
Technical Rule – Standard 
DVGW W 249   July 2012

Removal of arsenic, nickel and uranium during water treatment



The DVGW is the technical and scientific association of gas and water engineers and comprises approximately 

14,000 members. For more than 150 years, the DVGW has been setting the technical standards for the safe, 

secure and reliable supply of gas and water, actively initiating the exchange of ideas and information in the gas 

and water sectors and encouraging and promoting on-going progress in the sectors through practical guidance.

The DVGW is an independent non-profit organisation free from economic lobbyism and political influence.

The DVGW Set of Rules is a key instrument for the DVGW to meet its statutable purpose and accomplish 

its tasks. The DVGW Set of Rules notably defines, on the basis of statutory regulations, the requirements on 

technical safety, hygiene, environmental protection, fitness for use and consumer protection and organisation 

for the supply and use of gas and water. The DVGW Set of Rules ensures that the DVGW complies with the 

statutory principle of self-responsibility of the utilities, for the benefit of technical safety and hygiene as well as 

environmental and consumer protection.

Note for users

The DVGW Set of Rules rests on the following principles:

•  The DVGW Set of Rules has been elaborated in an honorary capacity in accordance with the applicable prin-

ciples (DVGW Constitution, Rules of Procedure GW 100). On the basis of jurisdiction, both the content and 

the technical information can be assumed to be correct.

•  Everybody can use the DVGW Set of Rules. Duties and obligations may arise from legal or administrative 

regulations or from a contract or from other legal grounds.

•  Nobody can abdicate their responsibility for correct action when applying the DVGW Set of Rules. Anyone 

applying the DVGW Set of Rules shall ensure its correct application in each concrete case.

•  While the DVGW Set of Rules is not the only source of knowledge when looking for professional solutions, it 

does constitute an important source of such knowledge. It cannot however cover all possible special cases 

that may require more comprehensive or restrictive measures.

Warning

This English-language version is an informal translation from the German original. However, only the original 

German language version has been exclusively authorised by the DVGW and its Technical Bodies. The DVGW 

reserves the right to revise this version at any time due to possible translation errors.

Anybody is free to use the DVGW system of rules. Users are responsible for the proper use of the DVGW 

 system of rules in each individual case.

ISSN 0176-3504

Price group: 5

© DVGW, Bonn, July 2012

DVGW German Technical and Scientific Association for Gas and Water

Josef-Wirmer-Straße 1– 3 

D-53123 Bonn

Phone: +49 228 9188-5 

Fax: +49 228 9188-990 

Email: info@dvgw.de 

Internet: www.dvgw.de

Reprinting and photomechanical reproduction, also of excerpts, is only permitted with the approval  

of the DVGW e. V., Bonn.

Distribution:  Wirtschafts- und Verlagsgesellschaft Gas und Wasser mbH, Josef-Wirmer-Str. 3, D-53123 Bonn 

Phone: +49 228 9191-40 ∙ Fax: +49 228 9191-499 

Email: info@wvgw.de ∙ Internet: shop.wvgw.de



3DVGW W 249 Standard

Removal of arsenic, nickel and uranium during water treatment

Contents

Preamble ................................................................................................................................................. 5

1 Scope ........................................................................................................................................ 6

2 Normative references ............................................................................................................... 6

3 Terms ......................................................................................................................................... 7

3.1 Loading ...................................................................................................................................... 7

3.2 Bed volume (BV) ......................................................................................................................... 7

3.3 Breakthrough .............................................................................................................................. 7

3.4 Species ...................................................................................................................................... 8

4 Occurrence, avoidance and treatment .................................................................................... 8

4.1 Occurrence ................................................................................................................................. 8

4.2 Measures to avoid and reduce raw water loads .......................................................................... 8

4.2.1 Requisite data ............................................................................................................................ 8

4.2.2 Possible measures ..................................................................................................................... 9

4.3 Treatment principles ...................................................................................................................  9

5 Arsenic ....................................................................................................................................  10

5.1 General .....................................................................................................................................  10

5.1.1 Relevance, occurrence and properties......................................................................................  10

5.1.2 Preliminary assessments for method selection .........................................................................  10

5.2 Removal of arsenic within the scope of existing treatment processes ......................................  11

5.2.1 Iron removal and manganese removal ......................................................................................  11

5.2.2 Flocculation ..............................................................................................................................  11

5.2.3 Precipitation softening ..............................................................................................................  11

5.2.4 Membrane-based methods.......................................................................................................  11

5.2.5 Ion exchange ............................................................................................................................  11

5.2.6 Other methods .........................................................................................................................  11

5.3 Targeted removal of arsenic ......................................................................................................  12

5.3.1 General .....................................................................................................................................  12

5.3.2 Adsorption ................................................................................................................................  12

5.3.3 Flocculation ..............................................................................................................................  12

5.3.4 In-situ treatment in the aquifer ..................................................................................................  12

5.4 Monitoring ................................................................................................................................  13

5.5 Disposal ...................................................................................................................................  13

6 Nickel ......................................................................................................................................  13

6.1 General .....................................................................................................................................  13

6.1.1 Relevance, occurrence and properties......................................................................................  13

6.1.2 Preliminary assessments for method selection .........................................................................  13



4 DVGW W 249 Standard

6.2 Removal of nickel within the scope of existing treatment processes .........................................  14

6.2.1 Iron removal and manganese removal ......................................................................................  14

6.2.2 Deacidification filtration ............................................................................................................  14

6.2.3 Softening ..................................................................................................................................  14

6.3 Targeted removal of nickel ........................................................................................................  15

6.3.1 Adsorption at manganese oxide ...............................................................................................  15

6.3.2 Selective ion exchange .............................................................................................................  15

6.4 Monitoring ................................................................................................................................  16

6.5 Disposal ...................................................................................................................................  17

7 Uranium ...................................................................................................................................  17

7.1 General .....................................................................................................................................  17

7.1.1 Relevance, occurrence and properties......................................................................................  17

7.1.2 Preliminary assessments for method selection .........................................................................  18

7.2 Removal of uranium within the scope of existing treatment processes .....................................  18

7.2.1 General .....................................................................................................................................  18

7.2.2 Iron removal and manganese removal ......................................................................................  18

7.2.3 Flocculation ..............................................................................................................................  18

7.2.4 Membrane-based softening methods .......................................................................................  18

7.3  Targeted removal of uranium....................................................................................................  19

7.3.1 Ion exchange ............................................................................................................................  19

7.3.2 Membrane-based methods.......................................................................................................  20

7.4 Monitoring ................................................................................................................................  20

7.5 Disposal ...................................................................................................................................  20

8 Operation of fixed bed adsorbers ..........................................................................................  21



5DVGW W 249 Standard

Preamble

This code of practice has been prepared by the Project Group ”Removal of Inorganic Substances“ in the 

Technical Committee ”Water Treatment Methods“. It serves as basis for the removal of arsenic, nickel and 

uranium within the scope of drinking water treatment. Occasionally, arsenic, nickel and uranium reach 

concentrations in water used for drinking water abstraction that can necessitate the removal of these 

substances.

This Code of Practice describes the most important rules, which shall be observed when assessing the 

necessity of treatment measures to reduce the concentration of these substances and when selecting 

suitable treatment measures. It is assumed that measures have been examined and where necessary 

taken to prevent or minimise the introduction of these substances into the water in the first place and that 

these measures were not successful. The Code of Practice will make reference to such measures, but will 

not deal with them in detail.

Bonn, July 2012
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