\‘
—
——
e

IWW Water Centre - IWW Rheinisch-Westfalisches Institut

fiir Wasser Beratungs- und Entwicklungsgesellschaft mbH

Tintometer
Chlorine comparative study

Project results corresponding to the offer 10045-3/2018

September 2018

Client: Tintometer GmbH
(Dortmund)




—
=
%
==

Tintometer GmbH — Chlorine comparative study August 2018

Conducted by

IWW Water Centre — IWW Rheinisch-Westfalisches
Institut fur Wasser Beratungs- und
Entwicklungsgesellschaft mbH Moritzstral3e 26
45476 Milheim an der Ruhr

www.iww-online.de

Dr Achim Rubel (project leader) Laura Wiegand
Telephone: 0208 40303-211 Telephone: 0208 40303-217
a.ruebel@iww-online.de l.wiegand@iww-online.de

Tintometer GmbH
Schleefstralle 8 — 12
44287 Dortmund

Dr Elmar Grabert

Telephone: +49 231 94510 82
elmar.grabert@tintometer.de
www.lovibond.com

Study period: June 2018 to August 2018

The PDF report version has not been signed. Please compare with the signed original in case
of doubt.

IWW Water Centre — IWW Rheinisch-Westfalisches Institut

fur Wasser Beratungs- und Entwicklungsgesellschaft mbH

Mulheim an der Ruhr, dated

10.09.2018, Dr Wolf Merkel

p.p. by order of

Dr Achim Ribel M.Sc. Laura Wiegand

IWW\AIWW Bericht Tintometer Chlor-Vergleichsstudie August 2018.docx

Geschiftsfihrung: iwa Amtsgericht Duisburg HRB Nr. 15508
Dr.-Ing. Wolf Merkel, Lothar Schiller wertjeeenl

SWIFT BIC SPMHDE3E
Wissenschaftliches Direktorium
Prof. Dr. Torsten C. Schmidt (Sprecher), Prof. Dr. Rainer Meckenstock, SWIFT BIC COBADEFFXXX

Prof. Dr. Stefan Panglisch, Prof. Dr. Andreas Hoffjan, Prof. Dr. Christoph Schiith — wmemmnr Internet: www. iww-online.de

Sparkasse Mislheim an der Ruhr IBAN DE18 3625 0000 0300 0312 50

Commerzbank AG Milheim an der Ruhr IBAN DE57 3624 0045 0763 6236 00


http://www.iww-online.de/
mailto:a.ruebel@iww-online.de
mailto:l.wiegand@iww-online.de
mailto:elmar.grabert@tintometer.de
http://www.lovibond.com/
http://www.lovibond.com/

Table of Contents

3.1

3.2

SUMIMABIY ..ttt e et et e e e et e e e an e a e e e e e e e e nnnrrn e e e e eeennnnnans

Introduction and DACKGrOUNG ..............euiuiiiiiiiiiiieiiie e

RESUILS AN EVAIUALION ....eeeieee ettt e e e eenns

Measurement Of fTEE CHIOTINE ... e e e aaens

Measurement Of tOtAl CHIOTINE ... v e e e

1 of 23



1 Summary

The subject of this project is the performance of a comparative study of the photometric
determination of free chlorine and total chlorine in water under laboratory conditions with the

following reagents:

Free chlorine Total chlorine

Tintometer Chlorine free DPD/F10 Tintometer Chlorine total DPD/F10

Tintometer Chlorine free DPD/F F25 Tintometer Chlorine total DPD/F25

HACH DPD Free Chlorine Reagent Powder
Pillows, 10 mL

HACH DPD Total Chlorine Reagent
Powder Pillows, 10 mL

HACH DPD Free Chlorine Reagent Powder
Pillows, 25 mL

HACH DPD Total Chlorine Reagent
Powder Pillows, 25 mL

The measurements were performed in two concentration ranges (0.02—2 mg/L chlorine and 0.1-
10 mg/L chlorine) as well as in different aqueous matrices (demineralised water, swimming pool
water, potable water, water with select concentrations of alkalinity, nitrate, chloride, copper and
fluoride). All measurements were carried out using the Hach DR 900. The following methods
were implemented regardless of the reagents used:

Concentration range

Free chlorine

Total chlorine

0.02-2 mg/L Hach Method 8021, Hach Method 8167,
Programme 80 Chlorine F&T Programme 80 Chlorine F&T
PP PP
DOC316.53.01023 DOC316.53.01027

0.1-10 mg/L Hach Method 10069, Hach Method 10070,

Programme 88 Chlorine F&T
HR

DOC3116.53.01025

Programme 88 Chlorine F&T
HR

DOC316.53.01029
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The relative standard deviations of the repeat measurements (N = 3) and the recoveries

were used to evaluate the measurement results.

Free chlorine Tintometer HACH

Average relative standard deviation

([Cl2] = 0.02—2 mg/L) 2.1% 2.3%
agzr]ag% .rleﬁt(i)v?n Zt/i;mdard deviation 0.8% .
Total chlorine Tintometer HACH
agzr]agz .rggiﬁzvfn Zt/zz;]dard deviation 0.8% oo
Average relative standard deviation 0.4% 0.5%

([Cl2] = 0.1-10 mg/L)

The average relative standard deviations (N = 3) determined with the reagents of Tintometer
GmbH / Hach Lange GmbH are at a similar level when determining the free chlorine

concentration and the total chlorine concentration.

Free chlorine Tintometer against HACH against Tintometer against
reference reference HACH

Average recovery 0 0 0

([Cl2] = 0.02-2 mg/L) 93% 93% 100%

Average recovery 0 0 0

(ICl2] = 0.1-10 mg/L) 99% 101% 98%

Total chlorine Tintometer against HACH against Tintometer against
reference reference HACH

Average recovery 0 0 0

([Cl2] = 0.02-2 mg/L) 96% 7% 99%

Average recovery 96% 99% 97%

([Cl2] = 0.1-10 mg/L)
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The differences between the average recoveries of free chlorine and total chlorine determined
with the reagents of Tintometer GmbH in comparison to the Hach Lange GmbH method are

coincidental and thus, not probable and not significant (P = 99%).

The data regarding average relative standard deviations and recoveries relates to the
concentration ranges and aqueous matrices examined within the scope of the comparative
study.

3 of 23



2 Introduction and background

The subject of this project is the performance of a comparative study of the photometric
determination of free chlorine and total chlorine in aqueous matrices under laboratory

conditions with the following reagents:

Free chlorine

Total chlorine

Tintometer Chlorine free DPD/F10

Tintometer Chlorine total DPD/F10

Tintometer Chlorine free DPD/F F25

Tintometer Chlorine total DPD/F25

HACH DPD Free Chlorine Reagent Powder
Pillows, 10 mL

HACH DPD Total Chlorine Reagent
Powder Pillows, 10 mL

HACH DPD Free Chlorine Reagent Powder
Pillows, 25 mL

HACH DPD Total Chlorine Reagent
Powder Pillows, 25 mL

The measurement of free chlorine and total chlorine with the reagents from both manufacturers
is based on the colorimetric DPD method (N,N-Diethyl-1.4-phenylendiamine).

The measurements are performed in different concentration ranges as well as in different
aqueous matrices (demineralised water, swimming pool water, potable water, water with select
contents).

The testing scope and the testing conditions are illustrated in Table 1 .

All measurements were carried out using the Hach DR 900. The following methods were

implemented regardless of the reagents used:

Concentration range Free chlorine Total chlorine

0.02-2 mg/L Hach Method 8021, Hach Method 8167, Programme
Programme 80 Chlorine F&T 80 Chlorine F&T PP
PP
DOC316.53.01027
DOC316.53.01023
0.1-10 mg/L Hach Method 10069, Hach Method 10070, Programme

Programme 88 Chlorine F&T 88 Chlorine F&T HR

HR
DOC316.53.01029

DOC3116.53.01025
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The recovery and precision are used to compare the measured values.

The recovery of free chlorine and total chlorine concentrations is used as a gauge of the

accuracy of the measurements.

o Determination of the recovery function: linear regression of the concentrations of free
chlorine and total chlorine determined with the reagents of Tintometer GmbH and Hach
Lange GmbH plotted against the concentrations determined by the standardised DPD

reference method according to DIN EN ISO 7393-2 (reference concentration).

e Determining the percentual recovery rates of free chlorine and total chlorine
concentrations determined with the reagents of Tintometer GmbH in comparison to the

Hach Lange GmbH reagents.

The recovery rate is calculated as follows:

mean Tintometer [M

] x 100 [%)]

recovery rate %] = moan acH 2]
L

The standard deviation of the repeat measurement (N = 3) is used as a precision gauge

(recoverability under laboratory conditions).
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Table 1: Test scope and conditions (measuring device: Hach DR 900).

No.

Test

[Chlorine] [mg/L]

Method

Execution

Measurement of free
chlorine in demineralised
water

0;0.1;0.5;1.0;1.5; 2.0

0;2;4;6;8; 10

Hach Method 8021, Programme 80
Chlorine F&T PP

Hach Method 10069, Programme 88
Chlorine F&T HR

3 repetitions per
measurement point (amount
6), each with Tintometer and
HACH reagents

Measurement of total
chlorine in demineralised
water

0;0.1;0.5;1.0;1.5; 2.0

Hach Method 8167, Programme 80
Chlorine F&T PP

3 repetitions per
measurement point (amount
6), each with Tintometer and

0; 2;4,6; 8; 10 Hach Method 10070, Programme 88
Chlorine F&T HR HACH reagents
Measurement of free chlorine in 0; 0.25; 1; 1.75; Hach Method 8021, Programme 80 3 repetitions per measurement
potable and swimming pool water Chlorine F&T PP point (amount 5) and matrix
(amount 2), each with
8.0 Ic_i;ﬁﬁ)hr‘rl\:leeglgfg |]-|(|):z069' Programme 88 Tintometer and HACH
! reagents
Measurement of total chlorine in 0; 0.25; 1; 1.75; Hach Method 8167, Programme 80 3 repetitions per measurement
potable and swimming pool water Chlorine F&T PP point (amount 5) and matrix
amount 2), each with
8.0 Hach Method 10070, Programme 88 ( . '
Chlorine E&T HR Tintometer and HACH
reagents
Measurement of free chlorine in 0.25 Hach Method 8021, Programme 80 3 repetitions per measurement
water with selected contents: High Chlorine F&T PP point (amount 1) and matrix
alkalinity (100 mg/L CaCOQs) (amount 5), each with
Nitrate (10 mg/L) Tintometer and HACH
Chloride (1200 mg/L) reagents
Copper (1 mg/L)
Fluoride (4 mg/L)
Measurement of total 0.25 Hach Method 8167, Programme 80 3 repetitions per measurement

chlorine in water with

selected contents:

High alkalinity (100 mg/L CaCOQ:s)
Nitrate (10 mg/L)

Chloride (1200 mg/L)

Copper (1 mg/L)

Fluoride (4 mg/L)

Chlorine F&T PP

point (amount 1) and matrix
(amount 5), each with
Tintometer and HACH
reagents




3 Results and evaluation

3.1 Measurement of free chlorine

lllustration of recoveries and precision of the free chlorine concentration determined
with the reagents of Tintometer GmbH and Hach Lange GmbH compared to the
reference method according to DIN EN ISO 7393-2 (recovery function)

In the following Figures 1-4, the measurement results of the free chlorine concentration
determined with the reagents of Tintometer GmbH and Hach Lange GmbH are plotted against
the measurement values determined using the reference method according to DIN EN ISO
7393-2.

The measured values are each illustrated as average and standard deviations of triplicate
measurements. The linear regression functions show the average recovery versus the

reference concentration over the entire working range (recovery functions).

Demineralised water 0.02—2 mg/L Chlorine

2.5
2. Sl
0 PR a
-
= 15 &
S~
od —
E 10 @«’/
g -
g 0.5 //@”
£ -
o
S 00 @®
O 0 0.5 1 1.5 2 2.5
[Chlorine] [mg/L] (reference concentration)
y =0.9358x —0.0046 . y =0.9485x + 0.0003
R2 = 0.999 OTintometer X HACH RZ = 0.9997

Figure 1: Recovery functions:

Free chlorine in demineralised water (0.02—2 mg/L);

Average values of the free chlorine concentration measured with “Tintometer Chlorine free
DPD/F10” / “HACH DPD Free Chlorine Reagent Powder Pillows, 10 mL” plotted against the
reference concentration according to DIN EN ISO 7393-2
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Demineralised water 0.1-10 mg/L Chlorine
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[Chlorine] [mg/L] (target concentration)
y=0.9471x + 0.1587 . y =1.0062x + 0.0302
R2 = (0.9984 OTintometer X HACH R2 = 0.9999

Figure 2: Recovery functions:

Free chlorine in demineralised water (0.1-10 mg/L);

Average values of the free chlorine concentration measured with “Tintometer Chlorine free
DPD/F25” / “HACH DPD Free Chlorine Reagent Powder Pillows, 25 mL” plotted against the
reference concentration according to DIN EN ISO 7393-2

Swimming pool water
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=0. -0.001 =0. -0.017
y=0 96R525):( 1 0.0018 OTintometer X HACH y=0 99;3: 1 0.0175

Figure 3: Recovery functions:

Free chlorine in swimming pool water (0.25-8 mg/L);

Average values of the free chlorine concentration measured with “Tintometer Chlorine free
DPD/F10 and F25” / “HACH DPD Free Chlorine Reagent Powder Pillows, 10 mL and

25 mL” plotted against the reference concentration according to DIN EN ISO 7393-2
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Potable water

10

[Chlorine]free [Mmg/L]
\

0 2 4 6 8 10

[Chlorine] [mg/L] (reference concentration)

y =1.0016x—-0.0748 OTintometer X HACH y= 0.92713x —0.0392
R?=0.9995 R*=0.9999

Figure 4: Recovery functions:

Free chlorine in potable water (0.25-8 mg/L);

Average values of the free chlorine concentration measured with “Tintometer Chlorine free
DPD/F10 and F25” / “HACH DPD Free Chlorine Reagent Powder Pillows, 10 mL and

25 mL” plotted against the reference concentration according to DIN EN ISO 7393-2

Figure 5 shows the average values of the free chlorine concentration measured with
“Tintometer Chlorine free DPD/F10” / “HACH DPD Free Chlorine Reagent Powder Pillows,

10 mL” in water with select contents. The target concentration is 0.25 mg/I free chlorine.

0.25
.
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= T l- E
00 i B ==
£ 015 e - e
" o] e ol
= unn] o E
o 0.10 fo=n=ns age Fa™
g o) -:- E
2 o - e
O, 0.05 ey e E
= g
] oo
0.00 = = ! —aall
High alkalinity Nitrate Chloride Copper Fluoride
(100 mg/I (10 mg/1) (1200 mg/I) (1 mg/l) (4 mg/l)

CaCo3)

OTintometer EHACH

Figure 5: Average values of the free chlorine concentration in waters with select contents
measured with “Tintometer Chlorine free DPD/F10” / “HACH DPD Free Chlorine Reagent
Powder Pillows, 10 mL”
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lllustration of recovery rates of the free chlorine concentration determined with the
reagents of Tintometer GmbH in comparison to the Hach Lange GmbH reagents

The following figures show the percentual recovery rates of the free chlorine concentrations.

Demineralised water 0.02—2 mg/L Chlorine
120

100

80

60

40

20

Recovery [%]

0

[Chlorine] [mg/L]

ecovery (Tintometer against HACH)

Figure 6: Recovery rates of the free chlorine in demineralised water with different chlorine
concentrations measured with “Tintometer Chlorine free DPD/F10” in comparison to “HACH
DPD Free Chlorine Reagent Powder Pillows, 10 mL”
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Demineralised water 0.1-10 mg/L Chlorine
120

100

e
e

Recovery [%]
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o
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- R
o F R

10
[Chlorine] [mg/L]

® Recovery (Tintometer against HACH)

Figure 7: Recovery rates of the free chlorine in demineralised water with different chlorine
concentrations measured with “Tintometer Chlorine free DPD/F25” in comparison to “HACH
DPD Free Chlorine Reagent Powder Pillows, 25 mL”

Swimming pool water

120
100

- SRR
;R
-+ PR

e B

0.25
[Chlorine] [mg/L]

R Recovery (Tintometer against HACH)

Figure 8: Recovery rates of the free chlorine in swimming pool water with different chlorine
concentrations measured with “Tintometer Chlorine free DPD/F10 and F25” / “HACH DPD
Free Chlorine Reagent Powder Pillows, 10 mL and 25 mL”
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Potable water
120
100

80

-

60

T n e e e
LA LR NN N

Recovery [%]
D
o
o
- FRIIEE
e
e
LA N LEE]
R

SR
~ PR

=
~
(€]

0.25 1
[Chlorine] [mg/L]

CIRecovery (Tintometer against HACH)

Figure 9: Recovery rates of free chlorine in potable water with different chlorine
concentrations measured with “Tintometer Chlorine free DPD/F10 and F25” / “HACH DPD
Free Chlorine Reagent Powder Pillows, 10 mL and 25 mL”
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High alkalinity Nitrate Chloride Copper Fluoride
(100 mg/I CaC0O3) (10 mg/1) (1200 mg/I (1 mg/l) (4 mg/l)

O Recovery (Tintometer against HACH)

Figure 10: Recovery rates of free chlorine in waters with select contents measured with
“Tintometer Chlorine free DPD/F10” in comparison to “HACH DPD Free Chlorine Reagent
Powder Pillows, 10 mL” with a free chlorine concentration of 0.25 mg/L
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Assessment of the standard deviation

The relative standard deviations of the free chlorine concentrations determined with the
Tintometer GmbH reagents are between 0 and 13.5% for the low concentration range (0.02—
2 mg/L free chlorine) and between 0 and 1.5% for the high concentration range (0.1-10 mg/L
free chlorine). The relative standard deviations averaged over the respective fields of
application and all examined matrices are at 2.1% for the low concentration range (0.02—

2 mg/L free chlorine) and at 0.8% for the high concentration range (0.1-10 mg/L free chlorine).

The relative standard deviations of the free chlorine concentrations determined with the Hach
Lange GmbH reagents are between 0 and 15.8% for the low concentration range (0.02—-2 mg/L
free chlorine) and between 0 and 1.4% for the high concentration range (0.1-10 mg/L free
chlorine). The relative standard deviations averaged over the respective fields of application
and examined matrices are at 2.3% for the low concentration range (0.02—2 mg/L free chlorine)

and at 0.5% for the high concentration range (0.1-10 mg/L free chlorine).
The average relative standard deviations are illustrated in the overview in Table 2.

Table 2: Overview of the relative standard deviations (N = 3) while determining the free
chlorine concentration

Tintometer HACH
Range of the relative standard deviations
0-13.5% 0-15.8%
([Cl2] = 0.02—2 mg/L)
Average relative standard deviation
2.1% 2.3%
([Cl2] = 0.02—2 mg/L)
Range of the relative standard deviations
0-1.5% 0-1.4%
([Cl2] = 0.1-10 mg/L)
Average relative standard deviation
0.8% 0.5%

([Cl2] = 0.1-10 mg/L)

Result

The average relative standard deviations (N = 3) determined with the reagents of Tintometer
GmbH / Hach Lange GmbH are at a similar level when determining the free chlorine
concentration (measurement range 0.02-2 mg/L: 2.1-2.3%; measurement range 0.1—

10 mg/L: 0.5-0.8%).

The data regarding the relative standard deviations relates to the concentration ranges and

agqueous matrices examined within the scope of the comparative study.
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Assessment of the recovery

When compared with the reference concentrations according to DIN EN ISO 7393-2, the
recoveries of the free chlorine concentrations determined with the Tintometer GmbH reagents
are between 70 and 101% for the low concentration range (0.02—2 mg/L free chlorine) with
standard deviations between 0 and 18%, and between 94 and 105% for the high concentration
range (0.1-10 mg/L free chlorine) with standard deviations between 0 and 1.4%. Averaged
over the respective fields of application, the recovery is at 93% in the low concentration range
(0.02-2 mg/L free chlorine) and at 99% for the high concentration range (0.1-10 mg/L free

chlorine).

When compared with the reference concentrations according to DIN EN ISO 7393-2, the
recoveries of the free chlorine concentrations determined with the Hach Lange GmbH
reagents are between 80 and 98% for the low concentration range (0.02—-2 mg/L free chlorine)
with standard deviations between 0 and 14%, and between 95 and 105% for the high
concentration range (0.1-10 mg/L free chlorine) with standard deviations between 0 and 1.4%.
Averaged over the respective fields of application, the recovery is at 93% in the low
concentration range (0.02—-2 mg/L free chlorine) and at 101% for the high concentration range
(0.1-10 mg/L free chlorine).

When compared to the free chlorine concentrations determined with the Hach Lange GmbH
reagents, the recoveries of the free chlorine concentrations determined with the Tintometer
GmbH reagents are between 85 and 110% for the low concentration range (0.02-2 mg/L free
chlorine) with standard deviations between 0 and 18.5%, and between 93 and 100% for the
high concentration range (0.1-10 mg/L free chlorine) with standard deviations between 0 and
2.0%. Averaged over the respective fields of application, the recovery is at 100% in the low
concentration range (0.02-2 mg/L free chlorine) and at 98% for the high concentration range
(0.1-10 mg/L free chlorine).
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The results of the recoveries are illustrated in the overview in Table 3.

Table 3: Overview of the average recoveries while determining the free chlorine
concentration

Tintometer HACH against Tintometer against
against reference reference HACH
Range of the recovery
70-101% 80-98% 85-110%
([Cl2] = 0.02—2 mg/L)
Average recovery ([CI2]
93% 93% 100%
=0.02-2 mg/L)
Range of the recovery
94-105% 95-105% 93-100%
([Cl2] = 0.1-10 mg/]
Average recovery ([Cl2]
99% 101% 98%
=0.1-10 mg/L
Result

The differences between the average recoveries of free chlorine determined with the
Tintometer GmbH reagents in comparison to the Hach Lange GmbH method are coincidental

and thus not probable and not significant (P = 99%) (average recoveries 98—100%).

The data regarding the recoveries relates to the concentration ranges and aqueous matrices

examined within the scope of the comparative study.
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3.2 Measurement of total chlorine

[llustration of recoveries and precision of the total chlorine concentration determined
with the reagents of Tintometer GmbH and Hach Lange GmbH compared to the
reference method according to DIN EN ISO 7393-2 (recovery function)

In the following figures, the measurement results of the total chlorine concentration determined
with the reagents of Tintometer GmbH and Hach Lange GmbH are plotted against the
measurement values determined using the reference method according to DIN EN 1SO 7393-
2.

The measured values are each illustrated as average and standard deviations of triplicate
measurements. The linear regression functions show the average recovery versus the

reference concentration over the entire concentration range (recovery function).

Demineralised water 0.02—2 mg/L Chlorine

2.5
2.0
1.5 -~
Q //ﬁ,
2 10 8
E _®
v —
£ oo
o
g 0 0.5 1 1.5 2 2.5
- [Chlorine] [mg/L] (reference concentration)
y=0.9523x+0.0046  GTintometer X HACH y =0.941x + 0.0063
R?=0.9994 R?=0.9996

Figure 11: Recovery functions:

Total chlorine in demineralised water (0.02—2 mg/L);

Average values of the total chlorine concentration measured with “Tintometer Chlorine total
DPD/F10” / “"HACH DPD Total Chlorine Reagent Powder Pillows, 10 mL” plotted against the
reference concentration according to DIN EN ISO 7393-2

10 of 23



Demineralised water 0.1-10 mg/L Chlorine
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Figure 12: Recovery functions:

Total chlorine in demineralised water (0.1-10 mg/L);

Average values of the total chlorine concentration measured with “Tintometer Chlorine total
DPD/F25” [ "HACH DPD Total Chlorine Reagent Powder Pillows, 25 mL” plotted against the
reference concentration according to DIN EN ISO 7393-2

Swimming pool water
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[Chlorine] [mg/L] (reference concentration)
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R?=0.9999 R2=0.9999

Figure 13: Recovery functions:

Total chlorine in swimming pool water (0.25-8 mg/L);

Average values of the total chlorine concentration measured with “Tintometer Chlorine total
DPD/F10 and F25”" / “HACH DPD Total Chlorine Reagent Powder Pillows, 10 mL and

25 mL” plotted against the reference concentration according to DIN EN ISO 7393-2
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Potable water
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Figure 14: Recovery functions:

Total chlorine in potable water (0.25-8 mg/L);

Average values of the total chlorine concentration measured with “Tintometer Chlorine total
DPD/F10 and F25”" / “HACH DPD Total Chlorine Reagent Powder Pillows, 10 mL and

25 mL" plotted against the reference concentration according to DIN EN ISO 7393-2

Figure 15 shows the average values of the total chlorine concentration measured with
“Tintometer Chlorine total DPD/F10” / “HACH DPD Total Chlorine Reagent Powder Pillows,

10 mL” in water with select contents. The target concentration is 0.25 mg/l total chlorine.

0.30

0.25

0.20

0.15

0.10

[Chlorine]total [Mmg/L]

0.05

0.00 izt
High alkalinity Nitrate Chloride Copper Fluoride
(100 mg/I (10 mg/l) (1200 mg/1) (12 mg/l) (4 mg/l)

CaC03)

OTintometer EHACH

Figure 15: Average values of the total chlorine concentration in waters with select contents
measured with “Tintometer Chlorine total DPD/F10” / “HACH DPD Total Chlorine Reagent

Powder Pillows, 10 mL”
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lllustration of recovery rates of the total chlorine concentration determined with the

reagents of Tintometer GmbH in comparison to the Hach Lange GmbH reagents

The following figures show the percentual recovery rates of the total chlorine concentrations.

Demineralised water 0.02—2 mg/L Chlorine

100

80

60

40

20

Recovery [%)]

0 0.1 0.5 1 1.5 2
[Chlorine] [mg/L]

E Recovery (Tintometer against HACH)

Figure 16: Recovery rates of total chlorine in demineralised water with different chlorine
concentrations measured with “Tintometer total chlorine DPD/F10” in comparison to “HACH
DPD Total Chlorine Reagent Powder Pillows, 10 mL”
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Figure 17: Recovery rates of total chlorine in demineralised water with different chlorine
concentrations measured with “Tintometer total chlorine DPD/F25” in comparison to “HACH
DPD Total Chlorine Reagent Powder Pillows, 25 mL”
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Figure 18: Recovery rates of the total chlorine in swimming pool water with different chlorine
concentrations measured with “Tintometer total chlorine DPD/F10 and F25” / “HACH DPD
Total Chlorine Reagent Powder Pillows, 10 mL and 25 mL”
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Figure 19: Recovery rates of the total chlorine in potable water with different chlorine
concentrations measured with “Tintometer total chlorine DPD/F10 and F25” / “HACH DPD
Total Chlorine Reagent Powder Pillows, 10 mL and 25 mL”
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Figure 20: Recovery rates of total chlorine in waters with select contents measured with
“Tintometer total chlorine DPD/F10” in comparison to “HACH DPD Total Chlorine Reagent
Powder Pillows, 10 mL” with a free chlorine concentration of 0.25 mg/L
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Assessment of the standard deviation of the measured values

The relative standard deviations of the total chlorine concentrations determined with the
Tintometer GmbH reagents are between 0 and 6.0% for the low concentration range (0.02—
2 mg/L total chlorine) and between 0 and 3.0% for the high concentration range (0.1-10 mg/L
total chlorine). The relative standard deviations averaged over the respective fields of
application and examined matrices are at 0.8% for the low concentration range (0.02—-2 mg/L

total chlorine) and at 1.0% for the high concentration range (0.1-10 mg/L total chlorine).

The relative standard deviations of the total chlorine concentrations determined with the Hach
Lange GmbH reagents are between 0 and 2.5% for the low concentration range (0.02—-2 mg/L
total chlorine) and between 0 and 1.1% for the high concentration range (0.1-10 mg/L total
chlorine). The relative standard deviations averaged over the respective fields of application
and examined matrices are at 0.4 % for the low concentration range (0.02-2 mg/L total

chlorine) and at 0.5 % for the high concentration range (0.1-10 mg/L total chlorine).

The standard deviations are illustrated in the overview in Table 4.

Table 4: Overview of the relative standard deviations (N = 3) while determining the total
chlorine concentration

Tintometer HACH
Range of the relative standard deviations
0-6.0% 0-3.0%
([Cl2] = 0.02-2 mg/L)
Average relative standard deviation
0.8% 1.0%
([Cl2] = 0.02-2 mg/L)
Range of the relative standard deviations
0-2.5% 0-1.1%
([Cl2] = 0.1-10 mg/L)
Average relative standard deviation
0.4% 0.5%

([Clz] = 0.1-10 mg/L)
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Result

The average relative standard deviations (N = 3) determined with the reagents of Tintometer
GmbH / Hach Lange GmbH are at a similar level when determining the total chlorine
concentration (measurement range 0.02-2.0 mg/L: 0.8-1.0%; measurement range 0.1-
10 mg/L: 0.4-0.5%).

The data regarding the relative standard deviations relates to the concentration ranges and

aqueous matrices examined within the scope of the comparative study.

Assessment of the recovery

When compared with those according to DIN EN ISO 7393-2, the recoveries of the total
chlorine concentrations determined with the Tintometer GmbH reagents are between 88 and
100% for the low concentration range (0.02—2 mg/L total chlorine) with standard deviations
between 0 and 5%, and between 92 and 100% for the high concentration range (0.1-10 mg/L
total chlorine) with standard deviations between 0 and 5.2%. Averaged over the respective

fields of application, the recovery is at 96%.

When compared with the reference concentrations according to DIN EN ISO 7393-2, the
recoveries of the total chlorine concentrations determined with the Hach Lange GmbH
reagents are between 90 and 106% for the low concentration range (0.02—-2 mg/L total
chlorine) with standard deviations between 0 and 2.3%, and between 95 and 102% for the high
concentration range (0.1-10 mg/L total chlorine) with standard deviations between 0 and 1.0%.
Averaged over the respective fields of application, the recovery is at 97% in the low
concentration range (0.02—2 mg/L total chlorine) and at 99% for the high concentration range
(0.1-10 mgl/L total chlorine).

When compared to the free chlorine concentrations determined with the Hach Lange GmbH
reagents, the recoveries of the total chlorine concentrations determined with the Tintometer
GmbH reagents are between 92 and 102% for the low concentration range (0.02—-2 mg/L total
chlorine) with standard deviations between 0 and 5.8%, and between 95 and 100% for the high
concentration range (0.1-10 mg/L total chlorine) with standard deviations between 0 and 2.9%.
Averaged over the respective fields of application, the recovery is at 99 % in the low
concentration range (0.02—-2 mg/L total chlorine) and at 97 % for the high concentration range
(0.1-10 mg/L total chlorine).

The results of the recoveries are illustrated in the overview in Table 5.
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Table 5: Overview of the recoveries while determining the total chlorine concentration

Tintometer against HACH against Tintometer against

reference reference HACH
Range of the recovery
88-100% 90-106% 92-102%
([Cl2] = 0.02—2 mg/L)
Average recovery ([Cl2]
96% 97% 99%
=0.02-2 mg/L)
Range of the recovery
92-100% 95-102% 95-100%
([Cl2] = 0.1-10 mg/]
Average recovery ([Cl2]
96% 99% 97%
=0.1-10 mg/L
Result

The differences between the recoveries of total chlorine determined with the Tintometer GmbH
reagents in comparison to the Hach Lange GmbH method are coincidental and thus, not

probable and not significant (P = 99%) (average recoveries 97—99%).

The data regarding the average recoveries relates to the concentration ranges and aqueous

matrices examined within the scope of the comparative study.
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Annex 1: Material and methods

Chemicals used

The chemicals used within this study are listed in Table 6. Table 6: Chemicals used

Chemicals Purity Manufacturer Batch

Vario Chlorine Free — DPD F 10 mL Lovibond SO09E

Vario Chlorine Free — DPD F 25 mL Lovibond S08G

Vario Chlorine Total — DPD F 10 mL Lovibond TO4E

Vario Chlorine Total — DPD F 25 mL Lovibond S03C

DPD Free Chlorine Reagent for HACH A8087

10 mL Sample

DPD Free Chlorine Reagent for HACH A8088

25 mL Sample

DPD Total Chlorine Reagent for HACH A8093

10 mL Sample

DPD Total Chlorine Reagent for HACH A8064

25 mL Sample

Ammonium chloride (NH4Cl) 99.99% Merck B1038943533
IC standard solution Roth 242625

(1000 mg/L fluoride)

Copper nitrate (Cu(NOs)2) for analysis Merck A0963053606
Sodium chloride (NaCl) 99.99% Merck B1414006708
Sodium nitrate (NaNO3) 99.99% Merck B0905546 438
Sodium bicarbonate (NaHCOs3) for analysis Merck K48060929
Sodium hypochlorite approx. 13% Merck K49914014 804

solution (NaOCI solution)

free chlorine

Characteristics of the potable and swimming pool water used as a matrix

Table 7 shows the contents of the potable and swimming pool water used as a matrix.



Table 7: Contents of the potable and swimming pool water used as a matrix

Unit Potable water Swimming pool water
Conductivity (25°C) pS/cm 591 544
pH value - 7.93 7.10
Acid capacity mmol/L 2.93 0.21
Chloride mg/L 64.1 136
Nitrate mg/L 7.48 20.5
Sulphate mg/L 46.3 9.90
TOC mg/L 0.77 -
Fluoride mg/L <0.1 <0.1
Calcium mg/L 48.5 26.1
Magnesium mg/L 8.23 3.08
Sodium mg/L 55.6 70.0
Potassium mg/L 5.29 4.09
Iron mg/L <0.010 <0.010
Manganese mg/L <0.010 <0.010
Copper mg/L 0.013 <0.0020
Phosphorus, total mg/L 0.11 <0.10
Lead mg/L <0.002 <0.002
Nickel mg/L <0.0020 <0.002
Chromium mg/L <0.00050 0.00073
Cadmium mg/L <0.0002 <0.0002
Silicon mg/L 3.07 8.08
Oxidizability mg/L O2 - 0.34

Estimate of the synthetic matrices

The synthetic matrices were estimated according to the schema in

Table 8. The acid capacity (Ks) was determined with the automatic titration system Robotic
Titrosampler 855 (Metrohm). The concentration of anions chloride, nitrate and fluoride was
determined using the ion chromatograph DX 500 (Dionex). The copper concentration was
determined with the ICP-OES Agilent 5110 (Agilent).



Table 8: Estimate schema for the synthetic matrices (chemicals Table 6)

Measured
Target Volume Sample concentration
concentration weight
High alkalinity 100 mg/L 2L 0.3364¢ Ks=2.09 mmol/L
(CaCOs) (2 2 mmol/L Ks) NaHCOs
Chloride 1200 mg/L 1L 1.9782g 1211 mg/L
NaCl
Nitrate 10 mg/L 1L 1.368¢g 10.4 mg/L
NaNOs
Copper 1 mg/L 1L 3.802g 1.06 mg/L
(Cu(NOs3)2)
Fluoride 4 mg/L 1L 4 mL 4.1 mg/L
fluoride
solution

Preparing the “free chlorine” test solutions

Two stock solutions (one containing 0.1% free chlorine and the other containing 100 mg/L free
chlorine) were prepared every measurement day by dissolution of a commercially available
approx. 13% hypochlorite solution. The concentration of the 100 mg/L stock solution was
determined through a measurement of the solution in a 1:100 dilution with a method accredited
at IWW according to DIN EN 1SO 7393-2 (DPD method). The required test solutions were
prepared under consideration of the actual concentration in stock solution 2 determined in this

manner.

All glassware used had to be free of chlorine. It is stored in a 0.1% hypochlorite solution for

approx. 24 hours for this purpose.

Preparing the “total chlorine” test solutions

Stock solutions containing 2.7-3.3 mg/L (stock solution 1) and 27-33 mg/L (stock solution 2) of
total chlorine were prepared every measurement day. Therefore, at first the pH value of 2 L of
potable water was adjusted to 9 +/- 0.25 by means of NaOH. After the addition of 2 mL (for
stock solution 1) and 20 mL (for stock solution 2) of a 2 g/L NH4Cl solution and 6.64 mL (for
stock solution 1) and 66.4 mL (for stock solution 2) of a 0.1% sodium hypochlorite solution, the
mixtures were stirred for one hour. The total chlorine concentration of the stock solutions was
determined in a suitable dilution with the IWW-accredited method according to DIN EN I1SO
7393-2 (DPD method), and the required test solutions were prepared in the corresponding

matrices based on these actual concentrations.



All glassware used was rendered chlorine-free before use by storing it in a 0.1% hypochlorite

solution for approx. 24 hours.

Performing the measurements

The vials to be used were rendered chlorine-free before use by storing them in a 0.1%
hypochlorite solution for approx. 24 hours. Separate vials are used for the measurement of

free chlorine and total chlorine.
The samples were measured using the Hach DR 900. The following methods were used:

- Chlorine, Free 0.02 to 2.00 mg/L Clz; Method 8021, Programme 80 Chlorine F&T PP
(DOC316.53.01023)

- Chlorine, Free 0.1 to 10.0 mg/L Clz; Method 10069, Programme 88 Chlorine F&T HR
(DOC316.53.01025)

- Chlorine, Total 0.02 to 2.00 mg/L Clz; Method 8167, Programme 80 Chlorine F&T PP
(DOC316.53.01027)

- Chlorine, Total 0.1 to 10.0 mg/L Clz; Method 10070, Programme 88 Chlorine F&&T
HR, (DOC316.53.01029)

Statistical evaluation

The statistical evaluation of the data was carried out via the average t test (see formulae Al

and A2)
= @)

With TV = test value, X average of the multiple determination, N = number of multiple

TV=F|

determinations per concentration, matrix and reagent (N = 3), sq = average standard deviation

of two series of analyses.

B ll{Nl—l}xsf+(N2—l}xs§
S”_‘J Ny +Ny—2

With s = standard deviation.



Decision:
TV < {(f, P = 95%): coincidental difference
t(f,P = 95%) < TV < {(f, P = 99%): probable difference

TV > t(f, P = 99%): significant difference



Annex 2:

Free chlorine raw data

Table 9: Raw data ultrapure water, measurement range 0.02—-2 mg/L, Tintometer

Matrix: Reagent | Target Reference [cni [cn2 [cn3 Avrg. Abs. Rel. [cni [chn2 [cn3 Avrg. Abs. Rel.
Ultrapure conc. Free | conc. standard | standard standard | standard
water chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
T10 0 0 0 0 0 0 0 0 -0.02 | -0.01 | -0.01 | -0.01 | 0.010 -43.3
T10 0.1 0.11 0.07 0.08 0.08 0.08 0.01 7.5 0.039 | 0.047 | 0.049 | 0.045 | 0.005 11.8
T10 0.5 0.51 0.47 0.48 0.48 0.48 0.01 1.2 0.274 | 0.281 | 0.280 | 0.278 | 0.004 14
T10 1.0 1.03 0.97 0.96 0.96 0.96 0.01 0.6 0.563 | 0.560 | 0.559 | 0.561 | 0.002 0.4
T10 15 1.53 1.47 1.47 1.46 1.47 0.01 0.4 0.853 | 0.857 | 0.850 | 0.853 | 0.004 0.4
T10 2.0 2.10 1.94 1.92 1.93 1.93 0.01 0.5 1.126 | 1.107 | 1.120 | 1.118 | 0.010 0.9
Table 10: Raw data ultrapure water, measurement range 0.1-10 mg/L, Tintometer
Matrix: Reagent Target Reference [Ch1 [Cl] 2 [CN)3 Avrg. Abs. Rel. [Ch1 [Cl] 2 [CN13 Avrg. Abs. Rel.
yvg;:fure conc. Free | conc. star.1de.1rd star.1de.1rd star_lda_lrd star.1de.1rd
chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%6] Ext. Ext. Ext. Ext. Ext. [%6]
T25 0 - 0 0 0 0 0 0 0.012 { 0.016 | 0.004 | 0.011 | 0.006 57.3
T25 2.0 - 2.1 2.1 2.1 2.1 0 0 0.531 | 0.530 | 0.535 | 0.532 | 0.003 0.5
T25 4.0 - 4.0 4.0 4.1 4.03 0.06 14 1.019 | 0.999 | 1.040 | 1.019 | 0.021 2.0
T25 6.0 - 6.0 5.9 6.0 5.97 0.06 1.0 1.484 | 1.465 | 1.482 | 1.477 | 0.010 0.7
T25 8.0 - 7.9 7.8 7.8 7.83 0.06 0.7 1.008 | 1.886 | 1.899 | 1.898 | 0.011 0.6
T25 10.0 - 9.3 9.5 9.5 9.43 0.12 1.2 2.229 | 2.267 | 2.279 | 2.258 | 0.026 1.2




Table 11: Raw data swimming pool water, Tintometer

Matrix: Reagent Target Reference [cni [cn2 [cn3 Avrg. Abs. Rel. [cni [cn2 [cn3 Avrg. Abs. Rel.
Swimming pool conc. Free | conc. standard | standard standard | standard
water chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
T10 0 0.12 0.10 0.11 0.13 0.11 0.02 13.5 0.056 | 0.066 | 0.078 | 0.067 | 0.011 16.5
T10 0.25 0.36 0.34 0.35 0.37 0.35 0.02 4.3 0.200 | 0.204 | 0.213 | 0.206 | 0.007 3.2
T10 1.0 0.98 0.94 0.93 0.94 0.94 0.01 0.6 0.546 | 0.542 | 0.544 | 0.544 | 0.002 0.4
T10 1.75 1.60 1.54 1.54 1.55 1.54 0.01 0.4 0.893 | 0.893 | 0.899 | 0.895 | 0.003 0.4
T25 8.0 7.70 7.5 7.4 7.4 7.43 0.06 0.8 1.831|1.810| 1.797 | 1.813 | 0.017 0.9
Table 12: Raw data potable water, Tintometer
Matrix: Reagent Target Reference [Ch1 [Cl]2 [CIh3 Avrg. Abs. Rel. [Ch1 [Cl]2 [CN13 Avrg. Abs. Rel.
Potable water conc. Free | conc. standard | standard standard | standard
chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%6]
T10 0 0 0 0 0 0 0 0.0 -0.002 | -0.007 | -0.008 | -0.006 | 0.003 -56.7
T10 0.25 0.24 0.18 0.17 0.17 0.017 | 0.01 3.3 0.106 | 0.097 | 0.102 | 0.102 | 0.005 4.4
T10 1.0 1.05 0.98 0.96 0.97 0.97 0.01 1.0 0.569 | 0.555 | 0.563 | 0.562 | 0.007 1.2
T10 1.75 1.79 1.70 1.67 1.69 1.69 0.02 0.9 0.990 | 0.971 |0.981 | 0.981 | 0.010 1.0
T25 8.0 8.1 7.9 7.7 7.9 7.83 0.12 15 1.923 |1.872 | 1.917 | 1.904 | 0.028 15




Table 13: Raw data synthetic matrices, Tintometer

Matrix Reagent Target Reference [Clh1 [Cl) 2 [CN13 Avrg. Abs. Rel. [Ch1 [Cl) 2 [Ch3 Avrg. Abs. Rel.
conc. Free | conc. standard | standard standard standard
chlorine deviation | deviation deviation deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]

High T10 0 <0.03 0 0 0 0 0 0 -0.013 | -0.002 | 0.000 -0.005 | 0.007 -140.0

alkalinity

High T10 0.25 0.24 0.20 0.21 0.21 0.21 0.01 2.8 0.116 | 0.122 | 0.121 0.120 | 0.003 2.7

alkalinity

Nitrate T10 0 <0.03 0 0 0 0 0 0 0.004 | 0.003 | 0.002 0.003 | 0.001 33.3

Nitrate T10 0.25 0.22 0.19 0.19 0.17 0.18 0.01 6.3 0.112 | 0.113 | 0.100 0.108 | 0.007 6.7

Chloride | T10 0 <0.03 0 0 0 0 0 0 -0.009 | -0.010 | -0.005 | -0.008 | 0.003 -33.1

Chloride | T10 0.25 0.24 0.21 0.21 0.20 |0.21 0.01 2.8 0.121 |0.120 | 0.116 0.119 | 0.003 2.2

Copper T10 0 <0.03 0 0 0 0 0 0 -0.010 | -0.007 | -0.007 | -0.008 | 0.002 -21.7

Copper T10 0.25 0.26 0.22 0.21 0.22 0.22 0.01 2.7 0.130 |0.122 | 0.130 0.127 | 0.005 3.6

Fluoride | T10 0 <0.03 0 0 0 0 0 0 -0.007 | -0.019 | -0.009 | -0.012 | 0.006 -55.1

Fluoride | T10 0.25 0.25 0.22 0.21 0.22 0.22 0.01 2.7 0.126 | 0.122 | 0.125 0.124 | 0.002 1.7




Table 14: Raw data ultrapure water, measurement range 0.02—-2 mg/L, HACH

Matrix: Reagent | Target Reference [cni [cn2 [cn3 Avrg. Abs. Rel. [cni [ch2 [cna3 Avrg. Abs. Rel.
Ultrapure conc. Free | conc. standard | standard standard standard
water chlorine deviation | deviation deviation deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
H10 0 0 0 0 0 0 0 0 -0.005 | -0.008 | -0.007 | -0.007 | 0.002 -22.9
H10 0.1 0.11 0.09 0.09 0.09 0.09 0 0 0.053 | 0.054 | 0.054 |0.054 | 0.001 1.1
H10 0.5 0.51 0.50 0.50 0.50 0.50 0 0 0.289 |0.289 | 0.290 | 0.289 | 0.001 0.2
H10 1.0 1.03 0.98 0.97 0.97 0.97 0.01 0.6 0.570 |0.566 | 0.566 | 0.567 | 0.002 0.4
H10 15 1.53 1.45 1.47 1.48 1.47 0.02 1.0 0.842 |0.857 |0.862 | 0.854 | 0.010 1.2
H10 2.0 2.1 1.98 1.98 1.98 1.98 0 0 1.150 |1.151 |1.149 | 1.150 | 0.001 0.1
Table 15: Raw data ultrapure water, measurement range 0.1-10 mg/L, HACH
Matrix: Reagent | Target Reference [Ch1 [Cl]2 [CN13 Avrg. Abs. Rel. [Ch1 [Clh2 [CNh3 Avrg. Abs. Rel.
Ultrapure conc. Free | conc. standard | standard standard standard
water chlorine deviation | deviation deviation deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%6] Ext. Ext. Ext. Ext. Ext. [%6]
H25 0 - 0 0 0 0 0 0 0.019 | 0.015 | 0.009 | 0.014 | 0.005 35.1
H25 2.0 - 2.1 2.1 2.1 2.1 0 0 0.547 |0.537 | 0.541 | 0.542 | 0.005 0.9
H25 4.0 - 4.0 4.1 4.1 4.1 0.1 14 1.008 1.037 | 1.026 |1.024 | 0.015 14
H25 6.0 - 6.0 6.0 6.0 6.0 0 0 1.491 1.489 | 1.487 |1.489 | 0.002 0.1
H25 8.0 - 8.1 8.1 8.1 8.1 0 0 1.957 |1.953 |1.966 | 1.959 | 0.007 0.3
H25 10.0 - 10.2 10.1 10.0 10.1 0.1 1.0 2.421 | 2.393 |2.383 | 2.399 | 0.020 0.8




Table 16: Raw data swimming pool water, HACH

Matrix: Reagent Target Reference [Ch1 [Cl]2 [CNh3 Avrg. Abs. Rel. [Ch1 [Cl] 2 [CN]3 Avrg. Abs. Rel.
Swimming pool conc. Free | conc. standard | standard standard | standard
water chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
H10 0 0.12 0.09 0.11 0.12 0.11 0.02 14.3 0.054 | 0.062 | 0.070 | 0.062 | 0.008 12.9
H10 0.25 0.37 0.34 0.36 0.36 0.35 0.01 3.3 0.196 | 0.209 | 0.210 | 0.205 | 0.008 3.8
H10 1.0 0.96 0.95 0.94 0.94 0.94 0.01 0.6 0.550 | 0.546 | 0.546 | 0.547 | 0.008 0.4
H10 1.75 1.60 1.55 1.56 1.55 1.55 0.01 0.4 0.898 | 0.908 | 0.900 | 0.902 | 0.005 0.6
H25 8.0 7.7 7.7 7.6 7.6 7.63 0.06 0.8 1.875|1.848 | 1.859 | 1.861 | 0.014 0.7
Table 17: Raw data potable water, HACH
Matrix: Reagent Target Reference [Ch1 [Cl] 2 [C13 Avrg. Abs. Rel. [Ch1 [Cl] 2 [CN13 Avrg. Abs. Rel.
Potable water conc. Free | conc. standard | standard standard | standard
chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%6]
H10 0 0 0 0 0 0 0 0 -0.010 | -0.006 | -0.012 | -0.009 | 0.003 -32.7
H10 0.25 0.22 0.16 0.22 0.20 0.19 0.03 15.8 0.093 | 0.128 | 0.119 | 0.113 | 0.018 16.0
H10 1.0 0.98 0.91 0.89 0.84 0.88 0.04 4.1 0.530 | 0.571 |0.485 | 0.529 | 0.043 8.1
H10 1.75 1.76 1.48 1.62 1.59 1.56 0.07 4.7 0.859 | 0.940 | 0.922 | 0.907 | 0.043 4.7
H25 8.0 8.2 8.1 8.2 8.2 8.17 0.06 0.7 1.963 |1.984 |1.977 |1.975 | 0.011 0.5




Table 18: Raw data synthetic matrices, HACH

Matrix Reagent Target Reference [Ch1 [Clh 2 [CNh3 Avrg. Abs. Rel. [Ch1 [Clh 2 [Chh3 Avrg. Abs. Rel.
conc. Free | conc. standard | standard standard standard
chlorine deviation | deviation deviation deviation
[mga/L] [mga/L] [mo/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [%] Ext. Ext. Ext. Ext. Ext. [%0]

High H10 0 <0.03 0 0 0 0 0 0 -0.018 | -0.009 | -0.006 | -0.011 | 0.006 -56.8

alkalinity

High H10 0.25 0.23 0.20 0.21 0.21 0.21 0.01 2.8 0.114 | 0.123 | 0.122 0.120 | 0.005 4.1

alkalinity

Nitrate H10 0 <0.03 0 0 0 0 0 0 0.001 |0.001 |0.000 |0.001 |O0.001 86.6

Nitrate H10 0.25 0.20 0.18 0.18 0.17 0.18 0.01 3.3 0.105 | 0.107 | 0.098 0.103 | 0.005 4.6

Chloride | H10 0 <0.03 0 0 0 0 0 0 -0.010 | -0.007 | -0.014 | -0.010 | 0.004 -34.0

Chloride | H10 0.25 0.24 021 |020 |0.17 |0.19 |0.02 10.8 0.120 |0.119 |0.100 |0.113 |0.011 10.0

Copper H10 0 <0.03 0 0 0 0 0 0 -0.008 | 0.009 |-0.016 | -0.011 | 0.004 39.6

Copper H10 0.25 0.25 022 |021 |023 |0.22 |0.01 4.6 0.129 |0.123 | 0.133 | 0.128 | 0.005 3.9

Fluoride | H10 0 <0.03 0 0 0 0 0 0 -0.010 | -0.019 | -0.009 | -0.013 | 0.006 -43.5

Fluoride H10 0.25 0.23 0.21 0.20 0.21 0.21 0.01 2.8 0.123 | 0.117 | 0.124 0.121 | 0.004 3.1




Annex 3: Total chlorine raw data

Table 19: Raw data ultrapure water, measurement range 0.02—-2 mg/L, Tintometer

Matrix: Reagent Target Reference [cni [ch2 [cn3 Avrg. Abs. Rel. [cni [cn2 [cn3 Avrg. Abs. Rel.
Ultrapur conc. Total | conc. standard | standard standard | standard
e water chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
T10 0 0 0 0 0 0 0 0 0.000 | -0.001 | 0.000 | 0.000 | 0.001 -173.2
T10 0.1 0.11 0.10 0.09 0.10 0.10 0.01 6.0 0.059 | 0.055 | 0.057 | 0.057 | 0.002 35
T10 0.5 0.51 0.49 0.49 0.49 0.49 0 0 0.287 | 0.284 | 0.286 | 0.286 | 0.002 0.5
T10 1.0 0.99 0.98 0.97 0.97 0.97 0.01 0.6 0.570 | 0.565 | 0.562 | 0.566 | 0.004 0.7
T10 15 1.48 1.43 1.43 1.43 1.43 0 0 0.832 | 0.830 | 0.832 | 0.831 | 0.001 0.1
T10 2.0 1.96 1.87 1.83 1.84 1.85 0.02 1.1 1.089 | 1.063 | 1.071 | 1.074 | 0.013 1.2

Table 20: Raw data ultrapure water, measurement range 0.1-10 mg/L, Tintometer

Matrix: Reagent Target Reference [Ch1 [Cl] 2 [CNh3 Avrg. Abs. Rel. [Ch1 [Clh2 [CNh3 Avrg. Abs. Rel.
Ultrapur conc. Total conc. standard | standard standard | standard
e water chlorine deviation | deviation deviation | deviation

[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]

T25 0 0 0 0 0 0 0 0 0.014 | 0.012 | 0.014 | 0.013 | 0.001 8.7

T25 2.0 2.0 1.9 1.9 2.0 1.93 0.06 3.0 0.503 | 0.504 | 0.505 | 0.504 | 0.001 0.2

T25 4.0 3.92 3.8 3.8 3.8 3.80 0 0 0.965 | 0.969 | 0.968 | 0.967 | 0.002 0.2

T25 6.0 6.0 5.8 5.7 5.7 5.73 0.06 1.0 1.429| 1.422 | 1.418 | 1.423 | 0.006 0.4

T25 8.0 8.0 7.7 7.6 7.6 7.63 0.06 0.8 1.860|1.851 | 1.838 | 1.850 | 0.011 0.6

T25 10.0 10.0 9.4 9.4 9.2 9.33 0.12 1.2 2.254 | 2.253 | 2.207 | 2.238 | 0.027 1.2




Table 21: Raw data swimming pool water, Tintometer

Matrix: Reagent Target Reference [cni [cn2 [cn3 Avrg. Abs. Rel. [cni [cn2 [cn3 Avrg. Abs. Rel.
Swimming pool conc. Total | conc. standard | standard standard | standard
water chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
T10 0 0.29 0.29 0.28 0.28 0.28 0.01 2.0 0.167 | 0.166 | 0.164 | 0.166 | 0.002 0.9
T10 0.25 0.51 0.50 0.50 0.49 0.50 0.01 1.2 0.291 | 0.292 | 0.287 | 0.290 | 0.003 0.9
T10 1.0 1.19 1.17 1.17 1.17 1.17 0 0 0.680 | 0.682 | 0.682 | 0.681 | 0.001 0.2
T10 1.75 2.08 1.99 2.00 1.98 1.99 0.01 0.5 1.157 | 1.163 | 1.154 | 1.158 | 0.005 0.4
T25 8.0 7.9 7.3 7.4 7.2 7.3 0.10 14 1.788 | 1.796 | 1.755 | 1.780 | 0.022 1.2
Table 22: Raw data potable water, Tintometer
Matrix: Reagent Target Reference [Cll1 [Cll2 [Cl]3 Avrg. Abs. Rel. [Cll1 [ClI2 [CN13 Avrg. Abs. Rel.
Potable water conc. Total | ¢onc, standard | standard standard | standard
chiorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%6]
T10 0 0 0 0 0 0 0 0 -0.002 | 0.001 | -0.002 | -0.001 | 0.002 -173.2
T10 0.25 0.24 0.23 0.22 0.23 0.23 0.01 2.6 0.135 | 0.130 | 0.131 | 0.132 | 0.003 2
T10 1.0 0.94 0.82 0.91 0.92 0.92 0.01 0.6 0.535 | 0.531 | 0.534 | 0.533 | 0.002 0.4
T10 1.75 1.78 1.68 1.68 1.68 1.68 0 0 0.979 | 0.978 | 0.978 | 0.978 | 0.001 0.1
T25 8.0 8.1 7.8 7.7 7.7 7.73 0.06 0.8 1.886 | 1.873 |1.882 | 1.880 | 0.007 0.4




Table 23: Raw data synthetic matrices, Tintometer

Matrix Reagent Target Reference [cni [cn2 [cn3 Avrg. Abs. Rel. [cni [cn2 [cn3 Avrg. Abs. Rel.
conc. Total | conc. standard | standard standard standard
chlorine deviation | deviation deviation deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]

High T10 0 0 0 0 0 0 0 0 0.005 | 0.005 | 0.004 0.005 | 0.001 12.4

alkalinity

High T10 0.25 0.24 0.22 0.22 0.22 0.22 0 0 0.126 | 0.126 | 0.128 0.127 | 0.001 0.9

alkalinity

Nitrate T10 0 0 0 0 0 0 0 0 -0.002 | -0.006 | 0.000 -0.003 | 0.003 -114.6

Nitrate T10 0.25 0.25 0.23 0.23 0.23 0.23 0 0 0.134 | 0.132 | 0.135 0.134 | 0.002 1.1

Chloride | T10 0 0 0 0 0 0 0 0 -0.006 | 0.003 | 0.001 -0.001 | 0.005 -708.9

Chloride | T10 0.25 0.26 0.24 0.24 0.24 0.24 0 0 0.142 | 0.140 | 0.138 0.140 | 0.002 14

Copper T10 0 0 0 0 0 0 0 0 0.000 | 0.001 | 0.002 0.001 | 0.001 100

Copper T10 0.25 0.26 0.24 0.24 0.23 0.24 0.01 2.4 0.138 | 0.138 | 0.135 0.137 | 0.002 1.26

Fluoride | T10 0 0 0 0 0 0 0 0 0.002 | 0.002 | 0.002 0.002 | 0.000 0

Fluoride | T10 0.25 0.26 0.25 0.24 0.24 0.24 0.01 0.4 0.143 | 0.141 | 0.139 0.141 | 0.002 1.4




Table 24: Raw data ultrapure water, measurement range 0.02—-2 mg/L, HACH

Matrix: Reagent Target Reference [cni [cn2 [cn3 Avrg. Abs. Rel. [cni [ch2 [cna3 Avrg. Abs. Rel.
Ultrapure conc. Total | conc. standard | standard standard standard
water chlorine deviation | deviation deviation deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]
H10 0 0 0 0 0 0 0 0 -0.001 | 0.000 | -0.002 | -0.001 | 0.001 -100.0
H10 0.1 0.11 0.10 0.10 0.10 0.1 0 0 0.056 | 0.061 | 0.056 | 0.058 | 0.003 5.0
H10 0.5 0.51 0.49 0.49 0.49 0.49 0 0 0.287 |0.284 | 0.287 | 0.286 | 0.002 0.6
H10 1.0 0.99 0.96 0.96 0.95 0.96 0.01 0.6 0.561 | 0.557 | 0.555 | 0.558 | 0.003 0.6
H10 15 1.48 1.43 141 1.40 1.41 0.02 1.1 0.831 |0.818 | 0.813 | 0.821 | 0.009 1.1
H10 2.0 1.96 1.88 1.82 1.79 1.83 0.05 2.5 1.094 | 1.057 |1.042 | 1.064 | 0.027 2.5
Table 25: Raw data ultrapure water, measurement range 0.1-10 mg/L, HACH
Matrix: Reagent Target Reference [Ch1 [Cl] 2 [CNh3 Avrg. Abs. Rel. [Ch1 [Clh2 [CN13 Avrg. Abs. Rel.
Ultrapure conc. Total | ¢onc, standard | standard standard | standard
water chlorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] [mg/L] [%6] Ext. Ext. Ext. Ext. Ext. [%6]
H25 0 0 0 0 0 0 0 0 0.014 | 0.015 | 0.015 | 0.015 | 0.001 3.9
H25 2.0 2.0 2.0 2.0 2.0 2.0 0 0 0.524 | 0.527 | 0.525 | 0.525 | 0.002 0.3
H25 4.0 4.0 4.0 4.0 4.0 4.0 0 0 1.014 | 1.004 | 1.002 | 1.007 | 0.006 0.6
H25 6.0 6.0 6.0 5.9 5.9 5.93 0.06 1.0 1484 | 1.471| 1.465 | 1.473 | 0.010 0.7
H25 8.0 8.0 7.9 8.0 7.9 7.93 0.06 0.7 1.921|1.928 | 1.925 | 1.925 | 0.004 0.2
H25 10.0 10.0 9.8 9.8 9.7 9.77 0.06 0.6 2.337 | 2.344 | 2.310 | 2.330 | 0.018 0.8




Table 26: Raw data swimming pool water, HACH

Matrix: Reagent Target Reference [Ch1 [Cl] 2 [CIh3 Avrg. Abs. Rel. [Ch1 [Cl] 2 [CNh3 Avrg. Abs. Rel.
Swimming pool conc. Total conc. standard | standard standard | standard
water chlorine deviation | deviation deviation | deviation

[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%0]

H10 0 0.29 0.30 0.31 0.31 0.31 0.01 1.9 0.177 { 0.180 | 0.180 | 0.179 | 0.002 1.0

H10 0.25 0.52 0.52 0.53 0.53 0.53 0.01 1.1 0.305 | 0.308 | 0.3077 | 0.307 | 0.002 0.5

H10 1.0 1.19 1.21 1.22 1.20 1.21 0.01 0.8 0.701 | 0.707 | 0.700 | 0.703 | 0.004 0.5

H10 1.75 2.08 2.05 2.05 2.04 2.05 0.01 0.3 1.190 | 1.194 | 1.187 | 1.190 | 0.004 0.3

H25 8.0 7.9 7.6 7.5 7.5 7.53 0.06 0.8 1.850 | 1.836 | 1.835 | 1.840 | 0.008 0.5

Table 27: Raw data potable water, HACH

Matrix: Reagent Target Reference [Cll1 [ClI2 [Cl]3 Avrg. Abs. Rel. [Cll1 [Cl12 [CN13 Avrg. Abs. Rel.
Potable water conc. Total | oo, standard | standard standard | standard
chiorine deviation | deviation deviation | deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%0] Ext. Ext. Ext. Ext. Ext. [%6]
H10 0 0 0 0 0 0 0 0 0.001 | -0.002 | -0.002 | -0.001 | 0.002 -173.2
H10 0.25 0.24 0.23 0.23 0.23 0.23 0 0 0.135 | 0.132 | 0.132 | 0.133 | 0.002 1.3
H10 1.0 0.96 0.91 0.91 0.92 0.91 0.01 0.6 0.527 | 0.529 | 0.535 | 0.530 | 0.004 0.8
H10 1.75 1.78 1.66 1.66 1.68 1.67 0.01 0.7 0.964 | 0.965 | 0.975 | 0.968 | 0.006 0.6
H25 8.0 8.1 8.0 8.1 8.1 8.07 0.06 0.7 1.946 | 1.964 | 1.960 | 1.957 | 0.009 0.5




Table 28: Raw data synthetic matrices, HACH

Matrix Reagent Target Reference [Ch1 [Cl] 2 [CN13 Avrg. Abs. Rel. [Ch1 [Cl] 2 [C13 Avrg. Abs. Rel.
conc. Total conc. standard | standard standard standard
chiorine deviation | deviation deviation deviation
[mg/L] [mg/L] [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] [%6] Ext. Ext. Ext. Ext. Ext. [%0]

High H10 0 0 0 0 0 0 0 0 0.005 | 0.005 | 0.004 0.005 | 0.001 12.4

alkalinity

High H10 0.25 0.24 0.24 0.24 0.24 0.24 0 0 0.137 | 0.141 | 0.139 0.139 | 0.002 14

alkalinity

Nitrate H10 0 0 0 0 0 0 0 0 -0.008 | -0.005 | -0.004 | -0.006 | 0.002 -36.7

Nitrate H10 0.25 0.25 0.23 0.23 0.23 0.23 0 0 0.135 |0.133 | 0.134 0.134 | 0.001 0.8

Chloride | H10 0 0 0 0 0 0 0 0 -0.006 | 0.000 | 0.000 -0.002 | 0.003 -173.2

Chloride | H10 0.25 0.26 0.24 0.24 0.24 0.24 0 0 0.138 | 0.139 | 0.138 0.138 | 0.001 0.4

Copper H10 0 0 0 0 0 0 0 0 0.003 | 0.004 | 0.001 0.003 | 0.002 57.3

Copper H10 0.25 0.26 0.24 0.23 0.23 0.23 0.01 2.5 0.139 | 0.136 | 0.134 0.136 | 0.003 1.9

Fluoride | H10 0 0 0 0 0 0 0 0 0.002 | 0.001 |o0.001 0.001 | 0.001 43.3

Fluoride | H10 0.25 0.26 0.24 0.24 0.24 0.24 0 0 0.139 | 0.138 | 0.138 0.138 | 0.001 0.4




Table 29: statistical evaluation of free chlorine (ti=4, p=95% = 2.776; ti=4, P=99% = 4.604)

Matrix Target x(Tintometer) | s(Tintometer) | x(HACH) | S(HACH) | TV

concentration (N=23) (N=23)

[mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
Ultrapure water 0 0.00 0.00 0.00 0.00 -
Ultrapure water 0.1 0.08 0.01 0.09 0.00 0.304
Ultrapure water 0.5 0.48 0.01 0.50 0.00 0.512
Ultrapure water 1.0 0.96 0.01 0.97 0.01 0.161
Ultrapure water 15 1.47 0.01 1.47 0.02 0.00
Ultrapure water 2.0 1.93 0.01 1.98 0.00 0.866
Ultrapure water 0 0.00 0.00 0.00 0.00 -
Ultrapure water 2.0 2.10 0.00 2.10 0.00 -
Ultrapure water 4.0 4.03 0.06 4.07 0.06 0.170
Ultrapure water 6.0 5.97 0.06 6.00 0.00 0.240
Ultrapure water 8.0 7.83 0.06 8.10 0.00 1.922
Ultrapure water 10.0 9.43 0.12 10.10 0.10 2.488
Swimming pool water 0 0.11 0.02 0.11 0.02 0.066
Swimming pool water 0.25 0.3 0.01 0.35 0.01 0
Swimming pool water 1.0 0.94 0.01 0.94 0.01 0.107
Swimming pool water 1.75 1.54 0.01 1.55 0.01 0.161
Swimming pool water 8.0 7.43 0.06 7.63 0.06 1.019
Potable water 0 0.00 0.00 0.00 0.00 -




Matrix Target concentration [x(Tintometer) [s(Tintometer) |x(HACH) |[s(HACH) TV
(N=3) (N=3)
[mg/L] [mg/L] [mg/L] [mg/L] [mg/L]

Potable water 0.25 0.17 0.01 0.19 0.03 0.182
Potable water 1.0 0.97 0.01 0.88 0.04 0.726
Potable water 1.75 1.69 0.02 1.56 0.07 0.716
Potable water 8.0 7.83 0.12 8.17 0.06 1.387
High alkalinity 0 0.00 0.00 0.00 0.00 -
High alkalinity 0.25 0.21 0.01 0.21 0.01 0.00
Nitrate 0 0.00 0.00 0.00 0.00 -
Nitrate 0.25 0.18 0.01 0.18 0.01 0.088
Chloride 0 0.00 0.00 0.00 0.00 -
Chloride 0.25 0.21 0.01 0.19 0.02 0.142
Copper 0 0.00 0.00 0.00 0.00 -
Copper 0.25 0.22 0.01 0.22 0.01 0.046
Fluoride 0 0.00 0.00 0.00 0.00 -
Fluoride 0.25 0.22 0.01 0.21 0.01 0.161




Table 30: statistical evaluation of total chlorine (tt=4, p=95% = 2.776; ti=4, P=99% = 4.604)

Matrix Target concentration [x(Tintometer) [s(Tintometer) |x(HACH) |[s(HACH) TV
(N =3) (N=3)
[mg/L] [mg/L] [mg/L] [mg/L] [mg/L]

Ultrapure water 0 0.00 0.00 0.00 0.00 -
Ultrapure water 0.1 0.10 0.01 0.10 0.00 0.076
Ultrapure water 0.5 0.49 0.00 0.49 0.00 -
Ultrapure water 1.0 0.97 0.01 0.96 0.01 0.269
Ultrapure water 15 1.43 0.00 1.41 0.02 0.234
Ultrapure water 2.0 1.85 0.02 1.83 0.05 0.112
Ultrapure water 0 0.00 0.00 0.00 0.00 -
Ultrapure water 2.0 1.93 0.06 2.00 0.00 0.481
Ultrapure water 4.0 3.80 0.00 4.00 0.00 -
Ultrapure water 6.0 5.73 0.06 5.93 0.06 1.019
Ultrapure water 8.0 7.63 0.06 7.93 0.06 1.529
Ultrapure water 10.0 9.33 0.12 9.77 0.06 1.803
Swimming pool water 0 0.28 0.01 0.31 0.01 0.376
Swimming pool water 0.25 0.50 0.01 0.53 0.01 0.484
Swimming pool water 1.0 1.17 0.00 1.21 0.01 0.693
Swimming pool water 1.75 1.99 0.01 2.05 0.01 0.781
Swimming pool water 8.0 7.30 0.10 7.53 0.06 1.018
Potable water 0 0.00 0.00 0.00 0.00 -




Matrix Target x(Tintometer) | s(Tintometer) | X(HACH) | s(HACH) | TV

concentration (N=23) (N=23)

[mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
Potable water 0.25 0.23 0.01 0.23 0.00 0.076
Potable water 1.0 0.92 0.01 0.91 0.01 0.054
Potable water 1.75 1.68 0.00 1.67 0.01 0.215
Potable water 8.0 7.73 0.06 8.07 0.06 1.699
High alkalinity 0 0.00 0.00 0.00 0.00 -
High alkalinity 0.25 0.22 0.00 0.24 0.00 -
Nitrate 0 0.00 0.00 0.00 0.00 -
Nitrate 0.25 0.23 0.00 0.23 0.00 -
Chloride 0 0.00 0.00 0.00 0.00 -
Chloride 0.25 0.24 0.00 0.24 0.00 -
Copper 0 0.00 0.00 0.00 0.00 -
Copper 0.25 0.24 0.01 0.23 0.01 0.054
Fluoride 0 0.00 0.00 0.00 0.00 -
Fluoride 0.25 0.24 0.01 0.24 0.00 0.076
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