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„KORA - Kontrollierter natürlicher Rückhalt und Abbau von Schadstoffen bei der Sanierung kontaminierter Grundwässer und Böden“

Joint effort:  KORA = Controlled natural attenuation 

for the remediation of contaminated groundwater and soil

Starting in 2003, the German Ministry of Research (BMBF) financed 74 projects 
(KORA) as a joint effort to investigate natural attenuation processes on sites 
contaminated with tar oil. 

In the course of KORA NSO-Het were also analyzed besides PAH. 

For the contaminant plume 20 priority pollutants (NSO-Het) were identified 
according to the properties of substance and site (ARCADIS, 2007).  

ARCADIS (2007): Heterozyklische Aromaten und andere teeröltypische Schadstoffe im Grundwasser –

Bewertung der Stoffeigenschaften und des Vorkommens im Hinblick auf das Potenzial an natürlichem Rückhalt 

und Abbau. Bearbeiter: J. Blotevogel, T. Held, G. Rippen, P. Wiesert, ARCADIS Consult GmbH, Darmstadt. 

Abschlussbericht im Förderschwerpunkt KORA, Themenverbund 2, 1.Projekt, Teil A im Auftrag des BMBF, Bonn, 

31. 3. 2007

tar oil.
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Significance Thresholds (GFS) for NSO-Heterocycles

• KORA (BMBF - joint effort)
• 256 Heterocycles including isomers

– Groundwater plume

• 20 Priority pollutants + 31 Isomers = 51 Substances

• Altlastenforum (working group)
– Center of contamination

• Expanded to 26 priority pollutants + isomers

• In total (including isomers): 71 priority pollutants

• Subcommittee: revised method of selection according to LAWA-criteria of

deriving significance thresholds (only properties, not frequency in GW) 

added 10 pollutants ranked highest + isomers→ 92 Substances

• Search for data � 12 GFS + 1 cumulative value

Altlastenforum (2008): NSO-Heterocyclen: Vorkommen, Analytik, Beurteilung – Hinweise für die Praxis –. 
Bearbeiter: Kern, F.; Möhser, H.; Reinhard, M.; Sagner, A.; Sorg, K.-P.; Tiehm, A.. Altlastenforum Baden-
Württemberg e.V., Schriftenreihe Heft 12

Table 1: Pollutant Priority According to Mobility, Persistence, and Toxicity for Humans 
and the Ecosystem 

Block of 
Criteria 

(BC) 
        

Parameter 

Weighting 
factor 

Unity 

Points 

 C  BC  5 4 3 2 1 

Chemico-
physical 

parameters/ 
Mobility 

Odor threshold 0 

6 

µg/m³ <1 1 - < 10 10 -< 100 100 - < 1000 > 1000 

Water solubility 
2 mg/l >  10.000 

1.000 - < 
10.000 

100 - < 1.000 10  - < 100 < 10 

Henry-Coefficient 
1   >4* 10

-2 
 

4*10-3 - <4*10-

2
 

4*10
-4 

< 4*10
-3

 
4*10-6 - <4*10-

4 
 

>4*10
 -6

 

Koc 
2   < 10 10 - < 100 100 - < 1.000 

1.000 - < 
10.000 

>  10.000 

Microbial 
degradation/ 
Persistence 

Degradation aerobic 

0,2   
Persistence 

demonstrated 
  

Degradation 
not 

determined 

Both, 
degradation and 

persistence 
found 

Degradation 
demonstrated 

Degradation 
denitrifying 

0,1   
Persistence 

demonstrated 
  

Degradation 
not 

determined 

Both, 
degradation and 

persistence 
found 

Degradation 
demonstrated 

Degradation  
Fe-reducing 

0,3   
Persistence 

demonstrated 
  

Degradation 
not 

determined 

Both, 
degradation and 

persistence 
found 

Degradation 
demonstrated 

Degradation  
sulfate-reducing 

0,3   
Persistence 

demonstrated 
  

Degradation 
not 

determined 

Both, 
degradation and 

persistence 
found 

Degradation 
demonstrated 

Degradation 
methane-reducing 

0,1   
Persistence 

demonstrated 
   

Degradation 
not 

determined 

Both, 
degradation and 

persistence 
found 

Degradation 
demonstrated 

Toxicity for 
humans 

Carcinogenic  
in humans 

3 

6  

  positive   
data lacking 

or 
insufficient 

  negative 

Genotoxic (only the 
hihger one  of the two 
„KORA“-values for  
„mutagenicity“  
and „genotoxicity“ is 
considered) 

 3   
(5 Points are  

not 
assigned) 

positive  
(even if only 
in one test 

system) 

negative and 
positive in 

the same test 
system  

no data negative 

Ecotoxicity 

Fish 1 

5  

mg/l <1 1 - < 10 10 - < 100 100 - < 1.000 > 1.000 

Green algae 1 mg/l <1 1 - < 10 10 - < 100 100 - < 1.000 > 1.000 

Bacteria 1 mg/l <1 1 - < 10 10 - < 100 100 - < 1.000 > 1.000 

Crustaceans  2 mg/l <1 1 - < 10 10 - < 100 100 - < 1.000 > 1.000 

Site 
assessment 

Frequency in 
groundwater 

 0               
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Significance Thresholds (GFS) for NSO-Heterocycles

Result of Ranking:

• The list of priority pollutants for the 
contamination center (Altlastenforum) and the 
contaminant plume (ARCADIS) was not adopted 
unchanged, 

• but expanded by substances of a high hazard 
potential according to their toxicological 
properties. 

• Only the 10 highest ranked substances were 
added (plus isomers and substances of equal 
rank). 

Additional Priority Pollutants
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How to derive Significance Thresholds (GFS) 

as Criteria for Contaminated Groundwater

The significance threshold (GFS) substantiates
for single substances or groups of  substances the 
concept of „damage“ in the German Water Act (WHG, 
2009*). 

§ 1 Purpose   It is the purpose of this law to protect through sustainable  water resources 

management  the water bodies

•as elements of the ecosystem, 

•as natural basis of human life, 

•as habitat for animals and plants and 

•as usable resource. 

Section 1

*BGBl I, S. 2585ff

German Water Act (WHG, 2009)*

*BGBl I, S. 2585ff

§ 3 Definitions 10. Damaging alteration of the water: Changes of  the properties of a body of water, 

which impair the public welfare, especially the public water supply…

§ 6 General Principles of Water Management

1. Purpose: …to protect a body of water against detrimental changes of its properties…

2. …to compensate as much as possible impairments, that are not insignificant…

§ 48 Groundwater pollution abatement 

(1) ..permission to  discharge and introduce chemical substances into the groundwater may not be granted, 

unless a detrimental change of the water quality is not to be feared …

(2) Chemical substances may only be stored in such a way that a detrimental change of the water 

quality is not to be feared …

§ 62 …handling of substances hazardous to water 

(1) … a detrimental change of the properties of water bodies is not to be feared …
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Significance Threshold*

What magnitude of groundwater impairment is ‚not insignificant‘?

Concentrations in groundwater (exceeding background) 

can be classified as insignificant only if

• no relevant ecotoxicological effects are
exerted in or due to the groundwater, and

• the groundwater complies with the 
requirements of the German Drinking Water 

Ordinance (or values derived correspondingly). 

*LAWA (2004)

Criteria for the Significance Threshold

according to the German Drinking Water Ordinance*

Groundwater contaminants without a drinking water limit value

must meet 3 criteria. 

Their concentration must be:

*TrinkwV (2001)

Harmless for human health [TrinkwV § 6(1)],

aesthetically unobjectionable [TrinkwV § 4(1)].

minimized at reasonable expense according to
the best available technology [TrinkwV § 6(3)], and
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no

Scheme to derive significance threshold (GFS) values

I Assessment of health effects/

sensory thresholds (priority)

Lower value

Value from

I.1 or II.1?

Value < 0,01 µg/l ?

Proven

effect < 0,01 µg/l ? 

yes

yes

no

1. EQS

2. PNEC (aquat.)

3. Other

1. Drinking water limit value

2. According to TrinkwV; 

Basis: Toxicological data

II Assessment of ecotoxicological 

effects (priority)

no

yes

GFS = value GFS = 0,01 µg/l

Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

2nd Priority Basis for Significance Threshold (LAWA, 2004)

for NSO-Het (case I.2 or II.2)

• PNEC (predicted no effect concentration); NOECmin (no observed effect

concentration of the most sensitive species: Algae, Crustaceans, Fish); 

NOECmin/AF = PNEC (AF ≥ 10 according to data gaps)

• according to DRINKING WATER ORD.
– TDI (tolerable daily intake for non-carcinogens)

– added life time risk of 10-6 (for carcinogens)

– odor detection threshold

LAWA (2004) online available at: http://www.lawa.de/documents/GFS-Bericht-DE_a8c.pdf
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Example: Benzothiophene data sheet 

Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

Significance Thresholds for NSO-Het

• Data search for 92 substances (46 plus 46 isomers)

• Result:

Ecotox-data for 24 substances

Human tox-data for 8 substances

• � in principle, GFS possible for 24 substances,

• but…
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Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

�Review of PNEC by means of HRIV (UBA, 2003)

UBA (2003) Bundesgesundheitsblatt 46, 249-251

Results of human- and ecotoxicological assessments  may be very far apart from 
each other, e.g.: 

The HRIV (upper bound of precautionary zone) is  as high as possible 
and as low as necessary to compensate the lack of data. With the HRIV 

the Federal Environment Agency has created a criterion, that includes
� Precautionary aspects and the 
� Experience from assessments of dw-contaminants conducted earlier

to bridge the data gap. 

Check PNEC by means of HRIV (health related indication value for non-assessables)

human tox value _PNEC_
Piperazine (14 µg/l, uncertain, AF = 6000) 90 ���� 1250 µg/l

Compliance with the piperazine-PNEC obviously does not suffiently protect
the gw as dw-resource.

Assessment of the presence of partially or non-assessable substances in dw 
The HRIV as the Upper Bound of the Precautionary Zone (UBA-recommendation, 2003)

Plus:

Chronic Tox. 

tested? YES!

≤0,01 
(HRIV2)

≤0,1 to >0,01 
(HPV1)

≤0,3 to 
>0,1 

(HRIV3)

Toxicological warning 
thresholds

≤1,0 to

>0,3 
(HRIV4)

≤3,0 to 

>1,0 
(HRIV5)

alternatively:

Informative 

SAR

existing?

Plus:

Chronic Tox 

tested? NO!

Plus:

Subchron 

Tox 

tested? 

NO!

Plus:

Immun-

and 

Neurotox 

tested? 

NO!

Test:

Weak or non

genotox.? 

YES!

Test:

Strong 

geno-

tox.? 

YES!

H
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 [
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/l
]

>
 0
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>3,0
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1. Significance threshold (+ basis + value suggested by KORA)

Nr. Name KORA
GFS

[µg/l]

Basis [µg/l]

Human tox. Sensory Ecotox.

1 Acridine 0,08
(HRIV: 0,1 -

0,3)
-- 0,08

2 Benzo/b)thiophene 0,3 (HRIV: 0,1) -- 0,3

3 Benzofuran 0,01* 1,8 2,7 -- 1,8

4
Benzotriazole und Me-

Benzotriazoles
40

-

-

--

--

40

75

5 Carbazole 0,1* 0,2 10 -- 0,2

6 Quinoline 0,01* 0,01 0,002 16 0,4

7 Coumarin 4,7 4,7 50 8

8 Dibenzofuran 0,01** 0,4 (HRIV: 0,3) 120 0,4

9 Dibenzothiophene -- (HRIV: 0,1) -- 0,6

10 2,6-Dimethylquinoline 0,01** -- (HRIV: 0,1 - 0,3) -- 1,9

11 Furan 0,35 0,35 50 000 --

12 2-Hydroxybiphenyl 0,1* 0,7 100 400 0,7

13 Indole -- (HRIV: 0,1) 300 0,9

14 Isoquinoline 0,01** --
(HRIV: 0,1 -

0,3)
-- 4

*Genotoxicity   **High toxic potential

Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

Nr. Name KORA
GFS

[µg/l]

Basis [µg/l]

Human tox. Sensory Ecotox.

15 Me-Quinolines 0,01** -- (HRIV: 0,1) -- 2,2

16 Piperazine -- (14) -- 1250

17 Pyridine 0,5 3,5 0,5 1,1

18 Pyrrol -- 10 000 -

19 Thiophene -- (HRIV: 0,3) -- 13

20 Xanthene -- (HRIV: 0,1) -- 0,4

21 2,3-Dimethylbenzofuran 0,01** 0,3 (HRIV: 0,1) -- 0,3

22 2-Methylbenzofuran 0,01** -- (HRIV: 0,1) -- 3,2

23a 3-Methylbenzothiophene 0,01** -- (HRIV: 0,1) -- 2,6

23b 5-Methylbenzothiophene 0,01** -- (HRIV: 0,1) -- 14

24 Benzo(b)thiophene-1,1-dioxide -- (HRIV: 0,1) -- 14

∑ 12 7-8�3 8�1 24�8

25
Σ PAH 

(incl. NSO-Het without value)
0,2

(HRIV: 0,1 -
0,3)

26 Acridinone 0,01**
--

27 Benzothiophene 0,01**
--

28 Quinolinones 0,01**

*Genotoxicity   **High toxic potential

2. Significance threshold (+ basis + value suggested by KORA)
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Nr. Name
KORA GFS

[µg/l]

30 Me-Quinolinones 0,01**
--

31 Me-Dibenzofurans 0,01**
--

32 Me-Isoquinolinones 0,01**
--

33 Phenanthridinone 0,01**
--

34 Xanthenone 0,01**
--

3. Significance threshold (+ basis + value suggested by KORA)

Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

The German States‘ Water Consortium (LAWA) derived significance thresholds to
assess groundwater contaminated with heterocyclic compounds. 
12 values were derived plus a lumped parameter for PAH including the NSO-Het,
which are not characterized sufficiently by (eco)toxicological data.

Based on work completed by the BMBF-joint project KORA a LAWA-subcommittee
selected 92 priority pollutants from 256 single substances
according to different criteria such as mobility, persistence, human- and
ecotoxicity.  

Contaminations of the groundwater can be classified as insignificant only if
if they are not  ecotoxic and
comply with the requirements of the German Drinking Water Ordinance

or values derived accordinly: harmless for human health and
aesthetically unobjectionable. 

Evaluation of NSO-Het and Significance Thresholds (GFS) 
for the Management of Groundwater Contaminations

Summary (1)
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Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

Summary (2)

For all 92 priority pollutants 
data for the assessment according to these criteria were searched. 

Out of 24 substances, which fully or partially fulfilled the data requirements, 
only 12 passed the test of comparing them with the HRIV (health related indication 
values) devised by the German Federal Environment Agency (UBA). 
Significance thresholds were derived for these 12.

As a result of the data evaluation less stringent values could be derived for almost 
all of the NSO-Het (LAWA, 2011) than suggested earlier (ARCADIS, 2007). 

ARCADIS (2007): Heterozyklische Aromaten und andere teeröltypische Schadstoffe im Grundwasser – Bewertung der Stoffeigenschaften und des 
Vorkommens im Hinblick auf das Potenzial an natürlichem Rückhalt und Abbau. Bearbeiter: J. Blotevogel, T. Held, G. Rippen, P. Wiesert, ARCADIS 
Consult GmbH, Darmstadt. Abschlussbericht im Förderschwerpunkt KORA, Themenverbund 2, 1.Projekt, Teil A im Auftrag des BMBF, Bonn, 31. 
3. 2007
LAWA (2011): Ableitung von Geringfügigkeitsschwellenwerten für das Grundwasser – NSO-Heterozyklen. Hrsg.: Länderarbeitsgemeinschaft 
Wasser, http://www.lawa.de/documents/Bericht_NSO_Heterozyklen_9f8.pdf

Evaluation of NSO-Het and Significance Thresholds (GFS) 
for the Management of Groundwater Contaminations

Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

Compiled by the Subcommittee “Significance Thresholds for Heterocycles” of the Permanent 
Committee „Groundwater and Water Supply“ of the German States‘ Water Consortium 2009 / 2010

Dieter, PD Dr. Hermann H. Federal Environment Agency

Frank, Dr. Dieter Landesamt für Umwelt- und Arbeitsschutz, Saarland

Herrmann, Dr. Heide Hessisches Landesamt für Umwelt und Geologie

Konietzka, Rainer Federal Environment Agency 

Moll, Brigitte (chair) Behörde für Stadtentwicklung und Umwelt, Hamburg

Six, Ellen Federal Environment Agency 

Stockerl, Dr. Rudolf Bayerisches Landesamt für Umwelt

von der Trenck, Dr. K. Theo Landesanstalt für Umwelt, Messungen und Naturschutz

Baden-Württemberg

In the name of the subcommittee: 

Thank you very much for your interest!

Evaluation of NSO-Het and Significance Thresholds (GFS) 
for the Management of Groundwater Contaminations
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Nr Name
Produkt 
Schad-

stoff-

wirkung  

/ 100

GFS 

[µg/L]

1 Benzopyran-2-on (Cumarin) 161 4,7

2 Propylpyridin, 2- 161

2 Propylpyridin, 3- 115

2 Propylpyridin, 4- 115

3 Dihydroxypyridin, 2,3- 96

3 Dihydroxypyridin, 2,6- 159

3 Dihydroxypyridin, 2,5- 144

3 Dihydroxypyridin, 3,4- 134

3 Dihydroxypyridin, 2,4- 133

4 Hydroxyindol, 3- 153

5 Trimethylthiophene 128

6 Ethylthiophen, 2- 128

7 Methylpyrrol, 1- 125

8 Piperazin 123 (14)

9
Benzo(b)thiophen-

1,1-dioxid
122

10 Dimethylfuran, 2,4- 122

10 Dimethylfuran, 2,5- 122

11 Acridinol, 4- 122

Deconstruction of the Manufactured Gas Plant in Geislingen/Steige
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März 2003

http://www.umweltdaten.de/wasser-e/empfnichtbewertbstoffe-english.pdf


