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Read-across structural analysis of PFAS acute oral toxicity in rats 
powered by the Isalos Analytics Platform’s Automated Machine 

Learning 
The purpose of this research paper is to develop a robust modelling framework for predicting PFAS acute 
oral toxicity class in rats, leveraging the enhanced capabilities of the in-house Isalos Analytics Platform. 
The original dataset contains 777 molecular descriptors, from which 6 are selected for the model 
training, and a target column named “Class”. The target column consists of two toxicity level indications, 
“high” and “low,” according to the EPA categorization. Optimization of the machine learning algorithms 
was conducted using the Automated Machine Learning (Auto ML) functionality of the Isalos software, 
which indicated kNN as the best method for this application. The final predicting model was validated 
with statistical classification metrics, and its domain of applicability was calculated.  

Scientific article: https://www.mdpi.com/2305-6304/14/2/152  

Dataset access: https://db.chempharos.eu/datasets/Datasets.zul?datasetID=ds17  

Isalos version used: 2.0.0 

 

Step 1: Import data from file 
Right click on the input spreadsheet (left) and choose the option “Import from File.” Then navigate 
through your files to load the one with the PFAS toxicity data. 
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The data will appear on the left spreadsheet. 

 

 

 

Step 2: Manipulate data 
Some columns contain metadata, so we will exclude them to retain only the molecular descriptor 
features and the class variable. On the menu click on Data Transformation → Data Manipulation → 
Select Column(s) and select all columns except Col2-9 and Col788. 

  

 

All the data will appear in the output (right) spreadsheet. This tab can be renamed “Dataset” by right-
clicking on it and choosing the “Rename” option.  
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Step 3: Split data 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Splitting” which 
we will use for splitting the train and test set with stratified random partitioning.  

Import data into the input spreadsheet of the “Splitting” tab from the output of the “IMPORT” tab by right-
clicking on the input spreadsheet and then choosing “Import from Spreadsheet.” 

 

 

Split the dataset by choosing Data Transformation → Split → Random Partitioning. Then choose the 
“Training set percentage” and the column for the stratified sampling as shown below: 

 

  

 

The results will be two separate spreadsheets, “Splitting: Training Set” and “Splitting: Test Set,” which 
will be available to import into the next tabs.  
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Step 4: Filter columns 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Column filtering.” 
We will use this tab to remove the redundant columns. A column is removed if it contains an instance 
whose percentage is above the defined threshold in the specific column. 

Import into the input spreadsheet of the “Column filtering” tab the train set from the output of the 
“Splitting” tab by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet.” 
From the available Select input tab options choose “Splitting: Training Set.” 

On the menu click on Data Transformation → Data Manipulation → Remove Column(s), select all 
columns except “Class,” and set the “Threshold Percentage” to 20%. 

 

 

The results will appear on the output spreadsheet. 
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Step 5: Select features 
We want to determine the features that will be the most useful for predicting the toxicity outcome. 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Variable 
Selection.” 

Import into the input spreadsheet of the “Variable Selection” tab the train set from the output of the 
“Column filtering” tab by right-clicking on the input spreadsheet and then choosing “Import from 
Spreadsheet.”  

 

Use the Boruta method for the feature selection by choosing: Data Transformation → Variable Selection 
→ Boruta. Choose the “Random Forest” model and the Z-score normalizer in the configuration box. 
Select the column “Class” as the target column and a maximum of 30 iterations.   

  

 

Afterwards, choose “Configurate Model” for the Random Forest model to specify its configuration 
parameters. 
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The results will appear on the output spreadsheet. 

 

 

 

Step 6: Select the train set columns  
We want to choose the columns of the non-normalized dataset that will be included in the training set, 
as indicated by the Boruta method. Create a new tab by pressing the “+” button on the bottom of the 
page with the name “Select columns - Train.” 

Import into the input spreadsheet of the “Select columns - Train” tab the train set from the output of the 
“Column filtering” tab by right-clicking on the input spreadsheet and then choosing “Import from 
Spreadsheet.”  

On the menu click on Data Transformation → Data Manipulation → Select Column(s) and select the 
columns “D209”, “D207”, “D223”, “D488”, “D484”, “D144”, and “Class”. 

   

 

The results will appear on the output spreadsheet. 



Isalos Analytics Platform  NovaMechanics Ltd 

7 
 

Step 7: Automated ML optimization 
We will compare four machine learning algorithms commonly employed for classification applications: 
the kNN, XGBoost, Random Forest, and Fully Connected Neural Network models. This procedure can 
be performed automatically with the Auto ML option of Isalos Analytics Platform and it is beneficial 
when optimizing a predictive model.  

Create a new tab by pressing the “+” button on the bottom of the page with the name “AutoML.” 

Import into the input spreadsheet of the “AutoML” tab the output of the “Select columns - Train” tab by 
right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet.”  

Perform the algorithm optimisation by choosing: Analytics → Classification → Auto ML.  

 

 

Select the kNN, XGBoost, Random Forest, and Fully Connected Neural Network models to be used 
inside the Auto ML configuration. Define the search range of all hyperparameters for each algorithm with 
the values written in Table 1, by double-clicking on them inside the “Selected Models” box. It should be 
noted that several parameters are kept constant to decrease computational costs. 
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Table 1: Hyperparameter search ranges for model optimization inside the Isalos AutoML scheme 

ML method Hyperparameter Search range [min, max; step] 
kNN Number of nearest neighbours, 

k  
[3, 9; 1] 

 
Random Forest Feature fracture [0.5, 0.9; 0.2] 

Min impurity decrease 
(constant) 

[0, 0; 1] 

Number of ensembles [100, 200; 50] 
 
XGBoost Number of trees [5, 20; 1] 

Learning rate [0.1, 0.3; 0.1] 
Gamma (constant) [0, 0; 1] 
Max tree depth (constant) [6, 6; 1] 
Minimum child weight 
(constant) 

[1, 1; 1] 

Column sample by tree 
(constant) 

[1, 1; 1] 

Subsample (constant) [1, 1; 1] 
Lambda [0.8, 1; 0.1] 
Alpha [0.8, 1; 0.1] 

 
Fully Connected Neural 
Network 

Number of hidden layers 
(constant) 

[2, 2; 1] 

Number of neurons/layer [50, 100; 50] 
Activation function RELU 
Batch size (constant) [128, 128; 1] 
Number of epochs [50, 150; 50] 
Learning rate [0.001, 0.01; 0.009] 
Momentum [0.8, 0.9; 0.1] 

  

Afterwards, employ the grid search method for the exploration of the hyperparameter space, and define 
the target column, “Class.” Choose the split method “k-Fold Partitioning,” and click on the “Configure 
Split Method” button to select 5 folds and stratified sampling for the column “Class.”  

 

Choose the z-score normalizer to maintain consistency with the previous preprocessing steps. There is 
no need for variable selection, so choose the option “None.” Finally, for the selected metric choose 
“Accuracy.” The fine-tuned model with the hyperparameters yielding the highest average accuracy 
across the five folds are selected as optimal.   
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The results will appear on the output spreadsheet. The algorithm indicated as optimal is kNN with 4 
nearest neighbours. 

 

 

 

Step 8: Normalize the training set 
Create a new tab by pressing the “+” button on the bottom of the page with the name “ZScore.” 

Import into the input spreadsheet of the “ZScore” tab the train set from the output of the “Select 
columns - Train” tab by right-clicking on the input spreadsheet and then choosing “Import from 
Spreadsheet.”  

Normalize the data using z-score: Data Transformation → Normalizers → Z Score and select all columns. 
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The results will appear on the output spreadsheet. 

 

 

 

Step 9: Train the model 
Create a new tab by pressing the “+” button on the bottom of the page with the name “kNN.” 

Import data into the input spreadsheet of the “kNN” tab from the output of the “ZScore” tab by right-
clicking on the input spreadsheet and then choosing “Import from Spreadsheet.” 

Use the kNN method with 4 neighbours to train and fit the model: Analytics → Classification → k-Nearest 
Neighbors (kNN) 

   

 

 

 

 

 

 



Isalos Analytics Platform  NovaMechanics Ltd 

11 
 

The predictions will appear on the output spreadsheet. 

 

 

 

Step 10: Select the columns of the test set 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Select Test set.” 

Import data into the input spreadsheet of the “Select Test set” tab from the output of the “Splitting” tab 
by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet.” From the 
available input tab options select “Splitting: Test Set.” 

Select the columns “D144”, “D207”, “D209”, “D223”, “D484”, “D488” and the target column “Class”: 
Data Transformation → Data Manipulation → Select Column(s) 
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The results will appear on the output spreadsheet. 

 

 

 

Step 11: Normalize the test set 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Normalize Test 
set.” 

Import data into the input spreadsheet of the “Test normalization” tab from the output of the “Test 
column selection” tab by right-clicking on the input spreadsheet and then choosing “Import from 
Spreadsheet.” 

Normalize the test set using the existing normalizer of the training set: Analytics → Existing Model 
Utilization → Model (from Tab:) ZScore 

  



Isalos Analytics Platform  NovaMechanics Ltd 

13 
 

The results will appear on the output spreadsheet. 

 

 

 

Step 12: Validate the model 
Create a new tab by pressing the “+” button on the bottom of the page with the name “kNN validation.” 

Import data into the input spreadsheet of the “kNN validation” tab from the output of the “Normalize 
Test set” tab by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet”.  

To validate the model: Analytics → Existing Model Utilization→ Model (from Tab:) kNN. Choose the 
column “Class” to be transferred to the output spreadsheet. 
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The predictions will appear on the output spreadsheet. 

 

 

 

Step 13: Calculate statistics 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Metrics.” 

Import data into the input spreadsheet of the “Metrics” tab from the output of the “kNN validation” tab 
by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet”.  

Calculate the statistical metrics for the classification: Statistics → Model Metrics → Classification 
Metrics  
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The results will appear on the output spreadsheet. 

 

 

 

Step 14: Reliability check for each record of the test set 

Step 14.a: Create the domain 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Remove column 
- Train.” 

Import into the input spreadsheet of the “Remove column - Train” tab the train set from the output of the 
“ZScore” tab by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet.”  

On the menu click on Data Transformation → Data Manipulation → Select Column(s) and select the 
columns all columns except “Class.” 
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The results will appear on the output spreadsheet. 

 

Afterwards, create a new tab by pressing the “+” button on the bottom of the page with the name “AD.” 

Import data into the input spreadsheet of the “AD” tab from the output of the “Remove column - Train” 
tab by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet.” 

Create the domain: Statistics → Applicability Domain → APD 

  

 

The results will appear on the output spreadsheet. 
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Step 14.b: Check the test set reliability 
Create a new tab by pressing the “+” button on the bottom of the page with the name “Remove column 
- Test.” 

Import into the input spreadsheet of the “Remove column - Test” tab the train set from the output of the 
“Normalize Test set” tab by right-clicking on the input spreadsheet and then choosing “Import from 
Spreadsheet.”  

On the menu click on Data Transformation → Data Manipulation → Select Column(s) and select the 
columns all columns except “Class.” 

   

 

The results will appear on the output spreadsheet. 

 

Afterwards, create a new tab by pressing the “+” button on the bottom of the page with the name 
“Reliability.” 

Import data into the input spreadsheet of the “Reliability” tab from the output of the “Normalize Test 
set” tab by right-clicking on the input spreadsheet and then choosing “Import from Spreadsheet.”  

Check the Reliability: Analytics → Existing Model Utilization → Model (from Tab:) AD    
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The results will appear on the output spreadsheet. 

 

 

 

Final Isalos Workflow 
Following the above-described steps, the final workflow on Isalos will look like this: 
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