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AIM OF THE PROJECT 

Workshop on Reference Materials, Theme: Environment, 16.05.2018, UME, Turkey

Trainings on Reference Measurements, BAM, Germany
February & March 2016, August 2017

Training on Material Processing, UME, Turkey
November 2016 

Developing capacity to produce CRMs for environmental analysis by transferring the theoretical and practical know-how between the partners and combining their skills to focus on environmental CRM production in accordance with ISO 17034.

SAMPLING AND PROCESSING OF MATERIALS

Collection of Ground Water

to carboys (22 x 10 L)

Storage 1) -20 ºC 2) +4 ºC

Filtration (1-Cloth, 2- 0.2 µm Supor Filter) and 

unification in HDPE Tanks (2 x 110 L)

Bottling, Capping, Labeling

25 KGy Gamma Sterilization

Storage of Stock at +4 C

Spiking of Target Analytes

Homogenisation

Analysis of Analyte

Content

Analysis of Anion 

Content 

PFASs

Collection of River Water

to carboys (14 x 10 L)

Acidification by HNO3 (2%,v/v)

Filtration (1-Cloth, 2- 0.45 µm Supor Filter) 

and unification in HDPE Tanks (2 x 110 L)

Cleaning of Bottles

Bottling, Capping, Labeling

25 KGy Gamma Sterilization

Storage of Stock at +4 C

Spiking of Target Elements

Homogenisation

Analysis of Target 

Elements Content

Analysis of Anion 

Content 

Monitoring of 

Element Content in 

Purchased Bottles

PFOS &PFOA in Ground Water

UME EnvCRM 01
1180 Units, 98 g 

Elements in River Water (As, Cd, Ni, Pb, Se) 

UME EnvCRM 02
1250 units, 100 mL

Elements in Soil (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Sb, V, Zn) 

UME EnvCRM 03
1179 units, 25 g

Çayırhan Thermic Power Plant Area, 
Ankara, Turkey

Creek feeding Darlık Dam, 
İstanbul, Turkey

Ball Milling, Sieving and Riffle Mixing of Soil Material 

3-D Homogenisation of Soil Homogenisation of Water Samples

Cleaning and Drying of Bottles in ISO Class 6 Clean Laboratory

Bottles After 
Gamma Sterilisation 

Automated Filling

HOMOGENEITY OF MATERIALS
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UNIT NO
As Cd Co Cr Cu Fe Hg

Mn Ni Pb Sb V Zn

Soil Homogeneity Plot by IJS

Soil Homogeneity Plot by UMERiver Water Homogeneity Plot by UME

River Water Homogeneity Plot by IJS

Parameter 
(Lab)

swb,rel

%
sbb,rel

%
u'bb,rel

%
ubb,rel

%
As (UME) 1.15 MSbetween<MSwithin 0.36 0.36

As (IJS) 0.90 MSbetween<MSwithin 0.28 0.28

Cd  (UME) 1.73 MSbetween<MSwithin 0.54 0.54

Cd (IJS) 1.72 MSbetween<MSwithin 0.53 0.53

Ni (UME) 2.92 MSbetween<MSwithin 0.90 0.90

Ni (IJS) 1.13 MSbetween<MSwithin 0.35 0.35

Pb (UME) 0.97 0.15 0.30 0.30

Pb (IJS) 2.17 MSbetween<MSwithin 0.67 0.67

Se  (UME) 2.53 MSbetween<MSwithin 0.79 0.79

Plots and Calculated Uncertainties Due to Inhomogeneity Between Units for Soil 

Parameter 
(Lab)

swb,rel

%
sbb,rel

% 
u'bb,rel

%
ubb,rel

%
As (TUBITAK) 2.85 MSbetween<MSwithin 0.88 0.88

As (IJS) 2,09 0.45 0.65 0.65

Cd  (TUBITAK) 1.76 1.12 0.55 1.12
Cd (IJS) 1.68 0.71 0.52 0.71

Co  (TUBITAK) 2,50 MSbetween<MSwithin 0.78 0.78
Co (IJS) 1,28 0.57 0.40 0.57

Cr  (TUBITAK) 2.43 2.69 0.75 2.69
Cr (IJS) 2.77 0,78 0.86 0.86

Cu (TUBITAK) 2.45 MSbetween<MSwithin 0.76 0.76
Cu (IJS) 4.41 2.54 0.82 2.54*

Fe (TUBITAK) 0.90 0.32 0.28 0.32
Hg (TUBITAK) 2.85 MSbetween<MSwithin 0.88 0.88

Hg (IJS) 2.96 1.17 0.92 1.17
Mn (TUBITAK) 0.68 0.34 0.21 0.34

Mn (IJS) 1.42 MSbetween<MSwithin 0.44 0.44
Ni  (TUBITAK) 1.85 MSbetween<MSwithin 0.57 0.57

Ni (IJS) 1.73 1.08 0.54 1.08
Pb (TUBITAK) 1.39 MSbetween<MSwithin 0.43 0.43
Sb (TUBITAK) 1.99 MSbetween<MSwithin 0.62 0.62

Sb (IJS) 3.15 1.22 0.98 1.22
V (TUBITAK) 2.12 MSbetween<MSwithin 0.66 0.66

V (IJS) 3.35 MSbetween<MSwithin 1,04 1.04
Zn (TUBITAK) 2.31 MSbetween<MSwithin 0.72 0.72

Zn (IJS) 1.17 0.38 0.36 0.38
* Technical problem was detected for the Cu measurement by IJS

Homogeneity study between the units is performed with a number of samples representing the whole batch. 12 units (24 for ground water) were selected by using random stratified sampling for 
each of the two participant laboratories. The ANOVA allowed the calculation of the within- (swb) and between-unit homogeneity (sbb) and uˈbb as described in ISO Guide 35:2017.

Since ground water samples are for single use and MSwithin is not possible via within unit
replicates, approach described in ISO Guide 35:2017 is performed on the bulk material left
from production of the candidate reference material. MSwithin is calculated from the
measurement results variance of 24 subsamples prepared from this bulk material.

Parameter
sbb,rel

%
u'bb,rel

%
ubb,rel

%
L-PFOA 4.19 1.94 4.19

L-PFOS
Msbetween

<MSwithin
4.54 4.54

Plots and Calculated Uncertainties Due to Inhomogeneity Between Units for Ground Water
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Unit No PFOS PFOA

Ground Water Between Units Homogeneity Plot

Plots and Calculated Uncertainties Due to Inhomogeneity Between Units for River Water
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CHARACTERISATION AND CERTIFICATION OF MATERIALS
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Plots and Uncertainties Due to STS and LTS Stability for Ground Water

Short Term Stability Plot for 60C
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Long Term Stability Plot for 18C

The characterisation of the materials were carried out by  interlaboratory comparison exercises. The participating laboratories were partners of the EnvCRM project consortium. The participating laboratories used validated methods (including potentially primary methods such as ID ICP-MS and k0-INAA).  
Each laboratory received two bottles of samples which were selected randomly from the set of samples by the random stratified sampling technique. Each laboratory was asked to report at least 6 independent measurement results for two sample units, together with their associated measurement uncertainty
values and the approach used for the estimation of measurement uncertainty. The details of the reference materials used for the calibration and quality control were also requested from the laboratories in order to assure the traceability of the reported results. Characterisation study of the river water was was 
conducted in parallel with EURAMET supplementary comparison study (EURAMET.QM-S11/EURAMET 1424) to which 22 laboratories from 17 countries participated. Characterization of soil candidate material was completed by involvement of 7 project partners.  A BIPM CCQM comparison study 
(CCQM-K156 / P198)  with the use of “PFOS and PFOA in Ground Water” candidate reference material is scheduled to be completed in May 2019. 

Parameter (Lab)
usts,rel

18 ˚C, 2 weeks (%)

usts,rel
60 ˚C, 2 weeks (%)

ults,rel
18 ˚C, 12 months (%)

L-PFOA (UME) 1.8 1.2 1.1#

L-PFOA (SYKE) 2.2# 3.2# 2.3
L-PFOS (UME) 8.2* 5.0* 1.5

L-PFOS (SYKE) 2.4# 1.2 2.7
*Technical problem was detected for the L-PFOS STS measurements by UME, # calculated considering the degradation 

Parameter 
(Lab)

usts,rel
18 ˚C,

4 weeks (%)

usts,rel
60 ˚C, 

4 weeks (%)

ults,rel
18 ˚C, 

12 months (%)

As (UME) 0.91 0.97 1.48
As (IJS) 0.51 0.61 0.98

Cd  (UME) 0.79 0.78 0.73

Cd (IJS) 0.58 0.75 0.95

Ni (UME) 0.94 0.98 0.90
Ni (IJS) 0.54 0.79 0.88

Pb (UME) 0.59 0.60 0.52

Pb (IJS) 0.32 0.57 1.39

Se  (UME) 3.19 3.55 1.35

Se (IJS) - - 2.22

Uncertainties Due to STS and LTS Stability for River Water

Parameter (Lab)
usts,rel

18 ˚C, 4 weeks (%)

usts,rel
60 ˚C, 4 weeks (%)

ults,rel
18 ˚C, 12 months (%)

As (TUBITAK) 1.12 1.48 0.71

As (IJS) 1.56 1.16 0.98
Cd  (TUBITAK) 2.04 2.36 1.24

Cd (IJS) 0.80 0.72 0.80
Co  (TUBITAK) 0.92 0.88 0.54

Co (IJS) 1.00 0.92 1.36
Cr  (TUBITAK) 2.68 2.80 5.83

Cr (IJS) 2.56 2.28 1.26
Cu (TUBITAK) 0.80 1.08 0,64

Cu (IJS) 2.36 1.88 0.85
Fe (TUBITAK) 0.44 0.56 1.02
Hg (TUBITAK) 5.12 4.80 1.84

Hg (IJS) 2.20 2.20 1.29

Parameter (Lab)
usts,rel

18 ˚C, 4 weeks (%)

usts,rel
60 ˚C, 4 weeks (%)

ults,rel
18 ˚C, 12 months (%)

Mn (TUBITAK) 0.24 0.40 0.64

Mn (IJS) 0.60 0.64 0.98
Ni  (TUBITAK) 1.68 1.28 1.35

Ni (IJS) 1.00 0.84 1.10

Pb (TUBITAK) 0.88 1.16 0.67

Sb (TUBITAK) 1.48 1.32 3.28

Sb (IJS) 2.56 2.68 1.36

V (TUBITAK) 0.96 1.08 1.31

V (IJS) 1.68 1.68 1.24

Zn (TUBITAK) 1.00 1.04 0.61
Zn (IJS) 1.44 1.12 0.57

Uncertainties Due to STS and LTS Stability for Soil

𝑢𝑙𝑡𝑠/𝑠𝑡𝑠,𝑟𝑒𝑙 =
𝑅𝑆𝐷

σ(𝑡𝑖 − ҧ𝑡) 2
𝑥 𝑡

RSD: the relative standard deviation of the

points on the regression line

ti : the time point for each replicate

ҧ𝑡 : the average of all time points

t : the proposed shelf life / transfer time

𝑢𝑙𝑡𝑠/𝑠𝑡𝑠 =
𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑑𝑒𝑔𝑟𝑎𝑑. 𝑙𝑖𝑛𝑒

3
𝑥 𝑡

In case of degradation

alper.isleyen@tubitak.gov.tr

For the Short Term Stability (STS) test, two different temperatures (18 ˚C and 60 ˚C) and 4 time points (0, 1, 2, and 4 weeks) were tested. Samples were randomly selected for each of the two testing laboratories and 12 samples were subjected to the test temperatures for the specified time intervals. 
Test samples were moved to +4 ˚C (reference temperature) after completion of the test time. For the long term stability (LTS), four units for each of the months of 0, 3, 6 and 12 have been stored at +18 °C and transferred to reference temp. (+4 °C) after each period of time to be measured all at the same time.

STABILITY OF MATERIALS

𝒖𝐜𝐡𝐚𝐫 = ഥ𝒖 𝐥𝐚𝐛𝐬
𝟐 +

𝑺𝑫

𝒏

𝟐

uchar : Standard uncertainty arising from 
characterization 

ഥ𝒖 𝒍𝒂𝒃𝒔 : Arithmetic mean of standard 
uncertainties reported by the laboratories

SD : Standard deviation of accepted 
means of laboratories

n : Number of laboratories with 
accepted results 

UCRM=k . uchar
2 +ubb

2 +ults
2 +usts

2

Assigned Values, Uncertainties and Characterisation Plots of Total Element Content for Soil CRM: UME EnvCRM 03

Assigned Values, Uncertainties and Characterisation Plots of  Element Content for River Water CRM: UME EnvCRM 02

Element
Certified Value
Mass fraction 

(µg/kg)

UCRM

(µg/kg)
(k = 2)

UCRM,rel

(%)
(k = 2)

ubb,rel

(%)
usts,rel

(%)
ults,rel

(%)
uchar,rel

(%)
nchar

Characterisation
Method(s)

As 15.1 1.6 10.6 0.36 0.97 1.48 4.65 7 6 ICP-MS, ICP-OES

Cd 0.52 0.06 11.5 0.54 0.79 0.95 4.98 9
2 ID ICP-MS, 5 ICP-MS, 

ICP-OES, ASV

Ni 14.4 1.1 7.6 0.9 0.98 0.9 3.27 8
ID ICP-MS, 5 ICP-MS, 

ICP-OES

Pb 13.6 1.0 7.4 0.67 0.60 1.39 3.30 9
3 ID ICP-MS, 4 ICP-MS, 

ICP-OES, ASV

Se 5.0 0.5 10.0 0.79 3.55 2.22 1.00 1 ID ICP-MS

rm.ume.tubitak.gov.tr/en

Project Homepage

Water and Soil CRMs of EnvCRM Project

Content Range: 1-10 ng/kg

As Cd Ni Pb Se As Cd Cr

Total
Element

Certified Value
Mass fraction 

(mg/kg)

UCRM

(mg/kg)
(k = 2)

UCRM,rel

(%)
(k = 2)

ubb,rel

(%)
usts,rel

(%)
ults,rel

(%)
uchar,rel

(%)
nchar

Characterisation
Method(s)

As 79.9 5.9 7.4 0.88 1.56 0.98 3.00 1 k0-INAA

Cd 1.29 0.08 6.2 1.12 2.36 1.24 0.52 2 2 ID ICP-MS

Co 42.0 4.5 10.7 0.78 1.00 1.36 5.02 6 k0-INAA, 4 ICP-MS, MP-AES 

Cr 115.6 16.9 14.6 2.69 2.80 5.83 2.03 2 ID ICP-MS, k0-INAA

Cu 63.5 8.3 13.1 0.76 2.36 0.85 5.96 6 ID TIMS, 4 ICP-MS, MP-AES

Fe 26748 1760 6.6 0.32 0.56 1.02 3.06 2 ID ICP-MS, k0-INAA

Hg 0.315 0.046 14.6 1.17 5.12 1.84 4.53 3 2 ID ICP-MS, k0-INAA

Mn 674 70 10.4 0.44 0.64 0.98 5.01 5 k0-INAA, 3 ICP-MS, MP-AES 

Ni 51.7 7.1 13.7 1.08 1.68 1.35 6.43 6 ID ICP-MS, 4 ICP-MS, MP-AES 

Pb 64.1 2.1 3.3 0.43 1.16 0.67 0.71 2 ID TIMS, ID ICP-MS

Sb 1.81 0.19 10.5 1.22 2.68 3.28 2.76 1 k0-INAA

V 76.2 10.1 13.3 1.04 1.68 1.31 6.14 6 k0-INAA, 4 ICP-MS, MP-AES 

Zn 150.6 26.7 17.7 0.72 1.44 0.61 8.69 6
ID ICP-MS, k0-INAA,
3 ICP-MS, MP-AES 

Cu Fe Hg

Mn Ni

Pb Sb

V Zn

Raw Material (Waters and Soil) Collection Points in Turkey

0.9 kg 29.2 kg 

Collection of Soil

to drum (60 kg)

Oven Drying
(35 C) 1 week

Removal of 

foreign 

materials: 

stones, roots, 

etc. 

Pooling all fractions <100 µm   

> 100 µm

<100 µm

Sieving

Original Soil (32 kg)   

<100 µm

3-D Mixing & Riffling

Planetary Ball Milling

Contaminated Soil 

Blending & 3-D Mixing

Original Soil (1.5 kg)   

Spiking & Slurry 
Preparation

Oven Drying 
(45 C 1 day, 35 C 3 days)  

>100 µm

Bottling, Capping, Labeling

25 KGy Gamma Sterilization

Storage of Stock at +4 C

Particle Size, 

Micrograph, 

Moisture Control   

Particle 

Size

Homogeneity 

Control

Sieving

Pooling all fractions <90 µm   

> 90 µm

<90 µm

<90 µm

3-D Mixing 

Planetary Ball Milling

>90 µm

Sieving

Sieving


