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Historically, animals have been conceived as mere instruments of alarm for imminent and acute
dangers. Today, modern toxicology requires a paradigm shift.

Pets, livestock, and wildlife are not just victims or food sources: they are complex environmental
biosensors. They share our air, our water, and our homes.

animal diseases precede, reflect, or
amplify the impact on human health.
Studying their exposure means
predicting ours.




Visual Methodology: The Code of Shared Destiny

To analyze the complex interaction between species, each Case File
presented will follow a rigorous color and structural coding:

Human Vector

Clinical data, dietary pathways, and symptoms recorded in human
~ populations.

Animal Sentinel
Early clinical signs, biomonitoring, and exposure pathways in animals.

Toxicological Overlap

The exact point where destinies unite, revealing the mechanism of
shared toxicity.




Case File 1: The PBB Disaster (Michigan, 1973-1974)

The Historical Fact:

The Michigan Chemical
Corporation produces about
5.9 million kg of flame
retardants (PBB) in the 1970s.
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The Fatal Error:

Between July 1973 and May
1974, the commercial mixture
FireMaster FF-1 (PBB in the
form of white powder) is
accidentally confused and
bagged instead of the
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livestock feed supplement NutriMaster.

The Initial Impact:

It is estimated that 230-450 kg of FireMaster are distributed to farms in Michigan.
Livestock begins to show weight loss, lameness, decreased milk production, and

premature death.



The Multigenerational PBB Cascade

The Source Error: FireMaster
FF-1 introduced into feed.

The Sentinel: Dairy cattle. PBB
binds to lipids (fat-rich matrices).

Animal symptoms appear long before
chemical identification.

The Vector: Contaminated milk, meat, and

- eggs reach the market before the 1974

ﬁ quarantine. Approximately 6.5 million

¥ 1. Michigan residents were potentially exposed
“._through contaminated animal-derived foods.

Generation F0: Chemical workers and \

farm residents (primary exposure). Joe
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Generation F1: Transfer in utero and
through breastfeeding. Extremely long
biological half-life of PBB.




A Persistent Biological Legacy (40 Years Later)

Scientific Evidence (Michigan PBB Registry): Serum PBB-153 Levels

Measurements conducted between 2012 and e

2015 reveal that serum levels of PBB-153 in the

original groups (workers, farm families) remain 800
significantly higher than the state average.

About 60% of participants still show levels above 600
the 95th percentile of the national NHANES

database. Y

The Lesson:

Animal contamination is not an isolated event in 20

space or time; it is a biological deposit that is
transmitted to subsequent human generations 0 . . =
] Baseline Population Original




The Historic Event:

In September 1959, a paralysis epidemic of
unknown origin hits the city of Meknes. Over
10.000 people develop severe weakness in
their lower limbs.

Dossier 2: The Hidden Contaminant (Morocco, 1959)

Q The Investigation:

Epidemiological analysis reveals an incredible
immunity among some local populations and
tourists. The common denominator? The
purchase of low-cost cooking oil in local
markets.

4 The Agent:
A g

The oil had been adulterated with a synthetic
jet engine lubricating oil, containing
approximately 3% mixed cresyl phosphates
(primarily tri-ortho-cresyl phosphate (TOCP)),
a lethal additive for the nervous system.



Delayed Neurotoxicity from TOCP

Human

Symptoms

Ingestion... Sudden onset...
to observe... to infection...

BEVAY Latency phase: days 1-20 Days 15-20

Cellular
Mechanism

At the cellular level...



*| The Role of Scientific
Sentinels

' While exposure in Morocco was
predominantly human, the
understanding of the
neurological damage from
TOCP (both in the Morocco case
and the Ginger Jake case of the
‘30s) depended on comparative
comparative medicine.

0" The Lesson

o Even when the animal is
not the first to fall in the
field, its neurological
affinities with humans
provide the map to
decode otherwise
incomprehensible
poisons.

Studies on animal models
(chickens and dogs) allowed the
differentiation of acute toxicity
from nerve gases from the
delayed axonal degeneration of
TOCP.




Case Study 3: The Domestic Mir.ror (Lead Exposure)

* The Clinical Case: A farm records abnormal deaths in livestock. Necropsies reveal
toxic levels of lead (calf: 85.41 ug/dL).

 The Shared Investigation: The veterinary alarm prompts testing of all residents.
Results: dogs (45.6 ug/dL), cats (8.42 ug/dL), and the pregnant owner (37.3 pg/dL) all
present abnormal blood lead levels, even in the absence of evident clinical symptoms
In humans.

* The Sources: Peeling paint in the stable (57.5% lead) ingested by livestock and the
cat; paint dust in the house (14.4% lead) inhaled/ingested by the dog and humans
during a renovation.
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The Chemical Proof:

Analysis of lead isotope ratios demonstrates
a near-perfect correspondence between the
blood of children and that of domestic dogs
(R =0.936).

Environmental Sharing:

* The isotopic signatures of children and
dogs substantially overlap with
environmental matrices: food, indoor
dust, and PM, 5 particulate matter.

* Food ingestion contributes 83.1% to
children’s exposure and 76.9% to that of
dogs.

Source: Gulson, B. L. et al. (2009). Lead isotopes in environmental media and blood of dogs and children. Science of the Total Environment, 407(10), 3372-3379.



Behavioral Symmetry

Why are dogs such accurate environmental mirrors for children's health?

It's not just biology, it's behavior:

Hand-to-Mouth Habits

Just like small children, dogs
explore the world by licking,
chewing, and putting
objects indiscriminately into
their mouths.
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Proximity to the Ground

Both live, play, and breathe
less than a meter from the
floor, maximizing the inhalation
of indoor dust and heavy
particulate matter (PM2.5).

Grooming

Cats and dogs ingest large
quantities of contaminated
dust deposited on their fur
during normal cleaning
operations.




File 4: The Space Cloud (Fairburn, Georgia, 2006)

' 3 b
The Event: & The Veterinary Solution:
Accidental release of propyl - = To assess the real impact,
mercaptan from a waste treatment researchers accessed 36,744
plant (PSC Recovery Systems). A electronic medical records of dogs |
compound characterized by a and 4,608 of cats from the
repulsive odor and potential ocular Banfield Pet Hospital network
and respiratory irritation. . databases in the surrounding area.

The Human Problem:

The presence of a strong odor creates a
reporting bias. Self-reported symptoms |
may be influenced by odor perception Fairburn
and risk awareness, whereas veterinary
clinical records can provide an
independent biological signal.




The Spatial Heatmap of Exposure

Geolocated Data: Spatio-temporal analysis
(ARIMA and SatScan models) of veterinary data
ReSolratoROSTIaT 1 revealed significant post-release variations:
. Vulnerability |

» Cats: Statistically significant increase in

ocular inflammation and respiratory
syndromes.

* Dogs: Variation in gastrointestinal clinical
: presentations with a spatial correlation near
~| the epicenter.

» The mean distance radius of dogs

presenting ocular inflammations drastically
reduced (p<0.0001) in the days following the

release, indicating a perfect geographical
cluster around the facility.
" Gastrointestinal |

_ Vulnerability




Clmlca.l Recc?rds as /\/\/ Public Heal
Real-Time Biosensors — Early Warning

The Predictive Value: Animal clinical records can reduce the influence of human
self-reporting bias: a dog does not know there has been a chemical leak, so its
clinical symptoms are less affected by odor-driven self-reporting bias. By
leveraging centralized veterinary database networks (NCASP), it is possible to
Identify geographic anomalies of respiratory or gastrointestinal syndromes before
human emergency rooms become overwhelmed.

The Lesson: The digitalization of veterinary medicine offers one of the broadest, |
most cost-effective and sensitive networks of environmental biosensors ever £
created.
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A Historical Legacy: Tokyo (1995): Iraq (2003):

Historical reports suggest that During raids on the Aum Shinrikyo ~ The US Army devised a plan (later
animals were sometimes facility/compound (Sarin), police suspended) to use live chickens in
observed as early indicators of used caged canaries as chemical  cages as mobile sentinels for nerve
airborne toxic exposure. detectors. agents, hoping to overcome the false

alarms of electronic biosensors.



The Historical Fact: Following an accidental release of nerve gas at a military base in Utah, 6,000 sheep grazing
nearby died in less than 24 hours. Humans, dogs, and cattle in the same area remained clinically healthy.

Why Sheep? It is not just a question of lower cholinesterase activity in the blood. The sheep received massive
exposure through continuous ingestion of vegetation contaminated by aerial deposition (fallout), spending 24
hours a day outdoors.

The Susceptibility Gap: Although some species have enzymatic differences (e.g., rats are less susceptible to G-
series gases; dogs are more sensitive to cyanide), environmental exposure is thein true critical variable.




Veterinary Poison Control Centers Human
Call Database (AAPCC) Health Alert

The Limit of Mobile Sentinels: Current scientific evidence does not support the routine use of caged
animals as preventive sentinels for airborne gases (due to latency and differences in susceptibility).

The Real Potential (AAPCC):
* Poison Control Centers receive over 130,000 annual calls for animal exposures (88% concerning dogs)
(Source: AAPCC/NPDS annual report, 2023; TESS is historical terminology).

 |f unexplained animal deaths or clusters of acute symptoms were systematically integrated into human
surveillance databases (NPDS, formerly TESS), authorities could identify covert chemical releases or
terrorist threats long before clinical outbreaks manifest in hospitals.




The Typological Matrix of Sentinels

Alert Value /

Historical Toxic Sentinel Shared Exposure Role of the
Episodek Agent Route Sentinel Latency
Michigan Ingestion / Transmission Long
(1973) AEE CEileE Food Chain Vector (Generational)
Morocco TOCP Animal Ingestion Mechanistic 10-20 Day
(1959) Models (Adulteration) Validator Latency
Domestic Dogs / TelEiem / Environmental High
: Lead Contact :
Environment Cats Mirror (LIR Overlap)
(Dust)

Fairburn Propyl Dogs / Cats Atmospheric Real-Time Immediate
(2006) mercaptan 2 (Geolocalized) Biosensor (EMR Data)
Terrorism VX Shae Atmospheric Vulnerability Dependent on

Utah VX P Deposition (Fallout) Detector exposure




The Synthesis: The One Health Paradigm
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W Overcoming the Species Barrier: The five cases examined demonstrate that the strict separation between human®
and veterinary medicine is analytically inadequate in environmental‘toxicology.

# Biology does not recognize regulatory boundariesA toxic dust,‘glethal gas, or an industrial error follow the'same
metabolic pathways, whether they affect a child on the carpet, a calf in the stable, or an entire river basin.

4

® Human health, animal health, and ecosystem health are not three distinct disciplines. They are three vertices of the
same vital triangle.



Looking into the Mirror to
Protect Ourselves =

Observing animals is no longer just a matter of veterinary
care or empathy. It is a diagnostic and predictive imperative
for human survival.

Their bodies document the chemical history of our errors. The destiny IS shared.
Listening to their symptoms today is the only scientifically Th - b
rigorous way to prevent our diseases of tomorrow. e attention must be one.
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