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Bundesanstalt für Materialforschung und -prüfung (BAM) 
 
 

Certified Reference Material 

BAM-U201 

(Aluminum rich sewage sludge ash) 

Certified Values 
(Mass fractions total content) 

Element 
Mass fraction a 

in % 
Uncertainty U b 

in % 

Ca 11.5 1.7 

Al 12.8 1.1 

P 8.42 1.03 

Fe 2.11 0.15 

Mg 1.02 0.08 

K 0.77 0.08 

Na 0.46 0.10 

Zn 0.25 0.02 

Cu 0.12 0.01 

 in mg/kg in mg/kg 

Pb 169.6 18.9 

Cr 100.9 10.4 

Sn 89.3 12.7 

Ni 61.7 7 

As 14.2 2.1 

Cd 4.1 0.1 
a Unweighted mean value of the means of accepted sets of data, each set being obtained 
by at least 4 laboratories and/or with different methods of measurement. The values are 
traceable to the SI (Système International d’Unités) by the use of pure substances of 
known stoichiometry for calibration. 
b Estimated expanded uncertainty U with a coverage factor of k = 2, corresponding to a 
confidence level of about 95 %, as defined in ISO/IEC Guide 98-3:2008 [Uncertainty of 
measurement - Part 3: Guide to the expression of uncertainty of measurement 
(GUM:1995)]). 
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Certified Values 
(Aqua regia extractable mass fractions according to DIN EN 16174:2012-11) 

Element 
Mass fraction a 

in % 
Uncertainty U b 

in % 

Ca 11.2 1.1 

Al 11.2 0.6 

P 7.72 0.60 

Fe 1.91 0.11 

Mg 0.87 0.03 

K 0.58 0.03 

Na 0.30 0.05 

Zn 0.22 0.01 

Cu 0.11 0.01 

 in mg/kg in mg/kg 

Pb 155.3 7.6 

Cr 75.6 9.6 

Sn 74.1 10.5 

Ni 56.5 4 

As 14.1 2.0 

Cd 3.76 0.6 
a Unweighted mean value of the means of accepted sets of data, each set being obtained 
by at least 4 laboratories and/or with different methods of measurement. The values are 
traceable to the SI (Système International d’Unités) by the use of pure substances of 
known stoichiometry for calibration. 
b Estimated expanded uncertainty U with a coverage factor of k = 2, corresponding to a 
confidence level of about 95 %, as defined in ISO/IEC Guide 98-3:2008 [Uncertainty of 
measurement - Part 3: Guide to the expression of uncertainty of measurement 
(GUM:1995)]). 

 

 

End of Validity 

The validity of this certificate ends 5 years after delivery  
Date of dispatch:  
 
Material Description 

The homogenized sewage sludge ash BAM-U201 is in powder form. Approx. 30 g of the 
sewage sludge ash BAM-U201 was filled into a brown 50 mL wide-neck bottle. 
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Recommended Use 

The purpose of CRM BAM-U201 is to verify analytical results for total mass fractions and 
aqua regia extractable mass fractions of listed elements in sewage sludge ash. 
Approximately 0.2 g of material should be used for a wet chemical analysis.  
 

Handling 

When handling the sample, the bottle should be left open for as short a time as possible. 
Care should be taken not to absorb moisture after opening the bottle. The material should 
be used as it comes out of the bottle. However, it is recommended to re-homogenize by 
manually shaking the closed bottle before taking a partial sample. 
 

Transport and Storage 

After receipt, the material should be stored at a temperature below 25 °C in the tightly closed 
original bottle. BAM cannot be held responsible for changes that occur during storage of the 
material at the customer's site, especially with opened samples. 
 

Participating Laboratories 

Certification took place at various laboratories within BAM.  
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Means of Accepted Data Sets BAM-U201 total mass fractions 

 

Certified Values 

Value in % 

Line No. Ca Al P Fe Mg K Na Zn Cu 

1 7.63 10.56 5.08 1.63 0.839 0.626 0.238 0.206 0.102 

2 9.16 11.52 6.17 1.88 0.908 0.633 0.329 0.221 0.104 

3 11.77 11.55 7.67 1.92 0.912 0.713 0.419 0.226 0.104 

4 12.45 11.76 8.60 1.95 1.030 0.751 0.442 0.231 0.106 

5 12.99 11.77 8.84 2.01 1.090 0.776 0.476 0.247 0.109 

6 13.08 13.95 9.20 2.12 1.099 0.839 0.512 0.247 0.120 

7 13.66 14.06 9.32 2.18 1.130 0.912 0.550 0.252 0.120 

8   14.69 9.53 2.30 1.161 0.932 0.719 0.264 0.121 

9   14.90 9.66 2.34       0.273 0.121 

10     10.09 2.38       0.274 0.122 

11       2.44       0.292 0.131 

12               0.293 0.136 

Ave 11.53 12.75 8.42 2.11 1.02 0.77 0.46 0.25 0.12 

sAve 2.26 1.63 1.63 0.25 0.12 0.12 0.15 0.03 0.01 

 

Value in mg/kg 

Line No. Pb Cr Sn Ni As Cd 

1 107.4 74.6 74.6 37.7 10.6 3.2 

2 137.3 81.2 77.5 50.1 11.0 3.6 

3 155.2 90.9 78.6 52.3 13.5 4.1 

4 163.0 92.0 83.4 60.6 13.5 4.1 

5 164.7 93.5 86.7 60.8 14.1 4.3 

6 169.0 96.5 87.1 66.0 15.1 4.5 

7 173.4 99.3 90.3 66.2 15.1 4.8 

8 183.2 102.7 98.6 67.1 15.9   

9 187.5 109.9 102.3 68.7 16.6   

10 197.7 110.0 114.2 71.8 16.7   

11 226.9 128.5   76.9     
12   131.4         

Ave 169.6 100.9 89.3 61.7 14.2 4.1 

sAve 31.3 17.0 12.4 11.2 2.1 0.6 

A measurement series comprises the respective single values of a laboratory (at least 3, 
normally 6 single values) 
 
Ave: Arithmetic mean of the measurement series mean values 
sAve: Standard deviation of the measurement series mean values) 
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Analytical Method (BAM-U201 total mass fractions) 

 

Mass fractions        Line No.                             Method/Procedure 

Ca 1, 2  ICP MS  
 3, 4, 5, 7  ICP OES 
 6  XRF, Reconstitution 
Al 1, 2,3  ICP MS 
 4, 5, 6, 8, 9   ICP OES 
 7  XRF, Reconstitution 
P 1, 2, 3  ICP MS 
 4, 5, 7, 8, 9, 10  ICP OES 
 6  XRF, Reconstitution 
Fe 1, 2, 3  ICP MS 
 4, 5, 7, 9, 10, 11  ICP OES 
 6  NAA 
 8  XRF, Reconstitution 
Mg 1, 3  ICP MS 
 2, 4, 5, 7, 8  ICP OES 
 6  XRF, Reconstitution 
K 1, 4, 6, 7, 8   ICP OES 
 2, 3   ICP MS 
 5  NAA 
Na 1, 5  ICP MS 
 2, 3, 6, 7, 8  ICP OES 
 4  NAA 
Zn 1, 2, 5, 11  ICP MS 
 6  NAA 
 3, 4, 7, 8, 10, 12  ICP OES 
 9  XRF, Reconstitution 
Cu 1, 5, 7, 10, 11, 12  ICP OES 
 2, 3, 6, 9  ICP MS 
 4  XRF, Reconstitution 
 8  NAA 
Pb 1, 4, 8, 9  ICP MS 
 2, 3, 5, 6, 7, 10  ICP OES 
 11  XRF, Reconstitution 
Cr 1, 5, 7, 11  ICP MS 
 2, 3, 4, 6, 8, 10  ICP OES 
 9  NAA 
 12  XRF, Reconstitution 
Sn 1, 3, 4, 5, 7, 9  ICP OES 
 2, 6, 8  ICP MS 
 10  XRF, Reconstitution 
Ni 1, 3, 8, 11  ICP MS 
 2, 4, 5, 6, 7, 9  ICP OES 
 10  XRF, Reconstitution 
As 1, 3, 4, 5  ICP MS 
 2, 7, 8, 9, 10  ICP OES 
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 6  NAA 
Cd 1, 2, 4  ICP MS 
 3, 5, 6, 7  ICP OES 
 ICP OES:   Inductively Coupled Plasma Emission Spectrometry  
 ICP MS:    Inductively Coupled Plasma – Mass Spectrometry 
 NAA:      Neutron Activation Analysis 
 XRF, Reconstitution: Reconstitution with X-Ray fluorescence Analysis 

 

Means of Accepted Data Sets BAM-U201 Aqua Regia extractable mass fractions 

Certified Values 

Value in % 

Line No. Ca Al P Fe Mg K Na Zn Cu 

1 9.05 9.26 6.04 1.62 0.798 0.517 0.172 0.194 0.094 

2 10.34 10.54 7.56 1.76 0.841 0.534 0.275 0.209 0.094 

3 10.81 11.00 7.58 1.88 0.845 0.560 0.295 0.211 0.102 

4 11.03 11.10 7.64 1.91 0.864 0.576 0.299 0.212 0.103 

5 11.87 11.55 7.67 1.97 0.868 0.594 0.310 0.219 0.110 

6 12.02 11.76 7.75 1.97 0.885 0.631 0.310 0.221 0.112 

7 13.62 11.77 8.67 2.07 0.915 0.633 0.331 0.224 0.116 

8   11.87 8.84 2.09 0.924   0.412 0.233 0.117 

9   11.92           0.241 0.120 

10               0.251 0.128 

Ave 11.2 11.2 7.72 1.91 0.87 0.58 0.30 0.21 0.11 

sAve 1.4 0.9 0.85 0.16 0.041 0.05 0.07 0.02 0.01 

 

Value in mg/kg 

Line No. Pb Cr Sn Ni As Cd 

1 132.4 52.9 59.6 49.4 12.0 2.9 

2 145.1 55.3 63.1 52.3 12.1 3.5 

3 147.3 68.4 65.4 52.8 13.4 3.6 

4 150.7 72.3 76.1 56.0 13.5 3.8 

5 154.1 74.3 76.8 58.6 13.6 4.0 

6 156.3 74.6 77.5 59.0 13.9 4.0 

7 163.0 82.0 78.2 61.0 14.3 4.6 

8 166.4 84.4 79.2 63.3 16.0   

9 168.0 93.9 91.1   17.7   

10 169.6 97.4         

Ave 155.3 75.6 74.1 56.5 14.1 3.8 

sAve 11.8 14.6 9.8 4.8 1.8 0.5 

A measurement series comprises the respective single values of a laboratory (at least 3, normally 6 
single values) 
Ave: Arithmetic mean of the measurement series mean values 
sAve: Standard deviation of the measurement series mean values) 
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Analytical Methods (BAM-U201 Aqua Regia extractable mass fractions) 

 

Mass fractions        Line No.                             Method/Procedure 

 
Ca 1, 3  ICP MS 
 2, 4, 5, 6, 7  ICP OES 
Al 1, 3, 5, 6   ICP MS 
 2, 4, 7, 8, 9   ICP OES 
P 1, 2, 3, 5  ICP MS 
 4, 6, 7,8  ICP OES 
Fe 1, 2, 3   ICP MS 
 4, 5, 6, 7,8   ICP OES 
Mg 1, 2, 3  ICP MS 
 4, 5, 6, 7,8  ICP OES 
K 1, 2    ICP MS 
 3, 4, 5, 6, 7   ICP OES 
Na 1, 2, 6  ICP MS 
 3, 4, 5, 7, 8  ICP OES 
Zn 1, 2, 3, 6, 7  ICP MS 
 4, 5, 8, 9, 10  ICP OES 
Cu 1, 2, 4, 8, 9  ICP MS 
 3, 5, 6, 7, 10  ICP OES 
Pb 1, 2, 3, 7, 10  ICP MS 
 4, 5, 6, 8, 9  ICP OES 
Cr 1, 4, 5, 6, 10  ICP MS 
 2, 3, 7, 8, 9  ICP OES 
Sn 1, 2, 3, 6  ICP MS 
 4, 5, 7, 8, 9  ICP OES 
Ni 1, 2, 4, 8  ICP MS 
 3, 5, 6, 7  ICP OES 
As 1, 6, 7, 8  ICP OES 
 2, 3, 4, 5, 9  ICP MS 
Cd 1, 2, 3, 5   ICP MS 
 4, 6, 7  ICP OES 
 
 ICP OES:   Inductively Coupled Plasma Emission Spectrometry  
 ICP MS:    Inductively Coupled Plasma – Mass Spectrometry 
 

Metrological Traceability  

The total contents of the specified elements in BAM-U201 are metrologically traceable to 
the kilogram. The method for determining the aqua regia extractable contents for the 
specified elements in BAM-U201 are operationally defined referring to the analytical 
protocols prescribed in DIN EN 16174:2012-11.  
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Literature 

A detailed report describing the certification of the reference material BAM-U201 is 
available on request or can be downloaded from the BAM website (https://rrr.bam.de). 
 
DIN EN 16174:2012-11: Sludge, treated biowaste and soil - Digestion of aqua regia soluble 
fractions of elements; German version EN 16174:2012. 
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This Reference Material is offered by: 
 
 

Bundesanstalt für Materialforschung und -prüfung (BAM) 

Richard-Willstätter-Str. 11, D-12489 Berlin, Germany 

P:      +49 30 8104 2061 

F:      +49 30 8104 72061 

 E-Mail: sales.crm@bam.de 

Internet: www.webshop.bam.de 

 
 

https://rrr.bam.de/
mailto:sales.crm@bam.de
http://www.webshop.bam.de/

