
1

Chemical Action on Life Processes
An exploration of the systems biology of toxic

chemicals and a hands on DNA experience

Science for Diplomats at EC-92

The Hague, 8 October 2019

Dr Christophe Curty, 2019 Scientific Advisory Board Vice-Chair/2020 Chair

Ms Andrea Dymytrova, Special Guest

Dr Jonathan E. Forman, Science Policy Adviser/Secretary to the SAB

Mr Bernhardt Fourie, Office of Confidentiality and Security

Ms Giovanna Pontes, Office of Strategy and Policy

Ms Julieta Schneider, Office of Strategy and Policy

Mr Cheng Tang, 2019 Scientific Advisory Board Chair



2

How Do Atoms and Molecules Connect to our Priorities?

http://cms.gavirtualschool.org/Shared/Science/Biology17/WelcomeToBiology/Biology_WelcomeToBiology_Shared4.html

http://cms.gavirtualschool.org/Shared/Science/Biology17/WelcomeToBiology/Biology_WelcomeToBiology_Shared4.html
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"The study of the adverse effects of chemicals

on living organisms"

Toxicology

GHS hazardpictograms
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Basic assumption of toxicology

"The dose makes the poison"
(Latin: sola dosis facit venenum) 

"Alle Ding' sind Gift und nichts ist ohn' 

Gift; allein die Dosis macht, dass ein 

Ding kein Gift ist."

All things are poison, and nothing is

without poison, the dosagealone

makes it so a thing is not a poison.

Paracelsus (1493-1541)



5

Individual Response to Exposure

Individual sensitivityIndividual sensitivity
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Routes of Exposure

Inhalation

Ingestion

Skin absorption

Duration of exposure
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Routes of Exposure and Physical State of Chemical Agent
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Routes of Exposure

Acute
Single short-term exposure

Chronic
Repeatedor continuousexposure

Howmuch of a chemical is required to causedeath?
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Testing for Toxicity
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Dosage Units

ÅMedian Lethal Dose (LD50)

The "dose of a chemical expected to be lethal to 50% 

of the members of an exposed population."

[mg/kg bodyweight]

ÅMedian Lethal Concentration as a function of time (LCt50)

The "concentration of a chemical (in vapor phase) 

expected to be lethal to 50% of the members of an 

exposed population for a specified period of time."

[mg.min/m 3]
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Dosage Units
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Example: Dichlorovos

Insecticidecommonlyused in householdpesticidestrips

ÅOral LD50 (rat): 56 mg/kg

ÅDermal LD50 (rat): 75 mg/kg

ÅIntraperitoneal LD50 (rat): 15 mg/kg

ÅInhalation LC50 (rat): 1.7 ppm (15 mg/m3); 4-hour exposure

ÅOral LD50 (rabbit) 10 mg/kg

ÅOral LD50 (pigeon:): 23.7 mg/kg
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Toxicity classes

Toxicity Classes: Hodge and Sterner Scale

Routes of Administration

Oral LD50 Inhalation LC50 Dermal LD50

Toxicity Rating Commonly Used Term
(single dose to rats)

[mg/kg]

(exposure of rats for 

4 hours)

[ppm]

(single application to 

skin of rabbits) 

[mg/kg]

Probable Lethal Dose 

for Man

1 Extremely Toxic 1 or less 10 or less 5 or less 1 grain (a taste, a 

drop)

2 Highly Toxic 1-50 10-100 5-43 4 ml (1 tsp)

3 Moderately Toxic 50-500 100-1000 44-340 30 ml (1 fl. oz.)

4 Slightly Toxic 500-5000 1000-10,000 350-2810 600 ml (1 pint)

5 Practically Non-toxic 5000-15,000 10,000-100,000 2820-22,590 1 litre (or 1 quart)

6 Relatively Harmless 15,000 or more 100,000 22,600 or more 1 litre (or 1 quart)
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For what?

ÅEmergency procedures

ÅSafety clothing and equipment

guidelines

ÅTransportation regulations

ÅOccupational exposure limits
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Environmental Toxicology: https://www.slideshare.net/misteraugie/hlth104chapter03   

What is a LD50 and LC50? https://www.ccohs.ca/oshanswers/chemicals/ld50.html  

https://www.slideshare.net/misteraugie/hlth104chapter03
https://www.ccohs.ca/oshanswers/chemicals/ld50.html
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What is the definition of a "toxic chemicalò?

Any chemical which through its chemical action on life processes 

can cause death, temporary incapacitation or permanent harm to 

humans or animals. This includes all such chemicals, regardless 

of their origin or of their method of production, and regardless of 

whether they are produced in facilities, in munitions or elsewhere

- Chemical Weapons Convention Article II, Paragraph 2
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What is a òLife Processó?
(this is not defined in the Convention)
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òMolecular

Machinesó
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https://www.cellsignal.com/contents/science-cellular-landscapes/cellular-landscapes-vesicle-trafficking/science-landscapes-vesicle-trafficking#

https://www.cellsignal.com/contents/science-cellular-landscapes/cellular-landscapes-vesicle-trafficking/science-landscapes-vesicle-trafficking
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This is NOT a UN Org Chart!
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This is NOT a UN Org Chart!
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This is NOT a UN Org Chart!
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Just Like Chemistry, Molecular Biology is also About Moleculesé

The molecules are just very largeé

https://www.wichlab.com/wp -content/uploads/2017/08/Size -comparison-Bio-nanoparticles-1.jpg 

Similar size to a number of 

classical chemical warfare agents

Proteins and DNA can be

~10 ð 100 times larger

https://www.wichlab.com/wp-content/uploads/2017/08/Size-comparison-Bio-nanoparticles-1.jpg
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Just Like Chemistry, Molecular Biology is also About Moleculesé

òShapeó

òShort-handó
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Proteins are Sequences of Connected Amino Acids
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Proteins are Sequences of Connected Amino Acids

òMolecular Machinesó

(these perform biological functions)



30

Proteins are Sequences of Connected Amino Acids
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To Help Understand This, We Built a Modelé

signalling pathways

transporter

proteins
ion channels

organelles

enzymes



32

Living Systems Enjoy Broad Molecular Diversity

~100,000  transcripts

(human)

~20,000-25,000 genes

(human)

>100,000, 000 proteins

(human)

?
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Living Systems Enjoy Broad Molecular Diversity

Biological systems are 

very complicatedé

(a system of 

simultaneous and 

interacting processes)

Toxic chemicals can interfere with a multitude of life 

processes, and these can impact other life processes 

through interference in a òdifferentó part of the òsystemó
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Why are Some Chemicals are òMore Toxicó Than Others


