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Overview

1. Sampling accreditation

2. Analysis of the collected sample

3. Analysis of a large item

4. Exercise

1. Sampling accreditation

It can be accredited two types of sampling work:

Task 1: Collection and transport of a sample to the laboratory for
analysis;

Task 2: Sampling a large item (e.g. large river area or food lot) in order
to produce an adequate estimate of a parameter of the large item.
Includes the activities of Task 1.
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1. Sampling accreditation

It can be accredited two types of sampling work:

Task 1: Measurand (quantity intended to be measured): The quantity
value in the sample (e.g. nitrite concentration in the water sample);

Task 2: Measurand: The mean quantity value in the large item (e.g. the
nitrite concentration in river area X, at 1 m depth, day Y and time Z.

2. Analysis of the collected sample

Measurement uncertainty model (“top-down” approach):

(1) Heterogeneity of the collected sample;

(2) Measurement intermediate precision (“between-days” precision);

(3) Component for systematic effects estimated from the analysis of
items with reference value.

Intermediate 
precision(2) Trueness(3)Sub-sampling(1)

Uncertainty components:

2. Analysis of the collected sample

The analytical interval (known as “analytical range”) is divided in two
intervals:

Interval I: ୐୓ୈݍ] , ୐୓୕ݍ2 [  Combination of absolute uncertainty
components;

Interval II: ୐୓୕ݍ2] , ୑ୟ୶ݍ [  Combination of relative uncertainty
components.

where ୐୓ୈݍ is the Limit of Detection, ୐୓୕ݍ is the Limit of Quantification
and ୑ୟ୶ݍ the maximum value studied during procedure validation. Some
laboratories prefer to start the analytical internal at the .୐୓୕ݍ

૛ۿ۽ۺࢗ

′ࢁ ᇱࢁ ൌ ࢗ/ࢁ

Interval II

૛ۿ۽ۺࢗ

ࢁ

Interval I
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2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ

୰ሺ୦ሻݏ I 	- repeatability standard deviation of the analysis of heterogeneous
samples with q within Interval I;

୍ݏ I - intermediate precision standard deviation of the analysis of
homogeneous samples with q within Interval I;

୘′ݑ - trueness relative standard uncertainty estimated for Interval I and II;

ܷ ݍ - expanded uncertainty of estimated quantity, q, for a confidence
level of approximately 95 %.

2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ

୘′ݑ - trueness relative standard uncertainty estimated for Interval I and II:

୘′ݑ ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺ′ݑ ௜ܳሻଶ

ே

௜ୀଵ

ܰ തܴ൘

where if:

1 െ തܴ

୘ݑ

> 2  If allowed, correct recovery (ݍ ൌ ୧୬୧୲୧ୟ୪ݍ തܴ⁄ );

≤ 2  Do not correct recovery.

ܴ௜	– Recovery of test i (i = 1 to N);

–	ሺܴ௜ሻ′ݏ relative standard deviation of ܴ௜;

–	ሺܳ௜ሻ′ݑ relative standard uncertainty of 
the reference value, ܳ௜;

തܴ – mean recovery ( തܴ ൌ ∑ܴ௜ ܰ⁄ ሻ.

2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

i) Analysis of sediments duplicates:

C. Palma et al. Talanta 192 (2019) 278–287
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2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

i) Analysis of
sediments
duplicates:

ሻܐሺܚ࢙ ൌ ૙. ૜૝૟	܏ܕ	ି܏ܓ૚

2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

ii) Analysis of an homogeneous
sediment in different days:

2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

ii) Analysis of an homogeneous
sediment in different days:

۷࢙ ൌ ૛′۷࢙ۿ۽ۺࢗ ۷۷
ൌ ૛ · ૠ. ૞ · ૙. ૙ૠ૞૝
ൌ ૚. ૚૜	܏ܕ	ି܏ܓ૚
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2. Analysis of the collected sample

Interval I ( ,۲۽ۺࢗ] ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

iii) Analysis of samples
from proficiency tests:

2. Analysis of the collected sample

Interval I ,۲۽ۺࢗ]	) ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

iii) Analysis of samples
from proficiency tests:

୘′ݑ = 0.01885/1.101

Recovery correction
is required (*1/1.101)

2. Analysis of the collected sample

Interval I ,۲۽ۺࢗ]	) ]ۿ۽ۺࢗ2 ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

iii) Analysis of samples
from proficiency tests:

୘′ݑ = 0.01885/1.101

Recovery correction
is required (*1/1.101)

In order to prove that observed recovery is applicable to the analysis of samples collected 
from the river, field recovery tests are required (1).
The test quality control should also include the duplicate collection of samples and field 
blanks (2).

(1) – It can be spiked a sediment in the laboratory that travels from lab to field and back 
to the lab (it is difficult to measure a mass of sediment in the field);

(2) – Blank solution that travels from lab to field and back to the lab.
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2. Analysis of the collected sample

Interval I ( ]ۿ۽ۺࢗ2	,۲۽ۺࢗ] ):

ܷ ݍ ൌ 2 ୰ሺ୦ሻݏ
ଶ I ൅ ୍ݏ

ଶ I ൅ ୘′ݑݍ ଶ ୘′ݑ												 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

ܰ തܴ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

iv) Uncertainty components combination (units mg kg-1):

ݍ ൌ
୧୬୧୲୧ୟ୪ݍ
1.101

ܷ ݍ ൌ 2 0.346ଶ ൅ 1.13ଶ ൅ ݍ
0.01885

1.101

ଶ

2. Analysis of the collected sample

Interval II ( [૛ۿ۽ۺࢗ, ]ܠ܉ۻࢗ ):

ܷ′ ݍ ൌ 2 ୰ሺ୦ሻ′ݏ
ଶ II ൅ ୍′ݏ

ଶ II ൅ ୘′ݑ
ଶ ୘′ݑ													 ൌ ෍ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ
ே

௜ୀଵ

തܴܰ൘

୰ሺ୦ሻ′ݏ II - repeatability relative standard deviation of the analysis of
heterogeneous samples with q within Interval II;

୍′ݏ II - intermediate precision relative standard deviation of the analysis
of homogeneous samples with q within Interval II;

୘′ݑ - trueness relative standard uncertainty estimated for Interval I and II;

ܷ′ ݍ - relative expanded uncertainty of estimated quantity, q, for a
confidence level of approximately 95 %.

2. Analysis of the collected sample

Interval II ( [૛ۿ۽ۺࢗ, ]ܠ܉ۻࢗ ):

ܷ′ ݍ ൌ 2 ୰ሺ୦ሻ′ݏ
ଶ II ൅ ୍′ݏ

ଶ II ൅ ୘′ݑ
ଶ ୘′ݑ													 ൌ ෍ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ
ே

௜ୀଵ

തܴܰ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

i) Analysis of sediments duplicates:
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2. Analysis of the collected sample

Interval II ( [૛ۿ۽ۺࢗ, ]ܠ܉ۻࢗ ):

ܷ′ ݍ ൌ 2 ୰ሺ୦ሻ′ݏ
ଶ II ൅ ୍′ݏ

ଶ II ൅ ୘′ݑ
ଶ ୘′ݑ													 ൌ ෍ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ
ே

௜ୀଵ

തܴܰ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

i) Analysis of
sediments
duplicates:

ሻܐሺܚ′࢙ ൌ ૛. ૞૜	%

2. Analysis of the collected sample

Interval II ( [૛ۿ۽ۺࢗ, ]ܠ܉ۻࢗ ):

ܷ′ ݍ ൌ 2 ୰ሺ୦ሻ′ݏ
ଶ II ൅ ୍′ݏ

ଶ II ൅ ୘′ݑ
ଶ ୘′ݑ													 ൌ ෍ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ
ே

௜ୀଵ

തܴܰ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

ii) Analysis of an homogeneous
sediment in different days:

′۷࢙ ൌ ૠ. ૞૝	%

2. Analysis of the collected sample

Interval II ( [૛ۿ۽ۺࢗ, ]ܠ܉ۻࢗ ):

ܷ′ ݍ ൌ 2 ୰ሺ୦ሻ′ݏ
ଶ II ൅ ୍′ݏ

ଶ II ൅ ୘′ݑ
ଶ ୘′ݑ													 ൌ ෍ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ
ே

௜ୀଵ

തܴܰ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

iii) Analysis of samples
from proficiency tests:

୘′ݑ = 0.01885/1.101

Recovery correction
is required (*1/1.101)
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2. Analysis of the collected sample

Interval II ( [૛ۿ۽ۺࢗ, ]ܠ܉ۻࢗ ):

ܷ′ ݍ ൌ 2 ୰ሺ୦ሻ′ݏ
ଶ II ൅ ୍′ݏ

ଶ II ൅ ୘′ݑ
ଶ ୘′ݑ													 ൌ ෍ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ
ே

௜ୀଵ

തܴܰ൘

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

iv) Uncertainty components combination:

ݍ ൌ
୧୬୧୲୧ୟ୪ݍ
1.101

ܷ ݍ ൌ ݍ2 0.0253ଶ ൅ 0.0754ଶ ൅
0.01885

1.101

ଶ

ൌ 0.16ݍ

3. Analysis of a large item

Measurement uncertainty model (“top-down” approach):

(1) Uncertainty of heterogeneous item sampling;

(2) Measurement intermediate precision (“between-days” precision);

(3) Component for systematic effects estimated from the analysis of
items with reference value.

Intermediate 
precision(2) Trueness(3)Sampling(1)

Uncertainty components:

3. Analysis of a large item

The characterisation of a large item requires the assessment of their
heterogeneity from the analysis of m samples. For simplicity, it can be
assumed the normal distribution of the studied quantity.

22
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3. Analysis of a large item

Interval I ( ]ࡽࡻࡸࢗ૛	,ࡰࡻࡸࢗ] ):

ܷ ݍ ൌ 2
ଶݏ

݉
൅ ୍ݏ

ଶ I ൅ ୘′ݑതݍ ଶ ᇱ୘ݑ											 ൌ ෍ ܴ௜
ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶ′ݑ

ே

௜ୀଵ

തܴܰ൘

where s is the standard deviation of measured values of m samples
analysed under repeatability conditions (small overestimation of
repeatability).

Interval II ( [૛ࡽࡻࡸࢗ, ]࢞ࢇࡹࢗ ):

ܷሺݍሻ ൌ ݍ2
ଶ′ݏ

݉
൅ ᇱ୍ݏ

ଶ II ൅ ᇱ୘ݑ
ଶ

For Interval I or II, the sampling standard, ,ୗݏ or relative standard, ,ୗ′ݏ uncertainty is
estimated by ୗݏ ൌ ଶݏ ݉⁄ െ ୰ଶݏ I ݉⁄ ଵ/ଶ or ୗ′ݏ ൌ ଶ′ݏ ݉⁄ െ ୰ଶ′ݏ II ݉⁄ ଵ/ଶ, respectively;
where ୰ݏ I and ୰′ݏ II 	are the standard deviation or relative standard deviation of
measurements repeatability for Internal I and II, respectively.

3. Analysis of a large item

(…)
Interval II ( [૛ࡽࡻࡸࢗ, ]࢞ࢇࡹࢗ ):

ܷሺݍሻ ൌ ݍ2
௦ᇱమ

௠
൅ ᇱ୍ݏ

ଶ II ൅ ᇱ୘ݑ
ଶ ᇱ୘ൌݑ											 ∑ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶே′ݑ
௜ୀଵ

തܴܰൗ

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

Results of the analysis of 5 sediment samples from a large river area:

Mass fractions (mg kg-1): 47.93; 38.47; 42.02; 41.10; 53.04

3. Analysis of a large item

(…)
Interval II ( [૛ࡽࡻࡸࢗ, ]࢞ࢇࡹࢗ ):

ܷሺݍሻ ൌ ݍ2
௦ᇱమ

௠
൅ ᇱ୍ݏ

ଶ II ൅ ᇱ୘ݑ
ଶ ᇱ୘ൌݑ											 ∑ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶே′ݑ
௜ୀଵ

തܴܰൗ

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

Results of the analysis of 5 sediment
samples from a large river area:

Mass fractions (mg kg-1):
47.93; 38.47; 42.02;
41.10; 53.04
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3. Analysis of a large item

(…)
Interval II ( [૛ࡽࡻࡸࢗ, ]࢞ࢇࡹࢗ ):

ܷሺݍሻ ൌ ݍ2
௦ᇱమ

௠
൅ ᇱ୍ݏ

ଶ II ൅ ᇱ୘ݑ
ଶ ᇱ୘ൌݑ											 ∑ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶே′ݑ
௜ୀଵ

തܴܰൗ

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

Results of the analysis of 5 sediment
samples from a large river area:

Mass fractions (mg kg-1):
47.93; 38.47; 42.02;
41.10; 53.04 ᇱ࢙ ൌ ૟. ૙ૠ	%

3. Analysis of a large item

(…)
Interval II ( [૛ࡽࡻࡸࢗ, ]࢞ࢇࡹࢗ ):

ܷሺݍሻ ൌ ݍ2
௦ᇱమ

௠
൅ ᇱ୍ݏ

ଶ II ൅ ᇱ୘ݑ
ଶ ᇱ୘ൌݑ											 ∑ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶே′ݑ
௜ୀଵ

തܴܰൗ

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

Result:

തݍ ൌ
44.31
1.101

ൌ 40.25	mg	kgିଵ

ܷ ݍ ൌ ݐ 4; 95% 40.25
0.136ଶ

5
൅ 0.0754ଶ ൅

0.01885

1.101

ଶ

ൌ 2.78 · 40.25 · 0.09837 ൌ 11	mg	kgିଵ

3. Analysis of a large item

(…)
Interval II ( [૛ࡽࡻࡸࢗ, ]࢞ࢇࡹࢗ ):

ܷሺݍሻ ൌ ݍ2
௦ᇱమ

௠
൅ ᇱ୍ݏ

ଶ II ൅ ᇱ୘ݑ
ଶ ᇱ୘ൌݑ											 ∑ ܴ௜

ଶ ሺܴ௜ሻଶ′ݏ ൅ ሺܳ௜ሻଶே′ݑ
௜ୀଵ

തܴܰൗ

Example: Determination of total chromium in marine sediments:
୐୓୕ݍ ൌ 7.5	mg	kgିଵ

Result: Mean concentration of total chromium in the studied area of river 
sediments:

40 േ 11 	mg	kgିଵ

(for a confidence level of approximately 95 % using a k = 2.78)
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4. Exercise

Estimate the mean value of nitrite concentration in an area or Tagus river with
uncertainty for a confidence level of 95 %.

4. Exercise

Estimate the mean value of nitrite concentration in an area or Tagus river with
uncertainty for a confidence level of 95 %.

●●● Performance of the analysis of nitrite in a river water sample by segmented
flow molecular spectroscopy (cLOQ = 0.1 µmol L-1):

Note: No relevant systematic effects were observed in measurement.

C. Palma, C. Borges, R. Bettencourt da Silva, Evaluation and optimisation of estuarine sampling
uncertainty, Isranalytica 2019, Tel Aviv, 22-23 January 2019.

Interval I: [ۿ۽ۺࢉ2 ,۲۽ۺࢉ[ (µmol L-1)
୰ݏ ୍ݏ ୘ݑ

0.0044 0.0107 0.0026

Interval II: [2ۿ۽ۺࢉ, (…)[ (%)
୰′ݏ ୍′ݏ ୘′ݑ

0.87 2.11 1.31

4. Exercise

Estimate the mean value of nitrite concentration in an area or Tagus river with
uncertainty for a confidence level of 95 %.

●●● Results of the analysis of 10 samples with known GPS coordinates:

C. Palma, C. Borges, R. Bettencourt da Silva, Evaluation and optimisation of estuarine sampling
uncertainty, Isranalytica 2019, Tel Aviv, 22-23 January 2019.
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4. Exercise

Estimate the mean value of nitrite concentration in an area or Tagus river with
uncertainty for a confidence level of 95 %.

●●● Results of the analysis of 10 samples with known GPS coordinates:

Sample c(NO2) (µmol L-1)

S1 0.429
S2 0.459
S3 0.459
S4 0.480
S5 0.466
S6 0.393
S7 0.397
S8 0.490
S9 0.466

S10 0.459
Mean 0.450

SD 0.0329

C. Palma, C. Borges, R. Bettencourt da Silva, Evaluation and optimisation of estuarine sampling
uncertainty, Isranalytica 2019, Tel Aviv, 22-23 January 2019.
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