TECHNICAL ISO/TS
SPECIFICATION 5094

First edition
2023-02

Nanotechnologies — Assessment of
peroxidase-like activity-of metal and
metal oxide nanoparticles

Nanotechnologies — Evaluation-de l'activité de type peroxidase des
nanoparticules métalliques etd’oxydes métalliques

Reference number
ISO/TS 5094:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=572225288a6b30d0dc55dfe7cebcd5a9

ISO/TS 5094:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=572225288a6b30d0dc55dfe7cebcd5a9

ISO/TS 5094:2023(E)

Contents Page
FFOT@WOIM..........ooooooooeeeeeee e85 iv
IIETOAUCTION .......ooooo stk \%
1 SCOPI@ ... 1
2 NOIIMALIVE TEEGT@IICES ..........ooooooee e 1
3 Terms, definitions and abbreviated teIrMIS ... 1

3.1 Terms and definitions

3.2 PN 0] o) =74 F= T =Ta IR <) g 0 1O Y

S0 0 4 Ul 5 J (OSSO S SO S 2

Physicochemical characterization of metal or metal oxide NPs............... ;. ¢ S 3

Apparatus and FeAZENES. ... T

6.1 Apparatus and appliances....

6.2 Reagents..............

7 SOIULION PrePATATION ... s
7.1 General reqQUITEMENTES ... G Bere e
7.2 TMB solution
7.3 BUTTET SOIUTION ..ol N oo ees e eeeerenenes
7.4 Nanoparticle dispersion SOIUtION ... Sl 5
7.5 Ao La SwTo) a %=1 Mel0) 01w (o) IT0] 1015 o) o HOSoooommmo o TN NN 5
8 Measurement PrOCEAUIE. ... Pyt
8.1 Measurement condition
8.2 Measurement ProCEAUIE . ... e 6
8.3 Measurement of reagent blank abSOTrPLiON ... o 7
8.4 Positive control measurement...............
8.5 Additional control measurement
9 DAtA ANALY SIS ... e 7
10 Measurement UNCEITAIMEIES ...t | 8
11 TESTETEPOTT ... ekttt e 9
Annex A (informative) Measurement for the mass from the tested metal and metal oxide
NANOPATTICLES e 10
Annex B (informdtive) Example of calculation and uncertainty evaluation from [the
peroxidase-like activity of iron oxide nanoparticles ... 11
Bib{liO G AP Y (.o 17

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=572225288a6b30d0dc55dfe7cebcd5a9

ISO/TS 5094:2023(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceflures used to develop this document and those intended for its further maintenangge
described |n the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance with
editorial rifiles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may'be the subjeq
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Introduction

Enzymes are the biological catalysts that control biochemical reactions. The enzyme peroxidase is a
metalloenzyme with many isoforms. It catalyses the oxidation of various organic substrates by hydrogen
peroxide, which is used extensively in biochemistry applications. Metal and metal oxide nanoparticles
have a wide range of applications in biomedicine, environment protection, and some other fields, such
as magnetic separation, detection, anti-bacterial, degradation of contaminants, medical imaging and
tumour therapy. In recent years, an intrinsic peroxidase-like activity was observed in some metal and
metal ox1de nanopartlcles which means that these metal and metal oxide nanopartlcles can catalyse
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TECHNICAL SPECIFICATION

ISO/TS 5094:2023(E)

Nanotechnologies — Assessment of peroxidase-like
activity of metal and metal oxide nanoparticles

Thd following documents are referred to in the text in such a way that seme or all of th
stitutes requirements of this document. For dated references, only.the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendmen

Metrological traceability of values for catalytic concentration of énzymes assigned calibrators

For

apply.

ISO

3.1 Terms and definitions

31

nanoparticle
narjo-objectwith all external dimensions in the nanoscale where the lengths of the longg

sho

[SO

narfoparticles by spectrophotometry. This document can serve as a reference for the meas
perpxidase-like activities in other types of nanoparticles.

eLtnod 1o Ng the peroxiadase- C 9 and I

Normative references

18153:2003, In vitro diagnostic medical devices — Measurement-of quantities in biological

erials

TS 80004-2, Nanotechnologies — Vocabulary — Part Z:-Nano-objects

Terms, definitions and abbreviated terms

the purposes of this document, the terms.and definitions given in ISO/TS 80004-2 and th

and [EC maintain terminology databases for use in standardization at the following addr

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available)at https://www.electropedia.org/

1

RCE: ISO/TS 80004-2:2015, 4.4, modified — Note 1 to entry has been removed.]

etal oxide
rements of

bir content
['s) applies.

samples —
ind control

e following

esses:

st and the

Fest axes of the nano-object do not differ significantly

3.1.2
catalytic activity
property of a component corresponding to the catalysed substance rate of conversion of a specified

che

Not

mical reaction, in a specified measurement system

e 1 to entry: In this document, the “component” is one kind of metal or metal oxide nanoparticles.

Note 2 to entry: In this document, the catalytic activity is the peroxidase-like activity of metal and metal oxide

nan

oparticles.

Note 3 to entry: The coherent derived SI unit is “katal” (kat), equal to “mole per second” (mol-s-1).

[SO

URCE: ISO 18153:2003, 3.2, modified — Notes 1, 2 and 3 to entry have been added.]
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3.1.3
specific catalytic activity
catalytic activity per unit mass of metal or metal oxide in nanoparticles

Note 1 to entry: Specific catalytic activity is expressed as katkg1.

3.2 Abbreviated terms

ABTS 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid ammonium salt)

DMSO Imrethytsutfoxide
H,0, drogen peroxide
HRP orseradish peroxidase

IONPs iron oxide nanoparticles

NPs

o

anoparticles

OPD

Q

-phenylenediamine

TMB 3,3"5,5'-tetramethylbenzidine

4 Prindiple
The HRP reaction can be expressed by Formula (1):

Horseradish Peroxidase

Substrite 4 tH30, - Substrate ,, +H,0 (1

reduce

To evaluatg the activity of HRP, chromogenic substrates are often employed, such as TMB, OPD, ABTS,
among thege, TMB can be the most widely tsed one.

Some metal and metal oxide NPs can.also catalyse the substrates of horseradish peroxidase in|the
presence df H,0,, which is referred(as peroxidase-like activity in this specification. For the substrate
TMB, the chemical reaction can be'expressed by Formula (2):

metal and metaloxide NPs

TMB+H,0, S TMB,, +H,0 2)

The reactign of Formula (2) generates a blue colour oxidized product that has a characteristic absorption
peak at a wavelength of 650 nm. The absorbance is measured as a function of time at (37 = 1) °C (see
Figure 1).[The mieasurement time can be determined based on the linear range of the progresging
curve of the‘peroxidase reaction. During the initial phase of the reaction within the first few perg¢ent
progressiontowatrds—totalcomptetiontherets—atinear phaseof the reaction—ttisrecommended to
record the absorbance within the linear phase of the reaction. To determine the enzymatic activity, it is
sufficient to calculate from the change in absorbance per unit of time during this linear phase.

Usually, metal or metal oxide NPs show peroxidase-like activity under acidic conditions and the
activity is weak or even vanishes under neutral or base conditions. The relevance of determining the
peroxidase-like activity under acidic environment is considered as the low pH exists ubiquitously in
biological systems including lysosomes, tumours, wounds, stomach and in environmental systems
including polluted water. At acidic conditions, the dissolution of ions is possible and therefore inclusion
of an additional control is needed (see 7.5).

The solubility of TMB is significantly decreased in solutions of pH = 5,5. This document is applicable for
suspensions with a pH value in the range of 3,5 to 5,5.

2 © IS0 2023 - All rights reserved
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Fiigure 1 — Schematic of peroxidase-like activity measurement for metal o metal oxide NPs

Thg number of peroxidase-like activity units of metal or metal oxide NPs is €alculated according to the
Lambert-Beer law:

Thq initial change rate of absorbance (min-1) is obtained from the slope’of the early, linear phase, of the
experiment, as shown in Figure 1. After deducting the reagent blank rate, the number of geroxidase-
likd activity units of metal or metal oxide NPs is calculated accotding to Formula (3).

V. _AA
= —X— 3
nano E><I AAt ( )
where
bhano s the number of enzyme activity units of metal or metal oxide NPs, in kat;

vV is the total volume of the reaction solution, in |;
g

is the molar attenuationcoefficient of the TMB derivative, which is 39 000 mol-1-]-cm™1;

~

is the optical path length of the cuvette, in cm;

AA/At isthe initial change rate of absorbance of the reaction solution after correcting with a reagent
blank rate, ir{ sy?.

Thd specific catalytiejactivity of NPs, a
NP§.

is calculated by dividing b by the mass of|the tested

nano’ nano

Thq peroxidase-like activity of metal or metal oxide NPs is calculated according to Formula (4).

b
Gnand = rr:mo 4)
M

where

a is the peroxidase-like activity of metal or metal oxide NPs, in kat-mg~1;

nano
my  is the mass of metal or metal oxide NPs, in mg.

NOTE See Annex A for the example from measurement and calculation of the mass.

5 Physicochemical characterization of metal or metal oxide NPs

Prior to the assessment of peroxidase-like activity of metal or metal oxide NPs, the size (distribution),
shape, composition, surface chemistry and crystal structure of the nanoparticles should be

©1S0 2023 - All rights reserved 3
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characterized according to Reference [1], as the peroxidase-like activity strongly depends on these
factors.

6 Apparatus and reagents
6.1 Apparatus and appliances

6.1.1 Spectrophotometer.

A calibrat§¢d standard spectrophotometer covering visible wavelength range shall be used.tzl [The
spectrophgtometer shall be turned on 1 h prior to the measurement to allow the baseline to stabiliZe.

6.1.2 Thermometer, with an accuracy equal to or under 1,0 °C.
6.1.3 pHmeter, with a resolution equal to or under 0,01 and an accuracy of +0,002.

6.1.4 Thlermostatic water bath.

The thernostatic water bath of the spectrophotometer is used to contrel the tank of cuvette it a
constant t¢mperature of (37 + 1) °C.

6.1.5 Electronic balance, with a precision of 0,01 mg and asrepeatability (calibration weight) of
<0,015 mg|(5 g).

6.1.6 Adjustable pipette, of 200 pl (uncertainty, u < 0,3 %) and 1 000 pl (u < 0,3 %).
6.1.7 Volumetric flask, of volume (10 * 0,04) ml and (100 * 0,2) ml.
6.1.8 Cupette, with an optical path length.of (10 + 0,05) mm.

6.2 Reagents

All essentipl reagents for the assay are listed in Table 1.

Table 1 — Reagents

Classificption Chemical name Name
Anhydrous sodium acetate (AR) 2 sodium acetate
Anhydrous acetic acid (AR) 2 glacial acetic acid
Reagents 3,35,5"-Tetramethylbenzidine (AR) 2 TMB
30 % hydrogen peroxide (AR) 2 30 % H,0,
Horseradish peroxidase (24,167 x 10~ kat/mg solid) HRP
Double distilled water, grade 2, in accordance with Refer- double distilled water
Solvent ence [3]
Dimethyl sulfoxide (AR) DMSO

a2 ARrepresents the analytical-reagent grade.

b GBW08616, GBW(E)130070 and GBW(E)130071 are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of these
products.

4 © IS0 2023 - All rights reserved
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Table 1 (continued)
Classification Chemical name Name
Standard solutiop of metal elements, such as standard solution NA
Standard of iron elements (e.g. GBW08616)P
substance Potassium biphthalate (e.g. GBW(E)130070)P NA
Mixed phosphate (e.g. GBW(E)130071)b NA

a2 ARrepresents the analytical-reagent grade.

b GBW08616, GBW(E)130070 and GBW(E)130071 are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of these
profducts.

7 |Solution preparation

7.1 General requirements

Thg mass given for each component in solution refers to 100 % content~If the content of the chemical
substance is less than 100 % [e.g. y (%)], the factor (F.,piene = 100/y)-should be used to caflculate the
mass of a chemical substance equivalent to the given mass.

Thd uncertainty should be within £0,5 % when weighing with.an electronic balance.

7.2 TMB solution

Prepare the TMB solution of 4,16 mmol-1"1 in DMSQ2The TMB should be fully dissolved| The TMB
solytion is recommended to store in separate packages. Repeated freezing-thawing should e avoided.
Theg solution must not be used if it is observed to be discoloured or if the absorption spdctrum has
chajnged. The absorption spectrum of TMB can be found in Reference [4].

7.3 Buffer solution

Prepare the sodium acetate solution-of 0,2 mol-1-1 and the glacial acetic acid solution of 0,2 mol-1-1 with
doyble distilled water.

Mix above two solutions in(a certain proportion to prepare the buffer solution with a pH value ranging
3,5to 5,5 (see Clause 4).

7.4 Nanoparticle-dispersion solution

Prepare the stock dispersion solution of metal or metal oxide NPs according to Reference [5] The stock
solytion may.be diluted to ensure the absorption values fitting within the instrumental deteftion limit.

7.5 cAdditional control solution

Metal ions may be released from the surface of nanoparticles in acidic medium and may contribute
to the catalytic activity. To subtract the possible contribution, an additional control solution can be
prepared (see Reference [6]).

Prepare the additional control solution by mixing the nanoparticle dispersion solution with the buffer
solution at (37 * 1) °C for the same amount of time as the measurement time length. The nanoparticles
are then removed from the solution by using ultrafiltration, the ultrafiltration pore size should be
smaller than the size of the NPs, or, to remove magnetic nanoparticles from the solution, a magnet can
be used. The resulting solution is referred to as the additional control solution.

© IS0 2023 - All rights reserved 5
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8 Measurement procedure

8.1 Mea

surement condition

Specific measurement conditions are shown in Table 2.

Table 2 — Measurement conditions

Parameter Index
Temperature (37 +1)°C
Detedtion wavelength (650 £ 1) nm
ptical path (10,00 £ 0,05) mm
In¢ubation time (60+10)s
Medsurement time 2300 s (record the absorbance within the linear phase ofthe’reaction)
Meapurement point 211 (interval, I <30 s)
8.2 Measurement procedure
8.2.1 Control (37 + 1) °C in the cuvette with the thermostatic water bath.

8.2.2 Plq
calibration

8.2.3 Prqd

8.2.4 Th
TMB soluti

8.2.5 Ad

ce the cuvettes containing double distilled water in. the spectrophotometer for base
and recording the reference.

bpare the reagents and testing samples (see Clause'6).

b buffer solution, dispersion solution of metal or metal oxide NPs, additional control solut]
on and 30 % H,0, are equilibrated to 37.9C in the thermostatic water bath.

H the above solutions to the reaction beaker following the procedure in Table 3.

Tablé3 — Measurement procedure

ine

jon,

Volume Measurement procedure
2,00 ml | |Buffer solution addédto reaction beaker and incubated to 37 °C.
Dispersion solution of metal or metal oxide NPs, or additional control solution, added to reaction
100 pl ¢ : .
beaker and mixed with vortex mixer completely.
TMB soluftien added to the reaction beaker, mixed with vortex mixer completely, and incubated|for
100 pl 60 s. At'the end of incubation, the temperature of the solution in the reaction beaker should reagh
37 °C.
30%'H,0, added to reaction beaker, mixed with vortex mixer completely. Transfer appropriate
200 ul [[amount of reaction solution to the cuvette and measure the changes of absorbance (650 nm) wilth-
in the specific time.
6 © IS0 2023 - All rights reserved
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.6 Specific measurement process is shown in Figure 2.

Monitor the temperature inside the cuvette
T37°C
| Prepare the reagents and sample |

'
| Incubate the reagents and sample |
{37°C
| Add 2 000 ul of buffer solution to the reaction container |

i

8.3

In 1
mef
the

Itig
8.4

Th4
me

8.5
The

| Add 100 pl NPs dispersion solution and mix completely |

1
| Add 100 pl of TMB solution and mix completely |

)

Incubate for 60 s

!
| Add 200 pl of 30 % H,0, and mix completely |

!

| Transfer appropriate amount of reaction solution tothe/cuvette |

]

| Monitor the changes of absorbdnte |

!

| Record the absorptionwvalue |

Figure 2 — Measurement flowchart

Measurement of reagent blank ahsorption

procedure in 8.2.

Positive contrel:measurement

hsured following the procedure in 8.2.

Additional control measurement

abs

9

he measurement flowchart (see Figtire 2), the 30 % H,0, or the dispersion solution
al oxide NPs is replaced by double-distilled water and the absorption value is measured following

recommended to use thelmean value of three measurements to substitute into the calcu

dispersion salution of metal or metal oxide NPs is replaced by HRP, and the absorpti

f metal or

ation.

bn value is

dispersion solution of metal or metal oxide NPs is replaced by additional control solutilon and the

Data analysis

The procedure for determining the peroxidase-like activity of the metal or metal oxide NPs is as follows:

a) Measured the time dependence of the absorbance at 650 nm for metal and metal oxide NPs (4,,4,)

and two blank solutions (A;; and Ap,,) with time (t,),

where

i is the time measurement pointandi=0, 1, 2,..,;

© IS0 2023 - All rights reserved
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Ayp; is the absorbance at 650 nm at ¢, for metal or metal oxide NPs;

Apq; is the absorbance at 650 nm at ¢; for blank solution with 30 % H,0, replaced by double distilled
water;

Ap,; isthe absorbance at 650 nm at ¢; for blank solution with the dispersion solution of metal or metal
oxide NPs replaced by double distilled water;

t;  isthe time taken to measure the absorbance.
b) Calculate the relative absorbance at 650 nm for the metal or metal oxide NPs (4,;) at time (&) using
Formula (5),
Ay ={Amoi —Ap1i —Apai (5)
where
i is|the time measurement pointandi=0, 1, 2...;
Ay is[the relative absorbance at 650 nm for metal or metal oxide NPs by subtracting the absorbance
of the blank solutions from the absorbance of the metal or metal gxide NPs at time (t,).
c) Calculpte the initial rate of absorbance change (AA/At) accordingte Formula (6),
&__AMj_AMi) ©)
At | (t;-t;)
where
t;and {; are the time taken to measure the absorbance, j,i=0, 1, 2, ...and j > i;
Ayjanl 4y,  aretherelative absorbance:at 650 nm for the metal or metal oxide NPs at time ¢; pnd
t; respectively.
d) Calculpte the number of enzyme.activity units of metal or metal oxide NPs (b,,,) according to
Formula (3) in Clause 4.
e) Measure the mass of the métal or metal oxide NPs (my,).
f) Calculfte the peroxidaSestike activity of metal or metal oxide NPs (a,,,,) according to Formuld (4)
in Clayse 4.
10 Measjurentent uncertainties
The uncertdinties in the calculation of the peroxidase-like activity of metal or metal oxide NPs ay
derive fromfZ:

a) abroadening effect originating from agglomeration of metal or metal oxide NPs in the sample;

b) optical absorption by impurities including metal or metal oxide NPs in the sample;

c) the systematic and statistical uncertainties associated with deducing from Formula (2) to
Formula (6);

d) traces

of water in the solvent that cause spurious absorbance.

© IS0 2023 - All rights reserved
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11 Test report

The testreport should fully describe the test procedures used, to allow the experiment to be reproduced.
The test report shall include the following:

a) the sample;

b) testresults;

c) testprocedures;

d) |complete identification of the nanoparticles tested (composition, size distribution, pufity, etc.);
e) |procedures for test sample preparation and storage condition of the test sample;

f) |identification of the used reagent (trade-name, manufacturer's code, catalogue or foprmulation
number, batch number or date of manufacture, sensitivity, etc.);

g) |[the International Standard used (including its year of publication);
h) [any deviations from the procedure;

i) [any unusual features observed;

j) |the date of the test.

NOTE For more information on the physicochemical parameters, see Reference [1].

©1S0 2023 - All rights reserved 9
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Annex A
(informative)

Measurement for the mass from the tested metal and metal oxide
nanoparticles

A1l Solild or powder samples

To calculate the mass of tested nanoparticles in 100 pl dispersion solution, weigh 10 mg.of*the splid
or powder|3 times and calculate the average mass value. Add the powder in 10 ml of H50 to pregare
an original dispersion solution and calculate the average concentration (pug/ul). Theymass of tedted
nanopartigdles in 100 pl dispersion solution is calculated by multiplying the average) concentration by
100 pl.

A.2 Solytion samples

To estimate the mass of tested nanoparticles in 100 pl dispersion selution, freeze dry or vacuum [dry
100 ml of pample solution to obtain the solid or powder samples. Weigh the powder three times pnd
calculate the average mass value. The mass of tested nanoparticles in the solution sample is calculdted
by dividing the average mass of the powder sample by 1 000.

10 © IS0 2023 - All rights reserved
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Annex B
(informative)

Example of calculation and uncertainty evaluation from
peroxidase-like activity of iron oxide nanoparticles

the

B.1 Measurement problem

Thq peroxidase-like activity of IONPs a
unifs b,.,, contained in the tested IONPs by the mass of IONPs m;qyps. As specified in this
b

nano 1S determined by dividing the numbernof‘enzyme activity

document,

nabo IS obtained by measuring the generation of blue oxidized product per unittime catalysed by IONPs

in the presence of H,0, at 37 °C under an acidic condition of pH = 3,6 and-s calculated adcording to

Bedr-Lambert law.

B.2 Mathematical model

From Formulae (3) and (4), the measurand a,,,,, can be expressed as
v M

Upano =——————
MO exIxmygyps At

where

d,.,, 1S the peroxidase-like activity of TONPs, in katmg™1;

|4 is the total volume of reaction solution, in I;
€ is the molar attenuation’coefficient of TMB derivative (39 000 mol-1-L-cm™1);
l is the optical path'ef cuvette, in cm;

mionps is the masgof IONPs, in mg;
blank rate, in s71.

B.3 Example of calculation for the peroxidase-like activity of IONPs

(B.1)

AA / At is the inifial change rate of absorbance of the reaction solution after correcting wjith reagent

As pmexample, the spectral changes of TMB oxidation products with time catalysed by [ONPs was
Sh ain- Dignra P 1 1nAnpn“Ann+ wnp.—mi—nA f]r\wnn o— imiac IIv\r]nv tha carma manciiranaan + candit ons

VR Eisure-B-independentrepeated-three-timesur thesamemeasuramentcondit .
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Figure B.1 — Spectral changes of TMB oxidation products with time (n = 3)

Consider that three independent sets of repeated measurement of AA /At are obtained via the same

procedure|(see Clause 8.2), resulting in the data given in Table B.1. The correspgnding values of a
are calculgted according to Formula (B.1). The arithmetic mean of a
calculated|from Formulae (B.2) and (B.3) are also given in Table B.1.

nano

nano and(the standard deviation

— Ion
nano =:;2i:1 nanoi (B.2)
1 < 5
(ananof) ~ n—1 2(anan0i _anano) (B.3)
i=1

Table B.1 — Values of the input quantities V ¢, [,#1;, and AA /At obtained from three sets of

repeated measurements and the calculated a,,,

Vv, 0,002 4

e, molkem™1 |39 oo

[,cm 1000
Input quantities 3

mioNps» M8 Mge = Cpe X Vie =0,066%0,1=6,6x10"

2 3
AA /AL, s
0,002 62 0,002 65 0,002 65

Ay an0 Katang=t 2,44 x 1078 [2,47 x 1078 (2,47 x 10-8
Arithmetic mean, kat-mg-1 2,46 x 10-8
Standard deviation, katmg! 1,73 x 10-10

B.4 Ungertainty evaluation for the peroxidase-like activity of IONPs

B.4.1 Type A evaluation of standard uncertainty

Using the measurement procedure of 8.2, the peroxidase-like activity of IONPs are measured four
measurements, in each of three groups on each of three days, and the calculated a,,,, were shown in
Table B.2.
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Table B.2 — Calculation of results of a,,

anano 1
Date Group kat:mg~
n=1 n=2 n=3 n=4
I 2,48 x 108 2,44 x 108 2,07 x 108 2,23 x 108
Day 1 I1 2,74 x 108 2,43 x 1078 2,39 x 108 2,57 x 108
II 2,71 x 1078 2,35 x 1078 2,44 x 1078 —
I\Y% 2,15x10-8 2,29 x 108 2,12 x10-8 2,31 x 108
Day 2 V 235 % 108 22T x 108 22T x 108 218108
VI 2,41 x 10°8 2,29 x 108 2,18 x 108 2,07 x 1018
VII 2,44 x 108 2,24 x 108 2,46 x 108 2,46'X 10-8
Day 3 VIII 2,28 x 1078 2,57 x 108 2,22 x10°8 2,86'x 10°8
IX 2,48 x 10-8 2,17 x 10-8 2,44 x 1078 2,40 x 1078
NOTE “—”in this table is outlier removing according to Grubbs criterion.
Substitution of the values from Table B.2 into Formulae (B.2) and (B.3)-then given dnano = 2,35 x 1078
-1 = -9 . -1
katimg~! and S(apanei) = 1,64 x 10~? kat-mg1.
Thg type A standard uncertainty UA(ayans )’ that is the experiinental standard deviation of the mean
S(& ) is 2,78 x 10710 kat-mg-1, calculated according to Formula (B.4).
nano
S(ananoi) _ 1,64x107° - _
U (nano) = S(anano) = (nanoi) _ =2,78x10710 kat-mg~! (B.4)
) AN N T
B.4.2 Type B evaluation of standard uncértainty
B.4|2.1 General
B.4{2.1.1 Introduction
Acdording to Formula B.1, it dai'be analysed that the components of type B uncertainty are dontributed
by V, €, I, mgnps and AAY At . Therefore, the type B relative standard uncertainty can be|expressed
as:
A 2
2 2 2 2 uf —
upg u(V u(e u(l u(m ( ]
(anano): 1: ( )} + [ ( ):l + |: ():| + |: ( IONPS):| + At (BS)
Unane 4 € [ MioNps ﬁ
At
B.4{2:2 " Relative uncertainty of the total volume of reaction solution, u(V)/V

Since the reaction volume of IONPs, TMB solution and 30 % H,0, was 100 pl, 100 pl and 200 pl,
respectively, which is much smaller than that of Solution 1 (2 000 ul), the uncertainties generated by
them are insignificant and can be ignored. Therefore, the source of u(V) is the adjustable pipette (range

100 pl to 1 000 pl) and is provided by the pipette manufacturer. The relative uncertainty of V is given

by

M:O 002
V )

© IS0 2023 - All rights reserved
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