapment under the electrode.

13b. Orion Research Incorporated sells a holder
(Cat. No. 9200011) which has the proper angle
and will work with their Model 400 series
Specific Ion Meters. See Figure 3 in Training
Guide.

14a. The electrode cable ends with an input jack and
a pin jack. They should be connected to the
input connector and reference electrode connector
respectivel: of the specific ion meter.

14b. The ammonia electrode does not require an
external reference electrode.

14c. See Figure 4 in Training Guide.

N

TRAINING
-GUIDE NOTES

V.D.13b
(p. 25)

N.D.14c
(p. 26)

Page No. 9-13
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EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode Page No. 9-14

OPERATING PROCEDURES ' i TEP SEQUENCE INFORMATION/OPERATING GOALS /SPECIFICATIONS
GUIDE
TRAINING

NOTES
D. Assembly of Electrode

(continued)

.

.

15. Lower electrode into about
100 ml of 0.1 M ammonia
chloride solution.

16. Allow electrode to stand
for about one-half hour
befpre use. .

.

.

15a. The solution can be put into a.small beaker.

-

Q

.,

...

,

,

E. Electrode Operation
Check

-

,

,I,

- .

, 48 1

1. Transfer 100 ml A 0.1 mgTransfer

Nr41/liter standard
,3-.

f,

. solutiont6 a 150 ml
beaker.

N
2. Platoce the beaker on the

stir plate and add the.
stir bar to the beaker.

3. Lower the electrode into
the standard solution:

.

\
4. Turn on stirrer.

-
\

.
\

5. Add 1 ml of the 10 M

sodium hydroxide solution.

. . .

la. Use a 100 ml graduated cylinder.
lb. This is Reagent C.5.

2a. Samples and standards should be stirred using a
. magnetic stirrer: Some magnetic stirrers

generate sufficient heat to change solution
temperature. This effect can be minimized by
placing a piece of Insulating material on the
stirrer (for example a piece of cork or a
plastic petri dish).

2b. Samples and standards should be at the same
temperature.

3a. The solution should at least cover the joint
between the bottom cap and the outer body.

3b. Make sure the stir bar doet not hit the -

electrode.

4a. Provide a good mixing rate. However, do not stir
solutions at so fast a rate as to cause a vortex
to be foivied.

5a. The sodium hydroxide should be added at 1 ml of
. 10 M sodium hydroxide per 100 ml of (neutral pH 71

solution.

. ..

.

.

It -,_ 48,`.'continue



"FLUENT MONITORINO7PROCEDURE; Determination of Ammonia.by an.Ammonia Selective
Ion Electrode

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

E. Electrode Operation
Check (continued)

483

6 Turn the specific ion

meter funct.'on switch to
MV EXP (Millivolts Ex-
panded Scale).

7 After 30 seconds adjust
the meter to the center
scale.

. 8 Turn the function switch
to off.

9. Raise the electrode out of
the sodium hydroxide
solution.

10. Rinse the electrode with
distilled water and blot
dry with tissue.

11. Transfer 100 ml of 1 mg
NH

3
-N/liter standard

solution to a 150 ml
beaker.

4

5b. The pH of any solution to be tested with the
electrode must be above 11 after the addition
of the sodium-hydroxide.

5c. Caution: This is a caustic solution. Do not,
allow contact with skin.

5d Use a 1 ml pipet.
5e. Do not add prior to electrode immersion.

6a. This is read from the meter on the blue scale on
the #401; on the black scale on the #407 and
407A The expanded mode has a + 70 my range.
See Figure 5 in Training-Guide.

7a. Turn the CALIB (calibration) knob and adjust
the meter to obtain a reading of 0 (center scale)
on the millivolt scale. See Figure 4 in Tralning
Guide.

lia. This is Reagent C4.

TRAINING
GUIDE NOTES

V.E.6a

(p. 27)

VE.7a
(p. 26)

Page No. 9-15

484



EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

0

Page No. 9-16

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS GUIDE
TRAINING

NOTES
E. Electrode Operation

C-heck (continued)

_

. .

-

12. Place the beakei'on the
stir plate and add stir
bar to the beaker.

13. Lower the electrode into
the standard solution.

14. Add 1 ml of the 10 M
sodium hydroxide solution.

5. Turn the function switch
to MV EXP.

16. After 30 seconds read the
meter.

17. Turn function switch to
off.

12a. The stir bar should be rinsed with distilled
water between uses.

13a. Make sure the stir ber does not hit the electrodei

14a. Do not add prior to electrode immersion.
14b. Use same piloet as in the previous procedure.

16a. The reading should be taken from the same
millivolt scale that was used to set the previous
concentration.

16b. The reading should show a change of appr6kimately
59 mv. This change (59 mv) will occur for every
tenfold change in concentration because of the
electrode make-up.

16c. If an my reading near 59 my is not obtained,
check all standard dilutions and repeat all
steps in section E. .

16d. If continued failure to obtain an my change near
59 my occurs, contact the electrode manfacturer.

- . .

17a. Always set this position before lifting any
electrode from the solution and when the meter
is not actually measuring. This will extend the
life of the batteries and protect the meter.

t
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'FLUENT MONITORING PROCEDURE: Determination of Ammonia

111/

by an Ammonia Selective . ,aIon Electrode

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

G IDE -NOTES
F. Calibration

1. Setting mid-scale
range

Alt*

. Transfer 100 ml of the
0.1 mg NH3-N/liter

standard solution to a
150 ml beaker.

2. Place the beaker on the
stir plate and add stir
bar to the beaker.

3. Lower electrode into the
standard solution.

4. Turn on stirrer.

iransfir-170-0 of the
10 M sodium hydroxide
solution to the samet
beaker.

6. Use appropriate range pH
paperto check if the pH
is greater than 11.

7: Turn the instrument func-
tion switch to the mono-:
valent anion position.

8. After the meter stops

drifting, read the meter.

la. The standards chosen should span the range that
the sample concentration is expected to be in

lb. With the standards prepared in this EMI? a range
will be covered from 0.01 to 1.0 mg NH37N/liter
(0.01 to 1.0 ppm).

lc. Use a 100 ml graduated cylinder.

36. Make sure the stir bar does not hit the
electrode.

5a. Do not add prior to electrode immersion.
5b. Use a 10 ml graduated pipet.

6a. If not,add more sodium *hydroxide until pH is
greater than 11.

7a. This position is labeled differently on the
various meters-in the Orion 400 series. On the
401 and 407A it is marked x-. On the'407 it is
F-. See Figure 4 in Training Guide.

6a. Response of the electrode will be faster for
higher concentrations of ammonia and slower for
lower concentrations. They can vary from less
than 30 seconds torabout 10 minutes.

(continued)

V.F.1.1a
(p. 26)

V.F.1.7a
(p. 26)

487
Page No. ,9-17

4.88



IFFLOEN't MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

Page No. 9-18

OPERATING PROCEDURES

Calibration
(continued)

2. .Setting_hi scal e

range

4

STEP SEQUENCE

9. Use the calib (calibra-
i* Lion) control and adjust

the meter needle to read
at center scale.

10. Turn function switch to
off.

11. Raise the electrode.

12. Rinse the electrode with

distilled water and blot
dry with tissue.

1. Transfer 100 ml of the
1.0 mg NH3-N/1;*er

-1----standard solution to a
50 ml beaker.

lace the beaker on the
it plate and add stir

b to the beaker.

3. Lo er electrode into the
s ndard solution.

. urn on stirrer.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

8b. The reading should be taken from the concen-
tration scale which is usually color coded to
match the color of the monovalent position on
the funO'i '1 Itch. The scale is usually the
topme . is logarithmically divided. e

9a.:The marking at center scale is different for the V.F.1.9a
various meters. It,is 100 for the 401 and 407 (p. 27)
and 1 for the 407A. See Figure 5 in Training-
Guide.

9b. After the adjustment has been made, this center
position will represent a concentration of 0.1
,NH3-N/liter.

TRAINING
GUIDE NOTES

la, Use a 100 ml graduated cylinder.4 T..,

3a. Make sure the stir bar does not hit the
electrode.

I

g
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III1.LUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

OPERATING pRQCEDURES

F. Calibration

(continued)

491

STEP SEQUENCE

5. 'Transfer 1.0 ml of the
10 M sodium hydroxide
solution to the same
beaker.

6. Use appropriate range
pH paper to check if the
pH is greater than 11.

7, Turn the function switch

to the monovalent anion
position.

8. After the meter stops
drifting, read the meter.

9. Use the "Temp,t" control
and adjust meter needle
to read at far right
position.

10. Turn function switch to
off.

11. Recalibrate as needed.

INFORMATION/OPERATING GOALS/SPECIFICATIONS

5a. Do not add prior to *version.
5b. Use a 10 ml graduated pipet.

TRAINING
GUIDE NOTES

6a. If not, add more sodium hydroxide until pH is
greater than 11.

8a. Use same uppermost scale as used for previous
concentration.

9a. For location of this control knob, see Figure 4
in Training Guide.

9b. Again the marking will vary by instrument. It

will be 1000 on the 401 and 407 and will be 10
on the-407A. See Figure 5 in Training Guide.

9c. This position now represents a concentration.of

1.0 mg NH3-N/liter and the instrument has been-

adjusted to represent 0.01 mg to 1.0 mg
NH

3
-N/liter over the full scale of the7meter

face.

9d. Values below,8.03 mg NH3-N/liter should be

disregarded because of a deviation from normal
response curve.

V.P.2.9a
(p. 26)

V.F.2.9b
(p. 27)

lla. It is advisable to standardize electrodes 3 or
4 times a day by carrying out steps in
section F.

4.

492.7 (continued)
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EFFLUENT_ MONITORING PROCEDURE
Determination of Ammonia by an.Ammainl, Selective
Ion Electrode

OPERATING PROCEDURES

F. Calibration

(continued)

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS

Page No. 9-20

TRAINING
GUIDE NOTES

11b. Always use fresh solutions of the,standards
for recalibration.

G. Procedure 1. After the calibration has

been completed, read each
sample concentration by
doing the following
steps.

--a. Rinse electrode.

3. Add 1:0-mT or-more t! -

sodium hydroxide.so ution
after immersion,of.
electrode until pH is
greater than pH 11.

4. Read after drifting has
'stopped.

la. Use 100 ml volumes in 150 ml beakers.

4a. Read concentration directly in mg NH3-N/liter

from the concentration scale.
4b. Do not adjust calib (calibration) or Temp °C

(temperature-compensator)-controls-after---
\. calibration. If they are changed, recalibrite

Instrument.

H. -Storage

1. Between readings

-4-93
1. Immerse electrode in- la.

al-kal4ne-standardirtng7
solution.

lb.

''-- lc.

You cak_4e._ene....of thi_standirdizibg,solUtionv

with 10 M Sodium hydroxide which you Used in F,
calibration.

The electrode should be immersed between
measurements.

c.'

Do not torte in air.
. I , r

4
I

;

494
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FLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia Selective
Ion Electrode

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
TRAINING

GUIDE NOTES

H. Storage
(continued)

2. Overnight

3. Prolonged time

4. Membrane

replacement

4

1. Immerse electrode in
ammonium chloride stock
solution (1000 mg
NH

3
-N/liter).

1. Disassemble electrode
completely.

2. Rinse with distilled
water. .

3. Dry and reassemble.,

1. Follow steps under pro-
cedure D, Assembly of
Electrode. ,

la. Without sodium hydroxide.

2a. Rinse inner body, outer body

3a. Without filling solution or o
3b. Discard meml5Pane.

,r J

and bottom cap.

arbrane.

Page No. 9-214 9 °



EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia
Selective Ion Electrode

TRAINING GUIDE

SECTION TOPIC

I* = Introduction.

II Educational Concepts - Mathematics

III . Educational Concepts - Science

IV Educational Concepts - Communications

V* Field and Laboratory Equipment

VI 'Field and-Laboratory-Reagents

VII Field and Laboratory Analysis

VIII Safety

IX Records and Reports

,c

*Training guide materials.are presented here under the heading marked *."
Thes-e staddardizedileadings are fused through this series of procedures.

e,No. 9-22
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EFFLUENT MONITORING PROCEDURE: Determination of Ammonia by an Ammonia
Selective Ion Electrode

INTROCUCTION

TRAINING GUIDE NOTE

SeCtion

REFERENCES /RESOURCES.

B.2

D.6a

Ammonia has been of interest to both water and
wastewater treatment plants for years. The content
of ammonia in the effluent waters*of a wastewater
plant can indicate to the operator the efficiency
of operation at 'Mich the.plant is being run.

--furthermore, ammonia cifiThave a significant effect
on the disinfection of water with chlorine. Con-
sequently, monitoring the concentration of ammonia

,

should be routine. The analysis of ammonia cor
centrations is also the basis for routine determi-
nations 9f total nitrogen or of organic nitrogen
in effluent samples.

The test described in this instruction can be
found in the 1974 EPA Methods Manual on page 165.
No other reference is cited in the Federal Register
Guidelines. However, the referenced,EPA Methods
Manual in turn refers the analyst .to the manu-
facturer's operating manual for the specific ion
meterbeing used.

Distillation is not required if cOmparability data
on representative effluent samples are on file to
show that this preliminary ,distillation step is not
necessary. However, manual distillation will be
required to resolve any controversies.

If the determination is to be run as part Of the
,total Kjeldahl nitcbgemdetermination, distillation-
most be carried out. Any mercury in the sample
will forth a complex with the ammonia and act as an
interference. This will be taken care of in. the
distillation procedure by the addition-of the
sodium thiosulfate.

(If mercury is resent and the sampleis not tr hp
distilled,tadd 0.2 g sodium thiosulfate .to the
sample, to complex the mercury before the determi-
nation of ammonia).'

The ammonia electrode uses a membrane which-IA-XI-not
allow water or ionic species to migrate across it.
However, the ammOniadissolved in the samplecarf
diffuse through themembrane until the concentratio

-ofthe *Ionia is the same on both'sides of the
membrane: ;The.,referenCe element, contained in the
ammonia ejec.tbde itself, is the same as flsed in
the chloridelSACIfic'ion electrode. ;It senses the
fixed level ot'the chlbride in the ammonia chloride

internal'filling\solution, thereby acting as a
reference electrode for.the ammonitlectroda.

498
\

al
A

Methods for ChemiCal
Analysis of Water and
Wastes, 1974, EPA,
MDQARL, Cincinnati;
'Ohio, 45268, p. 165.

;-New Federal Register
Guidelines, (1976),
note #4.

*".

Methods fortheithical

Analysis of Water and
Wastes, 1974', EPA,

MDQARL, Cincinnati,
Ohio 45268, pg. 175.

op. bit.
p. 160

Instruction Manual for
'Ammonia ElectrodeAdel,
95-10, Orionleiearch,
Inc., Cambridge,. MA 02139
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EFFLUENT MONITORING PROCEDURE: Determihation of Ammonia by an Ansonia
Selective Ion Electrode

FIELD & LABORATORY EQUIPMENT Section V

TRAINING GUIDE NOTE REFERENCES/RESOURCES

ASSEMBLY INSTRUCTIONS

top cap

0-ring

vent hole
.,

inner body

outer body °

botiom cap

Page No. 9-24

f-e

FIGURE 1

499

11!

--red 0-ring
spacer (black 0--ring

liembranern)
bottom cap

41- Fill to here.

1



EFFLUENT MONITORING P4CEDURE: Determination of Ammonia by an Ammonia
Selective Ion Electrode

ELD & LABORATORY EQUIPMENT
Section V

TRAINING GUIDE NOTE REFERENCES/RESOURCES

D.13b

4.

FIGURE a

500
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EFFLUENT MONITORINGPROCEDURE: Determination of Ammonia by an Ammonia
Selective Ion Electrode fl

IELD AND LABORATORY E iPMiNT. Section

E.6a
F.1.9a
F.2.9b

TRAINING GUIDE NOTE

V

REFERENCES)RESO RCES

MODEL 401

so

'200

MODEL 407 ,.
ao

ao

400

4010.-"'CONCEPORATIONSCA11

16-vo-

444°0

MILLIVOLT SCALE

100 200
400 CONCENTRATION -SCALE,.

600
ibcr

MODEL 407A
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20 '+ 20'
80 100

ef)

0

40
ao

o
4o 100

MILLIVOLT SCALE

CONCENTRATION SCALE

FIGURE 5

400

4°0
4Ok. MILLIVOLT SCALE
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EFFLUEU MONITORING PROCEDURE: Determination of Ammonia by an Ammonia
SelectiVe Ion Electrode

FIELD AND LABORATORY EQUIPMENT Section V

TRAINING GUIDE'NOTE

Add a 1 4.1 xture of ammonia-free diStilled ater

and sodium droxide
.

sodium thiosulfate ion to

each Kjeldahl flask to be us,4. ass beads,
and using appropriate de, distill 50 ml of

this.solution. The di niece should be cht.e.ked to

a insure that it is,ammp ia-free. Th4s can be done
,with the ammonia probe and meter or,oy use of the
Nessler's color reagent.

In using a specific ion meter the calibration range
is arbitrary within the appropriate range of the -

inethod. Should the samples to be run fall outside
the range of 0.01 to 1.0 mg NH3-N/liter, a new rang

can be set on the-Instrument. This is done in the
same manner as set down in section F but using a
tenfold concentration increase. For example, using
the 1.0 mg NH3-N/liter solution in step F.1.1 and

,.a 10 mg NH3 -N/liter solution in step F.2.1 gives a

range of 0;1 to 10 mg NH3 -N/liter,,

If the electorde it accidentally left in the air,
rather than in a solution; that portion of the
internal filling solution between the inside of the
membrane..and the sensing'element ill dry out. To
restore the electrode to operatio hold the elec-
trode by the outer body andlgras ing the electrode
cable directly above the cap..pull on the cable
so as to lift the sensing element off the membrane.

Fresh/internal filling sdlution wil) now flow under
the membrane. The'electrode will now.be ready,for
Use.

.

Membranetfailure,isoharacterized by a shift in
electrode potential, drift and poor response. Mem-.

brane failure may be apparent on visual inspection
as dark spot or discoloration of the membrane.'
Handling the membrane during installation may ad-
versely Affect it and shorten its life. Handle the
membrane with the tweezers provided. 'A membrane
.011.last from one week to several months depending
'n usage. . - 0

X502

r

REFERENCES/RESOURCES

'Instruc on Manual

Ammonia Electrode
Model sTlo Orion
Research, Inc.,
Cambridge, MA-02139.
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