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ice which lets
gnow how substances ¢an harm life
oypysico—chemical rea€tions with

living cells

JAll substances, whether synthetic or
natural, can cause harm to people,
animals, plants, micro—organisms, and
their environment




QCCUrring
s tances Whlch are askpoisonous as
WOnore poisonous than®™he most

toXle synthetic chemicals

UFor example — ricin, Clostridium
botulinum toxin, saxitoxin




B and dose

IVOOISONOUS nature) of
tance 1s 1nversely related
P the amount (dose) required to
@2 LISYS harm

Olhe more that is required, the lower
the toxicity

BIBut — all substances are toxic at a
high enough dose




. and dose

CHEeanecause harm
| ' eXposure o very small
amounts, sometimes noMore than a
W molecules, are said to be
extremely toxiec

USubstances that require exposure to
many grams before harm results are
said to have low toxicity




A and Dose

AN ts become
e 1 C 11" the amount ingested is
Move a certain acceptable dose

JS0me substances such as oxygen are
toxic (harmful) at the dose which is
essential for life! We are protected
by anti-oxidants

O0xygen is toxic at all levels to

obligate anaerobes (toxicity
classification?)




PESEREffect curves
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demental rule of

80nly the dose required makes the
difference between a cure and a
poison’

WUNote: Paracelsus is the name given
o Theophrastus Phillippus
Aureolus Bombastus von
Hohenheim




IWEIRIS a poison?

O life but
ave died fromfdrinking too
g out
Séntial salts such as sodium
chloride and potassium chloride

1

UFresh water fish rarely survive in
salt water or salt water fish in
‘'resh water and so both could be
classified as “poisons’




S a poison?

et for human
Iy easy to exceed
required dose and péople have
died from eating too much

It may also cause developmental
abnormalities in babies if their mothers
consume too much while carrying them
during pregnancy




IWEEIRIS a poison?

':IOx\/\é FRESSENtEINGIRaerobic life but
dEStroys essential molecules by
grdEation; protective mechanisms
AVeIVing compounds such as vitamin C,
vitamin E, and glutathione have evolved

QO Reactive oxygen species (ROS) have

been implicated in mutagenesis and
arcinogenesis




NENEIRENC synthetic
chemicals

‘rom the fungus
Wk o1/ /us flavus, 1siGne the most
POCENt carcinogens knowh, causing
I'1ver cancer in people, birds and
fish after eating food made from
contaminated cereals such as rice




and syntheti
chemica.

Seen naturally
ubstanees®and synthetic
<tances is of 11t value in
onxlderlng toxicity

Pure natural vitamin C and pure
synthetic vitamin C are identical
molecules and equally good for people




MIVEIERIRthrough the
SRvironment

':lSLI'f)\?E- ES N tnerenvironment,
WIFELNer TOXIC Oor NOt, May enter
IVilig organisms directly - by

ARalation (lungs or gills), ingestion,
by SKin contact, through wounds, or
through the eyes

QOr indirectly from food or through
he environmental media - air, soil,
sediments, or water




gian exposure
SRvironment

ach route of exposue must be
CO) S|dered separately although the
gffects may be interactive




Respiratiogkigliotcrlflesie el rrolif)
Agestion through moutir:

ARSEPEEN through skin,—‘ \
WOoURGES it -

7,

Exposure of baby in the

womb through the placenta /

*D éforget exposure of babies through

mother’'s milk



PIEERENt routes -
diifiesent effects?

~

J.
sEliSe different € "e C
salne substance
1S
QOF

F SMFOULESTOIFEXPOSUre may
3 rom the

Sometimes only one route of exposure
S harmful

For example, organophosphate
pesticides are highly toxic through the
ungs but break down in the stomach




SasisEligsaPiRtne child in
SMERTEIREaNd babies

S deVBIbping child in the womb
el be harmed by substances in the
mether’'s bloodstream Which can pass
Cross the placenta into the baby’s
blood circulation

QAN example is methylmercury chloride,
found naturally in tuna and swordfish,

- which can kill a baby in the womb at
levels which do not harm the mother




SasslIEr0f the child
silgiEEeiREast feeding

':IThe\'s 2ast feeding enild may be
gelimed by substancesiin mother’s

Tk
Particularly dangerous in this respect are
persistent fat-soluble compounds such as
organochlorine pesticides which can
accumulate in the breast; they are included in
" the United Nations list of persistent organic
pollutants (POPS), banned in many countries




MEanoparticles

melieEEeEn 2.5 um and
slgfe "cll’"l les,

V|ously called ultrarines (<100
nrr may lodge per anently in the
alveoli and cause chronic problems;
nanoparticles may move through
cell junctions into the body and
affect the heart




MIESESION pOISOoNning

{ JiEp(@lreadyadiscussed) is the

2iiie toxicokinetic phaseé'covers
Dtake to excretion

dThe toxicodynamic phase covers all
aspects of the way in which a
ubstance causes harm once it
reaches its “target” in the body




Prizises oiele]elaligle

Toxicokineailc

Priase
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M EIsHSIssRElEEEX Cretion of fat
ol 1\\)1H SIPEEEIE) substances

, Highly Fat
F |10 & Soluble
St oJrsl ICES Substances

Binding to gldeeeEsliszileltiggllgk
IpepIEEEMYiph cells, lymph proteins

2hysical localization,
acecumulation in fatty

| _ tissue

Phase T"aneiPhase 2 Reactions Blood » Breathed Out

/vCirculation in Air
Water seluble products \ . :
i - . Reabsorption Milk, sweat

Excretion In
from Gut
Blood Circulation  Bile to the T and other
¢ Gut — Hydrolysis in Gut Secretions,

\ Including

xcretion in Urine Excretion in Faeces :
genital

secretions




Duffus & Worth, ©IUPAC




SlenIC toxicity

o long term

Chronic Toxicity
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.,, SilIIGREO Xicity follows
ECEUIRBIENBRIOF toxicants or
l'} 2tion DY 3 8 in: effects

g2 DD1PCBs, tetraethyl lead etc

Lead ions, calciumiens, strontium
OIS etc

JLiver and kidney-bind and trap both organic
and inorganic toxicants

LPlasma proteins- especially albumin, bind
both organics and inorganics; competition for
pinding may displace a large dose causing
toxicity




IREIElt aspects of
slenIC toxicity

nrosle. toalesRng il

ti10mrof cancers

UNote the special problem of brain
cells where normal decrease
through life may be accelerated by
exposure to toxicants




SEBlRe to mixtures

\

S OEEanNTSHSNarEmeXDosed to mixtures

B[,

1V
of

p=—

potentially harmfulSubstances

Jdliere are four types of effects
chémicals can have on each other:
exposure to two or more substances
simul taneously may produce effects that
are independent, additive, synergistic,
or antagonistic




othe’® or enhance each
s effect on simulffaneous exposure

JAdditive - have the same effect
independently and any combined exposure
produces a total effect equal to the sum

of the effects of separate exposure to
each substance




QANntagonistic - effect of one substance
countéracts the adverse effect of another;

exposure to the substances together has

le€s effect than the sum of the effects of
1ndependent exposures




SHEIIGEEN Speciation

mical SPEGIESION an element is

Cif]r" ormin wh] h it exists,
d as to isotopic cemposition,
ffonic or oxidation State, and/or

com Iex or molecular structure

dThus, organic chemistry is the study
of the nature and properties of all the
chemical species of carbon




SIEEIR IMportant?

gpErcury.
XISt as the pUIE metal which is an
eutral volatile QUIC

SHigENVapour is fat soluble,fthe liquid metal is
eith

er fat soluble or water soluble

LIt can also exist as Hg* or Hg2* ions that are
sparingly soluble. However HgCIl, in seawater
is largely unionized and therefore fat soluble

Dﬁethylmercury chloride is sparingly water
soluble and very fat soluble




\W\H\ BESPEGEWON |mportant?

]| A (corigjptiecl)
2l DIENMErCUryaVapour and mercuric
fnlorlc enter cells easily through the
OResSpholipid membrane

JLiguid mercury is not absorbed by cells.

Ionized mercurous chloride does not enter
cells; unionized mercuric chloride does.

CIFat soluble methylmercury chloride enters
cells readily




-

IIEYABIEBEERION important?

C|MerctigAcoriglntisl
mERIEso/uble"mercury species, e.g. mercury
vapoeur, fat-soluble unionizéd mercuric
cRleride, and fat-soluble methylmercury

chioride are highly toxic

GLiquid mercury and ionized mercurous and
mercuric salts have relatively low toxicity




INERIBIBEIGAl dimension -
RN LOTEIVIIEENERNG . bacteria) -
"*\ SMBEIEEE membrane

\

Ribosomes

Cell Membrane

Glycogen
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ASFAEIWAEIEEES in eukaryote

~ “THE CELL'S POWER I I,7
- - Vacuole PLANT” ATP synthesis Ce S

"

_ _ : Mitochondria
Directs protein synthesis,

regulates metabolism,
reproduction. Contains , \
chromatin, DNA ‘ o, ‘ Ribosomes

o h Synthesis of
Nucleus - L Y | L\ =LAy proteins for the cell
: = ( . and for export
Endoplasmic
reticulum (rough)

Protein - ¢ 2 -y Microfilaments “\Waste
SYUUESS ‘ - 4 treatment” :
Plasmic Intracellular

Endoplasmic reticulum membrane digestion
(smooth)

Golgi apparatus Synthesizes carbohydrates

which are packed with

Detoxification. Production of proteins for cellular use or
lipids, carbohydrates 30 um export



and biology

(VI) as CrO,*
lromate)
Cell

memora Sulfate / phosphate
active transport system

Cytochrome P4504 Cr(Vl) as CrO,2

system

Cr (Il /1V) (chrognate)

l_ spécies unknown Reactive Oxygen Spegies (ROS)

Reacts with phosphate and sulfate metabolism \\\

enzymes, DNA, RNA and their polymerases? N
Mutations




The End

BianNKYeUNEry much for
your attention




