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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):

Uncertainty components:

Sub-sampling®

(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.
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2. Analysis of the collected sample

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

Interval I: [qiop, 2qLoq[ = Combination of absolute uncertainty
components;

Interval II: [2q10q, qmax[ = Combination of relative uncertainty
components.

where qiop is the Limit of Detection, qyoq is the Limit of Quantification
and quax the maximum value studied during procedure validation. Some
laboratories prefer to start the analytical internal at the qi0q-

Interval I Interval IT
=
2410
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2. Analysis of the collected sample

Interval I ([qLop, 2qLogl ):

UGa) = 2[5k )+ 5FD + (qu'n)?

Sr(ny(I) - repeatability standard deviation of the analysis of heterogeneous
samples with ¢ within Interval I;

si(I) - intermediate precision standard deviation of the analysis of
homogeneous samples with ¢ within Interval I;

u'r - trueness relative standard uncertainty estimated for Interval I and II;

U(q) - expanded uncertainty of estimated quantity, ¢, for a confidence
level of approximately 95 %.
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2. Analysis of the collected sample

Interval I ([qLop, 2qLoql ):
UGa) = 2 sk )+ 5FD + (qu'n)?

u'r - trueness relative standard uncertainty estimated for Interval I and 11

R; — Recovery of test i (i = 1 to N);

ul ) _ s'(R;) — relative standard deviation of R;;
u'=ZR.s’R-2+u' -Z/NR
T £ { t [ ( L) (Ql) ]} ( ) u'(Q;) — relative standard uncertainty of
i=1 the reference value, Q;;
where if: R — mean recovery (R = X R;/N).
>2 = If allowed, correct recovery (¢ = Ginitial/R);
[1-R|
ur
<2 => Do not correct recovery.
[ i e AccrediiEiion Standerd:
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2. Analysis of the collected sample

Interval I ([qLop, 290l ):

U(Q) = 2 [sim(D) + sE(D) + (qu'r)? u'r=

Example: Determination of total chromium in marine sediments:
qroq = 7.5mgkg™? —

i)  Analysis of sediments duplicates:

[T [ o3 | 2aae | s {mten iy
% | st | e | e

sa [ 1332 | 12669 | 130235 e

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

/'}u’]

Interval I ([qLop, 2qLoql ):

————— N
i ———————
—olls2 iy o2 2 - 2 ’(l:v \2 , [itenalillyy /5
U@ = 2550l 5E0 + (') H wr= | RS (e e L
L 1 Date X, x, |Mean,ml 1orn | mgkg" || [x,x,|/m
1 5363 | 50.63 | 5213 J Interv.l - |1 s7s%
Example: Deterntipation of t¢_2 4080 | 4029 | 40545 Interv. Il b 1.26%
\ 3 3654 | 37.20 | 3687 || Interv.!l| - |} 179%
qroq = 7.5 mg kg 4 1354 | 1414 | 1384 I nterv.i | 06 || -
5 2197 | 21.08 | 215251 interv. 1l I 413%
. . 6 57.00 | 55.16 | 56.08 | Interv.Il T 328%
i) Analysis of 7 3362 | 3414 | 3388 gl nterv.il| - |} 153%
sediments s 556 | 473 | 5145 Interv.1| 083 || -
X 9 419 | 403 | 411 I interv.i| 016 |I
dupllcates: 10 8.92 811 | 8515 J interv.! | 081 [I -
\‘11 2137 | 2219 | 2178 | Interv. il - 376%
| Il
— —1 579 | 1615 I Interv.ll I 7.93%
Srw) = 0-346 mg kg 27 | 90.97 W interv. 1l I s.06%
5 §63 | 130.225, Interv. Il - |V ss2%
[ ss | 941 [ o7 9.575 y Interv.! | 033 [ -
1| Mean | 0391 |j 291%
*-Mean/1.128 I n
S ms>
Somall>
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2. Analysis of the collected sample
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Interval I ([qLop, 2qLoql ):

U(Q) =2 /s?m)a) + 53D + (qu'n)?

Example: Determination of total chromium in marine sediments:
qroq = 7-5mgkg™

N
Y {RELS R + @)1} R
i=1

. . [Replicate results in Interval 1 icate results in Interval i
ii) Analysis of an homogeneous Sample G| sample H[ Sample I Sample J[ Sample K| Sample L
. s g . 269
sediment in different days: —
43.93
44.91
()

481
49.78
46.74

Mean - - - 4717
sD - - - 3.56
n - - - 29
SD/Mean - - - 7.54%

Off e

2. Analysis of the collected sample
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Interval I ([qrop, 2qLoql )¢

1 N
U@ =2 st st qune || wn= [ (RS R)? + 0@}/ R
i=1

| I

Example: Determination \gf total chrommm in maring sediments:

=75 ke7 i results in Interval | i results in Interval Il
qLoq = /.o mg go sample Gsample H pre3fsample K| sample L
46.9
46.01

ii) Analysis of an homggeneouy

43.93
a1.01
()
481

sediment in different da\s: N

49.74

46.74

47.17
3.56

51 = 2q005"(11)
o =2-7.5-0.0754
— =1.13mgkg™?

N

= - 29
so/Mean| - | - |

7.54%

f_--____.-_--_.-_.-
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2. Analysis of the collected sample

Interval I ([qLop> 2qLogl ):

_____ 2 N

U(q)=z/srz(h)a)+s.2<1>+1.L(qu'T)2=' wr= | (RS RY? + @)1}/ (WR)

- i=1

Example: Determination of total chromium in marine sediments:

— -1
qroq = 7.5 mgkg =
Proficiency
ses : testscheme | Q; | u(@) | Rep.1(Daya) Ri u'(@) | RI'ls'(R))+u(@:)]
111) Analys1s of Samples Round 1_| 26816 | 1206 37 138.0% | 004497
1 . Round 75.098 | 3.484 91 121.2% .04639 1.8%
from prOﬁCICncy teStS N Round 75334 | 3.931 92 122.1% | 0.05218 1.9%
Round 31337 | 7.445 367 117.1% .02376 1.4%
Rounc 27.199 | 1.935 32 117.7% .07114 2.1%
=
Round 37 82.24 811 78 94.8% 0.03418 1.0%
Round 38 50.1 423 526 105.0% 0.0284 1.2%
| Round39 | 79.14 .987 86.37 109.1% 0.03774 1.3%
Round 40 149 .157 172 115.4% 0.03461 15%
Mean 110.1% ur 1.885%
SD 10.9%
s'(Ri) 9.937%

[ITito1 /ootess1= 533 5 Recowrcoreionteqiied
nisilVaefaolipt Criicel lssues of the Assredirtion Stndards, Cyprus, 2122 Feb. 201
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2. Analysis of the collected sample

Interval I ([qLop, 2qLogl ):

————— L] N
U(@) = 2[5 + st A || wr= | Y (RS R + '@}/ R
i=1

| B

Example: Determination of total chromium in marine sediments:

— -1
qLoq = 7.5 mgkg =

Proficiency [ Fpep—————— E——— R PR p———— b

. scheme Rep. 1(Daya) e
iiii) Analysis of samples [Seere o2 Qi _feedlwa) |t wla) LA @i !

> . Round 75.098 91 121.2% 0.04639 8%

from prOﬁCIenCy tests: Round 3| 75.334 %2 1221% | 005218 9% :
Round4_| 313.37 367 117.1% | 002376 4% 1
u,T = O 0 1 885/1 101 Rounc 27.199 | 1.9] 32 117.7% 0.07114 1% 1
- N (-] 1
3 Round 37 | 82.24. 78 94.8% | 0.03418 1.0% 1
Recovery correction  fiemdie ey oo Do fem
is required (* 1/1.101 ) [(Rounda0 | 149 172 115.4% | 0.03461 15% 1
Mean 1101% ur 1.885% 1
@ :
1

1101//(0.01885)= 5333 ction requi o

=
nisilveefdulip Criffical [ssues eff the AsereciEiion Stndeards, CYpRUs, 2122 Felb: 2019
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2. Analysis of the collected sample

Interval I ([qrop, 2qLoql )¢

mm———
U(g) =2 /séh)(l) +s7() #.L(qu’T)Z-

Example: Determination of total chrofnium in marine sediments:

Recovery correction required

nisiVaCfolipt Crtfical lssues of he AsciediEiion Standares, CYprus; 2122 [Fel. 2010

15



2. Analysis of the collected sample

Interval I ([qLop, 2qLogl ):

N
U(@) =2 s+ H0 + @ || wr= | Y (RIS RY? + @21}/ V)
i=1

Example: Determination of total chromium in marine sediments:
qroq = 7.5 mgkg™

iv) Uncertainty components combination (units mg kg'):

_ Ginitial
1.101
2
U(q) = 2 03462 + 1132 + (g 1383
q : : 91101

nisilya@f
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2. Analysis of the collected sample

Interval IT ( [2qL0q> Gmax| ):

U'(q) = 2 83y (I) + s'H(ID) + w'F u'r=

s'ry(ll) - repeatability relative standard deviation of the analysis of
heterogeneous samples with g within Interval II;

s"|(Il) - intermediate precision relative standard deviation of the analysis
of homogeneous samples with ¢ within Interval II;

u'r - trueness relative standard uncertainty estimated for Interval I and II;

U'(q) - relative expanded uncertainty of estimated quantity, ¢, for a
confidence level of approximately 95 %.
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2. Analysis of the collected sample

Interval IT ([2q10q> Gmax| ):

1
V@) = 21{Zq Ik 700 + %
1

Example: Determination of total chromium in marine sediments:
qroq = 7.5 mgkg™

i) Analysis of sediments duplicates:

oo | [finfa Joo| o[ 8
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2. Analysis of the collected sample

Interval IT ([2q10q> Gmax| ):

 — |

1 N
I 2 2 I -
' - /2 2 2 - 21/ pA2 1o Intervabiyy = 7y
U@ = 21fsFan i ST+t || wr= [V (RHS G feeinznn
———— Date Xy x, |Mean,m| torn | mgkgd | |x,x,|[/m ||
1 5363 | 5063 | 5213 [Interv.!l| - '| 575% :
2 4080 | 4029 | 40.545 [ Interv. |l p | 126% |
3 3654 | 37.20 | 36.87 | Interv.!l L 179% |1
. rmi 4 1354 | 1414 | 1384 | interv.! | 061 - 1
Example. Determinatiqn of 5 2197 | 21.08 | 21525 | Interv.ll T a13% :
qLoq = 7.5 mg kg_l 6 57.00 | 5516 | 56.08 | Interv.ll ol 328% |
7 3362 | 3414 | 3388 [intev.il| - 3| 153% ||
. . s 556 | 473 | 5145 | Interv.! | 0831 - 1
i) Analysis of 9 419 | 403 | 411 |inter.i| o016l - :
. T 5
sediments 10 892 | 811 [ 8515 [nten.i | 081} H
N N11 | 2137 | 2239 | 2178 [intev.u| - | 376% |
duplicates: - 1 !
g — .79 | 16.15 | Interv. Il I 7.93%

Sty = 2.53% .27 | 90.97 | Interv. it T soe% :
7 T 130225 [Interv.l | - ¢ | ss2% |
|55 | 941 | 9784 19575 | Interv.!| 033 - 1
Mean 0.391] 2.91% 1
* - Mean/1.128 2 1 31 :
s> 0.3461 1

S <ll>
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2. Analysis of the collected sample
Interval II ([2qL0q; qmax| ):
| N
U@ =252ttt || we= | YRS RO + 0@} RW)
r(h) R : T T £ i i i
L i=
. . results in Interval | i results in Interval Il
Example: Determination of tgtasample G[sample H Samptesi[sample K| sample L
=7.5mgkg™? %9 [}
qLoq g Kg ]
ii) Analysis of an homogeneous \ :i:i -
sediment in different days: X T [
\ i| a81 |1
= W a97a [}
s''=7.54% i a67a |1
N W a7.a7 [y
sD - i 356 |V -
n N\ | 2 i
sD/Mean N\ 758% |
silza@ienllet fithe

2. Analysis of the collected sample

Interval IT ([2q10q> Gmax| ):

(R?1s R0 +w/ (@021} [ (RN

Example: Determination of total chromium in marine sediments:
qroq = 7.5 mgkg™

iii) Analysis of samples
from proficiency tests:

u'p =0.01885/1.101 Assessed previously!

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

Interval II ( [ZqLoQ, qmaxl ):

U'(@) = 2_[s' 3y (D) + sF(10) + '3

N
YRR R + @071}/ RN
i=1

Example: Determination of total chromium in marine sediments:
quoq = 7-5mgkg™

iv) Uncertainty components combination:

_ Qinitial

1.101

0.01885)2 B

= 2 2
U(q) = 2q [0.02532 + 0.0754 +< o1

risilza@ieulien izion Standa
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3. Analysis of a large item

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

Uncertainty components:

Sampling")

(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.

rsilza@ieul: CH
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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.

nisilVa@fuliph Criftieal lssues e e/
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3. Analysis of a large item

Heilze@ieuleh heJACE N StEnderds, CYRrs

Interval I ([qLop, 29100l ):

2
U@ =2 ,%HE(I) + @un)? H wr=

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

N
D {R2Is (R + @071}/ R
=1

Interval I1 ([2q.0¢s Gmax| ):

s'2
U(q) =2q |-+ +u'f

For Interval I or II, the sampling standard, ss, or relative standard, s's, uncertainty is

estimated by sg = (s2/m — sZ(I)/m)/2 or s's = (s'2/m — s'2(11)/m)'/2, respectively;
where s.(I) and s’/ (Il) are the standard deviation or relative standard deviation of

measurements repeatabiliﬁ for Internal I and II, respectively.
Crifical lssues eff he AseredliEion StEmn
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3. Analysis of a large item
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Interval I1 ([29.0¢> qmaxl ):

U@ = 2qj§ + s +wh H U= J27=1{R3 [s'(R)? +/(Q)21}/ (RN)

Example: Determination of total chromium in marine sediments:
qroq = 7.5 mgkg™"
Results of the analysis of 5 sediment samples from a large river area:

Mass fractions (mg kg'): 47.93; 38.47; 42.02; 41.10; 53.04
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3. Analysis of a large item
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Interval I1 (29100, Amax| ):

YO qug +s I +uk H u'r= JZMR%[s’(Ri)Z +/(Q1Y/ (RN

Example: Determination of total chromium in marine sediments:

quoq = 7.5 mgkg™" 47.93
. . 38.47

Results of the analysis of 5 sediment 11.02

samples from a large river area: 41.1

Mass fractions (mg kg'): T ii:

47.93; 38.47; 42.02; SD 6.01

41.10; 53.04 RSD | 13.6%

n S
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3. Analysis of a large item

()
Interval I1 ([2q109> Amax| ):

U@g) = 2q\/§ +sH() + 't u'p= \/zy:l{RiZ[s'(Ri)z +1'(Q)?1}/(RN)

Example: Determination of total chromium in marine sediments:

droq = 7.5 mgkg™ 47.93
. . 3847
Results of the analysis of 5 sediment )
samples from a large river area: 41.1
Mass fractions (mg kg™'): T ii:
47.93; 38.47; 42.02; SD 6.01
41.10; 53.04 RSD | 13.6%

3. Analysis of a large item

(.
Interval I1 (129100, Amax| ):

U@) = 20+ sHa) + 'k H w'r= [EIL AR R? +/ @071}/ RN

Example: Determination of total chromium in marine sediments:
qroq = 7.5 mgkg™

Result:
——44'31—40 25mgkg™?!
1= 1101~ 40 Me8
0.1362 0.01885\°
U(q) = (4 95%)40.25 |——— +0.07542 + =t

=2.78-40.25-0.09837 = 11 mgkg™!

nisilVaCfaulip
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3. Analysis of a large item

(-
Interval I1 (29100, Amax| ):

YO qug +s I +uk H u'r= JZMR%[s’(Ri)Z +/(Q1Y/ (RN

Example: Determination of total chromium in marine sediments:
qroq = 7.5mgkg™*

Result: Mean concentration of total chromium in the studied area of river
sediments:
(40 £ 11) mgkg™?

(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 %.

risilza@ieulien Crfideal lssues of i Cicditatio
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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 %.

eee Performance of the analysis of nitrite in a river water sample by segmented
flow molecular spectroscopy (¢ oq = 0.1 pmol L):

Sy St ur

[ 00044 | 00107 | 00026 |
T s't u'r

[ 087 | 2.11 [ 131 |

Note: No relevant systematic effects were observed in measurement.

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

rsilza@ieul:
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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 %.

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

C. Palma, C. Borges, R. B t da Silva, Evaluation and
uncertainty, Isranalytica 2019, Tel Aviv, 22-23 January 2019.

nisiVaCfolipt Cilfdeal [ssues off the AseredliEiion Stndards, Cypris, 2122

33

11



4. Exercise

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

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

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