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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 prog¢edures used to develop this document and those intended for its further maintenance ate
describefl in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentionq is drawn to the possibility that some of the elements of this document may»be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as jnformation about ISO's adherence to
the World Trade Organization (WTO) principles in the Jechnical Barriers to Trade (TBT), s¢e
www.isa.org/iso/foreword.html.

This dochiment was prepared by Technical Committee {SO/TC 229 Nanotechnologies.
Alist of 1l parts in the ISO 23367 series can be found on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

Nanostructured materials possess fascinating properties such as high reactivity, excellent electrical
conductivity, quantum-scaled confinement, great degree of biocompatibility, versatile optical
transmission, outstanding electromagnetic properties and substantial surface area-to-volume ratio.
Physical and chemical behaviour of nanomaterials are tunable by morphological variation as well as
surface modification. It is these unique properties and functionalities that enable nanomaterials to be a
novel solution for the development of advanced high-performance sensing devices.

Applications of advanced nanomaterials 1In the detection ol chemicals or biomolecules have been
wlidely studied to cater to variety of demands from innovative healthcare practice to lihdustrial
process improvement to potent environmental surveillance. By introducing nanotechnelogy in sample
preparations, biomolecule reactions and chemical sensing procedures, the performance of trpditional
s¢nsor technologies has been enhanced, brand-new nanosensors have been egmmercialigzed, and
r¢lated markets have achieved remarkable growth.

There are several standards that specify the performance characteristi¢cs and the performance
eyaluation of a specific sensing or metrological device/equipment, especially in in vitro diagnosis,
fdod safety management and environmental monitoring. Existing stapdards describe the performance
of conventional sensors, however, there is not any standard docunient which generally addresses the
enhanced sensing performance of a nanosensor. Moreover, the énhancement of sensing performance
by nanotechnologies is not yet reflected in the existing relevant standards for conventiongl sensor
tg¢chnologies. As a result, there is a growing need for statidardization to accurately desdribe the
performance characteristics of nanosensors for chemical/and biomolecule detection. This document
standardizes performance characteristics of nanosensorswhich are utilized for performance eyaluation
ir] medical diagnosis, personal healthcare, environment-monitoring, food quality and safety m¢nitoring
and biohazard defence.
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Nanotechnologies — Performance characteristics of
nanosensors for chemical and biomolecule detection —

Part 1:
etection performance

Scope

brformance of nanosensors for chemical and biomolecule detection. This docuhient does not ¢over the

1

This document describes the performance characteristics necessary to evalliate the detection
p

ahalytical performance characteristics or the performance evaluation procedure of a specific $ensor.

2| Normative references

The following documents are referred to in the text in such a #ay that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
uhdated references, the latest edition of the referenced dociment (including any amendments) applies.

p—

qO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

[

40 16604:2004, Clothing for protection against contact with blood and body fluids — Determination of
gsistance of protective clothing materials to penetration by blood-borne pathogens — Test method using
Phi-X 174 bacteriophage

=

Y—

0 17511:2020, In vitro diagnostic.medical devices — Requirements for establishing mefrological
tiaceability of values assigned to calibfators, trueness control materials and human samples

p—

40 18113-1:2022, In vitro diagnostic medical devices — Information supplied by the manyfacturer
(Inbelling) — Part 1: Terms, definitions, and general requirements

3| Terms and definitions

For the purposes”of this document, the terms and definitions given in ISO/IEC Guide [99:2007,
190 16604:200%4,1SO 17511:2020, ISO 18113-1 and the following apply.

[0 and [EC maintain terminology databases for use in standardization at the following addregses:

— IS8O0'Online browsing platform: available at https://www.iso.org/obp

s 4 BYalhn | 4 da lalal £ los LL 1 i s L
ILGU LICTCULL U}JCUAG. avdllaulit al llLL}JD.,I,I VV VV VV.UICU LI uycu1a.u1 5,[

31
analyte
component represented in the name of a measurable quantity

EXAMPLE In the type of quantity "mass of protein in 24-hour urine", "protein” is the analyte. In "amount of

substance of glucose in plasma", "glucose" is the analyte. In both cases the long phrase represents the measurand
(3.9).

[SOURCE: ISO 17511:2020, 3.1]
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3.2

analytical performance

<nanosensor> ability of an assay using a nanosensor to measure or detect a particular analyte in a
reference sample

3.3
assay
set of operations to determine the presence of or concentration of a particular component

[SOURCE: ISO 16604:2004, 3.2, modified — "analysis of a mixture" has been changed to "set of
operatiofis"and Note I to entry has been deleted.]

34
cut-off value
quantity|value used as a limit to identify samples that indicate the presence or the absence of a specifiic
disease, fondition, or measurand

Note 1 to] entry: The cut-off value defines which measurement results are reported as pdsitive and which aye
reported ps negative.

Note 2 to pntry: Measurement results near the cut-off value can be inconclusive due to measurement uncertainty.

Note 3 tofentry: The selection of the cut-off value determines the clinical specifi¢ity and clinical sensitivity of the
examinatjon.

[SOURCH: ISO 18113-1:2022, 3.2.15, modified — "decision limit" has‘been changed "limit" and Notes 1|2
and 3 to pntry have been revised.]

3.5
detection performance
<nanosefsor> ability of an assay using a nanosensor to‘determine the presence of a particular analyte
above thp cut-off value in a test sample

Note 1 tojentry: A test sample is defined as a samp]eused to validate the performance of the nanosensor.

3.6
detection sensitivity
<nanosehsor> ability of an assay using a nanosensor to recognize the presence of an analyte in a tept
sample

3.7
detection specificity
<nanosehsor> ability of-a assay using a nanosensor to recognize the absence of an analyte in a tept
sample

3.8
detection signal ratio
<nanosehsof>‘ability of an assay using a nanosensor to clearly differentiate a positive response from|a
negative|reSponse

3.9
measurand
quantity intended to be measured

[SOURCE: ISO/IEC Guide 99:2007, 2.3, modified — Notes 1, 2, 3 and 4 to entry, and Examples 1 and 2
have been deleted.]

3.10

nanosensor

nano-enabled or nano-enhanced apparatus used to detect or identify events and changes in its
environment, and transmit features of data to other electronics to convert them to a measurable output

2 © IS0 2022 - All rights reserved
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3.11
performance characteristic
<nanosensor> parameter used to define the performance of a nanosensor

EXAMPLE Sensitivity, specificity and signal ratio.

Note 1 to entry: Information about more than one performance characteristic is usually required to evaluate the

suitability of a nanosensor for its intended use.

3.12

p rformance evaluation

<hanosensor> investigation of a device or apparatus for the purpose of establishing or ver
performance claims

4f Detection performance characteristics

41 General
D

etection performance is the ability of an assay to discriminate between two subclasses of

a

presence of a target chemical or biomolecule above a cut-off value, Examples of assays include
fqr infectious diseases in in vitro diagnosis,[ food poisoning in(food quality and safety moni
dg¢fective product screening in quality controll3] and detection of biohazards in envirg
njonitoring.l4l In such cases, the assay is designed to «distinguish between positive and
r¢sponses, i.e. between results above or below a pre-detérmined cut-off value.

Typical detection performance characteristics for conventional sensors are detection sensit
detection specificity. However, there are limitations on existing detection performance chara
tq assess the enhanced performance of nanosensors as described in Annex A and Annex B. T
detection performance characteristics for\nanosensors need to be defined well enough {
the enhancement of performance by nanotechnology as well as the reliability of the ass|
NANOSensors.

ause 4 describes detection performance characteristics of nanosensor for chemical and bio
btection that shall be essentially evaluated using test samples.

)

4|2 Detection sensitivity

Detection sensitivity-is’ the probability of the assay scoring positive in test samples com
stibjects known tg-have the analyte. Detection sensitivity is expressed as the ratio of true
samples over thie total number of samples which should give positive results, i.e. true positive
plus false negdtive samples. This performance characteristic may be expressed as percentd
mfultiplicatioh by 100.

fying its

subjects,

nd detection performance evaluation of the assay using a nanosengor-is intended mainly to detect the

the tests
toring,[2]
nmental
negative

vity and
rteristics
herefore,
0 assess
ay using

molecule

ng from
positive
samples
ge, after

5.0 Nrp
sens — N N
TP+ VEN
where
Dy, is the detection sensitivity;

Npp is the number of true positives;

Npy is the number of false negatives.
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4.3 Detection specificity

Detection specificity is the probability of the assay scoring negative in test samples coming from

subjects known to be free of the analyte. Detection specificity is expressed as the ratio of the true
negative samples over the total number of samples which should give negative results, i.e. true negative
plus false positive samples. This performance characteristic may be expressed as percentage, after
multiplication by 100.
D —_ NN
SPEC Neoo ok N
I'IN rr
where
Dqpe¢ is the detection sensitivity;
Npy | is the number of true negatives;
Ngp | is the number of false positives.
4.4 Ddtection signal ratio
Detectioh signal ratio is the ability of an assay to clearly differentiate a positive response from|a
negative[response in test samples. Detection signal ratio is expressed.as the ratio of the averaged signpl
intensity of true positive samples over the averaged signal intensity.of the true negative samples.
_ Iaveraged,TP
RDsignal - I
averaged,TN
where
Rpsignal  is the detection signal ratio;
I verggerpis the averaged signal intensity.of true positive samples;
Laverfgernis the averaged signal intensity of the true negative samples.
4 © IS0 2022 - All rights reserved
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Annex A
(informative)

Performance evaluation of a sensor

A.1 General

Sensors are used to determine the presence of chemical or biological substances and to expr

gphantitative expression of a physicochemical quantity, the sensor serves to provide data for
re¢lated to the existence of a substance according to the user's intention. As a representative e}
s¢nsor developed for medical purposes is used as a diagnostic device, and ismanufactured td
the presence of a pathogen or biomarker, and to indicate the presence or absence of a disease a
tq the result. Therefore, the sensor as an in vitro diagnostic device should be evaluated w|
hhas performance characteristics such as sensitivity and specificity\that meet the requiren
dlagnosing diseases. In applications such as water/air purification'systems or environmental
nmlonitoring, the performance of a sensor is evaluated according to the purpose of det
the presence or absence of residual pollutants, and to the ability to quantify the amount of]
bllutants.

p

The performance evaluation of a sensor proceeds as a verification procedure at the developm
of a validation procedure at the post-development stage. While often used intermixed, verificd
validation are quite different procedures with different goals and different means to achig
gopals. Verification is defined as confirmation, thitough the provision of objective evidence, that
re¢quirements have been fulfilled, and validation is defined as confirmation, through the prg
objective evidence, that the requirements.for a specific intended use or application have been
A Here, the requirement for a specific ihténded use or application refers to the correct deter
oh the presence or absence of a disease in the field of in vitro diagnostics, residual pollutan
wlater/air purification system, and environmental hazards in the environmental pollution mor

—
@x

A2 Analytical versus detection performance evaluation

In) the verification procedure, performance evaluation must confirm whether the sensor is many
ir] accordance with'the designed requirements, and an analytical performance evaluation
id used. The analyfical performance evaluation refers to how well a sensor can measure thg
of interest - in ether words, accurate and reproducible. In the analytical performance ey
performancéyeharacteristics, such as analytical sensitivity, analytical specificity, accuracy, g
ré¢peatability, reproducibility, limit of detection, limit of quatification, etc., are evaluated
r¢ference sample having a measured value with a uncertainty.

ess them

ghantitatively. In particular, while the purpose of a measuring instrument or an analyser is lillltthd toa
j

dgment
tample, a
confirm
ccording
hether it
nents for
pollution
brmining
residual

bnt stage
ition and
ve those
specified
vision of
fulfilled.
mination
ts in the
itoring.

factured
method
b analyte
aluation,
recision,
using a

ther the

During the validation procedure, in contrast, performance evaluation must confirm whd

sensor operates according to its intended use, and a detection performance evaluation method is used.
The detection performance evaluation refers to how well a given test can discriminate the presence
or absence of the analyte. In the detection performance evaluation, the test sample is not a reference
sample or any artificial buffered sample, but a natural unbuffered sample in which unexpected
impurities may co-exist causing false response. Therefore, the test results obtained must be compared

with the results by a “gold standard” method to evaluate the detection performance charac

teristics,

such as detection sensitivity, detection specificity and detection signal ratio. A comparison of the two

performance evaluation methods is summarized in Table A.1.
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Table A.1 — Analytical versus detection performance evaluation

Evaluation

Analytical performance

Detection peformance

purpose

verification procedure

validation procedure

test sample

artificial, buffered

natural, unbuffered

reference criteria

certified value of reference sample

test result by gold standard

characteristics

analytical sensitivity, analytical
specificity, accuracy, precision, repeata-
bility, reproducibility, limit of detection,

detection sensitivity, detection
specificity and detection signal ratio

Iimit of quantification, etc.
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Annex B
(informative)

Limitations of existing detection performance characteristics on

nanosensor

.1 General

he analytical performances are evaluated during the verification test of nanosensors that

B
The performance of nanosensors is divided into analytical performance and detection perf
T
or detect analyte in reference samples, and the detection performance is evaluated during v

njonitoring system.

ring analytical performance evaluation, the analytical perfermance characteristics
s¢nsitivity, selectivity, limit of detection, limit of determination, limit of gantification, repe
r¢producibility, stability, signal-to-noise, etc., as defined in the(literatures are evaluated.[t]-

brmance.
measure
hlidation

tdst using test samples for decision-making purposes such as medical diagnesis, quality control and

such as
atability,
8] In the

analytical performance characteristics measured with contintious values, the enhanced performance

b}y nanotechnology can be well evaluated. However, it is) difficult to clearly evaluate the ¢
performance of the nanosensors by using the detectionperformacne characteristics based g
classification. For a clearer understanding, Clause B.2.describes binary classification. The dif
evyaluating the detection performance of nanosensofsis described in Clause B.3.

.2 Binary classification

Blnary classification is the task of classifying elements of a given set into two groups accq
classification rules (determining which group each group belongs to). The presence of d
edical diagnostics, determination of pass/fail in quality control, and safe/alert announce

syirveillance systems are examples of typical binary classifications.

chit-off value, and the testresult is positive/pass/safe or negative/fail/alert, depending on wh
re¢sult is higher or lowerthan the cut-off.

Gjven a classification of a specific data set, there are four basic combinations of actual sample
and test outcome category, shown in Table B.1: true positives (correct positive assignmer]
negatives (correct negative assignments), false positives (incorrect positive assignments) 4
negativesfincorrect negative assignments).

nhanced
n binary
ficulty of

rding to
sease in
ments in

Ap with most measurements,tests with continuous values can be artificially made binary by defining a

bther the

category
Its), true
ind false

Table B.1 — Four basic combinations of binary classification

Test outcome Positive sample Negative sample
Positive True positive False positive
Negative False negative True negative

False positives and false negatives are caused by the presence of other materials in the sample such as
matrices, impurities, interfering substances or inhibitors which may affect the sensing performance of

the nanosensors.

In vitro diagnosis to check the presence of disease, food quality and safety monitoring in food
manufacturing to determine the occurrence of pathogen and environmental surveillance systems to
alert the level of biohazard such as fine dust in air or toxins in water are good examples to adopt binary

© IS0 2022 - All rights reserved
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classification in industries. In addition, these applications are also actively utilizing nano-sensors with
improved performance.

As an example of binary classification, there is Pass/Fail classification in food quality and safety
monitoring. Food poisoning bacteria detected during food manufacturing process can be tolerated
within the usual range (Pass), but if food poisoning bacteria are detected exceeding the cut-off value
(Fail), the food manufacturing process should be stopped and the produced food must be disposed
for safety. The improved performance of nanosensors can enhance reliability in stakeholders risk
management causing disruption of manufacturing processes and disposal of produced food. Also, the
safe/warning/alarm classifications of fine-dust or toxin in environment monitoring are an advanced
example|of binary classifications. The government's preparedness strategy to ensure public safety
must be [announced, depending on the detected classification of fine-dust or toxin, and the improved
performance of nanosensors can impart strong credibility to the government's crisis management
capabilitjes.

B.3 Example of detection performance evaluation

The perfprmance of a conventional sensor (Sensor A) and a nanosensor (Sensér-B) is first compargd
using ex|sting performance characteristics. After the measurements of 14 samples, respectively, the
results i Figure B.1 show that Sensor A and Sensor B, all have six true positives and one false negatiye
for sever] positive samples, and seven true negatives for seven negative samples. Both sensors perform
with 85,7 % sensitivity and 100 % specificity. It may therefore conclude-that the performance of thege
two very| different sensors are the same as each other.

R S0 e, I Te—

Signgt} TP TP TP TP FN TP TP Signalf TP TP TP TP FN TP TP
Cut-off Cut-off
. Positive . Positive
#1 #2 #3 #4 #5 #6 #7~.Samples #1 #2 #3 #4 #5 #6 #7 Samples
Signal } Signal }
TN TN TN TN TN TIN-'TN TN TN TN TN TN TN TN
Cut-off Cut-off
RN =2 0 N R "H H R B R
#1 #2 #3H#A #5 #6 #7 Samples #1 #2 #3 #4 #5 #6 #7 Samples
P —2—8570/ P -Z-100°/ N =1 P —9—8570/ P —Z-IOO"/ N =1
Sensfivity ~ 7_ R0 Specificity ~ 7_ 0 Cut-off ~ Sensitivity ~ 7_ » /70 Specificity 7_ 0 Cut-off ~
Same perfqrmance ?

- J _/

Figure B.1 — Detection performance evaluation using sensitivity and specificity

If the signal ratio performance characteristics are compared in addition to the existing sensitivity and
specificity, the detection signal ratio of the conventional sensor and the nanosensor are calculated to be
2,768 and 6,569, respectively, and the stakeholders will determine that the nanosensor performance is
better and there is the performance enhancement by nanotechnology shown in Figure B.2.
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