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[bookmark: _Toc177715963]2  Introduction

[bookmark: _GoBack]The objective of this comparison is to compare the calibration results of piston – operated volumetric instruments: (0,2 – 10) μL micropipette, 50 mL piston burette and 1 mL glass syringe. Furthermore, this comparison is intended to be used c of the participants in the calibration of piston – operated volumetric instruments.

This comparison has been organized within EURAMET with project number 1533 and has been also registered in the BIPM KCDB as EURAMET.M.FF-S16. The comparison was approved during the online EURAMET TCF volume subgroup meeting 2021 and officially started in January 2022, the final measurements were performed in November 2023 and the last participant’s reports received in April 2024. 

This comparison was organized and carried out according to the MRA rules [1].

[bookmark: _Toc408840645][bookmark: _Toc177715964]3  Participants and organisation of the comparison
[bookmark: _Toc177715965]3.1 Coordinator and member of the support
The pilot laboratory for the comparison is DMDM (Republic of Serbia). 
The co-pilot for the comparison is IPQ (Portugal).
Coordinator:
Ljiljana Mićić (DMDM)
Tel.: +381 11 20 24 423; e-mail: ljmicic@dmdm.rs
Support:
Elsa Batista (IPQ)
Tel.: +351212 94 8167, e-mail: ebatista@ipq.pt

[bookmark: _Toc177715966]3.2 List of participants

In May 2022, INM-RO, Romania joined the comparison after it started.

Table 1: Participants

	Participant
	Contact person
	e-mail 
	Address

	DMDM
	Ljiljana Mićić
	ljmicic@dmdm.rs
	Directorate of Measures and Precious metals, 
Mike Alasa 14, 11000 Belgrade,
REPUBLIC OF SERBIA

	UME
	Ümit Akçadağ
	umit.akcadag@tubitak.gov.tr
	TUBITAK Ulusal Metroloji Enstitusu (TUBITAK UME), TUBİTAK Gebze Yerleşkesi Barış Mah. Dr. Zeki Acar Cad. No:1
41400 Gebze KOCAELİ, TURKEY

	IMBiH
	Ernad Borovac
	ernad.borovac@met.gov.ba
	Institute of Metrology of Bosnia and Herzegovina, 
Branilaca Sarajeva 25, 71000 Sarajevo,
BOSNIA AND HERZEGOVINA

	MIRS
	Urška Turnšek
	Urska.Turnsek@gov.si
	Metrology Institute of the Republic of Slovenia,
Tkalska ulica 15, SI-3000 Celje,
SLOVENIA

	BFKH
	Csilla Vámossy
	 vamossy.csilla@bfkh.gov.hu
	Budapest Főváros Kormányhivatala
1124 Budapest, Németvölgyi út 37-39.
HUNGARY

	CMI
	Miroslava Benková
	mbenkova@cmi.cz
	Czech Metrology Institute, Okružní 31, 638 00 Brno, CZECH REPUBLIC

	GUM
	Ewa Malejczyk
	ewa.malejczyk@gum.gov.pl
	Central Office of Measures,
Elektoralna 2, 00-139 Warszawa, POLAND

	FORCE
	Lise-Lotte Grue
	llg@force.dk
	FORCE Technology,
Park Allé 345, 2605 Broendby, DENMARK

	RISE
	Per Wennergren
	per.wennergren@ri.se
	Research Institutes of Sweden,
Brinellgatan 4, SE-50462 Borås, SWEDEN

	VSL
	Erik Smits
	fsmits@vsl.nl
	VSL B.V.
Hugo de Grootplein 1, 3314 EG Dordrecht, 
NETHERLANDS

	SASO -NMCC
	Abdulkarim A. Al-shahrani
	a.shahrany@saso.gov.sa

	· SASO, Riyadh - Imam Saud bin Abdulaziz bin Mohammed Road, the intersection of Prince Turki bin Abdulaziz I Road
BOX 3437 Riyadh 11471, Kingdom of Saudi Arabia

	BMM
	Jasna Mudreša
	jasna.mudresa@metrologija.gov.me

	Bureau of Metrology, Arsenija Boljevića bb, 81000 Podgorica, MONTENEGRO

	INM
	Istrate Florin
	florin.istrate@inm.ro

	National Institute of Metrology  (INM)
code zip 042 122, Bucuresti
Sos. Vitan-Bârzesti, nr. 11 Sector 4

	IPQ
	Elsa Batista
	
ebatista@ipq.pt
	Portuguese Institute for Quality
Rua António Gião, 2
2829-513 Caparica, PORTUGAL



[bookmark: _Toc177715967]3.3 Organisation and comparison schedule

The circulation of the transfer standards started in January 2022 and was completed in November 2023. The detailed time schedule for the comparison is given in Tables 2 and 3. 
A period of one month was originally allowed for the measurements in each laboratory, including the time necessary for transportation. 
For the transport, the transfer standards were packed in two transportation boxes, the micropipette was in one and the syringe with piston burette was in another transportation box because of different owners and different documentation for import / export. This lead to different calibration period of the transfer standards.





Table 2. Period of realisation of comparison for micropipette

	NMI
	Country
	Mean date of
measurements
	Period for measurements and transport

	DMDM
	Republic of Serbia
	September 2021
	1.9.2021. – 4.3.2022.[footnoteRef:1] [1:  Delay (custom issues)] 


	IMBIH
	Bosnia and Herzegovina
	March 2022
	4.3. – 23.3.2022.

	UME
	Turkey
	March 2022
	24.3. – 4.4.2022.

	MIRS
	Republic of Slovenia
	April 2022
	14.4. – 16.5.2022

	BFKH
	Hungary
	not measured
	17.5. – 30.5.2022.

	ČMI
	Czech Republic
	June 2022
	2. – 28.6.2022.

	GUM
	Poland
	July 2022
	30.6 – 29.7.2022.

	FORCE 
	Denmark
	August 2022
	15.8. – 22.8.2022.

	RISE
	Sweden
	September 2022
	24.8. – 30.9.2022.[footnoteRef:2] [2:  Delay (custom issues)] 


	BMM
	Montenegro
	December 2022
	15.11. – 21.12.2022.

	INM
	Romania
	January 2023
	4.1. – 19.1.2023.

	DMDM
	Republic of Serbia
	not measured
	6.2. – 8.2.2023.[footnoteRef:3] [3:  Returned to the pilot due to custom issues] 


	SASO -NMCC 
	Saudi Arabia
	March 2023
	26.2. – 28.3.2023.

	DMDM
	Republic of Serbia
	not measured
	5.4. – 6.4.2023.[footnoteRef:4] [4:  Returned to the pilot due to custom issues] 


	IPQ
	Portugal
	May 2023
	6.4. – 25.5.2023.



Table 3. Period of realisation of comparison for syringe and piston burette 
	NMI
	Country
	Mean date of
measurements
	Period for measurements and transport

	DMDM
	Republic of Serbia
	October 2021
	1.10.2021. - 31.1.2022.

	UME
	Turkey
	February 2022
	16.2. – 7.3.2022.

	IMBIH
	Bosnia and Herzegovina
	March 2022
	11.3. – 12.4.2022.

	MIRS
	Republic of Slovenia
	May 2022
	19.5. – 10.6.2022.[footnoteRef:5] [5:  Delay (custom issues)] 


	BFKH
	Hungary
	June 2022
	19.6. – 6.7.2022.

	ČMI
	Czech Republic
	July 2022
	8.7. – 26.7.2022.

	GUM
	Poland
	August 2022
	28.7. – 14.9.2022.

	FORCE 
	Denmark
	September 2022
	16.9. – 30.9.2022.

	RISE
	Sweden
	October 2022
	4.10. – 2.11.2022.

	VSL
	Netherlands
	December 2022
	3.11. – 29.12.2022.

	SASO - NMCC
	Saudi Arabia
	January 
	29.12. – 22.1.2023.

	BMM
	Montenegro
	August 2023
	13.2. – 7.8.2023.[footnoteRef:6] [6:  Delay (purchasing of recirculation tube for piston burette takes 5 months)] 


	INM
	Romania
	October 2023
	3.10. – 8.11.2023.[footnoteRef:7] [7:  Delay (custom issues)] 


	IPQ
	Portugal
	November 2023
	10.11. – 30.11.2023.


There was some delays in the planned circulation scheme that are signed in the table and this was mainly due to customs issues.
[bookmark: _Toc177715968]4    Transfer standards

Three different transfer standards were circulated in this comparison: 
1) a variable 1-channel electronic micropipette, measuring range (0,2 – 10) μL, manufacturer Biohit (Sartorius), type Picus, ser. number 13008918 (see figure 1),
2) a glass syringe, measuring range (0 – 1) mL, manufacturer ILS, ser. number S1, inner diameter is 4,607 mm, (see figure 2),
3) a piston burette, measuring range (0 – 50) mL, manufacturer Brand, type Titrette, ser. number, 21F89857 (see figure 3). 
The owner of the micropipette is DMDM, Serbia. The owner of the glass syringe and piston burette is IPQ, Portugal. 
BIOHIT Picus electronic pipette User Manual was available on website https://solutions.pipette.com/wp-content/uploads/Biohit-Picus-User-Manual.pdf.
The micropipette needs to have attached a removable plastic tip in order to aspirate the liquid. DMDM supplied these tips that were provided from the manufacturer. 
The piston burette was supplied with suitable adapters for any  liquid container.
The micropipette and piston burette used for this comparison are essentially of plastic material with a cubic coefficient of thermal expansion of 2,4 × 10-4 /ºC [4]. This coefficient is linked to the material and is equal for every participant.
The glass syringe has a cubic coefficient of thermal expansion of 9,9 × 10-6 /ºC [3] and a removable tip is connected to the syringe in order to improve the delivery of liquid, it should not be removed.  

	
[image: ]
	[image: ]
	[image: ]

	Figure 1 - Micropipette
	Figure 2 - Glass syringe
	Figure 3 - Piston burette


[bookmark: _Toc177715969][bookmark: _Toc408840648]4.1 Stability of the transfer standards

Two different measurements of micropipette were performed by the pilot laboratory and two different measurements of piston burette and syringe were performed by the co-pilot laboratory during the comparison in order to verify the stability of the standards. 

Table 4. Stability of the transfer standards
	
	Measurement
	Date
	Volume
	Uncertainty 
	ΔV

	Micropipette
	1
	September 2021.
	L
	L
	0,016 L

	
	2
	June 2023.
	L
	L
	

	Piston burette
	1
	August 2021.
	50,0090 mL
	0,0092 mL
	0,0011 mL

	
	2
	November 2023.
	50,0101 mL
	0,0071 mL
	

	Syringe
	1
	August 2021.
	1,00308 mL
	0,002 mL
	0,00017 mL

	
	2
	November 2023.
	1,00325 mL
	0,002 mL
	


[bookmark: _Toc164354082][bookmark: _Toc177715970]The variation found in all instruments is smaller than the claimed uncertainty and therefore it is verified that the instruments are stable for the entire comparison.
[bookmark: _Toc177715971]5   The measurement procedure

All the participating NMIs used the gravimetric method, to determine the amount of water that the instruments deliver at reference temperature of 20 ºC, based on ISO standard 4787 [3] and ISO 8655 [2], with equation (1):


 			                   (1)						
Where:
V20	volume, at the 20 ºC , in µL
II	weighing result of the recipient full of liquid, in mg
IE	weighing result of the empty recipient, in mg
W	water density, in mg/ µL, at the calibration temperature t, in ºC, is advisable to use the Tanaka 	density formula [7]
A	air density, in mg/µL
B	density of masses used during measurement (substitution) or during calibration of the balance, in mg/ µL
	cubic thermal expansion coefficient of the material of the instruments, in °C-1 
t	water temperature used in the calibration, in °C

[bookmark: _Toc177715972]6   Equipment, calibration liquid characteristics and ambient conditions of the participants

All instruments and ambient conditions used by the NMIs are described in Аnnex 1. In general, all participants used the equipment and ambient temperature recommended by the relevant standards. 

[bookmark: _Toc177715973]7   Measurement results

The results for all three transfer standards reported by the participating laboratories are included in table 5.

Table 5. Laboratory results

	Code
	Micropipette 
	Piston burette 
	Syringe 

	
	V/µL
	U/µL
	V/mL
	U/mL
	V/mL
	U/mL

	GUM
	10,018 
4,988
0,997 
0,213
	0,025
0,025
0,025
0,025
	50,006
25,0019
5,0008
	0,007
0,0062
0,0058
	1,0017
	0,003

	MBM
	10,046
5,002
1,009
0,227
	0,04
0,04
0,034
0,02
	49,9999
25,002
4,9997
	0,007
0,007
0,007
	1,003031
	0,003

	IPQ
	10,041
4,996
1,001
0,227
	0.023
0,013
0,011
0,011
	50,0101
25,008
5,0028
	0,0071
0,0073
0,0062

	1,00325
	0,002

	BFKH
	-[footnoteRef:8] [8:  Not measured] 

	49,987
24,990
4,998
	0,008
0,007
0,006
	1,0013 
	0,006

	MIRS
	10,024
4,990
1,029
0,226
	0,02
0,018
0,025
0,013
	50,0156
25,0042
5,0033
	0,009
0,008
0,0028
	1,004
	0,004

	ČMI
	9,998 
4,995
1,005
-[footnoteRef:9] [9:  Not measured] 

	0,028
0,019
0,012
-[footnoteRef:10] [10:  Not measured] 

	50,010
25,006
5,0037
	0,021
0,012
0,0066
	
-[footnoteRef:11] [11:  Not measured] 


	DMDM
	10,027
4,999
1,005
0,21
	0,06
0,059
0,058
0,041
	50,008 
25,003
5,002
	0,008
0,009
0,005
	1,001 
	 0,002

	SASO
	10,088 
5,031
1,03874
0,238774
	0,049828
0,029223
0,016278
0,01642
	50,0018982 
25,0033793
5,002559
	0,0111597
0,007636
0,005909
	1,0023983  
	0,003114

	RISE
	10,027 
5,027
1,043
0,253
	0,046
0,028
0,019
0,009
	49,9883 
24,9899
4,9992
	0,0096
0,0086
0,0082
	1,00072 
	0,0058

	VSL
	-[footnoteRef:12] [12:  Not measured] 

	50,0153 
25,0115 
5,0031
	0,0094
0,0086
0,0084
	-[footnoteRef:13] [13:  Not measured] 


	 FORCE
	10,06
5,025
1,054 
-[footnoteRef:14] [14:  Not measured] 

	0,086
0,084
0,073
-[footnoteRef:15] [15:  Not measured] 

	50,007
25,001
5,003 
	       0,016
0,015
0,012
	1,0006 
	0,0047

	UME
	10,052 
5,023 
1,032 
-[footnoteRef:16] [16:  Not measured] 

	0,043
0,042
0,041
-[footnoteRef:17] [17:  Not measured] 

	49,99775 
24,99821 4,99961
	0,00927
0,00687
0,00593
	1,00142 
	0,002206

	INM
	10,0230 
4,979
0,9955 
-[footnoteRef:18] [18:  Not measured] 

	0,0183645
0,0162868
0,0146815
-[footnoteRef:19] [19:  Not measured] 

	50,00581 
25,001965 
5,000649 
	0,005916754
0,008124627
0,005977712
	0,999453 
	0,0018857

	IMBIH
	10,001 
4,982 
0,998 
-[footnoteRef:20] [20:  Not measured] 

	0,074
0,073
0,072
-[footnoteRef:21] [21:  Not measured] 

	50,007 
25,004
5,001
	0,013
0,008
0,006
	1,000138 
	0,002008



[bookmark: _Toc455074780][bookmark: _Toc177715974]8   Determination of the reference value

To determine the reference value of this comparison (KCRV) the weighted mean (3) was selected, using the inverses of the squares of the associated standard uncertainties as the weights [7], according to the instructions given by the BIPM: 

                 	                   	(3)  
To calculate the standard deviation u(y) associated with the volume y  [7] equation (4) was used:

         	                    	 (4)

The expanded uncertainty of the reference value is U(y) = 2 × u(y).
To identify an overall consistency of the results a chi-square test can be applied to all n calibration results [7].

 		                  		(5)
where the degrees of freedom are: = n -1

The consistency check is regarded as failed if: . The function CHIINV(0,05; n-1) in MS Excel was used. The consistency check was failing if CHIINV(0,05; n-1) < χ2obs.
If the consistency check did not fail then y was accepted as the KCRV xref and U(xref) was accepted as the expanded uncertainty of the KCRV.

If the consistency check failed then the laboratory with the highest value of is excluded from the next round of evaluation and the new reference value, reference standard uncertainty and chi-squared value is calculated again without the excluded laboratory. When the consistency check passes, for each laboratory results, xi the degree of equivalence di between each laboratory and the KCRV (xref) is calculated using the following formulas [7]:
di = xI  - xref                                                                                        	 (6)
U(di) = 2 × u(di)                                      	       		 (7)
where u(di) is calculated from
u 2(di) = u 2(xi) – u 2(xref)                                                 	(8)
Discrepancy values can be identify if . 
To calculate the degrees of equivalence dij between the laboratories the following formulas are used [7]:
di,j= xi - xj					       (9)
U(di,j) = 2 × u(di,j)		          			           		(10)
Where u(di,j) is calculated from 
u 2(di,j) = u 2(xi) + u 2(xj)		          	 	           			 (11)
The factor 2 in equation (7 and 10) corresponds to 95 % coverage under the assumption of normality.

[bookmark: _Toc177715975]9  Results with reference value and RV uncertainty
[bookmark: _Toc455074781][bookmark: _Toc177715976]9.1 Results with reference value and RV uncertainty for syringe

The obtained reference value is 1,002 mL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,001 mL.
The calculated value  = 19,68 is larger than the observed valueobs = 10,44, therefore the set of results are consistent from a statistical point of view and the reference value is accepted.

All the measurement results, the reference value and its uncertainty are presented in the following figure 4:

Figure 4 – Syringe results with reference value
The degree of equivalence with the RV is presented in figure 5:



Figure 5 – Degree of equivalence syringe

Table 6.  Degree of equivalence with RV 
	Laboratory
	di(mL)
	Udi(mL)
	Ei

	GUM
	0,000
	0,003
	0,06

	MBM
	0,001
	0,003
	0,52

	IPQ
	0,002
	0,002
	0,93

	BFKH
	0,000
	0,006
	-0,04

	MIRS
	0,002
	0,004
	0,63

	DMDM
	-0,001
	0,002
	-0,29

	SASO
	0,001
	0,003
	0,29

	RISE
	-0,001
	0,006
	-0,14

	FORCE
	-0,001
	0,005
	-0,20

	UME
	0,000
	0,002
	-0,06

	INM
	-0,002
	0,003
	-0,72

	IMBIH
	-0,001
	0,002
	-0,82


	
[bookmark: _Toc177715977]9.2 Results with reference value and RV uncertainty for piston burette

For the burette it was decided to consider only the 50 mL has official results. The value 5 mL and 25 mL results are in Annex 2 and will not serve for CMC validation since the uncertainty of the resolution of the device in more than 50 % of the total uncertainty.

9.2.1   50 mL
The obtained reference value is 50,004 mL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,002 mL.
The calculated value  = 22,36 is smaller than observed valueobs = 49,84, this means that the chi-square test failed and the results are not consistent. 
After removal two outliers, the obtained reference value is 50,007 mL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,003 mL.
The calculated value  = 19,68 is larger than observed valueobs = 16,70, therefore the set of results are consistent from a statistical point of view and the reference value is accepted.


Figure 6 – Piston burette results at 50 mL with reference value

The degree of equivalence with the RV is presented in figure 7.

Figure 7 – Degree of equivalence burette 50 mL

Table 7.  Degree of equivalence with RV 
	Laboratory
	Di(mL)
	Udi(mL)
	Ei
	Info

	GUM
	-0,001
	0,007
	-0,09
	

	MBM
	-0,007
	0,007
	-1,03
	

	IPQ
	0,003
	0,007
	0,52
	

	BFKH
	-0,020
	0,008
	-2,58
	Excluded

	MIRS
	0,009
	0,009
	1,04
	

	ČMI
	0,003
	0,021
	0,16
	

	DMDM
	0,001
	0,008
	0,18
	

	SASO
	-0,005
	0,011
	-0,42
	

	RISE
	-0,018
	0,009
	-1,98
	Excluded

	VSL
	0,009
	0,009
	0,96
	

	FORCE
	0,000
	0,016
	0,02
	

	UME
	-0,009
	0,009
	-0,99
	

	INM
	-0,001
	0,005
	-0,15
	

	IMBIH
	0,000
	0,013
	0,03
	



[bookmark: _Toc177715978]9.3 Results with reference value and RV uncertainty for micropipette

9.3.1    10 µL

The obtained reference value is 10,027 µL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,009 µL.
The calculated value  = 19,68 is larger than the observed valueobs = 15,89, therefore the set of results are consistent from a statistical point of view and the reference value is accepted. 

Figure 8 – Micropipette results at 10 L with reference value


Figure 9 – Degree of equivalence, micropipette results at 10 L

Table 8. Degree of equivalence with RV 
	Laboratory
	Di(L)
	Udi(L)
	Ei

	GUM
	-0,01
	0,02
	-0,40

	MBM
	0,02
	0,04
	0,48

	IPQ
	0,01
	0,02
	0,64

	MIRS
	0,00
	0,02
	-0,19

	ČMI
	-0,03
	0,03
	-1,11

	DMDM
	0,00
	0,06
	-0,01

	SASO
	0,06
	0,05
	1,24

	RISE
	0,00
	0,05
	-0,01

	FORCE
	0,03
	0,09
	0,38

	UME
	0,02
	0,04
	0,58

	INM
	0,00
	0,02
	-0,27

	IMBIH
	-0,03
	0,07
	-0,36



9.3.2  5 µL

The obtained reference value is 4,996 µL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,007 µL.
The calculated value  = 19,68 is larger than the observed valueobs = 18,24, therefore the set of results are consistent from a statistical point of view and the reference value is accepted.


Figure 10 - Micropipette results at 5 L with reference value


Figure 11 – Degree of equivalence micropipette results at 5 L

Table 9. Degree of equivalence with RV 
	Laboratory
	Di(L)
	Udi(L)
	Ei

	GUM
	-0,01
	0,02
	-0,34

	MBM
	0,01
	0,04
	0,15

	IPQ
	0,00
	0,01
	-0,02

	MIRS
	-0,01
	0.02
	-0,37

	ČMI
	0,00
	0,02
	-0,07

	DMDM
	0,00
	0,06
	0,05

	SASO
	0,.03
	0,03
	1,23

	RISE
	0,03
	0,03
	1,14

	FORCE
	0,03
	0,08
	0,34

	UME
	0,03
	0,04
	0,65

	INM
	-0,02
	0,01
	-1,16

	IMBIH
	-0,01
	0,07
	-0,20



9.3.3.   1 µL

The obtained reference value is 1,012 µL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,006 µL.
The calculated value  = 19,68 is smaller than observed valueobs = 37,64, this means that the chi-square test failed and the results are not consistent. 
After removal two outliers, the obtained reference value is 1,004 µL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,006 µL.
The calculated value   = 16,92 is larger than observed valueobs = 9,84, therefore the set of results are consistent from a statistical point of view and the reference value is accepted.


Figure 12 - Micropipette results at 1 L with reference value


Figure 13 – Degree of equivalence micropipette results at 1 µL

Table 10. Degree of equivalence with RV 
	Laboratory
	Di(L)
	Udi(L)
	Ei
	Info

	GUM
	-0,01
	0,02
	-0,29
	

	MBM
	0,00
	0,03
	0,15
	

	IPQ
	0,00
	0,01
	-0,34
	

	MIRS
	0,02
	0,02
	1,03
	

	ČMI
	0,00
	0,01
	0,09
	

	DMDM
	0,00
	0,06
	0,02
	

	SASO
	0,03
	0,02
	2,31
	Excluded

	RISE
	0,04
	0,02
	2,17
	Excluded

	FORCE
	0,05
	0,07
	0,69
	

	UME
	0,03
	0,04
	0,69
	

	INM
	-0,01
	0,01
	-0,64
	

	IMBIH
	-0,01
	0,07
	-0,08
	



9.3.4  0,2 µL

The obtained reference value is 0,236 µL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,005 µL. The calculated value  = 12,59 is smaller than the observed valueobs = 25,80, this means that the chi-square test failed and the results are not consistent. 
After removal one outlier the obtained reference value is 0,227 µL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,006 µL. The calculated value = 11,07 is larger than the observed valueobs = 4,02, therefore the set of results are consistent from a statistical point of view and the reference value is accepted.

Figure 14 - Micropipette results at 0,2 L with reference value


Figure 19 – Degree of equivalence for micropipette results at 0,2 L

Table 11. Degree of equivalence with RV 
	Laboratory
	Di(L)
	Udi(L)
	Ei
	Info

	GUM
	-0,01
	0,02
	-0,59
	

	MBM
	0,00
	0,02
	-0,01
	

	IPQ
	0,00
	0,01
	-0,03
	

	MIRS
	0,00
	0,01
	-0,11
	

	DMDM
	-0,02
	0,04
	-0,43
	

	SASO
	0,01
	0,02
	0,76
	

	RISE
	0,03
	0,01
	4,08
	Excluded


[bookmark: _Toc159252681][bookmark: _Toc177715979]10 Uncertainty calculation

It was requested that all participants present their uncertainty calculations based on the GUM [9].
[bookmark: _Toc177715980]10.1 Uncertainty components for syringe

	Quantity (xi)
	GUM
	MBM
	IPQ
	BFKH
	MIRS
	DMDM

	Repeatability measurements (mL)
	0.000093
	2.54E-04
	0.000277
	1.580E-04
	4.71E-04
	5.61E-04

	Mass (g)
	0.000003
	1.65E-05
	4.1056E-06
	8.529E-05
	1.00E-05
	2.77E-05

	Air Density (g/mL)
	0.000002
	1.94E-06
	9.836E-07
	1.756E-06
	9.14E-07
	3.40E-07

	Water Density (g/mL)
	-0.000010
	-4.19E-06
	-2.905E-05
	-2.512E-06
	1.10E-05
	-1.89E-05

	Density of the mass pieces (g/mL)
	0.000001
	1.30E-06
	6.4951E-07
	1.116E-05
	1.30E-06
	1.36E-06

	Cub. coeff. of expansion from the glass syringe material (°C-1)
	0.00000002
	-7.04E-07
	-5.792E-09
	-2.505E-06
	4.95E-07
	6.00E-07

	Water temperature (ºC)
	-0.000001
	-6.08E-07
	-1.625E-06
	4.900E-08
	2.07E-06
	-9.81E-07

	Meniscus reading (mL)
	0.000833
	1.44E-03
	0.0001732
	
2.886E-03

	5.10E-04
	8.33E-04

	Evaporation (mL)
	0.000004
	-
	2.0785E-06
	1.0E-04
	6.87E-07
	-

	Other 
	
0.001247

	-
	0.00095
	-
	1.88E-03
	-

	Combined uncertainty/mL 
	0,0015
	0,0015
	0.00100496
	0,003
	0,002
	0,001

	Expanded uncertainty/mL 
	0,003
	0,003
	0.002
	0,006
	0,004
	0,002



	Quantity (xi)
	SASO
	RISE
	FORCE
	UME
	INM
	IMBIH

	Repeatability measurements (mL)
	1.36E-04
	4.26E-04
	0.000861
	3.054E-04
	2.569E-04
	8.140E-05

	Mass (g)
	1.75E-04
	8.52E-05
	3.51E-05
	3.683E-05
	9.006E-04
	3.570E-05

	Air Density (g/mL)
	6.20E-05
	2.54E-06
	5.02E-06
	1.270E-06
	4.714E-08
	4.773E-07

	Water Density (g/mL)
	-1.00E-06
	-2.89E-05
	5.82E-06
	3.158E-06
	2.832E-06
	1.371E-05

	Density of the mass pieces (g/mL)
	1.00E-06
	5.20E-07
	-
	5.090E-07
	1.052E-04
	1.214E-06

	Cub. coeff. of expansion from the glass syringe material (°C-1)
	-1.00E-07
	-7.51E-07
	9.25E-07
	2.519E-08
	8.500E-06
	3.506E-07

	Water temperature (ºC)
	-2.90E-06
	-2.86E-08
	1.69E-05
	5.788E-07
	3.393E-06
	2.692E-06

	Meniscus reading (mL)
	1.54E-03
	2.89E-03
	3.72E-06
	1.059E-03
	7.506E-03
	-

	Evaporation (mL)
	2.90E-05
	-2.89E-05
	5.80E-05
	3.416E-05
	2.801E-05
	-

	Other 
	-
	-
	9.97E-04
	-
	-
	1.000E-03

	Combined uncertainty/mL 
	0.0015
	0.003
	0.0023
	0.001
	0.001
	0.001

	Expanded uncertainty/mL 
	0.003
	0.006
	0.005
	0.002
	0.002
	0.002








[bookmark: _Toc177715981]10.2 Uncertainty components piston burette

10.2.1 Uncertainty components for 50 mL piston burette
	Quantity (xi)
	GUM
	MBM
	IPQ
	BFKH
	MIRS
	ČMI

	Repeatability measurements (mL)
	0.000366
	6.71E-04
	0.0014158
	2.672E-04
	1.73E-03
	0.002

	Mass (g)
	0.000217
	1.32E-04
	0.000134
	8.524E-05
	1.13E-03
	0.0006

	Air Density (g/mL)
	0.000088
	1.51E-04
	4.8982E-05
	8.763E-05
	4.63E-05
	0.000065

	Water Density (g/mL)
	-0.000504
	-2.90E-04
	-0.0014481
	-1.250E-04
	5.42E-04
	0.000023

	Density of the mass pieces (g/mL)
	0.000032
	6.58E-05
	3.2344E-05
	2.846E-06
	6.52E-05
	0.000027

	Cub. coeff. of expansion from the piston burette material (°C-1)
	0.000080
	-2.20E-04
	-9.875E-05
	-3.000E-03
	1.39E-04
	0.000175

	Water temperature (ºC)
	-0.000815
	-4.23E-04
	-0.000449
	-6.000E-05
	9.32E-04
	0.000202

	Resolution of the piston burette (mL)
	0.002887
	2.89E-03
	0.0028867
	2.900E-03
	2.89E-03
	0.002887

	Other 
	0.001680
	1.44E-03
	 -
	 -
	2.52E-03
	0.009881

	Combined uncertainty/mL 
	0.0035
	0.0034
	0.0036
	0.004
	0.0045
	0.010

	Expanded uncertainty/mL 
	0.006
	0.007
	0.007
	0.008
	0.009
	0.021



	Quantity (xi)
	DMDM
	SASO
	RISE
	VSL
	FORCE
	UME

	Repeatability measurements (mL)
	0.0017
	1.09E-03
	0.001717
	0.0009
	3.7107E-03
	1.043E-03

	Mass (g)
	2.69E-05
	1.57E-03
	0.000085
	0.0015
	3.5100E-05
	1.565E-04

	Air Density (g/mL)
	0.0000
	3.08E-03
	0.000127
	0.0000
	2.5090E-04
	6.342E-05

	Water Density (g/mL)
	-0.0005
	-4.63E-05
	-0.001445
	0.0000
	2.9060E-04
	1.580E-04

	Density of the mass pieces (g/mL)
	0.0001
	2.61E-05
	0.000026
	0.0000
	 [footnoteRef:22] [22:  Included in mass] 

	2.542E-05

	Cub. coeff. of expansion from the piston burette material (°C-1)
	-0.0001
	-3.20E-04
	-0.000405
	0.0000
	7.7270E-04
	4.521E-05

	Water temperature (ºC)
	-0.0005
	-3.47E-03
	-0.001039
	0.0000
	2.2000E-03
	3.466E-03

	Resolution of the piston burette (mL)
	0.00289
	2.89E-03
	0.004082
	0.0041
	5.8000E-03
	2.887E-03

	Other 
	 -
	- 
	 -
	0.0016
	2.9004E-03
	 -

	Combined uncertainty/mL 
	0.003405
	0.0057985
	0.0048
	0.0047
	0.00784
	0.00464

	Expanded uncertainty/mL 
	0.0068
	0.0116
	0.0096
	0.0094
	0.016
	0.0093



	Quantity (xi)
	INM
	IMBIH

	Repeatability measurements (mL)
	0.001768738
	6.665E-04

	Mass (g)
	0.004748260
	1.140E-03

	Air Density (g/mL)
	0.000001970
	2.385E-05

	Water Density (g/mL)
	0.000266510
	2.605E-04

	Density of the mass pieces (g/mL)
	0.000105255
	6.066E-05

	Cub. coeff. of expansion from the piston burette material (°C-1)
	0.000120402
	4.533E-04

	Water temperature (ºC)
	0.000311385
	2.756E-03

	Resolution of the piston burette (mL)
	0.003023243
	2.887E-03

	Other 
	-
	5.000E-03

	Combined uncertainty/mL 
	0.0059
	0.007

	Expanded uncertainty/mL 
	0.012
	0.013


[bookmark: _Toc177715982]10.3 Uncertainty components for micropipette

10.3.1 Uncertainty components for 10 L micropipette
	Quantity (xi)
	GUM
	MBM
	IPQ
	MIRS
	ČMI
	DMDM

	Repeatability measurements (µL)
	0.000958
	3.46E-03
	0.00833
	6.01E-03
	0.012
	0.016

	Mass (mg)
	0.002166
	1.65E-02
	0.00274
	5.06E-03
	0.003358
	0.0064

	Air Density (mg/ µL)
	0.000018
	7.53E-06
	0.00001
	9.05E-09
	0.000013
	3.32E-09

	Water Density (mg/ µL)
	-0.000101
	-4.04E-05
	-0.00029
	1.08E-07
	0.000005
	-0.00032

	Density of the mass pieces (mg/ µL)
	0.000006
	1.32E-05
	0.00001
	1.29E-08
	0.000005
	0.000013

	Cub. coeff. of expansion from the micropipette material (°C-1)
	0.000010
	-9.47E-05
	-0.00013
	3.61E-08
	0.000005
	-3.55E-08

	Water temperature (ºC)
	-0.000245
	-3.75E-05
	-0.00075
	3.34E-07
	0.000041
	3.52E-07

	Handling of micropipette (µL)
	0.010000
	0.01
	0.00580
	4.04E-03
	0.005772
	0.0058

	Evaporation (µL)
	0.001200
	- 
	0.00069
	7.63E-05
	0
	0.01

	Other 
	0.007412
	 -
	0.00289
	3.34E-03
	0.002775
	0.02

	Combined uncertainty/ µL 
	0.013
	2.0E-02
	0.011
	0.0095
	0.014
	0.03

	Expanded uncertainty/ µL 
	0.025
	0.04
	0.023
	0.02
	0.028
	0.06



	Quantity (xi)
	SASO
	RISE
	FORCE
	UME
	INM
	IMBIH

	Repeatability measurements (µL)
	6.33E-03
	0.021550
	0.023300
	0.006
	0.0012687
	3.36E-03

	Mass (mg)
	1.85E-03
	0.001630
	3.5106E-05
	0.020
	0.0064022
	3.569E-02

	Air Density (mg/ µL)
	1.43E-03
	0.000025
	5.0469E-08
	1.294E-05
	-1.231E-10
	4.918E-06

	Water Density (mg/ µL)
	-8.00E-06
	-0.000289
	5.8474E-08
	3.153E-05
	-5.612E-09
	5.195E-05

	Density of the mass pieces (mg/ µL)
	5.00E-06
	5.20E-06
	[footnoteRef:23]  [23:  Included in mass] 

	5.186E-06
	1.3136E-06
	1.251E-05

	Cub. coeff. of expansion from the micropipette material (°C-1)
	-5.40E-05
	-0.0006647
	7.29465E-08
	1.254E-06
	9.3619E-10
	3.006E-05

	Water temperature (ºC)
	-7.00E-04
	-0.000006936
	3.45935E-07
	0.00014
	-1.910E-05
	1.281E-03

	Handling of micropipette (µL)
	5.77E-03
	0.00577
	5.02E-06
	0.00577
	0.0057735
	1.000E-02

	Evaporation (µL)
	2.33E-02
	-0.00289
	5.8357E-06
	0.000637
	0.002895070
	 -

	Other 
	 -
	 -
	 -
	 -
	4.4323E-07
	 -

	Combined uncertainty/ µL 
	0.024914
	0.023
	0.043
	0.022
	0.0091822
	0.037

	Expanded uncertainty/ µL 
	0.0498
	0.046
	0.086
	0.043
	0.0184
	0.074






10.3.2 Uncertainty components for 5 L micropipette
	Quantity (xi)
	GUM
	MBM
	IPQ
	MIRS
	ČMI
	DMDM

	Repeatability measurements (µL)
	0.001574
	2.55E-03
	0.00360
	4.98E-03
	0.0086
	0.0097

	Mass (mg)
	0.002166
	1.65E-02
	0.00273
	5.04E-03
	0.003358
	0.0064

	Air Density (mg/ µL)
	0.000009
	9.81E-06
	0.00000
	4.52E-09
	0.000006
	2.0E-09

	Water Density (mg/ µL)
	-0.000050
	-2.00E-05
	-0.00025
	5.41E-08
	0.000002
	-1.21E-07

	Density of the mass pieces (mg/ µL)
	0.000003
	6.56E-06
	0.00000
	6.44E-09
	0.000003
	7E-09

	Cub. coeff. of expansion from the micropipette material (°C-1)
	0.000005
	-4.33E-05
	-0.00007
	7.62E-09
	0.000003
	-0.000008

	Water temperature (ºC)
	-0.000121
	-1.87E-05
	-0.00036
	2.35E-07
	0.000021
	-0.00013

	Handling of micropipette (µL)
	0.005000
	0.005
	0.00290
	2.02E-03
	0.002884
	0.00288

	Evaporation (µL)
	0.001200
	 -
	0.00121
	3.82E-05
	0
	0.02

	Other 
	0.011099
	 -
	0.00289
	5.17E-03
	0.001387
	0.017

	Combined uncertainty/ µL 
	0.013
	2E-02
	0.006
	0.0090
	0.0095
	0.029

	Expanded uncertainty/ µL 
	0.025
	0.04
	0.013
	0.018
	0.019
	0.059



	Quantity (xi)
	SASO
	RISE
	FORCE
	UME
	INM
	IMBIH

	Repeatability measurements (µL)
	1.46E-03
	0.01318
	0.022900
	0.006
	0.0026722
	3.897E-03

	Mass (mg)
	8.29E-04
	0.00173
	3.5106E-05
	0.020
	0.0064833
	3.569E-02

	Air Density (mg/ µL)
	0.000715
	1.272E-05
	2.5210E-08
	6.463E-06
	-1.037E-07
	2.452E-06

	Water Density (mg/ µL)
	-4.00E-06
	-1.445E-04
	2.92E-08
	1.575E-05
	-4.017E-06
	2.589E-05

	Density of the mass pieces (mg/ µL)
	3.00E-06
	2.601E-06
	[footnoteRef:24]  [24:  Included in mass] 

	2.591E-06
	0.0006526
	6.235E-06

	Cub. coeff. of expansion from the micropipette material (°C-1)
	-4.20E-05
	-0.0003468
	9.37E-16
	6.263E-07
	-1.998E-06
	2.097E-05

	Water temperature (ºC)
	-3.49E-04
	3.47E-06
	1.26E-07
	0.00007
	-9.548E-06
	5.760E-04

	Handling of micropipette (µL)
	2.88E-03
	2.89E-03
	0.0000029
	0.00289
	0.0028868
	5.000E-03

	Evaporation (µL)
	0.014203
	-2.89E-03
	0.0000029
	0.000811
	0.0028950
	 -

	Other 
	 -
	-
	 -
	 -
	1.1644E-07
	 -

	Combined uncertainty/ µL 
	0.014612
	0.014
	0.042
	0.021
	0.0081434
	0.036

	Expanded uncertainty/ µL 
	0.029
	0.028
	0.084
	0.042
	0.0163
	0.073



10.3.3 Uncertainty components for 1 L micropipette
	Quantity (xi)
	GUM
	MBM
	IPQ
	MIRS
	ČMI
	DMDM

	Repeatability measurements (µL)
	0.001723
	2.74E-03
	0.00360
	3.43E-03
	0.0047
	0.009

	Mass (mg)
	0.002166
	1.65E-02
	0.00274
	5.02E-03
	0.003358
	0.0064

	Air Density (mg/ µL)
	0.000002
	5.24E-07
	0.00000
	9.40E-10
	0.000001
	3E-10

	Water Density (mg/ µL)
	-0.000010
	-4.04E-06
	-0.00005
	1.12E-08
	0.0000005
	-2.6E-08

	Density of the mass pieces (mg/ µL)
	0.000001
	1.32E-06
	0.00000
	1.34E-09
	0.000001
	1.3E-09

	Cub. coeff. of expansion from the micropipette material (°C-1)
	0.000001
	-8.50E-06
	-0.00001
	4.46E-09
	0.000001
	-1.36E-06

	Water temperature (ºC)
	-0.000028
	-3.77E-06
	-0.00007
	4.09E-08
	0.000004
	-2.94E-05

	Handling of micropipette (µL)
	0.001000
	0.001
	0.00059
	4.04E-03
	0.00058
	0.0006

	Evaporation (µL)
	0.001200
	 -
	0.00115
	7.63E-05
	0
	0.02

	Other 
	0.012176
	 -
	0.00289
	1.00E-02
	0.0002788
	0.018

	Combined uncertainty/ µL 
	0.013
	1.7E-02
	0.006
	0.0125
	0.006
	0.029

	Expanded uncertainty/ µL 
	0.025
	0.034
	0.011
	0.025
	0.012
	0.058



	Quantity (xi)
	SASO
	RISE
	FORCE
	UME
	INM
	IMBIH

	Repeatability measurements (µL)
	2.19E-03
	8.49E-03
	0.009900
	0.003
	0.001767
	3.082E-03

	Mass (mg)
	5.90E-04
	1.63E-03
	3.511E-05
	0.020
	0.006483
	3.569E-02

	Air Density (mg/ µL)
	1.48E-04
	2.66E-06
	5.289E-09
	1.328E-06
	-4.681E-08
	4.917E-07

	Water Density (mg/ µL)
	-1.00E-06
	-2.89E-05
	6.127E-09
	3.237E-06
	-7.087E-07
	5.188E-06

	Density of the mass pieces (mg/ µL)
	1.00E-06
	5.49E-07
	 [footnoteRef:25] [25:  Included in mass] 

	5.324E-07
	0.0001305
	1.251E-06

	Cub. coeff. of expansion from the micropipette material (°C-1)
	3.00E-06
	-7.51E-05
	6.115E-09
	1.287E-07
	-7.932E-07
	5.076E-06

	Water temperature (ºC)
	-7.20E-05
	-7.23E-07
	-1.817E-08
	0.00001
	-1.906E-06
	7.985E-05

	Handling of micropipette (µL)
	5.77E-04
	5.77E-04
	0.00000061
	0.00058
	0.000577
	1.000E-03

	Evaporation (µL)
	7.79E-03
	-2.89E-03
	6.115E-07
	0.000811
	0.002895
	 -

	Other 
	 -
	 -
	 -
	 -
	1.1732E-08
	 -

	Combined uncertainty/ µL 
	0.0082
	0.0091
	0.036
	0.020
	0.0073
	0.036

	Expanded uncertainty/ µL 
	0.016
	0.019
	0.073
	0.041
	0.015
	0.072



10.3.4. Uncertainty components for 0,2 L micropipette
	Quantity (xi)
	GUM
	MBM
	IPQ
	MIRS

	Repeatability measurements (µL)
	0.0008970
	1.30E-03
	0.00267
	1.32E-03

	Mass (mg)
	0.0021664
	7.92E-03
	0.00273
	5.02E-03

	Air Density (mg/ µL)
	0.0000004
	1.15E-07
	0.00000
	1.99E-10

	Water Density (mg/ µL)
	-0.000002
	-9.17E-07
	-0.00001
	2.38E-09

	Density of the mass pieces (mg/ µL)
	0.0000001
	2.98E-07
	0.00000
	2.83E-10

	Cub. coeff. of expansion from the micropipette material (°C-1)
	0.0000003
	-2.34E-06
	0.00000
	2.43E-10

	Water temperature (ºC)
	-0.000005
	-8.47E-07
	-0.00001
	3.94E-09

	Handling of micropipette (µL)
	0.0002000
	0.0002
	0.00013
	8.08E-05

	Evaporation (µL)
	0.0012000
	 -
	0.00115
	7.63E-05

	Other 
	0.0122586
	 -
	0.00289
	3.67E-03

	Combined uncertainty/ µL 
	0.013
	0.01
	0.005
	0.0064

	Expanded uncertainty/ µL 
	0.025
	0.02
	0.010
	0.013



	Quantity (xi)
	DMDM
	SASO
	RISE

	Repeatability measurements (µL)
	0.005
	2.68E-03
	2.9738E-03

	Mass (mg)
	6.4E-03
	5.78E-04
	1.6300E-03

	Air Density (mg/ µL)
	7E-11
	3.40E-05
	6.3580E-06

	Water Density (mg/ µL)
	5E-09
	-2.00E-07
	-7.2250E-06

	Density of the mass pieces (mg/ µL)
	2.8E-10
	1.00E-07
	1.3005E-07

	Cub. coeff. of expansion from the micropipette material (°C-1)
	-2E-07
	-1.00E-06
	-1.7340E-05

	Water temperature (ºC)
	-5.73E-06
	-1.70E-05
	-1.7629E-07

	Handling of micropipette (µL)
	1.15E-04
	1.32E-04
	1.7300E-04

	Evaporation (µL)
	1.5E-02
	7.74E-03
	-2.8900E-03

	Other 
	1.1E-02
	- 
	- 

	Combined uncertainty/ µL 
	0.02
	0.00821
	0.0045

	Expanded uncertainty/ µL 
	0.041
	0.0164
	0.009
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The following table summarizes the uncertainty claims as published in the KCDB and those given by the participants of this comparison. 
	
 Table 12.  Expanded standard uncertainty claims as stated by the participants for this comparison and as published in the KCDB (CMCs). 



	
	
	This comparison
	Published in the KCDB

	
	
	U 
	U / %
	CMCs (%)

	GUM
	Syringe, 1 mL
	0,003 mL
	0,3
	-

	
	Piston burette, 5 mL
	0,0058 mL
	0,11 
	-

	
	Piston burette, 25 mL
	0,0062 mL
	0,025
	

	
	Piston burette, 50 mL
	0,007 mL
	0,014
	

	
	Micropipette, 0,2 µL
	0,025 µL
	12,5
	-

	
	Micropipette, 1 µL
	0,025 µL
	2,5
	

	
	Micropipette, 5 µL
	0,025 µL
	0,5
	

	
	Micropipette, 10 µL
	0,025 µL
	0,25
	

	MBM
	Syringe, 1 mL
	0,003 mL
	0,3
	-

	
	Piston burette, 5 mL
	0,007 mL
	0,14
	
-


	
	Piston burette, 25 mL
	0,007 mL
	0,028
	

	
	Piston burette, 50 mL
	0,007 mL
	0,014
	

	
	Micropipette, 0,2 µL
	0,02 µL
	10
	-

	
	Micropipette, 1 µL
	0,034 µL
	3,4
	

	
	Micropipette, 5 µL
	0,04 µL
	0,8
	

	
	Micropipette, 10 µL
	0,04 µL
	0,4
	

	IPQ
	Syringe, 1 mL
	0,002 mL
	0,2
	0,02

	
	Piston burette, 5 mL
	0,0062 mL
	0,124
	0,02

	
	Piston burette, 25 mL
	0,0073 mL
	0,03
	0,02

	
	Piston burette, 50 mL
	0,0071 mL
	0,0142
	0,02

	
	Micropipette, 0,2 µL
	0,01 µL
	5
	-

	
	Micropipette, 1 µL
	0,011 µL
	1,1
	0,3

	
	Micropipette, 5 µL
	0,013 µL
	0,26
	0,3

	
	Micropipette, 10 µL
	0,023 µL
	0,23
	0,3

	BFKH
	Syringe, 1 mL
	0,006 mL
	0,6
	-

	
	Piston burette, 5 mL
	0,006 mL
	0,12
	-

	
	Piston burette, 25 mL
	0,007 mL
	0,028
	

	
	Piston burette, 50 mL
	0,008 mL
	0,016
	

	
	Micropipette, 0,2 µL
	Not measured
	-

	
	Micropipette, 1 µL
	
	

	
	Micropipette, 5 µL
	
	

	
	Micropipette, 10 µL
	
	

	MIRS
	Syringe, 1 mL
	0,004 mL
	0,4
	-

	
	Piston burette, 5 mL
	0,0028 mL
	0,056
	-

	
	Piston burette, 25 mL
	0,008 mL
	0,032
	

	
	Piston burette, 50 mL
	0,009 mL
	0,018
	

	
	Micropipette, 0,2 µL
	0,013 µL
	6,5
	-

	
	Micropipette, 1 µL
	0,025 µL
	2,5
	-

	
	Micropipette, 5 µL
	0,018 µL
	0,36
	-

	
	Micropipette, 10 µL
	0,02 µL
	0,2
	0,6

	ČMI
	Syringe, 1 mL
	Not measured
	0,3

	
	Piston burette, 5 mL
	0,0066 mL
	0,1324
	0,3

	
	Piston burette, 25 mL
	0,012 mL
	0,048
	

	
	Piston burette, 50 mL
	0,021 mL
	0,042
	

	
	Micropipette, 0,2 µL
	Not measured
	-

	
	Micropipette, 1 µL
	0,012 µL
	1,2
	0,3

	
	Micropipette, 5 µL
	0,019 µL
	0,38
	

	
	Micropipette, 10 µL
	0,028 µL
	0,28
	

	DMDM
	Syringe, 1 mL
	0,002 mL
	0,2
	-

	
	Piston burette, 5 mL
	0,005 mL
	0,1
	0,06

	
	Piston burette, 25 mL
	0,009 mL
	0,036
	0,06

	
	Piston burette, 50 mL
	0,008 mL
	0,016
	0,06

	
	Micropipette, 0,2 µL
	0,041 µL
	20,5
	-

	
	Micropipette, 1 µL
	0,058 µL
	5,8
	-

	
	Micropipette, 5 µL
	0,059 µL
	1,18
	-

	
	Micropipette, 10 µL
	0,06 µL
	0,6
	0,6

	SASO
	Syringe, 1 mL
	0,003114 mL
	0,31
	-

	
	Piston burette, 5 mL
	0,005909 mL
	0,118
	-

	
	Piston burette, 25 mL
	0,007636 mL
	0,03
	

	
	Piston burette, 50 mL
	0,011597 mL
	0,023
	

	
	Micropipette, 0,2 µL
	0,01642 µL
	8,21
	-

	
	Micropipette, 1 µL
	0,016278 µL
	1,628
	

	
	Micropipette, 5 µL
	0,029223 µL
	0,584
	

	
	Micropipette, 10 µL
	0,049828 µL
	0,498
	

	RISE
	Syringe, 1 mL
	0,0058 mL
	0,58
	-

	
	Piston burette, 5 mL
	0,0082 mL
	0,164
	-

	
	Piston burette, 25 mL
	0,0086 mL
	0,034
	

	
	Piston burette, 50 mL
	0,0096 mL
	0,019
	

	
	Micropipette, 0,2 µL
	0,009 µL
	4,5
	-

	
	Micropipette, 1 µL
	0,019 µL
	1,9
	0,4

	
	Micropipette, 5 µL
	0,028 µL
	0,56
	0,4

	
	Micropipette, 10 µL
	0,046 µL
	0,46
	0,4

	VSL
	Syringe, 1 mL
	Not measured
	-

	
	Piston burette, 5 mL
	0,0084 mL
	0,168
	Not clearly specified.

	
	Piston burette, 25 mL
	0,0086 mL
	0,034
	

	
	Piston burette, 50 mL
	0,0094 mL
	0,019
	

	
	Micropipette, 0,2 µL
	Not measured
	

	
	Micropipette, 1 µL
	
	

	
	Micropipette, 5 µL
	
	

	
	Micropipette, 10 µL
	
	

	FORCE
	Syringe, 1 mL
	0,0047 mL
	0,47
	

Not clearly specified.

	
	Piston burette, 5 mL
	0,012 mL
	0,24
	

	
	Piston burette, 25 mL
	0,015 mL
	0,06
	

	
	Piston burette, 50 mL
	0,016 mL
	0,032
	

	
	Micropipette, 0,2 µL
	Not measured
	

	
	Micropipette, 1 µL
	0,073 µL
	7,3
	

	
	Micropipette, 5 µL
	0,084 µL
	1,68
	

	
	Micropipette, 10 µL
	0,086 µL
	0,86
	

	UME
	Syringe, 1 mL
	0,002206 mL
	0,221
	

	
	Piston burette, 5 mL
	0,00593 mL
	0,119
	-

	
	Piston burette, 25 mL
	0,00687 mL
	0,027
	

	
	Piston burette, 50 mL
	0,00927 mL
	0,0185
	

	
	Micropipette, 0,2 µL
	Not measured
	-

	
	Micropipette, 1 µL
	0,041 µL
	4,1
	

	
	Micropipette, 5 µL
	0,042 µL
	0,84
	

	
	Micropipette, 10 µL
	0,043 µL
	0,43
	0,8

	INM
	Syringe, 1 mL
	0,001886 mL
	0,189
	-

	
	Piston burette, 5 mL
	0,00598 mL
	0,120
	-

	
	Piston burette, 25 mL
	0,00812 mL
	0,033
	

	
	Piston burette, 50 mL
	0,00592 mL
	0,012
	

	
	Micropipette, 0,2 µL
	Not measured
	-

	
	Micropipette, 1 µL
	0,01468 µL 
	1,468
	

	
	Micropipette, 5 µL
	0,01629 µL 
	0,326
	

	
	Micropipette, 10 µL
	0,0184 µL 
	0,184
	

	IMBIH
	Syringe, 1 mL
	0,002008 mL
	0,201
	-

	
	Piston burette, 5 mL
	0,006 mL
	0,12
	0,3

	
	Piston burette, 25 mL
	0,008 mL
	0,032
	-

	
	Piston burette, 50 mL
	0,013 mL
	0,026
	

	
	Micropipette, 0,2 µL
	Not measured
	-

	
	Micropipette, 1 µL
	0,072 µL
	7,2
	

	
	Micropipette, 5 µL
	0,073 µL
	1,46
	

	
	Micropipette, 10 µL
	0,074 µL
	0,74
	



[bookmark: _Toc177715984]12 Conclusions

Apart from the delays and some other organization issues, the piston – operated volumetric apparatus have shown an enough good stability to consider this comparison useful to support the CMCs of the participants.

The syringe was tested by 12 laboratories. 
All laboratories present results that are consistent with the reference value and with each other, and with En<1.

The piston burette was tested by 14 laboratories. 
Regarding 5 mL measurements, all laboratories present results that are consistent with the reference value and with each other, and with En<1.
Regarding 25 mL measurements, result from one NMI was not used to calculate reference value. There is one laboratory that presented slightly discrepant value when compared with the reference value and one laboratory that has inconsistent result. 
Regarding 50 mL measurements, results from two NMIs were not used to calculate reference value. 
There are two laboratory that presented slightly discrepant values when compared with the reference value.

The micropipette in range from (1 - 10) µL was tested by 12 laboratories.  7 laboratories performed measurements in 0,2 µL nominal value. 
Regarding 10 µL measurements, all laboratories present results that are consistent with the reference value, and with each other. There are two laboratories that presents slightly discrepant values when compared with the reference value. 
Regarding 5 µL measurements, all laboratories present results that are consistent with the reference value, and with each other. There are three laboratories that presents slightly discrepant value when compared with the reference value. 
Regarding 1 µL measurements, results from two NMIs were not used to calculate reference value. There is one laboratory that presents slightly discrepant value when compared with the reference value.
Regarding 0,2 µL measurements, results from one NMI was not used to calculate reference value. All other laboratories present results that are consistent with the reference value, with each other and with En<1. 

The uncertainty values presented are quite similar for all laboratories in all instruments. 
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GUM, Micropipette
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	10 µL
	5 µL
	1 µL
	0,2 µL
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GUM, Piston burette
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	50 mL
	25 mL
	5 mL
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MBM, Micropipette
[image: ]

	10 µL
	5 µL
	1 µL
	0,2 µL
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MBM, Piston burette
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	50 mL
	25 mL
	5 mL
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IPQ, Syringe
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IPQ, Micropipette
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	10 µL
	5 µL
	1 µL
	0,2 µL
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IPQ, Piston burette
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	50 mL
	25 mL
	5 mL
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BFKH, Syringe
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BFKH, Micropipette[footnoteRef:27] [27:  Not measured] 


BFKH, Piston burette
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	50 mL
	25 mL
	5 mL
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MIRS, Syringe
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MIRS, Micropipette
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	10 µL
	5 µL
	1 µL
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MIRS, Piston burette
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	50 mL
	25 mL
	5 mL
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ČMI,  Syringe[footnoteRef:28] [28:  Not measured] 


ČMI, Micropipette
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	10 µL
	5 µL
	1 µL
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ČMI, Piston burette
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	50 mL
	25 mL
	5 mL
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DMDM, Syringe
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DMDM, Micropipette
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	10 µL
	5 µL
	1 µL
	0,2 µL
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DMDM, Piston burette
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	50 mL
	25 mL
	5 mL
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SASO, Syringe
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SASO, Micropipette
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	10 µL
	5 µL
	1 µL
	0,2 µL
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SASO, Piston burette
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	50 mL
	25 mL
	5 mL
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RISE, Syringe
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RISE, Micropipette
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	10 µL
	5 µL
	1 µL
	0,2 µL
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RISE, Piston burette
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	50 mL
	25 mL
	5 mL
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VSL, Syringe[footnoteRef:29] [29:  Not measured] 

VSL, Micropipette[footnoteRef:30] [30:  Not measured] 

VSL, Piston burette
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	50 mL
	25 mL
	5 mL
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FORCE, Syringe
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FORCE, Micropipette
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	10 µL
	5 µL
	1 µL
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FORCE, Piston burette
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	50 mL
	25 mL
	5 mL
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UME, Syringe
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UME, Micropipette
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	10 µL
	5 µL
	1 µL
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UME, Piston burette
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	50 mL
	25 mL
	5 mL

	[image: ]
	[image: ]
	[image: ]



INM, Syringe
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INM, Micropipette
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	10 µL
	5 µL
	1 µL
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INM, Piston burette
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	50 mL
	25 mL
	5 mL
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IMBIH, Syringe
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IMBIH, Micropipette
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	10 µL
	5 µL
	1 µL
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IMBIH, Piston burette
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	50 mL
	25 mL
	5 mL
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5 mL

The obtained reference value is 5,002 mL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,002 mL.
The calculated value  = 22,36 is larger than observed valueobs = 5,04, therefore the set of results are consistent from a statistical point of view and the reference value is accepted. 

All the measurement results, the reference value and its uncertainty are presented in the following figure A1:

Figure A1 – Piston burette results at 5 mL with reference value

The degree of equivalence with the RV is presented in figure A2:

Figure A2 – Degree of equivalence burette 5 mL

Table A1. Degree of equivalence with RV 
	Laboratory
	Di(mL)
	Udi(mL)
	Ei

	GUM
	-0,001
	0,006
	-0,17

	MBM
	-0,002
	0,007
	-0,30

	IPQ
	0,001
	0,006
	0,17

	BFKH
	-0,004
	0,006
	-0,65

	MIRS
	0,002
	0,002
	0,65

	ČMI
	0,002
	0,006
	0,30

	DMDM
	0,000
	0,005
	0,05

	SASO
	0,001
	0,006
	0,14

	RISE
	-0,003
	0,008
	-0,32

	VSL
	0,001
	0,008
	0,16

	FORCE
	0,001
	0,012
	0,10

	UME
	-0,002
	0,006
	-0,38

	INM
	-0,001
	0,006
	-0,19

	BFKH
	-0,001
	0,006
	-0,13



25 mL

The obtained reference value is 25,001 mL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,002 mL.
The calculated value  = 22,36 is smaller than observed valueobs = 29,38, this means that the chi-square test failed and the results are not consistent. 
After removal one outlier, the obtained reference value is 25,003 mL. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,002 mL.
The calculated value  = 21,03 is larger than observed valueobs = 17,63, therefore the set of results is now consistent from a statistical point of view and the reference value is accepted.

All the measurement results, the reference value and its uncertainty are presented in the following figure :

Figure A3 – Burette results at 25 mL with reference value

The degree of equivalence with the RV is presented in figure A4:

Figure A4 – Degree of equivalence burette 25 mL

Table A2. Degree of equivalence with RV 
	Laboratory
	Di(mL)
	Udi(mL)
	Ei
	Info

	GUM
	-0,001
	0,006
	-0,12
	

	MBM
	-0,001
	0,007
	-0,09
	

	IPQ
	0,005
	0,007
	0,78
	

	BFKH
	-0,013
	0,007
	-1,90
	Excluded

	MIRS
	0,002
	0,008
	0,21
	

	ČMI
	0,003
	0,012
	0,29
	

	DMDM
	0,000
	0,009
	0,05
	

	SASO
	0,001
	0,007
	0,11
	

	RISE
	-0,013
	0,008
	-1,53
	

	VSL
	0,009
	0,008
	1,07
	

	FORCE
	-0,002
	0,015
	-0,11
	

	UME
	-0,004
	0,006
	-0,67
	

	INM
	-0,001
	0,008
	-0,08
	

	IMBIH
	0,001
	0,008
	0,18
	




Uncertainty components for 5 mL piston burette

	Quantity (xi)
	GUM
	MBM
	IPQ
	BFKH
	MIRS
	ČMI

	Repeatability measurements (mL)
	0.000356
	6.71E-04
	0.001126
	5.070E-04
	1.73E-03
	0.001

	Mass (g)
	0.000217
	1.07E-04
	5.6057E-05
	8.524E-05
	1.13E-03
	3.14E-05

	Air Density (g/mL)
	0.000009
	4.78E-06
	9.8291E-07
	8.760E-06
	4.63E-05
	0.000007

	Water Density (g/mL)
	-0.000050
	-2.96E-05
	-0.0002511
	-1.254E-05
	5.42E-04
	0.000002

	Density of the mass pieces (g/mL)
	0.000003
	6.57E-06
	3.2321E-06
	6.600E-08
	6.52E-05
	0.000003

	Cub. coeff. of expansion from the piston burette material (°C-1)
	0.000005
	-3.67E-05
	-1.342E-05
	-3.000E-04
	1.39E-04
	0.000018

	Water temperature (ºC)
	-0.000111
	-9.51E-05
	-7.821E-05
	-6.000E-06
	9.32E-04
	0.00002

	Resolution of the piston burette (mL)
	0.002887
	2.89E-03
	0.0028867
	2.900E-03
	2.89E-03
	0.002887

	Other 
	0.000168
	1.44E-03
	 -
	 
	2.52E-03
	0.001246

	Combined uncertainty/mL 
	0.003
	3.30E-03
	0.0031
	0.003
	0.0045
	0.0033

	Expanded uncertainty/mL 
	0.006
	0.007
	0.006
	0.006
	0.009
	0.007



	Quantity (xi)
	DMDM
	SASO
	RISE
	VSL
	FORCE
	UME

	Repeatability measurements (mL)
	0.0018
	1.09E-03
	3.499E-04
	0.0005
	3.7107E-03
	5.52E-04

	Mass (g)
	2.69E-05
	1.57E-03
	8.520E-05
	0.0002
	3.5100E-05
	1.57E-04

	Air Density (g/mL)
	1.66E-06
	3.08E-03
	1.272E-05
	0.0000
	2.5090E-04
	6.34E-06

	Water Density (g/mL)
	-4.63E-05
	-4.63E-05
	-1.445E-04
	0.0000
	2.9060E-04
	1.58E-05

	Density of the mass pieces (g/mL)
	6.63E-06
	2.61E-05
	2.629E-06
	0.0000
	 [footnoteRef:31] [31:  Included in mass] 

	2.54E-06

	Cub. coeff. of expansion from the piston burette material (°C-1)
	-6.35E-06
	-3.20E-04
	-4.046E-05
	0.0000
	7.7270E-04
	4.45E-06

	Water temperature (ºC)
	-4.45E-05
	-3.47E-03
	1.0392E-04
	0.0000
	2.2000E-03
	3.47E-04

	Resolution of the piston burette (mL)
	0.00289
	2.89E-03
	4.0825E-03
	0.0041
	5.8000E-03
	2.89E-03

	Other 
	 -
	 -
	- 
	0.0002
	2.9004E-03
	 -

	Combined uncertainty/mL 
	0.0034
	0.0057985
	0.0041
	0.0042
	0.00784
	0.00296

	Expanded uncertainty/mL 
	0.0068
	0.011597
	0.0082
	0.0084
	0.016
	0.0059




	Quantity (xi)
	INM
	IMBIH

	Repeatability measurements (mL)
	0.000789096
	6.173E-04

	Mass (g)
	0.002496970
	1.140E-03

	Air Density (g/mL)
	0.000000344
	2.386E-06

	Water Density (g/mL)
	0.000008676
	2.606E-05

	Density of the mass pieces (g/mL)
	0.000105604
	6.068E-06

	Cub. coeff. of expansion from the piston burette material (°C-1)
	0.000043710
	4.943E-05

	Water temperature (ºC)
	0.000103796
	2.731E-04

	Resolution of the piston burette (mL)
	0.001432415
	2.887E-03

	Other 
	-
	5.000E-04

	Combined uncertainty/mL 
	0.00299
	0.003

	Expanded uncertainty/mL 
	0.00598
	0.006












Uncertainty components for 25 mL piston burette
	Quantity (xi)
	GUM
	MBM
	IPQ
	BFKH
	MIRS
	ČMI

	Repeatability measurements (mL)
	0.000412
	7.29E-04
	0.00173772
	2.451E-04
	1.56E-03
	0.001

	Mass (g)
	0.000217
	1.32E-04
	0.00008485
	8.524E-05
	1.07E-03
	5.95E-05

	Air Density (g/mL)
	0.000044
	1.95E-05
	2.4441E-05
	4.377E-05
	2.28E-05
	0.000033

	Water Density (g/mL)
	-0.000252
	-1.47E-04
	-0.001255
	-6.269E-05
	2.72E-04
	0.000011

	Density of the mass pieces (g/mL)
	0.000016
	3.29E-05
	1.616E-05
	3.330E-07
	3.25E-05
	0.000014

	Cub. coeff. of expansion from the piston burette material (°C-1)
	0.000033
	-1.49E-04
	-6.429E-05
	-1.500E-03
	2.40E-04
	0.000087

	Water temperature (ºC)
	-0.000585
	-3.16E-04
	-0.0003499
	-3.000E-05
	1.06E-03
	0.000101

	Resolution of the piston burette (mL)
	0.002887
	2.89E-03
	0.0028868
	2.900E-03
	2.89E-03
	0.002887

	Other 
	0.000840
	1.44E-03
	 -
	- 
	1.59E-03
	0.005162

	Combined uncertainty/mL 
	0.0031
	3.33E-03
	0.0036
	0.0035
	0.0040
	0.006

	Expanded uncertainty/mL 
	0.006
	0.007
	0.0073
	0.007
	0.008
	0.012



	Quantity (xi)
	DMDM
	SASO
	RISE
	VSL
	FORCE
	UME

	Repeatability measurements (mL)
	0.0033
	4.52E-04
	9.6815E-04
	0.0008
	4.1983E-03
	6.605E-04

	Mass (g)
	2.69E-05
	7.87E-04
	8.5200E-05
	0.0008
	3.5100E-05
	1.565E-04

	Air Density (g/mL)
	0.0000
	1.55E-03
	6.3580E-05
	0.0000
	1.2540E-04
	3.169E-05

	Water Density (g/mL)
	-0.0004
	-2.20E-05
	-7.225E-04
	0.0000
	1.4500E-04
	7.922E-05

	Density of the mass pieces (g/mL)
	0.0000
	1.32E-05
	1.3294E-05
	0.0000
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	1.270E-05

	Cub. coeff. of expansion from the piston burette material (°C-1)
	-0.0001
	-4.35E-05
	-1.9941E-04
	0.0000
	4.2110E-04
	3.256E-05

	Water temperature (ºC)
	-0.0005
	-1.73E-03
	-5.1960E-04
	0.0000
	1.1555E-03
	1.733E-03

	Resolution of the piston burette (mL)
	0.00289
	2.89E-03
	4.0825E-03
	0.0041
	5.8000E-03
	2.887E-03

	Other 
	 -
	- 
	 -
	0.0008
	1.4501E-03
	 -

	Combined uncertainty/mL 
	0.004396
	0.0038179
	0.0043
	0.0043
	0.00741
	0.00344

	Expanded uncertainty/mL 
	0.0088
	0.0076
	0.0086
	0.0086
	0.015
	0.0069

	Quantity (xi)
	INM
	IMBIH

	Repeatability measurements (mL)
	0.001095315
	7.498E-04

	Mass (g)
	0.003218630
	1.140E-03

	Air Density (g/mL)
	0.000000907
	1.194E-05

	Water Density (g/mL)
	0.000103091
	1.303E-04

	Density of the mass pieces (g/mL)
	0.000105255
	3.035E-05

	Cub. coeff. of expansion from the piston burette material (°C-1)
	0.000120402
	2.276E-04

	Water temperature (ºC)
	0.000121089
	1.092E-03

	Resolution of the piston burette (mL)
	0.002211838
	2.887E-03

	Other 
	-
	2.500E-03

	Combined uncertainty/mL 
	0.0041
	0.004

	Expanded uncertainty/mL 
	0.0082
	0.008



Piston burette 5 mL - Results with reference value
Volume	5.7999999999999996E-3	7.0000000000000001E-3	6.1999999999999998E-3	6.0000000000000001E-3	2.8E-3	6.6E-3	5.0000000000000001E-3	5.9090000000000002E-3	8.2000000000000007E-3	8.3999999999999995E-3	1.2E-2	5.9300000000000004E-3	5.9777119999999996E-3	6.0000000000000001E-3	5.7999999999999996E-3	7.0000000000000001E-3	6.1999999999999998E-3	6.0000000000000001E-3	2.8E-3	6.6E-3	5.0000000000000001E-3	5.9090000000000002E-3	8.2000000000000007E-3	8.3999999999999995E-3	1.2E-2	5.9300000000000004E-3	5.9777119999999996E-3	6.0000000000000001E-3	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	5.0007999999999999	4.9996999999999998	5.0027999999999997	4.9980000000000002	5.0033000000000003	5.0037000000000003	5.0019999999999998	5.0025589999999998	4.9992000000000001	5.0030999999999999	5.0030000000000001	4.9996099999999997	5.0006490000000001	5.0010000000000003	Vref	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	5.0017637601831479	Uref	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	5.0002617645965914	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	5.0032657557697044	
Volume (mL)



Degree of equivalence with RV
5.6021432736021622E-3	6.8369590651082557E-3	6.0153145601843589E-3	5.8089593954482027E-3	2.3630508369406594E-3	6.4268195289712273E-3	4.7690679653330532E-3	5.714918219709356E-3	8.0612659835763989E-3	8.2646239634944028E-3	1.1905629309615093E-2	5.7366287362845747E-3	5.7859355348041982E-3	5.8089593954482027E-3	5.6021432736021622E-3	6.8369590651082557E-3	6.0153145601843589E-3	5.8089593954482027E-3	2.3630508369406594E-3	6.4268195289712273E-3	4.7690679653330532E-3	5.714918219709356E-3	8.0612659835763989E-3	8.2646239634944028E-3	1.1905629309615093E-2	5.7366287362845747E-3	5.7859355348041982E-3	5.8089593954482027E-3	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	-9.6376018314803247E-4	-2.0637601831481334E-3	1.0362398168517473E-3	-3.7637601831477241E-3	1.5362398168523583E-3	1.9362398168523143E-3	2.3623981685183537E-4	7.9523981685181155E-4	-2.5637601831478563E-3	1.3362398168519363E-3	1.2362398168521693E-3	-2.1537601831482789E-3	-1.1147601831478227E-3	-7.6376018314761041E-4	
 Di /mL


Piston burette 25 mL - Results with reference value
Volume	6.1999999999999998E-3	7.0000000000000001E-3	7.3000000000000001E-3	7.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	8.9999999999999993E-3	7.6360000000000004E-3	8.6E-3	8.6E-3	1.4999999999999999E-2	6.8700000000000002E-3	8.1246270000000006E-3	8.0000000000000002E-3	6.1999999999999998E-3	7.0000000000000001E-3	7.3000000000000001E-3	7.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	8.9999999999999993E-3	7.6360000000000004E-3	8.6E-3	8.6E-3	1.4999999999999999E-2	6.8700000000000002E-3	8.1246270000000006E-3	8.0000000000000002E-3	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	25.001899999999999	25.001999999999999	25.007999999999999	24.99	25.004200000000001	25.006	25.003	25.003379299999999	24.989899999999999	25.011500000000002	25.001000000000001	24.99821	25.001964999999998	25.004000000000001	Vref	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	25.00259273598904	Uref	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	25.000360579239601	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	25.00482489273848	
Volume (mL)



Degree of equivalence with RV
5.7842437920557358E-3	6.634566771533415E-3	6.9503579940845724E-3	6.634566771533415E-3	7.6822832703523315E-3	1.1790567257173649E-2	8.7188001609129293E-3	7.3024634368092063E-3	8.3052679815846589E-3	8.3052679815846589E-3	1.4832986086622453E-2	6.4972591333527186E-3	7.8119805513751969E-3	7.6822832703523315E-3	5.7842437920557358E-3	6.634566771533415E-3	6.9503579940845724E-3	6.634566771533415E-3	7.6822832703523315E-3	1.1790567257173649E-2	8.7188001609129293E-3	7.3024634368092063E-3	8.3052679815846589E-3	8.3052679815846589E-3	1.4832986086622453E-2	6.4972591333527186E-3	7.8119805513751969E-3	7.6822832703523315E-3	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	-6.9273598904118217E-4	-5.9273598904141522E-4	5.4072640109588122E-3	-1.259273598904187E-2	1.6072640109605629E-3	3.4072640109599206E-3	4.0726401095980691E-4	7.8656401095855699E-4	-1.2692735989041637E-2	8.9072640109613133E-3	-1.5927359890390846E-3	-4.382735989040043E-3	-6.2773598904186656E-4	1.407264010961029E-3	
 Di / mL


Syringe 1 mL - Results with reference value
Volume	3.0000000000000001E-3	3.0000000000000001E-3	2E-3	6.0000000000000001E-3	4.0000000000000001E-3	2E-3	3.114E-3	5.7999999999999996E-3	4.7000000000000002E-3	2.2060000000000001E-3	3.0000000000000001E-3	1.8857290000000001E-3	3.0000000000000001E-3	3.0000000000000001E-3	2E-3	6.0000000000000001E-3	4.0000000000000001E-3	2E-3	3.114E-3	5.7999999999999996E-3	4.7000000000000002E-3	2.2060000000000001E-3	3.0000000000000001E-3	1.8857290000000001E-3	GUM	MBM	IPQ	BFKH	MIRS	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.0017	1.003031	1.00325	1.0013000000000001	1.004	1.0009999999999999	1.0023983000000001	1.0007200000000001	1.0005999999999999	1.00142	0.99945300000000004	1.000138	Vref	GUM	MBM	IPQ	BFKH	MIRS	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	1.0015360949578904	Uref	GUM	MBM	IPQ	BFKH	MIRS	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	1.0007426534937756	GUM	MBM	IPQ	BFKH	MIRS	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	1.0023295364220053	
Volume (mL)



Degree of equivalence with RV
2.8931731097573722E-3	2.8931731097573722E-3	1.8358787114140037E-3	5.9473061669148277E-3	3.9205166296067588E-3	1.8358787114140037E-3	3.0112201253018919E-3	5.7454721862544196E-3	4.6325425678587287E-3	2.0583698994649001E-3	2.8931731097573722E-3	1.7106795446442163E-3	2.8931731097573722E-3	2.8931731097573722E-3	1.8358787114140037E-3	5.9473061669148277E-3	3.9205166296067588E-3	1.8358787114140037E-3	3.0112201253018919E-3	5.7454721862544196E-3	4.6325425678587287E-3	2.0583698994649001E-3	2.8931731097573722E-3	1.7106795446442163E-3	GUM	MBM	IPQ	BFKH	MIRS	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.6390504210961332E-4	1.4949050421095844E-3	1.7139050421095536E-3	-2.3609495789034263E-4	2.4639050421095821E-3	-5.3609495789053163E-4	8.6220504210965387E-4	-8.1609495789036757E-4	-9.3609495789048758E-4	-1.1609495789044466E-4	-2.0830949578903857E-3	-1.39809495789045E-3	
 Di / mL


Piston burette 50 mL - Results with reference value
Volume	7.0000000000000001E-3	7.0000000000000001E-3	7.1000000000000004E-3	8.0000000000000002E-3	8.9999999999999993E-3	2.1000000000000001E-2	8.0000000000000002E-3	1.1597E-2	9.5999999999999992E-3	9.4000000000000004E-3	1.6E-2	9.2700000000000005E-3	5.9167537000000001E-3	1.2999999999999999E-2	7.0000000000000001E-3	7.0000000000000001E-3	7.1000000000000004E-3	8.0000000000000002E-3	8.9999999999999993E-3	2.1000000000000001E-2	8.0000000000000002E-3	1.1597E-2	9.5999999999999992E-3	9.4000000000000004E-3	1.6E-2	9.2700000000000005E-3	5.9167537000000001E-3	1.2999999999999999E-2	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	50.006	49.999899999999997	50.010100000000001	49.987000000000002	50.015599999999999	50.01	50.008000000000003	50.001898199999999	49.988300000000002	50.015300000000003	50.006999999999998	49.997750000000003	50.005809999999997	50.006999999999998	Vref	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	50.00661893537788	Uref	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	50.004116353590206	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	50.009121517165553	
Volume (mL)



Degree of equivalence with RV
6.537360659776773E-3	6.537360659776773E-3	6.6443272342651075E-3	7.598492244912605E-3	8.6450612719631437E-3	2.085034974277403E-2	7.598492244912605E-3	1.1323757918464921E-2	9.2680679969450487E-3	9.0607441414045573E-3	1.5803071992368984E-2	8.9258044117041368E-3	5.3614418529403726E-3	1.275684460969863E-2	6.537360659776773E-3	6.537360659776773E-3	6.6443272342651075E-3	7.598492244912605E-3	8.6450612719631437E-3	2.085034974277403E-2	7.598492244912605E-3	1.1323757918464921E-2	9.2680679969450487E-3	9.0607441414045573E-3	1.5803071992368984E-2	8.9258044117041368E-3	5.3614418529403726E-3	1.275684460969863E-2	GUM	MBM	IPQ	BFKH	MIRS	ČMI	DMDM	SASO	RISE	VSL	FORCE	UME	INM	IMBIH	-6.1893537787938158E-4	-6.7189353778829286E-3	3.4810646221217212E-3	-1.9618935377877733E-2	8.9810646221195611E-3	3.3810646221184015E-3	1.3810646221230627E-3	-4.720735377880203E-3	-1.831893537787721E-2	8.681064622123813E-3	3.8106462211828784E-4	-8.8689353778761415E-3	-8.0893537788284675E-4	3.8106462211828784E-4	
 Di / mL


Micropipette 10 µL - Results with reference value
Volume	2.5000000000000001E-2	0.04	2.3E-2	0.02	2.8000000000000001E-2	0.06	4.9827999999999997E-2	4.5999999999999999E-2	8.5999999999999993E-2	4.2999999999999997E-2	1.8364513999999998E-2	7.3999999999999996E-2	2.5000000000000001E-2	0.04	2.3E-2	0.02	2.8000000000000001E-2	0.06	4.9827999999999997E-2	4.5999999999999999E-2	8.5999999999999993E-2	4.2999999999999997E-2	1.8364513999999998E-2	7.3999999999999996E-2	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	10.018000000000001	10.045999999999999	10.041	10.023999999999999	9.9979999999999993	10.026999999999999	10.087999999999999	10.026999999999999	10.06	10.052	10.023	10.000999999999999	Vref	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	10.027419126829161	Uref	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	10.018603598809991	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	10.036234654848331	
Volume (µL)



Degree of equivalence with RV
2.3394154520803245E-2	3.9016489664540799E-2	2.1243504083442041E-2	1.7952338726283514E-2	2.6576050604693296E-2	5.9348853954758203E-2	4.9041982522561409E-2	4.5147386034445215E-2	8.5546983966374973E-2	4.2086654247435948E-2	1.6110302300062985E-2	7.3473032234577185E-2	2.3394154520803245E-2	3.9016489664540799E-2	2.1243504083442041E-2	1.7952338726283514E-2	2.6576050604693296E-2	5.9348853954758203E-2	4.9041982522561409E-2	4.5147386034445215E-2	8.5546983966374973E-2	4.2086654247435948E-2	1.6110302300062985E-2	7.3473032234577185E-2	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	-9.4191268291599073E-3	1.8580873170838785E-2	1.358087317083978E-2	-3.4191268291614563E-3	-2.9419126829161257E-2	-4.1912682916134258E-4	6.0580873170838601E-2	-4.1912682916134258E-4	3.2580873170839908E-2	2.4580873170839013E-2	-4.419126829160902E-3	-2.6419126829161144E-2	
 Di / µL


Micropipette 5 µL - Results with reference value
Volume	2.5000000000000001E-2	0.04	1.2999999999999999E-2	1.7999999999999999E-2	1.9E-2	5.8999999999999997E-2	2.9222999999999999E-2	2.8000000000000001E-2	8.4000000000000005E-2	4.2000000000000003E-2	1.6286844000000002E-2	7.2999999999999995E-2	2.5000000000000001E-2	0.04	1.2999999999999999E-2	1.7999999999999999E-2	1.9E-2	5.8999999999999997E-2	2.9222999999999999E-2	2.8000000000000001E-2	8.4000000000000005E-2	4.2000000000000003E-2	1.6286844000000002E-2	7.2999999999999995E-2	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	4.9880000000000004	5.0019999999999998	4.9960000000000004	4.99	4.9950000000000001	4.9989999999999997	5.0309999999999997	5.0270000000000001	5.0250000000000004	5.0229999999999997	4.9790000000000001	4.9820000000000002	Vref	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	4.9961752283379033	Uref	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	4.9893391400535982	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	5.0030113166222083	
Volume (µL)



Degree of equivalence with RV
2.4047201437364569E-2	3.9411519851043408E-2	1.1057481493052038E-2	1.6651363216541412E-2	1.7727602685337584E-2	5.8602627048360112E-2	2.8412173904317641E-2	2.7152677528545662E-2	8.3721370610909063E-2	4.1439931189242926E-2	1.4782732644863886E-2	7.2679212275376145E-2	2.4047201437364569E-2	3.9411519851043408E-2	1.1057481493052038E-2	1.6651363216541412E-2	1.7727602685337584E-2	5.8602627048360112E-2	2.8412173904317641E-2	2.7152677528545662E-2	8.3721370610909063E-2	4.1439931189242926E-2	1.4782732644863886E-2	7.2679212275376145E-2	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	-8.1752283379028512E-3	5.8247716620964951E-3	-1.7522833790284409E-4	-6.1752283379030715E-3	-1.175228337903178E-3	2.8247716620963814E-3	3.482477166209641E-2	3.082477166209685E-2	2.8824771662097071E-2	2.6824771662096403E-2	-1.7175228337903192E-2	-1.4175228337903079E-2	
 Di / µL


Micropipette 1 µL - Results with reference value
Volume	2.5000000000000001E-2	3.4000000000000002E-2	1.0999999999999999E-2	2.5000000000000001E-2	1.2E-2	5.8000000000000003E-2	1.6278000000000001E-2	1.9E-2	7.2999999999999995E-2	4.1000000000000002E-2	1.4681534E-2	7.1999999999999995E-2	2.5000000000000001E-2	3.4000000000000002E-2	1.0999999999999999E-2	2.5000000000000001E-2	1.2E-2	5.8000000000000003E-2	1.6278000000000001E-2	1.9E-2	7.2999999999999995E-2	4.1000000000000002E-2	1.4681534E-2	7.1999999999999995E-2	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	0.997	1.0089999999999999	1.0009999999999999	1.0289999999999999	1.0049999999999999	1.0049999999999999	1.03874	1.0429999999999999	1.054	1.032	0.99550000000000005	0.998	Vref	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	1.0040405413263191	Uref	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	0.99773938437046539	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	1.0103416982821729	
Volume (µL)



Degree of equivalence with RV
2.4192879552002413E-2	3.3411007482829616E-2	9.0163973413828809E-3	2.4192879552002413E-2	1.0212512962914481E-2	5.7656703175066264E-2	1.5008954161356357E-2	1.7924715367829309E-2	7.2727542382633112E-2	4.0512904376478573E-2	1.326057546303524E-2	7.1723743774413332E-2	2.4192879552002413E-2	3.3411007482829616E-2	9.0163973413828809E-3	2.4192879552002413E-2	1.0212512962914481E-2	5.7656703175066264E-2	1.5008954161356357E-2	1.7924715367829309E-2	7.2727542382633112E-2	4.0512904376478573E-2	1.326057546303524E-2	7.1723743774413332E-2	GUM	MBM	IPQ	MIRS	ČMI	DMDM	SASO	RISE	FORCE	UME	INM	IMBIH	-7.0405413263191496E-3	4.95945867368075E-3	-3.0405413263192571E-3	2.4959458673680768E-2	9.5945867368074644E-4	9.5945867368074644E-4	3.469945867368085E-2	3.895945867368078E-2	4.9959458673680901E-2	2.7959458673680881E-2	-8.5405413263190955E-3	-6.0405413263191488E-3	
 Di / µL


Micropipette 0,2 µL - Results with reference value
Volume	2.5000000000000001E-2	0.02	0.01	1.2999999999999999E-2	4.1000000000000002E-2	1.6420000000000001E-2	8.9999999999999993E-3	2.5000000000000001E-2	0.02	0.01	1.2999999999999999E-2	4.1000000000000002E-2	1.6420000000000001E-2	8.9999999999999993E-3	GUM	MBM	IPQ	MIRS	DMDM	SASO	RISE	0.21299999999999999	0.22700000000000001	0.22700000000000001	0.22600000000000001	0.21	0.23877399999999999	0.253	Vref	GUM	MBM	IPQ	MIRS	DMDM	SASO	RISE	0.22721542119976876	0.22721542119976876	0.22721542119976876	0.22721542119976876	0.22721542119976876	0.22721542119976876	0.22721542119976876	Uref	GUM	MBM	IPQ	MIRS	DMDM	SASO	RISE	0.2208031905632819	0.2208031905632819	0.2208031905632819	0.2208031905632819	0.2208031905632819	0.2208031905632819	0.2208031905632819	GUM	MBM	IPQ	MIRS	DMDM	SASO	RISE	0.23362765183625561	0.23362765183625561	0.23362765183625561	0.23362765183625561	0.23362765183625561	0.23362765183625561	0.23362765183625561	
Volume (µL)



Degree of equivalence with RV
2.41636772504621E-2	1.8944215430164946E-2	7.6735453516936711E-3	1.1308549786091032E-2	4.0495472565022617E-2	1.5116206477304401E-2	6.3153224988514662E-3	2.41636772504621E-2	1.8944215430164946E-2	7.6735453516936711E-3	1.1308549786091032E-2	4.0495472565022617E-2	1.5116206477304401E-2	6.3153224988514662E-3	GUM	MBM	IPQ	MIRS	DMDM	SASO	RISE	-1.4215421199768763E-2	-2.1542119976875052E-4	-2.1542119976875052E-4	-1.2154211997687514E-3	-1.7215421199768766E-2	1.1558578800231228E-2	2.5784578800231245E-2	
 Di / µL
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image50.png
Air temperature (°C) 227

Pressure (hPa) 998.1

Humidity (%) 25.0

Air Density (g/mL) 0.0011757
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Equipment

Manufacturer Type Range Resolution
[Weighing instrument Mettler Toledo XP56 0g-529 0,001 mg
[Thermometer for water measurement Amemo P1100-2 ZA 9030-FS2 10°C- 40°C 001°C
[Thermometer for air measurement Amemo FH AG46-E1 10°C- 70°C 01°C
[Barometer Amemo FD AB125A 900 mbar - 1040 mbar 0.1 mbar
IHygrometer Amemo FH AG46-E1 10 % rH - 05 % rH 01 % H
[Other equipment Conductivity probe Almemo FY A641 LFL2 0-200 psiem 0.1 psiem
Other Informations

[Type Density reference  |Measured conductivity (if

the liquid is water)

[Calibration liquid Deionised Tanaka up to 1,5 psicm
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Air temperature (°C) 20.15
Pressure (hPa) 990
Humidity (%) 51.6
Air Density (g/mL) 0.001171
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettler Toledo XP56 0g-529 0,001 mg
Thermometer for water measurement Almemo P1100-2 ZA 9030-FS2) 10°C- 40°C 001°C

Thermometer for air measurement Amemo FH AG46-E1 10°C- 70°C 01°C

Barometer Amemo FD AB125A 900 mbar - 1040 mbar 0.1 mbar
Hygrometer Almemo FH AG46-E1 10 % rH — 05 % rH 01%H
Other equipment ‘Conductivity probe Almemo FY AB41 LFL2 0-200 pSlem 0.1 psicm

Other Informations

[Type.

Density reference

Measured conductivity (i
the liquid is water)

Calibration liquid

Deionised

Tanaka

up to 1.5 ps/cm
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Air temperature (°C) 2022

Pressure (hPa) 978.9

Humidity (%) 52.3

Air Density (mg/uL) 0.001157
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Air temperature (°C) 19.22

Pressure (hPa) 9803

Humidity (%) 52

"Air Density (ma/uL) 0.001163
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Air temperature (°C) 20.26

Pressure (hPa) 986.7

Humidity (%) 51.9

“Air Density (ma/uL) 0.001166




image57.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier Toledo XP2004S 0g-2300g 0,1 mg
Thermometer for water measurement Amemo Pt100-2 ZA 9030 FS2 10°C- 40°C 0,01°C
Thermometer for air measurement Amemo FH AG46-E1 10°C- 70°C 0,1°C
Barometer Amemo FD AB12SA 900 mbar - 1040 mbar 0,1 mbar
Hygrometer Amemo FH AG46-E1 10 % rH — 95 % rH 0,1% rH
Other equipment Conductivity probe Almemo FY A641 LFL2 0-200 pS/cm 0,1 yS/cm

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Deionised

Tanaka

up to 1,5 pS/cm
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Air temperature (°C) 19.94

Pressure (hPa) 994.9

Humidity (%) 527

Air Density (g/mL) 0.001177
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Air temperature (°C) 20.09

Pressure (hPa) 993.2

Humidity (%) 521

Air Density (g/mL) 0.0011749
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Air temperature (°C) 20.28

Pressure (hPa) 990.1

Humidity (%) 516

Air Density (g/mL) 0.001171
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Equipment

Manufacturer Type Range Resolution
[Weighing instrument Mettler Toledo XP 56/M max. 52000 mg 0,001 mg
[Thermometer for water measurement Greisinger GMH 3710 (-200 fo +200) °C 0,01°C
[Thermometer for air measurement COMET SYSTEM D3121 (-10to +60) °C 0,1°C
Barometer Druck DPI 141 (800 to 1150) hPa 0,01 hPa
Hygrometer COMET SYSTEM D3121 (510 95) % RH 0.1%RH
Other equipment -

Other Informations
Type Density reference  [Measured conductivity (it
the liquid is water)
Calibration liquid deionized Tanaka (1t02) pS/em
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Air temperature (°C) 20.15

Pressure (hPa) 977.805

Humidity (%) 5455

Air Density (mg/uL) 0.001156
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Air temperature (°C) 20.15

Pressure (hPa) 977.805

Humidity (%) 5455

Air Density (mg/uL) 0.001156
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Air temperature (°C) 20.15

Pressure (hPa) 977.805

Humidity (%) 5455

Air Density (mg/uL) 0.001156
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius CP 225D-OCE max 80 9/220 g 0,00001 ¢/0,0001 g
Thermometer for water measurement Greisinger GMH 3710 (-200 fo +200) °C 0,01°C
Thermometer for air measurement COMET SYSTEM D3121 (-10to +60) °C 0,1°C
Barometer Druck DPI 141 (800 to 1150) hPa 0,01 hPa
Hygrometer COMET SYSTEM D3121 (510 95) % RH 0.1%RH
Other equipment
Other Informations

Type Density reference  [Measured conductivity (it
the liquid is water)

Calibration liquid deionized Tanaka (1102) pSlem
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Air temperature (°C) 19.50

Pressure (hPa) 983.48

Humidity (%) 51.30

Air Density (g/mL) 0.001166
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Air temperature (°C) 19.50

Pressure (hPa) 983.48

Humidity (%) 51.30

Air Density (g/mL) 0.001166
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Air temperature (°C) 19.50

Pressure (hPa) 983.48

Humidity (%) 51.30

Air Density (g/mL) 0.001166
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius GPC-26 CW (0-20)g 0,001 mg
Thermometer for water measurement Fluke 1523 (=200 - 500) °C 0,001 °C
Thermometer for air measurement Testo 177 - H1, data logger (-200 +70) °C 01°c
Barometer Setra 370 (800 — 1100) mbar 0,01 mbar
Hygrometer Testo 177 - H1, data logger (0-100) % 01%
Other equipment - - - -
Other Informations

Type Density reference  [Measured conductivity (it
the liquid is water)
Calibration liquid 3 Tanaka 1,3 uS/em
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image70.png
Air temperature (°C) 18,26
Pressure (hPa) 1023,27
Humidity (%) 39,53
Air Density (g/mL) 0,0012
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius GPC-26 CW (0-20)g 0,001 mg
Thermometer for water measurement Fluke 1523 (=200 - 500) °C 0,001 °C
Thermometer for air measurement Testo 177 - H1, data logger (-200 +70) °C 01°c
Barometer Setra 370 (800 — 1100) mbar 0,01 mbar
Hygrometer Testo 177 - H1, data logger (0-100) % 01%
Other equipment - - - -
Other Informations

Type Density reference  [Measured conductivity (it
the liquid is water)

Calibration liquid 3 Tanaka 1,3 uS/cm
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Air temperature (°C) 20.98

Pressure (hPa) 1007.86

Humidity (%) 60.03

Air Density (mg/pL) 0.0012
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Air temperature (°C) 20.66

Pressure (hPa) 1014.65

Humidity (%) 58.82

Air Density (mg/uL) 0.0012
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Air temperature (°C) 20,61

Pressure (hPa) 1014,61

Humidity (%) 60,29

Air Density (mg/uL) 0,0012
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Air temperature (°C) 20,51

Pressure (hPa) 1014,79

Humidity (%) 61,35

Air Density (mg/uL) 0,0012
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius GPC-225 CW. (0-220)g 0,01 mg
Thermometer for water measurement Fluke 1523 (=200 - 500) °C 0,001 °C
Thermometer for air measurement Testo 177 - H1, data logger (-20t0 +70) °C 01°c
Barometer Setra 370 (800 — 1100) mbar 0,01 mbar
Hygrometer Testo 177 - H1, data logger (0-100) % 01%
Other equipment - - - -
Other Informations

Type Density reference  [Measured conductivity (it
the liquid is water)

Calibrafion liquid 3 Tanaka 1,3 uS/em
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Air temperature (°C) 20.39

Pressure (hPa) 1007.86

Humidity (%) 51.07

Air Density (g/mL) 0.0012





image78.png
Air temperature (°C) 20.21

Pressure (hPa) 1007.64

Humidity (%) 50.38

Air Density (g/mL) 0.0012
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Air temperature (°C) 20.27

Pressure (hPa) 1007.63

Humidity (%) 50.83

Air Density (g/mL) 0.0012
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius 1 Max_6100 mg 0.001 mg
Thermometer for water measurement TOMSON Pt100 (-)100..+300°C 0.001°C
Thermometer for air measurement Vaisala 303 40 ..+80 °C 04 °C
Barometer Vaisala 303 500.. 1100 hPa | 0.1hPa
Hygrometer Vaisala 303 0...100 %RH 0.1 %RH

Other equipment





image81.png
Other Informations

Type

Density reference

Measured
conductivity (if the
I

Calibration liquid

Distilled water

Density Meter

1 pSlem





image82.png
Air temperature (°C) 20.62

Pressure (hPa) 949.5

Humidity (%) 52.34

Air Density (g/mL) 0.0011207




image83.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius 1 Max_6100 mg 0.001 mg
Thermometer for water measurement TOMSON Pt100 (-)100..+300°C 0.001°C
Thermometer for air measurement Sartorius___|YCM20MC-DAKkS| 18°C <t<27°C 0.01
Barometer Sartorius___|YCM20MC-DAKkS|00 hPa < p <1100 hP| 0.01
Hygrometer Sartorius___|YCM20MC-DAKkS| _30% <hr<70% 0.1

Other equipment





image84.png
Other Informations

Type

Density reference

Measured
conductivity (if the
I

Calibration liquid

Distilled water

NMCC-SASO

1 pSiem





image85.png
Air temperature (°C) 20.74

Pressure (hPa) 939.82

Humidity (%) 56.23

Air Density (mg/uL) 0.001108




image86.png
Air temperature (°C) 21.02

Pressure (hPa) 940.46

Humidity (%) 54.03

Air Density (mg/uL) 0.001108




image87.png
Air temperature (°C) 20.02

Pressure (hPa) 937.56

Humidity (%) 50.53

Air Density (mg/uL) 0.001109




image88.png
Air temperature (°C) 20.33

Pressure (hPa) 938.46

Humidity (%) 45.33

Air Density (mg/uL) 0.0011095




image89.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument Sartorius 1 Max. 1200g | 0.1mg
[Thermometer for water measurement TOMSON Pt100 (1)100..+300°C | 0.001°C
[Thermometer for air measurement Vaisala 303 40..+80°C | 04 °C
Barometer Vaisala 303 00 ... 1100 hPa| 0.1 hPa
Hygrometer Vaisala 303 0..100 %RH_| 0.1 %RH

Other equipment
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Other Informations

Type

Density reference

Measured
conductivity (if
the liquid i

Calibration liquid

Distilled water

NMCC-SASO

1 pSlem





image91.png
Air temperature (°C) 20.72

Pressure (hPa) 947.9

Humidity (%) 55.71

Air Density (g/mL) 0.001118





image92.png
Air temperature (°C) 19.91

Pressure (hPa) 951.4

Humidity (%) 49.14

Air Density (g/mL) 0.001126




image93.png
Air temperature (°C) 20.11

Pressure (hPa) 948.9

Humidity (%) 50.14

Air Density (g/mL) 0.001122




image94.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier Toledo XPR205 0-220g 0,01 mg
Thermometer for water measurement Unisystem U241 73 -+135°C 0,001°C
Thermometer for air measurement Testo 610 10 +50°C 0,1°C
Barometer Druck DPI140 950-1050 hPa 0,01 mbar
Hygrometer Testo 610 0-100% RH 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

De-onized water, filtered through
Easypure UV and then put under
vacuum by a ejector to remove

air from the water

Tanaka

0,4 us/em





image95.png
Air temperature (°C) 235

Pressure (hPa) 998.96

Humidity (%) 513

Air Density (g/mL) | 0.001167171





image96.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier Toledo XPR10 0-10g 0,001 mg
Thermometer for water measurement Unisystem U241 73 -+135°C 0,001°C
Thermometer for air measurement Dostmann P755 ~200- +850°C 0,01°C
Barometer Druck DPI140 950-1050 hPa 0,01 mbar
Hygrometer Testo 610 0-100% RH 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if the
liquid is water)

Calibration liquid

De-onized water, filtered through
Easypure UV and then put under
vacuum by a ejector to remove

air from the water

Tanaka

0,5 us/em
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Air temperature (°C) 23.12

Pressure (hPa) 977.16

Humidity (%) 435

Air Density (mg/uL) 0.00114393




image98.png
Air temperature (°C) 23.15

Pressure (hPa) 976.48

Humidity (%) 441

Air Density (mg/pL) 0.001142902





image99.png
Air temperature (°C) 23.10

Pressure (hPa) 976.46

Humidity (%) 441

Air Density (mg/uL) 0.0011431





image100.png
Air temperature (°C) 23.23

Pressure (hPa) 977.19

Humidity (%) 43.0

Air Density (mg/uL) 0.001143574
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Equipment

Manufacturer Type Range Resolution
[Weighing instrument Mettier Toledo XPR205 0-220g 0,01mg
[Thermometer for water measurement Unisystem U241 73 -+135°C 0,001°C
[Thermometer for air measurement Testo 610 10 +50°C 0,1°C
Barometer Druck DPI140 950-1050 hPa 0,01 mbar
Hygrometer Testo 610 0-100% RH 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

De-onized water, filtered through
Easypure UV and then put under
vacuum by a ejector to remove

air from the water

Tanaka

0,5 us/em
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Air temperature (°C) 232

Pressure (hPa) 997.79

Humidity (%) 464

Air Density (g/mL) 0.001168
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Air temperature (°C) 234

Pressure (hPa) 997.57

Humidity (%) 475

Air Density (g/mL) 0.001166
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Air temperature (°C) 232

Pressure (hPa) 997.60

Humidity (%) 482

Air Density (g/mL) 0.001167





image105.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier Toledo AG245 0210 0,0001
Thermometer for water measurement BEAMEX MC 515 1060 °C 0,01°C
Thermometer for air measurement Novasina Hygrodat 15-30 °C 0,1°C
Barometer Driick DPI142 935-1065 hPa 0,001 hPa
Hygrometer Novasina Hygrodat 3070 % rh 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Demineralised water

998 206
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Air temperature (°C) 20.3

Pressure (hPa) 1002.6

Humidity (%) 636

Air Density (g/mL) 0.00118




image107.png
Air temperature (°C) 20.3

Pressure (hPa) 1004.7

Humidity (%) 61.7

Air Density (g/mL) 0.00119





image108.png
Air temperature (°C) 204

Pressure (hPa) 1000.7

Humidity (%) 64.7

Air Density (g/mL) 0.00118
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Equipment

Manufacturer Type Range Resolution
Weighing instrument MettierToledo AX205 80/221g 0,00001/0,0001 g
Thermometer for water measurement Goldbrand Hg 0-50°C 0,1°C
Thermometer for air measurement Goldbrand Hg 0-50°C 0,1°C
Barometer Prazisions Aneroid Barometer 870 - 1050 hPa 0,5hPa
Hygrometer Testo 175-H2 0 100%RH 0.001

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Destilled water

Anton Paar 4500

286 uS/cm





image110.png
Air temperature (°C) 21.78

Pressure (hPa) 1016.9

Humidity (%) 54

Air Density (g/mL) 0.001198





image111.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument MettierToledo UMTS 59 0.000001
Thermometer for water measurement Goldbrand Hg 0-50°C 0,1°C
Thermometer for air measurement Goldbrand Hg 0-50°C 0,1°C
Barometer Prazisions Aneroid Barometer 870 - 1050 hPa 0,5hPa
Hygrometer Testo 175-H2 0 100%RH 0.001

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Destilled water

Anton Paar 4500

2,86 uS/cm





image112.png
Air temperature (°C) 20.75

Pressure (hPa) 1004.8

Humidity (%) 519

Air Density (mg/uL) 0.001187





image113.png
Air temperature (°C) 20.68

Pressure (hPa) 1004.8

Humidity (%) 523

Air Density (mg/uL) 0.001188




image114.png
Air temperature (°C) 20.68

Pressure (hPa) 1004.8

Humidity (%) 54

Air Density (mg/uL) 0.001188





image115.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument MettierToledo AX205 80/221g 0,00001/0,0001 g
[Thermometer for water measurement Goldbrand Hg 0-50°C 0,1°C
Thermometer for air measurement Goldbrand Hg 0-50°C 0,1°C
Barometer Prazisions Aneroid Barometer 870 - 1050 hPa 0,5hPa
Hygrometer Testo 175-H2 0 100%RH 0.001

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Destilled water

Anton Paar 4500

2,86 pS/cm





image116.png
Air temperature (°C) 21.58

Pressure (hPa) 1024.4

Humidity (%) 54

Air Density (g/mL) 0.001208
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Air temperature (°C) 21.7

Pressure (hPa) 1024.9

Humidity (%) 55

Air Density (g/mL) 0.001208
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Air temperature (°C) 21.7

Pressure (hPa) 1024.9

Humidity (%) 55

Air Density (g/mL) 0.001208





image119.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument Sartorius ME 235 S (0-230)g 0,01 mg
[Thermometer for water measurement Anton Paar MKT50 —260°C - +962°C 0,001°C
[Thermometer for air measurement Vaisala PTU301 —40°C- +60°C 01°C
Barometer Vaisala PTU301 500 hPa - 1100 hPa 0,1 hPa
Hygrometer Vaisala PTU301 0% -100% 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Distilled Water

Tanaka Formula

0,79 uS/em





image120.png
Air temperature (°C) 20.15

Pressure (hPa) 993.11

Humidity (%) 61.15

Air Density (g/mL) 0.001174





image121.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument Sartorius MCM 21§ (0-21)g 0,001 mg
[Thermometer for water measurement Anton Paar MKT50 —260°C - +962°C 0,001°C
[Thermometer for air measurement Vaisala PTU301 —40°C- +60°C 01°C
Barometer Vaisala PTU301 500 hPa - 1100 hPa 0,1 hPa
Hygrometer Vaisala PTU301 0% -100% 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Distilled Water

Tanaka Formula

0,77 uS/em





image122.png
Air temperature (°C) 206

Pressure (hPa) 454

Humidity (%) 1008.2

"Air Density (ma/uL) 0.001191




image123.png
Air temperature (°C) 206

Pressure (hPa) 454

Humidity (%) 1008.2

Air Density (mg/uL) 0001191





image124.png
Air temperature (°C) 206

Pressure (hPa) 454

Humidity (%) 1008.2

Air Density (mg/uL) 0.001191





image125.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Sartorius CCE1004 (0-1200) g 0,1 mg
Thermometer for water measurement Anton Paar MKT50 —260°C - +962°C 0,001°C
Thermometer for air measurement Vaisala PTU301 —40°C- +60°C 01°C
Barometer Vaisala PTU301 500 hPa - 1100 hPa 0,1 hPa
Hygrometer Vaisala PTU301 0% -100% 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Distilled Water

Tanaka Formula

0,82 uS/cm





image126.png
Air temperature (°C) 20.7

Pressure (hPa) 9948

Humidity (%) 523

‘Air Density (g/mL) 0.001174





image127.png
Alr temperature (°C) 207

Pressure (hPa) 99415

Humidity (%) 5415

‘Air Density (g/mL). 0001174





image128.png
Alr temperature (°C) 207
Pressure (hPa) 99425
Humidity (%) 538
0.001173





image129.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier - Toledo, Switzerland | MCP1-S / MCP 105 max 101 g 0.01 mg
Thermometer for water measurement Lufft, Germany c110 (0...50)°C 0.01°C
Thermometer for air measurement Comet, Czech D 4130 (050 °C 0.1°C
Barometer Comet, Czech D 4130 (800 .. 1100) hPa 0.1 hPa
Hygrometer Comet, Czech

Other equipment

D 4130

(5...95)%

0.10%

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

distilled water

0.9981798 g/mL

3.8 uSicm





image130.png
Air temperature (°C) 19.3

Pressure (hPa) 1004.9

Humidity (%) 535

Air Density (g/mL) 0.001192036





image131.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument Mettier - Toledo, Switzerland | MCP1-S / MCP 105 max 101 g 0.01 mg
[Thermometer for water measurement Lufft, Germany c110 (0...50)°C 0.01°C
[Thermometer for air measurement Comet, Czech D 4130 (050 °C 0.1°C
Barometer Comet, Czech D 4130 (800 .. 1100) hPa 0.1 hPa
Hygrometer Comet, Czech D 4130 (5...95)% 0.10%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

distilled water

0.9981819 mg/ul

1.8 uS/em





image132.png
Air temperature (°C) 204

Pressure (hPa) 1013.6

Humidity (%) 497

Air Density (mg/yL) 0.001198075





image133.png
Air temperature (°C) 204

Pressure (hPa) 1013.6

Humidity (%) 491

Air Density (mg/uL) 0.001198165





image134.png
Air temperature (°C) 204

Pressure (hPa) 1013.5

Humidity (%) 498

Air Density (mg/uL) 0.001197644





image135.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier - Toledo, Switzerland | MCP1-S / MCP 105 max 101 g 0.01 mg
Thermometer for water measurement Lufft, Germany c110 (0...50)°C 0.01°C
Thermometer for air measurement Comet, Czech D 4130 (050 °C 0.1°C
Barometer Comet, Czech D 4130 (800 .. 1100) hPa 0.1 hPa
Hygrometer Comet, Czech

Other equipment

D 4130

(5...95)%

0.10%

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

distilled water

0.9981824 mg/ul

3.8 uSicm





image136.png
Air temperature (°C) 19.7

Pressure (hPa) 1006.2

Humidity (%) 53

Air Density (g/mL) 0.001192152





image137.png
Air temperature (°C) 19.6

Pressure (hPa) 1006.4

Humidity (%) 525

‘Air Density (g/mL) 0.001192771




image138.png
Air temperature (°C) 19.3

Pressure (hPa) 1008.5

Humidity (%) 516

‘Air Density (g/mL) 0.001196447





image139.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier Toledo XS 205 0-81g 0.00001 g
Thermometer for water measurement Testo 7352 - 0.001 K
Thermometer for air measurement AHLBORN FHAD 46-C41 - 0.01K
Barometer AHLBORN FD AB12SA - 0.1 mbar
Hygrometer AHLBORN FHAD 46-41 - 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Distiled water

| Tanaka

<5uS/em





image140.png
Air temperature (°C) 22.065

Pressure (hPa) 932.71

Humidity (%) 5851

Air Density (g/mL) 0.00110





image141.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument Mettier Toledo XS 205 0-81g 0.00001 g
[Thermometer for water measurement Testo 7352 - 0.001 K
[Thermometer for air measurement AHLBORN FHAD 46-C41 - 0.01K
Barometer AHLBORN FD AB12SA - 0.1 mbar
Hygrometer AHLBORN FHAD 46-41 - 0.1%

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Distiled water

| Tanaka

<5uS/em





image142.png
Air temperature (°C) 22.22

Pressure (hPa) 961.52

Humidity (%) 58.02

Air Density (mg/uL) 0.00113





image143.png
Air temperature (°C) 22.22

Pressure (hPa) 961.75

Humidity (%) 53.95

Air Density (mg/pL) 0.00113





image144.png
Air temperature (°C) 21.83

Pressure (hPa) 961.84

Humidity (%) 5437

Air Density (mg/uL) 0.00113





image145.png
Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettler Toledo XP 12038 0-1200g 0.001g
Thermometer for water measurement Testo 735-2 - 0.001K
Thermometer for air measurement AHLBORN FHAD 46-C41 - 0.01K
Barometer AHLBORN FD A612SA - 0.1 mbar
Hygrometer AHLBORN FHAD 46-41 - 0.1%
Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

Distiled water

Tanaka

<5 uS/cm





image146.png
Air temperature (°C) 22.04

Pressure (hPa) 931.65

Humidity (%) 54.1

Air Density (g/mL) 0.00110





image147.png
Air temperature (°C) 21.883

Pressure (hPa) 931.87

Humidity (%) 5529

Air Density (g/mL) 0.00110





image148.png
Air temperature (°C) 22.154

Pressure (hPa) 932.17

Humidity (%) 5268

Air Density (g/mL) 0.00110
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image12.png
Equipment

Manufacturer Type Range Resolution
[Weighing instrument Meter-Toledo XPE26PC 22g 0,000001 g
[Thermometer for water measurement ASL F100 0°C1080°C 0,001 °C
[Thermometer for air measurement LAB-EL LB 701 45°C1085°C 001°C
[Barometer LAB-EL LB 7068 700 hPa o 1100 hPa 0,1 hPa
[Hygrometer LAB-EL LB 701 0%1099,9% 01%

Other Informations

[Type Densiy reference | Measured conductivity (i
[the liquid is water)
[Calibration fiquid Utra-pure water Tanaka 0,06 pS/cm





image13.png
Air temperature (°C) 2027
Pressure (Pa) 10045
Hurnidity (%) 638
‘Air Density (g/mL) 0.001186





image14.png
Equipment

rer rype.
feighing instrument Mettler-Toledo XPE26PC 229 0,000001 g
for water measurement ASL F100 0°Cl080°C 0,001 °C

for air measurement TABEL 18701 45°C1085°C 001°C

[Barometer LABEL 1B 7068 700 hPa to 1100 hPa. 0,1hPa

LABEL LB 701 0%1099.9% 0,1%

Other Informations





image15.png
Air temperature (°C) 20,27

Pressure (hPa) 10021

Humidity (%) 60,1

Air Density (mg/ul) 0.001184





image16.png
Air temperature (°C) 20,26

Pressure (hPa) 1002.1

Humidity (%) 602

Air Density (ma/ulL) 0.001184





image17.png
Air temperature (°C) 2031

Pressure (hPa) 1002.1

Humidity (%) 599

Air Density (mg/ul) 0,001184





image18.png
Air temperature (°C) 20.26

Pressure (hPa) 1002.1

Humidity (%) 599

Air Density (ma/pL) 0.001184
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Equipment

Wanufacturer Tipe. Range Resolution
Weighing instrument Sartorus MCATOS 410g 00001 g
[Thermometer for water measurement Anton Paar CKT 100 0C1080°C 0001 °C
[Thermometer for air measurement LABEL 18700 10°Clo40°C 001°C
[Barometer Druck DPI 141 800 hPa to 1150 Pa 001FPa
TABEL (8700 0% 1695 % 0%
[Other
Other Informations
Tpe Density reference [ Measured conductvty (1
the liquid s water)
Trquid Ultra-pure water Tanaka 0,06 us/cm





image20.png
‘Air temperature (°C) 2022
Pressure (hPa) 10032
Humiditv (%) 632

Air Density (g/mL] 0.001185





image21.png
Arr temperature (°C) 2034

Pressure (hPa] 1003.0
"Humidity (%) 629

Air Density (g/mL) 0001184





image22.png
‘Air temperature (°C)

Pressure (hPa) 1002.
Humidity (%) 63,1

‘Air Density (g/mL) 0001184
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Equipment
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image24.png
Air temperature (°C) 223
Pressure (hPa) 997.35
Humidity (%) 54.35
Air Density (g/mL) 0.0011701





image25.png
Equipment

REEETT e Tonge Fesoiiion
[Weighing instrurnent Metler Toledo 334706901 21g 000img
20T B70°C

testo 480 05600450
Therrnometer for water messurernent Testo 46 messurement range ome

02632465 02585727 PR

Z00°C-B70°T

testo 480 05600450
Thermnomete for s measurement Testo 46 messurement range o

02632465 02629307 PR

testo 480 056andgn | TO0NPa - TO0PPa
[Barometer Testo 46 ks measurement range 01hP

£50hPs - W50 HPa

Testo 480 05600460 0%-00% ;
[z Testo 46 02632468 0262307 (3560 % th 0%k
[Ober eouipment
Other Informations

=3 Density eference | Veasured corducty (1
e liquidis waler)
Calibration liquid water Tope3 -

Tanaka





image26.png
Air temperature (°C) 21.4

Pressure (hPa) 1007.2

Humidity (%) 56.3

Air Density (mg/uL) 0.001186




image27.png
Air temperature (°C) 215

Pressure (hPa) 1006.9

Humidity (%) 56.4

Air Density (mg/uL) 0.001185





image28.png
Air temperature (°C) 216

Pressure (hPa) 1006.8

Humidity (%) 56.0

Air Density (mg/uL) 0.001184





image29.png
Air temperature (°C) 215

Pressure (hPa) 1007.1

Humidity (%) 562

Air Density (mg/uL) 0.001185





image30.png
Wanufacturer Type Range Resolution
TE2145-0CE
Weighing instrument Sartorius ppea (0210 0,0001 g
200°C-1370°C
testo 480 05600480 .
Thermometer for water measurement Testo AG Siotazaa ogsoipty| meEsement rnge 001°C
200°C- 1370°C
testo 480 05600480 .
Thermometer for air measurement Testo AG raaron cagogora| | Mmeasurement range o1
15°C-26°C
700 hPa- 1100 hPa
Barometer Testo AG e oo 8% | measurement range 0.1hPa
850 hPa - 1050 hPa
testo 480 05600480 0%-100% ,
fizemzEr Testo AG 61819234 61828074 (35-80) % th 0.1%h
[Other equipment
Other Informations
Type Densty reference [ Measured conductiviy (F
the liquid is water)
(Calibration liquid water Type3 -

Tanaka
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Air temperature (°C) 20.6

Pressure (hPa) 1006.62

Humidity (%) 65.7

Air Density (g/mL) 0.0011873
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Air temperature (°C) 20.7

Pressure (hPa) 1006.47

Humidity (%) 65.2

Air Density (g/mL) 0.0011865
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Air temperature (°C) 20.8

Pressure (hPa) 1006.32

Humidity (%) 65.2

‘Air Density (g/mL) 0.0011859
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettier Toledo AX26 209 0,001 mg
Thermometer for water measurement Luft XP100 10 9Cto + 60 9C 0,001 °C
Thermometer for air measurement Rotronic HP32 0-700C 0,01 °C
Barometer Druck DPL142 900 - 1200 hPa 0,01 hPa
Hygrometer Rotronic HP32 0-100% 0.01%
Other equipment
Other Informations
[Type Density reference  [Mieasured conductivity (i

the liquid is water)

Calibration liquid 3 Tanaka 0,05 uS/em
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Air temperature (°C) 20.58

Pressure (hPa) 1013.14

Humidity (%) 552

Air Density (g/mL) 0.0012
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Equipment

Manufacturer Type Range Resolution
[Weighing instrument Mettier Toledo AX26 209 0,001 mg
[Thermometer for water measurement Luft XP100 10 9Cto + 60 9C 0,001 °C
[Thermometer for air measurement Rotronic HP32 0-700C 0,01 °C
[Barometer Druck DPL142 900 - 1200 hPa 0,01 hPa
[Hygrometer Rotronic HP32 0-100% 0.01%
[Other equipment
Other Informations
[Type Density reference  [Mieasured conductivity (i

the liquid is water)

[Catibration iquid 3 Tanaka 0,05 uS/em
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Air temperature (°C) 22.94

Pressure (hPa) 1002.36

Humidity (%) 5257

Air Density (mg/uL) 0.0012
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Air temperature (°C) 22.92

Pressure (hPa) 1002.45

Humidity (%) 51.88

Air Density (mg/uL) 0.0012
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Air temperature (°C) 22.93

Pressure (hPa) 1002.27

Humidity (%) 5152

Air Density (mg/uL) 0.0012
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Air temperature (°C) 22.88

Pressure (hPa) 1002.25

Humidity (%) 51.15

Air Density (mg/uL) 0.0012
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Equipment

Manufacturer Type Range Resolution
[Weighing instrument Sartorius CCE2004 2200 01mg
[Thermometer for water measurement Luft XP100 “10°Cto + 60.°C 0,001 °C
[Thermometer for air measurement Rotronic HP32 0-70°C 0,015C
[Barometer Druck DP1142 900 - 1200 hpa 0,01 hPa
Hygrometer Rotronic HP32 0-100% 0.01%
[Other equipment
Other Informations
Type Denstty reference  |Measured conductivty (T

the liquid is water)

[Calibration Tiquid 3 Tanaka 0.06 nS/cm
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Air temperature (°C) 20.41

Pressure (hPa) 1012.49

Humidity (%) 66.41

Air Density (g/mL) 0.0012




image43.png
Air temperature (°C) 20.57

Pressure (hPa) 1012.45

Humidity (%) 67.13

Air Density (g/mL) 0.0012
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Air temperature (°C) 20.61

Pressure (hPa) 1012.37

Humidity (%) 68.74

Air Density (g/mL) 0.0012
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Equipment

Manufacturer Type Range Resolution
[Weighing instrument Wettier XPR504S 0-500g 0.1 mg
Thermometer for water measurement Ahlborn Amemo 1030 0-30°C 0.001°C
Thermometer for air measurement Testo Testo 601 0-70°C 0.1°C
Barometer Wallace & Tiernan Diptron 3 plus 01100 mbar 0.1 mbar
Hygrometer Testo Testo 601 0-100 % rH 0.1 % rH

Other equipment

Other Informations

Type

Density reference

Measured conductivity (if
the liquid is water)

Calibration liquid

deionized water

table

4 pSicm
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Air temperature (°C) 225
Pressure (hPa) 990.7
Humidity (%) 30.1

Air Density (g/mL) 0.0011677
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Equipment

Manufacturer Type Range Resolution
Weighing instrument Mettler XPRE04S 0-5009 01mg
Thermometer for water measurement Ahibom Almemo 1030 0-30°C 0.001°C
Thermometer for air measurement Testo Testo 601 0-70°C 01°%
Barometer Wallace & Tieman Diptron 3 plus 0- 1100 mbar 0.1 mbar
Hygrometer Testo Testo 601 0-100%H 01 % H

Other equipment

Other Informations

[Type

Density reference

Measured conductivity (it
the liquid is water)

Calibration liquid

deionized water

table

4 psicm
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Air temperature (°C) 226

Pressure (hPa) 998.9

Humidity (%) 255

Air Density (g/mL) 0.001177
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Air temperature (°C) 227

Pressure (hPa) 998.5

Humidity (%) 25.0

Air Density (g/mL) 0.0011761





