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ACCREDIA ¢

s P The interlaboratory circuit is organized in
o agreement with international guidelines
W WP EETLEEEEET relative to the organization and management
InterCGi.D gt s of interlaboratory circuits UNI CEI EN ISO/IEC
gn;ﬂ::‘:;: k.:::neacc-:::c:m:nm=1 L CLamd IHSR 17043: 2010
Statistical data treatment in Intercind is S
INSPIRED by ISO 13528/2015 and IUPAC
Guidelines

THE INTERNATIONAL HARMONIZED PROTOCOL
FOR THE PROFICIENCY TESTING OF ANALYTICAL
CHEMISTRY LABORATORIES

(IUPAC Technical Report)

Peculiarities of INTERCIND
1) Natural matrixes (unknown concentration)

2) Replicates (accuracy&precision)

3) Statistical treatment (Determination of extremes
and outliers with non-parametric method)
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5th InterCIND: samples
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3 different samples of “natural” matrixes:
1) Environmental: Natural Sediment (SEDIMENT)
2) Industrial: ash (ASH)
3) Food: eggs (FOOD)

Every sample was send in 3 different jars 3 different analysis (replicates) were
requested to check laboratory reproducibility. Analysis of:

- dioxins and furans (PCDD/F) [17] - PCBs dioxin-like [12]
- PCBs ICES-6 [6] - PAHs [7]
- PBDE [28] - Heavy metals [14]
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Treated data - SEDIMENT Assigned value
Testl Test2 Test2b  Test 1b Test3 Final X Op
PCDD/F (values in pg/g)
2,3,7,8-TeCDD Y Y Y Y Y 1.074 0.166
lD 1,2,3,7,8-PeCDD Y N median Y Y Y 2.370 0.311
1,2,3,4,7,8-HXCDD Y Y Y Y Y 3.516 0.533
\) 1,2,3,6,7,8-HxCDD Y Y Y Y Y 4.286 0.690
& I) 1,2,3,7,8,9-HXCDD Y Y Y Y Y 3.257 0.798
: 1,2,3,4,6,7,8-HpCDD Y Y Y Y Y 58.254 7.231
In fer(’m oCcDD Y Y Y Y Y 274.744 44.613
2,3,7,8-TeCDF Y Y Y Y Y 28.993 3.817
. . 1,2,3,7,8-PeCDF Y Y Y Y Y 34.002 3.345
Te St 1) M InMmMum num be r 2,3,4,7,8-PeCDF Y N median Y Y Y 26.626 8.624
1,2,3,4,7,8-HXCDF Y Y Y Y Y 129.889 16.188
. . 1,2,3,6,7,8-HXCDF Y Y Y Y Y 57.564 6.417
of valid data 15 (from min vl ¥ N medn N ;
15 d . f f I b 2,3,4,6,7,8-HXCDF Y Y Y Y Y 34.666 8.049
1,2,3,4,6,7,8-HpCDF Y Y Y Y Y 442.443 69.335
ITferent la S) 1,2,3,4,7,8,9-HpCDF Y Y Y Y Y 84.333 11.544
OCDF Y Y Y Y Y 1106.945 213.709
TEQ (PCDD/F) Y Y Y Y Y 47.191 5.350
s 0 TEQ (PCDDIF) UpB Y Y Y Y Y 47.373 5.103
Test 1b) RSD%<55% and  ppateonss
PCB #77 Y Y Y Y Y 267.03 35.12
. o .
Outliers <20% valid data PCB #61 Y Y Yooy Y .79 218
PCB #105 Y Y Y Y Y 1901.80 316.49
PCB #114 Y Y Y Y Y 99.87 19.56
PCB #118 Y Y Y Y Y 6352.92 890.29
: PCB #123 Y N median Y Y Y 95.80 35.33
Test 2) & 2b) simmetry & vy VN ;
PCB #156 Y Y Y Y Y 1099.57 201.57
presence of mor‘e mOd eS PCB #157 Y N median Y Y Y 184.76 32.95
PCB #167 Y Y Y Y Y 539.18 101.42
PCB #169 Y N median Y Y Y 10.49 1.69
PCB #189 Y Y Y Y Y 184.61 3L.77
H TEQ (PCB) Y Y Y Y Y 3.87 0.46
TESt 3) U n Ce rta I nty Of TEQ (PCB) Upperbound Y Y Y Y Y 3.88 0.46
. TEQ (PCDD/F+PCB) Y Y Y Y Y 52.21 5.73
assi g ne d VvVa | ue <= O . 3 TEQ(PCDD/F+PCB) UpB Y Y Y Y Y 52.43 5.56
PCB ICES-6 (values in ng/g)
H PCB #28 Y Y Y Y Y 321 0.58
uncertainty used for y Y v y
. PCB #101 Y Y Y Y Y 9.00 1.61
assessing performances Pcs 138 v v vy v s 25
PCB #153 Y Y Y Y Y 13.58 211
PCB #180 Y Y Y Y Y 8.65 1.63
(from consensus)
Total PCB ICES-6 Y Y Y Y Y -l 51.11 7.40
e
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Z-scores - SEDIMENT

Tabérepicate__GOT-A o07E o07C Iy oie ot oA o8 o2 [ [TEn) e [CYEY s olac
[PCoDIF
237,67eC00 068 034 055 20 080 N 054 130 ) 05 55 06 I
12.37,8PeCDD 06 055 027 123 255 021 007 027 054 035 038 I
123478HC0D 06 o078 o7 0a 059 073 o076 094 062 077 070 )
12,367 8-HCOD [ 074 028 187 04 020 068 006 057 117 122 ND
1,2.3.78,HCOD 03 0 00 103 142 v 010 010 010 05 083 o075 ND
7.8HoCDD 195 173 176 o061 13 v 040 08 o7 081 108 12 128 245
oD om 064 042 004 031 N 0% 128 137 131 149 205 173 165
237 8.TeCOF 038 0% 002 ) X3 0% ) 7 06 i 37 EED 742 £3E)
1.2378-PeCDF 197 21 200 229 o0ss v 059 o054 021 05 073 0% 053 052 00
234.78-PeCOF 145 134 115 113 or A 113 109 116 088 074 072 D [
1.2.3.478HCOF 10 096 1os 051 083 v 051 02 03 103 083 088 ELT) 210 302
123678 HCOF 13 13 103 142 13 N 121 058 o074 0% 105 114 117 200 235
123789 HCDF 08 086 085 073 075 Y 082 082 081 062 080 o082 D 0o N
23467 8HCOF 116 163 fry 095 014 08 063 043 117 111 118 11 016 ND
. 123,467, 8HpCOF 120 o0& o2 052 102 . 053 o068 o070 1a7 152 169 BT ET) 166
. 12347 8.9HpCDF 243 175 159 061 166 A 108 081 09t 078 051 08 Lol 087 055
M ocoF o067 056 051 007 05 v 085 061 067 028 03 013 51 145 125
TEQ (PCODI) ) 5% 1% 568 [ 06 oar 51 ET) [ o1 367 ] 56
TEQ (PCODIF) UpB 120 118 108 047 031 047 025 035 016 008 ET) 458 186 145
PCe-bL
PCB 77 0 i 106 58 06 N 05 05 [ EED 015 507 052 038
PCB 61 052 090 064 135 097 N 135 135 o7 011 011 014 02 044
pca 4105 080 038 004 09 121 NA 01 055 03 066 066 o071 076 129
PCe 4114 o041 03 021 069 054 A 018 033 a4 046 045 054 060 105
. PCB #118 081 039 018 063 120 7 009 066 050 0% 026 0.2 104 145
PCB #123 085 13 063 055 071 A 060 051 [ 087 085 052 12 110
PCB #126 143 o0& o072 02 1% M 059 005 049 014 038 022 043 018
PCB 4156 156 180 167 174 140 3 054 056 066 075 063 o072 036 023
pCB 157 oot 21 03 150 120 3 029 035 02 046 027 053 021 060
pCs 167 033 037 04z 132 117 . 026 058 065 138 150 171 013 049
PCB #169 201 116 079 066 e 7 138 138 13 006 00 007 027 007
PCB 1189 0271 014 000 160 481 v 052 038 015 030 oo 032 064 029
TEQ (PCB) o1 076 077 522 150 WA 068 o1 0% E30) EER 27 [0 E) EF)
TEQ (PCB) Upperbound 60 076 077 o2 EY) NA 068 015 EX3 019 036 026 066 051 029
TEQ (PCODIFZPCE) T3 1% 57 o 30 ) e 3 E3E) 0 o1 ¥5) a1 Y7
TEQEPCDDIF+PCS) Uph 1o 1 Ton 036 007 N 045 02 0z 02 014 01 7] 16 1%
PCB ICES 6
28 [ O3 061 A D Y ) o5 05 007 [ ) ET) 038
pCB #52 095 220 061 ' A 007 097 119 02 030 020 015 E)
PCB 1101 091 157 12 " 078 078 083 016 o1 013 008 052
PCB 4138 015 048 017 N 140 140 136 086 081 080 011 06
PCB 4153 08 153 120 N 0% 105 111 045 053 047 058 033
pCB 4180 165 157 1ol I 156 156 156 025 02 020 100 006
Toral PCB ICES6 o7 g [ T T EED 37 T EE o oa 731 030 055
. . . * anyzed
e bold italc: absolute values >3
PA
N [ on Ta , w 7

Benzoaanacene N y
Chrysene N A

[
[ 120 068 147 [
Benzo[os +ifuorantrene [ 084 037 129 [
Benzofalpyrene A [ 114 061 1a0 [ 7
Indenof1,23ccpyrene. T NA 021 017 097 i
Dibenzofa antvacene NA 061 064 064 y "
n A 020 008 o N 2 N
TOTAL ZPAH WA [ (3 i3 I Ty A
TEQ (A [y Ty [y y 050 0% 12 v Ty [y
TEQ (PAH) Upperbound A N N N N NA 080 036 121 NA ) W
TEQ (PCODIF+PCBPAT) WA v WA 070 021 [ w v v " N
TEQ (PCODIF+PCE+PAH) UpB. NA N A 069 015 097 A NA NA
[PBDE
BoER A A oy WA A W oy A A W oy WA A W WA
BDE #7. N N N N N N N N N N N N N N N
BDE #15 [y [y N vy [y N N N N N N N [y N N
BDE #17 NA NA Na NA NA NA N NA NA ND N> D NA 7y N
DE NA NA NA NA NA N 030 03 o2 NA NA
BDE #47 [y N N N [y N N N [y N o D N N N
BDE 49 A N NA NA A NA NA NA A N N> D A NA NA
BDE 66 [0y N N N [y N N N [y N N D N N N
BDE #71 A NA oy NA A NA Ty NA A N> N> D A oy N
BDE #77 N vy N N N vy N N N N N D [y N N
BDE #85 NA NA NA NA NA NA NA NA NA N> N> D NA NA NA
BDE #99 N N N NA N N N N N N N D N N N
BDE #100 Iy N N Na N N N N N N N N N N N
BOE 7119 A N N NA A N N A A N N NA A N N
BDE 4125 N N N N N N N N N N N N N N N
BDE #138 [y vy N N [y N N N N N N D [y N vy
BDE #153 NA NA NA NA NA NA NA A NA N> N> D NA NA NA
B0E 4150 N N N Na N N N N N N N D [y N N
BDE #156 [y NA N 0y [y NA N 0y [y NA N 0y Ty N A
E 7175 A N N NA A N N NA A NA N A A N N
BDE #183 N N N N [y N N N N N ) D N N N
‘BDE #184 NA NA Y NA NA NA Y A NA NA N NA NA NA NA
BDE #191 N N N N N N N N N N N N N N N
BOE 195 Na N N N N N N N N N N N N N N
BDE 197 N N N N N N N N N N o N N N N
BDE 206 N N N N N N N N N N o N N N N
BDE #207 N N N vy [y N N N [y D o D [y N N
‘BDE #200 [y [y N A [y NA N A [y 138 157 134 [y N N
[Hoavy metals
g 3 A oy A A W oy A A W oy A 7 001 Tz
Al N N N N N N N N N N N N o7 075
s N N N N N N N N N N N N 060 082 078
ca N N N N N N N N N N N N 7 087 088
o N N N N N N N N N N N N 116 129 127
cu N N N N N N N NA N N N Na i 062 3
Hy A N N N N N N Na N N N N 040 027 019
o N N N N N N N N N N N N 220 La1 210
N N N N N N N N N N N N N 022 035 031
Pb N N N N N N N A N N N N 036 023 010
s N N N N N N N N N N N N 022 022 028
se N N N Na N N N N N N N NA N> o )
sn N N N N N N N N N N N N 003 005 004
n [y N N N [y N N N [ N N [y 110 066 041
etecton level (< expect —

red bold ialc: absolute values
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What does it mean to be PTP 0007

In terms of data treatment?
U
Infer(..ml)

From ISO 13528, to which we refer for statistical analyses — five different ways to

determine assigned value and its uncertainty:

1) Estimated from formulation; Potentially used but
2) Certified reference values; not considered

3) Non-Certified reference values;

4) Consensus value from expert laboratories; Future?

5) Consensus value from all laboratories. Intercind!

4
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30,0000
25.0000
20.0000

15.0000

Expected deviation

10.0000

5.0000

0.0000
0.0000

Expected value

median, niOR;

Median, niQf;

median, MADe

40.0000

35.0000

30.0000

25.0000

20.0000

15.0000

10.0000

5.0000

o]
2

AMC Median, MAD

5.0000

10,0000

InterCinD statistical method

SED_123789HxCDF

- 20.0000
s ® m -1 e L 18,0000
; ; - 16.0000
i .
. o I I L 14.0000 §
.‘__t;
- 12.0000 -2
']
® - 10.0000 3
@
] | [ ] ® | so000 B
=3
- 6.0000 3
4 4 - 4.0000
1 L 2.0000
~ 0.0000
Statistical methods
200%
Algorithm A H1Smean, H1S std 180% — Algorithm A
—~ 160% = Algorithm INTERCIND_NP
average, 5D without E 140%
outliers E
e ;Q’ 120%
e ﬁ 100%
& interCinD_NP T 80%
Algorithm_P {15t E 60%
round) -
0 L. 3
Algorithm_P (2nd W 40%
round)
20%
A15 mean, MAD= H15 mean, sMAD 0%
0 1 10 20 30 40

15.0000 20,0000 25,0000 30.0000
Expected value
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Uncertainty from consensus

ﬂ) Test 3) Uncertainty of assigned value and uncertainty
ILf) < used for assessing performances (from consensus)
Nier.in

Uncertainty of assigned value is defined as
the standard deviation divided by the
squared root of the number of laboratories

(n) with valid data . ii(xi’k’j B Kj)z

uxj:@ . V

Problem with the use of replicates?

uncertainty used for assessing
performances

Test: comparing Intercind method as it is (use of three replicates) and
when applying it to the average of three replicates, using a real case,

SEDIMENT Intercind 2016
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Replicates effect

U}! valore assegnato
10000.000

Infer(..ml)

1000.000

100.000

(treatment &)
Consensus value
obtained from the
mean of the three
replicates

Assigned value (calcolo B)

(=]
=
=]

10.000 100.000 1000.000 10000.000

assigned value (calcolo A)

(treatment &) Consensus value using
directly the three replicates
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Infer(..ml)

obtained from the
mean of the three

op (calcolo B)
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Replicates effect

scarto tipo
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1000.0000
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Replicates effect

Using a very sensitive indicator: RSD%

1
U)D 2

InterC::D

Deviazione standard relativa (RSD%)
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Effects on z-scores?

1
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InterC:.D
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Effects on z-scores?

)D Y replicates

U concentration | Valid data
Infer(.ml) o

The pragmatic and average @
standardized way (using
the average)
results in a loss of
information

outliers

But also we loose the
possibility for a detailed
evaluation of the
laboratory
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Annual INTERCIND meeting:
Lasceremo un mondo migliore di come l'abbiamo trovato?
Effetti dell’'uomo sull’'uomo
1 June 2017, Bologna
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E Thank you!

Simone Libralato

Istituto Nazionale di Oceanografia e di Geofisica
Sperimentale — OGS Dipartimento di Oceanografia, Trieste

slibralato@ogs.trieste.it
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