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INTRODUCTION

Bioconcentration factors (BCF)

When moving towards a sustainable chemical industry, 
chemical substances involved need to be assessed 
according to their environmental, health and safety 
properties. One of these properties refers to the capacity
of the chemical substance to accumulate in body tissues.
This specific property is usually expressed as a 
bioconcentration factor (BCF), which measures the ratio 
between the concentration of the substance in the 
organism’s tissue to that in the environment [1].

Modeling approach 1

Modeling approach 2
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Database

Molecule to graph

Graph Neural Network architecture
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• 𝑀𝐿𝑃𝑒 with single hidden layer with 128 neurons and ReLU activation.

• 2 Graph-convolutional layers with size 21 with Set2Set pooling layer with 3 processing steps.

• 3-hidden layers in final MLP with 64, 32 and 16 neurons.

Training, validation and testing

• Trained with Adam (300 epochs, batch size of 30) using MSE as loss function and MAE as 

decision metric.

• 80% training (out of which 20% was used for validation) and 20% test.

• Ensemble learning using 10 models constructed with differend random seeds.

• Dropout of 50% used in convolutional layers and final MLP.

RESULTS AND DISCUSSION
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Graphs

• Graph: 𝐺 = 𝑉, 𝐸

• Node : 𝑉 ≔ 𝑣𝑖 𝑖=1:𝑁𝑣

• Edge : E ≔ 𝑒𝑘 , 𝑟𝑘 , 𝑠𝑘 𝑘=1:𝑁𝑒

Graph Neural Networks [2]

For each convolutional layer 𝑙:

• Message passing       : 𝑚𝑣𝑖,𝑣𝑗
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• Message aggregation: 𝑎𝑣𝑖
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= 𝜙𝐴 𝑚𝑣𝑖,𝑣𝑗
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• Features updating      : 𝑣𝑖
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Pooling for vectorial molecular representation

The final-updated graph is pass through a permutation invariant pooling operation such as sum, 
max, mean or Set2Set [3].
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• Dataset collected according to 

the REACH legislation [4].

• 473 molecules covering 

𝑙𝑜𝑔(𝐵𝐶𝐹) ൗ𝐿 𝑘𝑔 ∈ −1.0, 4.85

and molecular weights in range 

68, 943 Τ𝑔 𝑚𝑜𝑙 .

• Comparable performance to the

best QSAR model reported by 

Zhao et al. [4].

• 1022 descriptors [4] vs 8

structural parameters.

• Differences in physical insight.

• Future research: modeling of 

other EHS properties and 

determination of GNN 

applicability domains.


