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Page_2 of ~+ ™
;“Mpdu1e~ho; ' Module Title: -
_ R * |' Fluaridation.antl Defluoridation :
‘| I12WWs ) .

" |Submodule Title:

{ Approx. Time:

16 hours ‘.

Topic: M
Summary

{

\

. 2.
. 3.
e 11 4.

g
Ob@ect1ves Upon completion of tkas modu]e, tﬁb part1c1pﬁnt will be able to
1. Evaluate the fluoridation neéds for a water supp]y

Design theaopt1ma1 fluoridation system for a water supply.
Evaluate the analytical requ1rement for a water supply.

Determine if a‘def]uor1dat1on\)ystem is required for a.water supply.
. : < Y ' <y
R , . ]

-

@

Instpuctional Aids: *- : N o

1. Handout

ol

2. Transparancies #1p#23

P

—r
/

Instructional Approach:

' 3 . ‘ M v .
- | Discussion and class problems . ’ - \

<

n
T

 Referen
£ ﬂ%ﬁuomdah on Principles and Practices, Manua1 No. M4, AWWA.
M

2: 1 of Instructian for Water Treatment Plant Operators, HES -
3. Standard Methods for Examination of Water and Wastewater, 14th Ed. .
4. Methods for Chemical -Analysis_of Water and Waste, EPA '
4 ’ . ~ . -~
‘[Class Ass1gnment5' . * K\\ﬁ .
rd
Read Handout & Work Prob1ems #1 #2 \

J




dodule No: H Topic: e . : R

.| 112WMs Sumiary L oL

Instructor Notes% Instructor Qutline: . .
- @ ’ i ! ¢ ’ ) ) ] .- »

[ 1. -Distribute Handeut .. |1. Discuss the need; design, ‘laboratory*control

\ i .. . . and safety requirements for a fluoridation- .
\ Yo system. - ~

. . -
. . .

. 2. Present Transparencies 2. Give evduation of 30 questions. :
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Module No: . [Module T1t1e: ' ‘ R .
v JA' ‘_'o “ R . N
- F]UoV1dat1on and Def1u0r1dat1on )
-t .Submbdu]e Titﬂe ) , e T
I TTI2WWS . i . _ .
4 . Tos ' < . - .
.| Approx.- Time: _ . "
- ‘- “ {Toptfc:» o I
1 bour ‘ ‘ . - .. ‘
< - ~ Introduct1on c e . .

' ObJect1ves Upen completion of this. top1c, the' part1c1pants w11] be able tq:
Describe what fluoridation js.. =

Describe the need for f]uor1de in dr;§;1ng water

.~ Analyze a given water supp]y and deteffmine the optimal f]uor1de concen-
" tration.

Analyze a given water su§ ly and detérmine theiconcentrat1on of . N
fluoride above wh1ch def or1dat1fn would be required.

.

L (A)l\)-l

-

.
. . . . ‘ .' .
2 . . . .
M . - g ) . .
- * ) \ 4
) * ’ +
. .
D . . - . .
. . ,
. . - .’x ,

: — ; T — — —s
Instructional Aids: .o . : BEEEE TR S \\ '
{ 1. Handout = Introduction )

2. Transparency #1.- History of fluoridation. / N l‘
| 3. Transparency #2 ™Fluoride concentration vs dental caries, - ;
4 Transparency #3.- EPA Dr1nk1ng Water Fluoride. Standard PR ,‘ Rt
) - - - e - . ° S
4 . v ‘ s . J .
Instructional Approach: v e EAES SR -
pp‘ h) 2 - N
Discussjon and problem solving ) , I - !
. . . & ! - - o2
- g . . . . . “ i :r . :] ) ‘ "\, ‘-‘ ‘
. Refewfnces ’ N :
ater F]uor1dat1on Principles and Pract1ces, Manua] No. M4 American
water Works Assoc1at1on ‘ . ‘ - '
§
2. Manua] of Instruct1on for water Treatment Plant Operators, Hea]th
Education ‘Service o .
. $ . . ‘e ST e T -
¢ “ . . ) ) -~ i
Class Assignments AR

1. The.participant will read Handout- Introduct)on
2. Theeparticipant will work a class problem. #1 £o deténn1ne -maximun”
allowable and optimal f]uorlde concentration for a g1ven water supp]y.

. . ‘e
-

i . . ~ ..'
‘ - N, . ,
. = v N . . - « .
. B ‘ R .
. . - - - ..
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) T . Page -+ of :
$odule No;‘n . Topic: _ A ‘ . .
TT2WKS i Introduction . N .
~ * . . [d M - )
Instructor Notes: InstruCtor Outline: | T
)k- —_ . ) : _ ) ' . o
r‘(. : - \1 / & ‘ . -
1. Present Transparency #1, 1. D1scuss the h1story of fluoridation and the
g -7 "total popu]at1on affected. . )
[ \ ( ‘ '
2. Present Transparency #2 2. D1scqss the benef1ts 6f- f]uorldataon and the ..
R ' . . age groups most}y affected -
3. Present Traﬁiparency #3 3., Discuss_ the limits for f]uor1de in the EPA
: ) ] T~ Drank1ng Water Standards. Disciss why air
. temperature*is used D1scu55'th optimum
concentrat1on : . . .o
) [} . A
4. Present’ C]ass Prob]em #1. |4. a) Defluoridation . - Co
Work problem with class b) 9 mg/1 ‘ P A y
part1c1pat1on c) i 4 mg/] S '
) - d) .7 mg/1. : . ) o
L . . ~ ?
1) ' J :‘
. <S' . .
3 ’ ’? ) - b ‘
3\ » '
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ModuleNo: . Modu1e Tit]e I S - .
v ‘ F]uor1datnon and Def]uor1datron . T ‘, '; -
T12WWS Submodu]e Title: . | S v
Apdrox. Time: . . : g
o Topic: - " N e e
I% hours \Rr1ne1p1es of F]uor1dat1on B
R L [N P -

T Objectives:Upon completion .of th1s.top1c, the participant will be able tg

. " | 1. Describe the.role of fluoride in pfévent1on -of dentaT.caries.

2. -List compounds ‘commonly used_in comtrolded fluoridation. Y
"13. List one advantage and,one disadvantage for each compound used in*
- ) contro]]ed fluoridation. _ v
L )
ol .
a, y
) ' * N ‘. R
‘e ’ . . . R R .‘ , N\

. J

Instruct1ona1 Aids:

1. Handout-Principles of F1uor1dat19n ' v
2. Transparency #4-Sodium Fluoride - . ’ R
3. "~ Transparency #5- F1uos111c1c Acid
4. Transparency #6-Sodium Silicoflyoride ) . " i} )
5. Transparency/#7 -Summary of .Fluoride Compounds - c S
. 6. .Transparency #8-Summary of Chemical Use ’ ’
. i . )
Instructional Approach: . . B - °
Discussion Lot 3 ' 4 e s
L. LI
Y ‘ ’ " a < ‘
- LY ‘ "-\ ' )
. |References: o - e

1. Water Fluoridation Pr1nc1p1es and Practices, Manual No. M4, Amer1can ot
Water wor Association.

¢ 2. Manual of Instruction for water Treatment P]ant Qperators, Hea]th ) .
e Education Service . ¥

., ‘-..'TA-"‘ ’
Class Ass1gnments )
1. The part1c1pant will’ read Handout - Pr1nc1p1es of F]uoridat1on
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_Modﬁae No:
TI2WNS <

Topic:.'

;.

Principles of Fluoridation

IhétruétorrNotes: t

-

:Instructoﬁ'0u§1ine? -

1. Present Transparency #4

o~y

i

2. Present Transparency-#s.

*ee

3. Present Transparency: #6°

]
[

-

v

4. Present Transpéfency #7

>

e

5. Present Trdnsparency #8

-
~

‘

A I

=

a, s\

. . \ T :
Discuss advantages and disadvantages of
using sodium. f1u0r1de for controlled-
fTuor1dat1on - ‘
Chemical Costs
Capital Cost
Safety .
0pera§1on

~

a
b.
c.
d

Discuss .advantages and disadvantages .

ridation.
a. «Chemical Cosfs
b.. gapita] Costs
c afety )
v d., Operation
. - ;
‘D1scuss édvantages and’ d1sadvantages of,

Safety
Operation.

a. Review mater1a1
parencies |
1) Chemical Costs
2) Capital Costs
» . 3) Safety
4) Operation

Compare the various compoipds ahd general
types of installation.

-a. Types of 1nsta11at1ons foy/éﬁferent
sizes @f commun1t1es

ofdgs1ng f]uos111c1c acid for contro]]ed\

-
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Module No: Module Title: - ) . SR

Fluoridation and DefTuoridation

Submodule Title: ¢

1T2WMS L ,
Approx. Time: ) o : T .

o Topic: = =~ = - LS
" 3 hours ° b Solut1on Feeders Used for Add1ng Fluorides » - ~.: -

.Dh;ect1ves Uponséomp1et10n of this topic, the part1c1pant will e abTe to
List.chemicals that are commonly fed by solution feeders™ . |, .

2. List types, advantages and disadvantages of solution feeders. )

3. Describe required. maintanance for solution fedders.

‘4., Describe'safety and hazards'in handling chemicals..
/5. Compute, desired soTut1on feed rate for a given water supply.

6. SeTect a soTut1on Feeder system for a given app 1cat10n

1
‘ : " . R oo b . £ -
. . % o : ‘v'h |
J . .‘L' - -. s . . .

Instructional Aids%: . N

1. *Hahdout -~ Solution Feeders ’

2. Transparency-#9 - Typical Solution Feeder

3.. Transparency #10 -Typical Diluté Acid Feeder

4. Trapsparency #11 -Pos1t1ve Displacement Solution Feeders ~
5 Transparency #12 - ExampTe prob]em on feeder seléction -

© -

Instructional Approach:- e , p
Discussion and problem: soTv1ng ' :

-~
»

o . 2 L . %
« v "\ .

» -

»

Ri fe -t
e EF Z/T1u0r1dat1on Principles and Practi ces, “Manua] No. M4 Amer1can

Water Works Association

‘. 2. Manual of Instruction for Water Treatment PTant;Qperators,aHeaTth .

Education Service - .-

, .

Y . . . - » \‘
’ -

A4 . . .

- v

.
- s

fo

CTass Assignments.: :
The participant will read: Handout - Solution Feeders

[}

Q_/ v L

: - 1 1 - » \
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¢ - . . . “ Page ’ Of
Module No: ) Top1c. ) . S e
TI2WWS ) ‘ Solution’ Feeders Used for Adding Fluorides oL
- N ] e =
Instructor:Notes: ‘v ¢ | InstructomQutline: S, KR
) - . v . » (' v LS ) ) ‘
1. Present Transparency #9 1. Discuss the typ1ca] so]ut10n feeder *
ST, installation, Disguss: ‘which ¢hemicals ¥
‘ s ’ , are commonly ¢sed with sysgém: Discuss
N : operatichal problems, nece§sary safety ’
~ , p a pract1ces, and maigtenance for. systems
. J\ .- - _ a., Softener & meter .
- T ) b. Float valve - - : C >
c.' Distributor tubes . .
. . - d. Pumps : ' Co e
. - . - . A
2. Present Transparency #10 2. - Discuss the typical d#lute acid-feeder
o installation. Discuss*which chemicals®
- are commonly used With system. Oiscuss
’ + : . operational problems, necessary safety .
) - practices and- ma1ntenanc9 for systems.
’ ) a, Transfer pump , T :
. sl b.- Mixer - T, .
R c; Air Gap .
. . ) 6 Pumps . ._‘_ . - . e . . 2
0 - LN * . . - . /
3. 3. D1scuss.the positive displacement solution

4.

Je

* o~

-feeds available. -

a0 oo

Discuss advantages and |

d1sadvanfages of ea\b

-
. [

Residtance to corrosion .

. Resistance™to abrasive mater1a]s (sca]e)
. Type of flow produced )
. Repair record

n M ~

Work solution feeder selection prob]em
us1ng ‘and discuss the reasons for the var-—
*ious equations. Work problem w1th student
gu]dqnce. , .
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Module No: Module Title: Voo 1
“i' Fluoridatjen and Def}boridation 4
[0S . Supmodu]eﬂTit]e: : .-
-| Approx. Time: . .~ - N '
' g Topic; T .
. . e cl 5 Lo _ .
/| 3 hours Dry Feed rs used for- Add1ng FAuoride .

’cno-u.::-wN—'

ObJect1ves Upon comp]et1on qf this topic, the participant will be able to:
List chemicals that. are, commonly fed by dry feeders.
List types,: advantages and, d1sad0antages of dry feeders
Describe required ma1ntanance for dry feeders.
Bescribe safety ‘and hazards in handling chemicals.
Compute desired chemical feed rate for a given water supp]y
Select a chemical feeder system for a given application.

{ ’ s -~

L]

~

Instructional Aids: -\
1. ‘Handout - Dry Peeders '

2. Transparency #13-#16 - Dry Feeders

3. Transparency #17 - Examp]e of" proper safety 1abe11ng . .
' > 5 ! H M
& ) )

£ “k‘ . . ) - . . -~ ¢ q
Instructional Appgoach: ‘ . A& .

. . . ' . " v " » *

«.4.Discussion ,and problem solving v
- /! . - .\ . N

References: . oo 4 !

1. Water Fluoridation Principles and Pract1ces, Manual No. M4;
American Water Works Association ‘
2. Manual“of Instruction for Water Treatment P]anr Operators, Hea]th

Education Service - . N =
¢ ) - T
S . - ’ .:) ’ 4 -
. . ‘ 3 R
Class Assignments:’ $ ! . v
1. The participant will read Handout -.Dry feeders . e

4

N
L4
=
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Modu]e No: T0P1C - o v
IIZQNS -?4“* - Dfy Feeders Used for Add1ng F]uor1de

Insgfgc
R A
. c‘ K

tor Noiés:

35,

}-L'

Instructbr Outline:

EY)

T #16

.]. Present Transparenc1es #13-]1.

W

Discuss each type of dry feeder Inclu
operatﬁon ma1nR§nance advantages and
d1sadvantages compared to .other dry feeders.
.Also include accuracy and safety with each
feeder. .

a. Screw’type Feeder .
1) -Varying characteristics of chemica]- -
2) Scaling in solution tank i
3) Control . - ' ’
4) Capital costs °* o

"b. Roll-type~Feeder .

. 1) Varying characteristics of chemical ~

. 2) Scal#ng in solution tank
3) Control
4) Capital costs

c. Belt-type Feeder ~ -
1) Varying characteristics of chem#%%]
2) Scaling in so]ut1on tank -

3) Control - - ~

4) Maintenance-of belt 8 yoke ) )
* 5) Capital costs . -
d. "LOSS-IN=KEIGHT" Feeder - ' :

1) Vary1ng characteristics of chem1ca]
2) *Scaling in solution tank

N 3) Control

2. Presentjfpgnsparency #17

L]

N

© . 4) Ma1ntenaq;e of screw dr1ve & scaJe
+  beam .
5) Lapital costs ‘,‘
2. MWork a typical dry feeder prob]em WOrk -

) is being taken. Complete prob]eg with
. student guidance. . N

prob]em explaining 4n detail why each step -
oy

-




. . A
S »-
P Page_12 of
o t o
—|Module No: - [Modute Tit1e: ] ’
. F]uor1dat1on and Def]uor1dat1on : ;
1I2WS o Submodule Title: o , -
Approx. -Time: : bl - o :
RS . JTopic:
3 hours

Selection of Opt1ma] F]uor1dat1on System

Objectives:Upon completion of this top1c, the part1c1pant w1]] be able to:
2 1.

Select the necessary auxiliary equipment for a fluoridation system
2. Design the optimal fluoridation system for a .given water; system.

o’ o . g . . i ;,
r L . ) Y
) i
- . S
¢ . ’ Y.
” L . ’ v"r
+ , - ) ‘
— - — i ‘.
Instructional Aids: e ' ’
1. Handout - Optimal Fluoridation System . e
2. Transparency #18 - Auxiliary Equipment , o b
3. " Transparency. #19 - Design of Fluoridation Systém
4, Transparenéy #20 - F]uor1dat1on Check List
'( t e ? ‘ i .
Instructional Approach: . . h
Discussion and problem solving - . . ¥
Referencess: . ' . '

My
N

1. Mater Fluoridation Principles and Practices, Manual NG. M4, American

Water Works Agsociation

Manual of Instruction for water Treatment P]ant_gperators, Health
Educatvon Service _~

. L4
13 L3 .

2.

Class Assignment5°'

1. The participant W1]1 r
2. The participant Will work
— system for'a giyen. water supply. ’

o
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-
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4odule No: . Top‘ic-; ' _ ‘
TI2UMS Selectjon of Optimal Fluoridation System -

‘[Instructor Notes:

« |Instructor Outline:

N

~ﬁ. Present Class Problem #2.

1. Present Transparency #18
“ w

v

2. ‘Preseﬁt Transgarency #19

e 4

=~ 7

3..-Present Transpdrency #20

‘Work problem with class .
participation. . <"

d

1.

| 4.

Discuss- the neEessarx auxiliary eﬁuipment'°
needed for a fluoridation system, Discuss
ip detail (the reason and points of applitaz
tign for e§ch item.. -~
Discuss thé Ten States Staidards for
fluoridation systems.
D%scdss the fluoridation check-1ist and
how it can be used to evaluaté a system
design. )
a) .8 mg/1 , . D
b) Fluosolicic Acid Diluted -.
~  $250 and up B - :
c) (.3)(.15)(8.34) =".38 1bs/day - \
~use 50¢/1b - o ' .
-(1.38)(.5) = $.d9/day
L | - y A
, . e ,.\
. o ‘.
/7 o
. . X *
~
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Module No:¥ - - [Module Title:® , (
N LIRY . \ ‘ /‘. N
‘ 5 F]uomdatmn and Def]uomdat]on g5 N
=+ 0 " Isubmodule Tit
T12WKS - . module 1 ]e .
Approx. Time: '~ '} ~ & -
Lt Topic; L -, i}
3 hours x?‘~ Analytical Control U e

1.
2.

3.
4,

1.
2.
3.

LN

.
.
3

Object.ives: Upon comp]et1on "of this topicy the participant w1?1'be able to:

Define the mon1tor1ng requirements for a given water supply set forth

by the USEPA.

Define the mon1tor1ng requ1rements for a g1ven water supp]y set forth

by the Iowa D.E.Q.
List the approved methods of ana]y51s
Interpret laboratory data for-plant control.
o ~
Y ‘ ~——,

- Transparency #22 - Laboratory Control

_Instructiona] Aids:

. -
Handout - Laboratory Control
Transparency #21 -<Monitoring requirements

Insfructiaﬁa] Aﬁproach:

o
- -

A 2

‘ >
. 7 . - ® ¥
Discussion i L A i *' A
3 LT ‘_\ : N Yy ‘ Yo ) s
Réferences » ’ ' 2 T
1. Standard Meihods for Exam1nat1on of Water and wastewater, ]4th Ed.
4 2.. Methods for Chem1ca] Ana]ys1s of Water and waste EPA  ° ’ Y
» ™~ yr .i. Edd r
. . ' /
Class Assignments: °* e "
1. The part1c1pant will read Handout - Aﬂa]ytnca1 Contro]
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1. Present Transparericy .#21

2. Present franspSYency #22
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Yodule No:~ Topic: _ oo : . A * q
. , . ‘7 M Z\ . . . ‘(‘
IT2WWS } - | Analytical Control » . - . .
2 5 N T %
°Instrufjj}yNotes: + . |Instructor;Qutline: ‘ P
. ' . ¥ . he . l{; .

1. Miscuss the necessary mon1tor1ng requ1rémehts.
for fluoridation systems.*

2. .Discuss in detail the various methods- for-
fluoridation testing.’
equipment needed and relatjve cost.

Include type of

4
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Page 16 of -
Module'No: Module Title: ; : . " -
- g : | Fluoridation and Defluoridation o .
g . o Y
Submodule Fitle:* - 7 #
oms v o
Aggrox. Time: . . - .
: Tp'lc :a ;-.""
1 hour DeF]uor1da€fon o . - o

American Water Works Association
2. Manual of Instruction for Water Treatment P]ant Operators,

Hea]th Education Service ,
-3 o . ,

2 . . 2 N - |
. .

1. Describe a basic ¢ f]udriﬁ§%1on system ¥ . ‘
- u 1
3 ¢ .
g‘ N . he 1]
Instructional Aids: : - Q&v -
1. Handout - Def]uor1dat1on ’ - Y 8 S .
L2. Transparency #23 - Basic De 1uor1dat1on Sys tem ‘ )
5 - . v t LA PR :
. , ) § , * \ . 8 - \"_ )
. s o ‘ N L\ . )
Instructional Approach: - . .
DiscCussion i S
oo
) : .
References: ! Ly ' v o
1. Water F]uor1dat1on Pr1nc1p1es arid Pract1ces Manua] No. M4, o

Class. Assignments:

1. The participant will read Handout - Defluoridation
e\

19 Bl
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T - Module No: ., < | Topic: - . y
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X1 TZWWS . L@ .Defluoridation Lo
t T N . 4 '\ .
, Instructor Notes: . Instructor Outline: : .
- . AN e - A . .
Z _ . , . s .
T oL ‘ s ; + i
- + | 1. “Present -Transparency #23 T. ’D1scuss the various defluoridation systems.
. “ Include costs and how'they operaté. State
. . i\f the chemjstry involved for remgval. s
" . z N N . .
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Module No: Module Title: N . : n
» N — -
\ luoridation ahd Def’luomdat]on — °
i v
A oniows - Submodule Titles: ) . :
* -‘. 'y ; . "‘ {) . -
Approx. Time: . ¢ -
‘ ' ' Topic: R
. i I3 . I : . /
1 hour ° Evaluation , * -
Objectives, - Ay
The part1c1 pant should be ab]e to answer correctly 25 of thé 30 /ques;cions..
asked. e ‘ .
'.JZ ?‘-‘; - [ ’ ¢
. "C‘ Y *
I 1?- S 9. v
) g A , ’
Instructional Aids:. - ’ S ) 3
None * _ o .
. L ) - - * .
~ ".
« A ’\ h‘-'q
1 ‘ . = . .
Instructional Approach: - . % >
Examination . : — -
7 ’ * /; \ - &= - ’ ’ !
. ,o .
.. ‘ iaat < R . 3
. P .
. 4
References: )
None
! ) " ° g" ) j
l - !, . _,‘ ; oo ’
. - ‘
e - o - -
N, - ‘ . ¢ - . -
- \ Lo T
Class Assignments: .- ' ~ @
None . d ST
. * - ) ) .
1 : X . . . : -
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Evaluation

N

Instrdﬁtor Notgs&

Aruitoxt provided by Eic:

Distribute exam.
ticipant is to complete ’
the exam independently

and with no. books or7notes.
Col]ect after 1h

Each par-
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© FLUORIDATIONS EFFECT.OF DEITAL CARIES
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. . - RECOMENDED FLUORIDE COHCEMTRATIONS .- :
’ '. i : . - . i : é
. ) R Py ‘e ” ) -
e / .t . . L .
’ ¢ -
. i & . ) B B
- ’ - N ) ‘ v . f N
. L)
. e ,
- , . - . . -~ . ) i 9
. d , [ 2 e
- i : , . Fluoride-lon Concentrations P .
Annual Average of Maximym  (mg/l) - _ o
Daily Air Temperatures'Based § = % K .
onTemperature Data Obtained Recommended Limits . '
for a Minimum of 5 Years 5 £ Approval .
, (°F) . tower  Optimom Upper Limit
A p . 50.0-53.7. . 09 1.2 1a 1.8 - -
53.8-58.3 0.8 “1.1 1.5 17 .°
s 00 58.4-63.8 0.8 1.0 1.3 LS o
’ 63.9-70.6" N 07 - 09 - 12 14 ) .
o = 70.7-79.2 0.7 0.8 1.0 . 1.2
- 79.3-90.5 "L 06 0.7 0.8 R &
3 .A—_WL hd /‘:_‘ —_— a .
" Source: 1974 DrinkinMer‘Slandards gnd Guidelines, Water Supply, Division,' Environmental * - . NI
’ Protection Agency. * - . R - o~
. W -
- - : ;. 51:’: ’
-~ - . ’ . "-,‘
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SODIUM FLUORIDE -
4
X g
- ' . ) " LIS 2N
¥
@ [4 3
) - Sodium Fluoride
3 o Item N NaF
@ -
. .. Form - Powder or crystal - '
) olecular weight - . 42.00 <
/ o Commercial purity—per cent* 90-98 ,
by ﬁuoﬁdc ion<-per cent *
. (100 per cent pure material) 42.25
N ) Poundsrequired per'mg for 1.0 18.8
N ppm F atindicated purity (98 per cent) (
pH of saturated solution < 16
{ - t
, «  Sédium ion contributed at
. 1.0ppm F—ppm 1.17
4
F ion storage space—
cu f1/1001b 22-34
———— -
Solubility—at 25C -
8/100g water 4.05
Weight—{b/cu ft _65- 90
. . 1
. . 1 . * ’
Cost: - -
) . Cents/lb - 18-25 K\
o - - Cents/lb available F . 41-.57 ‘
t Shipping containers ) 100-1b bags’ .
-~ - . 125—400-1b
fiber drums, bulk |

Bl

3

o
- ¢

Q
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© o, PLUSILICIC ACTD
e ‘ ) *
- . ’
N =~ ) * *
. ‘ Fluosilicic Acid ‘
. * S "¢ ltem - . i
h . ., 3 H,SiFg
~ “Form « Liquid
? ﬁ - ' Molecular weight 144.08
Commercial purity:—per cent 22-30
/ Fluoride ion—per cent .
-’ (100 per cent pure material) 79.2
Poundsrequired per mg for 1.0 = 35.2
ppmF atindicated purity (30 per cent)
pH of saturated solution 1.2(1 per¥ent
, . - * solution)
- M v
Sadium ion contributed at ‘
1.0ppmF—ppm * 0.00
F ionestoragc space— .
. cu ft/1001b 54.73
Solubility—at 25C . =
-~ g/100g wafer . Infinite .
N < .
. . - Weight—Ib/cu ft 10.51b/gal
- . N (3Qper cent)
’ Q@ Cost: . ] -
»Cents/lb . 2Kk-18" *
) Cents/Ib available F 14-63 ,
L Shippipg containers 7 13-gal carboys .
- - ~ ] 55-gal drums, bulk
. R .
h N
\
N .
LS v N —————
e . ¢ *+
Y M + .

A FuiText provided by Eric
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- . SODJIM STLICOF! HORIDE
. a '
e . . .
. Ve a., B
B L3 ot
N ] N /
A .
. . . Sodium Silico-
« fluoride .
. ltem Na,SiFg . ° i
. ) Powder or ’
N {‘,‘5 Formi . very fine crystal -
' Molecular weight 188.05 :
’ Commercial purity—per cent 98-99
’ Fluoride ion—per cent ¢ ‘ ,
* (100 per cent pure material) 60.7 .
Pounds required per mg for 1.0 . 140 .
ppm F atindicated purity * (98.5 percent) !
pH of saturated solution 35 .
- -
- . ; N , . "
Sodium ioncontributed at -
. 1.0ppm F~—ppm ' 0.40
. . , @ ‘1 . ‘
’ . F ion storage space—
. : cu ft/1001b 23-30
- e
Solubility—at 25C ’ : - "
. s gllogg water 0.762 —_—
o Vd
. Weight—Ib/cu ft . 55-72 .
N N :
- ‘.
- Cost: >
- Cents/lb 8-10
Cents/lbavailableF 13-17 °
‘ - Shipping containers 100-1b bags
) . . 125— 400-1b
' fiber drunis; bulk
H‘-(\ < .
4 - i o , / . .
. - . -
. . + 4. Fol .
o ) > ) J ‘ )
) , S - L PR .
{
’ P . . ) @ ’
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SUMMARY OF F1LUORIDE COMPOUMDS

. -

P : " SodiumSilics- | .. "
£ Sodium Fluoride fluoride Fluosilicic Acid
Item NaF.. NaZSiF6 HzSiF6
. X N ! " | Powderor
Form Powder orérystal very fine crystal Liquid
Molecular weight . .. 42,00 188.05 144.08
Ccf’mmércia] purity—per cent ~90-98 98-99 22-30
Fljsoride ion—per cemt v, : .
(100 per cent pure material) 42.25 60.7 79.2
Poundsrequiredpermgfor 1.0 | « ° 18.8- 14.0 35.2
ppm F atindicated purity (98 per cénp (98.5 percent) (30 per cent)
“pH.of saturated solution . 7.6 35 1.2(1 per cent
. ) - solution)
Remarks « a-k - ¢, dk d-f, k4,5
F ion storage space— .
cuf1/1001b 22-34 23-30 54-73
& «
Solubility—at 25C ‘
g/100g water ' 4.05 0.762 Infinite
Weight—/b/cu ft 65-90 55-72 10.51b/gal
- . (30percent)
Cost:
Cents/lb 18-25° 8-10 2%-15
Cents/lb available F 41-57° 13-17 14-63
¥ ¥ -
Shipping containers 100-1b bags * 100-]bbags 13-galcarboys
125—400-1b , 125—400-1b 55-gal drums, bulk
fiberdrums, bulk L fiber drums, bulk

14

N >
\

¢ Geramic «crocks or other-corrosion-resistant containers.
¢ Conditioning make-up Water to minimize clogging by sludge. ‘
" < Respirator (dust magk). .
¢ Rubber glaves, . s
* Residual. ’
7 Weighing scales.

!

¢ Polyphosphate fecH to stabilize solution and minimize .incrustation. .

* Automatic stop-start controls, .
f Acidproofaprons. - '
# Industrial goggles for protettion agaihst agid.

-
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. — S@RWOF CHEMICAL USE i
' : T He
' * ‘*' » ~ .
\\, . . . . B
~ - . _ . N R -> .
‘ , Number of Sodium Sod{itm Fluosidicic -~ Ammonium Calcium Other, Adjusted
- Population- Size ofs Systems Fluoride Silicofluoride *° Acid Fluosilicate Fluoride Natural Fluoride,
" Water Supply Sy®ems. Fluoridating Dry Solution Dry Solution Solution Dry Solution Solution And Not Specified
: ; Totals 1,785 147 412 710, 67 383 1. 6 1 58
11,000,000 and OVER 5 T 4 ‘
= 500,000 thru 999,999 ¢ 13 11 . 2 .
250,000 thru 499,999, 6. 4 ' 1 1 1 - .
. 100,000 thru 249,999 47 6 1 2 9 12
*50,000 thru 99,999 60 2, 1 47 2 8
. 244000 thru 49,999 140 19 8 80 10 ¢ 19 1 1: ¢ 2
¥ 10,000 thru 24,999 335 37 33 192 8 56 . 9
. 0 5,000 thru 9,999 » 344 41 57 167 12. . 61 lg 4
« 2,500 thru 4,999 ° 303 21e 86 115 10 66 2 - 3 3
+ 1,000 thru 2,499 . 342 17 137 58. 17 105 v« 1 . 7.
' UNDER 1,000 144 O 89 2 5 . 48
} NOT SPECIFIED 36 . 2 1 . ‘2 33
; ’ 14 - - ." ?; °F N
. - . . W - Lo ~ P
“ * “Q N ’
T " - d S g
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‘31 N » ' B 32
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, SELECTION PROBLEM.. .. 4
s ‘ ® ! ! * ‘ A . w
Problem: Select a solution:feeder for the following apblication: - ( B
Water flow—200 gpm at,75 psi - L L
Fluoride source — ‘saturator (produges a 4 per cent sodium.fluoride solu-
( tiog,lSOOOppmaLsF) o )
Desired fluoride level —1.0 ppm )
*”Calcy/lated solution feed rate: Ry X C} = Ry X.Cy
-where .
"Ry = water rate, in gallons per minute !
-C1 = fluoride level, in parts per million
Ry = solution feed rate, in-gallons per minute (the ixnknoWn duqntity, in

4

" R S

this case) & - X .
» €y = solution strength in parts per millign - e t. *
then ‘ . . ]
200 gal/min X 1.0'ppm = x X 18 000 ppm . ) -~
x = 200g/min X 1.0ppm _ o 011 cotmin ¢ i
18 000 ppm .
(OO0llgal  60min _0.67gal -
min Nhr b ~ )
~ 3 ¢ ! L 2
- Feeders available: (¢ ™~ N

Manufacturer A, Model 1203, three-step pulley drive.
Deﬁvery rate: o

at'13 spm, 0.02 - 0.3 gpm at 100-psi . ) o
at 26 spm,0.04-0.6gph ~ ~ » - : A
at 46 spm, 0.06 - 1.06 gph <o e ’ T

Manufacturer B, Model 5701-111, single speed (|37.5 spm)
Delivery rege: 0.05 - 5§ gph maximum T

< Manufacturer C, Model 12000, electronic stroking control.(3 - ‘72,sbm)
" Delivery rate: 0.01 - 1.6 gph <, v

+ Selection: The required delivery rate falls’within the range of all three feed- -
ers, 50 all are possibly acceptable. However, the delivery rate would require the
highest stroke frequency of the feeder from Manufacturer A, asituation which,
while not unacceptable, is not rred. Similarly, the delivery rate is too close
to the minimum of the feeder Manufacturer B to'be completely satisfac-
tory. The feeder from Manufacturer C appears to be the best chojc, since the
delivery rateis approximately in the middle.of its range. A further inveStigation
into the feeder characteristics should be tade isorder to ascertain the combina-
tion of output’per stroke and stroke frequency that would be required; andto
. verify that neither s near the extremes of the feeder capability. '
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. ‘ . DRY FEEDFR OPERATIOHS PROBLEM . . i
'»';:j . . - \/
.% . . R ‘ . o .
A , | .
@ \
: To determine the accuracy and reliability of a dry feeder, a small balance or '
" scalesand a stopwatch, or a watch with a sweep second hand, are required, In- ce
‘ eoserta shallow pdtror sheet of cardboard between the measuring mechanism and - -
& ’ dissolving chamber of the feeder while the feeder is opetating, making sure that
all the chemical that feeds through will be collected, Collect the chemical that is
. . fedinseveral short periods; for example, 5 periodsof § ,jgin‘ each. Weigh each of
the amounts collected and the total. Provided the weighings and timings are ac-
LS

will _indicge’the accuracy of feed rate, - : "
E;\’ample:a-.Wcights of sodium silicof$uoride in grams collectedrinis-min periods
T35 , . ' .

35 - -

34

36 :

.. 38 S L -

Total: 175 Average: 35 g/min .
Uniformit§: .35g"+ 1 gin S min (about 3 per,cent variation) )
Feedrate: 08 y L 60min _ 450 0s e

-+ Smin hr _ .

The uniformity of feed in thisvca'se would be acceptable. If fluoride levels are-

tobe maintained within 10 percent, the feeder delivery rate shou.ld be maintain-
ed at’the highest accuracy possible. Repeating a test with lo‘nger sampling peri-
ods would-tend to show a smaller percentage of variations if the feeder is in .
proper working condition. S . R ‘ .

curate, the individual samples will indicate the uniformity of feed, and the total

» - ” «

‘
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4.7.1 Fluoride compound’ storage ] '
Compound‘sashall be stored.,in covered or unopenéd shipping containers and shofxld be
stored inside a building. -Unsealed 'storage units for hydrofluosilicic acid should be vented
to the atmosphere at a point outside any building.

e
t,

4.7.2 Chemical feed equipment and methods o5 .
o - . .

In addition to the requiréments in Part 5, fluoride feed equipment shall rheet the

following requirements: .

~ k4 ~

T a scales or loss-of-wejght recorders shall be provided for dry chemical feeds,
A e s

- o,

b. ‘_fefﬁers shall be accurate to within five percent qf ar;y desired feed raté, -
¢. to avoid precipitation of fluoride, the fluoride compound should not be added
before lime-soda softening and..shall .not be added before ion exchange softening,

[}
>

. ; " . . :
d. the point of application of hydrofluosilicic acid, if into-e horizontal pipe, shall be in
the jlower half of the pipe, )
. / »
. Y N {‘.
e. a flupride solution=shall be applied’by, a positive displacement pump having a stroke
rate. not fess than 20 ‘strokes per minute, - .

.

°

f. adequate antisiphon devices shall be provided, for all fluoride feed lines,

4.7.3 Protective equipment - i
At least one pair of,rubber "Yloves, a respirator of a type certified by the National
Institute for Occupational Safety and Health for toxic dusts-or acid gas (as necessary), an.

- apron, or other protective clothiqg, and goggles or facé masks shall be provided for each

operator. Other protective equipment must be provided as necessary.
’ 4 ) o
’ R ' M

4.7.4 Dust control -

a. °Provision must be made for the transfer of dry fluoride compounds from shipping
. *  contdiners to storage bins®or hoppers in such a way. as to minimize the quantity of
fluoride dust which may enter the room ‘in which the equip‘ment‘is installed. The .

enclosure shall be provided with an exhaust fan and dust “filter ‘which place the

< . . . \e L. h
hopper under a negative pressure. Air exhausted from fluoride handling equipment
shall discharge through a dust filter to the outside atmosphere of the building.

b.  Provision shall be made for disposing of empty b'ags, drums or barrels ir‘\a manner
which will minimize ‘exposure to fluoride dusts. A floor drain should be provided to

facilitate the hosing of %loo,ri._ I -~

¢ ¢ - - \

o
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Filter EffluentLhe | Filter Effluent Filter Effiuent. * |Effluent Line Or Main Or Clear-Well, Pressure Feed Into Filter Efﬂuent Line °
. Or Main <, Line Or Main _ Line Or Main . Or Main . , .
che‘r Requirements Solution Water May | Solution Wates May | Dilution Wai?' May |Acid-Proof Storage Dry Storage Arca, Dust Collectors, Dissolving-Chambe:‘
“ Require Softening Require Softeni{u Regquire Softening Tlgk. Piping, Etc, Mixers, HoppeMgitaton. Eductors, Et¢,
Hazards | Dust, Spillage, ., Dust, Spillage Corrosion, Fumes, KCorcosion, Fumes, - Dust, Spillage, Arching And Flooding In Feeder And Hopper
p . Solution Preparation - Spillage, Solution K eakage ) . o
Error Preparation Error . /

2

-3

TRANSPARENCY [ .’.'S

19 g - Lo
(et — ‘] - ___ . - .
-t inn ol wald 'm'" o '
- i A X LL’OI\IM %] IO'! AN L . ~
Chemlcal And System | Sodium Fluoride Sodidm Fluoride | Fluosilicic Acid Fluosilicic Acid Sodium Slhooﬂuoride Or Sodium Fluoride ? )
. Manual Solution Automatic Solution | Diluted . 23-30% y Dty Feéed .
. Preparation Preparation : ‘
Water Flow Rate Less Than 500 gpm | Less Than 2000 gpm | Less Than 500 gpm | More Than 500 gpm More Than 100 gpm_ More Than 2 MdD
Population Served By | . E M . ‘ _ . tn
System Or Each Weli Qf Less Than SOJOO‘ Less Than 10,000 LessThan 10,000 | More Than 10,000 More Than 10,000 More Than 50,000 .
Multiple-Well System T . . : .
. ) . . Sodium + Solium Sodium | Sodium
L, S \ ’ Silicofl, Fluoride | Silicofl. | -Fiuoride
Chemical Cost, FOB, 22-25¢/1b 20-22¢/1b ~ . 8- 15¢/1b $51 - $58/ton 9-10¢/1b 18-20¢/1b} 8-9¢/1b | 18-20¢/1b
Manufacturer ' * bl ) Z (30% Basis) '(23% Basis) .
. . . - : .
Chemical Cost/Ib S50-57¢ _46-50¢ 33963¢ v, 114164 15174 41-46¢. | 13-18¢ 41 .46¢ - 4
Fluoride lon o : , ) ) e o~ .
*Equipment Cost/Unit | $100-$500 _ .$500- $1000 - \ $250°And Up $500 And Up $1,000 And Up $3000 And Up i .
Equipment Required Solution Feeder, Solution Feeder, } Solution Feeder, Solution Feeder, Day Volumetric Dry Feeder, Gravimetric Dry Fecder,
! Mixing Tank, Scales, | Saturator, Water Scales, Measuring | Tank, Scales, Transfer Scales, Hoppers. - Hopper, Dissolving Chidmber ~ *
Mixer Meter Container, Mixing | Pump Dissolving Chamber ! ' ‘
f Tank, Mixer '
Feed Accuracy s Depends On Solution| Dcpends On Feeder | ®gpends On Solutio Dépends On Feeder Usually Within 3% Usually Within 1%
' Preparation And Preparation And | ' . ‘ ’
' ‘ Fecder Feeder | , . &
Chemica!Speciﬁcations Crystaliine NaF, Downflow - C ars¢ | Low-Silica O/ Bulk Acid In Tank Cajs Powder In Bags, Drums Or Bulk. Generally Available.
And Availability Dust-Free, In Bags Crystalline N Fortified Acid In Or Trucks. Available . T
Or Drums. Generally | 1n Bags Or D, ums. Drums Or Carboys, On Contract Py
N Available, May Be Scarce, Genérally Avail
ot Upflow - Fine , able. - ,
. . Crystalline NaF _
N ~ - . . r ” ~ p—
- Handling Requiremengs | Weighing, Mixing, Dumping Whole Bags| Pouring Or Siphon- [A1l Handling By Pump Bag Loaders Or Bulk Handling Equipment Required
: . Measuring Only ing, Mcasuring, - ’ y ! s :
. ‘ Mixing, Weighing . N ) p .
. . . ¢ . o "
Feeding Point Injection Into anCCtion/lﬂtO Injection Into Injection Into Filter Gravity Feed From Dissolving Chamber Into Open Flume
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. [DNITORING REQUIREMETS

/

A, %NVIRONPJFNTAL PROTECTION AGENCY
0§INKIPJG WATER STANDARDS .
URFACE WATER "SUPPLIES
ONE SAMPLE PER’ YEAR
B) G ROUND WATER SUPPLIES
. OME SAMPLE PER TWO YEARS
2. FLUORIDATION PROGRAM .
A) - ONE SAMPLE PER DAY AT PLANT AND AT SOME
POINT IN. THE DISTRIBUTION SYSTEM,

B, :{OWA DEPARTJVENT(OF ENVIRONMENTAL QUALITY
PéILY SAMPLING AT THE PLANT
NTHLY REEESEE SAMPLES FROM THE STATE
HYGENICS RATORY - )

- e
<

~
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* " LABORATORY COMTROL

N

" A MLizarin METHOD -
B, "SPAS METHOD
C. ELEctrRODE METHOD
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L CLASS PROBLEM #1 . .
’.' :‘V; ) - » ’ ’ ’ P

I a water supply serves an area with:an annual rﬁaximum 'daﬂ){ a

temperature of 70°F and has a natural *fluoride concentration of

mg/1: . . g
" -

a) What ffuoridation system.’shou1d be:, used? -

- / s . - . -

b) what’}m'ﬂ be the optimal concentration?

2}
c) What will be the maximum allowable concentration? ~ - .o ST
d) What will _bythe recommended minifwm concentration? © . -
. \ . - .. : . ' ©
\\ © \-/
- . . > ) .
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CLASS PROBLEM #2

A community of 2,000 people is considering a new f]uor1dat1on system,
The current water supply is a well water hav1ng a natural background

f]uor1de concentrat1d"o¥ .5 mg/] o B \

e

a. If the average max1mum air temperature-is 75 F, what shou]d the
- f]uor1de concentration be 9dJusted to? . . -
S
Wit fluoriaat1on feed1ng system would be the most econom1ca17 .
Approximately what wou]d ‘the cost be?

v

L4

M

If the commun1ty uses 150 000 gallons per day, what will be
the chem1ca1 cost?. -
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Handout for II2WWS - Fluoridation and Defluoridation _
I. -Introduction —
A. History of fluoridation
B. Benefits of fluoridation
C. Drinking water standards .
; Fluoride-lon Concentrations
Annual Average of Makimum  (mg/l) » .
. Duily Air Temperatures Based -
on Temperature Data Obtaineq Recommended Limits
for a Minimum of § Years Approval
(°F) Lower “Optimum Upper  Limit s
50.0-53.7 - 0.9, 1.2 "1.7 « 18
53.8-58.3 0.8 11 157 17
-t » .58.4-63.8 0.8 1.0 L3 1.5
63.9-70.6 . 07 09~ 12 14
70.7-79.2 0.7 0.2 1.0 12
79.3-90.5 0.6 07 . 08 1.1

Source: 1974 Drinking Water Standards and Guidelines, Water Supply‘Divi:lon. Environmental

Protection Agency.

- . '~ '
I
II. *Principle.s of Fluoridation . . . '
A. Sodium fluoride . . .
B. Fluosilicic Acid
C. Sedium Silicofluoride - ‘
D. Summary of fluoride compounds
iy . ' , -
—_—
- * » v 0 K
¢ . ‘Q ' '
v 203 .




-, o . . . ‘f‘h«p‘ .
> . - .v‘\ r * f L ] , -
) . . - - N .
'. ) . : - ) .. *
- l N ~ l . f A -,
. Sodium SSilico- | . , )
‘ - . * | Sodium Fluoride fluori Fluosilicic Acid . -
Item NaF Na,S; ) QstiFG ) :
e , + Powderor - v K
. Form Powderorcrystal | veryfinkcrystal Liquid®
- . . . ‘. \
Molecular weight ~ 42,00 - * 188,08 144.08 :
LI ' v K
h‘. . Commercial purity—per cent ’ 90-98 : ] 98'-29‘ g 22-30 . N ,
. Fluoride ion—per cent . ’ - .
. . (100 per tent pure material) 42,25 60,7 ° 79.2 '
S0 i’ounds required permg for' 1.0 18.8 14.0 J- 3s.2 . :
. ppm F atindicated purity (98 per cen't) (98.5percent) - (30 per cent) : ’ . %
pH of saturated solution 7.6 xS «1.2(1 percent * - U
. . ) solution) J
Remarks a-h s . 6dA o d-fy k4§
F fon storage space—« , s >
cuft/1001b (22-34 23.30 . 54-73
~.  Solubility—at 25C ) . ‘ ' ' -
. /1008 water - 405 0.362  Infjnite .
. Weight—Ib/cu ft ﬁ 65-90 5§12 10.51b/gal )
¢ v ‘ 30 per cent o ‘ 4
'8 . (30per cent) . .
. Cost: ’ ‘ -, ) ‘
Cents/lb * , 18-25 8-10 2515 .« -
. Cents/lb availableF - c 41-57 13.17, +  14-63 ’ L
. . , , , id ﬁp . -
* Shipping containers 100-bbags |. Ilf bags ‘|- 13-galcarbo )
N 125—400-1b 125-400-1b | $5-gal drums, b S .
-~ . fiber drums, bulk | fiber drums, bulk ) . H
.\ " x ’ . R ~ ) o \} .
- . . : - %
. *Ceramic crocks ar other corMagion-resistant confainers, n" ' . ’
. ¢ Conditioning make-up water to minimjze clogging by sludge. - ) )
N * Respirator (dust mask). . S . o ’ -
<, 4 Rubberfgloves, - ) )
: . * Residual, ' ’ LY .. .
.« ., ! Weighing scales. . L -
¢ Polyphosphate feed to stabilize solution and minimize incrustation, . ‘
*Automatic stop-start controls. . ' :
‘ . % Acidproof aprons, T . . . ’ T =
! Industrial goggles for protection against acid. ° - . e i
- , ' Y ) , ) h
- ‘ S s~
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. P - . . e . - \\ ‘
I1I.  Solution Feeders Used for Adding Fluoride * . : :
. “A.. Typical solution feaders ° . -

.B. Typical dilute acid \feeder - - "
.~ €. Positive displacement solution feeders -
_ IV. Dry Feeders Usqiiifor Addjhg Fluoride . '
A. Screw-Type : .
B. Roll-Type
- . C.- Belt-Type
' 7 -D. "Loss-In-Weight" Type
¥. Selection of Optimal Fluori
- A, Auxiliary Equipment
B. Ten States Standards

atiop System >~

4.7 FLUORIDATION

'

Commercial sodium fluoride, sodium sili oflgoride and hydrofluosilicic acid shall conform to the
applicable AWWA standards. Other flubride compounfis which, may be available must be
‘epproved by the reviewing authority. The\proposed method of fluofideq feed must be approved
by the reviewinh authority: prior to preparation of fina\l‘gdlwans and specifications.

. -
-

. .. —

. 4.7.1 Fluoride. compound storage

s
.

Te Compounds shall be /stored in covéred or/u(opened shipping containers and.should be
stored inside a building. Unsealed storage”units for hydrofluosilicic acid should be vented -
‘ ) ) to the atmospheré at a paint ,outsidg “any building. ) ’

. . oA *

~

. 472 ’Chemim‘l feed equipment and methods -
. . . - , ’%\,
“In addition to the requirements _in oPart 5, fluoride feed eqiipment shall meet ﬁ/\e’_

. 3
following requirements: .

o

1 ‘ ‘ o ' , . : . '::. . : .
a.  scales of loss-of-weight recorders shall ‘be provided for dry\cﬁemical feeds, * o

. N ’ { N - R . 11
7+ b, feeders fshéll be accuraté to within five percent of any desir&d feed rate,

i . ) N ~ . 4 !

... c. ‘to a\'/oi? precipitation of fluoride, - the fluoride compound shpuld not be added .
’ . before lime-soda softening and shall not be added before iori ex hange softening,

-

' d. . the ’poir:\ft of application of hydrofluosilicic acid, if into a'bériz tal pipe, shall be in .
" the lower half of the pipe, - - | ”) :
. ! ., ‘ y -
- Yk e 2 fluori_éie'solutioﬁ shall be _app!fed By a positive displace
. .rate not-less than\20 strokes pel'/minuge, o ’

. et

-y . . *
- ‘ . . N ,
| . 4 . - . ) :
' . . wf‘} L 4 .
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4.7.3 Protective equipment " .
. ’
At least. one pair of rubber gloves, a respirator of a type certlf' ed by the Natlonal i
Institute for Occupational Safety and Health for toxic dusts or acid gas (as necessary), an
apron, or other protective clothing, and goggles or face masks shall be provided for each* . —
hadd operator. Other protective equipment must be provided as‘neg:essary. . . /‘ .
4.7.4 Dust control . S .
. " "a. " Provision must be made for the transfer of dry fluoride compounds from shiprng
containers to storage bins or hoppers in such a way as to minimize the quantity of ‘
fluoride dust which may enter the room in which=the equipment is installed. The
~enclosure shall be prbvnded wnth an exhaust fan and dust filter which place the -
. hopper under a negatnﬁ pressure. Air exhausted from fluoride handlmg equipment
shall discharge through a. dust filter to the outside atmosphere, of the building.
- - ’
b.  Provision, shalli be made for disposing of empty bags, 'drurns or barrels in a manner
which will minimize exposure to fluoride dusts. A floof drain should be provided to '
facilitate the hosing of floors. ) ) . . . .
4.7.5 Testing equipment ; ’ L
\ .
Equnpment shall be provnded for measuring the quantlty of fluoride in the water, Such
equupment shall be sub;ect to tfhe approval of the revnewmg authonty. . * .
, r o ' "=
- s b L. . o P r ;
C. Fluoridation Check List ; S : ;
(Se Figure #1). - "} , : 5L e i
VI. Andlytical Control . LT T : : ) -
A, Monitoking. réquirements : . L :
. 1. Env\ronmenta] Protectwn Agency ~ 4 . 3
Drinking Water Standards. s 3 : .
A :1)  Surface water su phes > .o D T
j one .sample pgr ye ) . ) 3 .
2) "Ground water supphes - - ;.. o "
i . one sample pér two years . ) N ’
. b. Fluoridatjon Program s oy e
b ‘1) Oné 'sample pér day at plant . )
o and at some* point in the . . s
; distribution system. T : 1, T
2. Iowa Department of Environmental Quahi:y , . L :
a. Daily sampling at the plant e T :
b. Monthly referee samples from the State . . '
; Hygienics Labo_ratory : - o :
8. Laboratory Contro} T, a N s o
" 1. Alizarin Method .. v - - .
' 2. _SPADNS Method " e . N < 0
P 3. Elegtrode Method , cve . S “
¢ 3 LRI ) ) ¥ TR . s PR
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Defluoridation

A.

o™

VII.

A

Activated ATumina
Bone Char

B.

Ien Exchange

C.
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i . : - S .
, Chemical And System Sodium Fluoride Sodium Flueride. Fluosilicic Acid | Fluosilicic Acid Sodium Silicofluoride Or Sodium Fluoride -
Manual Solution Automatic Solution | Diluted 23-30% Dry Feed . / 2
Preparation Preparation . ) ‘ ]
Water Flow Rate Less Than 500 gpm | Less Than 2006 gpm | Less Than 500 gpm | More Than 500 gpm More Than 100 gpm More Than 2 MGD |
Population Served By . . - ‘ Co -
. System Or Each Well Of | Less Than 5000 . bess Than 10,000 Less Than 10,000 | More Than 10,000 - More Than 10,000 ) .~ More Than 50,000
Multiple-Well System . : & . - <
. - . ' Sodium Sodium . | Sodium Sodium ¢
: - : - ’  Silicoft,* Fluoride Silicofl. Fluoride
Chemical Cost, FOB 22-25¢/1b 20-22¢/lb . i 8- 15¢/1b $51-358/ton 9-10¢/1b 18-20¢/1b| 8 - 9¢/ib 18-20¢/1b
Manufacturer . (30% Basis) (23% Basis) ’
Chemical Cost/lb 50-57¢ ¢ 46-50¢ 7 | 336y 14.-16¢ 15719 - | an-de¢ | 13-15¢ | 41-a6
Fluoride lon ) ) “ . ) » (
Equipment Cost/Unit $100 - $500° $500-$1000 $250 And Up $500 AndUp $1,000 And Up / $3000 And Up 7
Equfpment Required Solution Feeder, Solution Feeder,- Solution Feeder, Solution Feeder, Day ~ Volumetric Dry Feeder, Gravimetric Dry Feeder,
Mixing Tank, Scales, | Saturator, Water Scales, Measuring | Tank, Scales, Transfer Scalés, Hopper, / - ° Hopper, Dissolving Chamber
Mixer - Meter Cqntainer, Mixing* [Pump =~ ° ’ Dissolving Chamiber
N Tank, Mixer
Feed AccuTacy- “~ Depends On Solution Depends.On Feeder | Depends On Solution Depends On Feeder Usually Within 3% Usually Within 17{,‘
) Preparation And Preparation And . ¢ .
. _Feeder S Feeder . -
Chemical Specifications Crystalline NaF, _Downflow - Coarse Low-Silica Or Bulk Acid In Tank Cars wder In Baég Drums Or Bulk, Generally Available,
And Availability Dust-Free, In-Bags Crystalline NaF Fortiﬁed’Acid In  1Or Trucks, Available . N
¢ Or Drums. Generally | In Bags Or Drums. .| Drums Or Carboys. On Contract - b
. Available. May Be Scarce. ° | Generally Avail- .. ] .
Upflow - Fine able. - A ; T ,
- B Crystalline NaF ' , ﬁ’
. M . |
Handli'ng Requirements | Weighing, Mixing, Dumping Whole Bags| Pouring Or Siphon- |All Handling By Pump Bag Loaders Qr Bulk "uﬁﬁng Equipment Requifred
Measuring Only . ‘i‘ng. Mcasuring, S -
' } u Mixing, Weighing ' o "
Feeding Point Injection Into lrgection Into lnjection,l.n to rnjec{ion Into Filter * Gravity Feed From stsolvmg Ghamber [nto Open Flume
u Filter Effluent Line ter Efflagat Filter Effluent Effluent Line Or Main Or Cleax-WelIg Pressure Feed Into Filter Effluent Line
, ~ . Or Main Liné Or Main Line Or Main ) OrMain |} ; L
Other Requirements Solution Water May Séluuon Wates May | Dilution Water May XcidiProof ‘Storage, _ Dry Storage Arca ”Dust Collectors; Dissolving-Chamber
Require Softening quuire Softening Require Softening  {Tank, Piping, Ete. + Mixers, Hopper Agitators, Ediictors, Ete. - .
“Hazards Dust, Spillage, D}"ESP“‘K“ Corrosion, Fumes, borrosxon, Fumes, Du:t,prllage.Archuy And Flooding In Feeder And Hopper
2 Solution Preparation y ’ Spillage, Solution Leakqo % 3\ : i
. " Entor 1 ; Preparation Error - ] i )
- —— . -

Frowe [IH4S - £1
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Examination for II2WWS - Fluoridation and Def]uoridation

1. F]uoridation is-a commoﬁ‘Wa@eﬁ’treatment=process for the prevention
of o -, ™ '

2.  Maximum fluoride levels in drinking water have been set by

L )

3. The maximum fluoride level in drinking wafe;‘depends on_

>

4. List three common chemicals- used in fluoridation.

a, -
-b.

C.

‘5. List four dry fluoride Jeeds.

~»

da

b.
€

d

.
AT e s Meain e bt e e
3

S e St
»
-

[

or

, ] B X )
* 8. ;Monitoring requiremept§ st?te that samples are to be collected daily at = °

.

and__ ’ . ' . .

.
e Ak e s nonr srsakmbs At

haitnan e W=

If a water plant -adds .6 mg/1.of fluoride to ' mgd, how many pounds of ’
fluoride will be needed per day? , If the fluoride is added «
by use-of a 20% so]ut1on how many ga]]ons of fluoride so]ut10n w1]] ’
be pumped per day? ae . -

VYo ) ’ [V

3 TRUE OR FALSE CIRCLE THE CORRECT ANSHWER.

N

B
.

Qr F 10. F]uori@e solutions,are very soluble in hign calcium waters-

-

———
»

or iF 11. Fluoride benefits increase with increased concentration.

or F 12. 'F]uos141c1c Acid -is usually shipped as a powder

- .
i ot ALt B b i A RS LA b B R
-

or F 13. $o]ut1on [feeders are normally less: expens1ve and easier
- to operate than dry‘feeders .

., - °

Dry feeders are norma]]y more economical for ]afbe water
supplies. ' -
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T or F ]5, A respirator and eye protection should aTways be used
when handling dry fluoride chemicals. .

T or F, 16. Softeﬁeré‘or polyphosphates are normally required for -
solution feeders.

-

T-or F 17. DEQ requires referee samp]es be tested by p]ant operators*
- and the State Hyg1en1c Laporatory .

T or F 18. The electrode method for f]uor1de detenn1nat1on is the
*“‘*’on1y one method aQPPOVed by EPA.

-
.

ST d?"F‘ 19. ‘Dﬁf1uor1dat1on systems are norma]]y regenerated with
causic soda. L )
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