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Modyle Ho: M&dule’Title:
. Chlorine in Water

) Topics:

Introduction

Armermetric Method

DPD Spectrophotometric Method
Use of Comparator of Kit Methods
s "t Summary

Approx. Time:

Objectives:

d

" Upon completion of this module the participant will .be able to:

Determine tue amount of free and residual chlorine in a water sample.

Instructional Aids:

Handouts

\

Instructional Approach:
Lecture

i

Lab-- ﬁ ‘
Discussion |
1]

|

References: % .

Standard Mefhods, 14th Ed. ,
EPA Effluent Monitoring Procédures

Clase Assignments:
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Instructional Aids : ‘
) Al t
Handouts /
Handouts may be copied directly. - .o
Lab supplies and apparatus

Supplies and apparatus should be supplied per handouts so that participants
may work in groups of 2 or 3.
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Hodule Title:

Module Ho:
‘ Chiorine in Water

Submodule Title: #

Approx. Ti me’:

\ Topic: -
R Introduction

\ .
L L4

) ObJectives. \ .
Nhen the part1c1pant compietes this topic they should be ab1e to:

D1fferen%iate between free and res1dua] chlorine.

List four methods for free and residual chlorine analysis.
Indicate aqd demonstrate-proper sampling procedures.
Explain wWy a sample «cannot be preserved.

WM =

None .

Instructional Approach:
Lecture

-

| 2
\

References:

Standard Methods
AWWA -~ Water Chlorination Principles and Practices

Class Assignments: /
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Module Ko: ] To\m‘c:" ‘ . ; _ “'i ’
i‘ L Introduction . - 5—‘\2 ,
Instructor Notes: Instructor Qutiine: ~__—————— - ——~
; e
1. a. Differentiate between free and residual
, chlorine. ]
b. Indicatewhen each is tested. | /&‘
. | 2. List and describe methods for ch]oriné ana}’}llsisd.
a. Kits , \v ‘
! b. Amperometric ‘ :
c. DPD Spectrophotometric |
d. Orthotolidine
- e. Titrimetric
< 3. Discuss sampling for chlorine ; :'_5:;'.
4. Explain why a sample cannot be preserved.
o :
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_[Module Ho: Module Title: T

| Chlorifie~in Mater . . ‘

Y - : .“"?"‘ u— :

//* Submodule Title: i ;

App %. Time: ; - f

- /0 e 7 / _ i
7 Amperometric Method Lo - N

/ ’ L/ :
/// Objectives: , ' ? > . . ¢/// ‘ . s
hey sﬁou]d ble to: 7 \i

. ‘
———

When .the participant completes this ?opjc I
1. Identify the proper apparatus agd reagents needed for the amperometric

_ method of residual chlorine analysis. . :

2. Conduct a chlorine .residual test by the amperometric-method given proper
test equipment and reagents. e
Translate the raw vesults of test into proper units of expression.

o vrea,
S

o

Instructional Aids:

Handout . B ——— N
Lab supplies per,hanput_ B
. 3 ) ' B Y

Instructional Approach: i o
Lecture ° .

Lab )
References: 4

1. Manuals for Amperometric Jitrators

2. Standard Methods, 14th Ed.

3. EPA effluent Monitoring Procedures .
: X

Class -Assignnients: : N -
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Module Ho N Topic: -
, ~. ’ ] .
, » . ]
Instructor Notes:\‘ Instructor Outiiie: ~
7 , 7 -
Handout 1. List and identify apparatus and reagents needed -
Pagg 9 - 17 \‘for the method.
2. Demonstrate the free and residual chlorine ‘iest.
; Have parti’cipant conduct test.
3. . Demonstrate calculation procedure. 7
- .Have participants do. calculations.
. ‘e . ’/
\';(ﬂ \
/
\
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Effluent Mon1tor1ng Procodure Amperometr.c Detenn1nat1on of Free and Combined

3

Res1dua1 Chlorine in Water

a e

1. Analysis Objectives / ’ . 0
2. Brief Description of Analy§is*

1. The operator will be able to perform an amperometric titration for the

determination of free and combined residual ch{orine in water.

2. Free available residual chlorine and combined residuel chlorine are
titrated successiQely using{an amperometric titrator. The free available
residual chlorine is titrated first. The sahble pH is then dropped to 4 _ -
by adding buffer solution pH4 and e%en notassium iodide is added to the
sample. The- fﬁrst‘titrat1on W11] represent the free available residual .
chlorige while the second t1tration will represent the combined residual

chlorine.

\

Genera! Description of Equipment uséd in the‘Process . L
A. Cap?tal Equipment ,
1. Amperometric Titrater Assembly - Wallace and Tiernan¥**

1. 1 pipette (1 ml cepacity)
2. 1 pipette (5 ml capacity)
3. 1 sample cup (to contain 200 ml)

*Standard Methods for the Examination of Nater and Wastewater, 13th Ed., 1971
APHA, Nash1ngton, D. C., p. 112. .

**Ment10n of a specific brand name does not const1tute endorsement by the
U. S. Environmental Protection Agency.

10
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4. 1 plastic squeeze bottle

C. Consumable*

1
2. 1 bottle pH 4 buffer solution (4 ounce) o
3. 1 bottle pH 7 buffer so'lution (4 ounce)
4. 1 bottle.potassium iodide solution (4 ounce)
5. 1 bottle sodium chloride electrolyte tablets (8 ounce)
. .
£
“-
s
i

\

\\
@ F

/—

*Consumable reagents listed are available from Wallace & Tiernan/&ndustria1
/
/

Products.Division, 25 Main St., Bellevilie, NK 07109

11 S

. 1 bottle phenylarsene oxide solution 0.00564 N (16 ounce)




A.

- Equipment Preparation /. /

1.

8.¢

éet up titrator on work bench. " [ ,’

a. Electrit outlet 110 volt fequi d. /

b. Amperometric titrator assenb'l/y,?avé'ﬂaytle from Wallace and
Tiernan Cérporati 6 ) // ,/

/. /

Selett proper pipette for ti17at1on !
ad Two pipettes are furi shed with t}ne ‘titrator, The 1 ml pipette
is generally used when/the residua'l is less than 1 mg/1. A5

pipette is for us\,e vnth h1 ghﬁn/residua'ls ’ /
/

Ligh}Jy grease the 'Iower end and’ii:sert it in the top of the pump
unit on the side of the titra/t r. '
Fi1l the pump.speeze bott]e/%bout 2/3 to 3/4 full with phenylarsene

7

oxidersolution. -/ SRR -

9

. 'Screwy battle on to/éhe pump

a. It &s.easier to tum ‘the bottle than 'the cap.

Pour suffi cient e]éctro]yte tab'lets into.the cell unit to fill the
chamber about 2/3 full.

Add enough digti Hed water to cover the tcblets.

a. lise a plastic squeeze bottle.

Plug the/cell unit into the titrator.

7’
a. Tbe cell is so des1 gned, that it cannoi be plugged in except in the

P ~

correct posin on.

-

Examine the titrator cup. The cu';; has a Tine indicating the 200 mi

/
/

Tevel. | /
a. Nhen;ﬂller the term "sample" is 'used in these instructions it shall

./ .
'me‘?ﬁ a 200-mi vo‘lunj gf the water to be tested.

/
- '/ ,\‘
—_—

\ N - [P -

.

™




9

Page 12

Determirnation of Free Available Residual Chlorine

1.

¥

Plug the electrit power plug into a source of 115 volt, single phase, —

~ e

60 cycle A.C. current,

Fill the pipette with phenylarsene oxide solution.

a. ATternate]y squeeze and release the squeeze bott]e

Remove all air from the pipette and plastic tubing by ﬁqtau1ng the red
knob in the stem unit 1/4 turn counter-clockwise, |

a. The pipettg-shou]d-drain-thrpugh-the plastic tubing... A
Catch the discarded solution in,a 50 ml beakér.

Refill the pipette io the top (zerb) calibration mark. -
Add sample water to the cup. Adjust the level to the line.

a. The volume of sample is 200 ml.

Place the cup on the t1trator.

* —

a. The top edge of the cup shou]dﬁgo behind the cup guide post

b. The bottom of the cup should rest on the support post. PR —
c. The plastic tubing from the pump should be /submerged’in the sample
about 1/16 inch.” If necess%ry, adjust the “Ywbing on the guide
' |

_ 0
post to obtain this condition.

-

. .“

Add 1 mi of buffer solution pH 7 to the water sample.
a. The droppers furnished with the titrator are 1 ml units. A
dropper fu11'of so]ut1on should be used wherever 1 ml of sq]ution

is called for. .
b. che pH of the sample is betweén 6.0 and 7.5 it is not necesggry"
to add.buffer.



. 9. Start the agitator by turning the switch to "ON".

10. Adjust the meter to make the pointer read maximum on the scale. - -

a. Rotating the adjusting knob clockwise should increase the reading.

|

b. If the pointer is above maximum wher the a@justing knob”is rotaced
comp]ete]y,counter-c]dckwigg,,then the titration should be started _

with the knob in this position. |

11. Start adding small amounts .of titrant and note tbe deflection of the
meter scale after each- addition.
a. 7I_f‘?r’ée’avéﬂéble"ch”]"i)*r‘i'ne’:is présent in the sample-and if-the -

pointer is on scale at the beginning of the titration, then the

first addition of titrant should cause a definite pointer movemen%‘f

1 [y
to the left.. If the pointer goes bnlow'zero then it should be
brought back on scale by rotating the adjust1ng knob clockwise.
12. Continue the add1t10n of small amounts of titrant until the add1tion

~
of_t1trant no- Tonger -causes -a—deflection of the-need]e:*t———~' =g

1]

al{ In most water§ the end-point of the reaction is\just passed when

ﬁhe addftion of a s&a]] amohnt of titrant no Tonger-deflects the
(pointer to the left. ) -
b. The amount of titrant used in the titration is then read from the:
pipette and the last increment is subtracted'from the pipette
reading and the resultant figure rgpresents the‘freé available
* residual chlorine in mg/1. ’ -
13. Subtract the last reading from the previous regding.

14, The‘readkné on the pipette represents the amount of free available

chlorine -in mg/1. /

L P R
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C.

15. Turn instrument "OFF".
16.. Record youé%reqult

Determination of combined res1dua1 ch]or1ne

™

1. Repeat steps.1 through 7 of the free available chlorine procecure if
g

the free available chlorine determination has not been performed.
a. The general procedure for measuring total residual chlorine is —
the same as that given for measurino free ani]aole residual

¢

chlorine. . ) °

2. Iflyou -have just comp]eted the free chlorine. determination,. you_can

cont1nue the use of the same sample’ for this determination.

3. Add 1 ml of buffer solution bH 4 to.the sample. - . Y e

3’

a. Use the dropper to add,the buffer solution. CT e

4, Add 1 mi of potassium jodide solution to.the water-sample:
a. Use the dropper to add the potass1um iodide solut;on.
~-b. When potass1um 1odide 1s added -the po1nter may first def]ect
' to the left and then go up- -scale, L . . 7
5. :ﬁo]]ow steps 9 through 16 if the previous procedure for the |
deternﬁnation of free available ch]orine. In this case the result
is reported as combined residual -chlorine.
a. Free available residua] ch]orine and comb1ned res1dua1 ch]or1ne o
" may be measured in one sample by conbin-ng the two procedures

b. The free ava11ab1e ch]or1ne is measured first. The samp]e pH is -

then dropped te 4 by adding buffer solution pH 4 and then

potassium iodide.

$
Fy
- ¥




c. If combined residual chlorine i$ present, the pointer will deflect— ‘1
{7
to the right when potassium.iodide is added. v

'd. The first titration will represent the free available residual —
chlerine whi]e the second titration will represent the combined - i}

‘residual chlorine.

Notes:

The fundamentai chemica] procedure invoived in, the amperometric

e athee

titrator is the neutralization of an oxidizing agent (free avai]ab]e chiorine)

4

ina sampie of water by the addition of a reducing agert of known strength. ~_PZE

- Inmersed_in. the sampie cell unit which produces a small direct current which i!

proportional to the' free ch]orine present on a'microammeter Nhich is connected ‘1

" to the cell current decreases, and the microammeter pointer moves down scale.

T

The end point of the reaction occurs when enough reducing agent has been added
~

to just neutralize a]icnfrthe free chlorine in the sampie Nhen/this point

//is reached, the further .addition of a smail amount'of reducing agent no 1onger N
deflects the pointer to the left. On the titrator, the saple volume and the
strength of the reducing agent have_bee% seiected_tO“make"i“nﬁiiiiiter of

reducing agent -equivalent to one miliigram~per liter of chlorine. When the

endpoint is reached, therefore, the voiumeiof réduéing agent used represents‘ ’
the chlorine concentration in mg/1.

Under the conditions specified in the titration procedure, the
titration can be used to distinguish between free available residual ch]orine
and combined residual chlorine because the reducing agent employed,reacts
readi]y with free chlorire but does -not react with contined chlorine. If

either combined or total residual chlorine is to be measured, potassium jodide

3
" M
l!: +
. -
’ ‘ -

NETRSRY
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\ is added to the sample to produ"e an amount of free iodine which is equ1va]ent :

to the original re51dua1 ch]or1ne The reducing agent reacts readily W1th free

iodine so that the titration can be carried out in a manner similar to that
used for free available resfdda] chlorine determination.

¥ i ‘ The e]ectro]yte used in the inner chamber of the celd has a tendenqy f
\ to crystallize out on the contact springs and in the terminals of the cell”

N
unit. This may slightly corrode the e]ectr1ca]~contacts between the various

L

units. Improper e]ectr1ca1 connections  causeerratic -microammeter- po1nter R

readings dur1ng the titration. Should any crysta]s accumulate on the p]ast1c

cell unit, these parts shou]d be washed off W1th warm water CAUTION Never

T *—¥f***-—use-water—warmer—than—loo -Fy—as— hot_water softensmthe_piastlc,*_Hhen___ﬂ i

¢

titrator s not to be used for extended periods, the cell unit shou]d be
washed out to remove a]] electrolyte tables and solution,*and stored dry.
If free ava11ab]e residugl ch]or1ne determinations are to- be made
after potassium jodide has been used -in preceding t1trat1ons the ce11 unit L
shou]d be rinsed off in several sample cups of water to remove traces of i
potassium jodide so]ut1on and buffer soﬁut1on pH~§: ' -
Occasionally, when potassiom jodide i¢ added to theAsamoTet:theh"T—;:7
pointer W11] drop to the left and will not come back on scale even though/ ‘/‘ ‘“
the poteniometer is turned completely c]ockmise. Under these condit1ons, //

’T4~ -

the cell unit is said to have lost its sensitfvity to 1od1ne Th1s's1tuat19n ;;

I

is likely to ar1se if the titrator has been tsed to determine free ch]or1ne .f

only for extended periods of time, i.e. the cell unit has ‘ot been exposed
\ . .

to iodine for prolonged periods. ' \

o ' ' 17 \ ]




Page _17

4

!

k3 - *- . by 5

- The sens1t4v1ty of the cell un1t can be restored by adding enough

free iodine to the distilled water in the smap]e jar to create a ye11ow1$hh“'“-

e % Q
%

co19r. The free jodine may be in the form of tincture of jodine or may.be ‘y'f__

cbtained by adding potassium iodide to a strong chlorine solution. Agitate

the sample for two or three minutes and then allow the cell unit to'stand in the

jodine solution for 16 to 15 nﬁnutes. After th1s treatment, the cell unit

should be rinsed off thorough]y to remove all traces of 1od1ne.

*

’ The main requfrement as far as. e]ectro]yte tab]ets are conéerned is

N N,

to have saturated. e]ectro]yte solution 1ns1de the cell unit at all times
Theoret1ca11y, th)s requ1rement is not as long as any tablets and water are

_in_the « ce]] unf?' The actua] water 1eve1 1n51de the cell unit cannot be

2 — —_ ey — o~ ;.____h__.;e_hh________)‘

coutro11ed‘s1nce thls level- tendS'to equa11ze with (or even go below) the

-

water level in’ the sample jar through the porous wicking. .

—- v-' o

A}

7
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- - —-———FModuleNo:———  — | Module-Titie: —- e e
Submodule Title: . ¢
B e e - //
Approx. Time: s —— . — —
- ... __iTopic: o
DPD Spectrophotomet’r]‘/c ‘Method ) T T
. Objectives: N \ o .
When the participant completes this topic they should be able to: :
{1, Identify the proper abparatus and reagents needed for the DPD “
_ Spéctrophotometric method of residual chlorine analysis. :
2. Conduct a ¢hlorine residual test using the DPD spectrophotovetric method.
- | 3. Translate-the -raw results of the method into proper units of expression. o
_______ Instructional Aids: . K
a Handout ‘
Lab supplies per handout __‘
|
, r[ ‘
— ; ~ =
I‘nstfifc;ional Approach:
i v
Lecture/
3 Lab ¢
EN :
References: 5
1. Standard Methods, 14 Ed. :
2. Manual for Sanitary Chemistry and Sanitary Microbiology
N 3. Linn-Benton Community College, Albany, Oregon «-
. Class Assignments: ;
19 - ;
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Instructor Notes: ‘ Instructor Outiine: P
. " Handout 1. Lfst and identi fy apparatus and reagenfs needed™
'/ Page 20" - 30 «1=~  for the method. , m
‘.\ 1 A‘M: o ) ) 2. Denzonstrate the free and resi dua] ch]orme test:‘":i
N — | . Have participant conduct tdst. ( ; —«;:*:’T
” 3. Demonstrate ‘calculation procgdure. 2
7/ / g U] 5, <
T Have participantsdo calculations.
. , . , B0
o cat b ‘
- * / o
B » . e
- é; - T
N = ) /’ - - “,‘” - . .
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Introduction .

ch]orine to eliminate possible pathogen1c bacteria. ‘hﬂ_ . PR
-t :,f,,/«‘ . : ,/ ',/;
‘ Chlorine can be present in water as free aVailable chlpr1hevonzas . 1?

combined ava11ab1e chlorine. Both forms can ex15t in the same water and be '
determ1ned together as the total availab]é ch]or1ne Free chlorine is present

as hypoch]or1te 1on Combined chlor1ne exists as'mono, d1, or trichloramine.

Equipment: N ;S
' Bausch and Lomb Spectronic 20 or . !
Bausch and Lomb Mini Spectronic 20 , L
’ - ‘,,;_/{/ ‘
Clippers, for opening powder pillows ~ -~ - — .- 1‘;;jb4§¥¢w
T | ) //‘ "
. . . RPN
Pipette, Volumetric, 50 ml ) - “ﬁﬁﬁVaii*
Pipette, 1 & 10 m! in 1/10 ml graduations VR
g
One liter volumetric Flask ; ’ //‘
Reaéents

1.

Buffers

e > ¢
o v———— . ] ..
son
. ¢ ) - s -?f::’ H
L

FREE CHLORINE RESIDUAL il
DPD/SPECTROPHGTOMETRIC METHOD S

Dr1nk1ng water, sewage eff]uents and sw1mm1ng pbo]s are treated w1th

X
. ,: b e ——— £
ST T - =- ,/;’

,«

L<

/

TN .0
o vt 4
/

'DPD Free Chlorine Reagent Powder Pillow ‘or ‘ -

. Buffer & DPD Solution

Ann}HrQEs Potassium Dihydrogen Phosphate

~

Anhydrous Djsod1um Hydrogen Phosohate
Distilled water\ \ -
Disodiym Ethylenediamine \

» \

Tetraacetate Dihydrate eTso cal]ed ,
| 5
(Ethy‘lenedﬂ)itri‘lo)gitraacetﬁc{d Sodiur‘{. Sait : ;

1S

. e v . 3
o s . -~ Ry i‘f TR - R, ot




2.

IZ o)
-

kl

1.

q/r

‘ AJL“/ -
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2.

Ed

e v46 g anhydrous*potasswum dihydrogen phosphate, KH2P04, in d1sti]1ed water.é

g,‘

. Sample Prepar%tion

Mu’Euﬁic Chloride
DPD Sotution (N, N-Diethyl-p- pheny]enediam1ne)
DPD‘Oxalaté or °
p- am{no N; N d1ethy1an111ne su]fate

8u1fur1c Acid

Distilled Water
PHOSPHATE BUFFER

-. {‘>_

Dissolve’,2 gganhydrous disodium hydrogen phosphate, NazHP04, and -7

c"‘\,/

ran

Comb1ne th*s sg]ut1on wy;h/loo mi d1sf11]ed water in which 0. 8 g d1sod1um

;,,.,

e hylened1annne tetraacetate dihydrate, alsc called (ethy]ened1nitrilo)

7/
tetraacetic acid .sodium sa]t* have been dissolved. Dilute to 1 liter with,

’dwstjiled water and add 0. 02'g mercuric chloride to prevent mold growth,
T

4andgto prevent 1nterference 1
3

“by any trace amounts of 1od1de in the reagents.

N, N-DIETHYL-P- PHENYLENEDIAMI&E (DPD)

the free ava11ab1e chlorine test caused

<

‘l“n
Dissolve 1 g DPD- oxa]ate or 1 5 g p-amino-N:N diethjlaniline suxfate

in. ch]or1ne freetdist111ed water containing 8 ml of 1+3 (25%) sulfuric
L
ac1d and 0.2 g disodium ethy]e ediamine tetraacetate dihydrate a]so

4'i|n_.

ca11ed (ethy1enedinitr1lo) tetyaacet1c acid sod1um sa]t.. Make up to I

liter, store inia brown. g1ass-3toppéred bottle. -Discard when this

so1ut1onibecome5“disco]ored \‘

1.

ol

1

le using a clean 1001m1 graduated cylinder.

it

2

Take a sa

Fi1l to the

100 ml marﬁ
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2. Place 5 mls each of buffer reagent and DPD int{lcator solution in the J “f
graduatechyhn e(‘r and mix (0 5 g DPD free h;on_n“p reagent powder may »“
" be used). A réadi ng must be made no longer than 1 m1nute “after the «,,
reagent add1t/zn.:i ) ) ) \ “w“':
Procedt;re R ‘ ’\:—" o ‘..,.
1. Bausch & Lomb Spectronic 20 : Vi ‘; -«\
a. Adjust the wavelength to 530 nm ’ . o "1“
b. Cover the empty sarrp]e compartment and adjust the zero/ control SO as." ! i
—- ’ to obtain a reading of exactly 0% transm1ttance., ‘
c.\ Place a test tuhe conta1n1 rg a portion of untreated s'ample; into;the ‘
* compartment and adJus’c the Fu11 Scule Contro] so as tqi obtain. a »
) ~ reading of exact],;' 100% transm]ttance. o \{’{ |
d. :

Place a test tube containing the treated s'anme into.the sample

compartment-and-V&dd “the ¥ transmi t«tance.;} Refef to the table-on - ——
p \ €y L - L
the next page. | e : '
v N e ! ) v

— . L L - ked '5';
~ : ‘ ’
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2.

. a. Adjust wavelength to 530 nm. oy T e
b. Using the one ha]f inch adapter and‘insert; p]atewthe cpaque rod in <,
_the samgla compartment and check the zero adjustment Adjust to,.a  —
read1ng of e;a;tiéha;;nﬁihtnansm1ttanc - 1//, “mk_‘ ;
! c. Place §_g§*PELEEI] containang a portion af;thé untreated water samﬁigf;%
- into tng‘;amnle compartment and adjﬁ§t the Fui]-Sca?e—Control~fbr.a-__,
meter neading of exact]y 100% transnﬁttance.' ; .
d. P]ace a 25 nm cell.noﬁtaining the treated samp]e into the samp]e ‘
compartment and read the % transmittance. Refer to the tab!\\fbr
free chlorine as listed under proce@ures_fgzi§gggtxgnigwgpl__ :>
NOTES: ' a
1. It is not necessary. for all of the partic]ei to dissolye to ontafn an
accurate reading. . 5%\\ \l\ T
2. If the sanple turns yellow when adding DPD.Free Cﬁ10(\ne Reagent or i

_Bausch & Lomb Mini Spectronic 20

measures less than 10% transmittance, the free ch]orine concentrat1on is

teo high and a sanp]e dilution is needed. A slight loss of cﬁ1orine may /”

- e /.
occur to the dilution..

¥

N Rl
24 " :
N
. . i
. iy
. 3
- &
.o ot >3
. \ - -'}1




\\\ 1% 'i\ .
\\ .\ . . ".
N RN

' N e

} \ — ﬁ - N\ N .
TENS ' \ \ N

- 4T UNITS . \ TR

0. 1 2 . 3 s\ s O\ 7. 8 .. .9 . A

- - \\\\ \\\
" 10 | 4.00 3.84 3.68 3.54 '3.42 3.30 \3‘.18 3.08 2.98 288 .| [T~ N
¢ - . ~ s ~i. h \ Y
- e ~
N . . .
20 [ 2.80 \2.71’7 2.63 2.55 2.48 2.61 2,34 \QB . 2.21 2.15 \\\\
30 [ 2.09 2.04 b 98 1.93 1.88 1.82 1.78 1.73 1\3&3 "1.64 _ W
40 | 1.59 1.85 1.51- 1.47 1.43 1.39 1.35 1.31 1.28 1.26 |
. . - . n . 1
S \
50 | 1.20 1.17 1.14 - | 1.10 1.07 | 1.04 1.01 0.98 0.95 0.92 ’ 1
60 o.}gg Q.86 0.83 0.80 3.78 L0775 )0.72 0.70' .| 0.67 0.74
’ ) * o . J .‘. 2 - “
. 70]0.62 0.60 0.57 0.56" | 0.52 0250 0.48 0.46 0.43 | 0.41 |
. 80[0.39 0.37 0.34 |, 0.32° 1-0.30 '{ 0.28 0.26 0.24 0.22" | 0.20 o |
) S I . w |
r . " T /,’) . ] \\ ® ‘ ;
90 {0.18 0.16. |- 0.14/ |*Q.18- | 0,11 | 0.09 | 0.07 0.05 | 0.04 0.02 Ig
., Table taken from Page 2-29, ‘Procedures, Shemical Lists and Glassware for Water and Wastewater Analysis, s \
- | ' -
2nd Editwn, Hach Chemical Co. \; L ‘
S \'b. - T - .
b ' 6 -
\‘ . .
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. ; “TOTAL CHLORINE RESIDUAL
. . " DPD/SPECFRUPHOTOMETRIC METHOD

XA

Equipment

~

. ) .Baugch & Loqb Spectronic 20 or —
| ' Bausch & Lomb Mini Spectronic 20
e . Graduated cylinder, 25 mT; 100 ml . ?
' C]ippers, for opening po!der’pi]lows »

. . : Piﬁe;te, volumetric, 50 ml
' Pipettes, 1 & 10 ml

T</

One Titer volumetric flask

s .| Reagents . | SR | |
1 DPD total chlorine reagent powder pillows or ' h |
Buffer %nd DPD Solution ;

1. Buffer R ‘

é } ‘Anhy&rous potassium dihydrogen phosphate

Anhydrous disodium hydrogen phospha%é.

Distilled water .

‘Disodium ethylenediamine tetraacetate djhydraye also called (/
(Ethy]enedinitrﬁ]o) tetraacetic acid sodium sait mercuric ch]orfde

2. DPD Solutfon (N, N-diethyl-p-phenylenediamine) DPD Oxalate or
p-amino-N:N diethylaniline su]faf%;' !

“Sulfuric acid '

Distilled water ‘ '
Potassium iodide | - ' , - ' i

. ‘ o s
. < / R
e ) : - H
;
[ B .. )
+ & W
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Reagent Preparation

1.,

3.

Sample Preparation

PHOSPHATE BUFFER SOLUTION - i

Dissolve 24 g anhyd}ous disodium hydrogeﬁ phosphate, NapNPOg, énd 46 ¢
anhydrous potassium dihydroge@ phospﬁate, KHaPOg, in distilled water.

2 o e

Conbine this sofution with 100-mls-distilled-water in which 0.8 g disodium

ethy]enediahine'tetraacetate dihydrate, also called (ethylenedinitrilo)

tetraacetic acid sodium salt, have been dissolved. Dilute to 1 1iter
with distilled water End add 0.02 g mercuric chloride to prevént mold
growth and to preven% interference in }he test by iodide ions in the

reagents. -

N, N-DIETHYL-P-PHENYLENEDIAMINE (DPD)

Dissolve 1 g DPD oxalate or 1.5 g p-amino-N:N diethylaniline sulfate in

’ghlorine-frée distilled water containing 8 mi-of 1+3 (25%).su1fur3c acid

'and 0.2 g uisodium‘ethyléned1amine tetraacetate dihydrate-also called’

(ethylenedinitrilo) tetraacetic acid sodium salt. Make up to one liter,

. st?re in a brown glass-stoppered bottle. Discard when this solution

Kbeéomes_disco]ored. ‘

’

POTASSIUM IODIDE .

Use as dry crystals.

1.

2.

Take a water sample by filling a é]eaﬁ 100 ml graduated.cylinder to the
100 m1 mark with sample solution. | ‘

Add the contents of one DPD Total Chlorine Reagent Powder Pillow (0.5 g
DPD Powder) and mix." A red color will develop if chlorine is present.

Wait at Teast 3 minutes but not over 6 minutes before taking reading.

28




Or

Place 5§ mls each of buffer yeagent and DPD indicator solution in the - -

N

graduated qylinder and m1x Add 100 mls sample_andﬂmixT»»Add—I-g’of:7

’ potass1um jodide dnystals and mix to dissolve.

~ » e

~ .y

" Allow to stand at least. .
|
3 minutes but not over 6 minutes for color development.
' |

Procedure
1. Bdusch & Lomb Spéctronic 20 i _— . ?
a. Adjuét the ang]ength to 530 nm. , . M 1
b. Cover the emptv sample compartTgnt and adjust the zero control for a
reading of exactly 0% transmittance. - ) -
c. Place a test tube conta1n1ng a portion of the untreated sample into
. -the sample compartment and adjust the Fu]l Scale Control for a read1ng
of exactly 100% transmittance. ) -
d. Place a test iubé contdining the treated sample into the sample

-

compartment and read transmittance. Refer to the table of available

chlorine in mg/1 vs. % Transmittance shown under Free Chlorine Analysis.

2. Bausch & Lomb Mini Spectronic 20

a. Adjust the wavelength to 530 nm. ‘ -

b. Using the one ha]f 1nch adapter and insert, p]ace the opaque rod.. in_____

el

“ the sample conpartment and zero the instrument.

\

c. Place a 25-nm cell containing a port1on of the untreated sample 1nto

1
the sample conpartment and adjust the Full Scale Control for a reading

-~

qi‘s‘of 100% transmittance.

d. Place a 25-nm cell containing the treated sample into the sample

\)

compartment and read % tfansmittance. Refer to the table of avaiidble ;

. . . -2
- f
v Ve »
. T
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1.

3

“than 10% transm1ttance, the chlorine concentration is too h1gh and a

" chloride jons. Test the treated sample immediately.

Y
N -

- 4 ’ 7 «
ch]orine 1n mg/] VS .% transnﬁttance shown under Free Chlorine Analysis.

Pl
o~

[ : ?

e e ettt

s

Ty + = - - f T TS F

If the samp1e turns yel]ow when adding the DPD reagent or measures -less

sample d11ut1on 1s necessary. A s11ght Toss of chlorine ‘may occur due to

dilution. . ° o :
If the sample contains more than 2000 mg/l\alka11n1ty or ac1dity as CaC03.
the sample may not develop the full amount o‘ co]or or it may fade 1nstant1x‘
To-overcome thjs 1nterference, pretreat the samp1e to about 2000 mg/1
alkalinity or acidity or establish a pﬁ range between 5 and 8. Use an

anpropriate amount of acid or base that does not contain ammonium or

" N
Aot T DN e s v
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70

80

90

+ #T-UNITS -

0. 1 2 3 4 5 6 7 9
;4'.—50 380 | 368 | 350 | 342 | 230 | 318 3.08 | 298 | 2,88
200 | 271 2.65 | 255 | 248 |.2.41 | 2.3 | 2.2 | e 2.15
2.00 | 2.08 1.98 | 1.93 | 18 | 18 | 178 | 1.7 1.68 1.64
159 | 155 L51. | 147 | 143 | '1.39° | 1.35 1.31 1.28 1.24 .
1.20 1.17 L1 | 1o 107 | Log 1.01 | 0.98 | 0.95 0.92
0.85 | 0.86 | 0.8 | 0.8 | 078 [. 075 | 072 | 0.70 :| 0.7 0.74
0.62 | 0.60 |* 0.57 | 0.5 | 0.52 | 0.50 | 0.48 | 0.46 | 0.43 0.41
0.3 | 0.37 | 034 | 032 | 0.3 028 | 0.2 | 0.2 1022 0.20
0.18 p.;‘s 0.14 | 0.13 0.11 | 0.09 | 0.07 0.05 | 0.04 0.02 |

_ 7 Table taken from Page 2-29, Procedures, Chemical Lists and Glassware for Water and Wastewater Analysis,

2nd Edition, Hach Chemical Co.
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T [ Module or Y Module Title: soc < o ;
Swbmodule Title:: T 5
. Approx. Time:- ‘ - ' ” — :
- Topic: ' Coes

N Use-of comparator-or Kit methods .

. fObjectives: _ Co Lo :

When the participant comp]eteé~this toﬁicﬂthey shou1d1pe}ab1e to:

1. Indicate why the kit methods are less accurate than standard methods. -
2. Conduct a residual ch1orine,te5; using a kit method and compare the results _:
to a standard method. ’ - : " N

& o

g g
$

v - ¢ T
-

Instructional Aids:

- Handout
Lab supplies per handout

IInstructional Approach: .

iecture
Lab

References: -

1. Standard Methods
2. Kit Instructions

Class Assignments:
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Module Ho: -

Ind

Topic:
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Instructor theg:

Instructor Outiine:

Handout
Page 32 - 34

1

3

Discuss the use of comparatdr or kit methods .
for chlorine, \

1.

Indicate wﬁen éh]orine Kits are accepted. -

. 2. Conduct a chlorine test using a kit method. -

- A Haed 3
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i S "CHLORINE RESIDUAL |
__#V‘,A ____(Comparator)_ . = o
Introduct1on . o . | ] .
| The amount of chlorine rema1n1ng in wastewater samples fo1lowing
chlorination var1es -rapidly with t1me s1nce chiorine is uns%ab]e/in water.
< Therefore, samp]es to be analyzed for chlorine residual values cannot be
stored and tests m;st be started immediately after grab.sa@p11ng. Avoid
. exposing the‘sanp]es_tb égcessive light and agitafion.
Equipment s |
| Color comparators

a. LaMotte Model #P-38 VW & R #66151-007

b. wallace-T1ernan Model #U-2374 - -—

c.: Hach DPD Free & Total Chlorine Test Kit iodel #CN 66

.ﬁbagents . . o : oL
_—  ORTHOTOLIDINE  ° | - .

No longer available from chemical supp]y houses.
2. DPD FREE CHLORINE REAGENT POWDER PILLONS HACH #14070-99
—3-- DPD TOTAL CHEOBINE REAGENT POWDER PILLOWS ‘HACH‘#14064-99

Procedure
(For‘Wallace-Tiernan~Mode1)

1. CLEAN COMPARATOR GLASS CELLS

Use hot soapy water and a soft test tube brush. Rinse thoroughly

, ' with final distilled water rinse. Let cells drain dry. -
. L
/ 4 //"

2. PLACE UNTREATED SAMPLE IN GLASS CELL s

s X - /
Designated as the "blank" cell and place in rigyt/ﬁand slot of

# .
’ £4

. ERIC comparator. ' - .
;1: Provided by ERIC o "‘., . . . X : 35 / .

) s T <
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"b

3. PLACE ORTHOTOLIDINE REAGENT IN GLASS CELL DESIGNATED "OTz'
Use 0.5 ml reagent for each 10 mls of\savple T -,
4. ADD MEASURED VOLUME OF SAMPLE . . B
v The volume is usuany 10 or.15 mis. O
5. MIX REAGENT AND SAMPLE : PR
_ Careful use of clean stirring rod is recommended.
6. WAOIT FIVE MINUTES . & )
7. PLACE GLASS CELL IN 'LEFT HAND SLOT OF THE COMPARATOE
Rotate the standard color disc until the color of the. standard, as
seen through. the untreated sanple, most closely matches them cal/o’r’
of the treated sanp]é e , f ‘; i
.8. READ THE CHLORINE VALUE FROM THE STMDARLCOLOR WHEEL i
9. EXPRESS THE RESIDUAL VALUE As: B
Total residual chlorine (mg/1) . B
. Procedure i a - , ) A
“~ - (For La Motte Model) .
1. CLEAN COMPARATOR GLASS CELL, AS ABOVE
2. ADD SAMPLE TO MARK.ON‘GLASS CELL i o
3. ADD 8 DROPS ORTHOTOLIDINE REAGENT T0 GLASS CELL ) ‘
A. _ MIX REAGENT AND “SAMPLE AS ABOVE , ‘ | J
5. WALT FIVE MINGTES L l o J
] : L

PLACE GLASS CELL IN COMPARATOR : L

Put in thé slot closest to the conparator window whose cold?“mosjz\
nearly matches that of the sample. |
DETERMINE WHICH HINDON MATCHES THE COLOR OF THE SAMPLE

READ THE CHLORINE RESIDUAL VALUE NEXT TO THE WINDOW o , e ;

»~ i - . N >
"n

s . . » \\
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9. Expkéssfrﬂé GHLORINE RESIDUAL VALUE AS:. =~ - o -

Tota" residua] chlorine (mg/]) {// i ‘,{"‘

! g
NOTE: These procedures measure total residual chlorine. If ‘free ?@sﬁdual
‘chlorine is desired read 1nned1ate1y after the addit1on -of orthotolidine

~

without the five minute wait.

If combined resz dua] ch]erme is desi red subtract the free value from the’

total value. \ _
(Hach, Test Kit) Total Chlorine Residual - \ -

COL&?CT SAMPLE : N

CLEAN-ELASS CELL AS ABOVE. -

PLACE UNCHLORINATED SAMPLE IN BOTH CELLS ‘ -

. “ADD REAGENTS ‘

1

", . —

Use nail clippers to open powder pillows

5. IF POSITIVE TEST DPD CANNOT BE USED ON THIS WATER SAMPLE

|
|
%
|
1
|
|
|
i
6. IF RESULTS OF THIS REAGENT ADDITION ARE NEGATIVEJ'RfNSE BOTH CELLS ’
AND ADD" CHLORINATED. SAMRLELTO.BOTHFCELLS—————~—~—-~“~~ -":1“—“"*“‘“'”*‘"—‘ﬂ
‘7. ADD DPD TOTAL RESTDUAL CHLORINE REAGFNT POWDER PILLOW,
8. STIR REAGENTS AND SAMPLE

9. WAIT UNTIL FULL COLOR DEVELOPS, FIVE MINUTES: P

. /"

1

|

|

|

‘l
10. ROTATE COLOR WHEEL UNTIL THE COLOR OF THE STANDARD, AS SEEN THROUGH THE

UNTREATED SAMPLE, MOST CLOSELY MATCHES THE TREATED SAMPLE

11. READ AND RECORD IN mg/1 TOTAL RESIDUAL CHLORINE

- NOTE: If free residua] chlorine is defired, carry out the steps described

above using free res1 dual ch]orme powder pillows in p]ace*'of -total ch]orme

residual powder pﬂ]ows Becord as free residua] chlorine in mg/1.

g . L

- ‘
— L 8 . - - -
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5 Modile Ho: Module Title:— ’
o ' Chlorine in Water , !
% A4 Submodule Title: S
Approx. ‘Time: , - =
Topic: ¥ E>
: : SUMMARY $F o~ 2
? -~ 32
s : ) i :
. Objectives: v " ./
) When the participdnts complete this topic theyﬂould be able tox : -
[t ;
1. Compare and contrast methods for residua'l/ and free chlom,tie and se'lect a’ ’
method best suited for an individual p'l ant. .
L \ ’
, . 5 : i
S ' ~, 2R
Instructi_onal Aids: , \\ y " !
A11 handouts » | ;o
¥ ° ) : I 4 - - . ‘)
Instructional Approach; ) 7
- Discussion ' o s | S
\\\\;\ *
" = < i
"{References: . ] ¢
: Standard Methods 3
Class Assignments: - ) ! - /
. e, o | ;— //I
) : » 3




Module Ho: -

<t

Instructor Notes:

Instructor Outiine:

——

Compare and contrast the methods for chlorine.

- N

Discuss: - )
Speed
Cost




Module No:

ad)

Module Title:l S
Chiorine in Water i .
’ Submodule Title: »ﬂ
Approx. Time: - %
: : p §
EVALUATION , {
bjectives: ) - .
Practical
P
Determining the amount of residual chlorine in a given sampie using one nf the
methads from this module. Reagent apparatus and précédurg'%heéts will be providec.
3 \ .
\ -
\
.
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¢ . \\\ 1
' \
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