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SIGN IN 
 
1. Use homepage for registration: http://webtool .life-combase.com/ 
2. SIGN IN 
 
To such purpose you will need to provide: 
 
•Name 
•Valid Email address 
•Name of entity 
•Type of user (select corresponding option from the list provided) 
•Password 
 
3. You must then accept all Terms and conditions. 
 
4. Click Register. 
 
5. Check your inbox, since an email has been sent for you to activate your account (it may take few 

minutes until receiving the activation message). 
 
6. Once registered, you can access COMBASE Webtool via LOGIN (User name and Password needed for 

log in step). 
 
PASSWORD RESET 
 
1. Click on the option: Forgot your password? 
 
2. Provide a valid email address 
 
3. Check the inbox of your email, since a message has been sent for you to reset your password (it may 

take few minutes until receiving the reset message). 
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The experimental data prevail over the data obtained from computational chemistry. Consequently, the 
user will need to verify if experimental data exist for the chemicals of interest. Two SEARCH options are 
available: 
 

1. SEARCH SUBSTANCE ON DATABASE ς For registries contained in the database. 
2. CALCULATE PREDICTIVE ECOTOXICITY VALUESς For predictive information based on 

computational models. 
 
The most suitable parameter to be introduced in the search engine is the SMILES of the compound of 
interest, though other terms such as principal name are accepted for substances on the data base.  
 
For the retrieval of the predictive information (search option 2) the SMILES (canonical SMILES of the 
neutral form) of the substance of interest is the only parameter accepted. Any other term will lead to an 
error screen. The SMILES corresponding to the substance of interest can be obtained from an external 
tool such as ChemSpider [http://www.chemspider.com] or PubChem 
[https://pubchem.ncbi.nlm.nih.gov]. Additional information related to SMILES can be accessed at 
http://www.daylight.com/dayhtml/doc/theory/theory.smiles.html  
 
NOTES ON THE INFORMATION FROM THE DATA BASE 
 
The methodology used for data base compilation is carefully detailed in: Hernández-Moreno, D.; 
Blázquez, M.; Andreu-Sánchez, O.; Bermejo-Nogales, A.; Fernández-Cruz, ML. (2018) Acute hazard of 
biocides for the aquatic environmental compartment from a life-cycle perspective. Science of the Total 
Environment. 658: 416-423. This database contains biocidal active substances that were approved or 
under review when the initial selection of substances was done. From these substances, free radicals 
generated in situ from ambient air or water, microorganisms, inorganic compounds and elements, plant 
extracts, etc. were disregarded since these are not suitable to be used in in silico methods. It is noted 
that the information was originally compiled with the target of generating datasets for models 
development.  
 
This implies that: 
 
1. Not all biocidal active substances contained in the database are actually approved or under review, 

since during the review programme some of those substances might have been rejected (Example: 
Empenthrin). Such registries have been maintained and indicated as Not Approved /  No longer 
supported. 
 

2. Some biocidal active substances that are approved or under review are not contained in the 
database, due to the fact that those chemicals are not suitable to be used in computational science. 
 

The only official database of biocidal active substances is that of ECHA: https://www.echa.europa.eu/  
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Advanced Search 
 
The advanced search allows user to select: 
 
1. Toxicity category according to the CLP's* L(E)C50 thresholds for aquatic organisms: 
 
 
 
 
 
 
 
 
 
 
 
2. EndPoint of interest: 
 
•Fish in vivo 
•Fish in vitro  
•Daphnia /  Invertebrates  
•Algae  
•Microorganisms 
 
If a Toxicity category but no EndPoint is selected, all substances having information within that category 
in any EndPoint will be shown. On the contrary, if no Toxicity category but one or several EndPoints are 
selected, the tool will show all the substances with any information corresponding to those selected 
EndPoints. 
 
Note that Fish in vitro values have not been used for substance categorization. Thus, if Fish in vitro 
EndPoint is selected along with any Toxicity category it will lead to: No results found. If Fish in vitro 
EndPoint is selcted along with any other EndPoint, the tool will automatically unmark it in order to show 
the data corresponding to the rest of EndPoints for which toxicity categorization has been applied. 
 
*CLP: Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 
2008 on classification, labelling and packaging of substances and mixtures. 
 
 

EC50 Categories of toxicity 

м όҖ м ƳƎκ[ύ High toxicity 

н όҔм ǘƻ Җ мл ƳƎκ[ύ Medium toxicity 

о όҔмл ǘƻ Җ млл ƳƎκ[ύ Low toxicity 

4 (>100 mg/L) Non-toxic 

Fig. 1. L(E)C50 Thresholds and corresponding categories of toxicity 
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Advanced Search 
 
3. Status (in relation to the BIOCIDES PRODUCT REGULATION ςBPR*-, it is only available for chemical 
substances, not for metabolites or components):  
 
•U.R. : Substance Under Review 
•Approved: Since approval is granted for a particular Product Type (PT), the database includes all 4 

Main Groups (MG) of Biocidal Active Substances and their corresponding PTs (in agreement with BPR). 
The user can select an especific date in the section άUntilέΣ by clicking on the symbol of the calendar. 

•Not Approved /  No longer supported 
 
If no PTs are selected, the substances shown are the ones that match any PT. On the contrary, if a PT is 
marked, the substances that match with the PT selected are shown. If no approval date is indicated, all 
the substances approved until the current date will be shown. 
 
Substances on the database are classified as: 
 
•Substance ς This refers to άBiocidal active substanceέ. 
•Metabolite ς This refers to metabolites of ecotoxicological relevance as identified in the different 

sources of information investigated for database compilation (mainly assessment reports from the 
ECHA). The complete list of sources for mteabolitesΩ identification is referred in Hernández-Moreno et 
al (2018). 

•Component ς The present term applies to very specific biocidal active substances that are integrated 
by more than one component. Examples: 

- Spinosad typically contains spinosyn A and spinosyn D in a ratio of 85:15 (w/w) 
- Abamectin (ISO) is a mixture of avermectin B1a (min 80%) and avermectin B1b (max 20%) 

 
It is noted that: 
 
•One chemical can be both substance and metabolite. Those cases currently on the database are 

hereby identified: 
- Benzoic acid, 
- Boric acid, 
- Monobromoacetic acid, 
- Formaldehyde, 
- Formic acid 

•One metabolite can be generated as a result of environmental reactions on different parent 
compounds.  

 
*BPR: Regulation (EU) No 528/2012 of the European Parliament and of the Council of 22 May 2012 
concerning the making available on the market and use of biocidal products 
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Advanced Search 
 
The list of all substances will be shown if clicking in the bottom Search of the Advanced Search Filters 
section although any filter is marked. However, the field of general searches must be completed with at 
least one character, in order the tool let the user click on the option Search Substance on the Database. 
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Information on database 
 
1. BASIC INFORMATION 

 
1.1. Identification Data 

 
Identification data provides information on Substancés principal name and alternative name; EC 
number; CAS number; and the SMILES of the Neutral From (when available). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
1.2. 2D Drawing 
 
The 2D DRAWING of the substance of interest has been developed using JSME Molecule Editor 
(https://peter -ertl.com/jsme/). If no SMILEs is available for the selected substance, the option of 2D 
drawing will not be shown. 
 
 
 

Fig. 2. Substance Identification Data 

Fig. 3. 2D Drawing corresponing to the SMILES contained on database 
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1. BASIC INFORMATION 
 
1.3. Other information:   
 
 
 
 
 

 
 
 
 
 
 
 
 

•Type: Refers to the type of chemical. For the purpose of the development of the tool, these have been 
classified as ά{ǳōǎǘŀƴŎŜέΣ άaŜǘŀōƻƭƛǘŜέ and ά/ƻƳǇƻƴŜƴǘέ as introduced earlier. For substances 
classified as άaŜǘŀōƻƭƛǘŜέ or ά/ƻƳǇƻƴŜƴǘέΣ corresponding parent compound(s) are listed. 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
•Toxicity information: The corresponding toxicity for the four trophic levels of interest is presented in a 

visual mode by toxicity category labeling (Red, Orange, Yellow or Green). 
  
•Notes: On the section άbƻǘŜǎέ the use of expert criterion for substances categorization is described. 

Theoretically, the most restrictive (lowest) value has been selected for label assignment on a 
conservative approach. However, this assignment has been evaluated on a case by case basis and it 
can be that the lowest value does not strictly correspond to the toxicity category that should 
theoretically be attributed to it. Additionally, this section also makes reference to any type of specific 
comment that needs to be clarified. 

Fig. 4. Other information on database 

Fig. 5. Example ƻŦ άOther Informationέ Řŀǘŀ  corresponding to a chemical classified ŀǎ άMetaboliteέ  
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1. BASIC INFORMATION 
 
1.4. Status in relation to the BPR: 
 
Information is provided in relation to the ǎǳōǎǘŀƴŎŜΩǎ status; on the table the date when the approval 
period ends is presented for specific PTs.  
 
The first example represents substances that have been approved, the date being indicated as 
dd/mm/aaaa.   
 
 
 
 
 
 
 
The second table is presented for substances which are ά¦ƴŘŜǊ wŜǾƛŜǿέ (UR) and άbƻǘ Approved or No 
longer ǎǳǇǇƻǊǘŜŘέ (NA): 
 
 
 
 
 
 
 
 
The only official source of information in order to have the most up to date information in relation to 
ǎǳōǎǘŀƴŎŜΩǎ status is the official database of the ECHA (https://www .echa.europa.eu/).  
 
The information contained on COMBASE Webtool for substance status in relation to the BPR will be 
reviewed and updated by INKOA with a six months periodicity. 
 
 
 
 

 
 
 
 
 

Fig. 6. Substance status in relation to the BPR. Example of approved substance.  

Fig. 7. Substance status in relation to the BPR. Example of substance under review and/or not 
approved  
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1. BASIC INFORMATION 
 

1.5. Information in relation to environmental degradation processes: 
 
The information hereby reported mainly correspond to the data contained in the Assessment Reports on 
the official database of biocidal active substances of the ECHA. The complete list of sources in relation to 
environmental degradation processes is referred in Hernández-Moreno et al (2018). 
 
This section includes: 
 
•LogP: octanol/water partition coefficient 
•BCF (L/Kg): Bioconcentration Factor 
•Half life (indicated as d ; days)*: the time it takes for half to be removed by biological processes 
•Environmentally relevant degradation reactions 
 
 
 
 
 
 
 
 
 
 
 
1.6. PNEC values: 
 
The PNEC values hereby reported mainly correspond to the data in the Assessment Reports on the 
official database of biocidal active substances of the ECHA. 
 
•Freshwater PNEC (Predicted No Environmental Effect Concentration) value. Note: for substances N-(n-

octyl)malonamic acid (NNOMA) and N-(n-octyl)acetamide (NNOA), the PNEC presented corresponds to 
Saltwater PNEC (mg/L) 

 
•STP (Sewage Treatment Plant) PNEC value 
  

 
 
 
 
 

Fig. 8. Information in relation to environmental degradation processes 

Fig. 9. Freshwater and STP PNEC values 
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2. ECOTOXICOLOGICAL INFORMATION 
 
 
 
 
 
 
 
 
 
Effects have been compiled for the different trophic levels pertaining to the freshwater compartment 
when available, including Fish (in vivo and in vitro), Invertebrates and Algae Data corresponding to STP 

Microbial have also been incorporated. Use the + option to visualize all registries under each EndPoint. 

 
2.1. in vivo toxicity information 
 

For each registry of in vivo effects the next data are provided (when available): 
- Reference 
- Substance provider 
- Chemical form (neutral, salt) 
- Purity 
- Hazard data: LC50 ςLethal concentration 50-; EC50 ςMedian Effective concentration-; NOEC ςNo effect 
Concentration-. 
- Experimental value (units mg/L or ppm) 
- Species name 
- Age/Length/Weight* (for fish and invertebrates only) 
- Exposure time (H). Days are explicitly indicated as D. 
- Endpoint 
- Assay official reference 
- Others 
 
 
 
 

Fig. 9. Items of ecotoxicological information 
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2. ECOTOXICOLOGICAL INFORMATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2. in vitro toxicity information 
 

For each registry of in vitro effects the next data are provided (when available): 
- Reference 
- Substance provider 
- Chemical form (neutral, salt) 
- Purity 
- Hazard data: LC50 ςLethal concentration 50-; EC50 ςMedian Effective concentration-; NOEC ςNo effect 
Concentration-. 
- Experimental value (units mg/L or ppm) 
- Cell type 
- Species name 
- Exposure time (H). When days it is explicitly indicated as D. 
- Endpoint 
- Cytotoxicity Assay 
 
 
 
 
 
 
 

Fig. 10. Items of registries of in vivo ecotoxicological information. Example for in vivo toxicity in fish. 

Fig. 11. Items of registries of in vitro ecotoxicological information for fish. 
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2.3. General remarks  
 
•Out of the registries available, the registry with the lowest value has been selected in order to 

categorize the substance in agreement with the CLP. Upon selection a Red, Orange, Yellow or Green 
label is assigned to such particular trophic level (fish, Daphnia, algae, microorganisms). Please refer to 
the section άbƻǘŜǎέ in case of discrepancies at the present regard. 

 
•Formulated products have been indicated with a purple line in the initial point of the registry  . This 

applies to all products with a purity lower than 80%.  
 
•Registries corresponding to effects measured as a result of chronic assays have been indicated with a 

red line at the initial point of the registry   . 
 
Neither Formulated Products nor Chronic effects have been used for label assignment. No label has been 
assigned to in vitro fish toxicity values either. 
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3. IDENTIFIED METABOLITES IN AQUATIC MEDIA INFORMATION 
 
 
 
 
 
 
 
 
 
 
 
When available, metabolites of environmental relevance as identified in the corresponding assessment 
reports of the ECHA are shown. Only generic information data on these compounds is shown including: 
 
- Name 
- EC Number 
- CAS Number 
- Toxicity Information (category) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12. Metabolites in aquatic media. Shown if available only 
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Hereby detailed information will be provided when selecting the search option ά/![/¦[!¢9 
PREDICTIVE ECOTOXICITY ±![¦9{έ or the option ά!//9{{ TO PREDICTIVE INFORMATION ON THE 
SUBSTANCE AND CORRESPONDING a9¢!.h[L¢9{έ on the main Search screen. 
 
1. BIOCIDAL POTENTIAL 
 
The Biocide potential (Biocide- like, RED; Non Biocidal- like, GREEN) 

 
The Biocide potential is given so that the users know if the SMILES used corresponds to a chemical 
structure that can be used with biocidal potential or not. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Additional items on this screen include: 
 
•Your SMILES (original SMILES introduced by the user) 
•2d Drawing corresponding to ά¸ƻǳǊ {aL[9{έ. 
 

Fig. 13. 2D Drawing corresponding to άYour {aL[9{έ 
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2. LIST OF PREDICTIVE METABOLITES 
 
COMBASE Webtool includes a modified version of the EAWAG BBD Tool (http:// eawag-
bbd.ethz.ch/aboutBBD.html) for the prediction of metabolites taking place in environmental degradation 
reactions. The list of reactions is provided as Annex I to the present manual. 
 
Possible ERROR messages when using the EAWAG DBB Tool include: 
 
No rules can be applied to the given molecule  
 
No metabolites found to the given molecule  
 
Invalid SMILES: Conversion from SMILES: unable to parse SMILES string 
 
One of the possible reasons of an error message is that the SMILES introduced pertains to a substance 
that is a salt. This is due to the fact that the substances with that chemical form are not susceptible to be 
used in QSAR models and/or the mechanism underlying the predictive outcomes of EAWAG DBB. 

Fig. 14. Error message ς No metabolites are predicted 
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2. LIST OF PREDICTIVE METABOLITES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user must select those predictive metabolites for which predictive ecotoxicity values are desired and 
then press the ά/![/¦[!¢9 PREDICITVE ECOTOXICITY ±![¦9{έ button. If no metabolites are selected 
predictive ecotoxicity values will be provided for ά¸ƻǳǊ {aL[9{έ only. 
 
NOTE: The metabolites predicted by EAWAG BBD Tool might correspond or not to the metabolites of 
environmental concern as identified on the database (for substances contained on the database only). 
 
 

Fig. 15. Example. List of predicted metabolites. Compounds are identified as SMILES. Under the 
SMILES of the predicted metabolite the corresponding environmental degradation reaction upon 
which such chemical is generated is shown.   
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ά/![/¦[!¢9 PREDICTIVE ECOTOXICITY ±![¦9{έ provides predictive information regarding 
ecotoxicological effects for Fish acute toxicity; Daphnia acute toxicity; Algae acute toxicity and 
Microorganisms. 
 
The user can select some or all the metabolites of the substance of interest in addition to the parent 
compound. If no metabolites are selected, predictive information will be provided for the parent 
compound only (chemical corresponding to ά¸ƻǳǊ {aL[9{έύ. 
 
1. PREDICTIVE INFORMATION OF THE MAIN SUBSTANCE όά¸ƻǳǊ {aL[9{έύ 
 
The predicted toxicity information of the substance of interest is shown next: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Items displayed include: 
 
1. Your SMILES (original SMILES searched) 
 
2. Standardized format SMILES [VEGA]*  
 
*The second SMILES provided is due to the fact that VEGA [www.vegahub.eu], the tool on which models 
have been integrated, checks the SMILEs format of the substance  and provides the SMILES according to a 
standardized format, reported together with the predicted value. 
 
3. The Biocide potential (Biocide- like, RED; Non Biocidal- like, GREEN), as introduced earlier. 
 
4. 2D Drawing (corresponding to the standardized SMILES) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 16. Ecotoxicological predictive information 
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5. EcoTox Predictive Values 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1. Predictive value 
 
The Predicted value is estimated using QSAR models that have been incorporated to the VEGA Tool 
including predicted LC50 data for fish acute toxicity; Daphnia acute toxicity; algae and microorganisms. 
The predicted value has been labelled following the same toxicity labelling criteria used for the assessed 
ecotoxicological information on the database (see Fig. 1). I 
 
NOTE: In the case of microorganisms only, when the green label is provided (Non-Toxic) no quantitative 
predictive value will be provided. 
 
5.2. Reliability of the predictive value 
 
The Reliability of the predicted value based on the ADI value* (LOW, MODERATE or GOOD). A 
quantitative figure for ADI is provided when the user screens over the three blue bullet points. 
 
*The ADI value provided in COMBASE Webtool is a criterion used by VEGA for defining Applicability 
Domain (AD) of predictions. The values for this Index ranges from 0 (worst case) to 1 (best case) 
(Reference: https://www.vegahub.eu/download/vega-interpretation/). Three intervals are defined: the 
first interval corresponds to a positive evaluation, the second one corresponds to a suspicious evaluation 
and the last one corresponds to a negative evaluation. In case of low ADI, the use of alternative tools is 
suggested such as VEGA [www.vegahub.eu], TEST [https://www.epa.gov/chemical-research/toxicity-
estimation-software-tool-test] and EPISuite [https://www.epa.gov/tsca-screening-tools/download-epi-
suitetm-estimation-program-interface-v411]. 

Fig. 17. Detailed ecotoxicological predictive information 
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5.3. The Experimental value on modeĺ s dataset 
 
Depending on the compound of interest, the experimental value contained on ƳƻŘŜƭǎΩ dataset (list of 
compounds that have been used to produce the model) might be reported. If available, the experimental 
value will prevail over the predicted value.  
 
Two main notes apply in relation to the present value: 
 
1. Such experimental data might not be the same one as those contained in the Webtool database. This 

is due to the different sources selected for information retrieval, since for the database, compilation 
information contained in the assessment reports of biocidal active substances (when available) has 
been prioritized.  

 
2. The units of the values provided are expressed as: FIG 

 
Fish Acute (LC50) Toxicity model [-log(mmol/l)]  
Daphnia magna Acute (EC50) Toxicity model in [log(mmol/l)]  
Algae Acute (EC50) Toxicity model [log(mg/L)] 
Sludge (EC50) Toxicity model [log(mg/L)] 
 
In order to enable a comparison (both with the units in which predictive values are reported and also 
with the units of the LC50 registries on database these figures need to be converted: 
 
 

 
  
  
 
 
 
 
 

-log(mmol/ )l (10̂ (-value[log(mmol/L)]))*Molecular weight = value [mg/L] 

log(mmol/l) (10̂ (value[log(mmol/L)]))*Molecular weight = value [mg/L] 

log(mg/L) 10^value[log(mg/L)] = value [mg/L] 
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Predictive information is the same one as for parent compounds. 
 
The 2D drawing of the standardized SMILES corresponding to the selected metabolites is provided too. 

Fig. 18. Ecotoxicological predictive information of selected metabolites 
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In the BIOCIDE POTENTIAL & PREDICTIVE METABOLITES screen, under the 2D drawing of the substance of 
interest, the option Search similar SMILES will be shown.  

Fig. 19. Search similar SMILES option (red arrow) 
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The user can generate new substances with a similar SMILES and get predictive information as 
indicated in sections 3 and 4 of the present manual. This is a functionality of interest for users with 
basic chemical knowledge.  
 
The proposed tool is a radical replacer allowing the user to replace one or several radicals in one or 
more SMILES strings, obtaining as a result a new set of combinations from the original structures. To 
do this: 
•A template chemical coded as SMILES is introduced by the user.  
•A list of substituents that can be proposed to be placed in specific positions around the template 

is provided.  
 
The combination of template plus the substituents generates a list of new chemicals that can be 
evaluated by the computational models in order to select the most suitable ones for further studies. 
  

When clicking on the option Seach Similar SMILES, the following screen appears:  

Fig. 20. Generator of virtual chemical strutures 
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In detail 
   
On the ά¢ŜƳǇƭŀǘŜǎέ box the user must introduce templates as SMILES with the position to be 
replaced in the following format: [Rn], being n the number of the radical in the template. Such 
templates are built upon the original SMILES. This is why basic chemical knowledge is needed for the 
present functionality. 
  
Your SMILES: CCC(C1=CC=C(C)C=C1)=O 
  
Information on ά¢ŜƳǇƭŀǘŜǎέ box: C[R1]C(C1=CC=C([R2])C=C1)=O 
  
This template has been created by an advanced user starting from the original SMILES 
 
Information on the άǎǳōǎǘƛǘǳŜƴǘǎέ box: C 

CO 
Br 
F  
Cl 
Χ etc.  

 
On the ά{ǳōǎǘƛǘǳŜƴǘǎέ box the user must indicate a list of radicals to be incorporated into the 
template according to the useŕs interests, one per line. The order of the substituents in the list is no 
relevant at all, since all the substituents are combined with the template in all positions. 
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Data retrieved from database searches (section 1) and prediciive ecotoxicological information can be 
downloaded in an Excel file. 
 
LIFE COMBASE and the European Commission's LIFE Programme must be given credit of data are 
used beyond consultation. 
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Methodology for predictive environmental reactions (I) 
 
Metabolites can be stable and persistent or noxious to other members of an ecosystem; including the 
microorganisms that produce them. Pathways provide a guide to the probable reactions that 
contaminants may undertake including those that bear remote structural similarity. 
 
This is particularly important in perspective on the extending range of contaminants that is the 
consequence of the remarkable innovation of the chemical industry, and especially for the novelty of 
pharmaceutical and agrochemical products. 
 
There are databases for the prediction of industrially relevant microbial transformations. For example, 
the EAWAG Biocatalysis/Biodegradation Database contains information on microbial biocatalytic 
reactions and biodegradation pathways that are important for biotechnology applications 
(http://eawag-bbd.ethz.ch/). 
 
A database of environmentally relevant metabolic reactions has been generated on the basis of the 
sources cited next.  
 
•Roberts, T. (1998) Metabolic Pathways of Agrochemicals, Part One: Herbicides and Plant Growth 

Regulators, The Royal Society of Chemistry, Cambridge, UK. 
•Roberts, T. and Hutson, D. (1999) Metabolic Pathways of Agrochemicals, Part Two: Insecticides and 

Fungicides, The Royal Society of Chemistry, Cambridge, UK. 
•Kulkarni, S. A.; Zhu, J. and S. Blechinger, S. "In silico techniques for the study and prediction of 

xenobiotic metabolism: a review." Xenobiotica 35.10-11 (2005): 955-973. 
•Neilson, A.H.; Allard, A.-S. (2007)-Environmental Degradation and Transformation of Organic 

Chemicals CRC Press. 
•Wackett, L. P.; Ellis, L.B.M. (auth.); Boxall, A. B. A. (es.) (2009) The Handbook of Environmental 

Chemistry -Transformation Products of Synthetic Chemicals in the Environment-Springer-Verlag, 
London 

•Sinclair, C.; van Beinum, W.;  C Adams, C.; Bevan, R.; Levy, L.; Parsons, S.; Goslan,E. and Baumann. 
A,G. (2010) Desk Study on Pesticide Metabolites, Degradation and Reaction Products to Inform the 
LƴǎǇŜŎǘƻǊŀǘŜΩǎ Position on Monitoring Requirements The Food and Environment Research Agency, 
USA 

•Rudik, A. V., et al. "MetaTox: Web Application for Predicting Structure and Toxicity of ·ŜƴƻōƛƻǘƛŎǎΩ 
Metabolites." Journal of chemical information and modeling 57.4 (2017): 638-642. 
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Methodology for predictive environmental reactions (II) 
 
From these sources, the following types of reactions were selected due to their relevance: 
 
•Hydrolyses from ester or amide to carboxylate and alcohol or amine, from nitrile to amide, from urea 

to amines 
•Substitutions of amine or nitro groups by hydroxyls 
•Dealkylations of O, N, S groups 
•Oxidations, from hydrocarbon to alcohols, from these to carbonyls and from these to carboxyls, and 

also oxidation of N and S groups 
•Dehalogenations 
 
Biodegrading reactions are similar to those in organic chemistry and most of them are suitable for the 
aquatic, the atmospheric, and the terrestrial environments. Metabolites can be created by biochemical 
change of the substrate or might outcome from abiotic processes.  
 
The reactions that have been compiled are rarely specific for a solitary taxon, or even close relatives, 
and it is not likely to set up the scope of living beings that will most likely perform the process.  
 
The criterion for the inclusion of a reaction was based on the scientific literature, and was restricted to 
include a number of terms including metabolites, degradates and transformation product as well as the 
keywords "microbial" or "bacterial." All the selected reactions can be done, in principle, by aerobic 
organisms. 
 
These reactions have been translated into SMARTS code, in order to implement the database based in 
the same framework than the EAWAG database.  
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Annex I: List of environmental degradation reactions  

Reaction # SMARTS Reaction 

1 
[CX4H3][#6]>>[OX2H][CX4H2;!$(C([OX2H])[O,S,#7,#15])] R-CH3Ҧw-CH2OH 

2 
c:c>>[#8]-c:c-[#8] !wҦƻ-AR(OH)2 

3 
[#6][CH2][OX2H]>>[#6][CX3H1](=O) R-CH2OH Ҧ R-CHO 

4 
[#6:4]-[#8:1]C>>[#6:4]-[#8:1] R-O-CH3Ҧw-OH 

5 
[#6:4]-[#8:1]C>>[#6:4]-[#8:1]-[#6]=O R-O-CH3Ҧw-OCOH 

6 
[#6][CX3H1](=O)>>[#6][CX3](=O)[OX2H1]  R-CHO Ҧ R-COOH 

7 
[#6][CH]([OX2H])[#6]>>[#6][CX3](=O)[#6] wwϥ/IhIҦwwϥ/h 

8 

[NX2;$([N][#6]),$([NH]);!$([N][CX3]=[#7,#8,#15,#16])]=[CX3;$([CH2]),$([CH][#6]),$([C]([

#6])[#6])]>>[#6][CX3](=[OX1])[#6].[NX3H1+0,NX4H2+;!$([N][!C]);!$([N]*~[#7,#8,#15,#1

6])] 

wwϥ/Ґ/IbwϥϥwϥϥϥҦwwϥ/Ґ

O+HNR''R''' 

9 
[#6][CX2]#[NX1]>>[#6][CX3](=O)[NX3H2]  R-CN Ҧ R-CONH2 

10 

[#6][CX3](=O)[OX2][#6]>>[#6][CX3](=O)[OX2H1].[#6][OX2H] R-COOR' Ҧ  R-COOH + 

R'-OH 

11 

[#6][CX3](=O)[CX3](=O)[OX2H1] >>[#6][CX4][NX3H2][CX3](=O)[OX2H1] w/h/hhIҦwbI2COOH 

12 
[#6][CX3](=O)[NX3H2] >>[#6][CX3](=O)[OX2H1] R-CONH2 Ҧ R-COOH 

13 

[#8]-[#6](=O)-[#6](-[$([#1,*])])=O>>[#7+]-[#6]-[#6]([#8])=O HOOC-/hwҦIhh/-

CHNH3R 

14 
[$(c:c)][OX2H]>>[#8]-c:c-[#8] AR-hIҦƻ-AR(OH)2 

15 

[$([#1,*])]-[#7]-[#6](=O)-[#7]-[$([#1,*])]>>[#7] RNH-CO-NHR' Ҧ R-NH2 

+ R'-NH2 

16 

[NX3H1r3]1[Cr3][Cr3][Cr3]1>>[CX4][OX2H][C][C][CX4][NX3H2] !ȊŜǘƛŘƛƴŜҦ4-

hydroxylamine 

17 

[CX4][NX3H2][C][C][CX4][NX3H2]>>[CX4][CX3](=O)[C][C][CX3](=O)[OX2H] RCHNH2CH2CH2COOH

Ҧw/h/I2CH2COOH 

18 

[#8]-[#6](=O)-[#6]-1-[#6]-[#6]-[#6]-[#7]-1>>[#8]-[#6](=O)-[#6]-1-[#6]-[#6]-[#6]=[#7]-1 tǊƻƭƛƴŜҦLƳƛƴƻǇǊƻƭƛƴŜ 

30 
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19 
[$(cc)][NX3H2]>>[$(cc)][OX2H] AR-NH2 Ҧ AR-OH 

20 
[$(cc)][NX2H1][#6]>>[$(cc)][NX3H2] AR-NH-R Ҧ AR-NH2 

21 

[$(c:c)][NX3H][OX2H]>>[NX3H2]-c:c-[OX2H] AR-bIhIҦƻ-

AR(NH2)(OH) 

22 
[$(cc)][NX2]=[OX1]>>[$(cc)][NX3H][OX2H] AR-NO Ҧ AR-NHOH 

23 
[$(cc)][$([NX3](=O)=O),$([NX3+](=O)[O-])]>>[$(cc)][OX2H] AR-NO2 Ҧ AR-OH 

24 
[$(cc)][$([NX3](=O)=O),$([NX3+](=O)[O-])]>>[$(cc)][NX2]=[OX1] AR-NO2 Ҧ AR-NO 

25 

Cl\[#6](Cl)=[#6](/Cl)Cl>>Cl\ [#6]=[#6]/Cl CCl2=CCl2 Ҧ 

CHCl=CHCl 

26 

Cl\[#6]=[#6]/Cl>>Cl[#6]=[#6] /I/ƭҐ/I/ƭҦ/I2=CHCl 

27 
Cl[#6](-[$([#1,*])])=O>>[#8-]-[#6]=O RCOCl Ҧ RCOO- 

28 
[$(cc)][Cl]>>[$(cc)] AR-Cl Ҧ AR-H 

29 
[$(cc)][Cl]>>[$(cc)][OX2H] AR-Cl Ҧ AR-OH 

30 
FC(F)(F)[$(c:c)]>>[$(c:c)][CX3](=O)[OX2H1] AR-CF3 Ҧ AR-COOH 

31 

[$(cc)][CX3](=S)[NX3H2] >>[$(cc)][CX2]#[NX1] AR-CSNH2 Ҧ AR-CN 

32 
[$(cc)][CX3](=S)[NX3H2] >>[$(cc)][CX3](=O)[NX3H2] AR-CSNH2 Ҧ AR-

CONH2 

33 
[PX4;$([H1]),$([H0][#6])](=[OX1])([OX2][#6;!$(C=[O,N,S])])[OX2][#6;!$(C=[O,N,S])]>>[

PX4;$([H1]),$([H0][#6])](=[OX1])([$([OX2H]),$([OX1-])])[$([OX2H]),$([OX1-])] 

wthόhwϥύhwϥϥҦwthόh

H2) 

34 
[CX2]#[CX2]>>[CX3;$([H2]),$([H1][#6]),$(C([#6])[#6])]=[CX3;$([H2]),$([H1][#6]),$(C([#

6])[#6])] 

/ȏ/Ҧ/Ґ/ 

35 
[OX2r3]1[#6r3][#6r3]1>>[C-]#[O+] 9ǇƻȄƛŘŜҦ/h 

36 
[SX2]([CX4;!$(C([OX2])[O,S,#7,#15,F,Cl,Br,I])])[CX4;!$(C([OX2])[O,S,#7,#15])]>>[SX2H][

CX4;!$(C([SX2H])~[O,S,#7,#15])].[$([CX3H][#6]),$([CX3H2])]=[OX1] 

R-S-CH2-wϥҦw-SH+R'-

CHO 

31 
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37 

[OX2r3]1[#6r3][#6r3]1>>[OX2]([CX4;!$(C([OX2])[O,S,#7,#15,F,Cl,Br,I])])[CX3H][OX2](=[

OX1]) 

9ǇƻȄƛŘŜҦw-O-CHO 

38 

[OX2r3]1[#6r3][#6r3]1>>[OX2H][CX4;!$(C([OX2H])[O,S,#7,#15])][CX4;!$(C([OX2H])[O,S

,#7,#15])][OX2H] 

9ǇƻȄƛŘŜҦ5ƛƻƭ 

39 [OX2H][OX2]>>[OX2H][CX4H2;!$(C([OX2H])[O,S,#7,#15])] R-hhIҦw-OH 

40 [#6][CX3](=[OX1])[#6]>>[CX3;$([R0][#6]),$([H1R0])](=[OX1])[OX2][#6;!$(C=[O,N,S])] R-CO-wϥҦw-COO-R' 

41 

[SX2H][CX4;!$(C([SX2H])~[O,S,#7,#15])]>>[SX2]([CX4;!$(C([SX2])[O,S,#7,#15,F,Cl,Br,I])])

[CX4H3] 

R-{IҦw-S-CH3 

42 

[CX3;$([H2]),$([H1][#6]),$(C([#6])[#6])]=[CX3;$([H2]),$([H1][#6]),$(C([#6])[#6])]>>[OX2

r3]1[#6r3][#6r3]1 

/Ґ/Ҧ9ǇƻȄȅ 

43 [#6][CX2]#[NX1]>>[CX3;$([R0][#6]),$([H1R0])](=[OX1])[$([OX2H]),$([OX1-])] R-CN Ҧ R-COO- 

44 [$(cc)][OX2H]>>[$(cc)][CX3](=O)[NX3H2] AR-hIҦ!w-CONH2 

45 [$(cc)][OX2H]>>[$(cc)][CX3](=O)[OX2H1] AR-hIҦ!w-COOH 

46 [$(cc)][CX2]#[NX1]>>[$(cc)][OX2H] AR-/bҦ!w-OH 

47 [NX2](=[CX3;$([CH2]),$([CH][#6]),$([C]([#6])[#6])])[OX2H]>>[NX1]#[CX2] R-CH=N-hIҦw-CN 

48 [$(c:c)][$([NX3](=O)=O),$([NX3+](=O)[O-])]>>[#7]-[$(c:c)] AR-NO2 Ҧ AR-NH2 

49 

c1cc(ccc1[N+](=O)[O-])O>>C1=CC(=O)C=CC1=O p-

bƛǘǊƻǇƘŜƴƻƭҦvǳƛƴƻƴŜ 

50 [$([NX3](=O)=O),$([NX3+](=O)[O-])][!#8]>>[#6][CX3](=[OX1])[#6] R-NO2-wϥҦw-CO-R' 

51 

[$([#1,*])]\ [#6](-[$([#1,*])])=[#6](\ [$([#1,*])])-[$([#1,*])].[#8-

][O+]=O>>[#6][CX3](=[OX1])[#6].[NX3H1+0,NX4H2+;!$([N][!C]);!$([N]*~[#7,#8,#15,#1

6])] 

RR'C=CR''R''' + O3 Ҧ 

RR'C=O + O=CR''R''' 

52 

[#6]C#C[#6].[#8-][O+]=O>>[#6]-[#6](=O)-[#6](-[#6])=O RCºCR' + O3 Ҧ  

RC=OC=OR' 

53 

[$([#1,*])]C#C[$([#1,*])].[#8-][O+]=O>>[#6][CX3](=O)[OX2H1]  RCºCR' + O3 Ҧ RCOOH 

+ R'COOH 

32 
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