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How Do Atoms and Molecules Connect to our Priorities?

Atom

" Biosphere ‘
Hydrogen
e' o ‘ Molecule

Ky

\ Ecosystem Macromolecule

' ’t”‘. Z

&Oj Organelles
l
\ Cell
B o
@ WL Tissue
4

Organ

"

§‘r

\\\



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

Toxicology

“The study of the adverse effects of chemicals
on living organisms"

GHShazardpictograms




Basic assumption of toxicology

"The dose makes the poisoh
(Latin: sola dosisfacit venenum)

"Alle Ding' sind Gift und nichts isbhn'
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 athing is not a poison.

Paracelsus (14931541)

WATER

B LITRES

CAFFEINE
118 COFFEES

1 coffee = approx 240ml
(0r 175 shats of espresso)

ALGOHOL
13 SHOTS

Where1shot = 45 ml
(40% ABV)
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Individual Response to Exposure




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

Solids, including

airborne particles . . =
P inhalation

Aerosols, vapours skin exposure

and gases (absorption)

LiquiFIs and A ”@? 5@\
solutions ! *7/ \‘\"

mucous membranes

(e.g. eyes, nasal
@ cavity, mouth)

lesions, punctures by
contaminated objects

injection ingestion Q;;




Routes of Exposure

Acute Chronic
Singleshortterm exposure Repeatedor continuousexposure




Testing for Toxicity

AEGL: Acute Exposure Guideline Levels

AGW: Arbeitsplatzgrenzwert
ERPG: Emergency Response Planning Guidelines
ETW: Einsatztoleranzwert

~
B S Y IDLH: Immediatly Dangerous to Life and Health
~ ~ LC: Lethal Concentration / Todliche Dosis
S MAK: Maximale Arbeitsplatz-Konzentration
&~ TLV: Threshold Limit Values
WS - GSW: Geruchsschwellenwert
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Dosage Units

AMedian Lethal Dosg(LDy,) & i
The "dose of a chemical expected to be lethal to 50%
of the members of an exposed population.”

[mg/kg bodyweight] é i

AMedian Lethal Concentration as a function of tim@.Ct)

. 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."

[mgmin/m 3]




Dosage Units

Percent of population killed by
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50% of the
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dies

50% of the
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lives




Example:Dichlorovos

Insecticidecommonlyused in householdpesticide strips

MOral LR, (rat): 56 mg/kg

Mermal LG, (rat): 75 mg/kg

Antraperitoneal LB} (rat): 15 mg/kg

Anhalation LG, (rat): 1.7 ppm (15 mg/m3);-Aour exposure
MOral LI, (rabbit) 10 mg/kg

MOral LR, (pigeon:): 23.7 mg/kg




Toxicity classes
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Routes of Administration

Toxicity Classes: Hodge and Sterner Scale

Oral L}, Inhalation LG, Dermal L1},
P T——————— P
. (exposure of rats for| (single application to}
Toxicity Rating [Commonly Used Ter (single dose to rats) 4 hours) skin of rabbits) Probable Lethal Dosg
[mg/kg] for Man
[ppm] [mg/kg]
1 Extremely Toxic 1 orless 10 or less 5 orless 1 grain (a taste, a
drop)
2 Highly Toxic 150 10-100 543 4 ml (1 tsp)
3 Moderately Toxic 50-500 100-1000 44-340 30 ml (1 fl. 0z.)
4 Slightly Toxic 500-5000 1000-10,000 350-2810 600 ml (1 pint)
5 Practically Noroxic 5000-15,000 10,000-100,000 2820-22,590 1 litre (or 1 quart)
6 Relatively Harmlesgl 15,000 or more 100,000 22,600 or more 1 litre (or 1 quart)




For what?

AEmergency procedures

A Safety clothing and equipment
guidelines

ATransportation regulations

AOccupational exposure limits

Substance CHLORINE

UN Number 1017
HIN (= Hazard Identification Number)
ADR Label |
ADR Class
Classification Code
Packing group
ERIC

Emergency Response Information

TOXIC OXIDISING LIQUEFIED (

1. Characteristics
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Environmental Toxicologyhttps://www.slideshare.net/misteraugie/hlth104chapter03

What is a LR, and LG, ? https://www.ccohs.ca/oshanswers/chemicals/I[d50.html



https://www.slideshare.net/misteraugie/hlth104chapter03
https://www.ccohs.ca/oshanswers/chemicals/ld50.html

Wh at |l ascimnEer e i l.nl t |

Any chem|cal WhICh through |ts chemlcal actlon on Ilfe 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 producedin facilities, in munitions or elsewhere

- Chemical Weapons Conventlon Article II Paragraph 2
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What 1 s a oLiIife P
(this Is not defined in the Convention
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Parietal lobe

Ammonia

king of astrocytes (cells

membri which can

neurotrans
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Overstimulates glutamate receptors,
effectively producing a state
simnilar to that of an

excessive level of
glutamate.
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Just Li ke Chemistry, Mol ecul

The molecules are just very |l argeé
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Nanometers

https://www.wichlab.com/wp -content/uploads/2017/08/Size -comparisonBio-nanoparticles1.jpqg

Similar size to a number of
classical chemical warfare agents

Proteins and DNA can be
~10 6 100 times larger
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THE CHEMICAlghSTRUCTURE OF DNA

THE SUGAR PHOSPHATE '‘BACKBONE’
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WHAT HOLDS DNA STRANDS TOGETHER?
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A GUIDE TO THE TWENTY COMMON AMINO ACIDS

AMING ACIDS ARE THE BUILDIMG BELOCKS OF PROTEINS IN LIVING ORGAMISMS. THERE ARE OVER 500 AMING ACIDS FOUMND IN NATURE - HOWEVER, THE HUMAMN GENETIC CODE
OMLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMING ACIDS MUST BE OBTAINED FROM THE DIET, WHILST MOM-ESSENTIAL AMING ACIDS CAM BE SYNTHESISED IN THE BODY,

Chart Tey: . ALIPHATIC AROMATIC . ACIDIC . BASIC HYDROXYLIC SULEUR-CONTAINING . AMIDIC O NON-ESSENTIAL -: :. ESSENTIAL

-y, -y, -y
s ~ 7’ ~ ’ b
Chemical L A | ) P | / bt A}
Slruclure l\/\Hj\nn 1 l\l/\])l\nn 1 I )ﬁ)J\DH i
single letter A WNH; 7 A NH; 7 v NH, 7
code ~ 7/ ~ / b Y s
P - N -
NAME (} ALANINE ) GLYCINE @ ISoLEUCINED LEvCINE (B PROLINE vaune @
three letter code Al Gly e Lew Pro Val
- .
H s b
a @;"e o / oy
0H M
@/\)\nu M i I | &*NDH |
K, o ' AHN W
b '
-
PHENYLALANINE TRYPTOPHAN TYROSINE ASPARTIC ACID 0 GLUTAMIC ACID o ARGININE o HISTIDINE 0
Phe Trp Tyr Asp Glu Arg His
TTT, TTC GG TAT, TALC GAT, GAC G, GAG CGT, OGC, O, 006G, AGA, AGG CAT, CALC
-y
’ *
I o X 0 OH O s} \/\‘)U\
| N i Hc_]/\‘)l\:_]H )\HLGH H5/\)kC|H -5 O
] ‘/\/\[ﬁl\ ’ N, NH, NH, hH,,
b ’
L
LYSINE 0‘ SERINE THREONINE CYSTEINE METHIONINE ASPARAGINE o GLUTAMINE 0
Lys SEr Thr Cys Met Asn Gin

Note: This chart only shows those amino acids for which the human genetic code directly codes for, Selenocysteine is often referred to as the 21st amine acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

@ & COMPOUMND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: wwiwifacebook.com/compoundchem @ O a e
Shared under a Creative Commaons Attribution-NonCommercial-NoDerivatives licence
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Proteins are Sequences of Connected Amino Acids

Amino group

H\N_
/
H

Amide linkage (peptide bond) between two amino acids.

Peptide chain

\

R-group
N
N——-C——C  Carboxylic acid group
H ||_| OH
0 H o
[
L M L= L")
H l \GH

NH,

Start of chain
| N-terminus)

Amide bond (linkage)

Indiividual amino acid unit

COOH

End of chain
|C-terminus)




Proteins are Sequences of Connected Amino Acids

Pleated sheet

Tertiary protein structure
occurs when certain attractions are present
between alpha helices and pleated sheets.

Primary protein structure
is sequence of a chain of amino acids.

Amino Acids
Alpha helix

OMol ecul ar Mac]|
Pleated sheet Alpha helix (these perform biological functions)
Secondary protein structure

‘ ‘ i’fe”ﬁfkﬂiiﬁ‘;i;:ﬁ“;ﬂ;‘“i"° acids
L B
L §

Quarternary protein structure
is a protein consisting of more than one
amino acid chain.
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Proteins are Sequences of Connected Amino Acids

Scorpion toxin LQH-alpha-IT

The peptid  halphalT is a a-scorpion toxin that [

shows sign = selectivity for insect over
-~
(."‘ mammalian .  channels. Injection of
o LghalphalT into ne “Musca domesti~~'

‘\/'

larvae produced hyperacu

continuous, irregular muscle twa.  * ,ﬁﬁt .
b the body.




To Help Understand
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Living Systems Enjoy Broad Molecular Diversity

Enzyme kineti
Degradation

lnter-conversion'
Transport
Secretion -

Accumulation

Postranslational
modifications
Conformation

Degradation
Secretion
Activation

Alternative splicing
Micro RNAs

RNA editing

RNA stability

RNA structure

Complexity =»

Epigenetics
nsertion-deletions
Allelic variants

Rev Esp Cardiol. 2013;66:657-61




Living Systems Enjoy Broad Molecular Diversity

Enzyme kinetics v
Degradation —a? g
Inter-conversion g~ {“,‘(V
Transport < e “’(‘\f/b
Secretion . ; s
Accumulation
Postranslational Exogenous intake
modifications
Conformation
Degradation
Secretion
Activation

Alternative splicing
Micro RNAs

RNA editing

RNA stability

RNA structure

Complexity =»

Epigenetics
Insertion-deletions
Allelic variants
Pseudogenes

Rev Esp Cardiol. 2013;66:657-61
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