Nutritional
Toxicology

|

Assess the presence of
toxic and antinutritional
factors in food

v

to ensure they are
harmless or low risk

Natural toxins Accidental toxins Generated during

food processing

!

Intentional toxins

chemical agents in

environmental due to misuse
higher than normal causes
concentrations

~

Examples

acrylamide

persistent organic pollutants

occasional

food hazards (factors):

; ° X 3-MCPD, glycidiol
biological, chemical or

intoxications

physical polycyclic aromatic hydrocarbons

¢ furan
examples

melamine — in food contact materials

cyanogenic glycosides — cassava and almonds contaminated food:

furocoumarins — parsnips containing a hazard factor

lectins — dried beans

mycotoxins — moulds

—

aquatic biotoxins — algae

m.o. alteration (or chemical: natural,

solanins — solanaceae not): intoxications environmental

contaminants,
additives

and toxi-infections

muscimol and muscarine — wild mushrooms

pyrrolizidine alkaloids — weeds contaminate crops

Agencies

WHO, Food Safety (White
Paper), from farm to fork

v

a balanced and
healthy diet communication

food safety is a N i
right and a duty o =

AESAN, EFSA,
RASFF, FAO, FAO

risk characterisation,
management and

Mechanisms of

Susceptibility of organs toxicity

Intestinal Toxicity

Blood flow

Presence of specific enzymes or

- biochemical pathways
one of the main ways

Organ function and/or position

of exposure to toxins

Specialisation and vulnerability

Repair capacity

target organ Metabolism balance

Presence of specific intake methods

Compound binding to macromolecules

Intestinal Toxicity
mechanism

Disruption of Interference Interference Interference with
intestinal epithelium with secretion with mobility nutrient absorption
[ Necrosis 1death rate ] Muscarinic Direct irritants, aflatoxin, pancreatic
agents tpropulsion due lipase, |lipid
to irritation absorption

Ischaemia |flow
Inutrition

v v

Cholinergic agents, Cholestatic agents,

parasympatholytic
agents

simulates |bile, |absorption of
- acetylcholine, fat-soluble vitamins
Suppression of contraction
mitotic activity Osmotic cathartics

— diarrhoea

. J

:|: cholinesterase
inhibitors
Adenylate cyclase

activation, cholera
—

Toxicology of

the Gl tract

Toxicity by location

Y

Liver Toxicity Evaluation of
¢ hepatotoxicity

Local Systemic
toxins toxins

Hepatotoxicity, metabolisation
centre of the organism.

corrosive caustic damage

) . vascularisation secretory
innervation

¢ ¢ ¢ glands
[acid ] [ base ] [ microcirculation ] lesions, decreased

alterations, hepatic portal synthesis of plasma
¢ proteins

neoplasms,
angiosarcomas,

Indicator, glucose 6,
hepatic phosphatase

subclinical responses,
hypersensitive, adaptive
tolerance, hypothesis.

altered cholesterol,

Enzymes as
indicators of injury

—

Gut microbiota

Composition

v

mouth, bacteria related
to some cancer

developments

v

loandiFih blood tests, ALT
and AST

cytotoxic liver,

K' necrosis ﬁ

Chronic toxicity
leading to cirrhosis

(—M

Acute cytotoxic

f liver damage \

synthetic vs. natural Characteristics:
increased liver size and weight,
pathological proliferation of smooth
granulomatous plasma reticulum
lesions, porphyria

cholestatic, bilirubin
accumulation

jaundice, less bile

Chronic active vascular liver lesions, Parenchymal hydropic | liver necrosis I
degeneration

whites of eyes
turn yellow

hepatitis, necrosis tumours, degeneration
portal inflammation granulomatous lesions ¢ ¢ fat-soluble vitamin
A malnutrition
i swollen liver, hepatocellular focal, zonal,
- : bulging damage, twater,| | massive, time- ¢
steatosis, fatty liver,

fibrosis and cirrhosis

fine eosinophilic uptake

r/\ granulations

phosphorus and alcohol and

microvesicular macrovesicular
tetracyclines methanol

Fibrosis, increased collagen,
onset of necrosis

mitochondria, 1swelling, water dependent, if [

short, more

lethal

steroids and contraceptives
give jaundice

Cirrhosis is progressive and
irreversible. Fibrosis +
abnormal structure

Y

Vitamin A intoxication,
Aflatoxin also

Alkaline phosphatase,
bilirubin, glutamyl-
transpeptase

Microbiota evolves with

time and habits

prebiotics and
probiotics

Do not combine
antibiotics with
probiotics

Beware of saliva
as it may cause
sepsis

Epidemiology Risk Factors

Lack of food
identification

Food allergy
perception:
1/3 people

Patient-dependent
factors: Medical history,
asthma, medication

Actual food allergy: 2%
(general), 7.5% (children),
10% (atopic individuals)

[ Individual differences ]

Importance of
differentiating between
children and adults

Geographical
differences

First dated
anaphylaxis: 1905

I Al I

Toxic
adverse
reactions

"anaphylactoid",
mushrooms,
goitrogens...

overconsumption

Classification

l lergies |

Non-toxic adverse
reactions

Non-allergic

food intolerance
inducing factors

histamine
release

Metabolic Pharmacological
deficiencies effects

)

Hypersensitivity,
allergy

Food intolerance

coeliac disease
sensitive individuals,

majority tolerance

non-immune
system

(allergic or non-
allergic)

Intolerance to
additive or non-
immune food

IgE immune based
anaphylactic shock

metabolic, lack pharmacological, indeterminate,
of enzymes certain compounds combination

~—

Y
[ Genuine food intolerance not psychological aversion ]

Y
[ Most common: Milk and eggs ]

milk intolerance

xanthine
bases

Food Allergy

Y
[Associated with protein,]

IgE, immune system

—

Food allergens: Associated problems:
1st contact, fear of sudden

akTiES el 2nd immune response, intoxication, cross-
yeast as 3rd symptoms contamination

possible
candidates

Prophylaxis: family history, testing, avoidance of
dangerous foods, read labeling, antihistamine,
steroids, medical alert bracelet

Food
intolerance of
unknown origin

Y

Most common allergens: cow's milk, food
additives, eggs, fish, shellfish, fruit,
vegetables, legumes, nuts and grains




Marine Toxic risks of
hunting products

Biotoxins

Y

Biotoxins, accidental
food poisoning

Benefits. tnutritional value, Toxic hazards. Ignorance of the
fat, tprotein, |drug residues animal, may have diseases

Molluscs accumulate Use term harmful algal
¢ bloom (HAB) instead of

hem in hepatopancreas

red tides
Hunting = good weather =
ttemperatures = tbacteria =
lhygiene and |health control
( Factors )
ttemperature Yy
: Health risk study. Zoonosis
102 dissolved zones. Risk assessment
tlight
lrain
tnutrients Same environment, Public Health Problem
contamination indicators — One Health
stable water

\ 4
Marine biotoxins: don't affect molluscs, heat

resistant, no organoleptic changes and with
Lalcohol and acid (vinegar/lemon) tabsorption J oIIutants
Heavy metals [ Persistent organic ]

pollutants

Y
[ Lead and cadmium ]

Y

Biotoxins m— [Other types of poisoning] Chlorinated compounds, pesticides, dioxins,
Y PCBs, furans. Other pesticides and mycotoxins
same animal-human
Y toxicokinetics
[ Parﬂﬁ:oi::zmw Neurc;tgl);lgn?:gellflsh Dlarrggtlaslgrﬁ::”ﬂsh Amn:;l;:oi?negllflsh ] Ciguatera ii?sn;:zg’ Clupeotoxism [MUQ'“d;(:Sr;ar::z:natory] [ Cyclostome poisoning ] Elisorir;?)?]:z;;ch [ Moorhen poisoning ] [ Gempylid poisoning] [ Ichthyohaemotoxism ] Ichthyo-ootoxism v
[ Chlorinated compounds ]

Y Y y Y y
A 4 s N Y y Y : :
\ 4 \ 4 \ 4 \ 2 \ 4 L2 - — unknown but | I .h l i | hark I - - Hunting differences Endocrlne dlsruptors Waterfowl plumbism
[ p—— ] . o —— ” ; - pm—" - Histamine in gnknown out salmon, head [ river and sea scavengers ] sharks and rays A Lg:(l;ggmrtl)le @@ eel, tuna, silhous l freshwater fish
axitoxins revetoxins adaic aci Domoic acid Iguatoxins Tetrodotoxin spoiled fish toxin Y b5 and its caviar
Y A 4 — A 4 N v A 4 A 4 semi-volatile and lipophilic, /, N O
v v hallucinations anticoagulant toxin in toxin in lIYeF or mgat, A 4 - v - - | cognitive functions, Grit, mechanical action + pH, biomagnification DDT is still present even DIOXIHS_, |ncompletg
A 4 Y v v v A 4 = up to 24 hours mucus and skin hypervitaminosis (_V_\ toxin: purging oil in [ anticoagulant and ] [ roxim ShoSohoToPToten ] Wild boar, lead, [ Deer, cadmium, ] | flight, easier to kil dissolution of lead, absorption, v in humans. DDE, primary combustion of organic
Blocks Na* channels, R — - . . . Blocks Na* channels, Flushing, sweating, Gas.tromtestlnal vitamin A peroral tingling, bones and marrow hemolytic protease - pnospholipop omnivore seasonal herbivore liver and kidneys, hard tissues . metabolite of DDT matter.. Environment with
inhibition of Opens Na® channels, Inhibits protein Excitatory amino acid Opens Na* inhibition of h discomfort, i accumulates and resists \. J dibenzofurans
T . } g . . eadache, nausea, v diarrhea, € | \_
hyperexcitability of phosphatases, disruption toxicity, overstimulation channels, altered " ) weakness \ 4 : Y degradation, omnivorous
neuromuscular , neuromuscular vomiting, diarrhea IS, " \ 4 \__Selzures ) \ 4 v imalls (i
transmission nerves and muscles of cellular processes of glutamate receptors neuronal function transmission abdominal pain affects the central gastroenteritis \ 4 Increased risk in 4 animals (liver) () " ( Hunting animals with
gastroenteritis and urticaria and gastroenteritis and . 6 PCBs banned, industrial i 9
nervous system ical si profuse diarrhea without o Depends on diet: Cd consimers Ecotoxicological and y habitat near crops.
neurological signs y ¢ - gastrointestinal rarely fatal syncope ; blic health brobl v uses, environment ) :
neurological condition ; accumulates in plants public health problem pollutant (One Health) Poisoned baits and
v i v v can be deadly SRS [ Via air, water, soil and food ] L J (_rodenticides
\ 4
Neurological Gastrointestinal Y ceblieliCaiElehls Gastrointestinal Paralysis 4 Cadmium in Y
. Gastrointestinal neurological EREEE] LA l can be deadly Lead in the _ \” M . .
. ST Muscle is usually eaten, ycotoxins, carcass contamination:
symgtoms, and neurological symptoms symptoms, memory and neurological rgsplratory the_anlmals animal's liver ioh i d i i Aflatoxins in liver, kidney and gonads.
paralysis, death symptoms symptoms failure, death kidneys which is not as affected Important in hunting area. ' yandg
' loss, death ymp : Exposure to chemicals Ochratoxin, humidity.
possible near power plants \_
Clinical diagnosis In non-wetland hunting unarmoured pellets
; ; ; history of fish ’ (impact), much higher that deform when
Chemical analysis, mouse bioassays e s concentrations penetrating tissues
Y
Monitoring and control of fishing areas, shellfish testing Avoidance of large Strict regulation of
(Dinoflagellates) reef fish, education of pufferfish sales,
at-risk populations training for chefs and

fish handlers




Persistent organic

pollutants
Persistence, Accumulation Toxicity, 11,000 Transporters,
chlorinated, fat-soluble, harmful easily dispersible,

resistance organs organochlorines semi-volatile

incomplete
combustion of
organic matter

Dirty dozen and
Stockholm Convention

!

Annex: elimination,
restriction, unintentional

\

Most Important Substances

Polychlorinated dioxins Perfluoroalkyl Brominated flame Chlorinated
and biphenyls substances retardants paraffins
Dibenzo-p-dioxins, dioxin-like molecules: chemical and thermal stability, surface Anthropogenic substances, Industrial use,
polychlorinated dibenzofurans and activity, Teflon, anthropogenic combustion retardants additives, retrophilic
polychlorinated biphenyls i i
Stockholm Convention: restriction of use Polybrominated biphenyls Appgarance in

¢ animals, fat

Toxic Equivalency Toxic Eguivalency Diet (fish, meat, liver), non-stick pans, i
Factors (TEF) Quantity (TEQ) drinking water, utensils, packaging additives,

blood and reactive, Possible human
¢ b t milk less toxic, carcinogen, group 2B
higﬁ; fip?;hi'iic low lipophilic (highly suspected but not

Toxicity: hepatotoxicity, officially carcinogenic)
Sources: natural, anthropogenic, organic teratogenesis, immunotoxicity,
incomplete combustion, fossil fuel burning i

hormonal, genotoxic, carcinogenic

¢ no evidence of cancer Presence in the Stockholm
Convention, Maximum
3T regime: time, temperature and turbulent Intake levels: significant drop in reference ¢ limits may appear soon.
values, higher risk, 1500 ng of s - )
l PFOA/kg/day to 8 ng of mixture/kg/week Tolerable intake levels:
no reference value

Toxicokinetics:

. - margin of exposure Stockholm Convention,
continuous but glutathionyl (Reference dose but not yet EU regulated

digestive tract. 1Cl | age d'j;(irt"thted slow conjugate (NOAEL or BMDL) /
lfat = |absorption PP metabolisation elimination actual exposure)

M Mechanism of action

food route, absorption inJ

N
dioxin-like, binding to AHR- chloracne = scaly skin with ulcers,
cytosol receptor, induction of limmunity, hepatotoxicity, teratogenic

specific nuclear genes ) and carcinogenic promoter

Environmental occurrence:
ppt as various mixtures

Tolerable intake levels: 2 Management measures:
pg/kg/week, food sources Stockholm Convention,
(animals), accumulation in fat regulations, exception

(Latvia, Finland and Sweden)

Pesticides

Codex Alimentarius:
Maximum Residue Limit
(MRL), good agricultural

practice

v

[ MRLs derived from ]

exposure calculations

Pesticides: toxic effects: acute, chronic,
environmental and delayed (possible endogenous

human problems re-intoxication)

Mode of use: free or pure,

conjugate (active ingredient,
solvent, adjuvant)

There are rules for
application and
disposal in place

— Types of pesticides ——

Organophosphates Carbamates

(methyl)parathion, malathion Similar to organophosphates,
reversible acetylcholinesterase
inhibition

Uptake:
liquids or
aerosols

Distribution:
liver and kidney

No delayed neurotoxicity,

Organochlorines

[DDT, polychlorinated]

biphenyl-like

easy to synthesize and apply,
hydrophobic, liposoluble,

Herbicides Rodenticides

prevention of
occurrence in food

gaseous minerals organic
(hydrocyanic acid, (As, P, Ta, Ba, F) (antivitamin K)
methyl bromide)

Specific: selective, Non-specific:
exclusive to plants contact, local action,
damage to mammals

decreased thyroid and persistent, high bioaccumulation fu?io?é;cés fﬁﬁiirg:s _
fj hepatic activity \ 4 9 9 thallium salts via [ anticoagulant, ]
[ Chlorophenolic ] Paraquat dense spray that cutaneous and internal bleeding
Exposure: occupational Absorption: Distribution: compounds p numbs and gastrointestinal routes
(farmer), suicide, Muscarinic [ inhaled, dermal, gastrointestinal i metal-based, carbamates, thiocarbamates, intoxicates them
domestic accident manifestations only, no digestive system, liver Y sulphur (salts), pyrimidines, thiazidines and l
nicotinic manifestations i oxidative phosphorylation [digestive or dermaq benzene nuclel _carboxylases derivatives replaces potassium
v |nh|b|tors(,ji:l:;?sn toxicity, route, alkalinity i [_) enzyme inhibition]
Mechanism of action: occupational, Elimination: biliary [ stop redox reactions )
irreversible inhibition of Possible shock if suicide, and renal, milk - : . block cell division
acetylcholinesterase [alcohol is present] domestic (animals), faeces Mechanism of action: and blocking SH groups|
accidents reduction — protonylation

Diagnostic: higher level of
acetylcholinesterase compared
to organophosphates

Effects

block (calcium channels)

muscarinic nicotinic (>4 hours) intermediate delayed neurotoxicity
(5min - 3 hours) skeletal muscle syndrome (24 - (7-20 days) sensory-
parasympathetic paralysis 96 hours) motor polyneuropathy,
paralysis of neuronal loss and [ Drug interaction: less effects
autonomus learning disabilities compared to organophosphates
muscles

|

Target organ: brain — increased
excitability of axons, nerve impulse

Y

Diagnosis: investigate
presence of pesticide,
liver and kidney,
blood and urine tests

— hydrogen peroxide 1.-DDT
- LINDANE

.- DRINES

. .~ HEPTACHLOR HEPTACHLOR CHLORDANE
Removes single oxygen from

2
3
4
02 — singlet oxygen — free 5.- PARATION
radicals — cell damage 6.- PARAQUAT
7
8
9

-2,45-T

|

[ renal support, gastric lavage, ]

.- PENTACHLOROPHENOL

.-DBCP

Acute poisoning:
convulsions, cardiac arrest, 10.- EDB

dermatitis, digestive and 11.- CAMPHECHLOR

respiratory disorders

absorbents, artificial clearance

12.- CHLORIDIMEFORM




alkylmercury (CNS
accumulation,
seafood source)

elemental (non-toxic,
not absorbed G.I.)

attacks CNS,
cerebellum,
coordination

Sources: natural,
agricultural, industrial

marine environment
(methylmercury more toxic)

inorganic
mercury salts

inhaled
elemental
mercury

goes to the
brain

organic
mercury

absorbed almost
all, brain (barrier),
faeces elimination

10% absorbed
gastrointestinal,
kidney, urine

[ Sources: Fish > dental amalgams > water > air ]

[ Normal value 5 pg/kg in blood, mercury limit in fish 1mg/kg ]

Heavy

Y
atomic weight greater
than 4.5 g/cm3, toxicity
is relative to the dose...

particularly toxic:
mercury, lead and

Essential, copper,
zinc, iron...
cadmium

They are thiolprives

very high in 1940 due to
wars (leaded gasoline
and firearms)

decreased environmental
presence
agricultural, natural,
industrial sources

Intoxication: saturnism

Routes: inhalation, Accumulation in
oral, skin (only bone, displacement
organic compounds) of calcium

majority of excretion in feces
(not absorbed), then urine,
and saliva (Burton's line)

v

Inhibits alanine synthetase,
alanine dehydrogenase

Effects: gastrointestinal,
hematopoietic, neurological, renal,
oral, endocrine, teratogenic

v

l Intoxication is usually chronic l

Y

E(

metallothionein

[ accumulative, resistant,

combination ]

A\ 4
A\ 4

wheat)

rade engravings)

[natural (cadmium—] [agrlcultural (rice, ] [ industrial (bad ]
9

zinc antagonism)

y

A
Intestinal Distribution to liver Elimination: not
absorption 3-8% Jmetallothionei absorbed, excreted
Inhalation 10-50%| (W/Mmetatiothionein in feces or renal

Diet> work> smoking

renal damage, renal failure (high blood pressure)

[Metallothionein + Cd, nephron, separated, free cadmium,]

| htaitai disease (Japan) |

|Fe, |vit D, |proteins in diet in
women. Rice, osteoemalacia,
proteinuria, bone

A

Cd bioavailability from soil,
rice, and wheat (plants)

A

Cd can replace Ca,
hydroxyapatite, joint
problems and Ca deficiency

and block SH groups

Arsenic

metalloid, water
arsenicism, India,
Germany

Environmental levels: 2-5 mg/kg,
organic eruptions 20mg/kg

Trivalent more toxic than pentavalent.
Inorganic more toxic than organic.
Trivalent inorganic most toxic.

Carcinogen:
confirmed human
carcinogen,
category 1

Absorption inversely
proportional to toxicity

Dietary intake: 0.3 mg/day, PTWI 2.1
Hg/day, meat, fish, cereals, fat, oil.
drinking water

I

Elimination: renal, ]

Sources: drug exposure, drinking water,
fish, meat additive,grapes fungicides

Absorption: oral 95%,
inhalation 25-40%

Distribution: soft
organs, then hair,
nails, teeth and skin

gastrointestinal, hair, nails

methylated

Biotransformations -SH
groups, thiolprime

[ enzymatic blocking of DNA polymerase ]

Glutathione: detoxification,
methylation, phosphate addition

Acute poisoning: coleriform Chronic poisoning: multisystemic,
gastrointestinal symptoms multiple organs involved

—/

soft, present in other metals,
anthropogenic influence

Uses: additives, food, soaps,
perfumes, dyes, packaging,
deodorants

Measures have
now been taken

Food exposure: higher in
canned food, pesticides,
additives, animal foods

Absorption: poor orally, more
problematic parenterally

Nowadays not a
food safety problem

)

Thiolprime action, same
as in mercury, lead and
cadmium...

binds to thiol compounds,
inhibiting enzymes

Sources: water, tea,
herbs, spices, additives,
containers, medicines

Aluminium

non-essential nutrient,
affinity for oxygen

tacidity = 1 environmental risk.
Reacts in acidic conditions, danger.

Daily contribution:
88 mg/person/day

|Gastrointestinal absorption, binds
to phosphates and goes in faeces.

limited pulmonary,
problem parenterally

[

Deposition: bones, Excretion: oral,
organs (e.g., brain) intestinal phosphates

)

Neurotoxicity: parenteral

aluminium gels, dialytic dementia,
affects nerve endings in the brain

Copper

enzyme
exchanger

Exposure: dietary, occupational,
organs, oysters, chocolate, water

Absorption: mainly
inhalation, oral 30%
low due to intakes of
Fe, Mo, and Zn

Distribution: organs Elimination:
and muscles, where biliary > renal
enzymes are present 1%

Toxicodynamics: thiolprime,
binding to -SH groups,
glutathione depletion

Toxicity: anaemia, neutropenia,
bone demineralisation

Acute toxicity: emetic, laxative
properties, severe with
tachycardia, hypertension

Chronic toxicity: liver
cirrhosis, jaundice

Menkes disease: genetic, |copper
due to |placental transport

Wilson's disease: genetic, fcopper,

low elimination, onset at age 5

[

haemoglobin and cytochromes,
redox reactions

Supplementation not
needed with varied diet

Exposure: dietary, Absorption: 10% from
medicines, packaging diet, oral and inhalation

Y

[

Elimination: faeces, Distribution: ferritin,
urine faeces, urine liver, organs

Toxicodynamics

toxicity: vomiting, deficiency:
ulcers, shock, acidosis, anaemia
haemosiderosis,

haemochromatosis

Essential Heavy
Metals

Known function in
the body

Toxicity: dose-based

Concept of hormetic

l substances |

abundant microelement,
cofactor, enzyme
constituent

Food sources: oysters,
livers, yeasts, meat,
fish, pulses

Elimination:
gastrointestinal,
urine

Toxicodynamics: affinity SH and
OH groups, thiolprime. Interacts
with metals |Cu, |Fe

Deficiency: decreased growth,
hypogonadism, rough, dry skin

Absorption: gastrointestinal
20-30%, influenced by
competitors and enhancers

v

Distribution: carbonic
anhydrase in blood,
metallothioneins in tissues

Excess: hypochromic
anaemia, venous ulcers,
CNS depression, teratogenic

enhanced toxicity with tcopper, tnickel

Chromium

Sources: brewer's
yeast, vegetable fats,
oils, cereals, nuts

Absorption: low
inhalation, oral
<1%, increased by
vit. B1, B2, B3

essential trivalent,

toxic hexavalent

Cobalt

natural element,
essential part of
vitamin B12

Sources: industrial,
food (vitamin B12,
meat, dairy products)

Absorption: slow i

inhalation, oral 30% Distribution:

N liver, kidney,

as cobalt chloride, heart
0.5% as cobalt oxide

Distribution: Cr(VI) passes
membranes, accumulates in
bone, spleen and testicles

\ 4 v

Elimination:
renal (urine),

Elimination:

Biotransformation: trivalent ] Metabolism: to more
renal, faecal,

form created in tissues toxic compounds,

biliary (faeces)

Deficiency toxicity: cardiovascular
problems, insulin resistance, impaired
amino acid metabolism

Acute poisoning

gastrointestinal symptoms,
acute renal failure,
possible liver failure

Toxicodynamics

cyanide ion —

biliary cyanocobalamin

Toxicodynamics

acetate to COy, reacts with - — " s
cholesterol 2 nucleotides, inhibits hlﬁh| avidity _fm;lthml groups, |n|h|;>:tts
e lucose utilisation respiration, cellular respiration, energy avaliability
fatty acids 19 P in myocardium, nervous tissue

1lipid peroxidation

Chronic intoxication:
local symptoms of
pneumoconiosis,
allergic dermatitis,

systemic alterations

Acute poisoning:
diarrhea, paralysis,
hemorrhage

Chronic intoxication

renal tubular necrosis,
hepatocellular necrosis,
ulceration, gastritis, tlung

cancer incidence

Manganese

least toxic essential metal,
component of connective and
bone tissue, enzyme cofactor

Sources: various, petrol anti-knock
agent, dietary intake from nuts, seeds,
recommended intake 2-5 mg/day

Distribution:
transferrin, alpha-
macroglobulin

v

Biotransformation:
divalent to trivalent

Absorption: oral 1-
3.5%, slow inhalation,
dermal minimal

Elimination: mainly
gastrointestinal

Toxicodynamics

promotes formation of
quinones, free radicals,
inhibits ATPase

Chronic toxicity:
pneumonitis, manganism,
neurotoxic symptoms
similar to parkinsonism

Acute toxicity:
metal fume fever




Fluoride Radionuclide
toxic risk

most reactive l
element, trace . .
Radioactivity (Sv - Bq):
element . L,
fusion, fission, unstable
nuclei, radioactive isotopes

Benefits: |tooth decay, better mineral
structure, tacid resistance, |cariogenic

bacteria, |osteoporosis, tbone hardness

Sources: natural (volcanic soils),

anthropogenic (fluoridated waters)

natural: food, sall, artificial: medical applications,
atmosphere, water, fuel ash, nuclear power (testing),
fish, seafood, reindeer contamination, bombs, accidents

v/_/Rv

[Chernobyl: disaster prediction, [Hiroshima and Nagasaki:]

Absorption: main via
digestive tract, liquid state
95-97%, solid state 60-70%

Metabolism: interfered
by corticosteroids

distant radiation detection rising cancer rates

v v

meat, milk, greenhouse
crops, added radiation in
distant countries

Excretion:
through urine

no genetic investigation,
(unknown DNA),
teratogenicity, arctic ice
contamination with Pu

Deficiency: dental Excess: dental and

caries, osteoporosis bone fluorosis

bioindicators: fungi,
lichens as absorbers

Mechanism of action:
metabolic blockade,

amino acid disorder Toxic effects

chronic exposure:
carcinogens, mutagens,
teratogens, genetic effects,
thyroid anomalies

acute exposure: cell,
tissue damage, caution
with bone marrow
(leukemia), Iens testicles

LCTIEYLIELDINHISCCIA I Chronic poisoning: calcification or
acidification, spastic paraplegia,

irritant compounds,
inhalation, dermal,
gastrointestinal routes,
necrotic lesions

interference I~ metabolism and
cytochrome oxidase, |fertility, |1Q

Prevention: rapld harvesting,
] impermeable materials, deep plowing,

bentonite, hexacyanoferrates

'

Safe limits: established
by scientific committees

f_/\v

Spain: no elevated
radiation levels, rare
positive values

[Fluoridation' water food, salt, milk, flour, supplements,

Endemic fluorosis

source being drinking water, not solid food

[ Regulation: not included due to main ]

Studies: conducted through
transitory, integrative,
accumulative pathways

low (<1 kGy) for insect-disinfected food, delays fruit ripening

Food irradiation

Discovery: Bactericidal action
of X-rays by Mink in 1943

Results

elimination of toxic substances
reduction/elimination of microorganisms/parasites

no improvement in nutritional quality

delayed germination of certain vegetables

improved hygienic state

disinfection of crops

extended shelf life

Appropriate irradiation: Wavelength of]

10%- 107", power of 102 - 10° electron
volts, upper limit 13 to 16 MeV J

Effects on food components

medium (1-10 kGy) for pasteurization, decreased pathogen concentration, increased shelf life

high (>10 kGy) for sterilized food, commercial preserves

Legal standards:

1980: Max dose of 10 kGy is safe
1999: >10 kGy is considered safe
2003: safety of >10 kGy could not be
ensured

lonization, formation of
highly reactive free radicals

Authorization: Only in dried herbs,

vegetable spices, and condiments, not
exceeding 10 kGy, and must be labeled

Changes in nutrients

carbohydrate shortening/degradation,

Microbiological
Water radiolysis, considerations

Toxicity

Subchronic toxicity
Few adverse effects

Reproduction/development:
No significant differences

Genotoxicity: Contradictory
results, no studies showing
genotoxic activity in humans

Carcinogenicity: No
carcinogenic effects

protein denaturation,

vitamin destruction

Reduction/elimination of
lipid oxidation, microbiota/pathogens, affects
DNA, cytoplasmic membrane

Resistance depends on:

dose, temperature,
environment; simpler life
forms more resistant

Concerns: Selective effects on
food microbiota, mutations,

increased radiation resistance,
toxin production

Endocrine
disruptors

Chemicals altering
hormonal balance and
human health

Effects: |sperm count,
lquality and | motility;
teffects in newborns.

significant public health issue

(Mechanisms: block, mimic, or

L decrease hormonal response

Specific examples

Natural hormones : (
Synthetic substances i ;
(estrogens, testosterone, [ - ] [Dlethylstllbestrol] Cryptorchidism [ Phytoestrogens ]
progestogens) syndrome J

l 3 !

[ Undescended | [Found in plants ]
Synthetic hormones: Synthetic chemicale Synthetic estrogen L testicle ) like clover
pharmacology (oral (unknown property): in pregnant females ¢ ¢
contraceptives) or for Cleaning agents, (Linked t 3 :
animal feed (clenbuterol) | | Pesticides, plastics, food inied o cancer Human exposure:
additives, dioxins . and infertility | Phenolic compounds

Daughters: Abnormal
pregnancies, reduced
fertility, autoimmune
diseases

Maternal Risks: Infertility,
estrogen drug developmental
administration problems

Effects on animals: Altered hormones,
fertility, sexual behaviour, immune
system and anatomical alterations

v

Effects on humans: Adverse reproductive
effects, fetuses problems, |reproductive
health, malformations of reproductive organs

v/_/

Oestrogenicity: Chronic
toxicity, occurs in agriculture
and food processing

Endocrine disruptors in food:

Natural and environmental Diverse group, not causing
contaminants, processed acute toxicity
products, agricultural residues Detected variably over time

Rf_/

[ Dioxins and furans, PCBs, Plagicides, Endosulfan, ]

Risk assessment:
Limitations, persistent
and bioaccumulative

hexachlorobenzene, phthalates, alkylphenols, and Bisphenol A

Y

Endocrine disruptors
and public health

Bisphenol A: Used in
plastics and resins, leaching
when heating containers, can
coatings, dental sealants

v

[They are endocrine disruptors in]

(plastic) bottled mineral water.

v

Safety limit lowered by 20k
times in recent years

v

Right now, with half a liter of
water, you are exposed to BPAs.

v

There are possibilities that
they will completely ban it.




Toxic
Mushrooms

Accidental poisonings

due to resemblance

Fungi, eukaryotes,
yeasts molds

and edible mushrooms Ochratoxins,
Fumonisins

Cytotoxic, coliform, hemolytic, neurotoxic, f_/%

hallucinogenic, intestinal irritant, disulfiram-like, Affect liver, kidneys, | | Chronic toxicity more
carcinogenic, and miscellaneous mushrooms CNS, endocrine, in young animals

immune systems

; types ;

Confusion between poisonous [ Aflatoxms

Fast-acting mushrooms: Late-acting mushrooms:
appear 30-60 minutes, and 8-24 hours post-ingestion,
are almost never deadly difficult identification

!

v Aflatoxins
Hydrazine-containing . .
Acute similar to those from | Nausea, vomiting, abdominal mushrooms NephrOtOXIC mushrooms HepatOtOXIC mushrooms
Gastroenteritis the supermarket pain, diarrhea, dehydration \ J ¢
¢ Aflatoxin in food: [Product ofAspergiIIus] Aspergillus, Penicillium, Fumonisin B1, produced by
Neurological Isoxazole derivatives, " " . ; N -
S , O : Psychot tivit (o e ) i . . flavus fungus warm and cold climates i
Poisoning ibotenic acid, musimol R Edible if dried or boiled, Small, reddish colour Amanita phalloides, Maize = Fusarium, maize, and grains
Hallichsaanie Confusion, seizures, panic discard cooking water Galerita, Lepiota. Peanuts ¢
Mushroc?ms Psilocybin, psilocin attacks, 30 minutes after ~ g 20-30 grams deadly Cassava .
ingestion i toxins: orellanins, Turkey X disease: 1960, Ochratoxin A (OTA): Most D Tm———
M .- Muscarine. similar to Cholinergic symptoms, .. cortinarins FiSIachios 10k dead turkeys toxic, tolerable daily intake hrot p- i - o
uscannic esticides + nicotinic | diarrhea, tearing, sweatin Clinical: 6-9 hours after ’ flieinleli el el e cliollalelel ot
Poisonin . ’ o : Chestnuts 5 ng/kg/day
9 effects blurred vision, bradycardia ingestion, nausea, vomiting,
i i Nuts B
. Coprine. Interferes with | Nausea, vomiting, flushing, scarce dlarrheg, hypotenS|on, Latency 3-17 days Amanita phalloides Aflatoxin types: 18,
Calgdlpvagcular alcohol and 1 arrhythmias, sensation of dry hemolysis, coma. int thirst. ool : P Figs AFM1 most toxic — : tcases of esophageal
glsening acetaldehyde mouth Intense thirst, polyuria, (Death cap) ) remains in body for 35 days, binds to PP, in South Afri
Weakness’ renal failure. Spices | i T Ki cancer in sou rica,
accumulates in liver and kidney, excreted China, and northern Italy
Hemolytic Thermolabile Asymptomatic mild hemolysis, l Watermelon seeds . . . _ in urine, passes into breast milk ’
Poisoning hemolysins if well-cooked (Ramen soup) Sausages TOXICIty: Affects liver, kldney, brain;
Target organs: liver, carcinogenic, teratogenic, mutagenic;
| kidneys, digestive tract | Wines hepatotoxic syndrome, kidney Analysis methods in maize:
¢ Legumes problems, immunosuppression : : thin-layer chromatography,
Milk ¢ Properties: Carcinogenic, Foods with OTA: HPLC, electrophoresis
Higher fungi Toxins: cyclopeptides sy brods (AFM1) nephrotoxic, teratogenic, legumes, barley, coffee,
\ ) Aflatoxicosis: genoto>_<|c, |mmunot9x1c, cocoa, nuts, pork
. spices, cereals, red wine
Great toxic risk, low
consumption in daily diet -
Amatoxins: Resist Phalloxins: Destruction Acute: necrosis of liver Chronic: jaundice, liver Ergotism: caused by ingestion of
cooking, long latency of hepatocyte membrane, cells, oedema of the cirrhosis, decreased Regions with high OTA intake: Middle Ikgl e caee by fg B
long latency lower extremities, liver appetite, reduced growth and Far East, Africa (warmer countries) GLcisles ol izt AL ITEIBRIIS
d - Al J ’ enus Claviceps, affectin
¢ ¢ lesions, growth abortions, and fetal 9 P ng e 9
cell damage, hepatic p N impairment. deformities umans and animals
Amanita S i Amanita Phalloides necrosis, renal tubular abdominal pain, diarrhea, Detection: Thin-layer
Cytotoxic Fung Galerina, St e é‘;?::i'r?éd'si Isgi/nggo(nr:]i)ét cell destruction. vomiting, liver, kidney, chromatography, HPLC,
Lepiota Orellanin, Gyrometrin deadly - 80% ?nortality) g CNS damage, death. ) electrophoresis
Protective factors: 1lipid
Gyromitra tprotein diet, liver rich in
Hemolytic Fungi Amanita,, Unknown femolytic Hemolytic anemia after (" Phalloidic syndrome: ) unsaturated fatty acids Prudent to reduce exposure: Lower
Polytrichia, factors 4 days -
P;/Xi”us y 1st phase of latency end of TDI scale 1.2 - 14 ng/kg
2nd intestinal phase
Amanita, Muscarine, Acute neurological 3rd apparent improvement Analusiss Thin-lzier Prevention: No safe levels in
Neurotoxic Fungi Inocybe, Acetylcholine, symptoms, respiratory 4fh viscaral aggression phase. ySiss y food, maximum limits for
Clitoyibe Muscimol paralysis (4% mortality) { chromatography AFM1 in milk and peanuts

Psychedelic effects,

Hallucinogenic Psilocybin prolonged euphoria, Natiatal imadults,

Fungi mushrooms excitement, temporary potentﬁl(ljy il Difficult diagnosis, prognosis: based on
paralysis chiidren suspected in autumn { innested Measures to reduce exposure: Good
idi SIMOLAL NZeS et" farming practices, storage, feed care,
. . Boletus, , o ¢ Idiosyncrasy, age, ime cereal treatment with antifungals
Gastrointestinal Agaricus Toxins of unknown Severe poisonings in between diagnosis and
Irritant Fungi Lo nature children Treatment using treatment (6-10h)
antagonists
Gyromitra MHF (Methyl
Carcinogenic AQaricus ’ Hydrazine), other Tumor formation in
Fungi 9 ' hydrazones, mice
Polyporus

Nitrosamines

!

Fungal poisonings: Fast treatment is
required and it appears due to similar
morphology of many species




[ Food Additives ]

!

Intentionally incorporated, not for
nutritional value, for preservation
or organoleptic changes

to natural, modified, artificial

—

Acceptable Daily

[Classification: Natural, identical]

Technological Dose:

Allows desired effect, Intake (ADI)
overdose leads to
technological ¢
modification s Types of ADI D

Unconditional: ensures safety.

Conditional: risk margin, tintake
( )
Temporary: |toxicological data,
3-5 years of study
(.

Codex Alimentarius
Codes E (EU approved)

v

Social Fear of Additives:

Toxicological evaluation
of food additives

Codex Alimentarius classification

A1: Approved, with designation E

A2: Incomplete but may be admitted

B: Interesting pending

C1: To be prohibited

C2: To be restricted

v

The responsible for the
toxicity evaluation tests is
the economic operator

FAO and WHO
Monographs for
additives:

Fear of chemicals, cancer, /

nostalgia for natural life Toxicological data:
acute, subchronic,

chronic toxicity

Biochemical
studies on
enzymatic

systems

Special studies:\
reproduction, [ Kinetic studies (LADME) ]
(teratogenicity),

carcinogenicity,
mutagenicity )

Toxicity by intermediaries:

N products used in agriculture,

Interactions with isotonicity, animal feed, animal

nutrients: changes in
nutritional value

J

medicines, phytosanitary
products

\

4

Nitrites, nitrates,

( and nitrosamines

Nitrates: stable, non- Nitrites: reactive, Nitrosamines:
toxic, environmental toxic, microbiota nitrite + amine
contamination reduction

M Sources

. 7

Intake sources:
water, vegetables,

[Natural sources: ] Anthropogenic

nitrogen cycle

sources: fertilizers,

additives, cured animal excreta,
meats waste(water),
Nitrification: bacterla, additives
conversion of ammonia
Purpose:

antimicrobials
(botulism), red
color, aroma

Physiopathological effects

H\v

Nitrates: non-toxic, [ Nitrites: toxm
nitrate reductase,

— v/\,

Preventive measures: skin with bluish hue,

headaches, dizziness,
altered consciousness, nitrosamides

Analyze nitrate content in drinking water

Reduce nitrogenous fertilizer use

nitrous acid on an amine

methemoglobinemia: carcinogenic compounds:
— nitrosamines and

More organic waste treatment plants

and even death l

v

Detoxification: enzymatic
systems (NADH2, NADPH,
and glutathione reductase)

Reduce N-nitroso compound production

— A A A A A___J

[
[
[
[Additive controls
[
[

Prefer fresh foods, especially for infants

stomach: acidic pH,
free nitrite, amines

Processed foods: salting, Primary source for humans:
drying, smoking, roasting, occupational exposure, water

freezing, pickling

with industrial waste




Polycyclic Aromatic Biogenic Amines and

Heterocyclic Amines

[ Carcinogens in Food ]

v

Disease known for
thousands of years

—

Contaminating agents Dietary factors and
causing cancer tobacco exposure as
primary causes

Hydrocarbons (PAHs)

Structure: 3-6 fused benzene
rings, benzo[a]pyrene

Biogenic Amines Heterocyclic Amines

Sir Percival Pott, scrotal

cancer in chimney sweeps [ Histamine, putrescine, cadaverine ] Genotoxic compounds from [
cooking protein-rich foods

r i i Bacteria, decarboxylase enzyme,
Potential food carcinogens, histidine to histamine formation N
Lsignificant in smoked foods (Lhygiene, 1T°C) Aminoimidazoazarenes:

Carbonyls: "Pyrolytic " . " o
Amines” >300°C. Thermal Amines," <300°C. (

. ]
tpolar than carbonyls — L Carcinogenesis )
Histamine: allergic
reaction, inflammation, 7
[ PAHSs in the environment ] [ Sources of PAHs ] [ Exposure to PAHs ] [ Formation of PAHS] fish quality indicator
among the most potent carcinogenic agent is any
¢ carcinogens (adducts) but agent that induces neoplasms
Ubiquitous, human . . . . they need activation
exposure e Smoke & combustion: [Dletary mgestlon] Organic matter (Lipids) + Histamine concentration classification: <50 (_M —

volcanic eruptions, primary route pyrolysis (350-700°C) + ppm safe fish, 50-200 ppm possibly toxic, 200- r
domestic heating, condensation 1000 unsuitable fish and probably toxic [ Benign Tumor ] Malignant Tumor

vehicle exhausts i
(progression stage)

(

J

Influence of diet on
cancer morbidity

~\

\

Clams as indicators of
environmental
contamination (one health)

Formation: creatine + fats + water. genotoxic (causing epigenetic (e.g.,
mutations) growth hormone)

tw/amino acids, sugars (necessary),

heat treatment (steaming vs. frying) w_/ ¢ . J
Control: rapid cooling, ¢

Main sources:
cereals, vegetables,

Macronutrients

[ other factors ]

)
)

grilled meat, tobacco : no tissue difference, s ) N
te1rgfgragur:'e4';eéw|$gﬁ” [Stages: initiation, promotion, and appearance] encapsulated by very different
< < : g . . . .
2 i : oily fi : tissue, metastasis : - .
Presence in foods: oily fish, tuna, of neoplastic cells, regression stage connective tissue L ) 1 fats, 1 cancer. quality Dietary Fiber: Proteins: association Calories: fweight, cancer risk.
herring, and horse mackerel, cured tt i imal ; ; Alcohol: tumor, cancer 2 .
; , matters (in animals protective effect, with some cancers . tkcal, pancreatic cancer. Obesity
. o cheeses, wines, beers (maturation) saturated > unsaturated) | . . ’ risk, alcohol + tobacco, ’ ' ’
Toxicity depends on: route, dose, physiological colon cancer animal-origin, presence besr-coloractal cancer gallbladder cancer. Premenopausal
parameters, metabolic inductors or inhibitors l of other nutrients women, breast cancer protection
[ Carcinogenic Compounds ] Micronutrients Smoked, marinated, salted foods:
Toxicity: Mutagenic (teratogenic) ’ ’ )

and carcinogenic activity

Metabolism: gastrointestinal cancer incidence, nitrites
(MAO) and hepatic levels (DAO) i (nitrosamines), pickled, marinated,
Ve B nasopharyngeal, esophageal cancer

- g Vitamins N Minerals )
Natural Carcinogens: Intestine and food )
Carcinogenic agents, form adducts, cause mutations Diroct foxic offect cicacina, ferns, processing: Hormones: synthetic A: protective, deficiency linked to lung cancer Selenium: Protects against oxidative stress
L L - ir Xi : . . . . ; ; - ; i .
and cancer (Tumors in skin and lungs, teratogenic) migraiﬁgs (?/asf)gonesiri: o) Indirect toxic effects: interaction: Aflatoxin, fungi nitrosamines and PAHs | | estrogens and goitrogens C: protective Zinc: Hormetic substance
and histamine poisoning MACOalrgi:]uoggSe:igl(r)]igtreonslgrili‘zglses + | E: antioxidant role | | ron: Elevated deposits favor cancer
(similar to allergic reaction) ' e P?SUCI((;(ZS, o Industrial food chain: Azo dyes, (aromatic i lodine: Deficiency linked to thyroid cancer
. ; olychlorinated biphenyls, i : i
PAHs in food: detected in p d)i/oxins heavy getalz Samiﬂei), Sv’\[/.ee’fgne[s. ;yclamat% lj_a_cchﬁ\rlp.
o , ynthetic antioxidants: thiourea, , gallates .
vegetables, c_>||s, fish, = 9 Beta-carotene: anticancer
smoked and grilled meats _ Y activity, antioxidant capacity
Restrictive histamine diet: Limit chocolates, teas,

coffees, fermented products, cheeses, wines, alcohol...

Origins: smoking, heat Factors affecting

treatments, petroleum- contamination: energy
derived substances source, contact with heat,

temperature control

Activity enhancers: tyramine, b-phenylethylamine,
tryptamine, putrescine, or cadaverine

Recommended max: 1 pg/kg of

benzo[a]pyrene in smoked products

No legislation on maximum levels in food P
spermidine, dietary applications

olyamines: putrescine, spermine,]

Dietary applications.
Periods of intense growth
1. Prevention and control of industrial pollution. and tissue regeneration

Recommendations for controlling PAHs in food.

. Treatment and discharge of urban wastewater.

. Improvement in waste management.

ltubers, |cereals tvegetables, tgreens, 1fruits

. Strict control using clean techniques as those achieved for smoking. [l

eggs, |dairy, UegumeS,J tmeat, tfermented fish,

. Informing consumers about culinary treatments.

2
3
4
5. Control of mineral oil and paraffin contents in food use.
6
7

. Systematic toxicological evaluation for human health.




[ Evaluation of New Foods ]

v

New Foods in the
European Union

v

Pre-May 15, 1997
Recently created, innovative,
or from outside the EU

[ Regulation and Safety ]

v

Mechanisms for safety
and consumer protection

v

Legislation aims to protect
consumer health, prevent fraud,
and safeguard the environment

~
( Authorization Procedure: .
Risk Assessment

1. Establishment of new food status

2. Demonstration of meaningful consumption history l

3. Application for new food authorization

PP Requested from EFSA for
4. Approval or rejection of the application foods with potential

health effects

v

Reliance on the Standing
Committee on Plants,
Animals, Food, and Feed

Types of new foods

Genetic modification of plants

Disease-resistant plants

Modifying sensory characteristics

Modifying composition

Transgenic animals

v

[ Evaluation Criteria ]

v

Imbalance in diets (mixture)
Individual study methods
Nutritional equivalence
Allergenic potential

Genetic material evaluation

!

Maximum Residue Limits
(MRLs): Pharmacologically
active substances in food
products

C Labeling Requirements:

Composition

Presence of new food or substances

Presence of GMOs

Exemptions for technological aids, additives, and flavors

[ Risks and Safety ]

Antibiotic resistance
Unintended gene
transfer to plants

Individual ]

[evaluation of safety

GMOs on the
market undergo
risk assessments

v

Regulation and control
of "marker residue"

Residues of Veterinary
Medicinal Products

!

Substances with therapeutic or
preventive properties for animals

v

Includes additives and ]

hormonal substances J

v

[ Safety Assessment

v

Based on MRL and
withdrawal period

v

Total residues:
unchanged compound,
metabolites and adducts

y

N\

J

J

a )

Effects of Residues

Direct toxic effects: hormonal changes (anabolics)

Residue Investigation ]

v

Approval of Official
Control Plan for Residues
by EU countries

v

Prohibited substances:
anabolic hormones, beta-
agonists, and antibiotic
growth-promoting additives

v

Allergy-like immunological effects

Mutagenesis, carcinogenesis, and teratogenesis

Effects on intestinal microbiota due to antibiotics

Substances Not Authorized:
- Prohibited active ingredients
- Medicines without MRLs
- Substances not authorized as
veterinary medicines

Pre-packaged,
fruits, vegetables,
wine, alcohol

v

fungal & bacterial
problem

— N/

Glass

Sodium calcium
silicate, lead
oxide

v

chemical
stability, lead
control

[ Food Packaging ]

( Packaging Utility:

Food preservation

Extended shelf life

Improved service

Increased hygiene

Reduced weight for transportation

Consumer attraction

v

Interactions:
Permeability (in-out)
Sorption (content-container)
Migration (container-content)

v

Packaging Materials }

N\

Ceramics, clays,

Toxicology of Plastic Packaging:
Safety and minimal migration
Vinyl chloride and formaldehyde

o Metals Plastic
or silicates Matanals
) A
organic matter,
issues with lead High polymers
and cadmium. | Low molecular weight polymers
Monomers without base materials
Iron: Tin:
Organoleptic changes Gastrointestinal tract irritations
Not toxic at usual doses Poorly absorbed
Issue of organotin compounds
Lead:
Used little in metal packaging r el w ( Aluminum: w
Replacement with electric Low toxicological risk Self-protecting
soldering and compression Reduction of chromium aluminum oxide film
\seallng ) |6 to chromium 3




