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THE TRIGGER: NUCLEAR EVENT THE VECTOR: WATER CONTAMINATION THE VULNERABILITY: CASCADING FAILURE
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Figure 1: Graphical abstract: Compound public health risk in the Persian Gulf: Nuclear event trigger,
water contamination vector, and cascading failure vulnerability. Cs-137, Caesium-137; GCC, Gulf Co-
operation Council; 1-131, lodine-131; Sr-90, Strontium-90

ABSTRACT

The ongoing military conflict involving the United States, Israel, and Iran has transformed long-theorized nuclear
emergency scenarios into credible near-term threats. Iran’s Bushehr Nuclear Power Plant, located on the Persian
Gulf coastline just 17 km from the city of Bushehr, lies closer to several Gulf Cooperation Council capitals than
to Tehran. At the same time, Qatar, the United Arab Emirates, Kuwait, Bahrain, and Saudi Arabia depend on
seawater desalination for 60—90 % of their freshwater supply, with strategic reserves typically lasting between 36
hours and seven days. This convergence of nuclear proximity and water dependency creates a compound public
health risk insufficiently addressed in the current literature. This review aimed to characterize plausible nuclear
and radiation threat scenarios in the Middle East, map the spectrum of public health consequences from immediate
blast and thermal injuries to long-term genetic damage, examine the risk of radiation contamination of the Persian
Gulf leading to regional water supply collapse, and propose an evidence-based preparedness framework. A narra-
tive review of peer-reviewed studies, international agency reports, and governmental guidance was conducted
using MEDLINE/PubMed, Web of Science, Scopus, and grey literature from major global health and nuclear
safety organizations. A single nuclear detonation in a major Gulf city could result in hundreds of thousands of
immediate casualties while rendering seawater unusable for desalination over a prolonged period. Freshwater re-
serves would be rapidly depleted, leading to the simultaneous collapse of healthcare services, food systems, and
sanitation infrastructure. Children and fetuses represent the most vulnerable groups, with increased risks of thyroid
cancer, neurodevelopmental damage, and heritable mutations following radiation exposure. Key preparedness
strategies include potassium iodide prophylaxis, shelter-in-place protocols, expansion of water reserves to at least
90 days, and strengthened regional civil defense coordination. Preparing for low-probability, high-impact events
is far less costly than the consequences of inaction.

Keywords: Disaster planning; emergency management; emergency medical services; environmental exposure;
nuclear warfare; public health; risk assessment

INTRODUCTION

The atomic bombings of Hiroshima and Nagasaki in August 1945 killed between 110,000
and 210,000 people within the first four months and irradiated hundreds of thousands more,
establishing with irrevocable clarity that nuclear weapons occupy a category of harm un-
matched by any conventional armament (Glasstone and Dolan, 1977; United Nations Scientific
Committee on the Effects of Atomic Radiation, 2008). Eight decades later, nine states
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collectively possess approximately 12,500 nuclear warheads, and the geopolitical architecture
that once constrained their use has eroded at a pace that has alarmed every major international
body (Kristensen and Korda, 2023; World Health Organization, 2006). The International Com-
mittee of the Red Cross has formally declared that no credible humanitarian response to a nu-
clear detonation is possible, a position that the World Health Organization (WHO) and the In-
ternational Physicians for the Prevention of Nuclear War have each endorsed through separate,
independent analyses (International Committee of the Red Cross, 2023; International Physi-
cians for the Prevention of Nuclear War, 2013). Rather than being alarmist, this consensus is
the product of 70 years of careful scholarship applied to the medical records of atomic bomb
survivors, Chernobyl liquidators, and nuclear test veterans, and it converges on a single opera-
tional conclusion: prevention and preparedness are the only viable public health tools that exist
(Boulton and Dunn, 2020; Abbasi et al., 2025).

The Middle East presents a convergence of radiation risk factors that no other inhabited
region of the earth matches (Dallas and Burkle, 2011). Iran operates a 1,000-megawatt electric
nuclear power reactor directly on the shore of the Persian Gulf, 17 km southeast of the city of
Bushehr, between the fishing villages of Halileh and Bandargeh (World Nuclear Association,
2025). The reactor lies closer to Manama, Doha, Kuwait City, Abu Dhabi, and Muscat than it
does to Tehran, meaning that a radiation release from Bushehr would reach Gulf Cooperation
Council (GCC) capitals before it reached the Iranian capital (World Nuclear Association, 2025;
Global Energy Monitor, 2025). Israel is independently estimated to maintain 90 nuclear war-
heads deliverable by land-based ballistic missiles, aircraft, and submarine-launched platforms,
a capability that has been described in technical literature for decades (Kristensen and Korda,
2021). The military escalation that began on 28 February 2026 brought these previously theo-
retical risks into proximity with operational reality: Russia's state nuclear corporation Rosatom
publicly warned on 3 March 2026 that the Bushehr facility faces a direct threat as explosions
have been confirmed within kilometers of the plant. The scientific community cannot afford to
treat these developments as background noise.

Despite the documented scale of nuclear public health risks, critical gaps in the prepared-
ness literature persist, particularly in the Middle East (Farhat et al., 2024). Published scenario
analyses modelling nuclear exchange in the region, including the rigorous 2013 study in Con-
flict and Health, focused primarily on blast radius casualties and fallout dose estimates but did
not address water infrastructure collapse as an independent catastrophic pathway (Cham and
Kim, 2013). The WHO's foundational 1987 report on nuclear war and health predates the com-
missioning of the Bushehr plant and the current desalination dependency of GCC states (World
Health Organization, 1987) entirely. No peer-reviewed study has yet modelled the compound
scenario in which radiation contamination of the Persian Gulf, a semi-enclosed body of water
with a mean depth of only 36 m and restricted oceanic exchange through the Strait of Hormuz,
forces the simultaneous shutdown of desalination plants across six nations whose populations
hold freshwater reserves of fewer than seven days (Reynolds, 1993; Johns et al., 2003). Rather
than being a minor lacuna, this gap is a structural blind spot in global emergency planning that
could expose a single unanticipated event to catastrophic consequences and irreversibility. Na-
tional preparedness frameworks across the GCC have historically prioritized oil infrastructure
protection and conventional terrorism response, while radiation mass-casualty planning, includ-
ing potassium iodide stockpiling, radiation triage training, and emergency water contingencies,
remains conspicuously absent from publicly available civil defense documentation in most
member states (Kemp and Grossman, 2024; United Nations Office for the Coordination of Hu-
manitarian Affairs, 2022).

Against this backdrop, the present review was developed to serve one clear scientific pur-
pose: evidence-based preparation reduces harm regardless of whether the threat fully
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materializes, and the costs of preparation are trivially small relative to the costs of unprepared-
ness. This paper examined (i) the plausible typology of nuclear and radiation threat scenarios
in the current Middle East context, (i) the full spectrum of public health consequences from
immediate mass-casualty events to multigenerational biological injury, (iii) the specific and
underappreciated threat pathway from radiation contamination of the Persian Gulf to water sup-
ply collapse in GCC states, and (iv) an evidence-based preparedness framework spanning indi-
vidual pharmacological countermeasures, clinical response protocols, and national policy rec-
ommendations. The analysis does not assume that these events will occur and holds that scien-
tific preparedness is the highest expression of public health responsibility. The conceptual
framework underlying this review is summarized in Figure 1.

THREAT SCENARIOS: A TYPOLOGY OF NUCLEAR AND RADIATION RISKS

Nuclear detonation by state actor

The most consequential scenario involves the deliberate detonation of a nuclear weapon by
a state actor targeting a population center. Yields relevant to current Middle East arsenals range
from 15 kilotons, comparable to the Hiroshima device, to 150 kilotons for modern tactical nu-
clear weapons (Glasstone and Dolan, 1977; Buddemeier et al., 2011). A 15-kiloton airburst
over a city of two million people would create a fireball zone with near-total destruction within
a 1 km radius, a severe damage zone extending to 3 km, and a moderate damage zone to 6 km,
with thermal flash burns affecting exposed populations to distances of 10 km or beyond
(Glasstone and Dolan, 1977; US Department of Homeland Security, 2010). Immediate casual-
ties would number in the hundreds of thousands. The fallout plume, shaped by prevailing winds,
would carry radioactive contamination downwind for distances of 50 to 300 km, depending on
weapon design and meteorological conditions (Glasstone and Dolan, 1977; US Department of
Homeland Security, 2010). In the compact geography of the Persian Gulf, this plume would
routinely cross-national borders within hours.

Radiation dispersal device

A radiation dispersal device, commonly called a dirty bomb, combines conventional explo-
sives with radioactive material to contaminate a defined area without producing a nuclear yield.
This scenario carries a higher probability than deliberate nuclear weapon use, requires far less
technical sophistication, and exploits the documented vulnerability of radioactive source mate-
rials in industrial and medical facilities across conflict zones (Mettler and Voelz, 2002; IAEA,
2003). Caesium-137, cobalt-60, and strontium-90 represent the most hazardous agents due to
their high activity, long half-lives, and established dispersal characteristics (International
Atomic Energy Agency, 2003; Desai et al., 2021). The public health consequences are more
from long-term environmental contamination, psychological mass panic, and the economic de-
struction of affected commercial districts than from acute radiation exposure, which would be
modest in most realistic dispersal scenarios. In a port or coastal city, maritime dispersal directly
into the Persian Gulf remains a credible pathway for contamination of desalination water in-
takes.

Nuclear reactor damage under conflict conditions

The Bushehr scenario represents perhaps the most plausible radiation threat pathway in the
current conflict. A reactor operating at full power that sustains damage to its cooling system,
regardless of whether the damage is caused by a direct military strike, blast overpressure from
a nearby detonation, or cyber interference with safety systems, will progress through core heat-
ing to fuel cladding failure and, in the worst case, core meltdown with atmospheric and aquatic
release of radioactive fission products (International Atomic Energy Agency, 2015; Lyman,
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2016). The 2011 Fukushima Daiichi accident demonstrated that even a well-designed modern
reactor could release caesium-137, iodine-131, strontium-90, and tritium into both the atmos-
phere and adjacent water bodies when cooling is lost under crisis conditions (International
Atomic Energy Agency, 2015). Bushehr is not cooled by the open ocean: it draws cooling water
from the Persian Gulf and returns heated effluent to the same enclosed body of water. A release
into that system would be amplified by the Gulf's restricted circulation, potentially persisting
for years rather than months (Reynolds, 1993; Johns et al., 2003). The International Atomic
Energy Agency (IAEA)'s nuclear watchdog confirmed in early March 2026 that no damage to
nuclear facilities had been detected at that point (International Atomic Energy Agency, 2026).
The emphasis belongs to the phrase “at that point”.

IMMEDIATE AND SHORT-TERM PUBLIC HEALTH CONSEQUENCES

Blast and thermal injuries

The immediate physical effects of a nuclear detonation can be divided into three simultane-
ous insults: the blast wave, thermal radiation, and prompt ionizing radiation. The blast wave
travels at supersonic speed, producing a positive-pressure phase that destroys structures and a
negative-pressure phase that pulls debris outward at lethal velocity (Glasstone and Dolan, 1977;
Hall and Giaccia, 2019). Lung injuries, ruptured eardrums, and the penetrating trauma of glass
and building fragments account for a substantial proportion of near-field casualties. Thermal
radiation travels at the speed of light, meaning exposed individuals receive burns before they
can react. Estimates from nuclear test data indicate that approximately half of unprotected per-
sons outdoors at one mile from a 10-kiloton airburst would sustain potentially fatal third-degree
burns (US Department of Homeland Security, 2010; Hall and Giaccia, 2019). The firestorm
phenomenon, in which individual fires coalesce into a self-sustaining conflagration, imposes
an additional oxygen-depletion and carbon monoxide hazard that renders even subterranean
shelters lethal if inadequately sealed.

Acute radiation syndrome

Prompt ionizing radiation at doses exceeding 1 Gray (Gy) triggers acute radiation syn-
drome, a time-sequenced clinical cascade that proceeds through four recognized stages: pro-
drome, latency, manifest illness, and recovery or death (Waselenko et al., 2004; Dainiak, 2002).
At whole-body doses between 2 and 6 Gy, the hematopoietic syndrome dominates, character-
ized by severe neutropenia and thrombocytopenia that manifest 10 to 14 days after exposure
and produce death from infection and hemorrhage in the absence of bone marrow supportive
care (Waselenko et al., 2004; Dainiak, 2002). Above 6 Gy, gastrointestinal syndrome emerges
with intestinal crypt cell death, fluid and electrolyte loss, and translocation of enteric bacteria.
Above 10 Gy, the neurovascular syndrome produces rapid death from cerebral oedema regard-
less of treatment (Waselenko et al., 2004). Critically, anyone outdoors within approximately
1.5 km of a 10-kiloton detonation and in direct line of sight would receive a dose in the 3 to 6
Gy range, sufficient to produce severe hematopoietic syndrome that carries a case fatality rate
of 50 % without medical intervention (US Department of Homeland Security, 2010; Dainiak,
2002).

Collapse of healthcare infrastructure

Nuclear weapon effects on healthcare infrastructure are systematic, not incidental. Hospi-
tals, clinics, and emergency services are concentrated in precisely the urban areas that represent
high-value nuclear targets. Published estimates for a 10-kiloton detonation in a large US city
modelled 630,000 patients requiring 352,000 hospital beds, 42,000 burn beds, and 134,000 in-
tensive care beds against a background of 1,333 burn beds and 61,000 intensive care beds

942



EXCLI Journal 2026,25:938-953 — ISSN 1611-2156
Received: March 30, 2026, accepted: May 21, 2026, published: June 25, 2026

available (National Academies of Sciences, 2009). Middle Eastern cities, with generally lower
hospital bed-to-population ratios, would face even more extreme resource gaps. Blood product
shortfalls would be catastrophic: 12,000 units of platelets are potentially available against 15
million required (National Academies of Sciences, 2009). Physicians and first responders can-
not operate effectively in radioactively contaminated areas without dosimetry, protective equip-
ment, and decontamination facilities that no country in the region currently holds at the neces-
sary scale.

Mass psychological injury

Psychological casualties from a nuclear or radiation event routinely outnumber physical
casualties by an order of magnitude, as demonstrated by the aftermath of Chernobyl, the Three
Mile Island incident, and the 2011 Fukushima accident (Bromet and Havenaar, 2007; Hasegawa
et al., 2015). Post-traumatic stress disorder (PTSD), depression, anxiety disorders, and medi-
cally unexplained somatic complaints afflict exposed and non-exposed populations alike,
driven by radiation anxiety that persists for decades after the acute event. Following Chernobyl,
population-level surveys documented elevated rates of depression and PTSD across Belarus,
Ukraine, and Russia for at least 25 years post-accident (Bromet and Havenaar, 2007). In a re-
gion already experiencing active armed conflict, the psychological burden of a nuclear or radi-
ation incident would layer onto pre-existing trauma exposure, with consequences for mental
health infrastructure that are almost impossible to fully model in advance.

THE PERSIAN GULF WATER CRISIS:
DESALINATION, CONTAMINATION, AND CASCADING FAILURE

The scale of desalination dependency in GCC states

The water security vulnerability of GCC nations is quantitatively unlike anything else in
the world. There are no permanent rivers or natural lakes in Saudi Arabia, Bahrain, Kuwait, the
United Arab Emirates (UAE), Qatar, Yemen, or Oman (Al-Zubari, 1998; Hakimdavar, 2024).
Fresh groundwater aquifers, formed by Pleistocene-era rainfall, are non-renewable at any hu-
man-relevant timescale and have been drawn down to near depletion by agricultural extraction
(Al-Zubari, 1998). Desalination of seawater provides 90 percent of Kuwait's drinking water, 86
percent of Oman's, between 75 and 90 percent of Qatar's, and 40 to 70 percent of Saudi Arabia's,
with the UAE and Bahrain each in comparable ranges (Hakimdavar, 2024; Moody’s Investors
Service, 2025). Qatar's strategic freshwater reserve amounts to seven days of supply under nor-
mal consumption conditions (Alyaseri et al., 2021). Earlier reports from the same body of lit-
erature placed the reserve as low as 36 hours if desalination plants were to stop operating (Rus-
sian International Affairs Council, 2021). These figures define the window within which a hu-
manitarian collapse would unfold if Persian Gulf seawater were rendered unprocessable.

Persian gulf hydrodynamics and contamination persistence

The Persian Gulf is a semi-enclosed shallow sea approximately 990 km long with a mean
depth of 36 m and restricted exchange with the open Indian Ocean through the Strait of Hormuz
(Reynolds, 1993; Sheppard et al., 1992). Its hydrodynamic characteristics mean that water
masses and dissolved contaminants circulate within the Gulf for months before any significant
dilution by open-ocean exchange occurs (Sheppard et al., 1992). Radioactive caesium-137, with
a physical half-life of 30 years, strontium-90 with a 29-year half-life, and iodine-131 with an
8-day half-life, would each behave differently in this environment: iodine-131 would decay
relatively quickly, while caesium-137 and strontium-90 would persist in Gulf waters for years,
contaminating the seawater intakes of hundreds of desalination plants simultaneously (Desai et
al., 2021; Hirose et al., 2004). Standard reverse osmosis (RO) membranes, which underpin most
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GCC desalination technology, are effective at removing some but not all dissolved radionu-
clides. Caesium-137 passes through RO membranes at removal efficiencies that fall well short
of the safety thresholds for drinking water (Kim et al., 2018).

The cascade from intake shutdown to humanitarian collapse

When desalination plant operators detect radioactive contamination above regulatory
thresholds in their seawater intakes, they are legally and operationally required to shut down
production. The 2008 red tide bloom in the Gulf demonstrated that a biological contamination
event could force the simultaneous shutdown of desalination plants across multiple GCC states
for weeks (Alyaseri et al., 2021). A radiation contamination event would trigger the same pro-
tocol, but the cause would not be cleared in weeks: it would persist for months to years, de-
pending on the radionuclides involved.

Within Qatar's documented 36-hour to seven-day reserve window, the following sequential
failures would unfold: drinking water supplies exhausted, then hospital water for sterile proce-
dures, wound irrigation, and dialysis; then food preparation and sanitation systems failing; then
mass population panic and flight. A city of three million people with no water supply and no
credible restoration timeline represents a public health emergency of a scale for which no prec-
edent or preparedness plan exists in the existing literature. The economic and social disintegra-
tion would be total and rapid (Figure 2).

STEP 1: RADIATION TRIGGER & DISPERSION STEP 2: DESALINATION INTAKE SHUTDOWN STEP 3: STRATEGIC RESERVE EXHAUSTION
WAT

BUSHEHR NUCLEAR . Isotopes: F}O‘Membfanes
B ail to remove
POWER PLANT g - Clsl‘?;7 G -~ Cs137 CRITICAL COUNTDOWN:
| <. 00 N A 36 Hours to <7 Days

U { > (Average)
! o] = Reactor rgletase, 0 L _ Dependencies:
{\h il h B iateln S5 Plant Shutdown 60-90% Freshwater

iy PERSIAN GULF (Loga)/Opatatiorel dependency
Gulf dynamics: . \ Regulalo[r!yilmit e
Semi-enclosed, shallow excoece i i
(36m avg.), low circulation \§. procfi:l:i?«‘gr\\q ggses E E l = u -~ J

S

Public
services

Dialysis
machines
Sterile
procedurs
tables
Wound
Irrigation
systems

tapsa

Food
rocessing
ines

points stations

™" T " Total societal breakdown,
Healthcare Collapse: Food & Sanitation Failure: Public Panic & Order Loss: massive displacement

Shut down of all water- Food prep systems fail Public water points dry up
dependent services Waterborne illness risk General services fail

widespread health emergency

Figure 2: The five-step cascading failure pathway from Bushehr nuclear release to regional humanitar-
ian collapse via desalination shutdown in Gulf Cooperation Council (GCC) states. Avg, Average; Cs-
137, Caesium-137; 1-131, lodine-131; RO, Reverse Osmosis; Sr-90, Strontium-90

PEDIATRIC AND REPRODUCTIVE HEALTH:
THE MULTIGENERATIONAL BURDEN

Thyroid cancer and radioiodine exposure in children

Children represent the most radio-biologically vulnerable subgroup in any nuclear or radi-
ation event, and the Middle East's young demographic profile amplifies this risk substantially.
Qatar, the UAE, and Saudi Arabia report youth dependency ratios between 19 and 29 percent,
meaning that children under 15 constitute a large fraction of the population most likely to ingest
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radioiodine through contaminated water and food supplies (United Nations Population Fund,
2024).

The pediatric thyroid accumulates iodine at rates 3 to 5 times higher than the adult thyroid,
and a developing thyroid gland exposed to iodine-131 at doses that produce no measurable
effect in an adult will develop papillary thyroid cancer detectable within 3 to 10 years (Wil-
liams, 2002; Kazakov et al., 1992). The Chernobyl accident documented this relationship with
devastating clarity: thyroid cancer incidence among children exposed to iodine-131 fallout in-
creased more than tenfold in the most heavily affected regions of Ukraine and Belarus within
five years of the accident (Williams, 2002; Saenko et al., 2011). A comparable release into the
Persian Gulf would deliver radioiodine through contaminated water and food chains to children
across six GCC nations, with effects emerging in the pediatric oncology burden for at least a
decade after the event (Figure 3).
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Figure 3: Internal radiation exposure pathways, isotope-specific organ accumulation, and age-depend-
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lodine-131; 1Q, Intelligence Quotient; Kl, Potassium lodide; NT, Normal Thyroid; Sr-90, Strontium-90;
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Fetal brain development and the critical gestational window

The developing fetal brain is uniquely sensitive to ionizing radiation during a specific and
identifiable gestational window (Verreet et al., 2016). Whole-body doses as low as 0.1 Gy de-
livered during gestational weeks 8 to 15 produce measurable and dose-dependent reductions in
intelligence quotient, with severe mental disability confirmed in children born to mothers
within 2 km of the Hiroshima and Nagasaki detonation points (Otake and Schull, 1984). This
was not a marginal statistical signal. Within a decade of the atomic bombings, researchers had
documented small head size, significant functional impairment, and substantially poor perfor-
mance on intelligence quotient assessments in children whose mothers had been gestating at
the time of exposure (United Nations Scientific Committee on the Effects of Atomic Radiation,
2014). Radiation doses deliverable through drinking water contaminated by long-lived radio-
nuclides, even at sub-lethal chronic exposure levels well below those required to produce acute
radiation syndrome, fall within the range associated with measurable neurodevelopmental im-
pairment in exposed fetuses. The women of childbearing age in GCC populations who rely on
desalinated water as their only freshwater source thus face a reproductive health risk that ex-
tends across generations and cannot be mitigated after the fact.
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Multigenerational genetic consequences

Beyond the direct health consequences in exposed individuals, ionizing radiation damages
DNA in ways that can be transmitted to subsequent generations. Studies of the children of
Chernobyl liquidators, using highly sensitive mini-satellite mutation assays, documented a sta-
tistically significant doubling of heritable mutation rates in children born within two years of
parental exposure to Chernobyl fallout (Dubrova et al., 1996). Animal studies confirm that ra-
diation-induced heritable mutations persist across at least two post-exposure generations, with
varying expression patterns that depend on the specific /oci affected and the developmental
stage at exposure (Little, 2003). For a region in which Gulf states collectively house a popula-
tion of approximately 50 million people, many of whom would be exposed to low-level radio-
active contamination through water and food for years following a radiation event, the multi-
generational public health consequence is an enduring and largely unquantified burden that will
persist in cancer registries, developmental disability statistics, and reproductive health data for
30 to 50 years.

EVIDENCE-BASED PREPAREDNESS STRATEGIES

Potassium iodide prophylaxis: Mechanism, efficacy, and dosing

Potassium iodide (KI) represents the best-studied and most deployable pharmacological
countermeasure available for radiation emergencies, and its mechanism is straightforward: by
saturating thyroid tissue with stable iodine before radioiodine arrives, KI blocks the uptake of
iodine-131 by the gland with an efficacy exceeding 90 percent when administered 24 hours
before exposure and approximately 40 percent when administered within four to eight hours
after exposure (World Health Organization, 2017; Zanzonico and Becker, 2000). The WHO
recommends that KI be prepositioned and pre-distributed to all populations within at least
100 km of nuclear facilities, in sufficient quantities to cover a minimum of 10 days of prophy-
laxis (World Health Organization, 2017). Given that Bushehr lies within 340 km of Doha,
310 km of Manama, and 420 km of Abu Dhabi, WHO guidance would place the entirety of
Qatar, Bahrain, and the coastal UAE within the zone warranting KI pre-distribution. Current
publicly available GCC civil defense documentation contains no evidence that this has been
implemented. Weight-based dosing guidelines are clear and well-validated: adults and adoles-
cents between 12 and 40 years should receive 130 mg, children aged 3 to 12 years should re-
ceive 65 mg, infants aged 1 month to 3 years should receive 32 mg, and neonates should receive
16 mg (World Health Organization, 2017; US Food and Drug Administration, 2001). Adults
over 40 years require KI only when the expected thyroid dose is very high, given their low
residual thyroid cancer risk relative to their elevated risk of iodine-induced thyroid dysfunction.
KI protects exclusively against radioiodine. It provides no protection against external gamma
radiation, caesium-137, strontium-90, plutonium, blast injury, or thermal burns, and must be
understood as one component of a coordinated response, not a standalone solution.

Additional medical countermeasures for internal contamination

For internal contamination with caesium-137, the Food and Drug Administration (FDA)-
approved therapeutic agent is Prussian blue, formally known as ferric hexacyanoferrate (US
Food and Drug Administration, 2008). Administered orally at 3 g three times daily in adults,
Prussian blue acts as an ion exchange resin in the gastrointestinal tract, interrupting the entero-
hepatic recirculation of cesium and reducing its biological half-life by 60 to 70 percent (US
Food and Drug Administration, 2008; Breitenstein and Palmer, 1989). For internal contamina-
tion with transuranic elements, including plutonium and americium, chelation therapy with cal-
cium or zinc DTPA (for diethylenetriaminepentaacetic acid) promotes urinary excretion and
should be initiated within 24 hours of suspected exposure, with calcium DTPA preferred in the
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acute phase (US Food and Drug Administration, 2004). Hematopoietic acute radiation syn-
drome in the 2 to 6 Gy range responds to granulocyte colony-stimulating factor therapy, with
filgrastim and pegfilgrastim both FDA-approved for this indication under the animal rule,
which permits approval based on animal efficacy data when human trials are ethically and prac-
tically impossible (US Food and Drug Administration, 2015). In the most severe cases of bone
marrow failure, allogeneic hematopoietic stem cell transplantation offers a therapeutic option
for a small fraction of patients with complete marrow ablation and no significant combined
injury from burns or blasts. The volume of such cases in a mass-casualty scenario would over-
whelm transplant capacity by several orders of magnitude, reinforcing the primacy of preven-
tion and early shelter-based dose reduction.

Shelter-in-place: The most immediately accessible dose-reduction intervention

For the majority of the population who find themselves neither at the epicenter of a nuclear
detonation nor in the immediate contamination zone of a reactor release, shelter-in-place offers
dose reductions that can mean the difference between lethal and sub-lethal radiation exposure
(Coleman et al., 2015). The protection factor of a building, defined as the ratio of outdoor dose
to indoor dose, varies substantially by construction type: the basement of a reinforced concrete
building offers a protection factor of 200 to 1,000 times, interior rooms of a concrete multi-
story building provide 10 to 40 times protection, while a wood-frame single-family home pro-
vides protection of only 1.5 to 4 times (Federal Emergency Management Agency, 2017). Given
that the GCC's building stock is dominated by concrete construction due to the climate, the
region is structurally well-positioned to provide effective shelter if the population is educated
and prepared. Residents should be directed to move to interior rooms, seal ventilation gaps with
available materials, turn off all air conditioning and HVAC (for heating, ventilation, and air
conditioning) systems, and remain in shelter for a minimum of 24 to 48 hours while fallout dose
rates decline as short-lived radionuclides decay (Federal Emergency Management Agency,
2017). Removing and double-bagging outer clothing upon returning from contaminated out-
door environments reduces surface contamination by approximately 80 percent. Showering
with soap and water removes the remainder.

Water security countermeasures

In the Gulf context, water security during a radiation emergency requires a layered strategy
that acknowledges the absence of alternative water sources. Pre-stored bottled water held in
sealed containers is safe for consumption indefinitely and should represent the first-line emer-
gency water supply for all GCC households, with a minimum of 72-hour individual reserves
recommended and 14-day reserves as a planning target. RO technology, which already under-
lies most GCC desalination capacity, can reduce dissolved radionuclide concentrations for cer-
tain species, and upgrading existing plant pre-treatment to include ion exchange resins specifi-
cally targeting caesium-137 and strontium-90 is technically feasible and would extend opera-
tional viability under contamination conditions (Kim et al., 2018). Boiling water does not re-
move radioactive contamination and, in fact, concentrates it by reducing water volume, a criti-
cal public health communication point that must be disseminated clearly in advance. National
strategic water reserves in Qatar, currently documented at seven days, should be expanded to a
minimum of 90 days as a matter of national security, a target that Qatar's Water Security Mega
Reservoirs Project has explicitly identified but not yet fully realized (Russian International Af-
fairs Council, 2021; Qatar News Agency, 2025).

947



EXCLI Journal 2026,25:938-953 — ISSN 1611-2156
Received: March 30, 2026, accepted: May 21, 2026, published: June 25, 2026

Nutritional and antioxidant strategies

At the individual level, pre-event optimization of antioxidant status is a low-cost, low-risk
preparedness measure with biological plausibility, though its evidence base is primarily derived
from animal models and in vitro systems rather than human clinical trials in radiation scenarios
(Singh and Seed, 2017). Ionizing radiation generates reactive oxygen species that drive DNA
strand breaks, lipid peroxidation of membrane lipids, and protein carbonylation (Weiss and
Landauer, 2009). Experimental evidence supports a radio-protective effect of several dietary
antioxidants at pharmacological doses, including alpha-tocopherol (vitamin E), N-acetylcyste-
ine, and selenium (Weiss and Landauer, 2009; Citrin et al., 2010). Adequate nutritional status
at the time of radiation exposure, including sufficient dietary iodine to saturate the thyroid in-
dependently of pharmaceutical KI, represents a readily achievable baseline that public health
messaging should address in advance. The consumption of foods naturally high in stable iodine,
including fish and dairy products from non-contaminated sources, reduces the fractional uptake
of radioiodine by the thyroid in proportion to the degree of pre-existing saturation (Zanzonico
and Becker, 2000).

National and regional policy recommendations

The evidence reviewed in the preceding sections supports a set of specific, actionable policy
recommendations directed at Gulf state governments, regional bodies, and international organ-
izations (Figure 4). These are offered not as speculative proposals but as evidence-grounded
interventions with established precedents in countries that have developed mature nuclear
emergency planning frameworks. Concerning the pre-distribution of potassium iodide, all GCC
states should implement household pre-distribution of KI tablets to residents within a 200 km
radius of the Bushehr Nuclear Power Plant, covering the entirety of Bahrain and Qatar, the
coastal UAE, and significant portions of Kuwait and Saudi Arabia. The European Commission's
operational guidelines for public KI use provide a directly applicable model for such a program
(European Commission, 2004). Public communication campaigns explaining when and how to
take KI, and, critically, what it does and does not protect against, must accompany pre-distri-
bution to prevent both under-use due to ignorance and harmful misuse from incorrect self-ad-
ministration. Regarding the strategic water reserve expansion, Qatar's documented 36-hour to
seven-day freshwater reserve represents a critical national security vulnerability, unacceptable
considering the identified nuclear proximity risk. A national target of 90 days of strategic fresh-
water reserve, achievable through the expansion of the Mega Reservoirs Project and comple-
mentary investment in underground aquifer recharge, would provide sufficient time for inter-
national humanitarian water supply to be mobilized in the aftermath of a desalination shutdown
event (Alyaseri et al., 2021; Qatar News Agency, 2025). All GCC states should adopt compa-
rable reserve targets. Regional early warning and information sharing. A GCC-wide real-time
radiation monitoring network, integrated with the [AEA's global “Incident and Trafficking No-
tification System” for nuclear event notifications, would provide the earliest possible warning
of releases from Bushehr or any other regional source. The technical infrastructure for such a
network is mature and has been deployed at the national level across Europe following Cher-
nobyl. Regional deployment requires political coordination rather than technical innovation.
Concerning the training of healthcare professionals in radiation triage, emergency physicians,
nurses, and paramedics across GCC states require standardized training in the clinical recogni-
tion of acute radiation syndrome, the triage of combined injuries, and the appropriate use of
medical countermeasures. The ITAEA and WHO published detailed guidance for radiation triage
training that has not been systematically integrated into GCC medical education curricula (In-
ternational Atomic Energy Agency, 1998). Incorporating radiation emergency medicine into
the training requirements for emergency physicians and disaster medicine specialists represents
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a minimum threshold of preparedness. Finally, regarding the designation and preparation of
sheltering facilities, high-density concrete buildings in all major GCC cities should be identi-
fied, mapped, and publicized as designated shelter locations, with basic supplies including bot-
tled water, KI tablets, and sealed food stockpiles pre-positioned. The public should know where
to go and what to do before a radiation event occurs. Preparedness communication through
national media, schools, and community organizations should be treated as a routine public
health activity rather than an exceptional crisis measure.

PILLAR 1: INDIVIDUAL & PILLAR 2: INFRASTRUCTURE RESILIENCE PILLAR 3: SYSTEMIC GCC COORDINATION
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Figure 4: Three-pillar evidence-based preparedness framework for nuclear and radiation risks in the
Gulf Cooperation Council (GCC) region: individual protection, infrastructure resilience, and regional co-
ordination. DTPA, Diethylenetriamine Pentaacetic Acid; G-CSF, Granulocyte Colony-Stimulating Fac-
tor; 1-131, lodine-131; IAEA, International Atomic Energy Agency; PF, Protection Factor; RO, Reverse
Osmosis

LIMITATIONS

This review carries several limitations that require explicit acknowledgment. The rapidly
evolving conflict situation means that the specific operational threat parameters described here
may change substantially between manuscript preparation and publication, potentially render-
ing some scenario estimates either overstated or understated. The review does not present for-
mal quantitative risk modelling with uncertainty bounds, which would require dedicated com-
putational simulation tools such as the “Hazard Prediction and Assessment Capability” or sim-
ilar consequence assessment frameworks, beyond the scope of a narrative review. Casualty and
contamination estimates drawn from Hiroshima, Chernobyl, and Fukushima data are extrapo-
lations to a Middle Eastern context with different population densities, building stock charac-
teristics, climate conditions, and healthcare system capacities, all of which introduce uncer-
tainty into any consequence estimate. The evidence base for individual nutritional and antioxi-
dant countermeasures is predominantly derived from animal models, and the human clinical
literature on non-KI pharmacological radioprotection remains limited. The water security anal-
ysis, while grounded in peer-reviewed hydrological data, does not account for the potential of
emergency water imports or the activation of alternative supply chains, which might partially
offset the timeline to humanitarian collapse in a well-resourced response scenario. These limi-
tations do not invalidate the central findings. They indicate where quantitative modelling re-
search should be directed as a matter of scientific priority.
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CONCLUSION

This review has examined the compound public health threats arising from the proximity
of Iran's Bushehr Nuclear Power Plant to Gulf states whose populations hold fewer than seven
days of freshwater reserves and whose children constitute between 19 and 29 percent of their
total population, within a geopolitical environment in which nuclear risk has moved from the-
oretical to operationally plausible. The convergence of factors documented here, namely a func-
tioning nuclear reactor on the shore of an enclosed sea, desalination infrastructure with near-
zero redundancy, dense urban populations with no alternative water source, and an active re-
gional armed conflict, creates a public health risk profile for which the existing global prepar-
edness literature has no direct precedents and no adequate guidance. The four main conclusions
of this analysis are as follows. First, a single nuclear detonation or major reactor release into
the Persian Gulf would produce public health consequences measurable not in days or months
but in decades, with multigenerational genetic, oncological, and neurodevelopmental burdens
extending well beyond the populations directly exposed. Second, the shutdown of desalination
water intakes across six GCC nations would represent a cascading catastrophe whose timeline
is measured in hours to days, not weeks, and which would overwhelm emergency response
capacity before international humanitarian assistance could be organized. Third, evidence-
based countermeasures exist and are deployable now: potassium iodide pre-distribution, strate-
gic expansion of the water reserve to a minimum of 90 days, shelter-in-place infrastructure
designation, and healthcare professional training in radiation triage are all achievable within
existing technical and financial capacities. Fourth, the purpose of this paper is not to predict a
catastrophe. It is to ensure that if a catastrophe comes, it does not find the region's populations
and public health systems unprepared. The scientific community has both the knowledge and
the obligation to act in pursuit of that purpose. Preparedness cannot wait for certainty.
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