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PREFACP

- ..

Introduction 1
'

1 .

--".--.. -...... . :-
This Is one of several courses offered by. the Wational rralning and Operational'

Technologrtenter (NTOTC) which have been prepared in packaged form for use by

the States in their training progrdms, and .by other organizations'having a need...

to presentthis type of training. Each cyrse,package consists of:.
. .

.

1. An,lnstructor. 's guide containing material related to course planning and

conduct,
f--

2. a training manual, for use by the participants, containing the course

subject matter and

3. -su port3ye visual and audiovisual training aids u§ed by NTOTC in presenting

e course. The trainivaids are available on,loan to those offering the

ourse. The content of.each slide is reproduced in this manual. '4

This guide ref4.ects the manner in which the course has been offeredlby NTOTC.

It is intended to assist the organization offering the training, nd s ould

.not be considered as an inflexible method of presenting the cour .4 may

want to follow the format .exactleas presented--others may Ot. In e her .

case, this guide should proe helpful rn reducing the amount of original

developmental work required, and in suggesting, methods and approaches wheji

modifications Of the course plan presented herein are,being considered.
.

Organisation of the Guide I

This instructor's guide consists of two major parts. Part I contains inform-

' tion required for course planning and management. Part II consists of a series

of instructiOnal Package Worksheets (IPW's) which set forth learning objectives

and the instructional approach used by NTOTC for pach'topic included in the

training manual.

-

Analytical Methodology for Regulatory Programs

It is essential that analytical procedures taught in the course Conform to those

prestribed for use in USEPA regulatory programs. These procedures are identified

regulations which appear first,in the Federal Register, and Which are later

codified in Title 40 of the annual edition-of the Code of Federal Regulations.

4 For the National Pollutant,Discharge Elimination System (NPJES), Part 136 of

Title 40, "Guidelines Establishing Test Procedures for the Analysis of Pollutants",

specifies methods to be usei for the,measurement of contaminants in wastewater.

For drinking water,Part.141of Title40, "National Inter& Primary Drinking Water

Regulations" (NIPDWR), specifies methods to be used in determining the level

of contaminants in finished water.

A.T(1,00.4).100#11.80
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The Instructional Package Worksheet on, Compliance Methodology in Part II of

this guide provides details concerning EPA regulations for these prOprams.

For additional inforMation concernfng,this course, or. other packagedfcburses,
contact:

."

ector, NTOTC
U.$. ErivirOnmental ProtectiorrAgency
Cindinnati, Ohio 45268
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PART I COURSE PLANNINGIOPS MANAGEMENT

This section of the manual is concerned with the administra ive Aspects of

planning, preparing, and conducting the course.

,A.- COURSE DESCRIPTION

This description was prepared for course presentation at the NTOTC

and may be usefulto others in course-related publicity.

INORGANIC ANALYSES IN WATER QUALITY CONTROL PROGRAMS
5 Days

This course is for chemists and technicians with little or no experience in r
inorganic analyses commonly requirpd for the National Pollutant Discharge
Elimination System (NPDES), the National Interim Primary Drinking Water
Regulations (NIPDWR).and for other, water quality programs. Applicants should

have one year of college level inorganic chemistry and one seResterfrof college

level quantitative analysis (or equivalent). They should have basic laboratory

skills including use of analytical balances, volumetric glassware and titration

assemblies. They should be actively engaged in a water quality control program.

. . .
.

After successfully completing the course, the student will know the general

classes of methods listed as approved in the Federal Register for analysis

of inorganic pollutants and will be able to use the methods to measure

each parameter selected for the course. He will also know how to apply

quality assurance techniques to his work and how to validate his analytical

accuracy and precision. . .-

The training is a five-day course which includes classroom instruction
student performance of la oratory procedures, and discussion of each la

tory-assignment and repor ed results:

The student will pert° t4 test procedures for acidity and alkalinity (titra-

tions to pH end pointy), hardness (EDTA titration), chlorine (amperometric back

titration), total ph sphorus (persulfate digestion, ascorbic acid reduction,

colorimetry), fluori e (SPADNS colorimetry and ion electrode), nitrate and

nitrite ( dmTUM uction, colorimetry), total and suspended solids (gravi-

metric), turbidity (nephelometer), and specific conductance (Wheatstone

bridge c nductivity meter). Other topics are sample handling; compliance

methodol ; accuracy, precision and error of data; elements of quality

assurance rograms..

A7(100.4).11.11.80 7
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V

B. PERSONNEL

Some of the sections in Part I of this manual refer to various personnel
associated with this training course when it is presented at the National
Training and Operational Technology Center (NTOTC). Their course-related
activities arelisted below.

1: Training Supervisor -

Has overall responsibility for the NTOTC training program.

2. Course Coordinator -

Is responsible for all elements involved In,planning and conducting a
specific course.

3. Course Secretary -

Performs all course-related clerical 'duties.

4. Instructor -

For assigned topics, is responsible for planning instructional approach,
developing instructional materials, and delivering the instruction.
During laboratory sessions, another instructor niay be designated to
assist the (primary) instructor so that participants can be provided
as much individualized attention as possible.

t

5. Laboratory Assistant -

Assists in the preparation of laboratory reagents, assembles equipment and
is available as required during laboratory exercises.

1.

44
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C. SUMMARY PLAN'FOR THE COURSE AND COURSE SCHEDULE

A convenient format to use in the early stages of dbvising a course plan
is a dayto-day assignment of time blocks based on estimates by instructors
of the training time required for each parameter. (An example is on the

next page.) Using available time as a first criterion will allow a

variety of possible sequences. One such.sequence, which has been success-
fully used by NTOTC to conduct this course in the past, begins on page 2-3.

Examples of'9,ther considerations are: k-
1. If some equipment must be used in more than one test, schedule another

topic between the two tests to allow time for the required clean-up.

2. Schedule the topics so each instructor alternates between prime and

assistant responsibilities to allow time for preparations which must 1,

....-

be done right before training sessions', .

4,

3. If one prOcedure requires skills taught in another procedure, order
the presentations accordingly.

AlthoUgh NTOTC presents all of these topics in a five day course, there
is nothing to prevent your choosing individual topics for instruction.
The Instructional Package Worksheet for each topic (in Part II of this
.Guide)_ repre5ents an independent module. If any other topic. is directly

latel, this will be stated in the "Entry Level Behavior" section (V)
of the IPW.

. 4

Likewise, you can develop any time schedule convenient tq your staff and
students, eg., weekly presentations of individual 'topics. The time
block appro ch is very useful for planning such a,ieries, and also the
IN, section (VIII B) on ".Sequencing" which includes a time breakdown
for classroom and laboratory activities. The time allotments for each
subject are very feasible, providing ample time for instruction in

, essentials. Thorough preparation by the instructor is imperAtive to
make each instructional minute count.

AT(100.4).1a.8.80
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SUMMARY PLAN FOR THE COURSE.
APPROXIMATE AGENDA FOR COURSE 100.4

.MONDAY TUESDAY WEDNESDAY - AHURSDAY _ FRIDAY

Activity

Time

Hours Activity

Time

Hours Activity

Time
Hours Activity

Time

Hours Activity

Time
Hours

Opening, Objec- .

fives, Evaluation
1 Acidity and

Alkalinity

1/3 Accuracy 2/3
_

Nitrate and
Nitrite

3

Turbidity (cont.) 3/e

Fluoride
(continued)

1 Solids (cont.) 1/2

Sample Handling 1/2
Precision

,

1

------
Specific Conduct..

.(continued)

3/4

Compliane Meth. 1 Phosphorus
and

Fluoride

(continued)

1 1/2

Hardness

and ,

Chlorine

(continued)

2 1/3

Laboratory Safety 1/2

Solids

(continued) .

1/2,

_

Turbidity/Solids
Specific Conduct.

(continued)

1 3/4

Analytical Tech. 1/2

Loch 3 4 Lun h 3/4 Lunch 3/4 Lunch 3/4 Lunch 3 4

Volumetric Anal. 1

,

Hardness and
Chlorine

1 Phosphorus
and

Fluoride
-

1.3/4

Solids
(continued,)

1

2 1/2

Turbidity
Solids
Specific'Conduct.

1/2

PH
.

3/4 Phosphorus
(continued) 4:

1 1/2

Nitrate and
Nitrite ,

(continued)

2.

.

Course Post-
.

Evaluation
and Closing

1

Acidity and
Alkalinity
(continued)

1 3/4 Spectrophotometer

.i.

3/4

Quality Assurance
,

I 1/4

TOTAL,
,.

_

7 3/4
TOTAL

7 2/3
TOTAL .

7
.

2/3
TOTAL

8
TOTAL

,71

10
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COURSE SCHEDULE:

INORGANIC ANALYSES IN'WATER.QUALITY CONTROL PROGRAMS 000.4)

r,oilirsc, Coordinator:

DAY & TIME

p (Location)
(Date)

AGENDA

SUBJECT

Laboratory' Assistant:

OUTLINE . INSTRUCTOR*

1

MONDAY

a:15

8:30

8:35

8:30

- 8:35

-8:50

Registration

Welcome

Course Objectives
Introductions

Pre-Course Evaluation

I DATA COLLECTION Z EVALUATION

Course Secretary

Course Coordinator'

Course Coordinator

CoLirse Coordinator

.9:25 -9:55 SamplerHandling-Field through 1 Instructor #1
Laboratory 1.4

9:55 -10:15 Break

10:15 -11:15 Compliance Methodology Instructor #2'

11:20 -11:55 Laboratory Safety Practices 30 Instructor #3

II VOLUMETRIC ANALYSES

11:55. -12:15 Analytical Techniques Instruct(); #1

12:15 -.1:00 Lunch

1:00 - 1:55 Volumetric Analysis 6 Instructor #2

- 2:45 pH 7 Instructor #1

2:59 - 3:20 Acidity and Alkalinity '7, 8 Instructor #2

3:30 - 4:45 _ Laboratory
_

-Actdit
.

-17 -Instruptor #1
Alkalinity 18 Instructor #2

TUESDAY

8:30 - 9:00

9:00 -10-

10:00 10:15

10:15 -10:55

11:00 -11:45

14:45 -12:30.

AT(100.4).2.11-80

)

Class Discussion: Methodology,

IvAtAcidity and Alkalinity Data

Indeterminate Error-Precision

.Break

Calcium Magnesium Hardness

Chlorine Determinations

Laboratory

Group A - Hardness
Group B - Chlorine #

12
S

`

Instructor #2

3,4,5 Instructor #2

9

10

19 ,

20

Instructor #3

Instructor #2

Inslructor #3
Instructor #2

2-3



\\
M& TIME .

SUBJECT , CTLINE
1

INSTRUCT

12f30 -11:15 Lunch d . ,

1:16 - 2:00 '' Laboratory
O p .

.
4 .. Group A - Chlorine

Group B - Hardness T9.

MO.- 2:15 , Clas; Discutsfon: Hardness.
. and Chlorine Data -- ,

. .

. 2:15.7 2:30 . Break . i
1, I ? PHOTOMETRIC% ANALYSES,CIIMETRY .-

.

A

Instructor #2
Instructor #3

Instructor #3
Instructor #2

f.
.

4:00 - .,4:45

3r15 Phosphorus , - 11 Instructor #3

4:oo. , Laboratory

.

WEDNESDAY

8%30 - 9:10.

9:15 -10:15

10:15 -11:50

.40tb

11:50 -12:35'.

12:35 - :10

.

\2:10 - 2:2&

2:35 - 3:05

3:05 - 3:15

3:15 - 4:45.

DAY

8:3011-'9:00

9:00 -10:45

'10:15 -11 q0

2-4

p'

22 Instructor #3
(Instructor #2) 4

21 Instructor #3

Digestiodof Phosphorus
'5,imple and-Standards

Use of'a Spectrophotometer,
-Calibration Graphs

.

Determinate Error ccuracy 4,,5 ; Instructor #2
,

FldOride" -- 12
,

instructor #1.

Laboratory.

Crimp A - Phosphorus
A

22 Instructor #3

pH Adjustment, Colorimetry
Group B Fluoride 23, 24 Instructorll

Lunch
1

Laboratory

GroUp A -gRAIjoriae

Grow B -.Phosphorus,
-11H Adjustment, ColOrimetry

Class Discussion: Fluoride
-and Total Ph phorus Data

Nii?ate;and Ni to Nitrogen 13

Cadmium Reduction Columns 25

Laboratory

.Prepare,Reduction Columns 25

23,.24
22 Instructor ;

Instructor #1
3

Cadmium Reduction Procedure. 25

Laboratory

Nitrate +' Nitrite Nitrogen b 25
Cadmium Reduction Method .

, .

Class Calculations Graphing ,
Discussion: Nitrate & Nitrite Data

S
0

Instructor #1

Instructor #3

Instructor 1?'

Insti'uctri#2,'

.Instructor #2
(Instructor #1)

- r
Instructor #2

Instructor
(Instructor #

Instructor #2

I
4



. .
DAY TITLE ,

. .

SUBJECT. OUTLINE v
'144

INSTRUCTOR*

4
1 m.1

-THORSDAY.(Cont'dt) IV GRAVIMETRIC ANALYSES

27

27

27

1

,

27

27

Instructor #2

Instructor #1
' Instructor #3,

Instructor #2

Instructor #3
Instructor #1

Instructor #3

'Instructor #2

Instructors #1, 2, 3
..

Instrlictbr #1,

. Instructor #1

Instructor #1

Instructor #3,

r.!

'Instructor #1
lostruttor #1
structor #3

Instructor #3. V
Instructor

fiInstrua or

Instructor #3
Instructor #1
Instructor #1

Course Coordinator

- Course Coordinator ,

13:45

115 - 1:00

- s e'
100 - 2:00

2:00 - 210

2:70 - 2:55

3:00 - 3:30
,

3:30r- 4:45
.

, .

FRIDAY

Solids o- i 26,

.Group A - }leighings - Lunch 26,

Group B - Lunch t-'Weighings 26,

' Total, DissolvedotSuspended 14

and Settleable Sol-ids ".

Break" 4

-
Laboratory

e .

Tbtal Solids 26

Suspepbed Solids 27

Volatile Saids 14

' Elements of a Quality 5

Asientance Program,

Fjrst Weighing of '27

Suspended Solids

.1.1 AFTER ANALYSES .

8:00 -

1

.8:30 - 9:15

906 - 9:45,

9:45 - 10;30

10:30 - 12:15
.

10:30 - 11:20
-

11:25 - 12:16

a

12:15 - 1:00

1:00 - 1:30

1:30'- 2:15

2:15 - 2:30

Turbidity
.t

15

Group A - Weigh Total Solid; 26.

- Break
!Group B - Break -

- Weigh Total Solids 26

Specific'Conductance 16

Laboratory
.

Group A - Turbidity 28

Second Weighing of Solids 26,

Group B - Specific Conductance. 2%.

'GrO A -1 Specific Conductance 29 -

Gr Turbidity 28

11.' ,Ighing of Solids 26,

"-Lurid
.

;# Calculations and Class Discussion:
Specific Conductance
Solids Data
Turbidity Data

Post-Course Evaluation

Course Closing

*Note. For actual course presentation, insert the
opposite the title of his/he assignment.

name of the primary instructor
Assistant instructors are

p designated by ( ).

iq 2-5
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r 0
D. MILESTONES IN COURSE PLANtING AND PREPARATION

The following pages list major areas of course responsibilities in a
chronolbgicalorder to facilitate orderly and timely accomplishment. ,

The table also serves as an example for assignment of these responsi-
bilitie3 to various staff members. It has been successfully used
by NTOTC to conduct this course in the past.

4 >
dY

The table headings are job titles associa ed,witU the listed tasks.
.A suggested staff is cited, including a 1 oratory assistant. It is
recognized, however, that staff is often 1 mited and one individual
may serve Iii several of the defined roles. Having this summary accord-
ing to an ideal situation should facilitate an equitable division of
the required tishpamong fewer persons.

. .

Before Aing.the milestones table, decisions must be made about the cour se
content. It May be-desirable to tepch the approved test procedures for
parameters that are not included in this package, but that are required

Afr focally to meet regulatory requirethents. In that case, the table must
be changed. Delete items identified for topics you omit and ado the items
needed for the topics you want, to add. (7

AT(100.4).3a.B.80
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0

p

IF

kir
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t,-

,.

5 TO 6 kONTHS .BEFORE COURSE il

.,
AA

k

.

00

x

,

. A!, .

x

.

#4

.

.

x

x

x

.

x

x
1

,x

.

x

%

/

.

r

$

x

-

#

x

ar
..

x

x

,

.

.

_

.

i

.

,

,.

.

)

.

.

.

,

1

w

.

Determination of the need and.,
decision to have 'course.

is

Designation of Course Director
and Course ecretary.

Revieir respon abilities.
, .

Review reponVbilfties.
. .

Commit cn ssroot and'
laboratory facilfties.

Develop and release Course
Announcement including loca-.
tion, date, general statement
of course content and training
,bjectiyes.

Prepare all forms and infor:
mation sheets related td
student registration prose- .

..

dunes.

.. .

.

Decide on staff members. .
, m

4 TO 5 HONTHS BEFORE COURSE ,,

. .

Receive, review, act upon, '

Course Applications, continu-
ing until course begins. .

Maintain.records
.

on depositiOn
`of:each application, continu-

ing.through.sourse.

.
.

inventory Instructor's Guides.

Order needs.'

, .

.
. .

3-2 .
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3 MONTHS BEFORE COURSE

.x

..

.

.

x

.

x

A

,

x

.

x

x

=

x

x

x

x

1

x

.

P

P

A.

P

A

A

P

x

.

1

x

.

x

p

p

P

P

P

A

P

P

P
p

x

x

x

i

.

x

.

P

P

- P

P

A

p

x

x

x

.

x

.

_

-

. X

x

.

.

..

.

.

r

.

4
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,
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.

.

.

,

.

.
.

.
.

.

.

,

N,

.

...----

.

.

.

,

,

,

.

. .

.

^'

Commit all staff members Who
will participate in Course.

Develop Milestone Checklist
for Course. .

....

Distribute copies to staff
of Milestones, Instructor's
Guide, Student Manual and any
pertinent training resources.

,

Review responsibilitieS

Assign topics to PrArdary(P).
and Assistant (A)IpstFuctors:

Sample Handling
- 1

Compliance Methodology l'

IFLaboratory Safety I

Analytical Techniques
Volumetric Analysis

PH A... . .

Acidity ind
..

Alkalinity
.

Precision'
Hardness
Chlorine .

Phosphorus
Spectrophotometer
Accuracy
Fluoride.
Nitrate and Nitrite
Solids 4

Quality Assurance .
'Turbidity

Specific Conduct4nce
Develop summary plan for
course. .

inventory chemicals and
laboratory equipment /supplies.
List and commit lending
sources. Order rest of needs.

Inventory classroom equipment/
supplies. List and commit
lending sources. Order rest
of needs.e

'lconttnue

3-3
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Inventory'student training

manuals. Order needs.
aill V

2 MONTHS BEFORE COURSE

. Finalize Course Schedule
(Agenda).

Request laboratory/classroom
needs from ,lending sources.

Request training aids from
lending sourc ,es.

6 WEEKS iRonE COURSE

Chea out operation.of all.
major pieces of equipment.,

'Primary and Assistant Instruc-
tors go through laboratory
procedures in student erain-
ing manual, using IPWs to
standardize instructions for

students.

MONTILBEFORE COURSE'S

Summary (to date) to staff of
registered students, continu-
ing to course beginning.

Check on progress of staff
preparations for, instruction,

continuing through course.

Prepare,all administrative
forths and materials needed
for course presentation.

Planand rehearse classroom
presentations using all re-
quired training aids.
Finalize.

(Continued) .

3-4
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. 1

Obtain any duplicated instruc-
tional materials (data sheets,

etc:).

Review summary of laboratory
equipment and supply needs
for expected number of stu-
dents doing the selected
procedures.

Clean all glassware required

by students. Note any
special requirements.

N

Reserve all specially-cleaned

glassware or apparatus.

student equip-Assemble other,
thenrand supplies.

.

2 WEEKS' BEFORE COURSE'

.

_

x

x

r

x x

.

x'

x

x

.

. .

,

x

x

.

.

x

yv

x

x

x

.

i

-

b

.

C

%

.

.

4

,-

.

774

.

o

.

.

.

I

.

/

l'

,

.

.

A

i

x

/

.

_

Arrange for security of class.
room and laboratory.

. %

Make reagents requq red by

students EXCEPT those with
specified, limited stability.

' .

Make final arrangemepts to
obtain required saMpies.

Plan for any "synthetics."
, .

.

,Determine range of concentra-

tion of desired coostitu-
ent(s) in samples for the

course.

Arrange for dis.0 posal of .

special test wastes.

(Continued.).

.

r
.

,

. .
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..p/ve laborafory Assistant,
df equipment and

suppliet to.6i at each labo-
ratory position. Discuss
arrangementof ;shared

equipment.
,

1 WEEK BEFORE COURSE .

Inform,building food service

of number of expected students
and course lunch times (as
approprikte).

3 DAYS BEFORE COURSE.

J/Finilize seating arremeht
for, classroom.

Assemble Course materials
in classroom (student manuals,
administrative materials,
.etc.). 'Distribute as
appropriate.

J

Ready classroom instructional
aids (boards,, erasers, etc.)

. Check out all classroom ip-

'---ment (electrical systeds, PA,

. projection equipment) and
obtaii.back -up accessories

(bulbs, etc.).

COURSE OPENING ,

C6nduct opening'exercises.
Participate in course opening.

Complete any required student
records, including roster.

(Continued)
A.

x
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x
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x
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Prepare course certificates if
needed at end of week.

EVERY DAY OF COURSE

Maintain general supervision
of course.

Prepare unqable rtagents
and/or samillesson day of test.

Obtain samples for each test
on day of test.

When assistant instructor,
make any student evaluation
f.ecords requested by the lead

instrustor. 1

When primary instructor, tom-
pileevaluation record for
each student.

Keep any gAeral records
(e.g. attendance) as required
to documdnt successful.courso
completion.,

1

Oversee disposal of special
test wastes.

.

A

z

x

x

X x

X x

x

x

x

x

x

x

a.

x

x

x

X

X

F.

x

f
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SECOND-LAST DAY OF COURSE .

x

3c

x

x

x

a

x

x

x

x

-

x

x

x

x

x

V

.

.

k

x

x

x

x

x

i .

x

x

x

.

x

x

x

.

/

°

x

x

-

x

.,0

.

.

,

'

.

.

.

.

.

.

.

,

Distribute course critique
sheet to students.

LAST DAY OF COURSE

Check and sign course certifi-
cates if applicable

Collect students'critique
sheets.

Conduct closing exercises,

PhrIticipate in course,closing.
,

Clean Oclassrocm add
laboratory.

WITHIN THO WEEKS OF COURSE
PRESENTATION

A

Return or replace any borrow-
ed classroom equipment/
supplies.

Return or replace any borrow-
ed laboratory equipment/
supplies.*

Return or replace any borrow-
4.training aids.

Order repairs or replacements
of own equipmentiused in

i
.

course. .

Complete and file evalua-
tion records on all students
in predetermined area.

See that all students have
been appropriately notified
of their degree of success
in completing the course.

..

4
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Participate in staff session
on evaluation of coursekand
recoundndations for future
offerings. x 4

.

x x x

Prepare course summary/
evaluation report.

Complete and fire entire
course records in mutually
determined area.

.

l

.

x x

.
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4

E. INSTRUCTIONAL RESOURCES
4

;

Most training institutions will make the fullest possible use of
a4aidable instructional, resources. The, purpose of this section

is f0 describe the nature, sources and availability of instructional
resources suggested for use with this, course.

4.

1. Student Training Manual and Instructor's Guide for the.course,
"Inorganic Analyses in Water Quality Control Programs:" Ordering
inldrmation may be obtained from: . /

. U.S. Environmental Protection.Agbnci
NationWl-Training and Operational Technology Center
Cincinnati, Ohio 45268
(513),684-7501

2. ,Slides, Slide/Tape Units, Overhead Transparencies and Videocassette
(See IPW Sections VIII B and.XI,for a description). According to
topic, these instructional training aids are:

a. Acidity and-Alkalinity
.

1) X-20: "Alkalinity", 28 assembled slides

b. Calcium and Maghesium Hardness

1)a X-22: "Hardness', 23 assembled slidei

L
c. Chlorination andAdhlorfne Determinations

1)' X-21: "Chlorine", 36 assembled slides

2) KEN-70:"Amperometric Determination of Total Chlorine in Wahewater"
,11 minute 3/4" U-matic CCTV 'cassette produced by Kirkwood Community
College.

It is availableereview and purchase from the College, 6301 Kirkwood
Blvd., Cedar Ra ids: Iowa 52405.

d.,Determinate,frror-Accuracy

1) X-25: "Accuracy", 14 assembled slides

e. Elements of a Quality Aslurance Program

: 1) X-26: "Quality Assurance", 5 assembled slides
1

f. Fluoride

1) XT-80: "Fluoride Analytical Procedures", 46 slides, 16 minute tape' --

and script
4

AT(10114).6a.8.80

24
4-1
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e"

4-2

g. Indeterminate Error-Precision

1) X-24: ''Precision ", 20 assembled slides

,
Laboratory Safety Practices

.1) X-27: "Laboratory'Safety",,40 assembled slides

i. Nitrate and Nitrite Nitrogen
-

JP

1) X-23: "Nitrate and Nitrite Nitrogen ", 20 assemble() slides

j. pH

1) OT-11: "pH",.7 overhead transparencies

k. Phosphorus

1) XT-44: "The Determination of Phosphorus", 53 slides, 14 minute

tape and script.

1. Sample Handling Field Through Laboratory

1) X-11:' "Sample Handling", 8 assembled slides

m. Solids

1) X-28: "SolidS", 32 assembled slides

n. Specific Conductance

1) X;29; "Specific Conductance", 15 assembled slides

0. Turbidity

1) X-30: "Turbidity", 10 assembled slides.

p. Use of a Spectrophotometer and Calibra6on Graphs

1) X78: "Use of a Spectrophotometer", 16 assembled slides

2) X-9: "Calibration Graphs", 6 assembled slides

0i) A-51; 'Use of the Spectronic 20 Spectrophotometerr,
35 slides, 8 minute tape and script

q. Volumetric Analysis

1) X-18: "Volumetric Analysis", 30 assembled slides

V

25
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All units d ribed in 2. above are available on scheduled loan from NTOTC
to institutions conducting this course. Requests should contain the in:-

formation items on the "Request for Loan".form'at the end of this section.
Send requests to the National Training and Operational Jechnology Center
at the address on page,4-1. 1 .

.

.

It is urged that materials desired from NTOTC for a specific course Offer-
ing be requested fin a single, consolidated communication! This will give
greatest assurance of a 1ve11-coordinated'response. Because these-tegyestS
ordinarily will cover a number of .different items; telephonic requests
should not be made. : ,,,/

A

2

Requests should be timely. To assure effective delivery in time for use in
the course, requests, should be received at NTOTC at least 45 days prior to
the course date. NTOTC will,,in turn, make every effort to assure that the
requested materials'are delivered to thetequestiniinstitation several days
prior to the Start_of the course in Which they.are o be used, this will,

permit review and practice by the instructional staff for the most effective
t use of such resources. \

..

'It is expected that all borrowed resources be returned to NTOTC within two
weeks after completion of thp course. in which they are used.

lie itWith returned.borrowed training resourceS, it is. requested that the usei.
provide NTOTC with an evaluation of the training resource(s) used. In this

manner, the experience of users can be a fabs/pr in continuous imprpvements
and responses to problems in using the resdM'tes. All reports on the use
of such resources should include the number oistudents with Whom the '

material was used.' .

N. N.>

Supportive References

Jo
a. Manual: EPA-EMSL, "Methods for Chemical Analysis of Water and Wastes".

Thjs,is the reference source for many of the gethods presented in this
course. Address requests for a copy to:

U.S. Environmental Protection Agency,
Environmental Monitoring and Support Laboratory .(EMSL)
Cincinnati, Ohio 45268

b. "Standard Methods for the Examination of Water and Wastewater" (14th

edition), APHA,.AWWA, WPCF. Available'from Publication Office,
American Public Health Association, Inc., 1015 18th Street, N. W.,
Washington, DC 20036.

c. "Annual Book of Standards" hart 31, "Water", 1975. \Available from
American Society for Testing and Materials, 1916 Rate Street,

. Philadelphie,IPennsylvania 19103.

r
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Note; Items 3. a., b., and c. are those current] cited by the
Federal Registers for National Pollutant isc arge Elimination
System (NPDES) and Natiopal. Interim Primary Drinking,Water.Regu-
lations (AIPDWR) (copies re in the Instructional Package Work-

lj
sheet on Compliance Metho of gyi. Contact your U.S. EPA Regional
Quality 4isyrance coordina r for pertinent Federal Regilters
issued after 8/80. (CaTl.U.S. EPA, EMSL, at 513/68177301, for the
name and phohe number of your Coordinator).

41b

d) Cat:log: 'later 0.1ality Control Instructional Materials." -44h-is .

includes visual instructional units developed by NTOTC. Although

not developed specifically.for this, course,, several of the units
,are on course topics and might,be useful supplementary material.
Address requests for a copy to t{TOTC at the address given on page
4-1.

4. Instructional Resources Alrtady in Possession of the Training Insti

a) Many training organizatiopt prefeto develop, or have developed, their
' own texts and audiovisual training:resources.

to.

. a

/

s 4

1

9
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REQUEST FOR LOAN

I

AUDIOVISUAL INSTRUCTIONAL UNIT

Title and Catalog No.

a %*.
Intended Use a 2"

r
Preferred Date of. Use:

sal

Alternate Date

BORROWER'S NAME

.Title

Organization

Address

(Zip)
Phone Number (include
Area Code).

There is no charge for use of theAudiovisual Instru ctional Units. However.
the BORROWER assumes financial responsibility for the value of all
loaned equipment and instructional materials.

Unless special arrangements are made with the loaning' office, units.
should be returned within two weeRs. Return the unit by REGISTERED,
DERTIFIEDor INSURED MAIL IMMEDIATELY after use.

EPA171 (Cm)
(8-74)

r

C)

r

2 3 4:5
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F. LABORATORY EQUIPMENT AND SUPPLY REQUIREMENTS

The consolidated list in this section is for overall planning purposes. ,

It was compiled from the Instructional Package Worksheet (IPW) sections

(part II of this mandt1) IX, 'IPW Equipment and Supply Requirements"

and X, "IPW -Reagent Requirements." Sections IX and X can also be used

on a day- o-day basis during the course to prepare for the laboratory

i
exercises

The first column of dis consolidated list contains a description of

the item as.found in commercial catalogs.

The second column identifies the tests utilizing the equipment. At the

beginning of the table, there is a key to the abbreviations used in this

column.

The third column lists the minimum quantity per laboratory Station .(no

more than two persons) require0 for each test. In many cases, multiple

use of the item is lequired o carry out the procedure. The quantities

are based on the assignment stated in section IX of the related IPW.

For convenience, a list of the assignments for each topic can be found

as part of the key for abbreviations at the bdginning of the table.

If an Instructor chooses a different assignment for a topic, some *

quantitiespust be changed accordingly. As noted, numbers represent'

minimum quantities. It is strongly recommended that Instructors provide
surplus equipment and additionalOupplies ready for_use in case of need.

s Many Instructors plan for a margin of at least 10% of extra supplies to
provide for student errors, planning mi calculations, or other unforeseen

events.

The fourth and final column contains emarks that may be useful when

deciding on class needs or when orderi g equipment. 4

Before using the list, decisions mustle made"about the course content.
It may be desirable to teach the approved. test procedures fo parameters

that are not included in this package, but that are required locally

.to meet regulatory requirements. In that c the list must be changed.

Delete items identified for topics you omit add the items needed for

the topics you want to add.

This list can be of great value in pre-course planni to detertnind the

availability of needed equipment and supplies, and to take action to

provide needed resources. Further, this list can be of vital importance

when planning for courses to'be conducted in field locations./ Copies

.10of the list in the hands of the Course Coordinator and a representative
'of the host organization can be used to determine who will provide
needed resources on an item-by-item basis. When the responsibility

is assigned/accepted, this can be annotated in the "retharks" column

on the cgpy in the hands of the Coarse Coordinator and the copy of the -

representative of"the host organization. Each can then use the
annotated equipment and supply list as a checklist for carrying out
his own agreed-upon responObilities in preparing for the course.

11

. ,

AT(100.4):5a.11.80 ' 1
1
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1, Following is the key.for abbreViations used for course topics in the table. The second column lists
the laboratory assignment. for each station as given in the corresponding IPW in,Pa'rt II of thig guide.
(There should b no more than two persoasat a station.) The quantity given for each laboratory
item in the.table was calculated according to the IPW assignment. If you change the assignment,
adjust the qijantities accordingly.

5-2

ABBREVIATIONS FOR TESTS - IPW ASSIGNMENTS (per station) .

A/A Acidity and Alkalinity, Titratidh

-

41-

1 sample for acidity .

2 samples for alkalinity

. .

.

Cl Chlorine ..!oerometric (Back) Titration, 1 sample -for two titrations,

F Fluoride, SRADNS and Electrode with Specific Ion Meter

/

4 4 samples by eacfi method
.

.

. , .

H Hardness, Titration

i ,

tap water l
.

1 standard ,

1 effluent sample (or synthetic)
,

ti/N Nitrate and/or Nitrite, Cadmium Reduction

., :
_
,

.

..

. .

----,

Prepare and Activate a column
Zero standard plus 1 standard or sample for
,nitrate. Same fbr nitrite.

P Total *Phosphorus, Digestion and Reduction

\

2 standardi.(zero .1. I other)

1 sample
.

..

.

.

SolidsvTotal and Suspended, Gravimetric . .

- .
------,

.4., . I

1 influent sample for total solids

1 influent and 1 effluent sample for
suspended solid;.

.

,

SC Specific Conductance, Meter
*

.

.

S Determine cell constant for 3 rangest
3 samples

--.......p

:.

N.

I Turbidity, Nephelometer ! -

").

* I

.. ., 30
.

. .. .

..:

.

Dilute a stock solution tb make 3 or 4
0

standards. ,
2 samples ttap water * 1 synthetic)

. ni



LABQRATORY EQUIPMENT AND SUPPLY REQUIREMENTS
(Compiled. from Section IX in the IPW's)

41' DESCRIPTION
. .

TEST(S) QUANTITY
PER STATION_

REMARKS
.

.

APRONS, laboratory (plastic acceptably) . All See Remarks
.

One per person

BALANCES, analytical, 0.1 mg sensitivity at '

a load of 200 g, with Instruction Manuals
.

S See Remarks

.
.

1 per 3 stations. .

BEAKERS, glasi, 50 ml A/A See Remarks 2 in hood for H
2
0
2

'

-1
.

BEAKERS, glass, 100 ml , ,. A/PA f

BEAKERS, glass, 150 ml
''.

.

.. . . -..
.

v

A/A
H

N/N

3

. 1

2

.

' H . If two electrodes are used for
pH, a second beaker is needed. N

BEAKERS, plastic, 150 ml , F . 6
. .

BEAKERS, glass, 250 ,m1 H

N/N

1

2 ,

BEAKERS, glass, 400 ml

,

N/N

SC

1

7

BEAKERS, glass, 600 ml
.

,

SC 1

. , .

BOILING BEADS, glass, 5mm .

.

o -. )

A/A

P

See Remarks'

See Remarks

.

In one supply container. Need:

A/A= 3 each station
P - 12 each station

BOTTLES, glass or plastic, abOut 2.5 liter for

.. .Cd rinsings. Used acid bottle ,serve well.

411.

.

.3')d
,

7

/

N/N

--
.

, 1

. 5-3 '.
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DESCRIPTION TEST(S)
QUANTITY
PER STATION

REMARKS

. .

BRUSHES, balance ,
t

S See Remarks

4

1 by each BALANCE ,

l BURETS, 25 ml 0.1 ml graduations; teflon
stopcock plug preferred t

A/A

H

1

1' .

CLAMPS, buret for titration stand; to hold
two BURETS' z

P A/A 6

H

N/N
.

1

1.

1

.

' ,

,

.

CLAMP, screw to regulate flow through 4
cm ID rubber TUBING

N/N

.

1

.

-.

.CLAMP, pinchco\. ck for 4 cin ID rubber_

TUBING

.
N/N 1

.

CONDUCTIVITY METERS, Wheatstone bridge with
cell(s) to measure conductance. ranging

from 15 to 13,000 u mhos/cm 0.25°C.
Each shbuld have an accessory or means
to check the resistance.

/

SC

.

1
.

Conducting the lab session twice halves
the number needed.

.
.

I

-CONTAINERS for instilment cell wastes, \.'

about 2 liters .

/

Cl N/N
F P

H T

See Remarks
o

.

All - 1 per 2 stations
.

'

l

t

CRUCIBLES, Gooch, porcelain, 25 ml capacity S 1 /
. ,

..t

CRUCIBLE HOLDERS, Walter, for 25 ml crucible,
to fit FILTERING ASSEMBLY,

.

CYLINDERS, graduated, 10 ml
.

1

CYLINDERS, graduated, 25.0 '

"
H 1

S 1

.

4 AM

.

CYLINDE58, graduated 50 ml

34
.

ti/N
.

,
-3
0
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DESCRIPTION TEST(S)
QUANTITY
PER STATION

REMARKS

K

CYLINDERS, graduated, 100 ml 'NM S 1 ,

,

CYLINDERS, graduated, 200 ml. CI
.,

1 __

.

DESICCATORS, with active desiccant

.-

S

.---"--

See Remarks -,,

.

Capacity for ,1-25 ml GOOCH CRUCIBLE,

1-150 ml EVAPORATOG DISH and
1-6 cm WATCH GLASS or PLANCHET per

,

EVAPORATING DISHES, 150 ml, porcelain 4

s.

S 1

.

../

FILTERING ASSEMBLIES for 10 ml, 50 ml, and

100 ml volumes. .

-

P

5

.
1 .

1

P - Filtrate to be transferred
S - Filter support should be A, 5cm

diameter for influent filtration
,

FILTER DISCS, phosphorus-free, 0.45 micron
pore size, Gelman GA-6 or equivalent, to fit
FILTERING ASSEMBLIES

P 3

,

___

FILTER DISCS, glass fiber, no organic binder,'
Reeve Angel 934AH, Gelmarr type A/E,
Millipore AP-40, Whatman GF/C or equiva-
lent. Diameter %i 5cm for FILTERING
ASSEMBLY and also A, 2.1 cm for CRUCIBLE

S 1Each Size

,

'-

FILTER PAPER, fluted, about Nd. 12 to fit'14 '
cm FUNNEL far..-Cd rinsings

4

, N/N
.

1 piece ,cl

1

,

.

FLASKS, Erlenmeyer, wide mouth, 125 ml

. '

.

. F

H
P

'

6

See3Remarks
-

H - 1 If two electrodes are used
for pH, use 1-150 ml BEAKER
instead!

,

-
I.

FLASKS, Erlenmeyer, wide mouth, 250 ml
-

N/N 4

.

.

AO '

FL1 KS, volumetric, 50 ml, with glass stoppers P 3 )'s ."
.

FLASKS,
r

volumetric, 100 ml with glass stoppers
r,

N/N
T

e
4 ,_-_____..

, _...

FORCEPS, pa rs, blunt-tipped, to manipulate
FILTER DISCS

3` $

P

S
.

,

.

1

I

.

_._ 3
5.7,5
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DESCRIPTION TEST(S)
QUANTITY
PER STATION

REMARKS

6' NNELS, short stem, diameter about 5 cm to fit
neck'of 50 ml VOLUMETRIC FLASK and 25 or 50
ml BURET

A/A

H
P

1

1

1

.

"
FUNNELS, medium stem, diameter about 14 cm to

fit neck of pld BOTTLES for Cd rinsings
N/N 1

GLASSES, pairs of safety
4

Ail See Remarks
,f

One per person
4

.

.
GLASS WOOL, small wad for end of 100 ml cut-off

PIPET
.N/N 1

-

,

lk

HOT PLATES with continuous settings, not just
"low", "medium", and "high".

.

.

A/A

,l( P

See Remarks
See Remarks

.
A/A: 1-150 ml BEAKER per station

P: 3-125 ml ERLERJEYER 5ASKS per
station

OVEN, hot air, to give uniform temperatures and
with thermometer to register accurately in
range of 103°-105°C.

S

,

.

See Remarks
,

.
.

Capacity for 1-25 ml Gooch CRUCIBLE, i
,1-150 ml EVAPORATING DISH and 1-6cm
WATCH GLASS or PLANCHET per station ,

.

OVEN, a second oven as described above or a
(steam Eifrfor use at 98°C

S See Remarks

t
0

.

etpacity for 1-159 ml EVAPORATING
DISH per station

_

PAPER CLIPS
,

.

N/N \
r

. 1

.

PENCILS, WAX MARKING All
.

- .

.
1

..9

, .

, ,

._

. pH METERS, ELECTROMETRIC, accurate to at least
0.1 pH unit, each with electrode(s)

.

i '
.

.
.

A/A,

H

N/N
P

114 .

,

1

'See Remarks
See Remarks

1
.

Conducting the lab session twice
halves the total number needed.

i

H - 3-per 2 stations'

N/N - 1 per 2 stations

PIPETS, dropping (medicine droppers) with bulb .

about 1 ml -

A/A See Remarks
.

2 in hood for H
2
0
2

.

PIPETS, meast*g, glass, 1 ml graduated at

n 1 m1

CI 1

-
J

-

.

PIPETS, measuring (Mohr)) glass, 10 ml
r 4

/

- 38 ..

..

NO
'

..

.

.

See Remarks
1

,

0

-

each bottle f colorN/N - 1 for
ntreag

39



.
DESCRIPTION ..:A.

1'
TEST(S)

QUANTITY
.PER STATION

.

. "....,

REIJARKS

PIPETS, volumetric transfer, 1

v
ml -

,

. /
#

Hill

P

. See Retharks

See Remarks

H/H -2=1;7-;;ions
P -) per 6 stations

.

'
2PETS, vouerc trade mllMti Sfmllk

.

W/H' SE Remarks

:

1! 2 per 4 stations
.

.

PIPETS, volumetric transfer, 3 ml
1

.

P See Remarks
.

.

'1 per 6 stations

.

. r

PIPETS, volumetric trailer, 5 ml .

. q '
,

ap.7-,-

C
.1.

'Cl

H/H
P

1

See Remarks .
..

See Remarks

. Cl - may need graduatedtipet.for titrator
H/H - 2.per 4 stations

,v
P -- 1 per 6 stations .

ETS, volumetric transfer, 10 ml-'\

I.#

F

H/H
P

:

%

3"

'See'Remarks

.See Remarks

HA L 2 per 4-stations
P - 1 per 6 stations

.

-.

40 .

-..)-

PIPETS; volumetric transfer, 20 ml ,
,

. 1/
, P .

See Remarks. P - 1 pe'r 6 stations
,', .

fit-

PIPETS, volumetric traEnsfer, 25 ml d
.

H

.
s. NM

4rm .
1i .

.
ti

PIPETS,Aolumetric transfer, 50 ml
A %

"%%-oge . 0

A/A
F

KPHP
A

See Remarks
1 !

1-2
'A

1....:_

411'
, A/A T 1 for each bottle of sample

Hal - 3 if possible
0 - 2nd pipet - 1 per 4 statioii----\_,,,,

4.4 4

fPIPETS,'volumeiric transfer, 100 ml . T 4
> -

..'
.

/

'..PIPETS, volumetric transfer, 100 ml with .

top and to,ipcut off for reduction col urn .

a 1

ii

H/H .,
li

1

aREDUCTION UMHS can be purchastd. ,

.

elPEp BULBSt large with opening shaped to

fit variety of PIPET sizes

A/A
F T

P

1.1

S

'
t .

1

1

.

L.14-
-, 9
WATCH GLASSES may be used instelg,

iiwiCHETS,
cm diameter

stainless' steel,

. ell-t,out.6 cm diameter ^

. '

PROP "' ULB '

-..
' P. .

, .4 I.) .

Cl

H/H

, k "
'

1

1
,

.

.

,

5-7 .
.
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DESCRIPTION TEST(S)

si.

PER STATION REMARKS

. . .

REAGENT SPOONS,-0.4 gram P 1
,

REDUCTION COLUMNS N/N I

../

Can be purchased or made. See
"PIPETS, vol. transfer, 100 ml, etc"

SAFETY GLASSES All See Remarks One pair for each persoh-k

SIEVES, 60 mesh , N/N 1

.

SPATULAS

,

.

Y

AJA
Cl

H

N/N
P

See Remarks A/A and P: One .in hood for transferring
BOILING BEADS from corm= supply con-
tainer. Other tests: One at each station

SPECIFIC ION METERS, each with a fluoride
ion activity electrode.and a reference
electrode or with a combination fluoride
electrode

F 1 Conducting the lab session twiceand
.theh alternating with SPANS test
quarters the total number needed.

SPECTROPHOTOMETERS, for use at 570, 540,
880 (or 650) nm, providing a light path of
at \leastfl cm .

,..

F

NM
P

.
1

See Remarks
See Remarks

F - 570 nm See "Remarks" for SftCIFIC
ION METERS about number needed`: .

N/N - 540 nm One per 3 stations
p - 880 or 650 nm One per 3 stations,

special. filter & phototube maybe needed.

SPECTROPHOTOMETER CELLS, 1 cm for instruments

0 o'h hand \

L `/
F

N/N
P

See Remarks
One for each in5trument .

.

If matched sets of cells are available,
then one set per instrument

STANDS, titration with porcelain bases A/A
H

NA

N/N

U

1

immis lagilLnlay include aSTIRRING APOARATUS;,NASNETIc ..

STOP WATCHES,-or timing devices F .

THERMOMETERS . A/A
F

H

N/N
P

SC

.

See Remarks
,

o

4moirm....

, .-

All - 1 for each pH METER or SC METER

TISSUES, small, soft, in boxei

....

. 1-.

Cl

S
.

iC

.

See Remarks

t

-. *

Cl - 1 box per 2 instruments
S - 1 box per desiccator plus 1 box

ser.balance
SC - I box per 2,01truments

t.t t)

...A . .
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IESCRIPTION '' TEST(S)
QUANTITY
PER STATION

REMARKS

TITRATORS, amperometric with cell and any

accessories, e.g., pipets.

Cl 1 Conducting the lab session twice halves

the total number needed.

TONGS, crucible; pairs
,

S A/A

.

1

,

.

. /

TUBING, soft rubber, 4 cm 10,7.5 cm length N/N 1

.
TURI3101METERS, Nephelometers that measure

light scattered at right angles to the ,

path of the incident litjht, with tell and

any standard accessories.

T

.

1

.

Conducting the lab session twice halves

the number needed.

,

- --

VACUUM SOURCES: preferably a central service.
An electric vacuum pump assembly with suit-
able hoses, water traps and shut-off valves
and with capability of drawing 15 incssf

, mercury can be used. E

S

.

1

.

v-

t

WASH BOTTLES, plastic squeeze type, 500 ml All 1

.

WATCH GLASSES, about 6 cm diameter S
.

1 PLANCHETS may be used instead. .

wATER,STUL to produce water free of the
constituent sought in each test.

All See Remarks Orel unless ion-free water is purchased.

v

.

. . .

1

,

. _

.

i

i >
so

6

. , .

A A
q i

' .
..

-
, - .

.

-

.

i

.

.
-

.

. '

.

f

2 ...

. /
'I; )

r ielt
t



LABORATORY REAGENT REQMEMENTS

0 Compiled from Section X in the IPW's

ALL QUANTITIES ARE MINIMUMS

5-10

/ .

QUANTITY
PER STATION

REMARKS

ACIDITY and ALKALINITY See Remarks For DETAILS OF REAGENT PREPARATIONS, see 14th
edition, "Standard Methods", pages 276 and 279
(or the method cited if a later edition is approved).

Buffer, pH 4.X - 1000 ml
10.12 g potassium biphthalate

.

-

75 ml

.

Used to standardize the pH meter fOr these tests
and also for NITRATE/NITRITE and PHOSPHORUS.
Commercial powders or tested solutions may be used.

Buffer, pH 6.X - 1000 ml
3.388 g potassium dihydrogen phosphate
3.533 g disodium hydrogen phosphate

150 ml Used to standardize the pH meter for these. tests

and also for HARDNESS, NITRATE/NITRITE and
PHOSPHORUS. Commercial powders or tested solutions
may be used.

Buffer, pH 9.X - 1000 ml
3.80 g sodium borate decahydrate (borax) -

..

'75 ml Used to standardize the pH meter for these tests

and .also for HARDNESS. Commercial powders or

tested solutions may be used.

Hydrogen peroxide, 30 % solution
.

5 drops
7

, ..

Potassium biphthalate - 1000 ml

10.0 g

See Remarks -Used to standardize 0.1 N sodium oxide

.

.

L

Sodium carbonate - 1000 ml
.2:5 g .

See Remarks
.

Used to standardize 0.1 N sulfuric or hydro-

chloric acid. Also used for SAMPLE for
.

Alkalinity. .

Sodium hydroxidG-0.1U-1000 ml
11 g

See Remarks Used to prepare 0.020 N sodium hydroxide -

.

Sodium hydroxide, 0.020 N - 1000 ml
200 m1 0.1 N sodium hydroxide

15 ml

.

Also used for SAMPLE for Alkalinity

Sulfuric acid, 0.1 N - 1000 ml
3.0 ml concentrated sulfuric acid

See Remarks

.

Used to prepare 0.020 N standard acid. You can

use 0.1 hydrochloric acid instead of sulfuric.
Prepare by diluting 8.3 ml HC1 to 1 liter. %

k,

Sulfuric acid, 0.020 N - 1000 1m 1 i

200 ml 0.1 N sulfuric acid J
25 ml

,

c

-Can prepare 200 ml. 0.020 N hydrochloric acid

the same way. . .
.

-Also used for SAMPLE for Acidity

'Sample foe aridity - 1000 ml

300 ml 0.020 N sulfuric or hydrochloric
acid

.

50 ml ..*stewater treatment plant influents or effluents

known to contain acids may be used.

...,. e

46.



DESCRIPTION
,--

QUANTITY
PER STATION

REMRKS

Sample foil alkalinity - 1000 ml
,

300 sal .0.021) N,sodium carbonate
.

50 ml

.

Wastewater treatment plant.t4fluents or effluents
known to contain alkalinity Noe be used.

1 ,
.

.

Sample for alkalinity - 1000 ml
200 ml 0.020 N sodium hydroxide

/

-, 50 ml

,

Wastewater treatment ?int i /Ifluents or effluents
know to contain alkalinity may be used.

s.

`i.

CHLORINE,,Amperometric9(Back) Titration
See Remarks For DETAILS OF REAGENT PREPARATION, see 14th

edition 'Standard Methods", page 318 (or the
method cited if a later edition is approved).-,r-
Used to standardize 0.1 N iodine solution

. .,

Mao .

Arsenite solution, 0.1 N - 1000 ml
4.95 g arsenic trioxide

15 g sodium hydroxide

carbon dioxide to saturate 250 ml sol.

See Remarks
.

.

. ,

Buffer, pH 4.0 - 1000 ml
243 g sodium acetate trthydrate

) 40 g glacial acetic acid
..

8 ml_

i

This reagent can be purchased.
.

10.

.
Hydrochloric Acid - 5 to 10 drops See Remarks Used in standardizing 0.1 N iodine solution,

Iodine solution, 6:1 U - 1000 ml
40 g potassium iodide
13 g resublimed iodine See Remarks

Used to prepare 0.0282 N iodine solution

.

The 0.1 N iodine solution can be purchased

Iodine solution, 0.0282 N - 1000 ml
25 g potassium iodide
N, 282 ml of solution prepared to be
0.1 N iodine .

4..

2 ml

,

Used as a titrant in the test and also to
standardize,phenylarsine oxideosolution.

AkActual amount of 0.1 N iodine depends on ' .

'results from its standardization.

Phenylarsine oxide, 9.00564 N - 1000 pi

0.8 g phenylarsine oxide
1.8 g'sodium hydroxide
1 + 1 Iydrochloric acid (to adjust PH)

40 0.05 g potassium iodide .

. 1

/ 46
.

10 ml

.

(

This reagent can be purchased. Must use 0.0282 N'
iodine solution to finalize this and then to check

:the final normality, 1

..,
.

51%)

, , .
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'
. -DESCRIPTION

4

QUANTITY
PER STATION

.

' . REMARKS .

.

Potassium iodide crystals
't ''..

%

.

, , 2 g Also used in preparing some of the above reagents.
One ml of asolution of 5.parts KI in 95 parts
distilled water,can.be used instead of 2 g
of crystals.

Sodium chloride, U.S.P., pellets 20 g',

.
,

Electrolyte for cell 1

I

Starch indicator
-

'ti 1 g soluble powder
See Remarks

,

Used to standardize 0.1 N iodine and 0.00564 N
phenylarsife oxide

.

Sample .

.

R

400 m`1

"
4:0

UNSTABLE -.Prepare just prior to use, about '

3 mg/liter. Dilute a chlorine solution or
a hypochlorite bleach. A chloriAated plant
effluent may be used.

.7

FLUORIDE, SPADNS and \Electrode

*

. See Remarks

..

For DETAILS OF REAGENT PREPARATION, see 14th,
edition, "Standard Methods", and page 393 and 392
(or the method cited if a later edition is
approved).

Acid Zirconyl - SPADNS reagent - 1000 thl

500 ml SPADNS solution .

. 500 ml Zirconyl - acid reagent
.

75 ml ,

,

This combined reagent is stable for at least
two years.

.SPADNS solution and Zirconyl-acid reagent
are listed beloW.

.

..--

Fluoride stock solution - 1000 ml
0.2210 g anhydrous sodium flupride

r-

See Remarks Used%to make Fluoride standard solutions and
four samples.

.

Fluoride standard, 1 mg - 1000 ml
1'0 ml stock solution

100 ml

.

UNSTABLE - Prepare just prior to use.

1 -
i .

Fluoride standard, 2 mg - 1000 ml
/ 20 ml stock solution

100 ml

,

4 .

Required if a pH meter is used.
.

Fluoride standard, 10 mg - 1000 ml
100 ml,stock solution

,

60 ml
*

-

v
SPADNS solution - 1000 ml

1.916g SPADNS, sodium 2-(para-
sulfophenylazo)-1,8-dihydrov-3,

,e 6-naphqaleue disulfonate
1.

. ' ,

.

See Remarks
...."'"-

,

This solution is stable indefinitely if protected
from direct sunlight. Used to make Acid
Zirconyl-SPADNS reagent.
. .

51
.



DESCRIPTION
.

QUANTITY
PER STATION

. .

, . REMARKS

TISAL- 1000 ml
57 ml glacial acetic acid .

- 58 g sodium chloride

4.0 g 1, 2 cycloheNklene dinitrilo tetra-
acetic acid (CDTA)
ti 309 sodium hydroxide

300 ml*

,

,

This reagent can be purchased.
*400 ml is required if a pH meter is used'.

.,

,
I

4

iirconyl - acid reagent - 1000 ml
. 0.266 9 zircodY1 chloride octahydrate

700 ml concentrated hydrochloric acid

See Remarks Used to make AciOirconyt- SPADNS reagent.

.

Sample #1 - 1000 ml .

.---.....

5.5 ml fluoride stock solution
100 ml

.

4

, Sample #2 - 1000 ml
10.5 ml fluoride stock solution

100 ml - 4
..:

/

Sample #3 - 1000 ml . '-'

.
'7.5 ml fluoride stock solution

\0.4437 g anhydrous sodium sulfate \

100 ml
..------

-

,
. .

f

.

. ,

-Sample #4 - 100O ml

9.5 ml fluoride stock solution
52.752 mg aluminum potassium sulfate
(also called,potassium alike) with 12 H2O

100 ml

.

.

.
.

I

HARDNESS, titration See Remarks For DETAILS OF REAGENT PREPARATION, see 14th
8
edition, "Standard Methods",,, page 203 (or the
method cited if a later edition is approved)

.

Buffer, pH 6,X
.

100 ml See this item in ACIDITY and ALKALINITY section

duffer, pH 9.X
.

100 m ,

.

See this item in ACIDITY and ALKALINITY section,

Buffer, test reagent - 1000 ml
41, 67.6 giumponium chloride

572 ml concentrated ammonium hydroxide,
4.716 g EDTA (also listed below)
3.420 g magnesium sulfate 17 H10 OR

.
.576 g magnesiuth chloride 6 'Hp. .

6 ml

.

Store in tightly-stoppered plastic or resistant-
glass container. Do not store more than a month's
supply in a frequently opined container. See
"Standard Methods" regarding alternate "odorless
buffers,"

/

Calcium carbonate - 1000 ml 1

.

4.000 g anhydrous calcium darbonate ,

1+1,hydrocbloric acid to dissolve calcium

..
carbonate and adjust pH

3N(1+4) ammonium hydroxide for pH .

3 drops methyl red indicator

,,

. 54,. .,

.

,

26 ml,

.

.

-

*

Alio used to standardize EDTA.
,

-
.

,

-.
.

. 5-13
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bESCRIPTIIIN .

QUANTITY
PER STATION

. REMARKS

.
,

EDIA,6T41 4 - 1000 DIV

3.723 g disodium ethylenediamine tetra-
acetate dihydrate 0

.

.

75 ml

.

. .

. - 1
-

.

1

.

4 Indicator ;.

0.5 giEriochrome Black T - ----r
. ,.

100 gasodium chloride

0.6 9

.
.

(taw

See "Standard Methods" for commercial

equivalents. .

.

rnhibitor .

See Remarks .

TWS is usually not required. See "Standard

Militiods for discussion and choices. -

..

,

1 f

Sample -1000 ml ,

ft,,,1 10411 calcium carbonate solution

i
. 4.

.

25 ml
f

.

A wastewater treatment plant sample may be used

if it will give pdsitive hardness results.
g

,(,) NITRATE/NITRITE, Cadmium Reduction
. . ..

.. _ ... /

.

See Remarks

.

For DETAILS OF REAGENT PREPARATIONS, see 1974 .

/E A, "MOhods for Chemical Analysis", page 202

' (o the method cited if a later edition is approved)

...

Ammonelum chloride - EDTA, conc. - 1000 ml

1.7 g disidjum ethylenediamine tetra-
. acetate ',

:,S
139 -ammonum chloride

IN... conc. ammoniumhYdroxtde adjust pHt..

610 ml 460 m is used for thR.testing of the assigned

(4) so (ions. The ml is used

to preps 350 ml dilute solution for preparing

one col ' . .
tO

.
.....

sr.:7

,

Ammonium chloride - EDTA, dflute "7'1000 ml

. . apo ml concentrated solution,
,

'

350 ml
.

,

.

,

AmmOnlym hydioxide:tooncentratede . . '1/4* 1 2A,,.....____ Fo p djustrent 4 sample

'Buffer, pH 43. . : '-,, _ ..- '' 100 ml . See s item in ACID TY and ALKALINITY section. '

Buffer, pH 6.X
d 100 ml See this item irACiDIT and ALKALINITY section.

.
C4mitim, granulated 40-60 mesh, ":20 g Can be purchased

.

.

o
.1.e

.

&

0

.

Color reagent - 1000 ml 4

.

10 g' sulfanilamide . ,

..

.1 9N (1-naphthyl)-bthylenediamine
.

.
dihydeochloride

.100 ml c.oncentrated- phosphoric acid
- .D'i -

Su' ..
.

.

.

,

8'ini

%

C4

i)
- .

V
I

., ...

,
,.

r '.-

-
J 0 4

. .



DESCRIPTION
QUANTITY
PgR STATION

REMARKS

Coppei- 'sulfate, 2% - 1000 ml

20 g copper sulfate pentahydrate
200 ml

Hydrochloric acid; concentrated .1, 1 ml For pH adjustment

Hydrochloric acid, 6N-1000 ml
500 ml concentrated hydrochloric acid

69 ml .
.

..

Potassium nitrate stock - 1000 ml

7.218 g potassium nitrate
2 ml Chloroform

.

See Remarks Used to prepare and standard solutions.
This solution is stab e for at least six months,
kept under refnigera fon.

Potassium nitrate activation s lution r
1000 ml'

1 ml stock solution .

25 ml '' UNSTABLE - prepare just before use.

/

Potassium nitrate stand* - 1000 ml

10 ml stock solution for cm cells)
.

.

15 ml

0.

Also used to prepare sample .

UNSTABLE -' prepare just use.
.

Potassium nitrite stock - 1000 ml .

6.072 g potassium nitrite
2 ml chloroform

. .

See Remarks Used to prepare standard solution.
This solution is stable for,about three
months, kept under refrigeration.

Potassium nitrite.standard - 1000 ml
10 ml stock solution (for 1 cm cells)

15 ml Also used to prepare sample.
UNSTABLE - prepare just before use. '

w

Sample - 1000 ml -

40 ml nitrate standard
40 ml nitrite Standard

50 ml

_

UNSTABLE - prepare just 'before use.
A wastewater treatment plant sample can be used.

.

This should contain both nitrate and nitrite.

PHOSPHORUS, Digestion 8 Reduction

-

See Remarks For DETAILS OF REAGENT PREPARATIONS, 04
52EPA, 1or"Methods for Chemical Analysis" p, 2.

.the method cited if a later edition is a prOvedj.

Annonium persulfate 1.2 g
.

e- .

.

Buffer, pH 1.X 100 ml See this item in ACIDITY and ALKALINITY section

Buffer, pH 6.X -

5 t;

100 ml See this itenin ACIDITY and ALKALINITY section

. . 5-15
..-,J(
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DESCRIPTION
QUANTITY
PER STATION

REMARKS

_

.

Combined Reagent - 1000 ml
70 ml suifuric acid., conc., diluted to 500 mi
0.1372 g antimony potassium tartrate in sol.

6 g ammonium molybdate in solution
10,28 g ascorbic acid ,fin solution

.

24 ml

.

LIMITED STABILITY - Combine the' four solutions

just before use. Follow all preparation
instructions carefully.

.

Potassium acid phosphate stock - 1000 mi

0.2197 g potassium dihydrogen phosphate
-

See Remarks Used to prepare standard solution and sample.

.
.

Potassium acid phosphate standard - 1000 ml
20 MT stock solution (for 1 cm cells)

70 ml

,

UNSTABLE - Preparepjust before use. .

.

Sodium hydroxide, ION-1000 ml
. 1

,

400 g sodium hydroxide ,

-%, 10 ml For pH adjustment
.

,

Sodium hydroxide 0.1N-I000 ml

4 g sodium hydroxide

,+, 5 ml For pH adjustmerit .

. N__,

Sulfuric acid, 11N-1000 ml
310 ml concentrated sulfuric acid

,t, '4 ml For digestion and for treating sample ,

Sulfuric acid, 0.11N-1000 ml
3.1 ml concentrated sulfuric'acid

.

-%, 5 ml
.

. For pH adjustment
.

- '-,.- ,1

Sample - 1000 Ai ... 1
,

10 ml stock solution

5dIml UNSTABLE =Prepare just before use A wastewater

sample containing phosphorus may be uses.

SOLIDS, Total and Suspended - .

,

See Remarks No reagents Are needed for these gravimetric
,

tests.

. Sample, plant influent
25 to 200 mg total or suspended residue

,v-200 ml

.

. If a treatment plant sample is not available,
a quality control sample of suspended solids

could be used f9r both tests. EPA-EMSL, 4P

Cincinnati, Ohio 45268 is one supplier.
..

Sample, plant effluent
. 25 to 200 mg suspended residue

-+, 100 ml See above Remarks for alternative.

S'ECIFIC CONDUCTANCE, meter

- 55 '
.

. ,

See Remarks

4,,

For DETAILS OF REAGENT. PREPARATIONS, see 14th

edition, "Standard-Methods", page 74 (o? the

method cited if a later edition is apptoyed).
, oJ

.

, ..



DESCRIPTION
QUANTITYQ
PER STATION

REMARKS

Potassiurfchloride stock, 1H-1000-ml
.

74.56 g potassium cbloride

-.. See ReMarks 'Used to 'prepare two standards and Sample A
1-

Potassium chloride, 0.111 -1000 ml

100 ml 11 solUtion .

D

400 ml ,

\
Also used- to prepare 0.001 R solution and
Sample B.

.

'

Potassium chloride, 0.01H-1000 ml
10 ml 1N solution .

400 ml Also used to Prepare 0.0001H solution and
.SamOle C.

.

\ PoiassiuM chloride. 0.001N-1000 ml
10 ml 0.1N solution

...

400 ml
1 41

t

Potassium chloride, 0.00011J-1000 ml

10 ml 0.01N solution
.

400 ml

1

.t.

.
.

.

,

Sample A - 1000 ml
10 to 100 ml 1U solution

(

400 ml A water sample with miasurable conductivity
may be used.

Sample B - 1000 ml
10-100 ml 0.1H solution

400.m11. A water sample with measurable conduci)vity
may be used. t

.

Sample C - 1000 ml
10-100 ml 0.01H solution -

c.-e -

400 ml

,

' A water sample with measurable conductivity
may be used.

.

TURBIDITY, Nephelometer See Remarks
For ETAILS OF REAGENT PREPARATIONS, see 1974 ,

EPA, "Methods for Chemical Analysis", page 296
(or the methodicited if a later edition is aonroved).

Formazin stock, 400 NTU -1000 ml
1 g hydrazine sulfate

10 g hexamethylenetetramine

10,m1 The stock is a mixture of solutions of the two,
,

chemicals listed.
Also used to prepare Formazin standard .

Formazin standard, 40 HTU-1000 ml
100 ml Formazin stock

See Remarks
.

.

Used to make sample. t.

Manufacturer's standards See Remarks

_

As supplied to standardize the meter.

Sample One - 1000 ml
5 ml 40 NTU standard

50 ml

.

A wate; sample with measurable turbidity ',

may be used. 4

Sample, - Tap Water

.

Go .

.
50 ml

.
Another water sample with measurable

.

turbidity may be used.
-17
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PART II - INSTRUCTIONAf PACKAGE WORKSHEETS

The Worksheets are for guidance to the Instructor who develops the
0 subject matter covered in the course. These Worksheets are not

scripts. The Instructor will need to make extensive and detiTTed A
preparation in order to perform the assigned tasks effectively

I and efficiently. The Instructional Package Worksheets do provide
a perspective of each analytical procedure, the learning achievement
levels the students should attain, available audiovisual and other
instructional resources, and an example course of action in pre-
course preparation and classroom/laboratory instruction. The

Instructor is free to modify the Worksheets to meet individual
needs. It should be noted however, that associated additions and
deletions will then be required in Sections V through XI of the
Worksheet, and in Sections E and F of Part I.

Application of these Instructional Packages will help the Instructor
to reduce the time required for planning and organizing a strategy
of preparation and instruction. Howev4r, time and effort are
required for physical preparations for aassroom andlaboratory
instruction; time and effort are required for rehearsals of
Instructor performance in classroom and laboratory. These require-
ments never can be met by such an Instructor's Guide as this, ultimately
the Instructor is the key person in assuring that the student acquires
the needed knowledge and skills.

6-1

AT(100.4)9a.8.80
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GUIDELINES FOR
INSTRUCTIONAL fACKAGE WORKSHEET

I. SUBJECT/MATTER: Course Obdectives - Introductions

II. UNIT 04 INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME:. 15 minutes.
.

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To give overview Of course

and allow class to begin to know each ott4r.

V. ENTRY.LEVEL BEHAVIOR:

A: Application and acceptance as a participant in the course,

B. Registration forms and details have been completed.

VI. INSTRUCTIONAL OBJECTIVE:
7

A. Terminal Behavior: The participant Will have an overview of the course

schedule, be able to use the training manual and correlate it to the
agenda, and will know the requirements for successful completion of the
course as stipulated for earning continuing education units. He/she

'will also know more about the other members of the class.

B. Conditions: He/she will be provided with a course' schedule, a copy
of the training manual, and a short discussion by the Course Director.

C. Accepted Performance: Attention during the discussion and /use of the

provided materials as,directed.

VII. INSTRUCTIONAL. RESOURCES:

A. AvailableMedia:

1. The course schedule

2. The training manual

B. Suggested Media:

1. None

VIII. INSTRUCTIONAL APPROACH:

A, Preparation for Instruction:

a

Go.

1. Prepare a. summary of the employers of the participants.

2. Review the requirements you have established for award of

continuing education units for this course, if SpOicable...
At NTOTC, we aWarded 2.5 CEU's (1500 minutes contzl time)
with the following nequirements:

AT(100.4).8a:9,80
63
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a. 95% attendance

b. Satisfactory participation in class aad laboratory sessions

as judged by-the course instructors

c. A score of 70% or more on the post-course evaluation if' the
pre-course score on the same test was less than 50%. Pre-

'course scores of 50% or higher are to improve'by at least

20% to a maximum requirement of 90%. Any excepttons,to'this

standard must be documented in the course file.

3. Duplicate copies of the course schedule for each student.

4. Secure a copy of the training manual for each. student.

B. Sequencing\/

1. Welcome

2. !y2ummary of employers of class participants. Special .welcome to

people from other countries.

3. Brief overview of course topics using the beginning pages in the

training-manual.

a. Use page with course description. Restate the course objectives

including the list of topics in the final paragraph.

b., Contents page - location of lecture and laboratory outlines.

4. Agenda

a. Note topics and manual outline numbers.

b. toe breaks and lunch times. They schedule, wn break during

laboratory sessions.'

c. Note time course ends.

d. General format is lecture, laboratory, follow-up discussion,
for each topic.

5. Scan outlines before class, especially laboratory procedures.

6.. Explain requirements for earning continuing education units for
course (if applicable).

7. Have each person rise and give name, employer, and principle job

responsibilities.

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. For eachistudent:

1. One copy of the training manual.
6

2. One copy of the course schedule\
\,
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X. IPW EQUIPMENT'AND SUPPLY REQUIREMENTS:

AI:7 None

1

t.
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Pr$:Course - POst-Course Evaluation

II. UNIT OF INSTRUCTION: Summary of NTOTC Use of the Teset

III. ESTIMATED TIME: 75 m flutes (30 + 45)

IV. JUSTIFICATION FOR TA IS INSTRUCTIONAL OBJECTIVE: There is an ."Accepted
Performance" standard stated in the "Instructional Objective" for each
subject in this course (VI C. in each IPW). It states the mode of
evaluation used atrNTOTC for that subject and includes the requirement 0,

that the participant musticorrectly answer 70% of the items on-the
subject in the post-course evaluation. Thus a minimum final score
of 70% on the post-test is required. To earn continuing education
units for the entire course (2.5 CEU's), NTOTC also requires evidence
of increased knowledge by an increase of qpoints or more (to a
maximum requirement of 90%) in the score for the same test taken
before and.after participating in the course.

The test contains items for every topic in the course. You may find .

these items useful even if you prefer to administer 4 written test
for each topic as it is completed. You can compile topical test*
using these items plus your own questions to obtain a more comprehensive
evaluation of achievement regaeding the individual subjects. (You may
need to increase the time allotments given in the NTOTC course schedule
for this additional evaluation activity).

V. ENTRY LEVEL BEHAVIOR:

A.. Pre-Course Evaluation

I. Is a chemist or chemistrytechnician

2. Has the prerequisites to participate in the course

B. Post-Course Evaluation

1. Attended 95% of the course

VI. INSTRUCTIONAL OBJECTIVE!

A. Terminal Behavior: The'partiglpant will answer the same set of test
questions before and after participating in the course to ful4411 the
'requirement fol. award of 2.5 continuing education units for the course.

B. Conditions: He/she will be given the test and 30.minutes. j

sm.

C. Accepted Performanal An initial grade of less than 50 should increase to
70 or more. gliTiTial grade of 50 or more should increase 20 points ,

with 90 as a maximum required score. .1

ti

AT(100.4).9a.11.80 8.1
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I.

VII. INSTRUCTIONAL RESOURCES:.

A. Available Media:

1. A set of questions on main points presented for each topic on the
NTOTC curse schedule, dh answer sheet, scoring information and
a key are at the end of this IPW.

2. An example letter sent to participan

'course but are not awarded Chi's is

3. An,example letter sent to participan
ofthe course so are not awarded CEU
is at the end of this IPW.

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for'InstructiOn:

8-2,

ts who attended 95% of the

at the end of this IPW.

ts who did not attend 93%
's or a course certificate

1. DUplicate one copy of the questions idr;e\used and two copies
of the answersheet for each student.

B. Sequencing:

1. Before the course topics are presented - 30 minutes

a. If the "Instructional Objective" (VI above) has not been
presented to the participants (in the preceding "Course
Objectives" IPW), explain it now.

b. Distribute one copy Of questions and one answer sheet
to each participant.

c. Go over the dire ons. .Emphasize that one should not
write anything on the question sheets,

d. Allow'the rest of 30 minutes for each to complete the
answer sheet.

e. Collea/all distributed materials. M.ake sure that each,

answer sheet has the name and date recorded,

2.' Outside of class:

a: Check all question sheets to be sure none have been marked
in anyway. Reserve for future use.

b. Correct the answer sheets and assign scores.

c. The results for groups of items are indicators of each
- participant's entry level knowledge about each topic.

3. After the course topics are presented - 30 minutes

a. Distribute the same question sheets and one blank answer
sheet tO each participant'

8
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b. Repeat the procedures in.l. c. through e. above
li, ....

.

4. After collecting completg4 stiFveys - 15 minutes

a. Use acetates of the question shg2ts with circled answers

to, go through the test question as a summary of course

content. -
.

,

. .
- i

.

5. Outside of class: .

. ,

a. Check all question shetT to
-
be sure none hav been ked ,

'At

in any way. Reserve the clean copies fer futur use.

.
. .-

b. Correct the answer sheets and assign scores.
ra

c. For eackpart4tipant, recOrd_the pre-course and post-course

scores.

d. Use the "Accepted Performan4e standard to determine which

particjpants have earned the CEU's for the course.
Sc'

e. Take ApproAiate action for.each studpnt regarding this
requirement for award of continuing eiducation units.'
At NTOTC, the action for those earning the CEU's is to

94..make arrangements for'recordinOhe award on the person's

course,centificate. Those who attended the entire course,

but who did not earn.CEU's, receive a course certificate .

and a letter documenting why 'the CEU's are not.recorded

on the tertficate.. An example of the letter is at the

end of this IPW*4

errors per item can se?'ve as an evaluablion. of the, instructt4
f. Inspect the answer sheets, item-by-item. A tally of the

given on the topic involved, as well as of the participants:
mastery of the topic lof the item (or group,ofite,ms). Make/
a note if pny changes in the instructional approach for topics

should Wplanned for future courses.

g. File the scorel $nswer sheets with any other evaluation
ir ,

information about the students. .

IX. IPW EQUIPMENT AND SUPPLY RtQUIREMENO:

A, For Each Student:

. 1. One copy of .the test questions and two copiesof the answer

sheet for eacti. .

,

X. IPW REAGENT REQUIREMENTS:,

A, None

as

63

41.
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INORGANIC ANALYSES IN WATER QUALITY PROGRAMS

EVALUATION

,- Please DO NOT write on the question sheets.

- Write your name on the answer sheet.
ir

- CIRCLE the letter(s) of your answer choice(s) next to the corresponding'

question number ON,THE ANSWER SHEET.

- Some items have more than one correct choice.
4

- Wrong answers will be subtracted from correct answers to arrive at a

final score for'each item.

'
* * * * * * * * * * * *

,

1. A "representative" water sample represents

'a. the beet water quality area of the source at the time of sampling.

b. the conditions existing in the water quality of the source at the

time of sampling.
c. The-worst water quality atea of the scarce at the time of sampling.

2. Written procedures to provide an accurate record for the chain-of-custody
of monitoring samples should be developed for

a. sample collection and transport.
b. sample collections, transport and delivery to a laboratory.

c. sample collection, transport, delivery to a laboratory and distri-

butionio analyst(s).
d. sample.collection, transport, d' livery to a laboratoryisAistribution

to,analy5t(i) anthstorage or disposal.

3. For NPOESPsamples, the first source of information about prey rvation

measures lo be applied are

a. those develbped by the responsible laboratory.
tb. those Published in the source of the.analytical method to be used.

c, those published in the EPA "Methods. for Chemical Analysis of

.Water and Wastes." V''

d. thOse publisha in the Federal Register.

4, The,first consideration wh4n drawing up a tide schedule for analyzing sample

a..

a. the preservative used.
b. umber.of analysts available.

11 c. the olding time guideline-for the constituent of interest.

;0 d. the quality control checks to belispd..;
the number of samples to be proceised. .

8-4
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%
Some items have more than one correct choice.

2

5. Which of the following have the right to apply for permission to use a
procedure different from those published in the Federal Register for
NPDpior drinking water compliance analyses?

a. A permit holder
b. A representative of a monitoring agency
C. A rOresenOtive of a certified laboratory
d, A representative of anon- certified laboratory
e. A representative of an instrument manufacturer

6 According to Federal Register regulations, which cif thi following apply/applies
to field kits for NPDES,compliance monitoring?

a. Field kit$ may never be used.
b. If a kit contains all the reagenti and equipment listed in a referended

mgthod, it may be used.
c Field kits with non-referenced reagents, and/or equipment are considered

an alternative procedure and require specific permission for use.

7. Which of the following isiare precision statistics? ,

a. % relative error
.1'.

b. % re4tive.standard deviation
c. % bias -

d. % recovery
*

e. range
f. standard deviation

8. Which of the following is/are related to control of accuracy?
a

a. Analysis of reagent blanks
b. Analysis of duplicate samples
c. Analysis of spiked samples
d. Analysis of standards to check reproducibility of a curve
e. Analysis using styldard addition techniques

9. When an analyst begins a titration, which of the following is/are unknown?

a. The concentration.in the sample.
b. The concentration in the titrant (standard solution)
c. The volume of.sample
d. The. volume of titrant required

10. What is another name for a substance lhich is a proton acceptor?

a. acid
4 b. base

c. salt
d. isomer
e. polymer

w.

I
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Some have more than one correct choice.

3
a*

11. If a volume requirement is stated as "50.0" ml, which one of the following should

be used to measure and deliver it?

a. A graduated 50 ml beaker

b. A graduated 50 ml erlenmeyWflask
c. A 50 ml graduated cylinder
d. A 50 ml volumetric pipet

4
12. In reference to volumetric analysei, which of the following is/are true?

a. Volumetric analysis requires a completed chemical reaction.

b. Volumetric analysis requires'an indicator of when the correct volume
of titrant has been used. 4

c. Calculations for volumetrid analyses represent the molarity relationships
of the solutions involved in a chemical reaction.

d. Volumetric analysis cannot be used to determine the weight yf a constituent

in a volume of sample.

I,

134 The.end point for an alkalinity determination on an NPOES sample is

a. the neutralization product pH for organic acids.
b. the neutraTizatipn product pH for mineral acids.

c. the neutralizatibn product pH for alkali metal, ions.

d. the neutralizarionproduct pH for hydroxide ions.

e. the neutralization product 9H,for bicarbonate ions..

14. Which of the followingrdescribe(s) every buffer?

a. It keeps the pH at 7.0
b. It resists changes in pH.

c.. It controls volatile interferences.
f d. It keeps ao acid pH.

e. It keeps a basic6pH.

15. Reaction completion in a total hardness titration produces a

a.. blue color.

b. green color.

c. red color.
d. .pH.4.5
e. pH 8.2

f. change in amperage.
-4t

16. What is'the titrant (At the buret) for a total hardness 4etermination7

4

a. EDTA
114 Combined reagent

%ANT. A.02 N hydrochloric. acid
100. PhenyTrsine oxide

e. SPADNS reagent -.

8-6 I
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Some items have more than one correct choice.

'4

17. One indicator whikh is approved for use in a total hardness titration is

a. phenolphthalein.
b. starch
C. methyl red.
d: Eriochrome Black-T (EBT).
e. Formazin.

18. The end.point in one of the tota) residual, chlorihe titration tests produces a

#6 a, blue-green color.

b. green color.
c., red color.
d. pH 4.5'

.

e. pH 8.2
f. change in amperage.

a

19. A back - titration must be used to accurately determine total residual chl rine in

a. samples held beyon4'6 hours.
b. samples preserved with inorganic acids.

c. samplesrequiring pH adjustments.'
d. samples with dissolved inorganic materials.
e. sample's with dissolved organic materials.

20. The recognized method(s) to deterMine total residual chlorine for NPDES

purposes is/are:

a.

b.

c.

d.

Back - titration with phenylarsine oxide titrant

Back-titration with iodine'titrant
Direct qtration with ferrous ammonium sulfate titrant
Color carnparison using a DPD kit

I

31. The,amelytical reaction used to determine total phosphorus produces a

a. blue color. %

b. green Color.
c. red color.
d. ,pH,4.5

e. 'pH 8.2 .

f. change in amperatt
,

22. The total phosphorus' determination includes

a. sulfuric acid hydrolysis.
b. combined reagent addition.
c. persulfate oxidation.
d. pH control.
e. developing a standard curve.

$
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Some items have more than one correct choice.

5

23. To determine total phosphorus for NFDES requirements, all phosphorus in'the sam-
ple must either already be in, or be converted to, which of the followin9 forps?

a. P:
b. P205

.c. H
3
PO

4

d. PO 4"J

24. The analytical reaction used in the SPADNS determination of fluoride
involves a

a. blue color.
b. green color.
c. red color.

d. pH 4.5
e. pH 8.2
f. change in amperage.

25. The distillation procedure, fluoride
t

i. distills over interferences leaving F- behind
b. distills o ,F" leaving interferences behind
c. requires t peraturaomeasurements
d. produces t color used for subsequent measurement
e. requires es), sulfuric.acid for each sample

26. The fluoride electrode can be used with

a.
i

an expanded scale OH meter
b. any pH meter
c. a conductivity meter
d. a specific ion meter
e. a spectrophotometer with adapted connectors

27. The analytical reaction used in the cadmium reduction determination of
nitrate and nitiite produce a

ti

a. blue color.
b. green color.
c. red color.
d. pH 4.5.

e. pH 8.2
f. change in amperage.

28. Interferences in the cadmium reduction method include

a. temperature chanAlit
b. grease clogging ofthe colpmn.
t. suipended solids sin the column.
d. thE short-term usability of the cadmium.
e. nitrate color interferences.

8-8
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SOme items have more than one correct choice.

29. In the cadmium reduction method, the analysis depends on a test for:

a. ammonium ions.

b. copper ions.

cadmium ions.

d. nitrate ions.

e. nitrite ions.

30. For NPDES purposes, which of the following filters .is /are approved for the
determination of non-filterable (suspended) and filterable (dissolved) residues?

a. asbestos
b. paper fibers
c. glass fibers
a. membrane
e. paper mat

31. The drying temperature specified for NPDES determinations of total and
non-filterable (suspended)'residues is

a. 103-105°C .11

b. 180 °C

c. 558°C

32. The NPDES methods for residue (solids) determinations would be classed as

a. automated. 4

b. gravimetric analyse
c. meter determination
d. photometric colorimetry..

33. Before thl final weight is calculated for suspended solids,

a. only one weighing must be carried out after heating.
b. only two weighings must be carried out after heating.
c. l'a constant weight must be obtained after heating.
d. agreement on results must be obtained with a turbidimeter.
e. agreement on results must be obtained with a conductivity meter.

34. For NPDES or drinking water, turbidity is measured with

a. an instrument containing a Wheatstone bridge.
b. a reference solution determine potential differences.
c. a colorimeter.
d. a nephelometer.

e. a spectrophotometer.

8-9



Some Re have more than one correct

7

35. Turbidity is a parameter of water quality interest because

a. results are,an accurate estimate of mg/L suspended solids.

b. results are an accurate estimate bf mg/L dissolved solids.

c. results indicate possibility of interference for chlorine disinfection process.

d. results are an index to the aesthetic quality of water.

e. results indicate the eft ciency of treatment processes.

36. Standardization of the instrument used to measure turbidity for NPDES or

drinking water data involves the use of

a. Formazin.
b. Fuller'syearth.

c. a curve supplied by the manufacturer.
d. a Jackson candle turbidimeter.
e. Kaolin:.

r.

3/. For OPDES,specific conductivity is measured with

a. an instrument containing a Wheatstone bridge.
b. a reference solution to determine potential differences.

c. a colorimeter.

d. a nephelometer.

e. a spectrophotometer.

38. Specific conductivity is a parameter of water.quality interest because

a. results are an estimate of mg/L suspended solids.
b, results are an estimate of mg/L dissolved solids.

.results are used to determine flow patterns.

A. results are used to signal "dumps" into a plant influent.
e. results are used to check the purity of distilled and deidnized water.

39. Which of the following affect(s) the results for specific conductivity.,surements?

a. the cell constant
b. the color of the sample
c. the temperature
d. the number and kind of ions in a sample
'e. the resistivity of sample components

40. ON THE ANSWER SHEET, list four tties (or the publishers 1 of

chemical procedures which are recognized in the Federal Regi
of nationally-tested analytical methods applicable to water

8-10
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NAME

INORGANIC ANALYSES IN WATER QUALITY PROGRAMS (100.4)

. ANSWER SHKT- .

1. a .b

2. a b c-f d

3. a b c d

\
'4. e/b c d 'e

5.. a b c d
/
)c

DATE

1 4

6. a b cf ..

7. a b .c d e f

8. a b c d e

9. a b c d

10. a b c d e ,e' '...
i

..

11. a b c d
, t

12. a b c d
.

13. a bcde .

,

14. a b c d e

15. a b c d' e f - e

16. a b c a' e

17. a b t d e

18. a b c d e f

19. a b c d\._ e

20. a b c d

V.
gr

It

21.a-b-cdef
22. as= :b a d e if

: 23. a b wNd
et

24. a bcd e f

25. a b c d 'e
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.
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26. a b c de , 4

27.atb c de
5.

f
t

28. a bc de
29. a b c d e

' 30. a b c de
31. a bc
32: a b c d

'33% a b c die
34,

35.

a b c.d
a b c d

a

5e

e
----....

I

36. a b c d e

37. a b c d e

38. a b c d e t
39. a b c d e

a.
40. a.

b.

C.

G.

. .

(
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1

INORGANIC ANALYSIS IN WATER QUALITY PROGRAMS
EVALUATION

SCORING INFORMATION

I

There are 40 items on the test. Each item was scored as an entity and

had a maximum value of 21/2 points. Within each item, any wrong* answers
were subtracted from the correct answers, and the remainder (zero was
the minimum used) was given the following credit for the item:

1. For items requiring only one correct answer:

a. a remainder of 1, 21/2 points

2. For items requiring two correct answers:

a. a remainder of 1, 14 points

3. For items requiNng three correct answers:

, a. a remainder of 2 or 3, 21/2 points

b. a remainder of 1, 14 points
a

4. For items requiring four correct answers:

a. a, remainder of 3 or 4% 21/2 points

b. a remainder of 2, 14 points

c. a remainder of 11, nocredit

.5. For items TeqUiring five correct answers!

a. a remainder of 4 or 5, 2k points

b. a remainder of2 or 3, 14 points

c. a remainder of 1, no credit

*NOTE: Missing answers were not specifically counted.
The scoring system is-t4sed on the total number
of answers that should be given and thereby accounts
for any missing answers.

Y.

It)

4WD
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NAME

INORGANICANALYSE5 IN WATER QUALITY PROGRAMS (100.4)

ANSWER SHEET

DATE%

KEY

1. a 0c-- .

2. a b c 0 ()dlr.-Rave d circled. If d plus others are circled, that's OK).

3. a b c d ( 11/80, b is answer. Check if proposed d has been finalized).

,s1.. a b Q d e

5. 0000®
6.

a

7. a n c d (D (2)

8. ® b v d a)

9. b c

10. a ® c d e

a b c

12. as c

13. a b c d re
.

,

14. a 0 c d e
.

.

- '15. Obcdef 1
.

ti

16. ®bcde
t7,- a b c Q e

18. a b c d e

19. a b c d 6)

20.,aeOd
21.0bcdef
22. Qa (9 0,;®

23. a b c 61)

24. a b d 'e f,

25. -.a (b) (i) d
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0
.

.
..

26. C ) b - c 10 e

27. a b 0 d e f .

28. a 00d
29.0 a b c d' 6
30.

t a' b d

31. Cy b c

32. a Gr c

\
33. a b d

34. a ()cap
35. a b & C.")

4.

36. Obcde
37. b c d g

38. a .6 (5)

39. ® b Cr 0110)
40. a. Methods for Chemical Analysis of Water and-Wattes

or EPA

b. Standard Methods for the Examination of Wate'r\d Wastewater

or Standard Methods

or APHA-AWWA-WPCF

c. Anllual Book of ASTM Standards (Part 31)

or ASTR 1

4

d. U.S. Geological Slirvey Techniques of Water-Resources 'investigations

olMethbds for Collection and Analysis of Water Samples for Dissolved
Minerals and Gases

or USGS
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Date
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De

I
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.

Our current policy is not to award continuing education units for the
course, Inorganic Analyses in Water Quality Control Programs,
January 9-13, 1978 unless a score of 50 or above on the pre-course
evaluation is increased by 20 points (or more to a maximum required
final score of 90) on the post-course evaluation. Your scores plowed
an increase of 17-points, so the'unity'are not recorded on your
certificate. ,

I 0

The course evalUation is our objective basis for awarding continuing
education units for the course. However, we realize that each person
who attends has an individual background of interests and individual

r?f

go Is Id be achieved. The evaluation items do not necessarily measure
e accomplishment of these individual goals nor all the improvements
knowledge anti skills derived by each person in the class.

Your effort.and interest in all the course activities indicated that
you must have been successful in achieving your personal goals. It

was really a pleasure to have you in the class and we hope you will
let us know if we can be of further service to you;

Sincerely yours, 4

1.
Name .

Course Coordinator
National Training and, Operational
Technology Center

Enclosure - Certificate

81
4'
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Ilk'

ra Date

9
I

-

time,

Address, "
`'

.4
Dear ,-

t

OUT' current policy its n to award continulqaucation units or course
.certificates CO-those who ro not attend at least 95% of the lecture/
laboratory sessions.

This polics.Vill apply to you, since yourfillgesS prevented your partici7
patiog in the Tuesday and Wednesday activtties.of the course, Inorganic
Analyses inWater Quality Con6o1 ProOams, January 9-13, 1928.

.

'' i-INoulti, -however, 1i-re-to -ackiiotilfedge your attendance and full rfWrticipation

in-the other three days of the course. rtwas really a pleasure to have' 0
Thyou in the class and weohbpe you will let as know 19 we can be of furthdr e

.

service to you.

- Si ncerebe dyours , .

\ ..,.,

.
.

r
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. t

Arne 4

'-,-...Course Coordinator";

d National iraining-and Operational'
T echnology`CentOr

:*
410 144
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: §ample Handli g - 'FieledThrough Laboratory

II. UNIT OF INSTRUCTION: Summary of:Lap.is,Presentation

III. ESTIMATED TIME:A30 minutes

I

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: ,A lement of quality
.assurance for chemical analyticaldata is a` reliable and .valid sample,
properly preserved, stored and docuMented. An analyst must be knowledgeable
abput sample handling to carry out his/her responsibilities.

1

V. ENTRY LEVEL BEHAVIOR:

A: .Fundamental knowledge of inorganic chemistry . \/
. .,

B. Though not essential, IA) would aid comprehension/retatiOn of informa-
tion if the participant has sgme experience in chemical laboratory
work involving water samples.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will have an overview of all the
elementsof a program to assure a valid, properly preserved sample,
whose integrity is docume :ted from cd+Oction.to storage.

B. Conditions: He/she will be given the training manual, handouts
(VII. A. 4. and 5.) regarding sample preservation techniques,.and

'a 30 minute discussion of the elements involved.

.. ..

C. Accepted Performance: He/she must participate in the disctssion and
'correctly answer 70% of the items on this topic in.the post-Course.
evaluation. .

, .' '
:. :

VII. INSTRUCTIONAL R6OURCES:. ,

;

4
A.: Ayailable Media: % ;

it One outline in the training manual, "Sample Handling - Field Through
Laboratory". 6

2. (Optional) Copies for display of the stand ard reference books of
%Methods listed in the training manual outline section,
"VI. Methods of Analysis".

'

3. Eight slides, X-17: Sample Handling, listing items from divisions
of the outline in the training manual. (Sle XI Description of.
Visual Materials).

4. VidoUtt The preservation procedures for samples collected for
National Pollutant Discharge Elmination System or State

WP.SDR.sa.ipw.la.8.80 .9-1
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. , .

Cgrtification report purposes are to be finalizes in the Federal
AROister sometime after January, 1981. Tlensure that you
Aistribute current information, contact ya5r DikRegional Quality
Asurance Coordinator, for copies of.the approprfWte information.

/ ,
. 1

5. Handout: The pres&vation.procedures specifically designed for .

drinking w4ter samples have been published in the U.S. EPA 4k
Report No. EPA 600/8-78-008, May, 1978. A copy of the applicable ,

infermatfOn is at the end of this iPW.

B. Suggested-Media:

1. None a

%Ill!. INSTRUCTIONAL-APPROACH! ,

A. Preparation for Instruction:
.

1. ,Review isual materials and available haritiouts.

2. Prepare the lesson using the Sequentisg below or'your own organ-
ization of the mattrial. v'

3. DuNicate copies ,of any handout materials.

B. Sequencing:

1. Follow the outline in the training manual for discussion.
. Participants should use the outline, too. The slides, X-17f

Sample Handling, can be used to guide the discussion according
to the divisions in the training manual'outline. The

divisions are referenced in-the following: ,
,

-
.11P

a. I Planning a SampieProgram

," 1) A. Discuss the factors to 6onside - slide 1
Define grab and composite' samples - slide 2

.

.B. Qecislve Criteriafor making decisions should be
woven into the discussion.

b. II Representative Samples ssociated.factors - slide 3

' A
C. III' Sample Identif cation - Topics for discussion - slide 4

.

d: IV ContAners - Considerations for discussion - slide 5
44

.t
4. V Presvevation, A. Functions - slide s"

B. Genei,a3 Methods I slide 7 . _

'- -C. Specific Mpthdds Note sviirces of information

'1

0 9-2
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D. federal Regigter Methods DistributelhanOuts and
discussc..,
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f. VI Names of Standard References for Methodi - Display a copy
as each title is given.

E. Federal Register Methodology - Note that there are regula-
tions for NPDES, State Certifications and Drinking"Water.
This topic is covered in detail in aseparate lesson, -
Compliance Methodology.

.

g. VII Order of Analyses - Based on holding times which depend
on factors listed on slide 8.
A. Give examples of different holding times

Give sources of intlImation

h. VIII Record Keeping .

A. Field - kind Of information
B.\Lab c. kind of information

I. .IX Summary"(as in outline)
f

:

IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Igor each studeht:

I. One copy of handout material

,
X. IPW'REAGENT.REQUIREMENTS!

A. None

XI. DESCRIPTION OF VISUAL MATERIALS;, ,

. '. A: Eight slides, X-17:lampte Handling - Sse next Milbe.

3

k

a

4

4%.

O

a
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COLLECTION OF SAMPLES

SAMPLING SITE

' EQUIPMENT

. "ClUAKTI

: TYPE

PRESERVATION,

SLIDE 1

10

SAMPLE IDENTIFICATION

PROPER TAG

' USEFUL 10i1TIFICATION

INFORMATION

SAMPLE CUSTODY

SLIDE 4

.",
GENERAL METHODS OF

SAMPLE PRISE:RU.1'0N

PM CONTROL

CMENICALADDITICA

REFRIGERATION OR

FREEZING

a

1

9-4

al

SERIES X-17 SAMPLE HANDLING

/I' r

TYPES OF SAMPLES

GRAS SAMPLE - INDICATES CIADITION

AT TIME OF SAMPLING

*

COMPOSITE SAMPLE - INDICATES

AVERAGE CONDITION OVER COHPOSITING

PERIOD

SLIDE 2

SAMPLE CONTAINERS

' AVAILABLE MATERIALS

..CMfAICAL AND PAIYSICAL

PTERACTIONS

MAILING REQUIREMENTS

PRELIMINARY [NECK

' CLEANING

' STORAGE

SLIDE 5

13

I'

TIME INTERVAL BETWEEN
COLLECTION AXO AMOS'S

.

DEPENDSJA -SAMPLE TYPE

- STABILITY

- STORAGE, '*

CONDITIbMS

fhb

4

REPRESENTATiVE SAMPLES

CLEAX.CONTAINER

COPPOSITING SAMPLES

PROPER EQUIPMENT

SLUDGE CR e..)0

SLIDE 3

a

SAMPLE PRESERVATION 4

.' RETARD BIOLOSICAL.AS1ON

-RETARD PRECIPITATION

OR NYORDLYSIi

" REDUCE VOLATILITY

SLIDE 6

S 1
DE r-

4
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From; EPA 600/8-7$408, May 1978 "Manual for Interim Certification of
Laboratories Involved iiAng,lyzing Public Drinking Water Supplies"

it

Table IV 2 Sample collecting, handllry, and preserva ions

Parameter Preserratwe2 containe 3

Arsenic Conc HNO3
to pH<2 P or G

Barium Colic HNO 3 to pH<2 P Of G

Cadmium Conc HNO3 to pH<2 P or e

Chromium Cone HNO3 to pH<2 P or G

Lead Conc HNO3 pH<2 4 P or

Mercury 1 Conc HNO3 to pH<2 .4

Nitrate Conc H SO4 to pH<2
e

Selenium Conc HNO3 to pH<2

elver Conc HNO3
to pH<2

Fluoride None

Chlorinated Refrigerate at 4° C

hydrocartions as soon as possible

Ilk after collection

Chlorophenozys Refrigerate at 4° C

01 as soon as Rossible

after collection

4.

Maximum 4di

holding
time4

6 months

'6 months

6 months

6 months

6 months

38 days

14 days

P or G 14 days
11,0

P or G 6 months

P Of G 6 months

poor 4 1 month

G with foil. or 14 dayiS"'
Teflontined cap

G with roil or

reflot:fled cap

14,

7 day15

l If lobo/spry ha no control over these factors, the laboratory director mutt nhoct any samples not mattingInn tOtarta ind
kJ not,/ the authority requeftfIVI the analyses.

2It HNO3 cannot be unit because of shippmg restrictions, sample may be inlvally pruned by icing andimmediately shipping

it to the laboratory Upon 'kept on.the laboratory. the sample must be ectchlied with concHNO3 to pH<2 At time of analyu4
sample contain,. Would be thoroughly sensed with 1.1 HNO3, washings should be added to sample

3P PISSUC, hard or soft: 0 14 Ghat hard or soft
*a, 4In an nen, samples should be analysed es soon after collection is possible

Snell-stoppered and reirtgbrated extrsets can be held up to 30 days. 040

.40

41 0

;

s
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ts GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

II SUBJECT MATTER: Compliance Methhology

-1. II. UNIT OF INSTRUCTION: Summary ofTopic Presentation

III. ESTIMATED. TIME: 70 minutes (60 J- 10) ,

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE. A basic element of quality
assurance for chemical analytical .data is use of a recognized analytical ,

procedure. In addition, federal regulations affect the final choice of
methodology for compliance samples. An analyst must know about these
regulations to fulfill the attendant responsibilities.

V. ENTRY LEVEL B EHAVIOR:

A: Familiarity with fundamentals of chemical analytical methods

B. Though not essential, Akis orderly to have completed the lesson
(or equivalent):

. -.
.

1. Sample Handling - . N)
t

.
.

VI. INSTRUCTIONAL OBJECTIVE:

)
A. Terminal Behavioj. The participant wil be able to use Federal Re sters

and pertinent EPA explanatory.mos to hoose approved analytical
dology for compliance with the National Pollutant.DiScharge Elimination.
System and the National laterim Primary Drinking Water Regulations.

1. Conditions: He/she will be 'ven the training manual, "copies of the

pertinent informed° (See V A), a 60 minute eXplanation of their
0 applicability and fo at 10 minutes at a later time to resolve 7--

. any questions. .

. C. Accepted Performance: SatisfadPY according to an Instructor rating
of attention and use of the materials as directed during the discussion.

1

He/she must also correctly answer 70% of the items on this topic in
the post-course evaluation.

VII. 16SIRUCTIONAL RESOURCES:

A. Available Media:

1. One outline in the training manual:

a. "Methodology for Chemical Analysis of Water and Wastewatei"
.0 is a glossary of the methods promulgated for obtaining
.- compliance. data.

\41

10-1
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-2. Handouts:

a. National Pollutant Discharge Elimination System - NPDES:

1) Guidelines Establishi9 Test Procedures, 4'0 CFR 136,

Federal Register, 12/1/760.m_52780-52786. A copys
at the end of this IPW, and aTto.42 errata( sheet.

Changes were proposed 12/18/79, mi,75028-75052 and
should be finalized after aanuary, 1981. Check with "'

your EPA`Regional Qualityssurance Coordinator
to see if the finalized Guidelines have been published.
(Name and number is available from EMSL-Cincinnnati,
513/684-7301). The Coordinator car supply copies to
Au.

2) Summary of protocols to apply for
A

approval.,

is
an alternative

test procedure for regulatory purposes.
,

copy is at the .

end of this IPW.
,*

31v Federal Register notices of alternatiye methods approved,
to date (8/8 are at the endof this IPW. Contact

your EPA Regional Quality Assurance Coordinator for
dices of notices publishea. since thews

4) EPA - L merflo on "Use bf Chemical Test Kits for Compliance
Monitoring." A gopy is at 'the end of this IPW.

5) EPA-EMSL memo on "Use of "Prepared" Reagents in NPDES
Compliance." A copy is at the end of this IPW.

Nationai interim Prithary Drinking Water-Regulatil6nrs - NIPDWR. ,

'

1) NIPDWR, 40 CFR 141, Federal Registr, 12/24475, pp 59566-
, 59574. A copy is at the end of this IPW.

21" Amendments to NIPDWF,were proposed 7/19/79, 40 CFR-141,21,
The amendments were finalized 40 CFR Part 141, Federal-114
Register, 8/27/80, pp. 57332-57345. Copies of pp. 57044-
57346 are at the ends of this IPW. Theipages contain the'
current (8/80), approved analytioal.requirepents for
drinking water analysis. These,include an Update of the
apProved methods presented in the 12/24/75 NIPDWR and
also alternate analytical techniques approved by EPA
since that date.- Check with Your EPA Regional Quality
Assurance Coordiantor to.get copies of any additipnal,'
pertinent Federal Register notices publisftd after 8/8'0.

*
c. National Secondary Drinking WAter RegulatiOns,- NSDWR:

NSDWR, 40 CFR 143, Federal Register, pp 42196-42199. A.
copy is at the end of thilpIPW.

B. .5Uggeted Media:' %

1. OPTIONAL:, COpies of theApethods manval,s cited for NPDES and
NIPDWR.could beravailablifor display/inspection.

I -

e
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.'VIII. INSiRUCtIONAL'APPROACH:

-

I "

A. Prepal4Q,T for Instrudelon:
4

k

1. Contact your EPA R gional Quality Assurance Coordinator to check
If any Federal Regi ters pertaining to NPDES-or NrPDWR have been
issued since the o s referenced in VII. A. above (8/80): If so,
obtain copies from e Coordinator' for your, class.

2. Thorougfilyreview 41 pertinent Federal Regikter information and
handout materials. incethe regulations arelegAlly binding,
it is imperative to impart correct and current information to
the participants.

3. Prepare the lesson using the Sequencing below or yourown organi-
zation,of the materials. ,

4. Duplicate) copies of all the handout materials. ,Most can be copied
back-to'-backilOut be careful toAeep each handout as an entity wig?'

so participants can use each inapendent of'the other. Collate
the handouts. into a packet for each participant-topinimize
distribution time.

4B. Sequencing:

1. Hand out the packets of information.

2. Introduction

a. Choice of methodology affects validit;and reliablity of data.

b. Analytical, programs affected by'lederal legislation include

4t
t4ose involying point source discharges (NPDES and brinking
water (NIPDWR).

3. National Pollutant Discharge Elimimation Systep (NPDES). CAUTIDN:
Use the current Federal Register. The NPpES Guidelines are scheduled
for an update after'danuary, 1981. .

.
I

a. Applicability of the regulatiops. . See 12/1/76, page 52780,
paragraph 2.

441. Overyiew of Table 1

.1) Column 1; Alphabetical listing of paramete and units.
tNote subcategories

2) 'Column 2: Method listings and postibly specification
- of a pretreatment and/or method choice, e.g. acidity
end point is to be pH of 8.2. A summary of the principles
involved in the listed methodology can beh found in the

. training manu41.outline, "Methodology for Chemical . .)

Apalysis of Water an Wastewater." Ypu can use the .

outline to list .the types of metOdology found in the'

Table. Note_that many automated methods are approved.
k

CIO '

10-3 ,
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M.

3) Remaining columns list-sources (with page numbers) of
approved Methods. You can display copies of the cited
manuals at this time and leave themto be available
for inspection by participants.

4( Note the location (by number) of the parameters to be
taught during the course. Also note the method to be

used for course laboratory sessions.

5) Note any errata (handout). se

c. Go over highlights of Applying for Approval of Altern4tive
Test Procedures (handout).

1) Limited use

2) Nationwide use

d. Go thrlough the Federal Register notices of alternative methods
approved for nationwide use, brjefly noting the Contents.

e.

f.

Go over highlights of the memo on "Use
for Compliance Monitoring" '{handout).

Note highlights of the memo on "Use'of
NPDES Compliance" (Handout).

, -

of Chemical Test Kits.

"Prepared" Reagent in

4% Drinking Water Regulations. CAUTION: liseV4emr.ceat Federal
Registers. :Me 12/24/75 Federal Regi ter is the curiM..(8/80)
National Interim Primary Drinking Water Regulation (NIPDWR), along

w.ith the Amendments to NIPDWR which were finalized 8/27/80.
1 , I

a. Applicability of the regulatiOps. See12/24/76, page 59566,
"Water Systems Covered," Aid page 59570, "Subpart - General."

.b. Maximum Contaminant Lev e are listed in 12/24/75 ff r Chemicals

. on page 59570 and for Tur idity dii page 59571. /

-

c. The analytical methodologrin the 12/24/75 regulation was
updated andexpanded in the 8/27/80 regulation,. Therefore,
use pp. t7344-57346 fromthe 8/27/80 Federal Register to
tile. the location of the listings of approved methods: ,

,141.22 Turbidity, 141.23 Inorganics:141%24 Organics,
141.41 Sodium, 141.42 Corrosivity Characteristics. Also

highlight section 141.28, Approved Laboratories, and
section 141.24, Alternate Analytical-Techniques. (Alternate

methods approved afterthe original NIPDWR (12/24/75) are
included in the sections just'cited):

d. .7bere,are "National Secondary Drinking Water Regulations"
which were finalized in`the 7/19/79 Federal Register on

pp. 42198-42199. These represent reasonable goals for the
aesthetic quality of .dripking% wateribut are not to be

fedarallx enforceable. Suggeste&Maximum'Contaminant
Levels and Ahalytical Methodology are presented on these

_pages.



5. A 10 minute discussion period should be scheduled later to
answer any questions.

IX. IPW EQUIPMENT AND SUPPLY.REQUIREMENTS:'

A. For each student:

1. Copies of handout materials

X. IPW REAGENT REQUIREMENTS:

A. None

.11
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grunt pr War at omic absorption I,

11. Motybriontos-Iissoer.d, 0.43 utoron filtration If tot
piltlgr per huh /owed by ritennised

method for total roolexIo
riara

42 rillifiTSIOS Moltke followed by
per Net atomic abeceptton mot by ,

colottssettte (Ilemositoe).
13, Nacgo-.1), osarod. 0.43 micron altratioo kit.

grams pm Woo, Torrid by ntersooed
method for total

14. Osmmen-Ttal. rn111grato Digostios iollowed by
got Liter tokatOItigration !rmg=ed by13, Yolliodiarn-Total, miltigrams
pm - atorisk

U. Platinum-Total, zaUtitratis pigaottottl!rgt<oted by
pee W ar - atomic obsorptiost.*

47. raustrob -Tau, mio144.tes Ditertfoa sr bellowed by
stomas Ibtotption,tmkri.pro tiirrilb
metric Itobiltioltrit0,4*
by gam* photometric.

Yotonemni-Dtraslrid, null 0 Allmon filtration I' leb
gnaws per tIty. lowed by rekrencedlnetio

a kyr total waggons.
fthodmsa.-Tatal,oligigistas Ingestion 11 Mewed by

per liter. atontio absorption
70. Autteentara-Totaf, Digestion n Jet owed by

gnaws per liter Monte obaception r. *

71 041410-TtaL tailngtfroa bellowed by
par comic altecepoorol ff

72 843sninia-4Taliorred, MS introit littralfoser,
grams per liter Sowed by tifetentod motto.

od kit total selenlaro
73. ItlicoDiardiTed. radligrres 0.43 mime filtratlonu kJ.

Der btu. lowed by total ragtag
(1olybdosillne te)

76 Ittrec.Trial matrons !Titration * Sol-writ by
per Ulm atomle abootptioa i or by

tokeiroottlo (Dithieoro),
73 6lIrer-Diroolred, soilli 0.43 aileron Olt:anon 101-

towed by reierreted moth.
od lot totiii Ayer.

.r" VISA 1:161 Ills

74. Iforimas,Tolal, Digrotke I. bellowed b1
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Ramo photometric
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c11 fur tolol podium
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RULES AND REGULATIONS
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52785
4' C

'A1i. nbrn'NS lot I 'a'UP lt,O.Lt ui,it3f tI ln.w noted w. to Brown, 5.. Ske'uat.d, U W sod Vo&i
MtthOdSlOt( ')tItCtIOtMld Anelysool '4.ter bwspintor D,nol'edSlluenbsnd(Issec," US Uethotl' § 1365 (Amended]

calMi' lechMque.dWaln Resources Inc books eu Al (l"TOt
£ EPA utipanbt. method rosy be louut.J on iudateid razt of Uliui la \lLLh'& of Ai*bSis ol Liar Lotistlon of

5 In 11365, paiggraph (a) Is amended
by insefunw the 'proposed by theOflw1aJ Analyttal ('beni.sti na.tltoth manual 12th ed il%) phrase

Menoal doi'ilsilon £3 1st r.qu.rv'l it wIi,iitt.brutLY data (.,ea&t'IaL,Ya rui itt baaipks an on oniipepy Ill, responsible person Qr firm maklg the
uo.i,ow tt-et iuot1wsiu,aigay uotatio.i siq-'iin%ah boa a, oat ,t4 iilst,ulai Vu WtII bej'eituir.d IV rt*VIV. discharge" immediately aLter the words
10? .v'ntroen,ee

£11.e,n.lhodudmuttte,petrf.t4 C "test procedure" and before the period
'flat 3 tube UP$ u used

a. sndotf*n Mi Itioth fir I it st,d AnsI, P., t4n411t Lit b*,raj and ti oio,alamples that ends the paragraph
I uleo)o,r.Ig,jtyeyT.thi.,i1iinotWst.r kmouro'a Inc book S cli Al 1173) 6 In 11365, paragraph Wi Is aineneed

r','a lb. uwniban.ilittr tetlouque usually x*ids iota 141 VeoeOla rtwYtry 1mm Misted wy.,lvwslen, tb. by inserting in the first senten the
$54 'Jnethod wiLl be re9oirtd to treolve any oot'tzo'n,les

I methods for benridin. axe tot s,stlsbie I II enproved methods en s'aJiabie the Ioflowloz phras"proped by the responsible per-Adequately t.eted
'uqenu method an beq,rd ice the ntiinatio'i ml brumithier. Mcliv! lvi iietttidsmteaud laSaits rn {Vasvewst.n son or firm fling the dIscharge' un-
svs.SItiroiu katnroi.moutIol Mwiilor,n aid uppott Laboatoii, L .s Euvltum,oatutal Prutcttuott Aseesay, CIa- mediately alter the words "such applica-riinstl Ohio 4526a1

I' American NsiSor1jI Staiitlaxd on L'iotosial'Li. A otsco'saiug kuti AIIi 2, II,) Acailabue Iruxo ANSI. tion" and Immediately before the comma
Brosdw,sy New Yora N y tit I

ii J?ghn U I end browju Lucite,.' olcUi4l 5t Itiods of LIto t ii Q'OSI%1 btir'e (or Al'alyos ol Waste
The second sentence of paragraph Cl,)

WsLeV, ' (1976) open-ill. report 76-577 Is amended by deleting the phrase
U }'oce,jg pe,itacla,ruphvtol tliIou ,iMrd orflolt o,xtipow,ds "iii plmticAea ttfl be obtained rut,, 'ito En Methods Development and Quality As-

,l,o,lun.ntal Uonitonnça,id Support Lbaonwie I S F Itt roittttouiltl t'r,,tes_liou A,oncy I littuansti Ohio
Lobe method tAUNt procmeduzrt s,s,babie lro'u hinciro,ttratittal Moiu$rt"g sad Suvport Lbiorstory, 555 surance Research Labojtory" Immedi-

tIlv000joanta) Frot.rtlom
ASeD7,

C,ttnnill Ohio 15W,.
il,tnierenc ltoridt La is Uut Ulcesilon 'I

atdy after the phrase "State Permit
For naps suspected of aavlz th,iocyanata magitaiftuit used total) Program and to the Director of the' athi the apprond test procedure Ice ryanides the reconswaded i atalycts ire rpLMad with ifl1oi .,oiutlon of Sloti

matnea)umcial&d. tU1U3UI.Os Tlsi,nbstituuon wulutnu,iett lidyelu.t,i'it.tt&rtIttvior OOLO Loã QaxUde the end of the sentence, and Inserting in
"Environmentalalid cyanide szuendable toehla'lnaMoo Iaunet,eiiti

o Ii.. detenuAdMloo of total metals the aa'npte is lot tdteri d st or, prie, sefrag Because vigorous Upsilon
teas

Its place the phrase
Monitoring and Bupportetabpratory,prordures may result ins bee of certain metal, through preciphetluam .qcorola treatmern is rommende4 ,

glnt oo p 13 (414) of Methods for Chemical Analysis of Wst and Wastes' (1974) In those Instances where I Cincinnati
wor. ,lgorox,odlgeotloesiadesindtiw procedureon p 12,41 3,.i old belollowed Vol the ase'eaureiueotoltiianobk

'7 In I 13 5 paragraph sci Is awendedmetal settee (gold l,ldsum osmium peiladsum platbnuns rhodium .ini ruttleillwlit Cu sqos reals dlgestloo lila be
,.sbetituted a. follows Transfer a reprwntfu,e allquot 1 ti, wrU-rpszr4 aaiiupue toe cmii,, beaker and add $ ml

dryness
by Inserting the phrase "proposed by the

of cotceu,trsted redletitied ftf'fuo Place the baker on taste'aslt h,atli anti r.eporele to Looltise brake,' sod
is imiutdlat,'Iy btfoa. by I

responsable person or Arm making the
cautiOusly wld e,5 in] portli,n of aqua rei. Aqt ris prt1PsrItd 055 'arefully 114d1i4
,olu,anc4coacentratrd II. I to on.colume ofcountrated liNOs,; i ocuthe beaker with ewet, bgksflnd return discharge immediately after the phrase
to U,. Stan bath 01 Olitillue hnIII* hit covered beaker Lot lOath lttitto,tbte cod eveporot" to ryrins Cool

III i West, 6LM beak., dislIfled
application foi an alternate test pro-

sad Lake up the residue iii small quarillty of it call, and catch Lists with
after to other insoluble msterlal thai noW IO the stonstn,er Ad)tsst the

cedure and immediately before thewater end the s.mpl. remno,. eslicates sad
,olni e tosom.prrdeteemjucoj ,aiuei,os.d an theeopect.d met.liun'ri'tret,oti Ill, ianlple i,,a ready he is',sit, comma and by deleting the phrase1
M thj ,el ow furnace de,ke. t&owkr AA axa reselitiaib atoll sbsorptt,i Lit hulques titer era, otisidered Methods Development and Quality )i-

to Pse spproe tesimethod, ltetbod.olflsrsdsr&addllion art to lit Iotl'JMtd ealtul, tI Ti P 74 vi Methods or Chew- surance Laboratory" immedIately alterteal Anaiysis?4 Wst*t sad Wastes' tWt
I Dated metals ire delirerd as those corL4iluteIusa wilt will Item tutuoxlu a045 n' iTse:ub'rana illtr, A tee- the phrase 'application to the Director

altr.uon is permissible to tree the aniLpie cr*tan,,r sulpei"led solIds I 'ibi 'lit sample en soot as prs&
sit.,, oflectuso asini th.flrft to to too ml to ,1 heflltrr flask dC3, orpinrtt, fliterlit, opperatu, we recorsuunided

of the and Immediately before the
to scold pceSIM contarnlnatjon, ))us'srd the pceton used to rinse ti3O flask sad colleti to. rrqutxeol .s. a

flitret. 1 fINd0 Normafl 4 liter be
phrase -"for review and recomrnenda-

Shirale Auduly the with I rrdl,tuhi,d to a p11 of nsA of LI U cold pth should tion and inserting In it-s place the phrasepsIinit to prn. tbsaernple,
'See "AtcualoAbeorpe000flewslritn. MaistAce "Enviroi{mental Monitoring and Support,ol l3,7ooi974j A,altststelrrt,V.sklit k.tnterCorp , Notwelk,

Vectra r'- Laboratory, Cincinnati"
ii Method s,adkbt. (row Zntorocti'acntil Moidtaing and Support Labtrator,, Im S !t,vlroiwwottei Proiccilon

,Arrwy (u.cbnaaj Oldelsies I -
' 8. In 11365. the first sentence of para-

IC R.wmuoaend.d
$sode

lot lute' dtabss of s,Ic, r III i'u'lustrtsu waste.sen, CI toIlet ibratlon,
here halide Slice, halide. graph id Is amended by Inserting the

sho,e we tnvlequa silver eT,st, 5850 inoltaidu pirb as the bromldZj'LnrJ
axe ,eIsn,ely itselubie ulIreagents en It as Ionic acid out era readoy wuubi. iii cii aqueous buflcr 01 sodIum thu pbrane, proposed by the responsible
juliet. and sodium bydrond. los pit of II Therette (or inehs of nIcer above I ,ngtI to al of eampi. should be
dline.d to loumi by addIng 40 ml each of 3M NsiS,O, sad 3M NsOIl dtandnds should hr prepared n Iat

person ot firm making the discharge,"
manner 7oe mcli of slIce. belowl mg/k lb. reeommepded method ti atislactory Immediately after 'the phrase, "appilca-"An sotomsted hydrarlu.. redoeltor, nietitod Is svstI&ble frotu the tnciro 'mental $lonllon'ig sod °uppoml
Labontor7, I S Zn,iracm.nlal PTotectIon Arency, Ctnclnnat,, Ohio Size

a A number of such snceais msouiactqnd by cszuoU oomp.iies are considered to be remmgssrsble In tier
tidh for an alternate test procedure,

per
lnrm.na In .ddltioo, snotbe. techo que based on combontoei n41,.ne detection Is 5150 acoeptablt and Immediately before the comma
a eluerlita U Brown, I 3fettlod, (or AtaInn of Ortanle L'ubsuei,ce. to tOoter" S deolugical Suney Techin. II) The second sentence of paragraph odø

of Wsler'Reeoutcn book S ru A3
i.E 7 AddIson sad It ci Askitati' Direct lteteroijnatio,, ol F1'"sc,Li I i'ocps,uru b3 'as Uquni larotus us amended by dçletlng the phrase

twrsoby' "IoijntaaofClsro,tnatognphy "vol 47 No 3 PP 423 426 hfl)
n 'Yb. method found osi p 73 nsepsslrrs only the dl,ssolc.d pxtton whit,' lltI,,, II od en p 4 ntc9sdrcsoniy To,'-

nded Tber,Iore the 3 results rn4st be added LotlYler to obtain act.!
'Methods Development and Quality As-

N Stevens ii II 7erkr I F slid Senoot £1 F "Wster 'lepipe'rsturel.tlIwt.aI Velors Field ileasurt ni ii surance Research Laboratory' lxnmedl-
and Dats I'resral.tuon Ia orolo(ialaurvo, Teebilneigesol tflteu loecour.ta it,, 000\ I ii',,-,s ately after the phiase, 'to the,Reglonal

4 In I 364, tlfl second sentence of nate test procedure under thIs paragrap AdmInIstrator by, the DIrector of the,"
paragraph Ic) Is amended by deleting (di shall and ImmeIateIy precedlng the period
the word subchapter Immediately £oI- ,I Protude the name arid address of ending the sentence and lrqertlng In Its
Jowing the phrase "procedure tinder this," the responsIble person or finn makIng place (ne phrase, Environmental Mont-
and ImmedIately precedliqg the word the application toring and Support Laboratory, Cm-
"shall" and replaed with the phrase (2 Identify the pollutant(s) Or pa- cinnati"

c," and 11364 Is amended raznçter(s) for which nationwide ap-
dding a new palagraph cdi toaead proval of an alternate testing pçocedure The third sentence of paragraph (di,,urnit

as follows Isbeing requested, Is amended by deleting the phrase,
(31 Provide a detailed descrip On of

§ 116 & Application for sullernale "Methods Development and Quality As-
thp proposed alternate procedure, tO surance Research Laboratory,' Iminedl-proccdtirn. gether with references to published or ately af ter the phrase, "forwarded to theother studies confirming the general ap-

Any application for an alter- plicability of the alternate teat procedure l)irector and immediately before the
riMe test procedure under this paragraph to the puilutantess ot parametereb) In second comma and by Inserting In Its
Cc) shall C C e waste water discharges$rom representa- 'place the phrase, "EnvIronmental Moni-

An application lot approval of an tivee and specified Industtlal ot othet tong and Support laboratory, Cm-
alternate test procedure for natloflwlde categories clnnatiuse may be made by letter In triplIcate (4) Provide comparability data for tUe 9 SectIon 1365 Is amended by theto the Director, Environmental Monitor- performance of the proposed alternate
Ing and Support Iabora*oiy. Cincinnati, test procedure compared to the perform- addition of a new paragraph ret to read
Ohio 45268 Any application fqr an alter- anet of the approved test procedures - as follows

r'
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§ 1363 Approval of allersiate tett pro.
A

eetfures
VO. P

( et WIthltrubiety days of ;he receipt
by the Director 'of the Environmental
Monitoring and Support Laboratory,
Cincinnati of an application for an
alternate test procedure fox nationwide

A use, the. Director of the Environmental. Monitoring and Support Laboratory.

/ Cincinnati anal] notify the applicant of

trator to approve or' refeci the applies- .

,

r. his recommendation to the ..' Adrairils-

/ . tiqn. or shall specify additional informs- ,
Sion which is required to detemine

. whether to approve the proposed test
procedure, After such notification, an

alternate methqd dgermined by the.Ad-.. rainistrator to satisfy the applicable re-A.
4 quiremaats of this part shall be approved

for nationwide use to satisfy the require- ,
meats of this subchapter; alternate test

A procedures determined by the Act:alas-
. trator not to mat the applicable require. 4

merits of this part shall be selected.
Notice of these determinations shall be
submitted for publication in the Purim

. Naomi 's* not later than 15 days after
such notification and 4ettrmination se .
made.

. (F Doe 75-35032 riled 030-76.E'45 am)
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; *
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FEDERAL REGISTER, VOL. 41, NO. 232 -- WEDNESDAY, DECEMBER 1, 1976,pp. 52780-52786

PART 136--GUIDELINES ESTABLISHING TEST PROCEDURES FOR 'THE '
ANALYSIS OF POLLUTANTS

Amendment of Regulations; Corrections*I
.

Page Parameter /Motor rnrrection or Addition " .

- .

52783 '62, Nickel . 14th Ad. Standard Methods - add "232" to pip,
reference opposite the colorimetric method 1--

designation. 4.
.

52784 89 Parameter and units, change "Nitralteto
"Nitrite ".

52784 96, Phenols Delete the present method designation,

; "Colorimetric, (4 AAP)," and replace it.
.

-
with. the method designation, "Distillation
followed by colorimetric, (4 AAP)."

52784 96, Phenols
/

14th ed. Stalidard Mete change "582"
to "674"

/

Amendment; Correctial** ' t ) .

4
52784 106, Total Suspeilded.. "Method" Column, after "103 to 105°C," add:

(

Residue "Glass fiber.filtration,.103-105°C, post-,

wasHing of residue." Opposite this entry,
in the."otber Approved Methods" column,

I. add (537W Then, on page '52785-, add
I footnote 27 to read: "27. Standard Methods

for the Examination of Water and Wastewater,
,13thEdition (1971)."

/ r'."\ 1,

*Feder41 Register, Volume 42, No. 12, Tuesday, January 18, 1977, Op. 3306-3307
**Fedbral Register, Volume 47, No. '1391 Wednesday, July 20, 1977, p. 37205

A
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4 NPDES/CERTIFICATIONS
ALTERNATIVE TEST)TOCEDUKS,EOR LIMITED USE

TOPIC. AppliCation and approval for individual Vermit-h4ders to use alternate
test procedures (altehate to those published in the Federal Register
`for NPDES/certification purposes)-for specific discharges.

SOURCE: Federal Register, Title 40, Chapter I, Subchapter D, Part
38, Nb. 199, October 16, 1973

Vol 41, No. 232, December 1,.1976

A. )Appl ation for Alternate Test Procedurei
.

T responsible person Or firm making the discharge applies to the EPA
Regional Administrator (RA) in the Region whefe tide discharge occurs,
through the Director- of the State agency having permit-issuing authority.
If the state does not issue permits, tht>application.is sent directly to
the EPA RA. One must: . "

1. Provide identifying information; lee., name, address, permit number;
etc.

.

,
4 'E.,

2. Identify the pollutant or parameter 1nvolQed.

3. Provide-justification for using alternate procedure rather than stipulated
test.

.1W

4. Provide a detailed description of the proposed procedure with references
clegarding the applicability, o the effluents in question.

B. Approval of Alternate Test Procedures

An EPA Regional Administrator (RA) has th final responsibility' for approval.

1. The State Dliector conducts a technical and. administrative review an
forwards the application and his recommendation to the RA.

2, The RA conducts'a technical and administrative review.

a. If the State Director recommended rejection for scientific and tech nical
reasons, the RK denies the application and sends .a copy of the rejected
application and his decision to the applicant, the State Diiector and to
the Director of the Envi0 ronmental Monitoring and Support Laboratory (EI;iSL).

b. Before approving any application: the RA sends a copy of the application
to the Director of EMSL fors review and recommendatiod>.

. 3. PrioNto 90 days of receipt of the application by the RA, the Director of
EKSL farwyrds to the RA a recommendation providing the scientific and
other-technical basis fir acceptance or rejection of the application.

. .

4. Within 90 days of receipt, the RA notifies the applicint and the appropriate
State agency of approval or rejection,,or,else specifies additional infqrmation

"-required for the decision.
1 li )

.
, .

* 5. A copy of all approval and rejection notifications are sent to EMSL'for 10_15
purposes of national coordination: .
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NPOES/CERTIFICATIONS "
ALTERNATE TEST PROCEDURES FOR NATIONWIDE USE

TOPIC: Application Ind approval by any person, laboratory, manufacture, etc.,
for nationwide use of an alternatetest.procedure (alternate to those
published'ih the Federal Register for NPDES/Certification purposes).

SOURCE: Federal Rtgis4r, Title 40, Chapter I, Subchapt'e'r'-' 0, Part 136, Vol:41,
. .

Noe 232, December 1, 1976

A. AppliCation for Alteinatejest Procedures ?0.

J

Any interested person, laboratory, manufacturer, etc" applies to the
Director, Environmental Monitoring and Support Laboratory .(EMSL), Cincinnati,
Ohio 45268. One must: 1 a

sr

1. Provide identifying information, i.e., name and address of the responsible
,person or firm, ,

.

2 Identi pollutant(s) or parameter(s) involved.
, . (

3. ProvIde a deta led description of the proposed procedu e with references
regarding its applicability.

4. Provide comparability data (proposed procedure compared pro(edure
pqblished in the Federal ,Register). ,. ) '''

.

.

S. Approval of AlternateJest Procedures
.

The Administi-ator of the U.S. Environmentaltrotecti9n Agency has the final
responsibility for agiroval.

.

.
....,

1. The-Director.of'EMSL c6nducts'a technitaI review. - .

2. Within 90 his of receipt, the DireCtor of EMSL notifies the Administrator
of his recommendation to approve or reject the application, or else retuAns
the application for additipnal information required for the decision..

4

i,.

3: After notification of the EMSL recommendations, thkAdministrator determines
'whether or not the alternate test procedures meet the requirements set forth
in the Federal Regtster. i.e.? whether the procedures are to be approved or
reflected.

.

'4. Within fifteen days Of the notification and determination, notice of the
,final decision is submitted to the Federal Register-for publication.

,

Ill

a

a )1'7
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16560-01)
fifilliONMENTAL PItOTKTION

AGENCY

Et4 1:443-11

APPROVAL OP ALM:PLATE WATER
eattLtiAsci 1u11 s Pencil:Val v.
Cho of Oryiem Osersod (COO) C'

In accordance with 1135.5. 40 ant
Part 130, "Guidelines for Test Proc
dares for the Analysis of Po liu
MODAL Rearm& VoL 41, No.
Wednesday. December 141,. 1970,
52180-52180). the Oceanography In-
ternetional Corp. applied for approval
Of & new test procedure for the mea-
surement of COD. The new procedure
incorporates a modificetion of the di-
gestion technique of the approved Pro-
cedure In that At uses a semimicro
volume of sample and reagents. sealed
in E glass ampule, with reflux diets-
tdon performed in an oven.

After a thrqugh review and evalua-
tion by the Environmental PcPtectloto
Agency (EPA) of the results of a com-
parability testing study and other in-
formation submitted by the applicant
in accordance with I 136.5. the EPA
has designated the Oceanography In-
ternational COD procedure as an 4o-
proved alternate procedure (or nation-
wide use. All information submitted by
the applicant Is on file and available
for Public ingpection, to the extent
consistent with 40 CPR Part 2 (the
r2-L'a regulation implementing this
Freedom of Information Act) at the
Environmental Monitoring and Sun..'
port LaborolorY, 26 West 8t. Caen-
fltreet, Ctncinnati. Ohio 45365.

As an annived alternate tint proce-
dure. the Octant:lymph,' international
COD procedure Is acceptable fOr use
hi any Person required to use LP-
proved procedures under 304(8) of
the Federal Wet Pollution Control
Act Amendments of 1472. For tuft
Rae, the procedure must be used In
strict accordance with the methods de-
IlaiPtions. The approved methods de-
sefiPtIons and prepackaged reagent
lamPtiles are available for the stan-
dard. low value. and high chloride
ampule COD procedures from Ocean-

) ography InteniationaLCortL.X.O. Box
39130, 512 West Loop, College Station.
Tex. 77840.

Additional information coneernifut
this action may be obtained bY
to the Director, Envirorirnental Mont-
toting and Support Laboratory, 25
West 8t. Clair Street. Cincinnati. Ohio
45,258.

Match March 2. 1978.
grim n:ie J. Ciscs. ,

ActinaAssiganiAdmintstrotor
for Research and Dertiopmeng.

OFR Dania-5M Piled 3-4-7t tsl am)=1.
VOL 43, 006. 45--Itegem, iLelbCPO 7. ttrS

ps6b-01
ENVIRONMENTAL PROTECTION

AGENCY

(FRn158-2)

f APPROVAL OP ALTEINATE WAILS
POLLUTANT TESTING PROCEDURE

Hydraton 14.1 (01) end ammeme

In accordance with section 136.. 40
CPR Part 136. "Guidelines for 'Test
Procedures for- the Analysis of Pollut-
ants" (FEDERAL REGISTER. Vol. 41. Nb.
232. Wednesday. December 1 1976. pp.
52760-52186). the Technicon Instru
meat Corp applied for apaproval of
new test Procedures for the measure.
merit of hydrogen ion ipH) and ammo-
nia. The 'automated pH electrode pro-
cedure Is indus,trial method No. 378 -
75W /A. Oftober 1976, The automated
ammonia lees:ode Procedure is mdus-
tnal met No. 379-74W/a Febru-
ary 19. 76. Manual distillation of
sarnpl prior to ammonia measure-
ment may be required as stated in
footnote. 4. FR .41. No. 232. Wednes-
day. December 1. 1976. P. 52785.

Alter I. thorough review and evalua-
tion by the Environmental ProtectiOn
Agency (EPA) of information submit-
ted by the applicant in accordance
with 4 136.5. the EPA, has designated
the Technicon methods as approved
alternate procedures for nationwide
use All indrmation submitted by the
applicant is on file and available for
nubile insPeCtion. to the extent con.
sistent with 40 CPR Part 2 EPA's reg.:
ulation Implementing the-Freedom of
Information Act) at th vironmen-
tal Monitoring and Sup Labora-
tory. Cincinnati. 26 West St. Ialr
Street, Cinemnati. Ohio 45268.

AS as approved alternate test p
dare, the Technicon Instrument Corp.
methods are acceptable for Use any
person required to use Procedures
under 4 304(h) of the Clean Wear Act
of 1977. For such Cue. thb procedure
must be used in strict =eves= wit
the methods descriptions.- The
proved methods descriptions are
able from Technicon In trial
System. Technicon Instnun Corp..
Tarrytown. N.Y. 10541.

Additional information concerning
this action ins.y be obtained by criittrig
to the Director Environmental Mont-
Coring and Support LaboratorY, 26
West St. Clair Street. Ctncirtnatl. Ohio
45268. 'Datece August 23, 1978.

uie

SztrieArt J. GAot.
, Assistant Administrator for

Resealth and Dereppriera
Domes-24ns rued e-24-115; ails uni

tEL .
PIMA REGISTER, VOL 4. NO. 1411-

. TU1SDAT, AUGUST It IfTS

's

i
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Notice Approval of Alternate Water 1-
Pollutant Testing Procedure; Nitrite/
Nitrogen

In accordance with 130 5.40 CFR
Part 136. "Guidelines for Test
Procedures for the Analysis of
Pollutants"(Federal Reipster, Vol.41. No.
232. Wednesday. December 1.1976. pp.
527e0-527643). the HackChemical
Company applied for approval of i new
test procedure for the measurement of
ratite /nitrogen The new Hach

dure is a diazotization method
usi itriVer Ill nitrite reagent.

After a thorough review and _

evaluation by the Environmental
Protection Agency (EPA) of the results
,of a comparability testing study and
other information submitted by the
appliCant. in accordance with 138 5. .
the EPA has designated the Hach
procedure as an approyed alternate
procedure for nationwise use. All
infOnnation submitted by the applicant
is on file ancavailable for public
inspection. to the extent consistent with
40 CFR Part 2 (EPA's regulation
implementinrthe Freedom of
Information Act). at the Environmental
Monitoring and Support Laboratory. 28
West St. Clair Street. Cincinnati. Ohio
45288.

As an approved alternate test
procedure. the Hach procedure is
acceptable locust by any person L')

required to use approved procedures
under 1304(h) of the Clean Water Act..
Amendments of 1977. For such use. the
procedure must be used in strict
accordance with the method
descriptions. The approved method
descriptions and grepackagetreagents
are available from the Hach Chemical
Company. Post Office Box 389.
Loveland. Colorado.80537.

Dated: April 24.1279.
1

I
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Federal Register / Vol. 44. No. 85

Tuesday. May 1. 1979
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Approval of Alternate Water Pollutant
Testing ProcedurefTotal Manganese

In accordance with 1365.40 CFR
. Part 136. "Gdidelsnes for Test

Procedures for the Analysis of
Pollutants" (Federal TWgister, Vol. 41.
No 232. Wednesday. December 1.1976.
pp. 52780-52288), the Hach Chemical
Compahy applied for approval of a new,
test procedure for measurement of
manganese. The new Hach procedure N
a calomel= procedure using
prepackaged reagents baied upon the
same chemical reactions Involved in the

''approved colonmetric pro ure
referenced in 40 CFR 'art 13

After a thorough review an
evaluation by the environment
Protection Agency (EPA1 of the sults
of a comparability testing study, d
other information submitted by the
applicant in accordance with 4138.5, the
EPA has designated the Hach procedure
as approved alternate procedure for
nationwide use. AB information
submitted by the applicant is on file and.
available for publicinspection tolhe
extent consistent with 40 CFR Pert 2
(EPA's regulatiod implementing the
Freedom of Information Act), at thee '
Environmental Monitoring and Support
Laboratory. 28 West St Clair Street.
Cincinnati. Ohio 45288.

Al in approved alternate test
procedure. the Hach procedure is
acceptable for use by any person
required to use approved procedures
under 1 301(h) of the Clean Water Act
Amendments of 1977 For such use. the
procedure must be used In strict
accordance with the method
descriptions for manganese, periodate
oxidation method. "Waistewaler ;

Analysis Handbook." Hach Chemical
Company, p. 275 and p. 281.

For the analysis of total manganese.
'addition of ac(d and digestion as
Indicetedn Footnote 15 of Federal
,Registir. VOL 41. No. 232. WedneSciiy.
December 1.1976, p. 52785. and 4.1.4.
p 83 of "Methods for ChemicelAnalyels_
of Water and Waste." USEPA. 1974. is
the required-sample pretreatment. This ,
approved alternate test procedure for
total manganese is approved also for the
determination of dissolved manganese
after sample filtration through a 0.45
micron filter.

Mel approved method description and
prepackaged reagents are available from
the Director of Technical informition.
Mach Chemical Company. P.O. Box 389.
Love)and. Colorado 80507.

Dated: June 4.1e79.
Too Murphy,

=Assistant Afitnuusirator for 1U
vslopriont.

left D.4.74ame fled a13.7* ear ui

. MUM cant- tire4s.

Federal Resister'/ Vol. 44; No. 118

Thunday, June 14. 1979

a

t.
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Approval of Alternate Water Pollutant
Testing Procedure; Chemical Oxygen
Demand (COD) ..

- In accordance with I 136.5.40CFR
Part 138. "Guidelines Establishing Test
Procedures- for the Analysis of
Pollutants" (FR Vol. tit No. 232.
Wednesday, December14978. pi.
52780-52786). the Hach Chemical
Company applied for approval of ap
alternate test procedure for the
measurement pf COD. The new ,
procedure incorporates a modification of
the digestion technique of the approved
procedure in that it uses a semimicro

. volume of sample and reagents in a
capped vial with reflux digestion
performed in en oven.

Altar a thorough review and
evaluation by the U.S. Environment
Protection Agency (EPA) of the results
of comparability testing studies and
other orma Lion submitted by the
a ppl nt. in accordance 'with ;136.5.
the EP has cholignated the flach i
proced as an approved a temate test -
procedure for nationwide use. All
information submitted by the applicant
Is on file aria-evadable for public
inspection. to the extent consistent with
40 CFR Part 2 (EPA's re lation
implementing the Freed of
Information Act), at the Environmental
Monitoring and Support Laboratory. 26
West St. Clair Street. Cincinnati. Ohio
45288.

A's an approved alternate test
procedure, the Hach procedure is
acceptable for use by any person
required to use approved procedures
under 1304(h) of the Chan Water Act
Amendments of 1977. For such use, the
procedure must be used in strict -

accordance with the method description.
Oxygen Demand. Chemical. Reaction
Digestion Method. Water Analysis
Handbook.,pp. 2-188-2-170.1979.
edition.

The approved method desaziptiob
and prepackaged reagents are available
from the Hach Chemical Company. Post
Office Box 389. Loveland. Colorado

-88537.

Dated: A pri114.1963.
Stephen f, Gate.
Aseatant A dnumstrator for Rasecurh and
Development.
Ira osc iariiin riai 4 -u...2 to as
illt1D40 COCri 11$40-4tli

Federal Register / Vol. 45, No. 78

Monday. April 21. 1980

I

1 04

ENVIRONMENTAL PROTECTION .
AGENCY

(Fie t502.21

Approval of Alternate W ater Pollutant
Testing Procedures; Totil apd
Dissolved Zinc and Copper *\""

In accordance with 1436.5,40 CFR
Part 1360Guidelines for Test
Procedures for the Analysis Of
Pollutants." the Hach Chemical?
C.omp'enrapplied for appr:oviLof. .

alternate test procedures for the
measurement of total and dissolved zinc
and copper.

.After a thorough reviewand
evaliation by the United States
EnvNnmental Protection Agency (EPA)
of the results of comparability testing
studies and other information submitted
by the applicant in accordance with
1 138 5. the EPA has designated the'
Hach propedures as approved alteinate
test procedures for nationwide use. All
information submitted by the applicant
is on file and available for public
inspection. to the extent consistent with
40 CFR Part 2 (EPA's regulation
implementing the Freedom of
Information Act). at the Environmental
Monitoring and Support Laboratory. 26
West St. Clair Street. Cincinnati, Ohio
45268.

As approved alternate test
procedures. the Hach procedures are
acceptable for use by any person
required to use approved procedures
under 1304(h) of the Clean Water Act
Amendments of 1977. For such use, the
procedures must be used in strict
accordance with the method
descriptions for copper: Bicinchordnite
Method. Method 8508: and for zinc
Zincon NlethocLiyiethod 8009. In making
this approval. the EPA disassociates
itself from any statements In the
approved Hach Chemical Company
procedures which do not specifically
pertain to the detsimination of
analytical equivalency.

The approved methods descriptions
and prepackaged reagents are available
from the Hach Chemical Company. Post
Office Box 389. Loveland. Colorado
80537.

Dated: May :1.1980.
Stephen f. Gap,
Militant Adz:null:tram flat Research and
Development.

/we Oft. 4 Nod a-als-n au ai
etunts e44

7

Federal Register / Vol. 45. No. 105

V

Thursday, May 29. 1980
10-19
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**,p2.) UNITED STATES ENVIRONMENTAL PROTECTION AlENCY
OFFICE OF RESEARCH AND DEVELOPMENT4c no"

ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
4. CINCINNAll. OHIO 43268 .

V

DATE: 'September 20, 1978

- SUBJECT: Use of Chemical Test Kits for Compliance
Monitoring

FROM: Dwight G. Ballinger, Director

Environmental Monitoring and Supp
Laboratory - Cincinnati

TO: Regional Quality Assurance Coordinators

-

A numb of Regional Coordinators and Permit staff have received
inq ries concerning the use of test kits for the parameters required
b the Effluent Guidelines and Compliance Monitdring,Sections of PL
2-500. This memorandum defines the position of EMSL on these test

methods anorcontains recommendations for regional and state response
'to inquiries concerning acceptance.

. -

Our interpretation of Section 304(g), implemented as "Guidelines
Establishing Test Procedures for Analysis of Pollutants," in Federal,
Register, Dec. 1, 1976, is that the test kits are not equivalent to
the Procedures promulgated in the Federal Register and therefore are
subject to the requirements governing alternate procedures. Therefore,
it is necessary for the applicaneto request theuse of thete test
kits from the appropriate Regional Administrator as presented in the
regulations. This recommendation is based upon the following'factors:

SAMPLE PREPARATION

%rftt of the procedures selected for implementation of Section 304(g)
e designed to measure the totaronstitu nt or element present inr the sample or are specifically modified to , determine a precisely

defined form of the substance. .The test k is considered herein
generally do not utilize the necessary digestion or pretreatment
required to measure the total constituent. In many cases, such as
preliminary digestion with acids or distillations, these pretreatments
cannot be performed satisfactorily under field conditions. Thus, the
final result reported, when a kit is used, is nearly always less than
the true value and acceptance of such data will lead to wronginter-

* pretation of effluent loadings.

la-21
105-
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INTERFERENCES

ItIshould be recognized that a majority of these test kit measurement
techniques were developed for field use on domestic water supplies or

e relatively clean ambient Streams and are not designed to provide for

, removal of terferences often encountered in municipal and industrial

, wasteeffl ents.

MEASUREMENT SYSTEMS

In sem cases the physical and chemical measurement principles differ
from those employed in the reference methpds. In addition, proprie-

tary `reagents of unknown composition are often provided with little or
no nformation availablun the reactions involved. Even though some

of the tests are "based on Standard Methods," a.number of factors rule

out the acceptance of the test procedures as equivalent.

REAGENTS

In most cases the reagent concentrations are not the same as those

described in the reference method. Volumes are generally pre-measured

under unknown conditions and addition to the sample is often by means

of inaccurate droppers or pipets. In short,'the quality and quantity

of reagents is not under the direct control of the analyst, as
required by good analytical technique.

CALIBRATION AND COLOR MEASUREMENT

most test kits d coMparatively simple photometer`is provided or
available lMht is used'to measure color intensity. ,Calibration

,scales are supplied by the manufacturer,based upon factors developed
under ideal conditions in his laboratory, andirecalibration is

difficult or not recpmmended. No provision is made for changes in o

reagent composition due to inadequate quality control in manufdcturing
or adverse storage conditions. The photometers usually availabieyill

not ,accept cells of sufficient path length to achieve the required

sensitivity, and sealed'qandards incorporated in the kits'are subject

to changes in color with time. Finally, the band pass of these

phOtometers.is generally too wide for accurate measurement of the

apRropriate wavelength.

DATA REQUIREMENTS FOR ALTERNATE TEST.PROCEDURES

When consideratioh of the above factors are not sufficient to reject

an application for use of test kits,. a request should be made for -

al

10-22
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comparative data upon which to judge the applicability of the alterna-
tive procedures. The attached protocol is recommeqded in developing
the necessary information. The regulations require-that the alternate
procedures be used on the waste being monitored and that application
be made to the ,8egional Administrator or State Director having
jurisOction over the permit issuance.

I

A
It is recognized that under unusual cofidtitions the appjfcant may have

. difficulty obtaining comparative data becau5e of lack of laboratory
facilities at remoteklocattone. Even in these cases, the applicant
should be urged to obtatn, adequate data by Craving the necessary work
done at a base laboratory or on contract. The acceptance of alternate
procedures without supporting laboratory results may significantly
weaken the pollutida control efforts,4ntended bylpL 92-500.

The use of field test kits, as wth other alternate procedures, should
be considered on a case-by-case basis, with judgment based on all of
the factors involved. No blanket acceptance of test methods will be
recommended unless a large,volume of data have been accumulated

. clearly showing that the use of the specific alternate procedure on a
wide variety of sample types will provide test results equivalent in
precision and accuracy to the reference methods. When such data are
.available, the method will probably be incorporated in amendments to
the listing of Alec. 1, 1976, making further substahtiation unnecessary.

Attachment

.

cc: Walter G. Gilbert, Director
,National Training & Operational Technology Center

1

`

.

107
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Attachment

/-
DATA REQUIREMENTS

NATIONWIDE APPROVAL OF TEST PROCEDURES
OJ

1) Five industrial (diithgr:'104sourcetr entifiedby Standard Industrial

Clasiifidation (SIC) code oil,4five drinkidgivater sources,

Six lamples from each
.

3) Four replicate analyses each by the proposed and appiTvelmethod. 4
.

r

-..

.

-Sources , ,Samples . Replicates -methods . "Total

/ - 5 - X 6. X , 4 . X , 240 .

.

DATA REQUIREMENTS

.
:

LIMITIF, USE APPROVAL OF ALTERNATE TEST PROCEDURE'.
.

.

. .,

4 STATE OR REGIONAL USE/

r

: 1 .r .

, ,

i
c

lYt:Five sburces.`
itt-4

2) 47Three samples From each source.
-

. n

3) Four replicate analyses each,by the p ;osed and approved140thOde
. ,

S

t

Sources Samples Replicates
.

Methods Total

5 X 3 X 4/ 3,,tx ' 2 c s. 120

,

10-24

.°
dr

X.



11

4
4

ft .
,' n

o-

40r
..

,-.

.

DATA REQUIREMENTS -

-, 114" LIMITED, - USE APPROVAL OF ALTERNATE TEST'PROCEDURE 4,

i PERMIT, HOLDER OR DRINKING WATER SYSTEM
I

.

. .

1) Tbree samples froweach source,

2) Fourl-eplidaanalyses each by the proposed and approved method.

1

Sources. Samples Replicates . Methodi Total
f.

yo

1 X "X 4 X 2-, 24

'
STATISTICAL PROTOCOL

-APPROVAL OF ALTERNATE TEST PROCEDURES

p'4'1) 'Calculate basic statistics of mein and standard deviation.

4
2) Test'fo outliers.

31 Frequency counts and histogram to check distribution.

e

4) Cdchrans.test for, equality among-within- sample standard deviation.

5) F-test for equality of pooled within-sample variances. -0

6), T=test for fqualitxof method means.

4
.

."

r

A
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UNITED STATES gNV(RONMENTAL: PROTECTION AGENCY

OFFICE OF RESEARCH AND DEVEL01?MENT
ENVIRONMENTAL MONITORII4G AND SpPtORT LABORATORY

CItICINNATI, OHIO 4261:1

.

DATE: September 20, 1978
.

, Ar.,

,SUBJECT: Use aT "Prepared ". Reagents in NPDES Compliance

ild - ifi. . /
FROM: Dwight G. Ballinger, Director .AT-1,..elje..."- -%

Environmental Monitorin4 and Supp t

Laboratory - Cincinnat4

TOk Regional Quality Assurance Coorators

We encourageithe use of pre-prepared solutions and standards by sewage
treatment plant operdtors and others for their required compliance
monitoring activities, providt9g such solutions have been prepared
according to the' reagents sectT9n of the approved methods cited in the
Fedtral Regitter of Oecember 1:,f1976. We would, however, be opposed to

. the use Of commercial reagents. that are, of unknown composition.

In allowing the use of known pre-prepared solutions and standards, we

stronglyrecommend that the following quality control checks be observed
to insu their validity:

1. Oate all solutions upon receipt of,shipment, store in stparate,
appropriate area, and observe stated shelf life.

2. Verify that solutions and standards are valid by initiarly
checking themiagaInst a quality control check sample available
from EMSL thrbugh the appropriate Regional QA Coordinator.
These check samples are available for mot of the moon
measurements required in the NPDES. Th4y are shippeciin a
sealed vial as a sample concentrate with the actual composition
being provided' in a separately sealed envelope.

3. Verify that these solutions are stable on a routine basis by
periodically comparing them against a quality control check
sample or a standard from another source.

cc: Walter G. Gilbert, Director
National Training & Operational Technology Center

I

r
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PART IV: .

ENV,IRONMENTAL
%NJ PROTECTION,

111L1_

1

ENCY

WATER PROGRAMS

.Ncrtional Interim Primary Drinking

Water Regulations.
.

4

1

1
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Tido 49Protection of Envie:mimed%
CHAPTER IENVIRONMENTAL

PROTECTION AGENCY s
susCNApTER.DwATER PROGRAMS.

lent, 464

PART 141NATIONAL INTERIM PRIMARY
DRINKING WATER REGULATIONS

On March 14 1975 the Environmental
Protection Agency IEPA proposed Na-
tional Interim Primary Drinking, Water
Regulations purtuant to sections 1412,
1414, 1415 and 1450 of the Public Health
Service Act 1"the Act"1 as amended by
the Safe Drinking Water Act 17SOWA,"
Pub L 93-5231 40 PR 11990 EPA held
Public hearings do the proposed

in Boston, Chicago. SanTranciseo.
and-Wathington during thelnonth of
April Several thousand pages of com-
ments on the proposed regulations were
received and evaluated In addition, the.
Agency has received comments and in-
formation, on the proposed regulations
from the National Drinking Water Ad-
visory Council. the Secretary of Health,
Education, and Welfare and from num-
erous others during meetings with repre-
sentatives of State agenda?, public in-
terest groupssand others

The regulations deal only with the
basic legal reqUirements Descriptive
material will be provided in a guidance
manual for use by public 'water systems
and the States

The Purpose of fails preamble to the
final regulations is to summarize the most
significant changes made in the proposed
regulations as a result of comments re-
ceived and the further consideration of
available information A more detailed
discussion of the conlinents and of
changes In the proposed regtgatiOna is
attached as Appendix A

WArta SySTRms Cornea_

The Safe Drinking Water Act applies
to each 'public water system." which is
'defined In Section 140140 of the Act as
"a system for the provision to the public
of piped water for human eonsurnptkin,
if such intern has at least fifteen service
connections or regularly serves at least
twenty-five individuals " Privately owned
as well as tubliclY owned systems are
covered BervIce "to the public; is inter-
preted by EPA to include fitries and
private housing developments iSee gen-
erally, House Report. pp 16-17

The definition of "public water SYS-
tem' proposed in the Interim Primer/
Drinking Water Regulations sought to
explain the meaning of the statutory
reference to "regales" strider It was
proposed to interpret this term as includ-1
the service for as much as three months
during the year Because the proposed
definition would hare excluded many
large campgrounds, lodges and other
nubile accommodations which serve
large numbers of tourists but which are
open for sltghtlY less than three months
each Year.-the definition In the finat vet-
skirl covers systems serving an average {If
at least twenty-five individuals at least
60 days out of the year The use of a
*minimum number of days rather than
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months also makes clear that a ssztem
may (Malay as a public water system
even tilt is not open every day during a
given month

Once "public water system" has been
'defined it is ne^tssary to define the two
major types of publit water systems
those serving residents and those serv-
ing transients or intermittent users The
possible health effects of a contaminant
in drinking water In many cases arc quite
different for a person drinking the water
for along peribd of ,time than for a per-.
son drinking the water onlY briefly or In-
tertnittently Different regulatory con-
siderations may In some cases apply to
systems which serve residents as opposed
to Systems which serve transients or in-
termittent users Accordingly, § 141 2(e)
makes clear that all lAiblic water sys-
tems "-fall within either the category of
" community stater systems" or the cate-
gory of "non-community water system.S."
To make clear which regulatory require-
ments a pPly to which type of system, the
category covered is specifically indicated
throughout the regulations
s The proposed regulations defined a
"community water syskem" as "a public
water system which serves a population
of which 70 percent or greater are resi-
dents " Reliance In The proposed defini-
tion on the percentage of water system
users who are residents would result In
treating some fairIY large resort com-
munities with many Year-round residents
as ton-communitY sYstems Therefore,
the defir Rion of "community water sYs-
tem" has been changed to cover any sys-
tem which serves at least 15 service con-
nections used by year-round residents or
agaves at least 25 year-round residents

SMALL COM'KuniTY Wsysx SysTRAIS

Many community water systems In the
country are quite small since it is the
intention of the-.Act to provide basically
the same level of health prote_tion to
residents of small communities as to
residents of large cities, and since a num-
ber of advarced water treatment tech-
nIqu.4 are made feasible only by eco-
nomies of scale, the cost of compliance
with the requirements of the Act may
pose a serious Problem for many small
communities The regulations seek to
recognise the }financial problems of small
communities by requiiir g more realistic
monitoring for systems serving fewer
than 1,000 persons Variances and ex-
emptions authorized by the At can also
assist in dealing with ego omit problems
of small community systems in appropri-
ate cases, at least temporarily EPA will

provide technical assistance on effective
treatment techniques which can be used
by small sYstems

These methods f dealing with thell-
flare's! probie of some small corn-

"munity systems ay not be subli.lant In
specific instances to make compliance

ments fe e EPA Is commencing a
with all itajleabre regulatory require-
ments

of potential problems faced by
small community systems In meeting sp.
plicable requirements under the Act end
these regulations, and, if necessary, will
make additional adjustnients in the In-

4

tetiin Pnmar! Drinking Water Regula-
tions prior to their effective date

NoN-COMmuNiTy SysTemS

"Non - community systems" are 'basic-
ally those systems which serve transients
TheY include hotels motels. restaurants,
campgrounds, service stations, and other
public accommodations which have their
Om water system and which have at
least 15 service connections or serve
water to a daily average, of at least 25
perstas Some schools, factories and
churches are also included in this Cate-
gory It is conservatively estimated that
there are over 200,000 no-community
water sYsterris iirthe country However It
should be recognized that while their
number is large they normally are not
the principal source of water for the
peoole they serve

The regulations as proposed would
have applied all maximum contaminant
levels to non-community systems as well
as to cotrimunitY systems This approach
failed to take into account the fact that
the proposed maximum contaminant
levels for organic chemicals and most in-
organic chemicals were based on the
potential health effects of long-term ex-
posure Those levels are not necessary
to protect transients or intermittent
users Therefore the final regulations
provide that maximum contaminant
levels for Organic chemicals, and for in
organic chemicals other than nitrates,
are not applicable to non-community
systems An exceptipn was made for ni-
trates because they can have an adverse
health effect on susceptible infants in a
short period of time

Even without monitoring for organic
chenIcals or most inorganic chemicals.
In the initial 'stages of imPlementatiop
of the drinking water regulations, mon
.Storing results from tens of thousands
nqn- cotnmunitY systems could ov
wholm laboratory capabilities and other
resources This,could delay effective
plementation of the regulations,with re-
spect to the community sYstems which'
provide the water which, Americarri
drink every day To avoid this result,
non community systems will be given
two years after the effective date of the
regulations to commence monitoring In
the meantime, non community systems
which already monitor their water are
encouraged to continue to do sts, and the
States are encouraged to take appropri-
ate measures to test or requirq monitor-
ing for non-community systems that
Serve large numbers of people.,

Of course. non-community systems
which pose a threat to hesjith should be
dellt with as quickly as !possible The
maximum contaminant Ie*els applicable
to non community water 'Systems there
fore will take effect 18 m the after pro -
mulgation,'at the same t e as levels ap-
plicable to community Ystems 'Inspec-
tion and enforcement thoritY will ap-
ply to non community systems at the
same time as to corn unity SysteMS

SANITARY %limn's

EPA encourages the States to condo
unitary surveys one a systemata. bas

MIRA 0011sts. vOt 40, HO 24S-.WIDNISDAV, DECC/ATIR 24, 1915
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AcTOSS

levels at least temporarily In view of the regulaUons Reardin asbestos, flEWiTZJY pending cancellaUon and suspensicpn and EPA are sponsoring a number of
A question was raised about the fact roceedifls under the Federal Insecti- studies this year at an approximate co.t

that different ufety factors, are con- dde, Punicide and Rodentiolde Act In- of $16 million to establIsh health ef[et.t'.
tainedin various maximum contaminant volving those pesticides When the re anayitical methods and occtn i.enc e
levels. The levels are not Intended to suits, of these proceedings arC available, Pont? OF Mctsuaaaturihave a unUoin safety factor, at least EPA will azaln consider whether mix!-
partly because the.knoledge of and the mum contaminant levels should be es- Other comments on maximum
nature of the health risks of the various tablished for those three pesticides tamunant levels focused on die proposed4
contaminants vary widely The ive1s set Soaut7S( AND Suz.FATis requirement that .such levels be tested
are the rsult of experience, evaluation A number of comments were received pressed over the inability of the public
of the asillabie data'44d rofessionaI on the potential iesiLh eftcota of sodium water system to control potential sotuices

*
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of contaminants width art WAIL I La
control of Me consumer.

The promulgated artilaildvn kitc1A1-
mum contaminant kiwi t 191 zk a re-
tains the requirement th it the man.
mum contaminant level be rina.und
the tap except in the ease of turbidity
which should be measured at the i ohit
of entry to the distribution system
ever the definition has been expanded
to make clear that contaminant, added
to the water by circumstanee °At, Are
control of the consumer are nut the re-
sponsibihty of the supplier vl wale'
wins the contaminants rosult Alum col -
rosion of piping and plumbinc resultir..
from the quality of the watt upPlied
It should be noted however that this
netulrement should not tiranterPieted
se to discourage local aggrekove ern
connection control measures

COILIFORM BACTEri. MC1 s

The 'promulgated MCL's Ita tolifurni
bacteria are basitallv tfie 196,. Publ.
Health Service Standards will, mindr
refinements and clarifications Ho. evil-
further changes may be desirable Fur
example the MCL's for the Membrane
filter analytical method do not re.olve
the question of how many coliform bac-
teria are assumed to be present in a
single highly contamintt d st mpg
Some laboratenies assume.an upper lirn
of 50, while others meek to conch tie to
count individual bacteria to a level of
100 or .even higher An It slniie ;iambic
The upper limit assumed will affect Line
monthly average which is calculated to
determine compliance With the MCL

Another question relating .to the colt-
form- bacteria MCLs I. the matter of
possible spurious poslOve samplt A, the
regulations are written all routine sam-
ples taken to. detemmie compliance ash
the MCL's must be counted regardless
of the Jesuits of alinlysts of any there
samples that may be taken The rcasqn
for this is than bait htt cold-Limitation
4 often intermittent or transient and as
a result negative check samples taktn a
day"or more after a positive sample can -
not.demonstrate that -pie positive result
was M error It may be passible howe.er
to prescribe a means of dealing with spu-
rious positive results without .compra-
misIng the Integra) of the MCL

A third question concerning the MCL
. for cohform batterri is tne relationship
of monthly averages of colgvim bat-Leila
levels to monthly percentages of positive.
samples For tremble the monthly M-
enge MCL for the membrane, filler
method is violated If the modinly
age exceeds one conform, b.1( tenum far

sample However, for purposes of dent-
Mining whether the monthly-percent-
age -of- positive- samples MCL Is violated

sample, is counted as positive only it IL
contains more than four coliform bac-
teria Thus. It is possible Particulily
when a relatively small number of sam-
pies is taken, for a octant to fall the
monthly average MCL even when no sin-
gle sample taken during the month Is
out of Compliance with the limn

.These and other questions concerning
the conform bacteria fifelys will be re-
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stud
.

lui Mei by EPA If review indl-
Late, that chances In the MCL's are
ucsiiablt thuhe changes yrill be made as
uois as possible but within 6 months In
tame to take effect at the same time as
Me ,iiiitial Initiim Piimary Drinking
Wiklii Rttulalicisy

OttAMc CILEMICALS ,

TM mulKAsed maximum contaminant
level. lonorLanic Pestiydes. other
um Lillie whith ale the subject of can-
cellation and yusiohylun proceedings.

.'ace Over, reamed It *anticipated that
additional cationic pesticides will be
added to the re6/A..1w* if surveys of
pcslitlue, iii druiLini, water being con-
ducted by EPA Indicate that this Is
needed iiip

The pm regulations also con-
Ihned a maximum euntamMant level for
organic chemicals obtaineeLby the carbon
chloroform extract iCCEi method It
ass, anticipated by Congress that organic
Lheinicals would be dealt ALM primarily
in the Revised Primary Drinking Water
Re gUlatiota because of Inc paucity of ae-
(mate dila on the heailh effects of vari-
ous snarls chemicals the large number
ui such chemicals uncerialnales over ap-
mow late treatincist, techniques and the
need for additional information on the
incidence of specific organic chemicals
as chinking Mater yupplies EPA thought
that the1CCE standard might provide an
apPloPpate means of dealing with or-
ratio. ellen-deals as a class pending action
oh the Revised Pi Amery Regulations

The CCE standard was originally de-
veloped as a test for undesirable tastes
and odor, M cinnamic water As concern
developed over the health effects of or-
r aim chemicals the possibility of using
CCE as a health standard rattier than
41i esthetic stmdard was considered

As Poilted out by numerous comments,
CCE has many failinis as an Indicator

, uh health eff-a.ls of organic chlfnicals
Td begin wnh. the testsobtalnYInforma-
non on only a fraction of the total
amount of organic chemicals in the water
sampled Furthermore, there Is serious
question as to the reliability olgOCE In
identifying those organic chemicals
which are most suspected of adverse
'wait

istin
e cis LA addition, there are no

ex eta on which a specific level
for cc ...n be established qn a rational
ba us To establen a maximum contami-
nant level under these circumstances
a ould almost certainly do more harm
Mari good It could give a false sense of
secmay to pscsons served by systems
with it ale wadi the established level
and a faeii.ense, of alarm to persons
served by systems which exceed On level
It also would divert resources from
effotts nil find more effective ways of
dealing , with the organic chemicals
pi oblem

EPA believes that the Intelligent
aPPavaeh to the organic chemicals QUM
tion is to move ahead as rapidly as pos-
sible along two fronts First EPA is
adopting simultaneously with these reg-
ulations a Subpart E orPart ($1, con-
taining Lewittmelds for organic chtml-

I

cal monitoling Pols/Lira to Sections 1995
and 1450 of the Act

_ The regulations require that desig-
nated public water systems ccilect sam-
ples of rats and treatenater Iv. submis-
sion to EPA for orgarderanalysts EPA
Will analyze the samples for a number of,
broad organic parameters Including,ear-
boh chloroform extract ICCE' volatile
and non-bonnie total organic carbon
tVTOC and NVTOC. A total organic chlo-
rine i TOCE ultraviolet absorbanty and
fluorescence In addition, monitoring aid
bo required for probably 21 specific or-
ganic vompounds &Linton of the spe-
cific compounds has been bated on the
°eminence or likelihood of occurrence in
treated wa toxicity data and availa-
bility of p -tenni analytical metbods
LaboratorY nalyses wail be used .to
evaluate the e%tent and nature of organic
chemical' contamination of &inking
water to evaluate the validity of the
general of game parameters as surrogates
for measures of harmful organic .chemi-
cals. and to determine whether there is
an adequate basis for establishing maxi-
mum contaminant levels for specific or-
ganics or groups of organics

Second. EPA is embarking on an inten-
sive research program to find answers
to the following four questions

1 What are the effects of commonly
occurring organic compotmils-oh human
health '+

12 What analytical nriedurcS should
be used to monitor finished drinking
water to assure that any Primary Drink-
ing Water Regulations-dealing with or-

, gables are mati--
3 Because Some of these organic com-

pounds aie,(ormed during water treat-
ment, what changes in treatment prac-
tices are required to minimize the for-
:nation of these compounds in tinted
water 9
, 4 What treatment technology must.
be applied to reduce contaminant levels
to concentrations that may be specified
In the Primary Drinking Water Regu-
lations'

This research will Involve health -
effects and epidemiological studies. In-
vestigations of analy al methodology.
and pilot plant and lkld studies a or-
ganic rerhoval unitff processes Some
phases of the research are to be com-
pleted by the end of this Year. while
much of thecremainder are to be com-
pleted within the next calendar Year

As soon as sufficient Information Is
derived from the monitoring program
and related research, the 4.1 nterim Pri-
mary Drinking Water Re lotions will
be amended so that the organic cheml,
cats problem can be -dealt with without
delay The monitoring process will be
completed within I nal

During the Interim period, Atte sat-
IsfactottY MCL's for organic COntaMlnl-

%lion in drinking water are being devel-
oped EPA will act In specific cases where
appropilate to deal with organic con-
tamination If the .EPA monitoring pro-
gram reveals serious specific cases of
contamination. EPA will pork with State
and local authorttics 1.4) Ideality the
source aid nature of the problem and to
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t
talierenictind at won EPA will al u aid
the Sta.. in idejal.d, an athiltictrial com-
munity water supplies that reqalsc

i odaly si... ,
Posin( NOTILT

Th e ppubilte notice requirements plo,
posed 111,1 141 32 did not distinguish be-
tween conimunity and non,-corruhubity
public water systems They woukil'hase
required that ptitvlic.potiee of non-com -
pliance with Appiicable regulations be
made by, newspaper; In water bills and
by other media vfor all putiltr,water sys-

, , terns These requirements
water

priate and ineffeetise in We else of most
non-community Rater systems Those
sistems plinth:PAM, serve transients who
do not receive water With from the sys-
tem and whO probably are not exposed
significantly? to the local media A more

_effective approach would be to require
notice that fan inform the transicsit
before he drinks the system c 'A ater and
thereby both warn the transient and

I provide ail' incentive to the supplier of
water totremedy the violation Accord-
ingly Section 141 32 as adopted prosids
that in the qase of non-community sys-
tems the entity with primary enfore-
ment responsibility shall require that
notice be given in a form and manner
that will insure that the Public using
the Public water system is adequately

Onfonned
./ The proposed public notice require-

ments also failed to distinguish between
different types of 'oblations of the In-
terim Primary Drinking Water Regula-
tions Since the urgency send importance
of a notice varies according to the nature
of the violation involved 1 141 32 as
promulgated seeks to match the type of
notice required with the type of violation
involved Written notice accompanying
a water bill or other direct notice by
mail is required for all violations of.the
regulations including violations of mon-
itoring requirements and for the grant
of a variance or eiemption In addition.
notice by newspaper and notificatiqn to
radio and television stations is r ed
whenever a maximum contaminant evel
is exceeded, or when the entity ith
primary enforcement responsibility re-
quires such broadeanotice

quAttry CONTROL AND TZSTING
PROCCOURES

Section 1401(1) of the Act defines
"primary drinking water regkilation" to
include "quality control and testing pro -
cedures " The promulgated regulations
include testing requirements fox each
maximum contaminant level. including

_ check samples and special samples in
appropriate cases The regulations also
specify the prOCeduresto be followed in
analyzing samples for each of the maxi -
mum

to time
mum contaminpt levels These proce-
dures will be u

lted
fro

as advances art made in analytical meth-
oda For example references to "Stand-
ard Methods for the Examination of
Water and Wastewater" are to the cur-
rent. 13th gdition. but these references
will be changed to cite the 14th edition
when It 1.1 available In the near future

I
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A key element of quality control fur
public water Ayblorns as accurate labora-
toi-y analysis Section 14128 of the regu-
lations provides that analyses coildut ted
for the purpose of deternuning com-
pliance 'with maximum contaminant
levels must be conducted by a laboreyny
approved bydhe entity with Primal y en-
forcement resPonsibillty EPA will de-
velop as, soon as possible, in cooper Lawn
with the States and other interested
parties criteria ,and procedures-Ns; lab-
oratory certintation A State wit pri-
mary enforcement responsibility will
have a Liborator, certified by EPA pur-
effant to the Prescribed cilteril and mo-
cedures and in turn writ ceitity i.tbora-
tones within tbe State

Record - keepirg rt gun einei.ts and re-
ports to thc State also will as 1A. in
quality control efforts

RECORD-Kt

Adequate rerora-keeping is nerccary
for the prow opei alio!. and administra-
tion of a public is -ter system- It Its also
Important for prMidlitc inforpi litun to
tho' public Pi ovidnui pproptta dairi
for inspection and enforcement lc Lis tilts
and Providing informs ion on r huh fu-
ture regulations can be based Accord-
ingly a new 1 141 33 has been added to
the regulations to require that elr b pub-
lic water system maintain records of
sample analyses and 'of actions to collect
violations of the Prunar, init iiiL tooter
Regu4ittons

Economic AND COST ANAL'irsi,
A comprehensive economics study his

been made of the Interim i'i imar, Iii hik-
ing Water Regulatutlis This study esti-
mates the costs of the regniatiou, c ,a1u-
ates the potential economic imP ti t. and
considers possible malcribl and labor
shortages The results of this ai it v sis are
summarized here

Total investment costs to community
water systems to achiese compliance
with these regulations ate estim tied to
be between $1.050 and $1.765 million It
Is estimated that non-community sss-
terns will invest an additional $24 million
The range of the estimate is due to un-
certainty as to the design flow that will
be used in installing treatMent facilities
Systems not In complianie will have to
consider sizing their new components to
retied, average daily flow Conditions. or
maximum daily flow conditions i eases
where system storage is not, adequ to

This investment will be sPrea over
several Years Investoit-owned s stems
will bear about one-fourth of these costs.
andPublIclyowned systems thc remain-
der It is not anticipated that systems will
have difficulty financing these capital re-
quirements 1

In annual terms national costs are ex
pected to be within the following ranges

fro millions
Capital costs 4146-247
Operations and malntenane 263 263
Monitoring (routine only) 17-'25

. . 4426 643

Although these aggregate figures are
large, most rater consumers will not be

4

signifkaiiii? aff, (led Fun thosx u crs in
systems 'mini, 10,000 persons 01 more,
the at el itgc itailiti.il ireatinciit ciyttt per
cUpita may increase from less than Si 00
for systems requiring disinfection and
lead control to between W to $35 for
control of turbidity and heavy metal ie-
Voral. For ,iisteitilimert. ing less than 100
personas thc accrage annual PC1 capita
costs of dit-tiuffe, Lion lead con:xol and
fluoride arkc hie rt maor al die esurn.ited to
be beLvveen $2 10 and $11 e0 However if
tui bicht y c will ol 01 4)ears, metal removal
were requited in a st.steni of tins size
then costs ale expacteci to range from
$52 to $237 i cr t e n yici capita EPA 1g
imaie of tilt sera u 'potentl,c1 cconortic
imp, on us. is i 1 small systems
However llie legis to hitters sperif.es
th,71 the tit ulationc should be based on
costs that t, us be icaonably taw Lied by
lart,e incliip .lit ui of Lei tonal -t% stems
1- urtlit_e c, ttnirtriiit, evaluation .r these
systelit, is benit. conducted and realistic
Options for the,..i tsrn-ILI crsten., tic Poing
rcl.ici,c.ted Optiiii WA.% ill be under con
sideration include ict,, costly treatmc'a
technoloric ft -ination of retuional sys-

'kerns and ti-ti' of altcritainc. water
.itin ca t. Lido-ill al aid commerr sal users,
ali( the' 1 i Lot Willi- their ono water or
utttin publo cl.-ii nos arc not expected
to 'be sno.nifit intl. affected by these
rc..ut awns

Possible i on traints to 'the untilemen-,
t.etion of the interim primary regula-
tions were ex imined Although there
will be an inert.. a-c in demand for chem-
Ir Is .manpowrc 1 iboratoriek and con-
,trurtion of In a inipnt farilitic it 1.- not
ajltir ipal rd ln it ai lc. of (hate factors will
be a ),Pri0u4 ohqrirlt to implrment itioii
of !lie. o rt, olato,n 11 I .1. 1 Ca unable
tune frame

For the reason risen above Chapter
4i1 of the Code of Fede41 lOgulations Is
hereby ampndttd by the addition of the
1.0110111I1g 11e11. P1 rt 141 These regula-
tions will lake fifer t 18 month- after
promulgation i
a it is berets ccrLificti in is the economic and
inflations:7, in pact, c.1 Litt A rego.ativiia
hare been LaretLiii) evil rated in aLcurdance
with Executivo.Ordcr 118211
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Sec
141 L2 Turbidity sampling and anwlyttral

requirements
14! d3 In.:Q.014Jc chemical sampling and

analytical requirements
141 24 Organic chemical sampling and

analytical requiremet ss
141 27 Alternative arialytiCal techniques
141 29 Appr Ted laboratories
141 22 Moriii,rIng of confer Le public

water systems
Subpart 1)-111aporimg. Pubht Netif.cation, end

Ripcord kasp4ng

141 3, Ileporti n5 retoirernentri
141 12 Public notification of variances ex-

emptions and noncompliance
with regulations

141 J3 Itetord mainttilauce
Atittosn's Secs 1412 14141.446 and 1450

of the Public Health Service An 86 Stet 1660
144 U S C 300g I 3005 3 300J-4 and 300J-0)

Subpart AGeneral
§..1 41 1 Applirabilily.

This part establishes primary drinking
water ..,rtegulations Purcuant to section
1412 of-the Public Health Service Act. as
amended b.y the Safe Drinking Water
Act (Pub I. 93-523), and related regula-
tions apPlicable to public aater systems
§ 1 11.2 Itafitunona.

As used in this part the term
,(as "Act' means the Public Health/ Service Act as amended by the Safe

Drinking Water Act Pub L 93-523
(bi Contaminant means any physi-

cal chemical. biological or radiological
substance or milker in water

F cl Maximum contaminant level'
Means the maximum permissible level of

Asa contaminant in water which is de-
livered to the free flowing outlet of the
ultimate user of a public water system,
except in the case of turbidity where the
maximum permissible level is measured
at the point of entry to the chStribution
system'Cbntaminants added to the water
under circumstances controlled by the
user except those resulting from Corro-
sion of piping and plumbing caused by
wale'. quality, are ex-eluded from this
definitiryn

(di 'Person meaps, an individual,
corm ation. .tompany, association, part-
ner..hip State. municipality, or Federal
agency

ter Public water system means a
, system Or the prevision to the public

of Piped aater for hfunan consumption,
if such `system has at least fifteen service
connections or regularly serves an aver-
age of at least tv.enty-five individuals
daily at least -6d days out of the year

.Such te.nr includes ( 1 ) any collection,
treatment storage and distribution fa-
eillUessunder control of the operator of
such Aystem and used primarily in con.
nectiort with s h system and 12) any
collection or treatment storage facili-
ties not er such control %bleb are
used primirlfy In connection with such

- system A public water system is either
community water system" or a "non-

commu*illy water system "
w 'C! unity water system" means

a public ;water system which serves at
least ld service connections used by year -
round rks(dents or regularly serves.. 9k,

,least 2iye9r-round residents

10 732

1

RULES AND REGULATIONS

a

ifs) 'Non-comm unity water .system"
means a public aater system that is not
a commupity water system

'Sanitary survey" means an on-
site review of the water source. facili-
ties, equipment operation and maInte-
ance of a public water system for the--
Purpose of evaluating the adequacy of.
such source, filities equipment. op-
eration afid maintenance for producing
and distributing safe drinking water

(g) "Standard sample' means the
aliquot of finished drinking water that is
examined for the Preser*e of conform
bacteria,

(hi State" means the agency of the
State government. ivhich has Jurisdic-
tion over public water systems During
any period when a State does 'not have
primary enforcement responsibility
pursuant to Section 1413 of the Act, the
term "State" means the Regional Ad-
ministrator, U.S Environmental Protec-
tion Agency

lit "Supplier bf water" means any
Person who owns or operates a public
water system
§ 14 1.3..Cocraecr.

This part shall apply to each public
water system unless the -Public water
system-meets all of the following condi-
tions

(a) Consists only of distribution and
storage facilities (and does not have any
collection and treatment facilities) :

tb Obtains all of its water from. but
is not owned or operated py a Public wa

'ter system to a hich such regulations
apply

Lei Doe, hot aater to any person,
'and

Kb Is not a (-airier which conveys
. pauengers in interstate commerce
§ 141.1 'Varian:N.4 and exemption..

Variances or exemptions from certain
provisions of these regulations may be
granted 'Pursuant to Bectiohs 1415 and
1416 of the Act by the entity with-pri-
mary enforcement responsibility Provi-
sions under Part 142, National Interim
Primary Drinking Water Regulationt

"Implcmentationsubpart E (Variancesi
and subpait F (E-xemptionsi apply
where EPA has primary enforcement
responsibility

§ 141 5 Siting requirement.,
Before a person may enter into a fi-

nancial commitment for or initiate con-
struction ofo.s, new public wafer system
Or increase the capacity of an existing
public water system, he shall notify the
State and, to the extent practicable.
mold locating Part or all of the new or
expanded facility at a site which

la) Is subject to a significant risk
from earthquakes, floods, fires or other
disasters which could cause &breakdown
of the public water system or a portion
thereof. or

(b) ExcePt for intake structures. Is
within the floodplain of a 100-year flood
or is lower than any recorded high tide
where it pplopriate records exist

. 4.

The u S Envitonmental PrOtectioh
4gency will not seek to override land use

idecislOps affecting public water sy;terns
filing which are made at the Ftafe or lo-
cal' government levels

1j1.6 Effective due,
The regulations set Sol th in this part

shall take effect 18 months after the date
of promulgation
Subpart 8 Maximum Contaminant Levels
§ 141.11 Maximum contanunant levels

for inorganic chemicals.
(a) The maximum contaminant level.

for nitrate is applicable to both commu-
nity water systems*and non - community
water systems The levels for the other
Inorganic chemicals apply only to com-
munity water systems Compliance ,ith
nlaximum contaminant levels for inor-
ganic chemicals la calculated pursuant to
I 141 23

(tit The following are the maximum
contaminant levels for inorgabic chemi-
cals other than fluoride

Contaminant

Level.
milligrams

per fifer
Arsenic o OS
Barium
Cadmium 0 010
Chromium o OS ,
Lead 0 05 ..
Mercury o 002
Nitrate ias N) 10
Selenium 0 01
Miser 0 05.
tci When the annual average of the

maximum daily air temperatures for the
location in which the Community water
system is situated is the following. this
maximum contaminant levels for fluoride
are,

"t.rn hclahne
Des wee

I eintnh

1.4Vti
I 0,1I0 rr.5111rrant, .

Vey tiler

517 end mow 1.4 0 and lolow 2 4
33 4 te 54 3 1.2 i tell 6 '.; z-

/6 4 to 6319 14 714 V/ di -d 0
63`)10706 177t02114 l Y.,
707 toted 21tt4:42 % i 4
7.3to40.5 :63 to145 .J 1 4

§ 111.12r Maximum contaminant Icicle
fqr organic chemical,.

The following are the maximum con-
taminant levels for organic chemicals
They apply only to community water
systems Compliance with maxlifium
contaminant leyels for organic chemicals
Is calculated pursuant to i 141 24

Leta
milligrams
- per liter

(ai Chlorinated hydloCarbona
Endrin 10-hexachlorot 0 0002

07.epoxy-1 4, 4a,5,07,1515a-octa-
hydro.' 4-end° endo.5.0 - (O-
nset/lino naphthalene)

Lind into 11,2.3,4,58-hex achloro- 0 004
cyclohisane, gamma isomer)

Methoxychlor (1.1.1-Trichloro- 0 i .1

2 2, nts 1p mithoityphenyn
ethane)

Taxaphino (CJIH,C1,:TechnIcal 0 005
.Chlorinated camphene, 87-09
percent chlorine)
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(b) Cilloropheitoxys
2,4 - D 12,4DIalc4r411,Mc110,4}act 0 1

- tie actor
2 4.5TP 811vex 12 4 3TrIchloro. 0 01

pheuoxyproptontt astd,1

§ 111.13 'dwelt:tom contammont
fur larbitlaty .

The maximum contaminant levels for
turbidity are applicable to both commu-
nity water systems and non-community
water syMeins using Surface' , water
sources in whole or in part The' maxi-
mum contaminant levels for turbidity
in drinking water, measured st a repre-
sentative \ntry point's) to the disttibu-
tion syste.ii are

One turbidity. unit (TU). as de-
termined by a monthly average pursuant
to f 141 22 except that five or fewer
turbidity units may be allowed if the
supplier of water can demonstiate to the
State that the higher turbidity does not
do any of the following

111 Interfere with disinfection,
121 Prevent .nalritenance of an effec-

tive disinfectant agent throthout the
distribution system, or

13i Interfere with microbiological
determinations

(b) Five turbidity units based on an
average for two consecutive days pursu-
ant to 1 141 22

§ 141 1-? Maxintum flit rottoIodtrol
nant levels.

The maximum contaminant levels for
coliform bacteria. applicable to com-
Munity water systems and non-com-
munity water systems, are as follows

(ai When the membrane filter tech-
nique pursuant to 1 141 21(a) is used.
the number of coliform bacteria shall
not exceed any of the following

(1) Oro per 100 milliliters as the
arithmetiemean of all samples examined
per month pursuant to 114121.(b) or
tel

(2i Four per 100 milliliters in more
than one sample when less than 20 are
examined per month, or

(3) Four per 100 milliliters in more
than five percent of the samplet when
20 or more are examined per month

(b) (1) When the fermentation tube
method and 10 milliliter standard pot-
Uons Pursuant to 1 14121(a) are used,
conform bacteria shall hot be Present in
anyrof the following

(I) more than 10 percent of the por-
tions In any month pursuant to f 141 21
(b) or (c) :

(il) three gr more portions in more
than one sample, when less than 20 sam-
ples are examined per month': or /

nil) three or more portions in more
than five perceht of the samples when
20 or more samples are examined per
month

(2) When 'the fermentation tube
Method and 100 milliliter standard per -
tlons Pursuant to 1 141 2111 are used.
coliform bacteria shall not be present in
any of the following

(I) more than 60 percent of the Por-
tions In any month purstiant to f 141 21Ibror (c);

41.1) five portions In more than one
sample when less than five samples are
examined per month of

I MIRA t RIO
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trial flu portions in more than 20
percent of the samples when five or more
samples arc examined per month.

tel For community or non - community
systerns that are required to sample at a
rate of Its than 4 per month, compli-
ance with paragraphs' (a), (b) (1), or
ibi t 21 of this section shall be based upon
sampling during a 3 month period, ex-
cept that at the discretion of the State.
COnipliadee may be based upon sampling
during a one-month period

Subpart CNionitoupg and Analytical
Requirements

§ 111.21 Microbiological Contaminant
sampling and analytical require-
ments.

Suppliers of water for Community
water systems and non-community water
systems shall analyze for conform bac-
teria for the purpose of determining
compliance with 4 141 14 Analyses shall
be conducted ut,accordance with the an-
alytical recommendations set forth us
"St -ipdard.Methods for the Examination
of Water and .Wastewater," American
Public Health Association. 13th Edition.
pp 662-688, except that a standard sam-
ple size shall be employed The standard
sample used in the membrane filter pro-
cedure Shall be 100 milliliters The stand-
ard 'sample used In the .5 tube most
probable number (MPN) Procedure (fer-
mentation tube method) shall be 5 times
the standard portion The standard por-
tion is either 10 milliliters or 100 .

liters as described in 1 HI 14 (I)) and ic
The samples shall be taken at points
which are representative of the condi-
tions withbi the distrIbution system

lb-) The supplier. of water for a com-
munity water system shall take conform
density samples at regular time inter-
vals. and in number proportionate to the
Population served by the system In no
event shall the frequency e less than as
set forth below

Population served
25 to 1000
1 001 to 2,500
2,301 to 3,300
3.301 to 4,100
4 101 to 4,900 -
4901 to 5 SOO .
5.801 to 6 700
$701 to 7 600

11/4 I 601 to 8 SOO_ _
8 501 to 9 400
9 401 to io,aeo
10 301 to 11.100
11,101 to 12 000
12 001 to 12,900..s.
12,901 to 13.700
13.701 to 14.600
14 401 to 15.500 4.
15,301 to 14,300 ______
16 301 to 17200
17201 to 18 100
18 101 to 18 900
18201 to 19 SOO
isisoi l0 2olo0

.20701 to 21 SOO -
21,501 to 23 300 -.
22 201 to 23,200
23 201 to 24,000
24 001 to,24,900
24 901 to 25 000
26.001 to 21 000

Mlnimurn number of
samples per (nohth

LP

V
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2
3
4
6
6
7
a
0

10
11
12
13
14
15
16
17

t18
19
20
21
22
23
24
25
24

28
29
30

.19571

28.00k to 33.000 z.1$
33 00, to 31 000 40'
37001 to41 000- ........ 45
41 001 to 46 000 60
46001 10 40000 55
60 003 to 54 000 60
64 001 to SO 000 65
69001 to 64000 . 70
64 001 to 70 000 75
70 001 to 76 000 80
76 001 to rt 000 as
x300! t0 90 000 .90
90 001 to 96000 95
90 001 to 000 100
111 001 to 140 OW 110
4314001 to 160 000 120
160 MI to 140 000 4 130

-190 001 to 220 000 140
220 001 to 2500.4 160
250 001 to 200 160
290 001 10 320 000. 170
t 20 001 to 3641 000 180
300 001 to 410 900 190
410 001 to 450 000 200
450 001 to 500 000 210
400 001 to 550 000 220.
550 001 to 500 000_ 230
600 001 to so) 000 240
660 001 to 7,20 000 250
720 001 to 780 000 ._ 260
780 001 to 840.000 270 '
810 001 to 910 MO 280
910 (At to 9'10 000 200
970 001 to 1 050 000 300
1 050 001 to1 4 0 ( 0 0 _ _ _ _ _ _ _- _ _ _ _ 3 1 01

1 140 001 to 1230000. 320
1 230 001 t(..1 320 000 330
1 320 001 to 1 420 0.00 340
1 420 001 to 1 320 000 350
1520 001 to 1 630000 360
1,640 001 to 1 730 004 . - 370
1 730 001 to 1 860 000 340
1 860 011 to 1 970000 390
1 970 001 to 2 060 000 400
2 060 001 10 2 270 000 410
2 270 001 to 2 SIO COO 420
2 510 001 to 2 750 WO... 430
2.750001 tq 3 020000 440
3 010.001 to 3 320 WO 460
3 320 001 to 1 620 000 460
3 620 001 tc 3 960 000 470
3 060 001 to 4 3(0 000 480
4 3107)01 to 4 090'000. 490
4 600001 or more 6041

Based Lyi a nistory of no conform bac-
terial contamination and on a sanitary
survey by the State showing the water
system to be supplied solely by a pro-
tected ground water source and free of
sanitary defects. a community water sys-
tem serving 25 to 1.000 persons, with
written permission from the State. may
reduce this samplfhg frequency except
that in np case,shall it be reduced to less
than offer per quarter

ICJ 7)e supplier of water for a non-
eomnaurfitY water system shall sample for
coliform bacteria In each calendar quar-
ter during which the system provides
water to the publle Such sampling shall
begin within two years after the eitective
date of this part. If the State. op the
basis of a sanitary survey. determines
that some other frequency Is more appro-
priate. that frequency shall be the fre-
quencyl required under these regulations
Suet) frequency shall be conflrmed or
chailged on the basis of subsequent
surveys,

id) (I) When the coliforra bacteria in a
single sample exceed four per 100 milli- e

liters ( f 141 14410 ), at least two consecu-
tive daily check samples shall be collected
and examined from.the same samPlIng
point. Additional check samples shall be
collected daily. or at a frequency tstab-.
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lisiaal oy the State until the resulta ob-
tained from at least two. consecutive
check sametes show less than one coll-..
foim bacterium per 100 milliliters

r2+ When coliform ba eria occur in
three or more 10 ml poi Ions of a single
sample 11 141 14tbilli at least two

4.,s consecutive daily check samples shall be
collected and examined from the same
sampling point Additional check samPles
shall be collected daily, or at a frequency
established by the State until the results
obtained trOM at least leo consecutive
check samples show no positise tubes

131 When eoliform bacteria occurin all
five of the 100 ml ,portions of a single
sample t1 14l 141b,12); at least two
daily check samples shall be collected
and examined from the same sampling
point Additional check samples shall be
collected dally or at a frequency estab-
lished bY the State, until the results ob-
tained from at least No consecutive
check samples show no pQ1tive tubes

iii The location at which the check
samPles were taken pursuant to pare-
graPhs Icti I 11 120 or 131 of this section
shall not be eliminated from future sam-
pling without approval of the State The
'results from all conform bacterial analy-
sts performed Pursuant to this subpart
except those obtained krona check sam-
ples and special put pose samples shall be
Used to determine compliance with the
Maximum contaminant level for conform
laacteria as established In 1 141 14 Check
samples shall not be Included In calculat-
ing the total number of samples taken
Viet' month to determine compliance
with 1 141 21 Oar or ict !

(et When tale 'Presence of conform
bacteria In water taken from a particular
sampling point has been confirmed by
any check samples examined as directed
in paisgraphs 1e10 011 121 or 131 of this
section, the supplier of water shall re-
port to the State within 48 hours

Hi When a maximu contaminantna,
level set forth in pars r fat (b) or
fel of f 141 14 is ex ded, the supplier
of water shall report to the State and
notify the publtc.as prescribed in i 141 31
Ord 1 141 32

1gi Special purpose samples, such as
those taken to determine whether dis-
infection practices following pipe place-
ment, replacement, or repair have been
sufficient. shall not be used to determine
compliance with 1 Lai 14 or 1 141 21 Pb)
or fc)

fin A supplier `Tat water of a com-
munity water system or a non-com -
munitY water system may, with the
approval of the State are(' based upon a
sanitary survey, substitute the use of
chlorine riesidual monitoring for not more
than 75 percent of the samples required
to be taken by ,paragraph IL of this
section, PrOtaided, That the supplier of
water takes chlorine residual samples at
points which are representative of the
conditions within the distributton sys-
tem at the frequency of at least four for
each substituted microbiological sample
There shall be at least daily determina-
tions of chlorine residual When the sup-.
Pller of water exercises the option pro-
aided In this Paragraph 1h/ of this
section. he slut! maintain no teas than
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0 2 rue 1 free thiculne throughout the
public water distribution system When a
particular sampling 'point has been
shown to have a free chlorine residual
less than 0 2 mg i. the water at tba1.1oca-
ikon shall be ri tested as soon as prac-
Ma ble and in anY event within one hour
If the original analysis is confirmed, this
fact shall be ieported to the State within
48 hours Also If the analysis Is con-
fumed, a sample'for eoliform bacterial
analysis must be collected from that
sampling point as soon as Practicable and
prefelablY a ithin one hour, and the re-
sults of such analysis reported to the
State within 48 hours after the results
are known to the supplier of water
Analssts for is-actual chlorine shall be
made in accordance with "Stanciarai
Methods for the Examination of.Watei
and Wastewater, ' 13th Ed , pp 129-132
Compliance with the maximum con-
taminant levels for coliform bacteria
shall be detei mined on the monthly mean
of quarterly mean basis specified in
I 141 14 including those 4amples taken
as a iesuit of failure maintain the re-
quired cillot ii e iesidu level The State
may withdraw its appr vat of the use of
chlorine iesidual substitution at any
time

§ 1 11 22 Turbedely .uhtpting and 'mt.
.11% In IA tr quirement..

1 a i Samples shall be taken by supplleis
of eater lot both community water sys-
tems and note- community water sYstems
at a representathe entry Point is) to the
water dlstiibutlon system at. least once
per day, for the Purpose of making tur-
bidity measuiementa to determine com-
pliance with 1 141 13 The measurement
shall be made by the Nephdometlic
Method In accordarte with the recom-
mendations set forth In ' Standard Meth-
ods for the Examination of Water and
Wastewater, American Public Health
Association, 13th Edition, pp 350-353, or

Methods for Chemical Analysis of
Water and Wastes." pp 295-298, En-
vironmental Protection Agency, Office of
Technology Transfer Washington, DC
20460.1974

Pb) If the result of a turbidity analysis
indicates that the maximum allowable
limit has been exceeded. the sampling
and measurement shall be confirmed by
resampling as soon as practicable and
preferablY within one hour If the repeat
sample confirms that the maximum al-
lowable limit has been exceeded, the sup-
plier ,of water shall repent to the State
within 48 hours The repeat sample shall
be the sample used for the purpOse of
,calculating the monthly average If the
monthly average of the daily samples
exceeds the maximum allowable limit. or
if the average of two samples taken on
consecutive days exceeds 5 TU, the sup-
Wier of water shall report to the State
and hottlY the public as directed In
1 141 31 and 1 141 32

CO Sampling for non-community
water sYstems shall begin within Lao
years after the effective date of this part

id/ The requirements of this 1 141 22
shall apply only to public water systems
which use water obtained in whole or In
Part fidrsurface sources

FlOrliat arOiS11a. v01

t1.,23 1 641.1 1 It. I rrmtpligig
.111,1 a. II 11.1101.4 it qinro ilk. nt..

+al dinaisses for the purpose of de-
ter Mining compliance math 1 141 11 are
reqinied as follows

I I; Analyses for all commuhitY water
systems utalfing surface water sources
shall be contracted %Rhin one year fol-
loa mg the effective date of this part
These analyses 'hall be repeated at
Yearly intervals

+21 Analyses for all cAnnitinity water
systrins utilizing oply ground water
sources shall be completed within tea
years fLti offig the effertive date of this
pact here analyses shall be repeated
at three -scar 'Mei sale

131 Fa, nan-community writ& 'Stems
whether supplied by surfare or ground
water sources analyses for nitrate shall
be completed a !thin two years following
the effective date of this part These
analyses shall be reiteated at Intervals
dc ter mined bY the State

b ; If the result of an oil ,9.1% Ms Made
pill,eant to paiaet aph la I indicates that
the level of any r ontaminant 41sted in

141 I1 ex, rids the maximum contam-
inant level the supplier of water shall
report to the State v,ithin 7 days and
'vitiate three additional analyses at the
sailv sampling point within one month

lc; When the average of four analyses
chute puk,sUant toyalataaph I bi of his
section, founded to the same number of
ignairant flames the maximum con-

tamireent level for the substance in ques-
tion exceeds the maximum contaminant
level Ihr. sufplicl of ester shall notify
the State nutsuant to 1 141 31 and give
notice ta the public pursuant to F 141 32
secanitollue after public notification shall

.ti a frequency designated by the State
and shall continue until, the maximum
contaminant level has not been ekceeded
in Leo successive samples or until a mon-
itoiing schedule as a condition to a
salience exemption or enforcement ac-
tion shall become effective

ids The Procisions of paragraphs lb)
and jet of this section notwithstanding.
compliance with the maximum content=
inapt level for nitiate shall be determined
on the basis of the Mean of two analyses
When a level exceeding the maximum
contaminant level for nitrate is found,
a second analysis shall be initiated within
24 hours, and if the mean of the two
"analyses exceeds the maximum oOntam-
inant level, the supplier of water shall
report his findings to the State Pursuant
to 1141 31 and shall notify the publiC
pursuant to I 141 32

rep For the initial analyses required
by paragraph oat 011 fa; or '31 of tins
section data for surface waters acquired
attain one Sear pelas-4041ae effective date
and data for ground 'deters acquired
within 3 sears erior to the effective date
of this part may be substituted at the
discretion of the State

Analt ses conducted to deter mine
compliance with 1141 11 shall be made
In accordance with the following
methods

111 Ai senir -Atomic Absorption Meth-
od, Methods for Chemical Analysis pf
Water and Wades pp 95-96, Environ-

.

40, NO, 241..-WION1SPAY. OrClastia 24, 1475
s
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mental Protection Agency Office of
Technology natu(e! Washington DC
20460 1974

21 BarstfmAtomic Absorption-Meth-
od Standard Methods for the Exami-
nation of Water at Wastewater -1.3th
Edition, pp 210-21 or ' Methods for
Chemidal Analysis of Water and Wastes "
pp 97-98 Environmental Protection
Agency Office of Technology Tiansfer,
Washington DC 20460 1974

13) CadmictmAtomle Absorption
Method, "Standard Methods for the Ex-
amination of Water and Wastewater
13th Edition pp 210-215 or Methods
for Chemical Analysis of Water and
Waste4" pp 201,-103 Environmental
Protection Agency Office of Technology
Transfer WaShingtpitDC 20460 1971

(4) ChromiumAtomic AbsoNtion
Method. ' Standard Methods for the Ex-
amination of Water and Wastewater.'
13th Edition. Op 210 215. or 'Methods
for Chemical Analysis of Water and
Wastes" pp 105-106 Environmental
Protection Agency Office of Technology
Tians(er Washington DC 20460 1974.

15) LeadAtomic Absorption Method.
"Standard Methods to the Exambia-
Non of Water and Wastewater" 13t s
Edition. 'pp 210-215 or "Methods I r
Chemical Analyls of Water and Waste
pp 112-113. Ens ironmental Protection.
Agent". Office of Technology Tinnier
Washington DC 20460 1974 "

(6) MercuryFlameicss Atomic Ab-
sorption Method, Methods/or Chemical

. Analysis of Water and Wastes pp 118-
126, Environmental* Piotection Agency,
Office of Technology Tiansfel Wash-
Ington, DC 20460, 1974

(7) NitrateBrume Coloinneti lc
Method, "Standard Methods foi the Ex-

, emanation of Water and Wastewater,"
13th Edition. Pp 481-464 of Cadmium
Reduction Method, 'Methods for Chemi-
cal Analysis of Water and Wastes,"
pp 201-208, Environmental Platte tIon
Agency, Office of Technology Danger.
Washington DC 20460 1974

(8) Selenium Atomic Absorption
Method, "Methods (or Chemical Analysis
of Water and Wastes p 145 Environ-
mental Protection Agency Office of
Technology Ti ansfei . Washington DC
20460 1974 * ..-

(9) Sliver Atomic Absorption Meth-
od. "Standard Methods for the Ex-
amination of Water and Wastewater'.
13th Edition, pp 210 -215' or "Methods

for Chemical Analysts of Water and
Wastes" 1.1 146 Enyhonmental Proteo.
Non Agency, Office of Technology Trans-
fer, Washington, D C 20469 1974

(101 Flaw EdeElectrode Method
"Standard Methods (or the Examination
of Water and Wastewater 13th Edition,
pp 172-174 or Methods for Chcmlcal
Analysis of Water and Wastes pp 65-
67 Envilonmental Protection Ageller.
Office of Technology Transfer. Wash-
ington D C 20460 1974 or Color/metric
Method with Preliminary Distillation.
"Standard Methods for the Examination
of Water and Wastewater lath Edition
pp 171-172 and-174-176 or Methods for
*Moistest Analysts of Water and
Wastes," pp 59 60 Environmental Rio-

RULES AND REGULATIONS

tection Agency Office of Technology
Transit Washington.. DC 20460. 1974.

§ It Organic chemical sampling
and analytical requirements

la) An analysis tof substances for Cite
propose of deteinniting compliance with

A 141 12 shall be made as follows
Ui For all community water ssstons

utilizing surface wafer sources analyses
shall be cpinpleted within one yea' fol
lowing the effective date of this part
Samples analyzed shall be collected dur-
ing the pct bad of the year desigmited by
the State as the period when contami-
nation by pesticides is most likely to
occur These analyses shall be repeated
at intervals sPeceled by the State but
in no event less ficryuently than at there
y ear intervals

121 For confinunity wale! u items
utilizing only ground water sources
analyses shall be completed by those sl
tems specified by the State)
' (b) If the 'exult of an analse is made
humane to, pairtigipph 1al of this sec-
tion indicates that the Leval of any con-
taminant listed in j,jt4112 exceeds the
maximum contain: lee el the 1111)-
Alai 01 water 'hall remit to the State
within 7 days and Initiate three add,
clonal analyses uithin one month

tcl When the average of four analyses
glade puisuant to paramaPh lb) of this
tection, rounded to the same immix' of
significant Nunes as the maximum con
taminant level to the substance in ques-
tion ('reeds the maximum contaminant
level the supplier of water shall repo t
to the State pursuant to 1 141 31 and give
notice to the public pursuant to S 141 32
Mouton'? after P111)11( nOtifleat 10.1 snail
be ato fiequency designated by the State
and shall continue until the maximum
contaminant level has not been exceeded
in two successise samples 01 until se
mOnitoling schedule as a condition to a
valiance, exemption or entoi cement ac-
tion shalt become effective'

'di For the initial anaemic :mimeos&
by paragraph (us( I) and 12, of Ungar'
section. data (or surface water aequued
within one -year Prior to the effective
date of this pot and data (oi pound
water acquired within three yea's weal
to the effective date of this part may be
substituted at the discretion of the State

(e) Analyses made to determine com-
pliance with ¢ HI 12(a) shall be made
in accordance with ' Method to Oi gano-
chlorine Pesticides in Industiml Efflu-
ents," MDQARL, Environmental Pio-
lection Agency, Cincinnati-Ohio Nos on-
ber 28. 1973

iii Analyses made to determine com-
pliance with ¢ 14112i in shall be con.
ducted In accordance with Methods (or
Chlorinated Phenoxy Acid Herbicides in
Inclustilal Effluents." MD(ZARL. En-
vinonmental Protection Agency Cincin-
nati, Ohio, November 28 1073

§ 111.27 Alternative anahie al hi 11-
&Ties.

With the written peinti *von of the
Stale concurred In by the Administra-
tot of the US Environmental Protec-
tion /Lowy. an alternative analytical

59573

technique may be employed An alterna-
tive teehhiqUe shall be acceptable only
if it is substantially equivalent tottie
prescribed test an both prechwn and ac
curacy ant retake to the determination
of compliance with ail), maximum con-
taminant level The' u c of the alterna-
tive aiiwlYth al technique shall not de-
((ease the fiequelv inunituilug le-
milled by this part
§ III 28 Appro'rd labor/flora..

FOT the purpose of deteormiing cons
phance with 514121 thiOugh 614127
sonnies may be consldei ed only if they
have been analyzed bt a laboratory ap-
moved by the Stat* except that mec,s-
uiements Im tuibidas and flee chlorine
tesidual may be pm formed by all per
con acceptable to the Stole
§ III 29 Wildman: of 1,11.4 ni, pub

In ',alit .pat 00.
When a gultlic St 111(11 system sUpplies
ate' to one or more °thee public watt r
vstems the State may modify the mom-

nig icquirements imposed by this
it to tee extent then the inteleonnee-

inn at the sssems Jusifies treating them
) 'Ingle system for thongs:ming our-

) ows" Any modified monitoiing shall be
ecruitic Jed inn SU an t to a ...Cited01C SlIff I-
nca by the State and robin red in by the
Minna trator of the 11 S Ens 'room
Plotection Agency
subpart DRepoltig, Public Notification

and Record Keeping

§ 111 31. Itisorlsin: I ..t
a rxtebt where Cairtel repoil

mod is cpec ifird ur tills 1)1111., the
supplici of sca to chilli repo t to the State
within 10 lily. frlina ing a t e tt ineastlie-
meta ol ail ily Is n quir«1 to be made by
this pal t the result, of that test 'fleas-
in mentor analysis

it» The sup] lb I 0( 1a01 k11.111 1 epui
to the State annul ^8 huu s the falluii
to comply with any pz imary thinking
ly a ter regulstum including failure to
onliely with monitming lemurs:nen

set folth in thih I art
c I The supplier of water is not rr-

r1011C(1 to report anal> heal results to the
Ida le in eases %lime a State labOratni y
pcifoirns the analYsis and reports the
re tilts to the State office which would

nal orally' receive ,urn notification li nen
the supplier

§ III 32 robin nololur alum
r Tr a community water .yst6m

lu comply with an am ticable maxintuni
untaininaut level established In Subpar t

B falls to comply with an applicable
testing plocedure established In Subpar t
C of this pat t Is granted a variance pi
an humption from an applicable maxi-
mum contaminant level falls to comply
wills the icqUirements of any schedule
prescribed pursuant to a variance or ex-
emption, or fails to perform any moni-
toring required pursuant to Section 1445
(a) of the Act, the supplier of water shall
notify persons served by the system of
the failure or grant by Inclusion of a no-

' tice In the first set of water bills of the
s..stcm Issued after the falltne or grant
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and In any event by written notice within
three months Such notice shall be re-
peated at least once, every three months
so long as the system's failure continues
or the variance or exemption remains in
effect If the system issues wafer bills less
frequently than quarterly, or dots not
issue water bilis, the notice shall be made

. by or supplemented. by anothe1 form of
direct mail.

(b) If a community water system has
failed to comply with an applicable max-
imum contaminant level. the supplier of
water shall notify the public of such fail-
ure. in addition to the notification re-
quired by paragraph (a) of thisjection,
AS follows'

(1) By publication on not less than
three consecutive days In a newspaper or
newspapers of gen'eral circulation,in the, area served by the system Such notice
shall be completed within fourteen days
atter the supplier of water learns of
the failure.

(2) By furnishing a copy of the notice
to the radio and television stations serv-
ing the area served by $he system Such.

. notice shall be furnished within seven
days after the supplier of water learns
of the failure.

(c) If the area served by a community
water system Is not served by a. daily
newspaper of general circulation, notifi-

-\ cationIty newspaper required by para-
graph (b) of this section shall instead be
given by putlIcatIon on three consecutive
weeke In 4 weekly newspaper of general
circulation serving the area If no weekly
or daily newspaper of gencealcircula-
tion serves the area, notice shall be given
by postieg the notice In post °fetes with-
in Me area served by the system.

(di If a non community water sys-
tem fails to comply with an applicable
maximum contaminant leverestablished
in Subpart B of this part fails to comply
with an applicable testing procedure
established in Subpart C of this part, is
granted a variance or an exemption from

. an applicable maximum contaminant
level. tails to comply with the require-
ment of any schedule prescribed pursu-
ant to a variance or exemption or fails to
perform any monitoring required pursu-
ant to Section 1445(a) of the Act. the
supplier of water shall glven notice of

se ed by the 33 /Min e form and man-
grant to the persons

T he
failure orWC

ner of such notice shall be prescribed by
tive State. and shall Insure that the
psiblic using the s stem is adequately In-
formed of the failure or grant.

(e) Notices given pursuant to this sec-
tion shall be written in a manner reason-
ably designed to inform fully the users
of the system,' The notice shall be con-
spicuous and shall rot use unduly tech-
nical language., unduly small print or
other methods which would frustrate the
purpose of the notice The notice shall
disclose all material facts.fcgardIng the

' sub)ect including the natdee of the prob-
lem and. when appropriate, a clear state-

, " ment that a primary drinking water
regulation has been violated and any pre-
ventive measures that should be taken by
the public Where appropriate. or where

. des! nated by the State. bilingual notice
she! given. Notices may include a bal.
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anted explanation of the significance or
seriousness k to the public health of the
gni:Jett of ths notice, a fair explanation
of steps taken by the system to correct
any problem andthe results of any addi-
tional sampling,

(f) NoUce-to the public required by
this section plutY be given by the State on
behalf of the supplier of sater.

(g) In any instance Inlotich notifica-
tion by mail is required by paragraph (a)
of this section but notification by news-
paper or to radio or television stations
is not required by paragraph (b) of this
section. the State may order the supplier
of water to provide notification by news-
paper and tqradio and television stations
when circumstances make more Immedi-
ate .or broader notice appropriate to
protect the public health.

141.33 Record maintenance.
Any owner or operato'r of a public

water system subitct tb the provisions of
this part shall retain on its premises or
at a convenient location near its prem-
ises the following records

(a) Records of bacteriological analyses
made pursuant to this part shall be kept
for not- less than 5 years. Records of
chemical_ analyses made pursuant to this
p3rt shall be kept for net less than 10
years Actual laboratory reports may
kept, or data may be transferred to
ular summaries. provided that fol-
lowing InforniatIon is incl

(I) The date. place, a ime of sam-
pling, and the name of the person who
collected the sample;

(2) Identification of the sample astQ
whether it was a routine distributio
system sample. check sample, raw of
process water sample or other special
purpose ;ern pit.

(3) Date orhnalysis:
(4) Laboratory and person responsible

for performing analysis,
(5) The analytical technique/method

used; and
(6) The results of the analysis
(b) Records of action taken by the

system to correct violations of primary
drinking water regulations shall beskept
for a period not less than 3 years after
the last action taken with respect to the
particular violation Involved.

(c) Copies of any written reportt
summaries or communications relating
to sanitary surveys of the system con-

"ducted by the system liseIL by a private
consultant: or by any local. State or Fed-
eral agency. shall be kept for a period
not less than 10 years after completion
of the sanitary survey Involved.

(dr Records concerning a variance or
exemption granted to the sYst m shall
be kept for a period ending not I ss than
5 Years following the expirati such
variance or exemption

emirta.
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FROM p. 57332:

ZNYIRONMENTAL PROTECTION
AGENCY

40 CFR Part 141

(FRI. 035-7)

Interim Primary Chinking Water
Regulations; Amendments

AGENCY: En .ironmentai Protection
ergenc-y (EPA).
ACTION: Final rule

FROM p. 57332:

Id
EFFECTIVE RATE: These amendments to
the regulations will be effeCtive August
27, 1980 except that sod tum monitoffrig
and reporting, determination of the -

types of materials in distribution
systems. and monitoring and reporting
corrosivity characteristics will be
effective 18 months following the date of
promulgation. The sodium and corrosion
requirements must be completed within
12 months following the effective date.

FROM p. 57344:

9. Amending I 141.:..2(.1) to read as
ws and adding (O.. .

4,1

Tuok6y sampling and analytical
rag is.

(a) pies shall be taken by
supplie of water for both community
and -community water systems at a
se tentative entry point(*) to Chi,

water distribution system a tsleast one
per day. for the purpose of making \
turbidity measurements to determine
compliance with f 141 13 If the State
determines that a reduced sampling
frequency in a non-community system
will not pose a risk to public health, it
can reduce the required sampling
frequency. The option ofmlucinglihe
turbidity frequency shall bpermitted
only in those public water systems that
practice disinfection and which
maintain an active residual disinfectant
in the distribunon system. and in those

p

cases where the State his indicated in
writing that no unreasoirlible nsk to
health existed under the circumstances
of this op tion.The turbidity
measurements shall be wade by the
Nephelometric Method in accordance
with the recommendations set forth in
"Standard Methods for Examination of
Water and Waitewater." American
Public Health Association. 14th Edition.

,pp. 132 -134: or Method 180.1.11
Nephrometric Method.

Ted The State has the authority to
determine compliance or initiate
enforcement action based upon
analytical results-or other information
compiled by.thetr sanctioned

,representatiy '5 and agencies. ,

10. ATnencii 141.23(a](3) adding
(a)(4).and ern riding (I) (1) through (10)
to read as follows: ...

5 141.21 Inorganic chemical sampling and
analytical roman's.

(a) '
(3)Tor nop-comm unity water systems.

whether supplied by surface or ground ...
source!. analyt'es for nitrate shall be
completed by December 24. 1980. These
analyses shall ba repeated at intervals
determined by the State. .

(4) The State has the authority to
determine compliance-or initiate
enforcement action based upon

. analytical results and other information
compiled by their sanctioned
representatives and agencies. .

. (1) Arsenic-Method 1206.2, Atomic
4.Worptfon Furnace Technique; or
Method 200.3, or Method 4D2972-78A.
or Method..ZA VII. pp. 159-182. or
Method 3i! -78. pp. 61-83, Atcrhic
Absorption--Gaseous-Hydride, or
Method ' 208.4, or Method 4D-2972-78A4
oiMethod 3404-A and 404-B(4).

"Methods of Clornical Analysis of Water and
Wastes: EPA Environmental Monitoring end_
Support Laboratory. Cincinnati. Ohio 452E1 (EPA-
4303/4-ro-020). March ma,Available from ORD
RublIcs lions. CCM. EPA. Cincinnati. Ohio 4,1261. For
approved analyticalprocations for metals. the
technique applicable to total metals must be used.

"Standard Methods foe the keemthatton of .,_

, seater and waeroveter.",1 Ealltion. Americen-
lktablti. Health As sol.letio erica' Water Works
Association. Water Poll do Control Federation.
lick

'Techniques of we tOr...lieeources Investige lion
a the United Slates Geologic:1 Survey, Cbepter A-
i Method* for Detertarnetion of inorganic
Substencks In vymelnd viol Sediments.' Book
S IVO, Vick 77-s. Available from
Superintendent of tuns nu U.S. Government .
Pnnting °Moe. W,41 .nston..pa 20402 9x

'Annum{ Book of ASTM Standard!, in 31
W tier Monsen Society for Testing and Me terien.
1,74 Rao, Street Ptsdactelptlia, Pennsylvania 1914

IPr

4'

.
Spectrophotometric. Silver
Diethyldithiocarbamate. '

(2) Banum-Method I 2081. or
Method 1I01-A IV. pp. 152-155. Atomic.
Absorption-Direct Aspiration. or .

. Method' 2092. Atomic Absorption
Furnace Technique.

(3) Cadmium-Method ' 213.1. or
Metho4 41057-78A or B. or Method'
301-A or 111. pp. 148;152: Athmic
Absorption-Direct Aspiration, or
Method' 213,2. Atomic Absorption
Fumaai Technique. 1,

(4):.C1trolniuni-Kettod 218 1. or
Method 4 D-1687-77 D. or Method.' 301 -
A II or 111. pp. 43-152. Atomic
Absorption --D act Aspiration; or

'Chromium-Met d '218 Z. Atomic
Absorption Furna Tech,nique

(5) Lead-Metho "239.1, or Method'
D-3559-78A or B,or Method 2301-4! II
or 111, pp. 148 -152, Atomic Absorption-
Direct Aspiration; or Method ' 239 2.
Atomic Absorption Furnee Technique.

(8) Mercury-Method ZA5 1, or
Method 4D-3223-79. or Method '301-A
VI, pp. 156-159. Manual Cold Vapor
Technique. or Method ' 245 2.
Automated Cold Vapor Teclinique.

(7) Nitrate-Method 1352 1. or
Method 4D-992-71. or Method 2419-D.
pp. 427-429. Colorunetrio Brucine. or
Method ' 353.3. or Method 'D-3867-798.
or Method '419-C. pp. 423-127,
Spectrometric. Cadmium Reduction;
Method 353.1. Automated Hydrazine
Reduction: or Method ' 353 2. or
Method 4D-3987-79A. or Methods 805,
pp. 820-624. Automated Cadmium
Reduction.

(8) Selenium - Method' 270.2. Atomic
Absdrption Technique. or Method '
270.3. or Method 31-1661-78, pp 237-239.
or Method 4D-3859-79. or Method 3331-
A VII, pp. 159-182. Hydride
Generation-Atomic Absorption
Spectrophotometiy.

(9) Sliver-Method '2711. or Method'
301-A 11. Atomic Absorption-Direct
Aspiration: or Method 1272.2. Atomic
Absorption Techniques Furnace
Technique.

OM Fluoride-Electrode Me
SPADNS Method. Method ' 4t
pp. 391-394, or Method ' 3401.
"Calorimetric SPADNS with Bella ck
Distillation," or MethOd ' 340 2.
Potentimetric Ion Selective Electrode,"

or ASTM Method D1179-72: or
Colonmetric Method with Preliminary
Distillation. Method 2601 Automated
Complexone Method (Alizarin Fluoride
Bluel pp 614-018. or Automated
Electrode Method. "Fluoride in Water
and Wastewater." Industrial Method
4380-75WE.Tedinicon Industrial
Systems. Tarrytown..New York 10591.

. February 1978. or 'fluoride in Water

A
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r,1

stewater Industrial Method
r.129-71W," Technicon Industrial
Systems. Tarry town.,,New York 10591.
December 172. or Fluoride. Total.

sow Colonmetic. ZirconiumEnochrorne
Cyanine R Method A-1-3325-78. pp.
365-37

11. Amending §14124(a)(3), (e) and (1)
to read al follows:

141,24 Organic cherialicat sampling and
analytical requirements.

.(a). " ,t "

(3) The State has the authority to,
determine compliance ot initiate
enforcement action based upon .

analytical results and other information
compiled by their sanctioned
representatives and agencies.

(e) Ana lysis made to determine
compliance with § 141 12(a) shall be

' made m accordant t with "Methods for
Organochlonne Pesticides and
Chlorophenoxy Acid Herbicides in_
Drinking Water and Raw Sourct
'Water." available from ORD"-
Publications, CERI. EPA. Cincinnati.

do Ohio 45258. or "Organochtortne
Pesticides in Water," 1977 Annual Book
of ASTM Standards, part 31, Water.
Method D3068, or Method 509-A. pp.
355-565f or Gas Chromatographic
Methods for Analysis of Organic
Substances in Water."USGS. Book 5.
chapter A-5. pp. 24-39.

(f) Analysis made to determine
compliance with I 141 12(b) shall ¢e
-onducted in accordance with
for Organochlonne Pesticides and
Chlorophenoxy Acid Herbicides In
Ekinktpk_Wa ter and Raw Source
Watei,"ivalIable from ORD .
Publications, CERI. EPA, Cincinnati.
Ohio 452.14 or "Chlorinated Phenoxy-
Acid Herbicides in Water." 1977 Annual
Book of,ASTM Standards. part 31.
Methol D3478: or Method 309-8 pp,
3,55 - 5192.' or Gas Chromatographic
hileihbls for Analysts of Organic

ces in Water.' USGS, Book 5,
Cyprer A-3. pp. 0-39.

141.25 (Amended)
12, Amending § 1412516 add (e).
(e) The State has the authonty lb

determine compliance or Initiate
enforcement action based upon
analytical resoks or other information
compiled,by their sanctioned_
representatives and agencies.

13, Amending k14 (a) t read as
Follows:

*Tetitelques of Ws terliesources lowstratton
st Undid Suits Geological Survey Chapter A-
3 ods for Anatysts °Olga thf Substances in
water k & ism StochW2431-1227 Avsiiable
horn Supenntendent of Docurnents. U S.
Governatal PrptIns Olke. Weekloltert DC.
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141.27 Alternate analytttal techniques.
(a) With the wet ten permission of the

State. concurred in b ih Administrator

of the US. EPA. an al xr ate analytical f
Alec niqueptay be emp eyed. An

alternate technique.shall be accepted
only if It Is substantially equivalent to
the pre' cnbechttst Irt both precision and

accuracy as it relates to the
determinition of compliance with any
MCL. The use of the alternate analytical
technique shalt not decrease the
frequency of monitoring required bYthis
part.
' 14. Amending § 141.28 to read as
follows:

4:141.211 Approlised taUpratories.

(a) For the purpose of determining
compliance with 141 21 through

14147. samples may be considered
only if they have been analy#ci by a
laborattiry approved by the State except
that measurements fiir turbidity. free
chlorine residual, ter4erature and pH
may be performed by any person
acceptable to the State.

(b) Nothing in this Part shall be
construed to preclude the State %any
duly designated representative orthe
State from taking samples or from using
the results from such samples to
determine compliance by a supplier of
water with the applicable requirements
of this Part.

15 Amending,1 141 31 (a) and (c) and
adding paregra'hs (d) and (e) to read as
follows. no

§ 141.31 fieporting requirements.
(a) Except where a shorter penod is

specified in this part. the suppliertf
wat;r 'hail report to the State the
resillts of any test measurement or
analysis required by this pars within (A)
the first tett days following the month in
which,the result is received or (B) the
first ten days following the end of the
required monitoring penod as stipulated
by the Mate, whichetier pf these is
sho est.

1/4_

(dl'>he water supply system, within
len daSrs of completion ofspch public ,
notification required pursuant to %

14132. shall submit to:theiState a' -

reposentativ4copy of each type of
nonce distnbuted, published, Roosted,
and/or made available to the persohs
served'by the tem and/or to the
rroads

.

(e) The w; el' supply, system shall
submit to the State within the time
stated gi.the request copies of any
records required to be maintained under

141 33 hereof or copies of any
documents then in existence which the
State or the Administrator is entitled to
inspect purspint to the authority of .

2

7345

I 1446 of the Safe Drinking Water ACt or
the equivalent previsions of State law.

16 Amending § 141 3Z (b)(3) end (d) to
read as follows:

141 32 Public notiftcation.
set

(b)
A3) Except that the requirements of

this subsection (b) may be vend by
the State if it determines that Ole
violation has been corrected promptly
aftey discovery, the cause of the
violation has been eliminated, and there
is no longer a risk to public health.

(d) If a noncommunity water system
fails to compfg with an applicable MCI.
established in Subpart B of this part.
fails to compIyyrith an applicable
testing procedure established in Subpart
C of this part, is granted a variance or
an exemption from -an applicable NM.
fails to comply with the requirements of
any sthedule prescribed pursuant to a
variance or exemption. or fails to
perform any monitoring requirement
pursuant to section 1445(a) of the Act.
the supplier of water shall give notices
by continuous posting of failure or
granting of a vananca or exemption to
the persons served by the system as
Ionies the failure or granting of a
eaffInce or exemption continues The

jam and manner for such notices shall
41Pb e prescribed by the State and shall

ensure that the public using the system
is adepuately informed of the failure or

+granting of the variance or ex ton.
Amepding Subpart E a as

follows:

Subpart ESpeclal Monitoring
Regulation's for Organic Chemicals
and Otherwise Unregulated
Contaminants

141.41 Special manitoring for sodium.

(a) Suppliers of water for community
public water systems shall.collect apd
analyze one sample per plant at the
entry point of the distribution system for
the determrnatni of sodium
concentration livelsi samples must be
collected and analyzed annuallysfor
systems utilizing surface water sources
in whole or in part. and at least every
three years for systems utilizing solely
ground water sources. The minimum
number of samples required to be taken
by the system shall be based on the
number of treatment plants used by the
system. except that multiple wells
drawing raw water from a single aquifer
may, with the State approval, be
consideied one treatment plant for
deternaing the minimum number of
samples The supplier of water may be
required by theState to collect and
analyze water samples fur sodium more

1
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frequently in locations where the
Odium content is variable. .

(b) The supplier of water shall report
to EPA and/or the Slate the results of
the analyses for sodium within the first
10 days of the month following the
moat' in which the sample results were
received oltavithin the first 10 days
following the end of the required -

Ikonitoring period as stipulated by the
Silte, whichever of these is first. If more
than aliftual sampling is required the
supplier shall report the average sodium
concentration within 10 days ofthe
month following the month in which the
analytical results of the last larople used
for the annual average was received.
The supplier of water shall not be
required to report the results to EPA
where the Slate has adopted this
regulation and results are reported to
the State The supplier shall report the
results to EPA where the State has not
adopted this regulation.

(c) The supplier of water shall notify
appropriate local and State public
health officials of the scum levels by
written notice by direct mail within
three months A copy of each notice
requt'ed to be provided by this
parrigraph shall be sent to EPA and/or
the State within 10 days of its issuance.
The supplier of water is pot required to
notify appropriate local and Stale public
health-officials of the sodium levels
where the State provides such notices in
lieu of the supplier

(d) Analyses for sodium shall be
performed by the flame photometric
..,ethod in accordance th the
procedures described in tandard
Methods for the Examinat;n of Water
and Wastewater,' 14th Edition, pp. 25°-
253. or by Method.273 1. Atomic
AbsorptionDirect Aspiration or -
Method 273 2. Atomic Absorption
Graphite Furnace, in "Methods for
Chemical Analysis of Water and
Waste," VOL. Cincinnati. EPA. 1979: or
by Method 41.428 -641a1 in Annual Book
of ASTM Standards. part 31: Water.

18 Adding a i 141.92 to read as
follows: ,.

I 141.42 Speclai monitoring for corrosivity
characteristics.

(a) Suppliers of water for community
water systems shall collect

1

samples from a representative entry ,.

point to the water distribution system
for the purpose of analysis to determine
the corrosivity characteristics of the
Water.

(1) The supplier shall collect two
samples per plant for analysis for each
plant using surface water sources
wholly or in pan Or more if required by
the State; one during mid-winter and
one during mid-summer. The supplier of

the water shall collect rine sample pei
plant for analysis for each plant using
ground water sources or more if
required by the State The minimum
number of samples required to be taken
by the system shall be based on the
number of treatment plants used by the
system. except that ihbltiple wells
drawing raw water from a single aquifer
may, with the State approval, be
considered one treatment plant for
determining the minimum number of
samples,

12) Dete ation of the corrosivity
charactenstia of the water shall include
measurement of pH. calcium hardness.
alkalinity. temqerature, total dissolved
solids (total filterable residue), and
calculation-0E the Langelter Index in
accordance with paragrap0. (cj below.
The determination of corrosiyity
characteristics shall only include one
round of samplingftwo samples per
plant for surface water and one sample
psr plant for ground water sources),
However, States may require more
frequent monitoring es appropriate In

,addition, States have the discretion to
_require monitoring for additional
parameters which may indicate
corrosivity characteristics. such as
sulfates and chlorides. In certain cases,
the Aggressive Index, as described in
paragraph (c),,can be used instead of the
Langelier Index. the supplier shall
request in writing to the State and the ,

"State will make this determination.
(bj The supplier of water shall report

to EPA and/or the State the results of
the analyses for the corrosivity
characteristics within the.first 10 days of
the month following the month In which
the sample results were received. If
more frequent sampling is required by
the State. the supplier can accumulate
the data and shall report each value
within 10 days of the month following
the month in which the Analytical results
of the last samplt was received The
supplier of water shall not ba required
to report the results to EPA where the
State has adopted this regulation and
results are reported to the State.

(c) Analyses conducted to determine
the corrosivity of the watqfishall be
made in accordance to theiTollowing
methods:

(1) Langelier Index"Standard
Methods for the Examihation of Water
and Wastewater," 14th Edition. Method
203, pp 61-63, .

(2) Aggressive Index"AWWA
Standard fort pbestosCement Pipe. 4
in through 24 in for Water and Other
Liquids." AWWA C400-77, Revision of
C400-75. AWWA. Denver, Colorado

13) Total Filtrable Residue -- "Standard
Methods for the Examination of Water
and Wastewater." 14th Edition. Method

2

208B. pp 92-93, or "Methods for
Cifemical Analysis ofWater and.-
Wastes." Method 160 1

..(4) Temperature"Standard Methods
for the Examination of Water and

astewater," 14th Edition. Method 212.
125-128 .'44.

(5) Calcium hardness EDTA
Titrimetric Method "Standard Methods
for the Examination of Water and
Wastewater," 14th Eition, Method
309B. pp 202-208. or "Annual Book of
ASTM Standards." Method D1126.747

(8) AlkalinityMethyl Orange and
paintpH 4 5 "Standard Methods for the
Examination of Water and
Wastewater." 14th Edition. Method 403,
pp. 278-281, or "Annual Book of ASTM
Standards," Method 01067-70B, pr
"Methods (or Chemi61 Analysis of
Water and Wastes," Method 310 1

(7) pH"Standard Methods for the
Examination of Water and
Wastewater," 14th Edition, Method 424,
pp, 450 -495, or "Methods for Chemical
Analysis of Water and Wastes." Method
150,1. or "Annual Book of ASTM
Standards," Method D129378 A or B

(8) ChloridePotentiometric Method,
"Standard Methods for the Examination
of Water and Wastewater," 14th
Edition. p 308

J9) Sulfa teTurbirlimetric Method,
"Methods for Chemical Analysis of
Water and Wastes," pit 277-278. EPA.
Office of Technology Transfer,
Washington, D C, 2aik10. 1974. or
"Standard Methods for the Examination
of Water and Wastewater," 13th
Edition. pp. 334-335, 14fh Edition. pp.
496-498.

(d) Community water supply systems
shall identify whether the following
construction materials are present in
their distribution system and report to
the State

Lead from piping, solder, caulking,
Interior lining of distribution mains.
alloys and home plumbing

Copper from piping and alloys.
service lines, and home plumbing

Galvanized piping, service lines.
and home plumbing.

Ferrousloping materials such as
cast iron and steel.

Asbestos cement pipe.
In addition. States may.require
identification and reporting of other
materials of construction present to
distribution systems that may contribute
contaminants to the drinking water,
'such as:

Vinyl lined asbestos cement pipe.
Coal tat lined pipes and tanks

4

Appendix AResponse to Public CommenteE-A/ E
. Comments submitted to the Agency and

statements presented at the public bearing in
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follows. These regulations will take
effect January 19. 1981.

Dated. July 12.1979.
Douglas li4Cosde,
Admmistrator

PART 143-NATIONA1.8ECOLARY
DRINKING WATER REGULATIONS

See-
143 1 Purpose.
1412 Deftnitions.
14 .3 Secondary maximum contammant

levels.
1 4

Autioeity; Section 1412(c) of the Safe
Drinking Water Act. As amended (42 U.S.C.
30011-401

1 143.1 Purpose.
This part establishes National

Secondary Drinking Water Regulations
pursuant to *ection 1412 of the Safe
Drinking Water Act. as amended (42
U.S C. 3038-1). These regulations control
contaminants in drinking water that
primarily affect the aesthetic qualities
relating to the public acceptance of
drinking water. At considerably higher
concentrattor of these contaminants.
health implications may also exist as
well as aesthetic degradation. The
regulations are not Federally
enforceable but are Intended as
guidelines for the States.

1 1412 Definitions.
(a) "Act" means the Safe DrIniungN,

Water Act as emended (42 U.S.C.3C0f el
sin 1.

(bJ "Contaminant" means any
physical. chemical. biological. or
radiological substance or metterm
water.

(c) "Public water system" means a
system for the provision to the-public of
piped water for human consumption. if
such a system has at least fifteen service
connections or regularly serves en
average of at least twentyfive
individuals daily at least 60 days out of
the year. Such term includes (1) any
collection. treatment. storage, and
distribution tacit:ties under control of
the operator of such system and sad
primarily in connection with sucif
system, end (2) any collection or
pretreatment storage facilities not under
suffi control which are used prunarily in
co ection with such system. A public
wet system is either "community
war eyster4" or a "non - community
water tem,"

(%) tale" means the agency of the
State government which has jurisdiction
over public water systenti. '

(e) "Supplier of water" meant any
person who owns or operates a public

' water system. .
,.

. . ....

(f):Secondary Maximum
CoAmInent Leven" means SMCLs
which I pply to public water systems
and which. in the Judgement of the
Administrator. are requisite to protect
the public welfare. The SMCL means the
maximum permissible level of a,
contaminant in water which is delivered
to the free-frdting4tillet of the ultimate
user of public water system. .
Contaminants added to the water under
circumstances controlled by the user.
except those resultieffrom corrosion of
piping and plumbing caused by water
quality. are excluded from this
definition.

143.3 Secomiary Maximum Contaminant
tateis.

The Secondefaximum
Contaminant vela for public water
systems ale as follows:

Logi

cred. nommen
Caw isookrupeo
covey iffeit
Careamtv Picewraiwr
Forry0 sour. 0.5 avg.
Ina 5-1 NIA
iglorgonor #44 alyl.
Odor 3 imams coot

seres.

Told asKitood wide TB._
mow jara)Laws

era 5 wen.

These levels represent reasonable
goals for drinking water quail . The
States may establish higher or oyrer
levels which may be appropnat
dependent upon local conditions wails
unavailability of alternate source waters
or other compelling factors. provided
that public health and welfare are not
adversely affected.

1 143.4 Monitoring.

(a) It is recommended that the
parameters th these regulations should
be monitored at intervals no less
frequent than the monitoring perforated
for Inorganic chemical contaminants
listed in the National Interim Primary
Drinking Water Regulations as
applicable to community water systems.
More frequent monitoring would be
appropriate for specific parameters such
as pH. color, odor or others under,
certain circumstances as directed by the
State.

bJ Analyses conducted to determine
compliance with 143.3 should be made
in accordance with the following
methods:

Ciloride-Potantionsetric Method.
"Stan a.d Methods for the Examination
of Water and Wastewater." 14th
Edition. P. 300.

(2) Ccler-Ptannum-Cobalt Method.
.'1.felhods for Chemical Analysis of
Waiter and Wastes." p. 313-36. EPA.

Office of Technology Transfer, .r.

Washington. D.C. 20460.1974. or
"Standard Methods for the Examination
of Water and Wastewater." lath
Edition. pp. 160-162.14th Edition. p. 64-
66.

(3) Copper-Atomic Adsorption
Method. "Methods for Chemical
Analysis of WaterAnd Wastes". pp.
109-100. EPA. Office of Technology
Transfer. Washington. D.C. 20480. 1974..
or "Standard Methods for the
Examination of Water and . 'Wastewater," 13th Edition. pp. 210-215.
14th Edition. p. 144-147.

(4) Foaming Agents-Methylene Blue
Method "Methods llhemical
Analysis of Water an Wastes." pp.
157-155. EPA. Office of Technology
Transfer. Washington. D.C. 20480. 1974.
or "Standard Methods for the
Examination of Water and

' Wastewater." 13th Edition. pp. 339442,
14th Edition. p. 600. .

(5) iron-Atomic Adsorption Method.
"Methods for Chemical Analysis of
Water and Wastee." pp. 110-111. EPA.
Office of TechnolOgy Transfer.
Washington. D.C. 20460.1974. ot
"Standard Methods for the Examination
of Water and Wastewater," 13th
Edition. pp. 210415. 14th Edition. p. 144-
147.

'(6) Manganese-Atomic Adsorption
Method. "Methods for Chemical
Analysis of Water and Wastes," pp,
116-1,17, EPA. Office of Technology
Transfer. Washington. D.C. 20460. 1974.
or "Standard Methods for the r
Examination of Water and
Wastewater;" 13th Edition. pp. 210-215.
(th Edition. p. 1447147.
(7) Odor-consistent Series Method.

"Methods foriChemicai Analysis of
Water lind astes." pp 287-294. EPA.
Office of ethnology Traniifer,
Was on. D C. 204430. 1974. or ...

"Standard Methods for the Examination
of Water and Wastewater," 13th
Edition. pp, 248-2.54. 14th Edition. p. 73-
82. ,

(8) pH-Class Electrode Method.
"Methods for Chemical Analysis of
Water and Wastes." pp. 230-240. EPA.
Office of Technology Transfer,
Washington. D,C. 20480.1974. or
"Standard Methods for the Examination
of Water and Wastewater." 13th
Edition. pp. 276-251,14th Edition. pp.
460-485.

(9) Sulfate-Turbiclimetric Method.
"Methods for Chemical Analysis of
Water and Wastes." pp. 277-279. EPA.
Office of Technology Transfer, ,

Washington. D.C. 244e0. 1974. or
"Standard Methods for the Examination
of Water and Wastewater." 13th

10-41
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Edition. pp, 334-43. 14th £ditiun. p. 496 -

I
496.

(101 Total Dissolved SolidsTotal
Residue Methods. "Methods for'
Chemical Analysis of Water and
Wastes.' pp. 270-271. EPA. Office of
Technology Transfer. Washington. D C.
20460. 1974. or 'Statidirsi Methods for
the Examination of Water and
Wal tein ter. 13th Edition. ' 288 -290.

14th Edition. p. 91-42.
(Ill ZincAtomic Adsorp

Method. "Methodsjor Chemical
Analysis of Water and Wastes." pp.
153-156. EPA. Office of Technology
Transfer. Washington. D.0 20460. 1974.
or "Standard Methods for-the
Examination of Water and
Wastewater." 13th Edition. pp. 210-215..
14th Edition. p. 144-147.

Cis
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GUIDELINES FOR
,

INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT.MATTER: Laboratory Safety Practices

II. UNIT OF!INSTRUCTION: Summary of,TOpic Presentation

ESTIMA D"TIME: 35' minutes

IV. JUSTI ICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The participants flu t use

corn' t laboratory safety practices during the laboratory sessions 'n this

cour e andin their dailt, work situation.

V.. EpidT. y LEVEL BEHAVIOR:

. ,

A. At least two months experience performing any kind of chemi a

. in a laborttory . -/\

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participants will use proper safet

in,carrying out all laboratory wk.

B. Conditions. He/she will be given the training manual, a
discussion illustrating both equipment and practices req
conduct of laboratory procedures, and a 5 minute orienta
location of sifeIyi devices in the student labOratory.
equipment or facil1ties and any very specific, speciali
precautions required for subsequent course laborator9.a

N will be supplied.

C. Accepted Performance: Practice of. the safe ty procedu

subsequent laboratory sessions.

VII. INSTRUCTIONAL RESOURCES:

(;A. Available Media:

1. One.outline in training manual, "Laboratory Safe y Practice?

2. F.orty ;lides, X-27: Laboratory Safety (See XI. Description of
Visua) Materials).

analyses

roceaures

minute
ed for see
n to the
safety
safety

gnments

during

B. Suggested Media:

1. None . ./

. VIII. INSTRUCTIONAL APPROACH:

A. Preparatnifar,Instructioh:
4

,

1. Review the outline in the training manual and also the visual
materials.
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-2. Prepare the lesson which__ includes an orientation to your laboratory

facilities. Use the Sequencing below or your on organization of the

material. Be prepared to give additional information such as examples,

411case histories, specifics facts, etc.% Encourage the participants to

share their experiences, too.

B. Sequencing: ,

. Slides are Series X-27: Laboratory Safety.

1. Classroom

a. Lab saf ety generallyfalls under the jurisdiction of one of 04.
these two; X-27, 1.

b. At.one time, USEPA considered withhblding certification of
drinking water analytical labs which had persistent, major
safety problems; X-27, 2,

c. A good lab safety program requires three ellments; X-27, 3, 4, and 5.

d. Example chain of command through which safety regulations are
promulgated. Chance for confusion is great because of all the

levels X -27, 6.

e. Introducing the next six slides which show possible lab
accidents; X-27, 7.

f. Possible lab accidents; X-27,'8 through 12, and 13 (the unfor

seen hazard).

g. Introducing the next eleven slides which'are photos of common
lab safety errors; X-27, 14.

h. Common lab safety errors; X-27, 15 through 22, 23(posible back
siphon, especially if there is a cross-connection with waste-

O water), 24 (can is overflowing and is not marked glass or paper),
and 25 (no.emergency phone'numbers).

i. Introducing tits next thirteen slides 4hich show common lab
safety equipmenti*27, 26.

__

.

) 1 4.,

j. Common lab safety equilment; X-?7, 27 through 29 and 30 (other
. types of glasses/goggles are available), 31, 32 (first aid kits'

are not a stbstitute for prtfessional help), 33 (Types A-Paper,
. B-Chemicdl, C-Electrical), 34 (siphon breaker) and 35 through 39.

k. Purpose of a safety program is accident prevention, not jut a
program to assure prompt summons of an ambulance to carry some-.

. one Out after an accident occurs; X-27, 40.

2. Laboratory -.Point out.the location of such safety devices as the
fume hoods, eye-wash fountains, fire extinguishers, first aid kit,
etc.



1

_ .

J' %
,

3. Laboratory - For each laboratory exercise, joint out any special
.safety problems, e.g., use ofItoxic dhemicals, handling of acid

solutions, etc. ,

, ,
...,

. , 5

4. Subsequent laboratory sessions

a. Point out any 'ecial safety precautions specific-to the

laboratory assignment.

b. Observe individmAl performances regarding practice of'the

safety procedures.

IPW EQUIPMENT AND SUPPLY REQUIREMENTS:
4

A: Visuals-for classroom session'

B. Safety equipmentin laboratory for orientatio

1 C. Specialized equipMent for subsequent 'course laboratory sessions

k- es required.

I. IP REAGberREQUIREMENTS:.(

A. None

XI. DESCRIPTION OF VISUAL MATERIALS:
S

A. Forty slides, X-27: aboratory Safety : See next pages.

1

a

I
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XI. DESCRIPTION Of VISUAL MATERFALS

PRINTING.

STATE/SAFETY mEALT4PROGRAM

OCCUPATIONAL SAATY & HEALTH

ACT

SERIES .27. LABORATORY SAFETY

CARTOCti OF SAFETY CERTIFICATE

BEING DENIED BECAUSAF HAZARD-
(

OUS LABORATORY PRACTICE

SLIDE I SLIDE 2

it

SAFETY COSTS MOW(

) A

SLIDE-,4

.-J
PRINTING:

LIFE-HEALTH ENDANGERING

LABORATORY ACCIDENTS

.

SLID

.

PRINTING:

SA)tTY REQUIRES CHANGES IN

ATTITUDE f

SLIDE 5

Y

CARTOON OF DEAD LAB WORM

WITH SANDWICH IN.HAND AND A

BOTTLE MARKED `TOXIC` NEARBY

S

ti V

SLIDE8
'1 29

4

PRINTING:

SAFETY REQUIRES COMMON SENSE

SLIDE 3

PRINTING:

TOP MANAGEMENT HIDDLE MANAGE-
.

HENT # PLANT SUPERVISOR :I. FORE-
.

HAN PLANT WORKER

SLIDE' 6

CARTOM OFJOICON SCTOOS LAB

WORKER WITH UNSTOPPERED BOTTLE

MARKED "TOXIC-VOLATILE' NEARBY

SLIDE 9



I

SERIES 7(-27. LABORATORY SAFETY

3

CARTOON OF OPEN FLAKES ON A DRAWING OF ACID DRIPPING FRCII

LAB TABLE WIy, OTHER ITEMS A TIPPED FLASK ONTO A LAB

(INCLUDING & litCRKER'S LAS COAT) WORKER'S-CLOTHING MD THE FLOOR

ON , F I FtE

SLIDE 10

L

CARTOCet DEPICTING HAZARDS OF

PUBLIC RELATIbtLS - LAB WORKER

BEING HIT WITH A BASEBALL OAT

Brea% WORM WHO IS SAYING. 'KY

WATER TASTES TERRIBLE.'

SLIDE 13

PHOTO OF LAB WORKER MOUTH-

PIPEITING
. '

1

SLIDE 11

PRINTING:

LABORATORY BOO -BOOS

SLIDE 14

PHOTO OF LAB WORKER POURING

SULFURIC ACID WITH NONE OF THE

USUAL-PRECAUT I CAS

SLIDE17

toy

1

ARMING OF A LAB WORKEEWM

LIGHTED CIGARETTE WORKING NEXT

TO A BOTTLE OF LIQUID HARKED '

'FLAMMABLE' .

SLIDE12

P1310 OF: UTTERED WORK AREA

SLIDE

PHOTO OF IB WORKER CARRYING

'BOTTLE OF SULFURIC A010 WITHOUT

A SAFETY CARRIER. ETC.

SLIDE a_

11-5
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.

PHOTO OF LAB WORKER SMOKING Ay

CIGARETTE WHILE TAKING A READING

FROM A BURET '

'SLIDE 19

.

.

I

PHOTO OF A BOTTLE OF "HEONIS"

WITH CAP OFF, OUTSIDE A HOOD

I

1

i

SERIES X-27. LABORATORY SAFETY

PHOTO OF LAB WORKER EATING AN
4
u

APPLE WHILE WATCHING.A BURET

DURING A TITRATION

SLIDE 20

\-4::'

pHOTO OF HOSE FROM ft SINK FAUCET

IMMERSED IN THE SINK,

'''-"-------

Ce

SLIDE 22 SI.IDE..22-

endIN illI I i ,....
I

PHOTO OF PHONE MIA LAB BUT NO

DERGENCY HUMUS ARE POSTED

,

)
J
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PHOTO OF LAB WORKER .DRINKING

FRCM'A BEAKER AT,A LAB BENCH

...

SLIDE
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PHOTO OF A FILLED WASTE CM WITH

NO MARKING ABOUT GLASS OR PAPER,

ETC.
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.. ..
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PHOTO OF PIPET BULBS
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PHOTO Of TWO PIPETORS

SLIDE 25
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SLIDE31
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GLASSWARE STANDING IN OR AROUND

IT. THE ICSE FRCS THE FAUCET
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SINK.

SLIDE K_

SERIES x -27. LABORATORY SAFETY

PHOTO OF LAB WORKER WEARING

PLASTIC APRCII

SLIDE 29

SLIDE 32

PHOTO OF ACID BOTTLES IN NO

TYPES OF SAFETY CONTAINERS

SLIDE35
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PHOTO OF PAIRS OF SAFETY GLASSES

SLIDE30

PHOTO OF A FIRE EXTINGUISHER WITH

`AN INSPECTION TAG

SLIDES.

PHOTO OF AN EXPLOSIONPROOF

REFRIGERATOR
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PHOTO TAKEN CLOSE-UP OF THE,
0

EXPLOSION -PROOF LABEL ON A

REtRIERATOR.

SLIDE 37
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TREATMENT PLANT
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SERIES X-27, LABORATORY SAFETY

PHOTO OF SIGN ON A REFRIGERATOR,'

"DO NOT STORE HAZARDOUS MATERIALS

IN THIS UNIT".

SLIDE 38
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"DO NOT STORE FLAMMABLE MATERIALS

IN THIS UNIT."
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

SUBJECT MATTER: Analytical Techniques

UNIT OF INSTRUCTION: Summav of Topic Presentation

ESTIMATED TIME: 20 minutes

JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE:* To carry out the

volumetric analyses in the course, participants must correctly use
volumetric glassware and titration assemblies.

ENTRY LEVEL BEHAVIOR:

A. Ability to use volumetric glassware

B. Ability to use titration assemblies

INSTRUCTIONAL OBJECTIVE:

A.. Terminal Behayior: The participant will have reviewed correct
techniques involved in basic laboratory operations and in using

volumetric glassware and titration equipment.

B. Conditions: He/she will see silent films and be given numbers

about correct techniques.

C. Accepted Performance: Subsequent satisfactory performance of

the volumetric analyses included in the. course.

VII. INSTRUCTIONAL RESOURCES:

A A. Available Media:

V I I I..

ti

1. Four segments of silent film showing an, analyst demonstrating
safety practices, general laboratory operations (like pourihg
chemicals from containers), techniques involved in cleaning
and using pipets and a 3-valve bulb, and techniques involved
in cleaning burets and carrying out a titration. These are

available from Kalmia Co., Dept. C 1, Concord, Massachusetts
01742. Equivalent visual material is available from several

other companies. Also, demonstration of tfie techniques is I

very effective.

B. Suggested Media:

1. None

INSTRUCTIONAL APPROACH: .f-

A. Preparation for Instruction:

1. Review films and/or equivalent visual materials and prepare commentary
on techniques to review with participants. Personal experiences

of Instructor and participants add interest and emphasis.

H.MET.ipw.11.12.80
re;

134 00#. 12-1



B. Sequencing;

1. Introduction - purpose of se scion

2. Show films and give.commentary.

1

3. Encourage class'sharing of pertinent exper nces.

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

.)
A: Films or equivalent visual materials.

X. IPW REAGENT. REQUIREMENTS:

*
A. None

12-2
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GUIDELINES FOR
.7

o
,

.
ANSTRUCTIONAL PACKAGE WORKSHEET

. i .

I SUBJECT MATTER: Volumetric Analysis
.

UNIT.OF INSTRUCTION: Summary of Topic Presentation

a

4

ESTIMATED TIME: SS minutes .

IV. -JUSTIFTaTION FOR THIS INST 11CTLONAL OBJECTIVE: Participants should under-

stand the principles of qua 'tation utilized to determine concentlations
in water samples using volumetric analytical methodology as a prerequisite q

-to .the lessons on acidity, alkalinity, chlorine and hardness. ,

ENTRY LEVOBEHAVIOR:

I I

Fundaitntal knowledge of quantitative adalysis.

BN41-,tility to perform multiplication and atyision operations.

C. Laboratory experience in using volumetric glassware and titration
-assemblies.

VI.' _IN IONAL'OBITIVE:

r A. .Terminal Behavior: The participant will
of quantitation involved in a volumetric
reactions, indicators, volumes, standard
calculations. . .

Conditions: He/she will be given the training manual and a classroom
t discussion of the elements involved in thisanalytical'method and in

the talculation formulas utilized to obtain re bits.

A

have reviewed the principles
analysis: analytical chemical

solution-concentrations,

gl

Accepted Performance. Subsequent satisfac
144.7 analyses of-samples and ability to corre

146.41elation formula for acidity, alkal
"e mdstalso correctly answer 7

W. ost -course eN3,3uatinn.

VLI.. INSTRUCTIONAL RESOURCES:-
.

A. Available Media:.

1. One Outline in training manual, "Volumet'ric Analysis of Water

Qyality"

2. Thirti,slides, X-18: Volumetric Analysis (See xi. Description

of Visual Materials).

ry performance of volumetric

ly use the appropriate
ity, hardness, and chlorine.

of the items on this topic in

at
B. Suggested Media:.

'1. Nine

PC.ipw.ta.10.80

'0
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VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

' 1. Review the topic outline in the training manual and the visual

materials. See XI below,

2. Prepare the lesson using the sequencing below or your own
brganization of the material.

B. -Sequencing:

Sillies are series X-18: Volumetric Analysis
Participants can use the training outline as a reference for information

on the slides. ,pi.

1. Introduction - vamples bf water quality parameters that can be

determined by Volumetric analysis.

2. Titration Assembly, can use to give overview of topic

3. Titratiohs: definition, elemntsinvolved'- Slides 2,

-4: Reactions involvingcsolutions - Slides 5, 6, 7

(Slide 5 - can define acid and base with,this)

5. Completed reactions, items for discussion - Slide 8

6. Indicators - Slides 9, 10

. = 17.' Volume measurements for titrations - Slide 11
.

. ,
.

Standard Solutions: definition, terns - Slides 12, 13

<1

a

g.' Molar Solutions - Slides 14, 15, 16

10. Molecules react in definite ratite 17
4 P

11. Equivalent weights and normal solutions - Slides 18, 19, 20, 21/

12. Volume relationship of normal solutions - Slide 22

13. Relating normality and. grams - Slide 23 .

14. Finding normality - Slide 24

15. Findipg grams - Slide 25

16. Application of fo6lulds on slides 24 and 25 to aeidity/alkalinity

40.

17.

18. Prepa tion and storage'of any standard solutipn - Slide 30

.
IX. IPW EQUIPMENT A 0 SUPPLY REQUIREMENTS:'

137

formula (Slide 26)

Primary standards - Slides 27,428, 29
ti

II

4
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/
1.

.. .

A. Visual Materials

X. IPW REAGENT REQUIREMENTS:

A. None
s

XI. DESCRIPTION OF VISUAL MATERIALS:

A. Thirty slides, X-18: Volumetric Analysis r See next pages.
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: pH

II. UNIT OF INSTRUCTION: Syraryof Topic Presentation

III. ESTIMATED TIME: 5 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL'OBJECTIVE: Participants need to
know tow to correctly standarize and use a pH meterto determine acidity
and alkalinity, and as part of the analytical procedures for hardness,
phosphorus, and niti.ate and nitrite nitrogen.

V. ENTRY LgEL BEHAVIOR:

A. Understanding of terms:

.logarithm

2. acid

3. base

4. ion

I

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will know the meaning of pH scale
numbers, hbw to check pH equipment before 40, how to standardize a
pH meter using two buffer solutions, and how to use the calibrated
meter to determine pit

B. Conditions: He/she will be gi'ven the training manual and 45 minutes
7-17ifFITEtion. Later in the course, he/she'will be given time

. and the necessary equipment to calibrate and use a pH meter.

4.
C. Accepted Performance. Subsequent use of pH meter to correctly determine

i -, , acidity and alkalinity in samples, according to an Instructors rating.
He/she must also correctly answer 70% of the items on this topic

,

-'in the post-course evaluation.

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. One outline in the training manual, "Acidity, Alkalinity, pH
and Butters"

2. Seven overhead transParencies, 0T -11:pH (See XI. Description
of Visual Materials).

B. Suggested Media:

1...Node .

. 1433
CH.ALK.ipw.1a.11.80 14-1



VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Idstruction:

`1. Review the topic outline in the training manual' and the visual

-materials. See XI below.

,2. _Prepare the lesson using Sequencing below or your own organization
of the material.

3. Assemble meter, electrode(s), buffers, thermometer, beakers,
distilled water, tissues, etc., to demonstrate use of a pH meter.

aequedcing:
verheads are series OT-11:pH The training outline has reference

formation.

1. Overheads - The depth of this portion depends on the need and

ackgrounds of the participants. OT 4,'5, 6 and 7 topics

not be appropriate.
`

a. ntroduction - See IV above, Justification

b. Bas and definition of pH scale-OT 1, 2

c. Theory f operation utilized in pH meter -OT -3

NOTE: combtnation electrode has both functions.

d. Constructio and functions of electioaes-OT 4, 5, 6, 7

.NOTE: A c nation.electrode utilizes a specific metal

chloride such .s AgC1"2 along with the KC1.

. Explanation with demonstiation of:

a. Checking a meter and electrode(s) for defects before use.

b. Standardizing 4 meter using one buffetlto set .the metePind
a.Second buffer to check for accurate fread -out. Rinse between

readings.

NOTE: The fitst buffer, should have a pH approaching that
of the sample or of the end point lesired in a titratton
procedure. The second buffer show d 4ave a pH about 4 units

different from the first.

c. Using the meter and electrode(s) to find pH values. Also

rinsing between readings.

3. Note conditions for storing a meter and electrode(s).

IX. IPA! EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Visual materials

B. Equipmentlto demonstrate use of a pH meter.

144 .
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IPW REAGENT REQUIREMENTS:

A. None ingza pH-meter is utilized in subsequent laboratory

assignme ts).

XI. DESCRIPTION OF
r
SUM. MATERIALS: . ;

A. Seven overhead transparencies, 0T-11:pH - See next page.

-
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GiELINES F05

INSTRUCTI AL PACKAGE WORKSHE

I.' SUBJECT MATTER: Acidity and Alkalinity

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 125 minutes (30+75+20)

JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The participant will ,be

responsible for this determination to meet water quality control program

requirements.

V. ENTRY LEVEL BEHAVIOR: ,

6 7

A. Fundamental knowledge of inorganic chemistry

B. Ability to correctly use volumetric glassware and titration assemblies

C. Completion of the lessons (or equivalent):

1. pH

2. Volumetric Analysis

3. Laboratory Safety Practices rl

D. Ability to perform calculations involving decimals /

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will know pertinent facts about

acidity and alkalinity .(see VIII B.) and will determine acidity in

one sample and alkalinity in two samples.using the procedures in the

training manual (see VII A.1,c. and d.). He/she will calculate and

report results and participate in a class discussion of the to ics

and laboratory procedures.

B. Conditions: He/she will be given the training manual, 30 minutes of

nstruct on, 75 minutes laboratory time, all necessary equipment,'

reagents and samples, and 20 minutet for class discussion.
k - ,

0 C. Accepted Performance: He/she must correctU answer 70% of the items

on this topic in the post-course evaluation, perform the laboratory

procedures to the satisfaction of an Instructor, and obtain *tilts
for each sample within + 10% of the class average (unless the reason

for a lack of agreement is acceptable to ilhe Instructor).

VII. INSTRUCTIDNAL RESOURCES:

A. Available Media:

1. Four Outlines in trafihin9 manual:

a. "Acidity, Alkalinity, pH and Buffers"

CH,ALK.ipw.2a.11:89 1 4 -/



b. "Alkalinity and Relationships-Among the Various Types of

Alkalinities"

.

'c. "Laboratory Procedure for y" according to 1974 EPA

, Methods for Chemical Analysis, .'1.

d. "Laboratory Procedure for Tot lkalinity" according to 1974

EPA Methods for Chemical Analysis, p. 3

2. T wenty-eight slides, X-20: Alkalinity (See XI. Description of

Visual Materials.)

B. Suggested Media: -None

VIII. INSIaUCTIORAL APPROACH:

A. Preparation "for Instruction:'

1. Check equipment and supplies: See IX below.

ti
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2. Prepare all necessary reagents and samples as in X below.

3. Review the. laboratory procedures by performing the student

assig rot using the outlines in the training manual!

4. Review t t topic outlines in the training madual and the

visual materials. See XI below.

5. Prepare the lesson using the Sequencing below or your own

organization of. the material.

6. Check pH meters for proper operation.

7. Distribute supplies and reagents to laboratory stations.

8. Assemble demonstration items: buret, pipet, tlipet bulb

and tissues.

.$
B. Sequencig arg: Slides e series X-20: Alkalinity

1. .Classroom Instruction on-Alkalinity:

Types_of water samples of interest - Slide 1

b. Definitiont - Slides 2, 1

c. Sources - Sfudes 4, 5

d. Applications of,data - Slides 6, 7, 8

Note: Do not open bottle before, anlysis (S11\610)e. SaMple.handling - Slides 9; 10, 11, 12

Note: Do not dilute samples (Slide 12)

f. Procedure - Slides 13, 14, 15, 16, 17
Note: 4.5 isthe specified endpoint forINPUSdata
(Slide 11)

Note: ror alkalinity greater than 1000 mg, use 0.1N

ti trant. (Slide 15) 14
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r
:.

1,

14

,

g. Calculations - Slid 18 19 .

Recall: (N)(11)

in lessop on Vollimetric Analysis

Al

ich was developed

h. Chemistry involyed in neutralizin the three major

alkalinity sources. Stress that his.is the reason a

for the 4.5 end point., (Slides 2s 21, 22, 23, 24,

25, 26)

2. Classroom Briefing on Alkalinity Laboratory - Use training
manual outline, "Laboratory Procedure for Total Alkalinity."

'a. Calib-I4te pH meter. 'Set with pH 4.X buffer; chetk with

pH 6.X buffer. (Briefly recall the steps which. were .

demonstrated in the lesson on pH), 3

b. Note section V.with steps of alkalinity procedure. The

acid has-been standardized. 4

c. When titrating to 4.5, record pH when a rapid change in

pH occurs. Continue drop-by-drop titration to. pH 4.5.

d. Test two samples.

e. CalCulAtibn formula is in procedure write-up.

3. Classroom Instruction on Acidity

a. Sources - Strong mineral acids, weak acids, hydrolyzing

salts

b. Applications of data - Corrosivity of water; affects
certain cheecal and biological processes, can reflect
changes in water quality.

c. Sample handling - Same as for alkalinity

d.- Procedure Overview-Reason for'8.2 end point which represents
neutralization of carbonic acid to the bicarbonate ion.

Note: 8.2 is the specified end point for NPDES data.

4, Classroom Briefing on Acidity Laboratory -Use training"- A nual

outline, "Laboratory Procedure for Acidity".

a. Section IV has steps of.,acidity proce ure. The base has

been standardized. For IV.D11/1aution aboqt handling of

hydrogen peroxide. Test.one sample.

) .0!

b. Do alkalinity procedure while acidity sample is cooling.

c. Calibrate pH meter. Set with pH 9.X,buffer; check with

pH 6.X buffer. (The steps involved were demonstrated in

.thelesson on pH).

d. Calculation formula is in procedure write-up.

. Summarize order of laboratory Work.

1 4D 1 15-3
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4.

4
se 6. Laboratory - Student performance of the assigned determinations

(75 minutes)

7. tl'ass Discussion (E6 minutes) oe,

.. a. gioard-Calculatiok_formula reduced to factor Ofd2Ok

0
b. Discuss significant figures to record for buret rea dings.

c. Students calalate and post results. Also post mt of

titrant Used for each of the tkree samples. . Ito

-
d. Find range of results1)

.e. °Announce theoretical results. See'X.. below.

a

g. Stress reason fer.4.5 and 8.2 end points. Slide 27 ho
414,

pH values essotiated with neutraltzatio It can be\

. ' - used to dicuss both endpoints. Stress that for acidit

,
- iletdrminktions for NPDES, the endpoint, is 8.2, just belo

thg 8.3 sbown for bicarbonate ions in solution.

. .

f. Demonstrate two corrections'of technique error. removing

Sir fyibb1e in tip of buret and wiping excess f ,utside
ofpipet tip,

4

h. 4tudents report observations about rite of pH chan when
6 titrating'alkalinity samples.

Observations to titration cui--rapid chan inez,

. pH during'titration occur at The equivatence points own

by steeper curves on slide 28. Oiscuss application shown lm k

in Table 4 of outline, "Alkalinity and Relationships'-Among
the Various Types ofAlkalinities:. Slide 28 can be used

to demonstrate the presence of contributors of alkalinity
at the pH valqes used for the Tableand which account for
thetitration results shown therg.

j: Answer akY questions.

IX. SW EQUIPMENT AND SUPPLYREQUIREMENTS: .

\
Asligment: 1 acidity sample and 2 alkalinity samples

' A: For each station (no more than two perpns per station):

1. T6'ree 100 ml beakers (foimbiffeps)

4- 2. One 100 ml beiker ,(for titrants)

`"34i One 150 ml beaker (for acid sample)

4. tne 150 ml beefier (for alkaiipity samples)

5. One 150 ml or larger beaker (for.buret wastes)

150

6. One, largg pipt bulb

.
.13.(7



7. One 25 ml buret mounted on a stand

8. One wall funnel to fit the buret

415

9. One_pH,meter with electrode(s) in a 100 ml beaker vith enough

6.X buffer on distilled water to cover the tip(s)

10. Magnetic stirring apparatus

. 11. "One thermometer
.

. / ,

12. Tongs (to transport 150 ml beaker)

13.. One squeeze bdttle of distifled water

14. One marking pencil
,

B. One apron for each student

6. One pair safety-glasses for each student

B. 'Shared

1. X bottles for sample samples, 1 of each per 3 stations)

2:4- X 50.0 ml olumetric pipets (one in each bottle of sample)

3. Two40 ml beakers (in, hoop for H202) .

4. Two medicine droppers (in hood for y2o2)
4

5. Supply of acid-cleaned glas,s boiling beads, 3 each acid sample

(in hood)

V 4
1

6. Scoop to transfer boiling beads

1

ActamS,,

7. Hot plates to accommodate the total number of 156 ml *beakers con-

. taining acidity samples

10 c ,

X. IPW REAGENT REQUIREMENTS: For details pf reagent preparations; see 14th

4 /, edition, "SOndard Methods ", pages 276 and 279.

A. MiniTum amounts per station (no more than two persons per station):t

1. Seventy-five ml pH 4.X buffer

111: One hundred-fifty ml pH 6.X buffer

3. Seventy-five pH ml 9.X buffer

4. Five drops hydrogen peroxide, 30% solution -41

5. Twenty-five ml 0.020 N HC1 or H2SO4 titr #nt

6. Fifteen ml 0:020 N NaOH titrant 10,

15-5
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7. 'Fifty ml acidity sample *(Dilute 300 ml 0.020 N HC1 or H2504

to one liter.' Fifty ml of this sample requires 15 ml 0.020 N

fa0H,to reach pH 8.2 and has 300 mg/L CaCO3 acidity').

8. Fifty ml alkalinity sample *(Dilute 300 ml 0,020 N lqa2CO3

solution to 1 liter. Fifty ml of this sample requires 15 ml
0.020 N HC1 or H2SO4 to reach pH 4.5 and has 300 9/1 CaCO3

T alkalinity).

9. -Fifty ml,a.lkalinity sample *(Dilute 200 ml 0.020 N Natal to

1 liter. Fifty ml of this sample requires 10 ml U.020 H HC1

or H
2
SO

4
to reach pH 4.5 and has 200 mg/L CaCO3

*10. Wastewater treatment plant.inAuents or effluents may be used
as samples if they are known to contain acidity/alkalinity.

B. Prepare excess vfctrsolution to allow for rinsing out glassware,
waste and.re;:runs.

C. A source of distilled water should be available during laboratory
sessions.

XI. DESCRIPTION OF VISUAL MATERIALS:

A. Twenty -eight slides, X-20: Alkalinity - See next pages.

=Am

J.

1
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ALKALINITY'
gEASUREMENTS

NAT'Utt WATERS

VASTYATERS

DTGTSTTNO
SLUDGES

SLIDE 1

HYDROXIDE (OH)-

CARBONATE (CO3)..

BICARBON'ATE (HCO3)-

SLIDE
4

0

INDUSTRY

. BOILERS
. ,

. CORROSION CONTROL

WATER SO7TEHING

SLIDE

'154

3,

SEMES X-20:

...ALKALINITY

CAPACITY TO ACCEPY

HYDROGEN IONS (PROTONS)

SLIDE 2

Salts of Weak ACids

acetates phosphates*.

boratds

,sulfides silicates

SLIDE 5

`REGULATORY AGENCIES

TREATED WATER

. ALKALINE DISCHARGES

SJ.IDE_5

153

ty. ALKALINITY

CAPACITY TO

lauTnatizs ACIDS

SLIDE
I

3

It.

TREATMENT PLANTS

AMENABILITY (to
trtitsent)

BUFFER CAPACITY

. ANAEROBIC DIGESTION

ACOdULAlION

A INDUSTRIAL DISCHARGES

SLIDE' 6

PHOTO #'

OF A '

SAMPLE 8OTTLY:5

SLIDE 9



T ITR ATFi

SAMPLES

TO

pH 9.5

4

SLIDE "

TVIF.ATION

RAPID 4

MINIMAL AGITATION

31,1 DF 1_6 ,

SERIES X.70 ALKALINITY

SLIDE Ili

'PHOTO

OF

ADQING TITRANT

SLIDE 14

APPROACHING pH 4.5

DROP BY-DROP

de ADDITIONS

v,

SLIDE 17

I

SLIDE 12

(

ti

PHOTO

OF

TWO ACIDS

SLIDE 15

RESULTS

equivalent
ca I c iun carbonate
nilligrans /liter

SLIDE--1§--
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n9/I CaCO3

A x X x 60,000
i of sasOla

SLIDE 19

SLIDE 2

Neutralization of Carbonate

11 + CO3 --711C 03-

+ -->H2co3

SLIDE_ 25

.14* 15-9

.4

SERIES X-20 ALKALINITY

PH

eguIvAutics
POINT

n1 of titrant acid

SLIDE

Neutralization of Bicarbonate

NC0i. H2CO3

SLIDE -23

SLIDE

ti

I
4k.

Neutralization of Hydroxide

H+ +

SLIDE 21

SLIDE

141,D110X FOC 1111T9

011 M ---. 11120 0410

40

CAMIONITt AAAAA

00i .---- $003 M- M2CO3

.Mb OUP p$4 4 5

441.1450414TC AAAAA INITT

MC03 14 .-.. M2CO3
04 13 4 5

-(SLIDE
27



e

SLIDE 28 1,

I

av

f '
156

9

it

o

SERIES X-20: ALKALINITY

1

4

V

s

r

15-10
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT HATTER;,. Indeterminate Error - Precision

II. UNIT OF INSTRUCTION: Summary of Topic PresentatiOn

III, ESTIMATED TIME: '60 minutes

IV. JUSTIFICIATION FOR THIS INSTRUCTIONAL OBJECTIVE: An analyst must know

how to check laboratory results for reproducibility (precision) to sub-
stantiate the reliability of his/her data.

V. ENTRY LEVEL. BEHAVIOR:

A. Understanding of how to use formulas involving 'squares and square

roots.

(-

B. Though not essential, it is orderly to havc completed the lessons
(or equivalent): 4

1. Sample Handling

2. Compliance Methodology

VI. INSTRUCTIONAL.OBJECTIVE:

A. "Terminal Behavior: The participant will know the difference between
accuracy and precision, the cause and synonyms for indeterminate error,
the rale of the normal distribution curve, where to find formulas and
examples of each for variance, standard deviation, % relative standard
deviation and range, how to establish one's precision in performing an
analysis and how to continue to monitor precision on a daily basis
Each wilt complete an assignment to calculate three precision statistics.

B. Conditions: HeAshe will be given the training manual and 60 minutes
31-171EUM i on .

C. Accepted Performance: He/she must correctly identify at least 70%
of the items pertaining to the objective in the post-course evaluation.

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Three outlines in training manual:

a. "Statistics for Chemists"

4. "AccUracy - Precision rt..,or"

c. "Elements of a Qualit$' Assurance Program"

CH.MET.con.ipW.2a.8.80 15
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2. Twenty slides, X-24: Precision (Ste XI Description of Visual

Materials)_ t.

3. Five slides, X-26: Quality.Assuraqce (See IPW on "Elements

of a Quality Assurance Prbgram," XrDescription of Visual
Materials).

o

4. 'HANDOUT: Assignment to calculate three statistics. A copy

is at.the end of this IPW.

5. HANDOUT: Key to assignment. A copy is at the end,of this

. 6. Resource: EPA "Handbook for Analytical Quality Control in
Water and Wastewater Laboratories," EMSL, Cincinnati, Ohio 45268.

B. Suggested Media:

1. Hone

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

TT

1

1. Review visual materials and available handouts.

2. Prepare the lesson using the Sequencing below or your own
organization of the material.

Duplicate copies of any handout materials'

B. Sequencing: Slides are X-24: Precision (Optional-slides X-26:
Qtality Assurance)

1. Introduction:

a Before considering precision of results, one must have a valid

sample and a skilled analyst using recognized analytical
methodology.

b. Overview: Consideration of precision, i.e. the ability
to,reproduce results of chemical analyses, causes of
error, and how to. quantitate the effect of errors we
cannot control. Statistics presented will bethose most
commonly used in recognized method references: variance .

for calculating stand4rd deviation, % relative standard
deviation, and range betause it is an estimate of standard
deviation.

c. Outlines: Formulas a nd examples of the calculations
involved are in outline, "Statistics for Chemists" (S.C.).
Discussion items from the outline "Accuracy - Precision -
Error" are marked (A.P.E.L.

4%

2. Precision and Accuracy:

7 ,56

16-2
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\a. nalytical results are imperfect (A.P.E.) - Slide 1

b. Define/exemplify accuracy (A.P.E.) - Results are close to
. ,

the true value-standard. Accuracy can also be checked by

recovery of a constitOtent - ?pike.- Slide 2.
..

,

c. Define/exemplify.precision and contra t it to accuracy

(A.P.E.).- Stress that both accuracy nd precision are

requirements for reliable data. - Soli e 3.

3. NError

a. Overview: Classification and causes o errors (A.P.E.)

Slide 4

b. Synonyms for indeterminate error - Use'(A.P.E.).

c. Normal Distribution (S.C.) - Slide 5

4. Statistics

a. Normal dittribution is a population characteristic. An

analyst.deals with a sample of a population. Statistics

are derived from samples. - Slide 6,

b7 Define "statistic". - Slide 7

c. Mean - Note location of aids to calculate in (S.C.) - Slide 8'
d. Variance and standard deviation - Slide 9

e. Calculating variance - Slide 10, 11, 12

f. Calcu'lating standard deviation - Slide 13

) Note locaflon"of calculator formula (S.C.) - Slide 14

,f < Also note location 0 aids to manually calculate (S.C)

2) 'Note variations' of formula in (A.P.E.).

3) Note EPA manual often uses standard deviation fop-precision

statement.

g. Relationship of standard deviation and normal distribution -
.

Slide 15
4

h. Normal distribution requirement and checking with prorbility
papery - Slide 16

i. Checking own precisiow,(Elements of a Quality Assurance

Program) - Slide 17

j. Coefficient of variation (% relative standard deviatiOn)
(S.C.) - Slide 18 CONTINUED

*

A
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1) Note concentration affects precision and accuracy.

2) Note Standard Methods often uses %./elatIve standard deviation

for precision statement.

k. Range - Slide 19

1.) .Note application in (A.P.E.) as estimate of.standard deviation -

Slide 20.

5. Daily Application

a. Suggested (EPA Handbook for AQC) - 10% of tests be duplicates

to checkprecision

b. C construct control charts with-these statistics to monitor

ily precision performance. (This topic is in Quality

Assutance Program lesson. You may want to use Slides 11 2,
and 3 fromX-26, Quality Assurance, now to demonstrate'
precision control'charts).

6. Summary

a. Again stress valid sample and skilled analyst using recognized
analytical methodolpgy are prior to checking precision.

b. Summarize presentation.

7. AssignMent

a. Hand out assignment to calculate three statistics outside of

class time. Give a due time.

b. When due, collect the assignment and check the work of each to

\\identify any questions.

c. Return assignTnt with a copy of the key for participant's
rgference.

IPW EQUIPMENT AND SUPPLY REQUIREMENTS;

A. Visual materials

. X. IPW REAGENT REQUIREMENTS:

A. 'None

XI. DESCRIPTION OF VISUAL MATERIALS:.

A. Twenty slides, X-24: Precision - see next pages
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ANALYTLCAL RESULT

4

An Imperfect Estimate
of

Some Desired Real Value -

SLIDE r
)

..,

ii

11 lk

DETERMINATE ERROR

METHOD

OP,RATOR

INSTEHNENT

INDETERMINATE MU

RANDOM

UNCONTROLLABLE

1

SLIDE_..1-a

STATISTIC
- A Single Value 1

- Chosen or Competed from a
Series of Sample Data

6

, -
SLIDE_2-.

.

lb.

.

SERIES X-24. PRECISION

.

SLIDE 2

SLID 5

MEAN

( x ) i.
ARITHMETIC AVERAGE
OF ALL THE VALUES IN
A SAMPLE DISTRIBUTION

a calculated value+

,

P SLIDE 8

161

POPULATION
-any finite or infinite collection

of individual objects
- completeness
-Greek letters represety para-

meters example r
represents varknce

"SAMPLE
-a portion of a populatio
-incompleteness
-Rcesin lettgrs represent statis-
tics\t, ex. s represents variance

,SLIDE.. 6.

SLIDE 9
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DATA
VALUES MEAN DEVIATION

Eat.
x

-xi ; i - x
n

3 6 -3
3 6 -3
5 6 -1
S 6 -1

> 7 6 1

7 6 1

12. 6 a

SLIDE io

./

CC

SLIDE

PICTURE

OF
VALUES PLOTTED

ON

NORMAL PROBABILITY
PAPER

SLID

J

e

.t.

SERIES X.24: PRECISION

DATA DEVIATIONS
VALS UES

4
SQUA1D

1
.1 4 9S. L -/ i
5" 4 --/ 1

/

14_,,

.,

SLIDE11

SLIDE 14

PRECISION

4 CONCENTRATES:1 LEVELS

7 REPLICATES or EACH *

to 2 HOUR*AS TIME (min.)
HIGH, LOW, I, I,

CALCULATES

COMPARE TO METHOD s

SLIDE

Formula

....1....

......1.....

s
2

9. 7

DEVIATION
SQUARED

-__

--,
----
----

58

.,
. t

SLIDE 12
..

SUDE 15

. ODEFFICIENT OF VARIATION

(SRELATIVE8TO. DEVIATION)

v I- . 100

3.11
V -- 100

6

V 51.8%

I

SLIDE 18-
P



s^ RANGE
(R)

MAXIMUM.VALUE

MINUS

MINIMUM VALUE

SLIDE 19

I

SLIDE

SLIDE_--.

4
S

SERIES i-24: PRECISION

R as ESTIMATE of s
R

,c1 n r
7--

SLIDEL--ZLI,LisT sLiOE) r

SLIDE

SLIDE

4.
z N%

1 6 n .

r

SLIDE

SLIDE

#.

SLIDE
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4.

4

STATISTICS

NAM(.
.

Given this set of data

AP

xi.
3

3

5

5

7

7

12

2:t4

no

%Or

. What is the standai'd deviation; S ?

5=
oil 9
E. X . n

n lt

2

:

4.

st

Qhat is/the % relative- ttandard deviation, 5 100 ?

4. r,
4 'W

A .:
.

/16

,".

di*
A .(

11.

7

.What is the range, R ? r
.

4.

64
16-8
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TRECFION STATISTICS

Given this set of 7 data\items:

X,
2_

3'

3
5

5

7
Aly

12
/ 4L 171 Sri

1/2,

What is the standard deviation, S ?

(4XL)://x.

S
.. X

2 (X X. )
2 / n

1=1 1 1=1 1

n 1

4

3/0
6

= 2 ,i //

What is the % rellkive 'standard deviation, S 1001? 1:F1 94)

.
.

.
. X

..,.

t -.? ii X./11,_.r) 57, J73 g5-.

6, ti-o

,
7 I 0

S

4W.,

What is the range, R ?

n

I.

ti

165
4
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GUIDELINES FOR
INSTRUCTIONAt PACKAGE WORKSHEET

I. SUBJECT MATTER: CalciuM and Magnesium Hardness

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 92 minutes (40+45+7)

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The participant will be

responsible for this determination to meet water quality controlIprogram

requirements.

V. ENTRY LEVEL BEHAVIOR: ,

A..Fundamenilal.knowledge of inorganic chemistry

B. Ability to correctly use volumetric glassware and titration assemblies

C.; Ability to perform calculations involving decimals

D. Completion of the lessons (or equivalent):

1. Volumetric Analysis-

r

2. Laboratory Safety Practices se.

,

VI. INSTRUCTIONAL OBJECTIVE: a

A. Terminal Behavior. The participant will learn aertinent fact3 about hard-

ness (see VIII. B.) and will determine total haddness in a municipal waste-

water treatment plant effluent using the proceture in the training manual

. (seeyll. A. 1. b.). He/she will calculate and report results and par-

ticipate in a class discussion of the topics and laboratory procedures.

B. Conditions;) He/she will be given the training manual, 40 minutes of in-
struction, 45 minutes laboratory time, all necessary equipment and reagents,

a sample, and, 7 min

dr

tes for class discussion.- .

C. Accepted Performan e. He/she
.
must correctly answer 70% of the items on this

tow in the post-course evaluation, perform the laboratory procedure to ,

the satisfaction of an Instructor and obtain a result for the sample within
+ 10% of the class average (unless the reason for the lack of agreement
Is acceptaple to the Instructor).

VII. INSTRUCTIONAL RESOURCES:,

A.Available Media: ,

A

c

1. Two outline in training manual:

a. "Determination of Calcium and Magnesium Hardness"

b. "Labotitory Procedure for Total Hardness" according to 14th ed.

Standard Methods, p 202

2. Twenty-three slides, X-22: Hardness (See XI. .Description of Visual,

Materials).

H.HAR.ipw.la.8.80
16f:
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B. Suggested Media:
ag.

1. None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Check equipment and supplies. See IX below.
P

2. Prepare all necessary reagents and sample as in Xbelow.

3. ,Review the laboratory procedure by performing the student assignment

using the outline in the training manual.

4. Review the topic outline in the training manual and the visual

materials.. See XI below.

5. Prepare the lesson using the Sequencing below or yotr own organization

of the material.

6. Distribute supplies and reagents to laboratory stations.

B. Sequencing: Slides are Series X-22: Hardness

17-2

1. Classroom Instruction - 40 minutes

a. Name and
,

units of the parameter as mentioned in the Federal

Register - Slide 1. '

b. Partial definition of hardness, excerpted from old US PHS

literature - Slide 2.

c! This slide is an extension of Slide 2 - Slide 3.
4.

d. Other hardness - causingAkationt- Slide 4.

e. Anions. associated with the hardness - causingscations - Slide 5,

f. Reasons why waters differ in degrees of hardness - Slide 6. 4

g. Ranges of hardness, according to Sawyer - Slide 7.4

h. Processes for removing hardness - Slide 8.

1, lonitttion/dissOciation of inorganic and organic acids

Slides 9 and 10. The purpose of these slides is to show, '

by analogy to simple inorganic and organic acid molecules,

how a soap nblecule is formed via neutralization.

J. How calcium forms an insoluble precipitate with a soap
molecule - Slide 11,

k. Federal Register methods for determining surfacignts - Slide 12.

I



1. Application and range.of the EDTA titration method, as
outlinEli in the 1974 EPA Methods Manual - Slide 13.1.

m. Stein the EDTA titration method - Slide 14.

The metal in step 1 is that which is part of the indicator;
that in step..? is what is in the sample.

n. Indicators used in the EDTA titration' procedure - Slide 15.

o. Two dimensional representation of the Calcite; EDTA

complex - Slide 16

p. Problems in the EDTA titration procivIure Slide'17.

q. Interferences in the EDTA procedure - Slide 18.

r. Two forms of calcium and magnesium which may be determined -

Slide 19.

1 .

s. Indicators used in the EDTA titration of calcium r Slide 20.

t.' Hon-Federal Register mothods for determining magnesidm -
Slide 21 and 22.

u. Hon- Federal Register method for determining hardness -"

Slide 23.

2. Laboratory - 45 minutes - Use training manual

a. Briefing'in laboratory

)1) Calibrate pH meter. Set with pH 9.X

pH 6.X bu -ffer.

Do Section II of thelaboratory outli
waper instead of the 25 tl of CaCO3 i

This allows participants to become
color changes.

buffer; cheCk with

ne using 25 ml, tap

ndicated in II.A.
customed to the

3)j!epeat Section II, this-time using CaCO3.

4) Ca4iclate the "B" factor according to,Sectior:

5) Titrate the'sample according to Section III.

6) Calcu'late total hardness for the sample according to

Section IV.B.
gal

b. Student performance of the assignment

r
4
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02.

9

. Class Discussion - 1 minutes',

Students pdstresults.

b. cuss results, exclude outliers, calculate theioverage.

c. Cover a items from laboratory session.
,:

d. Answer any que 'ons.

IX. 14 EOLIPMENTAND SUPPLY REQUIREMENTS:

.7

6
Assignment: Three titratons - tap water, CaCO3 standard solution,
municipal

A:

wastewater treatment'plant sample r
11.

4

For each station (no more than two persons per'station):

1. SOne 100 or 150 ml, beaker (for buffer)

2. One small beaker (for burej.. wastes)

3. One-25 ml buret mountedona,Atand

4. One smallJunnel tb fit the buret

5. One 10 ml graduated cylinder

One 2Vm1 graduated cylinder

One 25 ml volumetric pipet

8. One pipet bulb

9. One small spatula or measuring scoop (for 0.2 g of inalcator)

10. One.pH meter-with electrode(s) in a beaker with enough 6.X
buffer or distilled water to cover the tip(s). Also, one

thermometer and stirring mechanism. Vico,

11. One flask, 125 ml' Erlenmeyer if a combination pH, lectrode
is used. Otherwise, a 150 ml beaker.

12. One squeeze bottle of oftstilled water

3. One Marking pencil

14. Ondiapron for each student

4

15. One pair of safety glasses for each student

B. Shared:

1. Non'

. 17-4



X. IPW REAGENT REQUIREMENTS. For details of reagent preparations, see 14th

edition, "Standard Methods", page 203.

A. Minimum amounts per station (no more than two persons per station):

1. Twenty-five ml calcium carbonate standard, 1 mg CaCO3/0

_ 2. Six ml buffer solution (in a pipettor; otherwise; use dropper

"'bottles or a graduated pipet)

3. Seventy-five ml disddium ethylenediamine tetraacetic acid
dihydrate

4. One hundred ml pH 6.X buf?er

5. One hundred ml pH 9.X buffer

6. Sidf/tenths g indicator, Eriochron lack T. (See Standard

Methods for commercial equivalents).

7. Twenty-five one hundredths g inhibitor. This is usually

not required. (See Standard Methods for discussion and
choices).

8. Twenty-five ml municipal wastewater treatment plant effluent
for sample (If not available, useea calcium carbonate solution
with concentration withigg 15 ml titrant volume limit).

B. Prepare excess of ea h solution to allow for rinsing out glassware,
waste and re-runs: '

C. A source of distilled water should be available during laboratory
session(s). '

.XI. DESCRIPTION OF VISUAL MATERIALS:

A. Twenty-three slides, X-22, Hardness - See next pages.

si>
.

a
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TOTAL HARDNESS

mg CaCO3 /1

SLIDE

1 OTHER CONTRIBUTORS

TO HARDNESS

ALUMINUM

IRON

MANGANESE

STRONTIUM

O ' HYDROGEN IONS

SLIDE 4

HARDNESS CLASSIFICATION
MG /L

SOFT 0.75

MODERATELY HARD 75.150
6

HARD 150-300

VERY HARD AGO

4

SLIDE
17.6

SERIES X-22 HARDNESS

HARDNESS DEFINITION

-the total concentration, of just
the calcium and magnesium
ions -

SLIDE____

ASSOCIATED ANIONS

HCO3

SO 4

CI

NO3-I

SiO,C2

SLIDE 5

HARDNESS REMOVAL

ZEOLITES

LIME SODA

HOT PHOSPHATE

COMPLEX FORMATION

DISTILLATION

SLIDE 8

1

1,
HARD WATER - NIGH IN CALCILli,

MAGNESIIN, '41) IRON IONS

RELATIVE TO THE MOUNT OF

SODIt AND POTASSILM IONS

sort WATER - Low IN CALCIUM.

SLIDE 3

VARIATIONS IN HARDNESS

LEACHING OF DIFFERENT SOIL
AND ROCK

WASTE DISCHARGE

USAGE OF THE WATER

IRRIGATION
SOFTENING

\*.

SLIDE (-6

Inorganic (Mineral) Acid

Hk CI-

cab° onion
hydr chloride

ion "
proton

SLIDE 9



Organic (Cotbac MK!

4

0
cH3.E0.H.H++ cH3E.0-

41000e4 COMM On len
HE
00d

SLIDE 10

1)
ANDDOMESTIC AN

HARDNESS

APPLICATION DRINKING AND
SURFACE WATERS

INDUSTRIAL WASTES

L

RANGE ALL
CONCENTRATION

SLIDE 13

0100 OV P4°2 EDTA

Writ' CALCII9E9
a

01 CM, N /the."N
N.Nra vs/O-C CN,

..c. 7

N, ZCKr I -*INII
re)R c",

1/

col, 41,/
imp . `

SLID 16

V

SERIES X-82 MRAESS

V-

OBJECTIONS TO NAIONESS

I SOAP DESTIOTINS PROPERTIES

2 C. C0,112 Ca"

HMIs

11COO,Ca 21a'

umiak
2 FORMATION OF DEPOSITS

SLIDE

EDTA l;e1;011ISS TITRATION

INDICATOR METAL ---tosrneota
1 DTA METAL --.- COLORLESS

COMPLEX

[DTA ROW EONAUX-- -11LII
cosi

SLIDE Ia

EDTA TITRATION
PROBLEMS

Poorlighting

01d buffer
/1

SLIDE

174

14.

1
TOTAL HARDNESS AS CaCO3.mg/

1 EDTA TITRATION
2 TECHNICON E.B.T.
3 CALCULATION Ca AND Mg

BY ATOMIC ABSORPTION

4c.

-SI1DE 12

HARDNESS INDICATORS

ERIOCHROME BLACK T

CALMEGITE

I OTHERS

111 NC1S

METALS (Al, 11, Cd, , Cu,

. Pb, tarV111, Sr

2.0
POLYPHOSPHATES

020ANICS
.

-SLIDE 18



8

ti

SERIES x-22, HARDNESS /

4

SLIDE

CALCIUM AND MAGNESIUM

Total (digestion)

Dussolvad

(0 45 pm filtration)

AK.

CALCIUM HARDNESS INDICATORS

Murxicl
Eriochroro blue black St

Others

DETERMINATION OF
MAGNESIUM HARDNESS

$ BY DIFFERENCE

TOTAL - CALCIUM

GRAVIMETRIC

COLORIMETRIC

SLIDE )9 SLIDE 20 21

GYMPIIMPIIAIN
6{1127110D

TIAC110041

14..."44); +4,4,0 1'.."." Po, soy.

m.o....* +-,011

,.;-... 1,0, oi

SLIDE- 22-

.

174

[CO 3 'HARDNESS OF OTHER IONSa

1 FIND CONCENTRATION a
OTHER ION,

2 USE APPROPRIATE FACTOR

3 ION HARDNESS AS CALCIUM
CARISONATI

SLIDE 73

5.

2.4

,
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4tUIOELINES FOR
INSTRUCTIONAL/PACKAGE WORKSHEET

I. SUBJECT MATTER: Chlorinatidn and Chlorine Determinations

II. UNIT OF INSTRUCTION: Summary of Topic Presentation,

III., ESTIMATED TIME: 98 minutes (45 + 45 + 8)

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The particiflnt will be

responsible for this determination to meet water quality control program
requirements.

V. ENTRY LEVEL BEHAVIOR:

A. Fundamental knowledge of inorganic chemistry

,8. Ability to correctly use volumetric glaaWare and titration assemblies
.1

C. Ability to perform calculations involving decimals

O. Completton oC the lessons (or equivalent):

1. Volumetric Analysis

2. Laboratory Safety Practices

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior. Thg participant will learn about chlorination products

and terminology, and the chemistry involved in chlorine determinations
by iodometric analyses and OPD methodology. He/she will twice determine

total chlorine residual in a sample by back titration using amperometric
apparatus (See VII A.1.b.), calculate and report results from the second
determination and participate in a class discussion of the results.

B. Conditions:. He/she will be given the training manual, 45\inkes of

171s7159.7CW5n, 45 minutes laboratory time and all necessary equipment,

and 8 minutes for class discussion.

C. Accepted Performance: He/she must correctly answer*70% of the items

on this topic in the post-course evaluation, perform the laboratory

procedureoto the satisfaction of an Instructor and obtain a result
for the samples within + 10% of the class average (unless the reason
for the lack of agreement is acceptable to the Instructor).

VII. INSTRUCTIONAL RESOURCES: 146

A. Available Media:

lt Two outlines to training manual:

\ a: "ChIerination and Chlorine Determinations"

b. 9Amperometric Determination of Total Residual Chlorine"
according to 14th edition Standard Methods, page 318 for

reagent pieparatiop and Instruction Manual, Amperiimetric
Titrator (Wallace and Tiernan) for procedure.

CH.A.CC.lab.la.10.80
17.E

4.1.
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2. Thirty six slides, X-21: Chlorine (See XI. Descrtption of VisW

Materials).

.3. OPTIONAL: KEN -70: 11 minute CCTV cassette 4"Amerometrir
Determination of Total Chlorine in Wastewater" presents the

.
stepwise procedure for the back titration using a Wallace and

Tiernan titrator. Produced by Kitkwood Commupity College,

it is available for review and purchase (6301 Kirkwood Blvd.,
Cedar RabidS.. Iowa 52406).

B. .Suggested Media:

"(
1. None I

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Check equipment and supplies. See LX below.

2.. Prepare all necessary eagents apd,Samole as in X below.

3. Review the laboratory procedure by perfoming the student assign-

ment using the outline in the training manual.

4. Review the topic outline in the training manual and the visual

materials. See XI below. ff.you plan to.use VC-116 rather than
demonstrate thelaboratory procedure, order and review the tape.

5. Prepare the lesson using the'Sequencing below or your own

organization of the material:

6. Check amperometric titrators'for accurate operation. Clean

and condition cells if necessary.

7. Distribute supplies and reagents to laboratory stations.-

8. If you plan to demonstrate the back titration procedure with

an amperometric titrator and/or starch-iodide titration

-appa9tus, assemble the equipment and reagents.

1_
9. If you. plan,to demonstrate the DPD titration and7or spectro.=

photomqter method(s), vsemble the equipment and reagents.
44 .-

B. Sequencing:

.0, Slides are Series X-21: Chlorine .

Participants should use the training outline, .°Chlorinatio'n and

Chlorine Determinations" as a reference for this information.

1. Classroom instruction on chlorination, using slidesito discuss

the first 3 Sections of the outline in the training manual.

a.' Introduction about bactericidal use of chlorine - Slide I

b. Me'ang of chlorination \Slide 2

4



otti
c. EfOcts of applying chlorine.gas - Slide 3, 4

AI/

4

d. Effects of applying calcium hypochlorite : Slide 5, 6

e. AMmonia,reactions with h5;pochlorous acid prspuce

chloramines - Slide'7, 8

1. Side reactions reduce availability of chlorine for

disinfecting"purposes - Slide 9
4%

g. Chlorination products that have disinfection cpolrers - Slide 10

h. Stress themeaning of the terms relatedto chlorine residuals -

Slide 11, 12, 13

i. Factors affecting disinfection - Slide 14

j. It is convenient to use a blank slide (15). here.

2. Classroom overview of recognized chlorine determinations, using

headings in iiTiging manual sections on "lodometric Analyses"

and "DPD Methodology", then the summary of "Compliance

Methodology".

\\ 3. Classrd6h instruction on the chemistry involved in direct iodometric

titration to determine freebcombined or total chlorine. This

series of slides presents facts about the chemistry of the method

with pictures of an analyst doing each step using an age.rilometric*

.
Presentation of the direct method gives an op

titratos
rtunity

to teach the chemistry involved and also to re-enforce mastery

of the meaning of the terms "free," "combined', and "total"

residual chlorine. However, for wastewaters the indirect or

back titration iseto be used. If participants wiTTFEUIThely

analyze wastewater, you can still use these slides to teach

the chemistry involved and the meaning of the above terms, but

spend more time on the actual steps to do a back tjtration (next

topic )%

A summary of lodometric Titration Analyses is in Section IV of

the outline in the training manual. Participarits canfruse this

as a reference for the following information:

114., a. Types of chlorine - Slide 16 41111

b. Role of phenyiarsineoxide - Slide 17

c. Picture of titration equipment - Slide.18

d: pH for types- Slide 19 OP

e. Principle for, free chlorine A Slide 20

f. 1 ml pH 7 buffer has been added and current flows, pointer

to right - Slide 21

18-3
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*,

g. PAO reduces, current reduced - Slide 22

h. Adjust pointer to right - -Slide 23-

1. More PAO, current reduced - Slide 24

j. Needle stops, take reading - Slide 25
1

More PAO. Then needle stays stopped, it4s end. (Slide 26

is same as "slide 25 to show needle staying same) - Slide,26

1. 0.005.64 N PAO related to chlorine for a 20b ml sample - Slide 27

m. PAO related to free chlorine at pH 6'.5 - 7.5 - Slide 28
4

n. Combined chlorine may be present - Slide 2'9 .

o. Utilize chlorine -.iodide reaCTiolide 30

4
p. Need pH 4 and potassium iodide - Sloide 31

q. Combined chlorine releasei iodine - Slide 32

18-4

r. Add KI solution (crystals may be used instead of a solution)

Slide 33

s. Add pH 4 buffer - Slide 34

t. Repeat titration procedure as for free chltorine; when needle

stays at one place, it is the end-point - Slide 35

u. Add results for free and for combined chlorine to 'give, to 1.

Stress: can do total in one teg by adding KI and pH 4-"buffer

directly to sample - Slide 36
(F

4 Classroom instruction/demonstration on indireCtAback tiltration)

iodometric procedures(tb determine total chlorine.Reference infor-

mation is in the outline in the training manual, Section 11114,

a. The indirect or back, titration is required for wastewaters

because constituents in the sample can react with liberated

iodine during titration and cause low results for the PAO'

reaction with liberated iodine.

b. Utilize same principles as the direct method. Stress addiponai

stela using iodine titrant and that the end point signal is'

reIrsed. kr

c. CHOICE of instructional approach:

13 Eleven minute CCTV cassette showing the back titration

.using an amperometric titrator.

2) Demonstrate a back titration using anAamperometric titrator

and/or the starch-iodide colorimetric.procedure. The latter

requires addition of stares for end pointdetection.

I'
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f77
5. Classroom instruction .on the'DPO Method to determine free or total

. chlorine. Sectibn,V of thigutline in the training manual has the,

, following/information:
.

.

.

involveda. ,Chemistry volved is sichilar to iodometric method, depending
lbn liberation of iodine frOm potassiuk iodide.

--

b. Rote of DPD to produce color.
: I ..

.

. . . o ----
...

.... t '. c: Ferrou _ammonium sulfate is used as ti trent. Note end :point
signal" .--r .. -

. .. '
ti

d.; _Spelt otornetrjt method
4 "'""-...:

.. '' . OPTIONAL: emonstrate one or bbth DPD methods.
... - ,.

..

. .

6. A summary of methodology recognized for compliance.monitoring is
Section 1

--1

7. In laboratory - 45 minutes -.Briefing which includes equipment e
preparation information and instrument contuls, then student
performance of two determinatiods of total chlorine in a .sample

by back titration using amperometric apparatus. Use training.
manual outline,,"Amperometric Dgerminatten of Total Residual. Is ,-..)

' Chlorine." .
,

, . . *..

.
. 8. Class Discussion - 8 minutes

. .
11 . . .

a. Students c'a
.

rcul4e and post results.

-

\ b. Announce rest4lt obtained_by Instructor.
.:.

.
,

-..:.. .

C. Discos problems responsible for wrongsresuits.
.

,6-0

. .

.. . V. Note.sample collection .end analysis cautions.
. .

end
a

C

.

Alt 0 A.
ft,

, e
%

AnsWer any questions. i.' .'t. ' .. ., v. .

.

.

.oN
AND

/* . .

IX . IeW EQUIPMENT AND SUPPLY- SEILIkeMe116:- '%':

a

.

.
. 1?

,

Assignment. 1 total.chlorine tmple. Run one determination for.practice, .

run second determination
1,

,to report results.
, .

. .

__ To-minimiirthe number of titnators required', the laboratory session could

be canducted twice with half the class doing tnother procedure requiring

'about the game time, e.g:, Hardness'.

.A. For each station (no more' than to person; per station);

** 1. One.' ml pipet, graduated in tenths

.2. One 5 ml volumetric pipet (Use a graduate pipet if using the
delivery assembly for PAO on a titrator).,, de e. .

3. One 200 pit% graduated. cylinder ;

4. One,prop lb

' -

.10
elt- 18-5



A.: ..,

5. One scoop for KI crystals. .
1N1

,

6. One box tissue . .

. z 7. enre container for wasteSolbt4ohs '

8.

.

One amperometric titrator with cell containing electrolyte
and conditioned for use - ,

.

9. One squeeze bottle thlorin;,free diet' water

10. One marking pendil 044'1

j1. One Won for each student

e 12. One pair safety glasses frir each student 3

.

B. Shared:

1. X bottles or sample (1 per 2 stations)

X. 1PW REAGENT REQUIREMENT: For details of reagent preparations, see
14th edition "Standard Methods", page 318.

,

A. Minimum amounts per station (no mofe,than two persons per station).
y t.

,

1. Ten ml 0.00564N'phenylarsine oxide solution.
.-

ir
2% Two g potassium iodide -crysta(or one dropper full of KI solution)

.

3. Eight ml pH 4 acetate buffer (in dropper bottle)

4. Two ml 0.0282N iodine titrant (in dark bottle). .

,
.

5. Four hundred ml sample with total chlorineWsiduaa around 3mg/E
/ .

k (A chlorine solution may be,diluted. Another 'source is,a
hypochlorite bleachor a chlorinated wastewater 'treatment plant ,

effluent may be used.. Check any solutipn'to be used as a sample
to,6 sure chlorine is present in the applicable range of the j

test), .

"" --*--; .- Af. .

..1. 0 4- .
8: Q4

repare excess of each solution to allow for
.

'rinsing out glassware,
I waste and re-runs. .

.
.

C. A'source of chlorine-free distilled water should be availa6ble
during laboratory session(s). . .

.

.

.'XI. DESCRIRTION OF VAAL MATERIALS: .
.

A, Thirtysix slides,'X-1: Chlorine - See nett pages:

\ 17) . AN
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A

Cartoon-type of drawing

showing plant operator
killing Mudi organisms
with chlorine.

Nt

6

PROUUCTS4of CI

H.- hydrogen ion
..

C1-- chloride ion

ICCI hypochforous acid

'1114 - hydrogen fon

hypochlorite ion

,

A

4,
'SLIDE .1

lamonia

1.

S

e
SERIES X-21. CHLORINE .

SLIDE z

-Calcluallypociderlte

pH Incise

SLIDE____%_L

SLIDE. Ho -

1. .

arr

a

I

.Chlorine as Ob

.Chlorine gas dissolved In
water

F
PH Decrease

-

SLIDE___13

-a

PRODUCTS of Ca(0C1)2

Can - calctum ion

OH- - hydroxidi151,

HOC1 - hypochlorous acid

hydrown ion i,

OCI-- hypochlorfte

SLIDE R

ISCIDE9
I

I



Disinfection

Mora/mines

tchlortAints

Hypochlorite ion

OW 1

Total residual chlorine
free chlorine residual +

combined chlorine. residual

SLIDEzt:

N.

lti

rut citiomm - HG/1

=BIKED CHLomiia HG/1

TOTAL RISIGVAL OttOltIla

\

r

SERIES X-21 CHLORINE

Free Chlorine residuals

.Chlorite'

.Hypothlorous acid

-.HypoChlorite ion

SLIDE 11

Disinfecting power

.C4ncentration

.Contact tire

*CP

'a.

. SLIDE 4

0
1.00 C1/4

AGENT

ruirmut-
. SUS OXIDE

SLIDE 17

1i1

4

.1 6

Cofthined Chlorine

.Chloramines

SLIDE 12 , )

BLANK SPACER SLIDE!

SUDE_L5.._

LIVE OF TITRATION ASSEMBLY

ro

0

a.,



TUO STAGE TITRATION

pp 7 ILL CKLORINZ
JRESIDUAL

pN 4 COHNINED CHLORINE
RESIDUAL

I

'41

LIVE4bF ADDING TITRANT,

CURRENT REDUCED

c

LIVE OF POINTER AT REST A(

p

-

SERIES x.21. mom -

CUTJUDIT

ricoucta

SLIDE 20

PROPORTIONAL
TO razz
CHLORINE
ratsran

c

LIVE OF ADJUSTING POINTER

l TO RIGHT ON SCALE ,

SLIDE_Ja_.

SLIDE

1 2
3 4

.o

LIVE OF ADDING TITRANT

POI:11[RJ° RIGHT.

SLIDE 21

SLIDE.,.

, .

I al PHENTLARSENE OXIDE,
EQUALS 1 agiI OP CHLORINE

I

SLIDE .....27_ .

' 18.9
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FHENYLAISEME OXHDE REACTS
tau nu CHLORINE ONLY

SLIDE :28

CONFINED CHLORINE DETERMINA-
TION

pH 4 RED ADDITION
07 POTASSIUM IODIDE

SLIDE 31

f

LIVE OF AC0I4G pH4 BUFFER /

1 SLID_
18-10

1. f
11

SERIES. X-21. CHLORINE

SLIDE 29
t

COCISINED CHLORINE COMPOUNDS

OXIDIZE IODIDE
11,

TREE IODINE

Li

SLIDE 32

LIVE OF REPEATING TITRATICH

PROCESS

SLI-4E 55

LIE

.4

183

4

N '

44

/

*STARCH- IODIDE MUM
*IP

CILLORna

OXIDIZES

IODIDE TO PRODUCE FREE

--RODINE

1.4

4

?NEE CHLORINE - MC /1

column) CHLORINE - HC/1, f
t

, TOTAL RESIDUAL CHLORINE

SLIDE IA (WO OF SLIDES)

4.



GUIDELINES FOR
a INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Use of a Spectrophotometer and Calfibation Graphs

-4 II. UNIT OF INSTRUCTION: Summary ofTopic Presentation

III. ESTIMATED TIME: 45 minutes . .,

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Participants need to use

spectrophotometer and prepare calibration graphs to determine total phos-

phorus, nitrate and nitrite nitrogen, and fluoride.

V. ENTRY LEVEL BEHAVIOR:

A. Ability to perform calculation; involving decimals

B. Knowledge of weight and volume terms like "mg", "ug", "1", "ml",

"standard solution"

CT Ability to use arithmetic graph paper i

V

VI. I.NSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will know how to zero a spectro-

photometer at a selected wavelength, make absorbance measurements'

for standards and samples, use the results to prepare a calibratio

graph and then use '4he graph to determine the concentration of th

desired constituentin mample, all according to the outline in

the training manna) (see VII. A. 1.).

Conditions: He/she will be given the,training manual and 45 minutes

77TERISTEtion. La r in the course, he/she will be given the time

and the necessary eq pment to perform spectrophotometric measurements

. and to prepare.cali tion graphs.

C. Accepted Performance: Subsequent satisfactorsuse of a spectrophoto-

meter and ability to prepare calibration graphs for the total phos-

phorus and the nitrate and nitrite nitrogen determinations, all

according to an Instructor's rating.

VII. INSTRUCTIONAL RESQURCES: .mss r

A. Available Media:

1. One outline in training manual: "Use of a Spectrophotometer".

Terms and operational sequence are for B L L Spdctronic 20

models, but capbe easily adapted for any spectrophotometer.

.

2. Sixteen slides, XrS: Uie ora SpOctrophotometer (see XI

Description-of Visual Materials):: '

3. Six slides, X-9: Calibration.Graphs (see XI Description 9f

, Visual, Materials). . .

) 4. Thirty-ftyeslides, 8 minute tap04vd script, XT-51:' Use of, the

(HAN.sp.f6w..3a.11.80 1 84_
. 19-1
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. )

Spectronic 20 Spectrophotometer (See XL Description ov Visual Materials)

8. Suggested Media:

\

1.- None

INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

ar
2

1. Revtew the course laboratory procedures which utilize a

spectrophotometer:
phosphorus,flubride, nitrate and nitric.,.

nitrogen. -/

. 2. .Review visual materials and outline in course manual. .

3. Prepare the lesson using the Sequencing below or your own

organ#zation.of the material.

B. Sequencing:

Slides are ser X-8: Use of a Spectropnotomeei4 and X-9: Calibration

Graphs. Slide-4 e presentation is XT -5l: Use of the Spectronic 20

Spectrophotometer.

1. Classroo& - Discuss-eolorimetry, Lambert-Beer Law, and preparation

of standards using X-13; Use of a Spectrophotometer. .

.
. .. ,

1
..a.. General principles of Osorbance and colorimetry; X-8, 1.'...,S

b. Definition of wavelength; X=8, 2. .

c.
4 Characteristics of waveltngth; X-8, 3.

d. Relation of wavelength, valuel to inches; X;p, 4.

. 4411

e. Lambert-Beer Law; X-8, 5.
/.

%
' f. Shapes of absorption cells; X-8, 6..1' ,

g. Use of the-EPA phosphorus procedure to exemplify the

preparation of standards; X-8; 7.

h. Preparation of the stock phosphorus solution (known, .

composition and concentration); X-8, 8, 9, did 110.' '

I.'. Preparation of the standard' phosphorus _solution (known

mcompoiition and concentration); X-8, 11, 12 and 13.

j. Preparation of a series of Atsphorus sollitiqnsofknown

compositibn, and concentration; X-8:14, 15.and 16.
.-

2. Classroom -.Discuss pteparation of a calibratiOn graph using

X-9,.Calibration Graph.

a. Information needed to prepre a calibration graph; X-9; 1. .

. .

4. Drawing and labeling e axes'of a calibration graph; X-9, 2.'

(A = absorbance, 'concentration)

19'4
1.

185r): .4



ILIm ft.,'
"ft.

c. Locating one point using absorbance concentration values. '

(mg P/liter is an example label for the abscissa). X-9., .2e

d Locating five points; X-9, 4.

e. Connecting the we poLs by. the Tine oY best fit, X-9, 5:

f. Determining the ncentrationrof the sample using the
calibration graph. X-9, 56 '

3. ,Classroom - If `the background of the particip is warrants it,
go through an example of calculating amounts of standard solution
to be diluted to achieve calibration standards within a range
'given in a Method write-up.

4.' Clas soom = Discuss.sample dilutioniUsing section V of the Training
Manual outline: Use of. a Spectrophotometer.

.

5. Classroom Dillapuss the use of 4.spectroph ometdr using XT-5I.
Use of the SpeTtronic 20 Spectrop%otomet . The slide-tape is a
presentation of:

a. Warm -up

b. Adjustments prior to use

.c.- Making measurement--

d. Changing photo tube

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS':

A.4tVisual Materiaq

464 X: IPW REAGENT REQUIREMENTS:
4

A. None

XI. DeeRIPTION OF IIISUALNATERIALS:

;

-. tt
*A.. Sixteen slides, X -8; Use of a Spectrophotometer - See next pages.

. B. 4c# slides, X-9: Calibration Graphs .(FollowsX-8) '!*

C. Thirty -five slides (Also 6,minute tape), XT-51: U f the

5pectrontc 20 Spectrophotometer.(Follows X -9)

st

..)

S

m
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N'GDIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Phosphorus

II. 'UNIT OF INSTRUCTION: Summary of Topic Presentation
6

III. ESTIMATED TIME: 195 inutes (45+45+95+10)

/ ' 1V. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The paticipant will be ..
.

responsible for this determination to meet water.quality control program
requirements.

V. ENTRY LEVEL BEHAVIOR:

*s.

A. Fundamental knowledge of inorganic chemistry

.B. Ability to correctly use volumetric glasSware

C. Ability to perform calcUlations involving decimals

D. Completion of the lessons (or,equivalent):

1. pH

2. Use of a Spectrophotometer and Calibration Graphs
,

.

3. Laboratory.Sajety Practices .

-
/

VI: INSTRUCTIONAL OBJECTIVE: -

A. Terminal Behavior: The participant will know pertinent facts about
phosphorus forms (see VIII B.}and will determine total phosphorus
in a municipal wastewater treatment plant effluent using the procedures
in thedtraining manual (see VII A. 1. b & c). He/she will draw .up a
calibration curve using absorbances posted by class members and will

use his/her absorbance for the sample to obtain a result. He/she will

also participate in a class discussion of the topibs and laboratory
i' procedures. $

1.

B. Conditions: He /she will be given the training-manual, 45 minutes of
instruction, 140 minutes laboratory time, all necessary equipmedt and

reagents, a sample, and ten minutes for\class dicussion.
. .

C. Accepted Performance: He/she must correctly answer 7O% of the items

on this topic jn the post-course evaluation, perform the laboratory

procedure to the satisfaction of an Instructor, and obtain a result

for the sample within + 10% of the class average(unless the reason
fah lack of agreemidt is acceptable to the Instructor).

VII. INSTRUCTIONAL.RESOURCES! 4

-

A, Available Media: a

1. Three outlines in the training manual:

H.PHOS'.3a.11.80 194, 20-1
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a. "Phosphorus in the Aqueous Environment"

b. "Laboratory Procedure, for Total Phosphorus" according to

1979 EPA Methodsfor Chemical Analysisp. 365.2-1

c. "Use of a Spectrophotometer"

.2. Fifty-three Nles, J4 minute tape and script, XT-44: The

Determination -Phosphorus (See XI. Description of Visual
. Materials).

B. Suggested Media:

1. None .

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Check equipment and supplies. See IX below.

Caution:

a. All glassware, including that.usyli to prepare reagents, and
filtering apparatus'Aust be cleaned using special pr6cedures..
See the training outline, "Laboratory Procedure for Total
Phosphorus" section III for details.

b. Filter discs must be phosphorus-free. See section IVinAhe
training outline for\dei %talls

m

4

2. Prepare all necessary reagents and sample as in X below.

. ,

3. Review the laboratory procedure by performing the student assign-. .

\
ment using the outline in 'the tntining manual.-

I
.

4. Review the topic outline in the training manual and theAfisuai
materials.

.
See XI below. ,

,

5. Prepare the lesson using the Sequencing below or your own organii
ation of the material. '

6. ,Check pH meters/and spectrophotometers (880 or 650 nm) for kccurate
operation. The spectrophotoMeters may, need a special filter and
phototube for operation at 880 or 650 nm .'

-
.

.

7. Distribute lupplies:and,reagents to laboratory stations..

B. Sequencing.:

1. Classroom - Introduction and dseerview of the slide-tape presentation,
,XT -44: The Determination of Phosphorus.

2. 'Present X1,-44:

)

a. Intro duction slides 1:51

a



4

b. Reasons why phosphorus determinations are dOne - slides 6-8 "

c. Phosphorus terminology, ortho -and Nyphosphates - slides 9 -15'

d. Overview andichemistry of.the.analytical method - slides 16-20

e.* Sample collection, preservation, holding time - slides 21-24
r

f. Total vs.'dissolved phosphorus - slide 25

g. Digestion procedures for various forms - slides 26-33

h. pH adjustment of digested standards and sample - slides 34-35

i. Prepatation of combined reagent and color development slides 36-41

j. Absorbande:readin gs and graph - slides 42-43

k. Care of glassware - slides 4445

1: Applicability of proceduye - slide 46.

m. Interferences - slides 47-49

n. Summary -
41*

credits - slides 50 -53
,

3. Auwer any questions about XT-44 topics.

4. ,Bgiefing for laboratory - class Will prepare standards and sample,
then begin digestion. Using the laboratory.procedyre in the train-
ing manual, they should section VI. Procedures A, B, and C.
Each station prepares'the zero standard, one assigned standard
and the sample. Stop after placing. flasks on hot plates (VI. C 6).
A staff member will monitor the boiling, turn off the hot plates
and cover the flask mouths.

5. Laboratory,Student performance of assignment (45 minutes).

6. There can be a break'of 45 Minutes or up to several. hours at ttlis
point. The "Use of a Spectrophotometer" could be presented during
this time (See,IFW on.the topic).

7. Briefing for laboratory - Do section VI, D, E, F and G; i. e., pH
adjustMent, filtration, volume adjustment and colorimetry. Refer
students to "Use, of a Spectrophotometer" outline for stepwise pro-
cedure to use the instrument.

8. Laboratory-Student performance of assignment (95 minutes).

9. Olassroom (10 minutes)

-k a. Participants post absorbance for'standards!

b. Exclude outlier absorbance values.

c. Sections VII and VIII of Phosphorus pro ceddre Each makes a
"calibration curve" using posted absorbances and obtains a
result using own absorbance fdr sample. (Stress that this

method is for convenience and cannot be.used for real work).

- 19e, 20-3



A

d. Discuss results and any items from the laboratbry session.

er Answer any questions.

IX. IPA! EQUIPMENT AND SUPPLY TZQUIREMENTS:.
J.

.
.

Assianment: 2 standards (zero plus one other) and d sample
4,, Filter the sample k .

.

We have the entire class do the procedure on assigned standards and the
sample from the beginnings.through starting the digestion (manual outline
VIA through C). Reagents and equipment required this far have an
asterisk. Then, to minimize the number of pH meters required, we present
the classroom sessions on "Use of a Spectrophotometer" and "Fluoride".
'The remaining laboratory work on phosphorus is done as "split" sessions,
with half the class doing fluoride while half finish phosphorus.

:26-4 ..)

A.. For each station .(no more than 2 persons per station):
CAUJION: -Glassware and filtering.apparatus need special cleaning
(VIII A. 1. above).

'

T.

*2
t

One 100 ml beaker (for buffers) ,

Twelve boiling beads, glai's

3. One filtration apparatus, small enough to iltokbetween 10 and 50
ml of digetted solution.

4. One piece phosphorus-free filter paper (may require pre-teeatment},_

to fit the filtration apparatus; 0.45 pm pore size (Gelman GA6 or
equivalent)

/.
*5. Thieeqlasks, 50 ml volumetric with stopperS

*6. Three,flasks, 125 ml Erlenmeyer )

7. One pair forceps p
.

° *8. One funnel, to fit neck of 50 ml volumetric flask

5. One pH meter with electrode(s) in a be with enough 6.X buffer

or distilled water to cover the tip(sr. A singlet, combination

electrode is the more convenient. Also, provide a thermometer.

tflO. One 10:m1 gradua'ted pipet

.

*11. Oise 50 ml,vo)umetric pipet ,(,for the sample). If sample hai

suspend4 solids that may plug-the pipet, use a 50 ml graduated
cylinde

*12.fOnepipet bulb

*13. One scoop, vd.4g capacity
, .

i'''' 4.

*14. One, squeeze bottle of phosphorus-free distilled water

f'15. .fOne-nmSrkinp pencil

... ..

4
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'*16.' One apron for 'eacirstudent

*17. One-pair safety glasses for each student

B. Shared:

*1. One set of volumetric pipets (1, 3, 5, 10, 20, 50 ml) per 6
stattont if 1 standard is assigned to each.

*2. ...Enough hot plates in a hood to 3-125 ml Erlenmeyer

flasks per station.

3. One spectrophotometer (for use At 880 nm or. 650 nm and having

a 1 pm cell) per 3 stations.

X. IPW REAGENT R EQUIREMENTS: For details of reagent preparations, see

. . 1979 EPA "Methods for Chemical Analysis",
p. 365. 2-1, EXCEPT for A.5.*--

A. Minimum Amounts per Station no more than 2 persons, per station):.

1. One hundred ml pH 6.X buffer

2. One hundred ml pH 4.X buffer

3: One point two g ammonium4ersulfate \

4, Twenty-four ml =tined reagent

1

a

5. Seventy mlitandard phosphorus solution 1.0 pg P)

Most will use lees than 70 ml. *(2Q ml stock per liter for
1 cm cells)

6. Four ml 11N sulfuric acid in droppei bottle

7. Five ml 0.11N sulfilricacid in dropper bottle

' 4
8. Ten ml 10N sodium hydroxide in dropper bottle

. 9. Five ml 0.1N sodium hydroxide in dropper bottle

10. Fifty ml municipal, wastewater treatment.plant effluent for
sample. If not available, use 10 ml of'the stock solution
per liter to make a sample containing'0.5 mg/liter phosphoru

B. Prepare excess of each solution to allow for rinsing out glassware,
waste, and re-runs. .

C. A source of phosphorus-free distilled water should'be available _

during laboratory/session(s).

XI. DESCRIPTION OF VISUAL MATERIALS:

/"-

0E0

A. Fifty -three slides-(with 14 minute tape),- XT -44: the Determination of.
. Phosphorus - Seeliext pages. . L. ,

, ,

k

.

ii, ' ,,
/: ,,

. r As-

1-9->u .... . '.

... 20-5
.
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GUIDELINES FOR "". .

INSTRUCTIONAL PACKAGE WORKSHEET
I. .

..

4P'

1000 SUBJECT MATTER: Determinate Error-Accuracy

-1 111I: -UNIT OF I4STRUCTION: Summary of topic Presentation

III. ESTIMATED TIME;. 40 minutes

4

XV. JUSTIFICATION FOR THIS ItiSTRUCTIONAL OBJECTIVE;\ An analyst must know how ;

to control or.quutitate determipate errors in laboratory results, and how
to check for ace table analytical recotery of a constituent to substantiate
the validity of his/her data.

V. . ENTRY'LEVEL BEHAVIOR: 11 /
0 r

A. Understanding of how to use formulas involving simple calculations

B. Though not essential, it is orderly. to have completed the lessons
(or equivalent):

gPF1 Sample 'Handl inik

2. Compliance Methodology

.VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will know the difference between
accuracy and precision, the causes, syminyms, effects and means to
,detect sources of determinate. error, where to find formulas and examples,
of each for % recovery, % bias 'and % relative error, some laboratory
techniques regarding accuracy, how to establish one's accuracy in
performing an analysis and how to continue to monitor accuracy on
a daily basis.. .

B. Conditions: erie, will be given the training 4manual 40 minutes.

instruction.

C.' *lexce ted'Pe ce: He/she must correctly identify at least 70% of
t e itemsIertain ng t6 tht,objective in the post-course evaluation.

I . LNSTRUCTIMAL RESOURCES : .

A.1' Available Media:

1. Two outlines in the training manual:

. , a.. "AcCuracy-Precision-Error"

b. "Element& of a Quality Assurance, Program"

2. Fourteen slides, X-25: Accupcy (See XI Description of Visual
Materials).

1

3. Five Slides, X=46: Quality Assurance (See IPW on "Element's of a It

Quality Assyrance Program," .XI Description of Visual Materials).

.con.ipw.3a,11.80

I

21-1
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#'
4. Handout: Two pages on the "Method of Standard Additions. A

copy is at the'end of this IPW.

5. Handout: One page on "Exairple of Calculating Percent Recovery

for a Sprke,." A copy isfe:t the end of this IPW.,

6. Reso4urce: EPA "Handbook for'Analytical Quality Control in Water

and Wastew4ter LaboratoPts', EMSL, Cincinnati, Ohio, 45268.

11

VIII. INSTRUCTIONAL APPROACH:
,

A. Preparationlinr Instruction:

1. Review visual materials and available handouts.
./

*-

2. Prepare the lesson using the Sequencing below oryour own organization,

4

of the material.
.

/ ) &
3. Duplicate. copies 5f any handout merterials. ,

\

B. Se9uencing:
Slides are series ')( -25: Accuracy (optional: slides from X-26: 'Qu ality

Assurance)

1. Introduction

a.. Before considering accuracy of results, one must have a, valid

sample and a skilled analyst using recognized analytical methodolOy.

b. Overview: consideration of accuracy,,i.e. ability to recover known
quantities in chemical analyses, causes of error, )ow to p -vent
"preventable" errors and how to quantitate the effect ot- er rs

we cannot control. Statiiics jresented will'be those most

ly used in recognized method references: percent recovery and

percent bias (5prcent relative error).

c. Outline, "Accuracy-Precision-Error" (A.P.E.) has details and

illustrations, unless noted otherwise. *

d. Slides are -from series X-25 unless otherwise noted.

2. Accuracy and Precision

a. Analytical results are imperfect. Slide 1

b. Define/exemplify accuracy. Results are close to the true value-
standard. Accuracy can also be checked by recovery of a consti-

tuent- spike. Slide 2. Stress that both accuracy and precision

are requirements for reliable data. Slide 3.

3. Error

a. Overview: Classificatiop + Causes of error. Determinate error

has causes which-tan be corrected and/or quantitated. Slide 4_

'b. Synonyms for determinate Turt Use A.PIE.

21-2
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f
c. Effects of.determ4nate error: -Ui6'A.P.E., figures 2 and 3.

Slide 5 . ,

, -
. (

d. Detection of determinate error with unkowns - Slide 6

e.mrgo rrection'e determinatq'errorwith laboratory methods:
5144e 7

(1) Handout 2 pp. on "Method of Standard Additions" and disdUss
.-- --' i at paint 3 on tilde 7.

*
4. Percent_Recovery Statistic for Accuiky

a. Formula for using a standard to check percent recovery. The
"Observed" On be the average of several results.. Slide 8

b. Formula for using a spiked sample to check percent recovery.
Slide 9

c. Explanationtof term, "background" in Slide 9 formula. Slide 10

. 1f Go through h4idotrl, "Example ofiCalculating Percent Recovery for
. . . ,

,' , a Spike" tdodemonstrate the correct use of the inforMation dis-
cussed on Slides 9 and 10. 1

.. ,
, ,- i

. ,

- e. Checking own accuracy using a spiked sample. Slide lt. Note
that-on'can use a standard instead. The latter calculations
are easier: .

7

f. OPTIONAL: X-26, Slide 4 shows a percent recoy control, chart
for monitoring accUrav on a daily basis.

5. Percent Bias.(Peecprit Relative Error) Statistic for accuracy
.

. ,,,,, .

a. Two.rdajot reference manuals use different names for this
statistic Slide J2 .

, .
, #^,
b. Formula for using a standard to check percent bias. Slide 13

.,

-

c.' OPTIONAL: X-26,t1ide 5 shows, kpercent bias control chart for
monitoring accuracy on a daily basis.

6. Relationshiliofitercent Recovery and Percent Bias Statistics. Slide 14
(last slide). .

11

7. Daily Application

a. Suggested (EPA .Vandbook for AQC).- 10% of tests be spikes to
check' accuracy.

8. Summary

a. Again stress valid sample. and skilled analyst using recognized
analytical methodology are prior to checking accuracy.

b. Summarize ntation

J 207
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4

IX. IPW EQUIPMEIT AND SUPPLY REQUIREMENTS:

A. Yi;ual,mat'er'ialsC'

X. IPW REAGENT, REQUIREMENTS:
,u

.

A. None

XI. DESCRIPTION OF VISUAL MATERIALS

A. Fourteen slides, X-25: Accuracy - See next pages.
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ANALYTICAL RESULT

An Imperfect Estimate
of

Some Desired Real Value

)
. SLIDE 1

L DETERMINATE ERROR

METHOD

OPERATOR

INSTRISMDTT

immtimINATE ERROR

RANDOM

IJNCONTROLLAELE

SLIDE

c
AcCUFLip

CORFIECTION OF DETERMINATE ERROR

1. DURO

2. CORRECTION FACTORS

.3. STANDARD ADDITION.

4: STANDARD COMPENSATION

5. IMPROVED 48 310611QUE

SLIDE

z

SERIES x45. ACURACY

SLIDE 2

ACOURACT

$

EFFECTS OF DETERIAATE ERROR

ADO Ti YE

PROPORT MAL

ar

SLIDE s,

% RECOVERY .
FOR STANDARDS

OBSERVED X 100'41 ,KNOWN

SLIDE 3

-41

1

41141.13.40ti1 WM4 CaC1 01111 4

-SLIDE 3

.

AC4r2ACL

otttmoN of OEFERNINAFi ERROR ,
0.1K0111 4A11PL IS

S t As ND/PENDENT ItINOO

NIKE RASED ON

A ,1,1,4k CSECA SHAM

i:Cl Int; SPAOk IT

ANAL At ;001S MID IrRiP)ill;

SLIDE 6

4

RECOVERY

FOR SPIKED SAMPLES

OBSERVED-BACKGROUND

SPIKE x 100

SLIDE 9

21-5
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SERIES X-25 ACCURACY

'BACKGROUrar

The analytical result for
the unspiked sample with

ACCURACY

RUN SAMPLE UNSP1KED
rerd to its volute as a-
eon titutnt of the spike . RUN SPIKED SAMPLE
wh ch yields the 'observed'
analytical result LOWEST, 1 to 75%),l9OUBLE

I 7 REPLICATES of EACH

2 HOUR, LAB TIME (min.)

CAWILATE % RyCOVERY

SLIDE" 10

% BIAS 1% tilativ ono.)
FORITANDARDS

MEAN TRUE VALUE X 100
TRUE VALUE

S

SLIbE. 3

21-6

ti

SLIDE II

ACCURACY STATISTICS

% BIAS oR
% RELATIVE ERROR

EQUALS
% RECOVERY 100

(gives sign)

I
SLIDE 14 (LAST SLIDE)

/ w

SLIDE

2iu

DIFFERENT NAMES,
SAME STATISTIC:

EPA % BIAS

sro METHODS
% RELATIVE ERROR

t
,I

C

SLIDE l2

SLIDE

S

SLIDE
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'
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8.5
*
Method ofiStandaq.Additions: rn thiO1ethod, equal. volumes of sample

) alLAdded.to a delonized distillea water blank and to three standards
. . ocefratninig diffieekt known amounts f the test element. The final .

volumes of all the solutions must be e same. The absorbance of each

solution is determined and then plotte on the vertical axis of a
graph, with ,64 concentrations from the weight of analyte added to each
of ttie,originel volumes of sample plbtted on the horizontal axis. When,

the ioesuliting lide il extrapolated back to zero absorbance, the point
of intercdptim of the abscissa is the concentration of the unknown.
The abscissa on the left of the ordinate is scaled the same as on the

right side, but in the opposite direction from the. ordinate. An

example 'of a plot so obtained is shown in Figure 1.

i'S

1.

\

Zero
Absorbance

O
0

0A
0

1

onCentratiOn

Conc. o f Adds q Addn I Addn 2 Addn3
' Sample Water tai ank Addn cif 50% Addn of 100% Addn of 150%

Addn of Expected of Expedted of Expected

c
Amount Amount Amount

FIGURE STANIARD.ADDITION POT

The method of standard additions tan be veil useful, howeve tc., for the

.results to be valid the following limitations must be taken into

consideration:

a) the absorbance plot of sample and standards must be linear

,over the.concentration range of concern., For best 'results the

/ slope of the plot should be nearly the same as the slope of

the aqueous,istaodArd curve. If the slope is significantly

different (more than 20%) caution should be exercised.
4 1

*from: 1979 EPA "Methods for Chemical Analysis of Water and Waste s"

fr

N
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r.

b) the effect of the interference should.not vary as'the ratio of

,analyte concentration to sample matrix Changes and the

standa-fti-addition should respond manner as the

analyte.
a ,

c) the determination must be free of,spectral interference and

corrected for non-specific backroind interference.

.5

4
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EXAMPLE OF CALULATI6RCENT
RECOVERY FOR A SPIKE'

A sample was collected and a 25m1 aliquot was analyzed for nitrate nitrogen.
The result of the analysis was 50004/liter. A 25 ml spiked aliquot of the
same sample was prepared using 1 mT of a spike Solution which contained
10 mg /liter nitrate nitrogen. The result of analyzing the spiked sample was
898 pg/liter., Calculate the percent recovery. .

P
observed background

x 100
spike amount

observed is
89 3jliter

(0.025 liter) = 22.45 pg

background is
(520Es) (0.024 liter) = 12.00 pg
liter

spike amouKf-is
pg. (0.001 liter) = 10.60 pg

liter

.

P = 22.45 tirg 12.00
X100

c

10.00 pg

P = 64.5%

1

4

ti

1 5

213

O

I

21-9



ft

. 'GUIDELINES FOR

INSTRUCTIORAL PACKAGE )4ORKSHEEI
4

I. SUBJECT MAI4R : Fluorideo 'de

II. ,UNIT OF INSTRUCTION: Samary of Topic Presentatiori

III. ESTIMATED TIME: 160 minutes *(60+95+5)

IV. JUSTIFICATI6-fOR THIS INSTRUCTIONAL OBJECTIVE: The participant will be
responsible for'this determination to meet water quality program
requirements.

:

V. ENTRY LEVEL BEHAVIOR:

A. Fundamental knowledge of inorganic chemistry

B.Ability to use volumetric glassware 1 ,

C. Completion of the IQSSODS (or equivalent):

1. Use of,,Spectrophoiometer and Calibration Graphs

2. Laboratory Safety Practices

VI: INSTRUCTIONAL OBJECTIVE:, ,

A. TerMinal Behavior:,%wThe participant will know'pertinent facts about
fluoride, the-manual distillation procedure and four analytical
procedures for determining fluoride (see VIII B.). He/she will

test four samples by the SPADNS (by calculation) and the electrode
methods (8tests) using the procedures in the training manual
(see lip-. A. 1. b and c) and will report the results. He/she

will also participate in a class discussion of the laboratory
"procedury and the topic in general.

B. Conditions: He/she will be given the training manual, 60 minutes_of
fnstruction, 95 minutes laboratory time, all necessary equipment and
reagents, four samples and five minutes for filial questions.

C. Ccepted Performance: He/she must correctly answer 70% of the items
on this topic in the post-course evaluation, perform the laboratory
procedures to the satisfaction of an Instructor and obtain results p
within 1-J0.1 mg/liter of the results obtained by the Instructor
(unless the reason for the lack of agreement is acceptable to the
Instructor).

VII. INSTRUCTIONAL RESOURCES:

f' A. Available Media:

1. Three oUtlines.in the training manual: .

a. "Control of interfering Ions. Fluoride Determinations"

.f.ipw.3a.11.80

2 ,14
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. "Fluoride Analytical Procedures - SPADNS" according to 14th ed..`
Standard Methods, p. 393.

c. "Fluoride Analytical Procedures - Electrode" accordiig to
Orion Research, Inc: instrument, directions. For othdr in-

struments, use the manufacturer's operating instructions.
#

Also see 14th'ed. Standard Methods, p. 391.

2. Porty-six slides and 16 minute tape, XT-80: Fluoride Analytical
Procedures (see XI., Descriptiohiof Visual Materials).

B: Suggested Media:

1. None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

J. Check equipment and supplies. See IX below.

2. Prepare all necessary reagents and samples as in X below.

3. Review the topic outline in the manual, then the labgatory,
procedures by performing the student assignment \ming the
outlines i.n the training manual. Notice that two of the
samples contain interferences forqhe SPADNS method to exemplify
interfering ions.

4. If necesOry, review other.- Aspects of the topic by consulting
Standard Methods, 14th ed, Sect4gn 414, Fluoride. Also review
the visual materials (see XI below),

5. Prepare the lesson Using the Sequencing below or your own organiza-

tion of the material. 0
6. Check specific ion meters (and/or pH meters), the electrodes and

the spectrophotometers (570 nm) for accurate operation.
, / .

7. Distribute supplies and reagents to laboratory stations:-

B.' Sequencing: ,..---

ti

1. 'Classroom - Introduction

a. 'Existence of fluoride in waters

b. How fluoride ions are introduced

2.-.IClassromm- Introduce and present XT -8O: Fluoride Analytical

Procedures. Tell the participants about the information to
expect during the presentation:

a. (Title and Credits, slides 1-4) C
b: Fluoride and dental effects (slides 5-6)

213
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c. Titles and overview of four methods approved for analysis
. of drinking.water samples(slides 7-14)

d. Stepwise procedure and calculations for the SPADN ,methodf
(slides 15-21)

. e. Stepwise procedure using the electrode method (slides 22 -30)

f., Interferences in fluoride analyses (slides 31 -12).
en.

g. Steps and apparatus for the distillation p?ocedure o remove
interferences-before analysis (slides 33-39)N-

h. Summary of information presented (slides 40-45)

is (Logo: slide 46)

3. Classroom - Discuss approved methods. Differentiate between water
supply regulations,and HMS regulations. Section IV in the train-
/ingmanual outline, "Control of Interfering Ions, etc," is a
summary of Compliance Methodology.

a. Electrode (Distillation may be required for PUS).

b. Distillation and SPADNS

c. 'Automated complexone (Method includes'distilThtion).

d. Distillation-and Eriochrome cyanine R (only approved for
drinking water samples)

4. Classroom - Summary

5. Laboratory - 95 minutes

a. Briefing,and assign four samples to be tested by the SPADNS
and also by the electrode method ,(8 tests in all). If every
other station begins with the SPADNS test and every other
begins with the electrode method, the required spectrophotometers
and electrode-meter apparatus can be shared, one per two stations.

b. Student performance of assignment.

'c. Students report results.

6. Classroom Final Discussion - 5 minutes

a. Any items from laboratory session

b.,Resolve any questions

IX. Ipw E PANT AND SUPPLY REQUIREMENTS:

nt: Four samples to analyze by two methods - SPADNS and an electrode
with selective ion meter. (Ka pH meter is to be used, a
blank and three standards forcalibrationshould be assigned).
To minimize the number of spectrophotometers and electrodes

216 22-3
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with meters required, the laboratory session could be
7,./s,/ conducted twice with half the class doing another proce

rgquiring about the same time, e.g., Phosphortis pH adjustment
and'colorimetry.

A. For each station (no more than two
P
persons Or station):

1. Sax \50 ml plastic beakers (eiqht.for pH meter)

2. Six 125 ml ,Erlenmeyer flasks

3. Three 10 ml volumetric pipets
,

4. ,One 50 ml volumetric 'pipet

, 5. One pipet bulb It

. .

6. One squedie boktle fluoride-free distilled water` i .1

7. One marking penci

'

8. One apron for each student

9. Ong. pair iafdty'giaises for each student

10. Optional:' Magheticstirring appiratus

B. Shared:. .

1. One spectrOphotdmeter foruse at 570 nm andyhavio a.1 cm cell
petwo stations (see VIII. B. 5. a:).

2. One fluoride specific ion electrode and, meter peg two stations
(see VIII. B. 5. 'a.).

3: One stop tch or.timing device.

.

s X. .11011 REAGENT REQUIREMENTS: For details of reagent preparations, see 14th"
edition "Standard' Methods"; page 392 and page

393.
.

A. Minimum amounts per statipn (no more than two pers6ns per station):

1. Fifty ml distilled water

2. Three hundr ml fISAB.(400ml for pH meter)

3

3. Pm...hundred ml fluoride standard, 1 mgffiter F (selective ion

metft.and SPADNS)

4'
*

One hundred -61 fluoride stanW, 2 Mg/liter F (only if a p11 t

meter is used)

5. Sixty ml fluoride standard, 10 mg/liter F (selective ion meter)

.

6. Sevent Ise ml SpADNS. reagent

2,27
,1



7.. One huhdred ml sample #1 ontaining 0.55 mg/liter F (5.5 ml
fluoride stock solution pgr liter) Both of the methods (SPAONS .

and electrode) give corre! 1. sults for this sample.

8. One hundred. Olsamplp #2 con ining.1.65mg/liter F (10.50ml fluoride
stock solutioiOper liter);;Beth.of the methods give correct results
fop this sample.

14

9. sOne Whdred Sample #3 containing 0.75 mg/liter F plus 300Fga
'sulfate (7.5 ml flOride stock solution plus 0.4437g anhydrous
so'dium'sulfate prer liter). OnlY the electrode gives correct results
for this sample.

10. One hundred mi sample #4 containing 0.95 mg/liter F plus 3 mg/L
. 4. aluminum (5.5 ml fluoride stock solution plus 52.752 mg' aluminum

potassium sulfate with .12H 0). ,Only the electrode gives correct
results for this sample.

B. Prepare excess of eacA tolutien to,elow for rinsing out glassware,
waste and re-runs.

F.

C. A.sourceo-of fluoride-free distilled water should be a
laboratory sessions.

,v

'XI. -DESCRIPTION OF VISUAL MATERIALS:

.

A. Forty-six slides (with 17 minute tape), XT-80:
luoride

Analytical
Procedures. See net pages.

ilable during

of

4

.4
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EPA,

PRESENTS

SLIDE

TECHNICAL DIRECTOM BY:

JOHN PFAFF

ERVIN BELLACK

THOMAS HUSHOWER

Sif1 DE 4

LIST OE EPA -

APPROVED METHODS

MD THE RELATED

REFERENCES

22-6

ft

SERIES XT-8D FLUORIDE ANALYTICAL PROCEDURES

FLUORIDE ANALYTICAL PROCEDURES

SLIDE

I

PHOTO

CHILD DRINKING WATER FROM FOUNTAIN

SLIDE

AUTOMATED COMPLEXONE METHOD

NOTABLE FEATURES

S1.14RE 8

2
y

."
PREPARES -8Y-8Y

104.

EPA

OUP

MOTO

NTOTC

SLIDE 3

PHOTO

OPERATOR IN LAB CONDUCTING

ANALYSIS

SLIDE 6

ZIRCONIUM-ERIOCIAOME C;ANINE

R METHOD

NOTABLE FEATURES

I SLIDE 9

ti



1

SPADNS WITH DISTILLAT ON'

AHD The

ELECTRODE METHOOS

SLIDE__Z!

DRAWING OF ELECTRODE

IMMERSED IN WATER

'SLIDE 13

Preparing Standards iSample
SPADNS Procedure

50 mI 50 ml 50 ml

Dist, 1 mg/1 Sample
Water rsol,
U 4 U
0-Std. 1 m;40 Sample

SLIDE ld

I

.

SERIES XT-RO.SLUORIDE XNALOICAL PROCEDURES

I

THE SPADNS ZIREONIUR FLUORIDE

0 REACTION
,

SLIDE 11

t,

SLIDE 17

240

4

PHOTO

'ANALYST USING A SPE( 20

SLIDE 2

w.

TITLE

IPADNSpHOTEHETRIE METHOD

4

, SLIDE 15

r

4

PHOTO

CLOSE-UP DF SPEC 2D 54OWING

WAVELENGTH ADJUSTMENT

SLIDE 18

22 -1
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- PHOTO

ANALYST USING SPECTRONIC 20

A

SLIDE 19

TITLE

THE ELECTRODE KETHOpo.

,SLIDE

Preparing Standards. A'Sapples

Electrode Ptacedurese .'

10 pa 10 sl . 10 $al

of of of

1.0 mga 10.0 bid .sample

1:-11/1 '' 1J;

3- 100 al plast(c beakers

.
SLIDE_Ls__

22-8
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SERIES XT-80: FLUORIDE ANALYTICAL PROCEDURES

ABSOWNCE EOUATION

A' A-
Ao - AI

TEltS DEFINED

SLIDE 20

PHOTO

ANALYST USING AN EXPANDED SCALE

pH METER

SLIDE 23

PHOTO

ANALYST ADDING TISAS

.4

SLIDE 26

221.

Graph of Absorbance vs.Conc.

lost. w

SLIDE 21

PHOTO

ANALYST USING AN ION HETER

SLIDE 24

SLIDE 21



two

PHOTO

ANALYST ADJUSTING TEMPERATURE

COMPENSATOR KNOB 1.

SLIDE 2B

'It

LIST: INTERFERING SUBSTANCES IN

FLUORIDE ANALYSIS

.

SLIDE 31

DISTILLATION REACTION EQUATION

SLIDE

SERIES fT.80. FLUORIDE AWALTUCAL PROCEDURES

SLIDE' 29

SPAMS MiTHOD INTERFERENCES

LIST: INTERFERING SUBSUMES

.4144.01
SLIDE_u_

PHOTO

-------MCVST WITH

DISTILLATION SET -UP

22,2 .

PHOTO

SET-UP WITH MAGNETIC ITIPRER

r

SLIDE 30.

TITLE

REMOVAL OF INTERFERENCES BY

DISTILLATION

PHOTO

DISTILLATION IN PROGRESS

1

SLIDE

2?..g
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SLIDE 37

PHOTO

SAYE AS SLIDE f5

CHILD DRINKING WATER

FROM A FOUNTAIN

SLIDE 4e

PHOTO

DISTILLATION IN PROGRESS

'SAW AS SLIDE #36

on.

$LIDE__LA

22-1Q

.0

SERIES XT-80: FLUORIDE ANALYTICAL PROCEDURES
o

PHOTO

CLOSE-UP bF THf DISTILLATE

RECEIVER

e

SLIDE 38

SAME AS SLIDE #7

LIST OF EPA-APPROVED

MEMOS AND THE RELATED

REFERENCES

SLIDEu___
MP'

r

P

P110J0

ANALYST USING 0111 METER

SAME AS SLIDE #24

SLIDE' A4

2

sr

HOST PREVALENT INTERFERING SUB-

STAXtES:

aunmet

HEXAKETAPHOSPHOEI

SLIDE 39

PHOTO

SANE AS SLIDE #12

ANALYST USING A SPEC 20

SLIDE a ,

PHOTO
1

-

OPERATOR IN LA8 DOING AMAIASIS



SAFE DRINKING

WATER EMBLEM

4

A

I

SERIES XT-80 FtUOR1OE ANALYTICAL PROCEDIJAES

0

4

A

t
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Nitrate and Nitrite Nitrtigen
I

.

41. UNIT OF INSTRUCTION: Summary of,Tppic Presentation

III. ESTIMATED TIME: 310 minutes (30110+90+-30+105+45)

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OlAtTIVE: The participant will be
responsible for this determination to .meet water quality control program
requirements.

../

V. itTiTY LEVEL BEHAVIOR:

A. Fundamental knowledge of inorganic chemistry

B. Ability to correctly use voiumetric glassware

C. Ability to perform calculations involving decimals

D. Completion of the,lessons (or equivalent):

1. pH

2. Use 'of aipectrophotometer and Calibration Graphs

3. Laboratory Safety Practices

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal` Behavior: The'participant will know pertinent facts about
nitrate and nitrite (see VIII B). Using the procedures in the course

manual (see VII A 1 b and c), he/she will prepare a cadmium reduction
column, process a blank and assigned standard or sample through it
and obtain absorbance readings. He/she will also process a non-reduced '

blank and assigned standard or sample and obtain absorbance readings.
Using his/her own absorbance values, the participant will calculate
the efficiency of his/her column. He/she will use results pooled
from the class and construct calibration curves (2) for redated and
non-reduced 'standards, then use them to obtain results for the samples.

..flashe will calculate NO3-N from these results and rill also learn,

how to express results as NO3 or as NO2. He/she will give the com-

pleted graphs to the Instructor. He/she will also participate .in a
class discussion of the topics and laboratory procedures.

B. Conditions: He/she will be given the training manual, 70 minutes of
TERFEEFfEn, 195 minutes laboratory time, all necessary,equipment
and reagents, a sample, and 45 minutes for drawing up graphs, calculations,
and Glass discussibn. \\\\

ff. Accepted Performance: 4e/she must correctly answer 70% of the items on
this topic in the post - course evaluation, perform the laboratory
procedures to the satisfaction of an Instructor, and obtain results

Lfr 4
23-k.
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1

for the sample wifthin -I- 15% of the theoretical answers provided by
the Instructor (Unless the reason for a lack of agreement is acceptable
to the Instructor). . -

; .

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Three outlines in the training manual:

."Ammonia, Nitrites and Nitrates"

b. ."Determination of Nitrate/Nitrite Nitrogen (Cadmium Reduction
Method)"-according to 1974 EPA Methods for Chemical Analysis,
page 201.

C. "Use of a Spectrophotometer"

2. Twenty slides4.X-23:, Nitrate/Nitrite Nitrogen (See XI Description
. of Visual Materials)

14V111. INSTRUCTIONAL APPROACH:

NIP

A. Prepara ion for Instruction:

1. Check equipment and supplies. See IX'below.

2. Prepare all necessary reagents and sample.as in X belowri

3. Review the laboratory procedure by'performing the student assign-,
ment using the outline in the traiging manual. It is suggested
that the Instructor prepare a few columns fa. back-up if partici-
pants let theirs go dry, etc., when it is too late to start over. 4

4. Review the. topic outline in .the training manual and the visual
materials. See XI below.

5. Prepare the lesson using the Sequencing below or your own organ-
izationof the material.

6. Check pH meters and spectrophotometers (540nm) for accurate operation.

7. Distribute supplies and reagents to laboratory stations.

B. Sequencing:

23-2

Slides are series X-23: Nitrate/Nitrite Nitrogen

1. Classroom - Analyslsof NitratgeandiNitrite Nitrogen (30 minutes)
Use outline on "Ammonia, Nitrites and Nitrates" .

a.. Introduction

1) Nitrogen Cycle, note conv&sions, sources of nitrate
and nitrite - Slide 1..

226
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2) Types of nitrogen analyses, desired forms - Slide 2.

' b. Nitrite

1) Sources (from nitrogen cycle), bacteriaivoxidation of
ammonia or reduction of nitrate

2) Analytical Method Slide 3..

3) Scope, Range, PreservitIon - Slide 4.

4) Procedure Steps - Slide'5.

5) Interferences - Slide 6.

6) Compliance Methodology in training manual. Diazotization
is the only method cited as of 8/80.

C. Nitrate

1) Source (from nitrogen'eycle); bacterial oxidation of
nitrite, two mechanismsefrom atmospheric nitrogen

2) Analytical Methods - Slide 7.

3) Sample Preservation in training manual, Section II
4

4) Brucine Sulfate Method, procedure and interferences -
Slide 8 and 9.

Automated Hydrazine Reduction Method - Slide 10.

6) Note; Class will do the third method, cadmium reduction,
in the laboratory. It is presented next as a main topic.

' Give .an overview of it now since it utilizes the same
approach as hydrazine reduction Slide 11

7) Compliance Methodology in training manual, Section V. D.,
as of 8/80.

2. Classroom - Cadmium Reduction Columns (10 minutes)
Use outline on "Determination of Nitrate/flitrite Nitrogen".

a.' Studerits are to prepare the cadmium and pack a column - Slide 12.

b. Steps involved in prepaation, stress the steps - Slide 13.

c, Briefing on laboratory_procedure in training manual,
Sections II, 111, IV.

-

1) Note Section-II onapparatus has details on making a column.

2) Section III has reagent' preparations. The reagents are made up.

3) NotAection IV, division titles for overview. Note on
copper sulfate treatment that one addition -is usually

. enough tb get the brown,copper precipitate. Make any .'

other comments on the laboratory work.

.0"
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4) Remarks on toxicity of cadmium I

3. Laboratory - Student performance of assignment, all of Section IV\ )-\
(90 minutes).

A

4. tiote: There can be a break of unlimited time at this point.

5. Classroom 5 minutes)

a. Follow up on preparation-of-column laboratory sessionf dis-,
cussing any occurrences in the laboratory of general instruc-
tional interest.

,

b...Interferences'to columtfjenctiop. Note Section V in manual -

Slide 14.

6. Classroom -.Determination of NO
2

.1. NO
3
-N and of NO

2
-N usiusing

the column. (25 minutes) ,

. ,

a -Role of ammonium chloride to prdvide the H+ - Slide 15.

b. Procedure steps for NOi + NO3-N, - Slide 16.

'c. Procedure s for NO -N are the same asfor NO2 NO3-N,

. except for t elkreductibn step - Slide 17.

23-4

Briefing on procedures in mankral, Sections VI and VII. Have

partitipants circle the romaJnumeral and capital letter
division titles to impress on them the divisions of the .

procedures.

1) Assign blank, and either a nitrate standard or the
sample for each station.

2) As'sign blank, and either a nitrite standard ch.' the sam-

ple for each station. For standards, assign the same
ancentration'as assigned for'nitrate.

3) Refer students to "Use of a Spectrophotometer" outline
for stepwise procedures to use this instrument for
VI.D. and VII.D.

4) They cannot do calibration curves (VI.E. and VII.E) until
results'are posted.

11.

7. Llboratory - Student performance of assignment (105 minutes)

8. Class Calculations, graphing, Discussion (45 minutes)

a. Participants post absorbance value for nitrate and for nitrite
standards. .

b. Discuss and have participants calculate their column efficiency
according to formula in manual procedure, Section VIII - Slide 18.
(Those who analyzed the sample should use thd results obtained
by someone who did a pair of standards).

228
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c. Discuss posted results. Discard questionable values..

d. Copies of arithmetic graph paper are in the training manual.

e. Assignment;

1) Participant\tonstruct a graph for the reduced nitrate
standards and a graph for nitrite standards - Slide 19 and
20. (Some may need assistance)/

2) They use their absorbance value's for their reduced sample
on one graph and for theftnon-reduced sample on the
other to obtain concentrations for each.

3) They calculate NO3 -H in the'sample by subtraction.

f. Participants report results. Announce theoretical "true"
results (if known).

g. Use manual, Section IX in procedure to show how to calcula

NO, or NO, from the data. Have participants do. this, using

thdoreticM results.

h. Summary Remarks on the Procedure

1). colui rate, checking efficiency, re- activation,
advantageof duplicates

2) cautions on cadmium disposal%

43) preservation and holding times for samples (Ammonia, etc.
outline, Section II).

i. Collect graphs. These can be returned later after Instructor
checks them.

.

IX. IPW EQUIPMENT AND'SUPPLY REQUIREMENTS:

Assignment: Prepare and acttvate a reduction column.
1 blank and either one nitrate standard or the sample
1 blank and either one nitrite standard of the same

,concentration as ..assigned for nitrate, or the-sample

A. For42h station (no more than two persons per station):

1. Two beakers, 150 ml

2. Two beakers, 250,61%

3. On'e beaker, 400 ml

4. One cut-off 100 ml pipet (for reduction) mounted on a stand

5. One cylinder, graduated, 50 ml.

6. One cylinder, graduated100,Tl

7. Four flasks, 250 ml Erlenmeyer

8. -Three flasks, 100 m) volumetric with stoppers

, 1
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9. One very large funnel containing fluted filter paper (for Cd
rinsings) set in an old,2-31iter bottle

10. Small wad glass wool for column

11. One 3 inch length rubber hose (4 cm ID)

12. One paper slip

13. One 25 ml volumetrsic pipet

14. One to three 50 ml volumetric pipets --

15. One propipet bulb

16. One screw-type clamp to regulate column flow

17. One snap-type clamp to start and stop flow

18. One 60 mesh sieve

19. 'One spatula or stirring rod. to transfer inoist.cadmium

20. One squeeze bottleof nitrate-nitrite-free distilled water

21. One marking pencil

22. One apron for each student

23. One pair of safety glasses for each student

13.' Shared:
4

1. One pH meter per 2 stations. Each should have the electrode(s)

in a beaker with enough 6.X buffer or diftilled water to cover
the tip(s). Also, one thermometer for each meter.

2. Two sets of volumetric pipets (1, 2, 5, 10 ml) per 4 stations

3. Two 1 or 2 ml pipets graduated.at 0.5 ml per 4 stations

4. One 10 ml graduated pipet for each "common" beaker of color reagent

5. One spectrophotometer (for use at 540 nm and having a 1 cm cell)
per 3 stations

X. IPW REAGENT REQUIREMENTS. For details of reagent preparations, see 1974 EPA
"Methods for Chemical Analysis," page 202.-

A. Minimum amounts per station (no more than two persons per station):

1. 610 ml concentrated ammonium chloride - EDTA solution.. Use
210 ml of this to prepare 350 ml dilute ammonium chloride - EDTA
.solution to prepare the column. The remaining 400 ml is used

for the test procedure.

2. Eight ml color reagent,
'

3. ti 1 ml concentra ted hydrochloric acid in'dropper bottle

4. ti 1 ml concentrated ammonium hydroxide in a dropper bottle

5. Sixty ml 6 N hydrochloric acid

23-6 fr. . 23u ow#
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6. Two hundred ml 2% copper sulfate solution
ar

, ,

7. % 20g cadmium, 40-60 mesh. Pre-weigh into container for stations.

8. N 100 ml pH 4.X buffer

9. N 100 ml pH 6.X buffpr

10. Twenty -five ml 1.00 mg NO3 - N/lfter {to activate column)-

UNSTABLE - Prepare ,just before use by diluting 1,m1 stock potassium
nitrate solution to one liter.

1 Fifteen ml potassium nitrate standard solution
UNSTABLE - Prepare just before use by diluting 10 ml stock potassium
nitrate solution to one liter.

12. Fifteen'ml potasslum nitrite standard solution,
UNSTABLE - prepare just before use by diluting 10 ml stock potassium
nitrite solution to.pne limit r.

la. 'Fifty ml sample contenin§ up to.1 mg NO
2

NO
3
-N/liter*

Example: 40 ml of nitrate standard plus 40 ml nitrite staldard
solutions per Titer gives 0.4 mg /liter of each form for a total.
of 0.8 ing NO2 4- NO3 - N/liter. A municipal wastewater treatment

plant effluent known to contain preferably both forms can be used
for a sample. You may peed to assign dilutions so test is applicable.

B. Prepare excess of each solution to allow for rinsing out glassware, waste
and re-runs. ` . .

C. A source 45T nitrate-nitrite-free distilled wate1; should be avTilable
during laboratdry,session(s).

XI. DESCRIPTION OF VISUAL MATERIALS:"

A. Twenty slides, X-23 Nitrate/Nitrite Nitrogen - See next pages.

fr
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GUIDELINENDR
INSTRUCTIONAL PACKAGE WORKSHEET

I. UBJEtT MATTER: Solids

UNITIP:INSTRUCTION:. Summaryof Topic Presentation

III. ESTIMATED LIME : ..190 minutes 115+10+60+45+30+10+10+10) ,

Note: This is timerper one station. tSee VIII. B.2. for
estimating weighing times according to number of
'stations and balances.

,

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE; The participant will be.,/
responsible for this determination to meet water quality control program
regdirements.

V. ENTRY LEVEL BEHAVIOR:

A. Understanding of equations for Inorganic reactions

B. Ability to use analytical balance V

C. Ability to use graduates and filtration apparatus

D. .Ability to perform calculations involving'decilils

E. Completion of the lessonse(or equivale:
, ... , ,,

.c.

1: 'Compl iarike- Methodology

. "4 ei
2flaboilta Safety0pracSices

1 .

-I thi.aVI. INSTRU6PONAL 'MEC IV_ '

4 Is,. k -

A. Teitynal tehavioc 'The participant will know pertinent infOrmation about
the procedures to do five gravimetric determinations of residues. He/she
will use procedures in "the traihing manual (see.VII. A. 1. b. and c.) to
determine tottl residue in a municipal wastexater treatment plant influent

bli

and nonfilte#able (sirs n6ed) residue for a plant influent (membrane fil-
ter apparotUsf and for plant effluent (Gooch crucible), checking for
constant weight after a econd drying and reporting results.

B. Conditi nsi
struct

"He ill be given thk training manual, 105 minutes of in-
on, 75 minute laboratory time,"all necessary equipment, reagents

and samples, ind 10 minutes for, class discussion. .

\-
C. Accepted Performance: He/she must correctly answer'70% of the items on

this topic in the post-course evaluation, perform the laboratory procedures
to tge satisfaction of an Instructor and obtain results for each sample '

within + 10% of the class average if constant weight after drying was
"achieves during the alloted time.
4

t.Pw.2a.11.89-
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VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Three outlines in the training manual:

a. "Tsting for Solids in Water Samples"

b. "Laboratory Procedure for Total Solids"fratcording to 1979
EPA1Methpds foe Chemical Analysis, p. 160.3-1

4

c. "Laboratory Procedure for Suspended (Non-Filterable) Solids''
according.to 1979 EPA Methods for Chemical Analysis, p. 160.2-1

2.' Thirty-two slides, X-28:' Solids (See XI Description of Visual

Materials).

B. Suggested Med4:

1. None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:
0

1. Check equipment and supp ies. See IX below.

2. Clean and permanently rk identification on evaporating dishes

and on Gooch crucibles to be used by the class. Weigh and record

rough weights for,each on a sheet(s) to post by balances.

3. Fire the evaporating dishes at 550 + 50°C for 1 hour in a muffle

furnace, partially cool and put in 'a desiccator, ready for weighing

by class.

4. Put 0 glass fibdr filter disc into each Go ch crucible and wash and

dry each according to the procedure in the training manual. Discard

any non- usable discs. Prepare one for ea h station plus a few extra.

Place in a desiccator ready for weighing y class. /

.5. Mark identification :Cabers on planchets (or watch glasses). Use

aemembrane filter apparatus and wash gl ss fiber filter discs.

o. Place each on-a marked planchet (or wat h glass) and store in a

desiccator, ready for weighing by class Prepare...a few extras.

6. Check ovens for use, at 98°C to evapora e total residue samples

and 4 103-105°C to dry total and susp nded residue' samples.

4 1,. ,Arrang "to get influent and effluent amples from a municipal ikste-

wat trea nt plant, dts listed in X below.

/P

eview the laboratory kocedilres by erforming the student assign-

ments using, the outlines in the tr ning manual.

. 9. Review the topic outline in'the training manual and the visual

materials. See XI below.

24-2
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10. Prepare- the lesson using the sequencing below or your own
organization of the-material.

11. Assemble items,fon classroom briefing on initial weighings:
Gooch crucible containing disc, membrane filter funnel and
support and corresponding disc, watch glass for disc, forceps,
100-150 ml evaporating dish.

12. 'Distribute supplids and reagents to laboratory stations.

. 13. OPTIONA: You might want to plan to Elmonstrate the Imhoff
cone method to determine settleable solids if your participants

need this infOrmation. You will need 1 liter of sample contain-

ing settleable sOlids5 an Imhoff cone in a suppdrt, and a timer.
The demonstration can be done during a laboratory session.

B. Sequencing: Slides are series X-28: Solidsi

3. Classroom - Briefing (15 minutes) on weighings to be done during
combined laboratory-lunch break. This plan works when

lk the participant to,balance ratio is large.

a. Explain why this scheduling. Lectures will be after lunch.

b. Use outline On Total Solids. Show evapotating dish; give
overview of test; III. A. B. and C. are done; assign O.;
record weight\om outline sheet in manual. ,Give location of

'--- desiccators esii balances.

c. Use outline on!Suspended
..,/

Non-Filterable Solids. Show mem-
brang filter funnel and support and corresponding disc on a
watch glass; note its use for influents; disc must be care-
fully transferred to balance pan with forceps and weighed.
Show Gooch crucible containing disc; it stays in crucible
for weighings; note its use for effluents; use tissue when %

handling. 111. A. B. C. D. E. are done. Assign F. Desicca-

for and balanFe locations are the same as above. Stress that
the constant tieight check should be done for "real" tests,
but in the .interest'of time they will omit this part of III F.

d. A data sheet for Suspended and Non-Filterable solids is in the .

manual.. They -mark sample at top of column as "INF-MF" and
"EFF-G" to e sure correct apparatus is used for the two samples.

91
Note blank (1) for identification record on filters, d blank
(14) for. initi al weight and the referenced* footnote e

any other dis ussion of the data sheet for lecture scission).
They should u e same balance for all subsequent weighings.
Rough weights of crucibles are posted by balances.

. e. Summarize - T
an evaporatin
Gooch crucibl

ree weighings are to b:accomlished and recorded:
dish, a 4.7 cm disc and a 2.2, cm disc in a

t

2. Laboratory - 10 mi utes per 3 weighings. Time allotment on agenda
4. . depends on number f stations and number of available balances.

(Ex. 12 stations a 4 balances required 30 minutes). One way

13"1
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to avoid back-ups is to schedule half of class irst while

others-have a break or go tcOunch,Ithen first h. a break

or is at lunch while others use balances. '

3. Wassrooin -.Introduction - 8 minutes.
Participants should use the training outline; "Testing for Solids .

in Water Samples" as a reference for the following discussions.

a. Section II Solids and Water Quality - Overview of why tests
are done.

b. Section IV lists HPDE§Sollds Test'

c. Section V - accuracy of tests and term, "residue"

d. Settion VI - All the tests are gravimetric determinations of
residues remaining after test treatments., Settleable Solids
may also be reported.in terms of volume. As required by the
class, highlight information in this section. Do include 8,

Drying Temperature, to emphasize the differences and why they
were chosen.

e. Section III, Sample Handling - Slide 1

4. Classroom - Total Reidue - 10 minutes
Participants should use outline Section VII, "Total Residue"

a. Definition from view of components - Slide 2
Operational definition is in manual,
Briefly note manual sections on why test is done.

b. Stepwise procedure - Slides 3,4

1) Composition of dish

2) Sample volume limits -1 in manual

3) Steps lignd"2 done. They did 3 and will do 4' 47thro6gh 7

in laboratory

4) Sources of error see manual

5) Constant weight limits - in manual

Classroom - Total Dissolved Residue - 10 minutes
articipants should use outline Section VIII, "Total Dissolved

(Filterable) Residue."

a. Terms filterable and non-filterable illustrated - Slide 5

b. Definition filterable (dissolved) - Slide 6

c. Effects - Slide 7
WWTP significant b is in manual

d. Stepwise Procedure - Slides 8, 9, 10, 11

4

1) Sample volume limits - in manual
. .

23
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2) Constant weight limits - in manual

e. Interferences - Sources of Error - Slide 12

6. Classroom - Total Suspended Residue (Nontilterable Solids) - 11'minutes

Participants should use outline Section IX, "Total Suspended (Non-

Filterable Reiltue)"..

a. 'Definition - Slide 13

b. Effects - Slide 14
WWTP significance is in manual

c. NPDES regulations - Slide 15

1) This is in the manual

2) May be different forJagoons:this is in the manual

d. Stepwise Procedure't Slides 16, 17

15. Can use crucible (effluents) or membrane filter support with

coarse fritted disc (influents)_for the disc.

21 Steps 1 and 2 done, they did step 3 and will do 4 through 6

in the laboratory for an effluent and an influent sawple

3) Sample volumes - in manual '"-\\

4) Sources of error - in manual i

5) Conitant weight_limits in manual

7. Classroom - Settleable Residue -'10 millutes

Participants should use outline Section X, 'Settleable Residue".

a. Definition, relationship to suspended - Slide 18

b. Effects - Slide 19

1) ,Blanket effect - affects biological activity which affects

CO I content and, thus, pH. pH affects adsorption/release of

or§adics and heavy metals.

2) WWTP significance is in manual.

c. .Procedure by weight - Slide 20

d. Procedure by volUme - Slide 21

e. Interferences and sources of error for both procedures are in

manual.
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8. Classroom'- Conclusion - 3.minutes.

a. Repeat temperatures, for dpting

b. Remind about the constant weight condition - may need several

weighings'

c. Note accuracy variables, especially representative sample. It

is very important to have consistent technique.

d. Suspended solids quality control samples, are available through'
EPA Regional Quality Assurance Coordinators.

9. Classroom - Lab Briefing-- 8

a. Total - Influent sample -
"Total So 1,7g7Tdo III E.
oven. The Staff will do
do K and return the dish
cycle and weigh*.

minutes

In the training manual procedure for
F. G. H. For I, put the dish in a 98°C

J. After cooling, the participants will
to a 103 - 105°C oven for a second dryinr.,

ME*

b. Suspended (Non-Filterable) - In the training manual for "Suspended
(Noj- Filterable) Solids", do III G through R for an inftGent sample
using'a large disc in a membrane filter funnel. Do G through Q,
then S for an effluent sample using a disc in a Gooch crucible.
The staff will remove items from the oven. After codling,iartici-
pants will weigh the items and return them to a 103-105°C oven for a
second drying cycle and weighing. The data sheet has blanks for all
the data.

10. Break - 10 minutes

11. Laboratory - 45 minutes'
Student performance of the assignment up toputing items in the ()liens
for the first time. I

12. Classroom - Volatile Solids - 30 minutes
prticipapts should use outline Section XI, "Total Volatile Residue".

a. Introduction, title - Slide 22

b. Definition and relationship to other solids (residues)'- Slide 23

libmk -

c. Why test is done - Slides 24, 25
Effects and WM. significance is in manual

d. Steps of test - Sipes 26, 27

,
e. Define fixed residue T Slide 28

f. Preparation of dish or crucible - Slid 29

eN1g. Negative errors in the determination, examp es - Slides.30,31
i

h. General sources of error - Slide 32 (last slide)
Also are in manual

I
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i, Conclusion

13. Staff - For total residue, increase temperature in oven from 98°C to
103-105°C after samples evaporate. aidr,all residues, tranfer dishes,
discs and supports to desiccators ,after first drying so they are at
room temperature for first weighing.

r-

14. Laboratory-First weighing of two Non-filterable (suspended) residues -

minuted (See 9 above). Put discs, back in oven.

First weighing of one Total residue - 3 minutes,(See 9 above). Put
dish back in oven.

.

15. Staff - Later, remove discs and supports from oven and put into desiccators
so they are at room temperatbre for second Weighing.

16. Laboratory - Second weighing of all three residues - 10 minutes

17. class Discussion - 10 minutes

a. Review the constant weight cheCk limit for each test. Have participants
compare the two weights they obtained for each of the three tests and.
calculate the differences..

b. Participants should post the differences on the board.

c. Discuss the results posted for the constant weight check.

,d. Participants should use. the calculation formulas (IV in laboratory
procedures or, for suspended resique, a stepwise calculation is on
the data'sheet). They should post results on the board. Discuss
the results. Check on very low results, especially for the two

. suspended (non-filterable) tests. EPA recoftends having at least
0.47 mg residue on a 2.2 cm disc and 1.0 mg on a 4.7 dm disc.
Participants should check their residue weights. accordingly.

e. Give concluding cautions on techniques involved, e.g. handling the
discs, finger prints on dish, etc..

IX. IPW EQUIPMENT AND SUPPLY' EQUIREMENTS:

Assignment: One total residue test,and one non-filterable (suspended) .

residue test on an influent sample"
One non-filterable (suspended) residue test on an effluent sample

A. For each station: (no more than two persons per tation):

1. Enough desiCcator space for one 150 ml evaporating dish, one
Gooch crucible, and one small planchet (or watch glass).
Desicciht should be usable.

2. One 150 ml evaporating 'dish with a permanent identification
- mark on it, stared in a desiccator, ready for weighing,

3. One glass fiber filter disc in a Gooch crucible (permanent
identification mark), washed, dried and in a desiccator,
ready for weighing.

24-7



4. One,glass fiber filter disc to fit a membrane filter apparatus,
, washed, dried and stored on a marked planchet (or watch glass)
in a desiccator, ready for weighing.

5. One 25 or 50 ml graduated.cylinder

6. One 100 ml graduated cylinder

7. One suction flask with hose and pinch clamp

8. One membrane filter holder assembly with rubber stopper td fit
neck of suction flask

9. One pair blunt=tipped forceps Go

10. One rubber adapter to hold crucible in neck of suction flask

11. One pair tongs

12. One vacuum source or pump drawing 15 inches of mercury

13. One squeeze bottle of distilled water
.11

14. One marking pencil

15, One apron for each studeril

. 16. One pair safety glasses for each student

B. Shared:

1. Desiccators with usable 'desiccant. See A.l. above for space
requirement per station.

2. Box small tissues by each desiccator

Balances, analytical - One per 3 stations

4. Box small tissues by each balance
7

(

5. Drying oven or steam bath for use at 98°C and to accommodate one
k --\150 ml evaporating dish per station

6. Oven for use at lO-lO5°C and to accommodate three/ items per *

station: one 150 ml evaporating dish, One Gooch drucible, apd
one small planchet (or watch glass).

X. IPW REAGENT REQUIREMENTS:
4

A. Minimum amounts per station (no more than two persons per station):

1. Enough plant influent sample to yield 25 to 20Q mg total or
suspended residue

2. Enough plant effluent sample to yield 25 to 200 mg suspended residue

2
24-8
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3. EPA-EMSL, Cincinnati, Ohio 45268 supplies free analytical quality
control samples containing known amounts of suspended solids. This
might be an alternative if plant steles are not available.

B. Obtain excess of each sample to allow for rinsing out glassware, waste
and re-runs.

C. A source of distilled water should be available during laboratory sessions.

XI. DESCRIPTION OF VISUAL IIATERIALS:

. A. Thirty-two slides, X-28: Sojids"- See next pages.

+Is

A
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GUIDELINES FOR
. INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER? Elements-of a.Quality Assurance Program

II. UNIT OF INSTRUCTION: SummarY'of Topic Presentation

III. ESTIMATED TIME: 75 minutes

4

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: An analyst must know and
practice requirements for quality assurance when conducting analytical
procedures and reporting results.

--V. ENTRY LEVEL BEHAVIOR:

A. Fundamental knowledge of quanti tive analyses

B. Familiarity with equipment and supp es normally found in a water
quality chemistry laboratory 11*

C. At least six months experience in the ?cal laboratory work

O. Completion of the lessons (or equivaIe t):'

1. SampleHandling

2. Compliance Methodology

3. Analytical Techniques -c

4. Volumetrio, Analysis

5. Precision .'

6. Accuracy

4

7r Laboratory Safety Practices

VI. INSTRUCTIONAL OBJECTIVE:
.

A. Terminal Behavior: The participant will be able to utilize the given
outline (see VII. 1. a,) of activities required to effectively fulfi31
the demands of a quality assurance program for a Chemistry laboratory.
(VIII. B, Sequencing, in this IPW lists the divisions of these activities)

,
.

B. Conditions: He/she will be given 'the training manual, handouts and
'75 minutes of discussio .

,, .-.-...-

\..
,.. .

C. Accepted PerforAance: H must recall from memory at least 70%
of the teems pertaining to the objective in the post-course evaluation.

0:6

MET.con.ipw.4a.11.80 .

24,s
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Vilt INSTRUCTIONAL RESOURCES:

_ _A. Available Media:

hree outlines in the training manual:

25 -2

a. "Elements of a Quality Assurance Program" which is primarily;
an outline'of the information in resource 3. below.

.

,b. "Methodology for Chemical Analysis of Water and Wastewater"
which defines the principles utilized in recognized methodology.

c. "Use of a Spectrophotometer" has a section (IV) on calibration
' - standards.

. . .

2.. Five slides, X-26: Quality Assurance (See XI Description of Visual
Materials) '

3. Resource: EPA "Hhndbook for Analytical Quality Control in Water
and Wastewater Laboratories", rilvironmental Monitoring b Support `
Laboratory oso, Cincinnati, Ohio 45268. Copies can be order*
from EMSL: 513 684:3301.

N 4. Two Handouts - To ensure that curgent information is distributed,
request this information :from U.S. EPA, EMSL - Quality Assurance
Branch, Cincinnati, Ohio 45268:

. .

a. The current list of quality control samples available from
EPA through the EPA Regional Quality Assurance Coordlnatori.

b. (OptiOnal): Roster of EPA Regional duality Assurance Coordi-
nators if students are from several regions

5. One Handout - Sheet with examples of significant figures and basics
' on "rounding off" and calculating rules. A copy is at the end of

this IPW. 0

.B, Suggested Media:

1, None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:'

I'

WI

1. Review visual, materials and available handouts.

2. Prepare the lesson using the Sequencing below oryour own organiz-
ationrof the material.

3. DuplicateAcopies of handout materials (See.VII. A. 4.) for each
student. Assemble packets.

4: Assemble demonstration item: volumetric flask, volumetric pipet
and small tissues for demonstration of glassware markings and
swiping technique for pipets.,

aar
.* 21::
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B. Sequencing:

Use indicated sections of topic outline in the training manual to
discuss these topics unles otherwise noted.
Slides are series X-26: jimaiity.Assurance

AW

1. Introduction - I. A. and B. Note that there are divisions in t e
outline with details on the 5 elements in I., C. This.is primar ly
an tline of highlights of reference 1. Then briefly cover IUD.
and 1.7E.

2. 14. Sample - This was considered in detail in prior lesson,
Handling"

3. III. Recognized*Methodolbgy - This was considered in deta in

prior lesson, "Compliance Methodology."

a'. 0 - definitions of commonly-Used types of methodology are An
curse manual outline, "Methodology for Chemical Anal sis'pf
Water and Wastewater."

b. F.- Stress strict adherence to reference source when/using
recognized procedures.

t

. .10

'S mole

4. IV. Services, Instruments, Supplies - Give 4ighlights
Some 'notes:

a. B. 2. g. - blank plus one, preferably two, standa
be used to check a'curve for some methods, rathe
ning a complete set of standards each run.'

1.

b. C. 2. the four functions: a, b, c,

c. C. Z. d. Show volumetric flask,. volumetric pipet and measuring
pipet to demonstrate location of glassware information and also
TO and TC terms - Also use pipet and tissue to demonstrate swip-
ing excess off outside of pipet before final/ reading.

. 0, 2. General guides are here (4, b, c, d) for their future
reference.

d(s) may
than run-

e. D. 5, Stdhdad solutions are in lesson, "Volumetric Analysis."

.f. D. 5. a. 6) Outlind nuee of a Spectrophotometer" has Sec tion

an Preparation of Calibration Standards, IV. B. Discuss
----- stability information there

g. D. 5. c. 4his is-"especlally important for "Compliance Methodology."

V. Quality Analytical Performan50:

a. A. Summarize

b. B. and C. Recall rior lessons, "Precisidn" and
"Acdurdty"

2 25-3
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c. D. Note 1, 2, 3, 4

d: E. Present items 1, 2, 3, 4, 5

e. Slides of normal curve and control charts using some of
..the statistics presented in lessons on precision and
accuracy:'

1) Normal curve - Relate midline, 2 s and 3 s limits to
control chart central line, warning and control limits::
Slide 1.

2) Precision Chart 1 R as estimate of s using duplicates.
Plot succeeding R of duplicates. Slide 2 (This approach
is recommended in the 1979 EPA Handbook for Analytical
Quality Control).

3) Precision Chart - 7-and s, using-one check standard. Plot
succeeding results. Slide 3.

-

4) AcCuracy Chart - X and s of % recoveries using spiked
samples. PlAt succeeding % recoveries of spikes. Slide
4 (This approach is recommended in-the 1979 EPA "Hand-
book fqr Analytical Quality Control".)

5) 'ACcuracY Chart - 7and's of "% bids using spiked samples.
Plot succeeding % bias (% relatlyeerror). Slide 5

f. F. Interlaboratory Checks on Performance

A) F. 1. Hand out the list of EPA quality control samples
. currently available through EPA Regional Quality

Assurance Coordinators. Give the Participants the .

telephon4,and address information for their Regional
Coordinator.

2) F, 2, 4, 4, 5 7 Note these checks

6. VI, Data Handling qnd Reporting

a. All, 2, 3

b. A. 4 Hand out and discuss the. sheet on significant figures.
Relate it to course methodology. Note reference for.more
detiil.

c. D. 1. Note current Federal Register regulations regarding
storage of data.

7. VII. S afety Considerations - Note highlights.
This was considered ir,detail in a preVious lesson. Encourage
appoihtment of Safety Officer.

8. VIII. 'EPA Regional Quality Assurance Coordinators.

a. 'Encourage contact with EPA coordinator.

.

9. References - Note the 136t1



io. fx. Summary

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. For each student: .

1. Copies of handout materials

X. IPW REAGENT REQUIREMENTS:

A. None

-*1. DESCRIPTION OF VISUAL MATERIALS:

A. Five slides, X-26: Quality Assurance See next page.

10.I. Nee
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SIGNIFICANT FIGURES - EXAMPLES

32.2 has 3 significant figures

32.20 has 4 significant figures

0.0014
e
hasc2 significant figures (zeros used to fix decimal location)

0.1400 has 4 significant figures

0.14 1has 2 significant figures (the zero indicates no whole number)

*** *** t** , . ***

1. Retain as many significant f9 es in a result or in laboratory data as

will give only one uncertain fiure. (Possibly, in very accurate work

involving lengthy computations, two uncertain figures may sometimes be

retained.)

2. When rounding off, the rejected figure is 0, 1, 2, 3. or 4, just let the

remaining significant figure stand as is. If the rejected figure is 5,

round the remaining figure to the nearest evnumber 2.2$ becomes 2.2

and 2.35 becomes 2.4. If the rejected figure is 6, 7, 8, or 9, increase

the remaining significant figure by one unit.

3.. As a practical operating rule for multiplication or division, keep as many

significant figures in an answer as were containedin the factor having°

the Least number of significant figures. The answer should not "suffei" if

the other factors are.limited to a minimum of one more significant figure

than that least number of significant figures during the calculation.

4. For addition or subtraction, the number with the fewest decimal places

determines the number of decimal places tetained. However, no one number

involved in the calculation operation limits the nomber of significant

figures in the result.

. 1 Source: Standard Methods for the Examinatien bf Water and Wastewater, 14th
edition, APHAAWWA-WPCF, 1975, pp. 17-20.

5
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER:. Turbidity

II. MIT OF INSTRUCTION: Sur.imary of Topic Presentation

III. ESTIMATED 'TIME: 95 minutes (45+40+10)

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE. The participant will be re-

sOonsible for this determination to meet water quality control program re-

quirements.

V. ENTRY LEVEL BEHAVIOR:

/ A. Ability to correctly use volumetric glassware
OIL

B. Completion, of the lesson (or equivalent):

0

1. Laboratory Safety Practices

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will know pertinent facts about tur-

bidity and'procedures to determine turbidity (see VIII. B.). He/she will

dilute a stock solution to make standards (see VIII. B. 2), standardize

a turbidimeter ensuring that the cell will be consistently oriented irr the

meter, measure the turbidity of a sample using the procedure in the train-

ing manual (see VII. A. 1. b.), report results and participate in a class

discussion of the topic and laboratory prodedures.

B. Condition's: He/she will be gtyen,the training manual`, 45 minutes of in-

struction, 40 minutes laboratory time, all necessary equipment, a stock

solution and sample, and 10 minutes for class discussion.

C. Accepted Performance: He/she must correctly answer 70% of the items

on this topic in the post-course evaluation, perform the laboratory

procedure to the satisfaction of an Instructor and obtain results

for the sample within + 10% of the class average (unless the reason

for thelack of agreement is acceptable to the Instructor)..

VII. INSTRUCTIONAL RESOURCES:

A. Adilable Media:

1. Two outlines in the training manual: ---...,

a. ' "Turbittity"

b. "Calibration and Use of a Turbidimeter (Nephttometer)" according

to 979 EPA Methods for Chemical Analysis, 180.1-1

2. Ten slides, X-30: Turbidity (See Description of Visual Materials);

."

CH.111 B. fr1-11--ar.a. 255
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8. Suggested Media:.

1. None

VIII. INSTRUCTIONAL. APPROACH:

A. Preparation for Instruction:

1., Check equipment and supplies. See IX below.

2. Prepare all necessary reagents and sample as in X below.

.3. Review the laboratory procedure by performing the student assignment

- using the outline in the training,manuall_

4. Re w the topic outline in the training manual and the visual

mat rials. See XI below.

5. .Prepare the lesson using the Sequencing below or your own organization

_)/ of the material.

6. Check turbidimeters for accurate' 'operation.

7. Distribute supplies and reagents to laboratory stations.

8. Sequencing: Slides are series X-30: Turbidity

1. Cleslroom instruction on turbidity - 45 minutes

a. Introduction

1. Cause - Slide 1

2. Why measure turbidity - Slide 2

3. Sample handling - preservation andbholding time -,Slide 3

(For compliance monjotoring, maximum holding times propbsed

during 1979 were 24" hours for drinking water samples and

48 hours for NPDES samples. Consult current federal registers

for current Status).-

4. Original Jackson Candle Turbidimeter - Slide 4

b. Regulations - NPDES and Water Supply both require nephelometers.

c. Acceptable instrumentation

1) Nephelometry - Slides 5, 6,

2) FormaOn 5tock Solution - Slides 7, 8, 9 .

Note: A final decision on use pf styrene divinylbenzene polymer
stndards for drinking water calibration standards is to be made

after 10/27/80. Check on the status of apptoval before presentin

this.
1

26-2

3) ,Interferences -Slide 10

d. Sum ary 25r%
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2. Laboratory - 40\mindtes

a. Briefing - Participants use training manual "Calibration-and

Use ..." outline, III. A., 1 through 17 to use the provided

400 NTU stand rd for4preparing three (40, 4.and 0 4 NTU)

\ standards for the ORT instrument or four (40, 4, 0.4 and 0.04

,NTU) standards for the Hach 2100 A instrument, -standardizing'

the instrument, then determining turbidity on the provided

- sample and on tap water.,

b. Student performance of the assignment

3. Class' Discussipri 10 minutes

a. Participants report results.

b. Cover any items from laboratory sessions ei general ftature.

c. Answer any questions.

IX. IPVtEQUIPMENT AND SUPPLY REQUIREMENTS:

Assignment: Dilute the'stock solution to make one calibration standard

for each 'range of the instrument to be jsed, e.g., 40, 4,

0.4, 0.04. -

r

Test two samples (tap,water plus 1 synthetic).

To minimize the nhober of turbidimeters required,.the laboratory could

be conducted twice with half the class doing another procedure requiring

about the same time, e.g., Specific'Conductance.

A. F.or each station (no more than two persons per station):

1. One pipet bulb

2. Three or fOur 100 ml volumetric flasks with stoppers

3. Three or four 10 ml volumtric pipets if it contains pleasurable

turbidity
\

4. ;One turbidimeter (nephelomete'r) with

feADTI.ON: To ensure that the. cell is oriented consistently

during the procedure, the participants should mark the cell

and instrument during the calibration procedure.

. 5. One squeeze bottle turbidity free distilled water

4
6. One marking pencil J

'7. One apron for each student

8. One pair safety glasses for each student

.B. Shared:

1. None

25 7
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X. IPW RE ENT REQlj.IREMENTS. For details of reageot preparations, see 1979
EPA "Methods for Chemical Analysis",.180.1-1

A. Mi imam amounts station (no more than two persons per station):

1. Tenml 400 NTU stock formaziK suspension

2. About 50 ml sample (It is convenient tp make 1 liter of sample by

diluting 5 ml of a 40 NTU standard to 1000 ml for a resulting

tuv5Aity of 0.2 NTU)

3. NOte: Tap water is the second sample. Also, a treatment plant

effluent sample could be used it c6ntains measureablelturbidity.
41

B. Pr pare excess of each
an. re-runs.

C. A ource of turbidity - free distilled water should be availableiduring

la oratory session(s). .

solution to allow for rinsing out glpjware, waste

i

r

25,
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XI, rJESCRIPTION OF VISUAL MATERIALS'

.A Ten slides. X-13. Turbidity
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GUIDELINES FOR

INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Specific Condu ce

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III: ESTIMATED TIME: 105 minutes (45+50+10)

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE. The participant will be

responsible /or this.determination to meet water quality control program
.requirements.

p

V. ENTRY LEVEL BEHAVIOR:

A. Understanding of terms "i9c$,"ionization", "al cation"

. -LB. Ability to perform/calculations involving decimals .

C. Completion of the lessons (or equivalent):

1. Volumetric Analysis (terms "acid", "base ", "salt ", "normality ")

2. Laboratory SafetX Practices

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will know pertinent facts about
specific conductance (see VIII B). He/she gill use the procedures in
the training manual '(see VII A 1 b) to check out a conductivity meter,
'use it to determine cell constants for three different probes, and
determine specific conduCtance on three samples. He/she will report

results and participate a class discussion of the topic and laboratory
procedures.

B. Conditions: He/she will be given the training manual, 45 minutes of
TET7TalTm, 50 minutes of laboratory time, all necessary equipment, .

standards priesamples and 10 minute's for class discussion.
.

Alb

C. Accepted. Performance. He/she must correct)y answer 70% of the items on
this topic in the post-course evaluation, perform the laboratory pro-
ahres to the satisfaction of an Instructdr and obtain results for
each sample within ± 10% of the class average (unless the reason for
a lack of agreement is acceptal*.to the Instructor): .

VII. INSTRUCTIONAL RESOURCES:.

"A. -Available Media:

1. Two outlines in the training manual:

. . .--_--- .%).ea. "Specific Conductanc ,; . .

... . ,... 4

b. "Calibration and Use of a Conductivity Meter:vaccordinti to 14th ''

edition Standard Methods,, p.,71 aOhmanufacturers instructions

for Beckman` Ubas SoluBridge instrt: the outline might serve as
%

1
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a guide if you need to develop laboratory directions for instiliments

other than this one.

2. Fifteen slid s,.X -29:' Specific Conductance (see XI Description of

Visual Materials).

B. Suggested Media:
,

t 1. /. None

VIII. INSTRUCTIONAL APPMACH:

A. Preparation for Instruction:
A

1: Check equipment and supplies. See IX below.

9

\

27-2

9

2. Prepare all necessary reagents and sample as in Xbelow.

3. Review the laboratory procedure by performing the student assignment
using the Outline in the training manual. If you have different meter-

probe equipment, you will have to revise the training outline or even
prepare a new one to fit your needs. ,

4. Review the-topic outline in the trainipg manual and the visual materials.

See XI trilow.
-'

, 5.- Prepare the lesson.using the Sequencing below or ,your own organization

of the material.

6. As appropriate, check batteries, conductivity meters and probes for
accurate operation.

7. Distribute supplies and reagents to laboratory stations.

B. Sequencing:

Slides are series X-29: Specific Conductance

ti

1. 'Classfoom Instruction on Specific Cbnductance - 45 minutes

a: NPDES methodology unit, temperature condition, and measurdtent
requirement slide 1).

b. Conductivity is an expression of the ability of a water sample
. to carry an electric current. Discuss the processes resulting

in ions (slide 2), the classes of compounds that. produce 'ons
and the role of the number of ions produced and their cha s

(slide 3). 1

c. Conductivity is the reciprocal of resistivity. Many have

probably seen this demonstration of the Ooperty of conductivity
(slide 4)v Relate it to resistivity..

d. Representation of Oteafstone bridge which measures resistance,
and a list of types of sensors (slide 5). .

e. Units used for resistance and con ductance (slide 6).

2 6,:
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f. Discuss electrode.characteristics: one type of construction
(slide 7),*and th-e critical factors (slide 8). A "standard"
cell is one in which electrodes are spaced exactly 1 cm apart
and,each has a surface area of 1 cm`. _Laboratory cells are

usually not standard.

g. How to dete cell constant for cells which are not standard
(slide 9).

h. If a cell cohstant,is calculated from Standard cell conductance
values, this formula converts meter results to the value that
would have been obtained using a standard cell. The result is
called "specific", conductance (slide 10).

i. Application of a cell constant has limits (slide 11).

j. Temperature is a critical factqr affecting conOuctivity. (See

figure 5 in outline). Therefore, results are to be reported
`as values that would be obtained at 25°C. This chart from
13th ed.A6tandard Methods (slide 12) demonstrates the significant'
effect of temperature by showing, the factor required to convert
results to a 25°C equivalent. Most meters give.results which
are temperature-compensated, so it'is not necessary to convert
the nesults.

k. Diseuss,the problems encountered in this measurement (slide* 13).

. . , .
L. Briefly note various applications of tonductivity measurements.

Details about these applications, including graphs as appropriate,
are in the"training manual outline (slides 14 and 15).

2.',Laboratory - 50 minutes. Use the outline, "Calibration and Use of Con-
ductivity Meter" or its equivalent.
a. `Assign of traini

.

ng manual procedures
. ,

.1) Check instrument usingll B and II C

2) Obtain readings to, calculate cell constants for the three
probes using section

cip

a) Note most accurate part of,scale

b) Note Cell. Information and'Tilxle 1.

3) Obpin readings for 3 samples. Note section IV and Table 2 , L

4) As time permits, calculate cell 4onstantsAnote IB.1.) and

AArIt' apply to readings r samples to get results to report.

L1114
.L b. Student performance assignment

3. Classroom Dficussion - 10. minutes

.a. Students finish calculations and post results. lb.

b. Discuss results..i

4

c. Discuss any items from labontOry session,
2,7-3
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d. Answer any question's.

IX. IPW (,1UIPMENT AND SUPPLY REQUIREMENTS:

Assignment: Cell constant for three prObes
gib

Three specific conductanS?

To minimize the number of conductivity meters and pkbes required, the
laboratory session could be conducted twice kith half the class doings

. other procedures requiring about the same time e.g., Turbidity and

Second Weighing of Solids.

A. For each station (no more than two persons per station):

1. .Seven 400 ml beakers

2. One 600 ml beaker (probe rinse)

3. One box tissues

4. One thermometers

5, One conductivity meter with Wheatstone Bridge (Ex. Beck"man Solu

Bridge)'

6. One 10,000 Om resistor

7. Three conductivjty probes - V52, VS02, VS20, or equivalent

8. One squeeze bottle distilled water

9. One marking pencil

10. One apron for each student /

111 One air safety glasses for each student

B. Shared:

1. None
..., , .

,
..

X. IPW REAUNT REQUIREMENTS: For details of reagent preparations, see 14th
edit4on."StandardMgthods", page 74.

A. Minimum amounts per station (no more than two persons per station):

1. Four hundred ml each of four potassium chloride staWards - 0.1N,
0.01N, 0.001N, 0.0001N

.

_ .

2. Four hundred ml municipal wastewater treatment plant effluent
sample. A synthetic sample could be used instead. See next, .

3. Four hundred ml sample "A", the same concentration as the0.81N
KCI standard (or can mik standards).

/'' . '264



4. Four hundred ml sample "B", the same concentration as the 0.00111

KCl standard (or can mix standards).

B. Prepdre/obta6 excess of-each solution to allow for rinsing out glass-
ware, waste and re-runs.

C. A source of distilled water should be available during laboratory

session(s).

XI. OESCRIP7N OF VISUAL MATERIALS:

A. Fifteen slides,.X-29: Specific Conductance - See next pages.

.
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