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A Note Before We Begin

This report tells a story that spans a century — from the earliest pioneers pointing X-ray tubes at
their own hands in the 1890s, to the engineers working today inside some of the world's most
tightly regulated workplaces. Along the way, two nuclear accidents reshaped how the world thinks
about how much radiation is too much. But to understand why the numbers changed, we first need
to understand what those numbers actually mean.

Section 1 — What Is Radiation Dose, and How Do
We Measure It?

Radiation Is Everywhere

Here is the first and perhaps most important thing to understand: you are already exposed to
radiation every single day. It comes from the rocks under your feet, the food on your plate, the air
you breathe, and the stars above your head. This is called natural background radiation, and it is
completely unavoidable.

The question that radiation protection scientists ask is not "is there any radiation?" — the answer is
always yes. The real question is: "how much is too much, and for whom?" To answer it, we first
need to understand what radiation actually is.

So, What Exactly Is Radiation?

Everything around you is built from atoms, and at the centre of every atom sits a nucleus. Most
atoms are perfectly stable — they sit quietly forever. But some are unstable: their nuclei hold a little
too much energy, like an overwound spring. To settle down, an unstable atom sheds that excess
by throwing off a tiny particle or a burst of pure energy. That release is radiation, and atoms that do
it are called radioactive.

The analogy An unstable atom is like a slightly overfilled glass of water. Sooner or later it has to spill
the excess to steady itself. Radiation is the spill — and once the atom has shed enough energy, it
finally settles down for good.

This was discovered almost by accident. In 1896 the French physicist Henri Becquerel left uranium
salts on a wrapped photographic plate in a dark drawer — and found the plate fogged, as if
exposed to invisible light. Marie and Pierre Curie gave the phenomenon its name, radioactivity, and
an entire science was born.

(IAEA, "Radiation in Everyday Life"; World Nuclear Association, "What Is Radiation?")
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The Four Main Types of Radiation

Not all radiation is alike. The kind that matters for nuclear safety is ionizing radiation — energetic
enough to knock electrons loose from atoms (why that matters comes next). It arrives in four main
forms, and the simplest way to tell them apart is by how far they travel and what stops them.

Alpha (a) — the heavyweight. A large, slow particle that hits hard but travels barely a few
centimetres in air. A sheet of paper — or the dead outer layer of your skin — stops it completely.
Alpha is only a hazard if you breathe it in or swallow it.

Beta (B) — the middleweight. A fast, light electron. It slips through paper and the surface of the
skin but is halted by a few millimetres of aluminium or a sheet of plastic.

Gamma (y) and X-rays — the long-distance traveller. Not particles at all, but pure energy from the
same family as visible light — only far more energetic. They pass straight through the body and
need something dense, like lead or thick concrete, to block them.

Neutron (n) — the unusual one. Released mainly inside nuclear reactors. Carrying no electric
charge, neutrons slip through most materials and are best stopped by water or concrete —
anything rich in hydrogen.

The analogy Picture four things thrown at a wall. Alpha is a beach ball — big and easy to stop. Beta
is a tennis ball — it needs a little more to halt. Gamma is a laser beam — it passes straight through
unless the wall is thick and dense. A neutron is a ghost — uncharged, it drifts through solid matter
until it meets just the right material.
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Figure 1— The Four Types of Radiation and What Stops Them

The Four Types of lonizing Radiation

How far each travels — and what it takes to stop it

Paper / Aluminium / Concrete /
skin plastic water

Alpha
Y Harmful only if inhaled or swallowed
Heavy, slow particle

Can reach the skin's surface layers
Fast-moving electron

Gamma / X-ray
° Passes through the whole body
Pure energy, like light

Slips through most materials
Uncharged particle

Source: IAEA; US NRC; World Nuclea tion | Lambda A

Figure 1: The four types of ionizing radiation, ordered by how far they penetrate. Alpha is stopped by paper or skin; beta
by aluminium or plastic; gamma and X-rays by lead; neutrons by concrete or water. Sources: IAEA; US NRC; World
Nuclear Association.

How Radiation Affects Matter — and You

The reason ionizing radiation matters for health comes down to a single word: ionization. As this
radiation passes through living tissue, it can knock electrons out of the atoms inside your cells.
That tiny disruption can damage important molecules — above all, the DNA that tells each cell how
to work.

The analogy Think of your DNA as a long instruction manual the cell reads to do its job. lonizing
radiation is like a hole-punch firing at random pages. One or two holes and the cell simply repairs the
page or replaces itself — your body does this every day. Too many holes too fast and the repairs
can't keep up; very occasionally a botched repair becomes the seed of a cancer years later. This is
exactly why how much, and how fast, are the numbers that matter.

This is also why non-ionizing radiation — radio waves, microwaves, the visible light you are
reading by — sits in a completely different category. Each packet of it simply lacks the energy to
knock an electron loose, no matter how much of it there is.
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Figure 2 — lonizing vs Non-lonizing Radiation

Not All Radiation Is the Same

Only high-energy radiation can ionise atoms — radio waves and visible light cannot

Ultraviolet

Heat, remotes Sun 3 Sunburn ans Nuclear, cosmic

Only radiation to the right of the line carries enough energy to knock electrons loose from atoms — the process that can damage DNA.

Figure 2: The electromagnetic spectrum, from radio waves to gamma rays. Only the high-energy end — ultraviolet,
X-rays, and gamma — carries enough energy per packet to ionise atoms. Everyday radiation like radio, microwave, and
visible light does not. Sources: US EPA; IAEA.

Where Does Radiation Come From?
Radiation is not exotic — it is woven into ordinary life. Here are everyday sources of each type:

Radon gas in basements;
smoke detectors
(americium-241); uranium
ore

Alpha (a) Heavy particle Paper, skin

Tritium "glow" exit signs;
medical tracers;
carbon-14 in every living
thing

Beta (B) Fast electron Aluminium, plastic

Cosmic rays;
potassium-40 in bananas
and in your own body;
medical X-rays and CT
scans; cobalt-60 used to
sterilise equipment

Gamma (y) / X-ray Pure energy Lead, concrete

Nuclear reactors; cosmic
Neutron (n) Uncharged particle Water, concrete rays at altitude; some
industrial gauges

(Sources: U.S. EPA, "Radiation Sources and Doses"; U.S. NRC; IAEA)

About half of the average person's yearly dose comes from natural sources — radon seeping from
the ground, cosmic rays, the soil itself, and even the food we eat — and most of the rest from
medical procedures such as X-rays and CT scans.
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(U.S. NRC, "Doses in Our Daily Lives"; UNSCEAR)

Radioactivity and Half-Life: Why Some Sources Fade in Days and Others Last
Millennia

You cannot predict when any single radioactive atom will decay — but across billions of them, the
behaviour is astonishingly regular. The key measure is the half-life: the time it takes for half of a
radioactive substance to decay away.

After one half-life, half remains. After two, a quarter. After three, an eighth — and so on. It never
quite reaches zero, but it shrinks fast.

The analogy Imagine a stadium of 1,000 people where, every hour, exactly half of those still seated
get up and leave. After one hour, 500 remain; after two, 250; after three, 125. You can't say which
individuals will go, but the halving runs like clockwork. That clock is the half-life.

Half-lives vary enormously — which is why some materials are intensely radioactive but
short-lived, while others stay faintly radioactive for thousands of years. A short half-life means a
source burns bright and vanishes quickly; a long one means it lingers but emits only slowly. Both
facts shape how radioactive material is handled — and how long a contaminated area stays a
concern.

Figure 3 — Radioactive Decay and the Half-Life

Radioactive Decay: The Half-Life

Every half-life, half of what remains decays away — fast at first, then lingering

~5.3 years

~30 years

~5,730 years

2
Number of half-lives elapsed

Figure 3: Radioactive decay halves with each half-life —100% - 50% - 25% - 12.5% and onward. Half-lives range
from days (iodine-131) to millennia (carbon-14), which is why caesium-137 keeps affected zones a concern for decades.
Sources: IAEA; World Nuclear Association.
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From "How Radioactive?" to "How Much Dose?"

So far we have described radiation by its source — how many atoms are decaying, what type of
radiation they emit, and how long they keep doing it. But the question that actually matters for
human safety is different: how much of that radiation lands in a human body, and how much
harm can it do there?

That shift — from describing the source to measuring the effect on a person — is precisely what
dose units were invented to capture. It is where the rest of this report lives.

The Units: From Coffee Cups to Olympic Swimming Pools

To answer that question, scientists needed a way to measure radiation's effect on the human body.
Think of it like measuring temperature — the number itself is meaningless unless you know what
scale you're using and what it feels like.

There are two key measurements to know:
The Gray (Gy) — What the body absorbs

The Gray measures how much energy from radiation is deposited in a kilogram of tissue. One Gray
equals one joule of energy per kilogram. Think of it like measuring how hot a frying pan gets — it
tells you about the physical energy transferred, but not yet about the consequences.

(U.S. EPA, "Radiation Terms and Units," 2023)
The Sievert (Sv) — What the body feels

The Sievert goes further. It takes that raw energy measurement and adjusts it for two things: the
type of radiation (some types are more biologically damaging than others) and the sensitivity of the
organ that absorbed it (the thyroid gland, for example, is more vulnerable than muscle). The result
is a single number that reflects the actual biological risk.

(U.S. EPA, "Radiation Terms and Units," 2023)

The analogy If Gray is like measuring how hard a punch lands, the Sievert is like measuring how
much damage that punch actually does — accounting for whether it hit your shoulder or your nose.

Because doses in everyday life are tiny fractions of a Sievert, we almost always use millisieverts
(mSv) — one-thousandth of a Sievert. A nuclear power worker's annual dose limit is measured in
millisieverts. So is your dental X-ray.

Quick conversion 1 Sievert = 1,000 millisieverts (mSv) = 1,000,000 microsieverts (uUSv)
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Figure 4 — The Radiation Dose Scale: Putting Numbers in Context

The Radiation Dose Scale

From a banana to a nuclear accident — millisieverts (mSv), logarithmic scale

Global avg
Banana background ARS threshold
0.0001 mSv 2.4 mSv 1,000 mSv

ICRP annual
Chest X-ray it
0.1mSv

Regulated /
Emergency

0.0001 .01 0 100 10,000

Figure 4: The radiation dose scale, logarithmic. Natural background sits in the green-teal zone; regulated worker limits
fall in the amber zone; acute radiation sickness begins at the far right red zone. Sources: US EPA; NRC; PMC
Comprehensive Review 2024.

Natural Background Radiation: Your Baseline

The global average annual dose from natural background radiation is approximately 2.4 mSv per
year — roughly equivalent to 24 chest X-rays. In the United States, this rises to around 6.2 mSv
per year because of widespread radon exposure in homes and higher cosmic ray levels at altitude.

(U.S. EPA, "Radiation Sources and Doses," 2023)
Here is where it gets interesting: this number varies enormously by where you live.
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Figure 5 — Annual Natural Background Radiation by Location

Annual Natural Background Radiation by Location

Where you live changes how much radiation you naturally receive each year

ICRP worker limit: 20 mSv/yr

Living near _
a nuclear plant

Typical sea-level |
city

Boston, USA -

Denver, Colorado |
(high alt.)

Kerala, India | 15 mSv/yr
(mineral soil)

Ramsar, Iran _
(extreme outlier)

1
Annual Dose (mSv) — Log Scale

PMC 'Human Exj to High Natural Background Radi | Lambda

Figure 5: Annual natural background radiation varies by orders of magnitude depending on altitude, geology, and radon
levels. Ramsar, Iran is an exceptional outlier driven by naturally radioactive groundwater. Sources: US EPA, 2023; PMC
2014.

Everyday Dose Comparisons

Activity Approximate Dose Relatable Comparison

Eating one banana 0.0001 mSv Baseline — almost nothing

One hour of flying 0.003 mSv 30 bananas

Transatlantic flight (NYC->London) ~0.04 mSv 400 bananas

Chest X-ray 0.1 mSv 1,000 bananas
232|L;|rdp(|);§tfrom living near a <0.01 mSv 100 bananas

Mammogram 0.4 mSv Like living in Denver for 3 weeks
g\ﬁ;z?)e annual background 2.4 mSv ~24 chest X-rays

Average annual background (USA) 6.2 mSv ~62 chest X-rays

Whole-body CT scan 10 mSv ~100 chest X-rays

ICRP occupational annual limit 20 mSv ~200 chest X-rays
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(Sources: U.S. EPA; NRC; IAEA Radiation in Everyday Life factsheet; PMC Comprehensive Review,
2024)

The banana note Bananas contain a naturally radioactive isotope of potassium (potassium-40).
"Banana Equivalent Dose" is a playful but real concept used by physicists to make tiny radiation
amounts feel tangible. One banana ~ 0.0001 mSv. You would need to eat 200,000 bananas in a
year to match a nuclear worker's annual dose limit.

Protecting Against Radiation: Time, Distance, and Shielding

If radiation is part of everyday life and impossible to eliminate, how do the people who work around
it stay safe? The entire practice of radiation protection rests on three simple, intuitive levers —
known across the industry as time, distance, and shielding.

Time — the less time you spend near a source, the less dose you receive. It accumulates steadily,
like time in the sun: five minutes gives you a small fraction of what an hour would.

Distance — stepping back is astonishingly effective. Radiation spreads out in every direction, so its
intensity falls with the square of the distance. Double your distance and the dose isn't halved — it
drops to a quarter. Triple it, and it falls to a ninth.

The analogy Think of standing near a campfire. Take a step or two back and the heat fades far
faster than you'd expect, because the warmth is spreading out over a much larger area. Radiation
behaves the same way. This is the inverse-square law — and it is the cheapest protection there is,
because it costs nothing to take a step back.

Shielding — placing the right material between you and the source soaks up the radiation before it
reaches you. As we saw with the four types, the material is matched to the radiation: paper or skin
for alpha, plastic or aluminium for beta, lead or concrete for gamma, water or concrete for
neutrons.
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Figure 6 — Three Ways to Reduce Dose: Time, Distance, Shielding

Three Ways to Reduce Dose: Time, Distance, Shielding

The whole practice of radiation protection rests on these three simple levers

DISTANCE

s , The right material absorbs
Half the time > half the dose 2x distance - % dose radiation before it reaches you
(inverse-square law)

o}
©
@
@
o
[a]

i i ' ' ] ' ] ] i " "
Time near source ) 3 2.0 25 3.0 35 5.0 Shield thickness

Figure 6: The three levers of radiation protection. Dose grows in proportion to time, falls with the square of distance, and
is absorbed by shielding matched to the radiation type. Sources: US NRC; IAEA Occupational Radiation Protection.

Together, these three principles underpin every safety rule inside a nuclear facility — and they lead
directly to a guiding philosophy you will meet later in this report: ALARA, As Low As Reasonably
Achievable. The goal is never simply to stay under a legal limit, but to use time, distance, and
shielding to keep every dose as low as practicably possible.

Section 2 — The Early Days: Setting the First Rules
(1895-1985)

The Wild West of Radiation

When Wilhelm Rdntgen discovered X-rays in 1895, nobody knew they were dangerous. Early
radiologists pointed tubes at their bare hands and admired the shadows of their own bones. Within
years, some had lost fingers. Within decades, some had lost their lives.

The first attempts to set a safe limit were not based on cancer risk data — that science did not yet
exist. They were based on a simpler idea: what dose causes visible skin damage? The so-called
"erythema dose" (the amount that causes reddening of the skin) became the reference point, and
limits were set at a fraction of it, on the assumption that below that threshold, you were safe.

Those early limits, by today's standards, were extraordinarily high.
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Figure 7 — Timeline of Occupational Dose Limits: 1921to 2026

A Century of Occupational Dose Limits: 1921- 2026

From 500 mSv/yr to 20 mSv/yr — a 96% reduction over 100 years

[icRP Pub. 103)

Figure 7: One century of declining occupational dose limits. Each step down reflects new scientific understanding of
radiation risk. Chernobyl was the catalyst for the single biggest reduction — from 50 mSv to 20 mSv in 1990. Sources:
Dauer et al., 2020; ICRP History; PMC Comprehensive Review, 2024.

The Key Milestones in Plain Language

1921 — The British X-ray and Radium Protection Committee set the first formal limit: roughly 500
mSv per year. To put that in context, it is 25 times higher than the current international standard.
The reasoning: stay below the dose that turns your skin red.

(Dauer et al., 2020)

1934 — Both the NCRP (USA) and the international body set limits in the range of 300-600 mSv
per year, still based on erythema thresholds. Radiation was seen as having a "tolerance dose"
below which the body could fully recover.

(Dauer et al., 2020)

1950 — The newly formed ICRP lowered the limit to approximately 150 mSv per year. Post-war
atomic bomb survivor data from Hiroshima and Nagasaki was beginning to filter into the science,
and the idea of a safe tolerance dose was starting to crack.

(Dauer et al., 2020)

1958 — A landmark revision. The ICRP dropped the limit to 50 mSv per year (5 rem per year). For
the first time, scientists acknowledged that cancer — not just skin damage — was the real
long-term risk, and that risk might exist at any dose level, however small.

(Dauer et al., 2020; PMC Comprehensive Review, 2024)
1977 — ICRP Publication 26 — The Commission formalised the modern framework. It introduced
the concept of effective dose (weighting different organs by their cancer sensitivity), created the
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ALARA principle (As Low As Reasonably Achievable), and confirmed the 50 mSv/year occupational
limit — but now within a more sophisticated risk-based system.

ALARA in plain language The ALARA principle says that even if you're below the legal limit, you
should always try to reduce your dose further if it's practically possible to do so. It's the difference
between saying "stay under the speed limit" and "drive as safely as conditions allow." Both matter.

The limits stood at 50 mSv/year going into 1986. Then Chernobyl happened.

Section 3 — Chernobyl (1986): When Everything
Changed

What Happened

On 26 April 1986, Reactor No. 4 at the Chernobyl Nuclear Power Plant in Soviet Ukraine exploded
during a safety test, releasing a plume of radioactive material across Europe. It remains the most
severe nuclear accident in history.

In the first hours after the explosion, workers and firefighters — many with no proper dosimeters or
protective equipment — were exposed to extraordinarily high doses of radiation. Of approximately
600 workers on-site that night:

« 134 developed Acute Radiation Syndrome (ARS) — a severe, whole-body response to very
high radiation dose, causing damage to bone marrow, the gut lining, and other organs

» 28 died within the first three months, primarily from radiation-induced damage to their bone
marrow

» Doses in the worst cases ranged from 0.8 to 16 Gray — at the upper end, roughly 800 to 16,000
times the current annual occupational limit

(WHO, "Radiation: The Chernobyl Accident")

ARS in plain language At very high doses, radiation acts like a wrecking ball on the cells that make
your blood. Your immune system collapses, you can't clot blood properly, and your digestive lining
breaks down. Think of it as simultaneously destroying the factory that makes your body's raw
materials, the locks on your doors, and the pipes in your walls.

The Liquidators

Between 1986 and 1990, approximately 530,000 workers — called "liquidators" — were sent to
Chernobyl to contain the damage, clean up the site, and build the famous concrete sarcophagus
over the destroyed reactor. These were miners, soldiers, firefighters, and civilian workers.

Their average effective dose was 120 mSv — six times today's annual limit — with some receiving
up to 500 mSv. Emerging epidemiological evidence shows increased rates of leukaemia in the
higher-dose cohorts.

(WHO, "Radiation: The Chernobyl Accident")
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Figure 8 — Chernobyl: Who Was Exposed to What
Chernobyl 1986 - Who Was Exposed to What

Dose ranges across the three main exposure groups - logarithmic scale (mSv)

KEY FACTS
workers
. 134 workers
at explosion developed ARS

800 - 16,000 mSv 28 died within
first 3 months

Cause: bone
marrow & gut
damage at
high doses

Evacuated
residents

<10 mSv

100 1,000 10,000

Effective Dose (mSv) - log scale

Figure 8: The three main exposure groups from Chernobyl, with dose ranges compared to regulatory limits. The on-site
workers' doses dwarf the current annual limit of 20 mSv. Sources: WHO; UNSCEAR 2013 Report.

What Changed After Chernobyl: ICRP Publication 60 (1990)

Four years after Chernobyl, the ICRP released its landmark Publication 60 — the most significant
overhaul of radiation protection standards since the 1950s.
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Figure 9 — The Chernobyl Effect: Before vs After ICRP Publication 60

THE 1990 RESET

HOW ICRP PUBLICATION 60 — CATALYSED BY CHE - REWROTE RADIATION PROTECTION

AFTER 1990

OCCUPATIONAL WORKERS

Tolerance Dose Linear No-Threshold

Figure 9: The four key changes from ICRP Publication 60 (1990). The move to LNT — the assumption that no dose is
entirely without risk — was as philosophically significant as the numerical reductions. Sources: Dauer et al., 2020; HPS;
ICRP Publication 60, 1990.

The three key changes from Publication 60:
1. The occupational limit was cut from 50 mSv to 20 mSv per year

The fixed 50 mSv/year limit was replaced with a more nuanced rule: no more than 20 mSv
averaged over any five-year period, with no single year exceeding 50 mSv. To use a financial
analogy, it shifted the rule from "you can spend £50,000 any year you like" to "your average
annual spend over five years cannot exceed £20,000."

2. The Linear No-Threshold (LNT) model was formally adopted

The LNT model states that any dose of radiation, however small, carries some risk of cancer.
There is no assumed "safe floor."

LNT in plain language Think of it like driving slightly over the speed limit. Each extra kilometre per
hour adds a small extra risk of an accident. There's no magic speed below which you're perfectly

safe. The LNT model says the same is true for radiation: the lower the dose, the lower the risk, but
zero dose is the only true zero risk.

3. The ALARA principle was reinforced

Publication 60 embedded "As Low As Reasonably Achievable" firmly into international law.
Reaching the legal limit is not the goal — staying well below it is.
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Section 4 — Fukushima (2011): Lessons Learned the
Hard Way

What Happened

On 11 March 2011, a magnitude 9.0 earthquake off the coast of Japan triggered a massive tsunami
that overwhelmed the Fukushima Daiichi Nuclear Power Plant's seawall. Three of the six reactors
suffered meltdowns. It became the most severe nuclear accident since Chernobyl, rated at the
maximum Level 7 on the international nuclear event scale.

Unlike Chernobyl — where the explosion was instantaneous — Fukushima unfolded over days and
weeks. Workers remained on-site throughout, trying to cool the damaged reactors. Japanese
authorities faced a decision that no modern regulatory framework had been designed to answer:
how much radiation is acceptable to ask a person to absorb in order to save others?

The Emergency Dose Decision: 100 - 250 mSv

On 14 March 2011, three days after the disaster began, Japan's Ministry of Health, Labour, and
Welfare took the extraordinary step of temporarily raising the emergency occupational dose limit
from 100 mSv to 250 mSv.

Why 250 mSv? Think of it like a firefighter entering a burning building. The risk to that individual is
real, but when weighed against the risk to dozens of trapped people, the calculation changes.
Radiation protection in emergencies follows the same moral logic — but it requires a defined upper
bound to prevent exploitation.

The raised limit was reversed in November-December 2011 once the immediate crisis had
stabilised.

(Tominaga et al., Radiation Protection Dosimetry, 2014)
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Figure 10 — Fukushima: Worker Dose Distribution (2011-2013)

Fukushima 2011-2013: Worker Dose Distribution

mSv — the p o}

<10 mSv

v annual natural background

67 workers | 0.55%

100-249 mSv

10

Yamashita et al., PMC442691

Figure 10: Of 31,383 workers at Fukushima Daiichi between 2011-2013, the average dose was 12.44 mSv — less than a
single CT scan. The emergency limit was exceeded by just 6 individuals. Source: Yamashita et al., PMC4426911, 2015.

The Eye Lens: A Hidden Consequence
One of the most significant regulatory changes triggered by the Fukushima era had nothing to do
with whole-body dose. In April 2011, the ICRP released a separate statement on the eye lens.

Emerging evidence from Chernobyl liquidators and from medical staff who stand close to X-ray
equipment showed that radiation-induced cataracts were appearing at much lower doses than
previously believed.
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Figure 11— The Eye Lens Limit: An 87% Reduction in 2011

The Eye Lens Limit: An 87% Reduction in 2011

ernoby! liqu erventional rad dard

Why Did the Limit Change?

New epidemiological evidence overturned that assumption.

Before 2011 After 2011
(ICRP / IAEA) (ICRP Statement)

Figure 11: The eye lens limit was reduced by 87 % in April 2011 — the same month as the Fukushima crisis — driven by
evidence of cataracts at far lower doses than previously assumed. Sources: ICRP Statement on Tissue Reactions, 2011;
Boal, IAEA, 2013.

Japan Rebuilds Its Regulatory System

Fukushima exposed a critical weakness: Japan's nuclear regulator at the time was housed within
the government ministry responsible for promoting nuclear power — a clear conflict of interest. In
2012, Japan established the independent Nuclear Regulation Authority (NRA), modelled on
international best practices, to separate safety oversight from energy policy.
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Section 5 — Where We Stand Today (2026)

Figure 12 — Current Occupational Dose Limits by Regulatory Body (2026)

Current Occupational Dose Limits by Regulatory Body (2026)

Most of the world aligns at 20 mSv/yr — the US NRC remains the key outlier
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Figure 12: Most of the world's major nuclear regulators align at 20 mSv/yr for routine occupational exposure. The US
NRC is the most notable outlier, maintaining a 50 mSv annual limit and an eye lens limit (150 mSv) that has not yet been
updated to reflect the 2011 ICRP revision. Sources: PMC Comprehensive Review, 2024; IAEA GSR Part 3; EURATOM
2013/59; NRC 10 CFR 20.

In 2026, dose limits for nuclear power plant workers are more harmonised internationally than at
any previous point in history. The key comparison:

ICRP Pub. 103

(2007) 20 mSv Yes 20 mSv 100-500+ mSv
IAEA GSR Part 3 20 mSv Yes 20 mSv 100-500 mSv
L2J§A (NRC) 10 CFR 50 mSv No 150 mSv 250 mSv

EU EURATOM

2013/59 20 mSv Yes 20 mSv —

Japan (NRA) 20 mSv Yes 20 mSv 100-250 mSv

The U.S. NRC's 50 mSv limit does not mean U.S. plants are unsafe — in practice, actual worker
doses are far below any legal maximum. It reflects a regulatory philosophy that prioritises
operational flexibility over numerical alignment with the ICRP.
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Figure 13 — Emergency Worker Dose Reference Levels (2026)

Emergency Worker Dose Reference Levels (2026)

Higher limits apply in genuine life-saving situations — with strict conditions of informed consent
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Source: ICRP Publication 146, 2020; IAE t 3; PMC Comprehensive Review 2024 | Lambda Agency Science Report, June 2026

Figure 13: Emergency dose limits are deliberately higher than routine limits — reflecting the moral calculus of risk to the
individual vs. benefit to many. At the highest tier (life-saving actions), ICRP and IAEA allow doses above 500 mSv for
fully informed, voluntary workers. Sources: PMC Comprehensive Review, 2024; IAEA GSR Part 3; ICRP Publication 146,
2020.

The Real Numbers: What Workers Actually Receive
Legal limits are ceilings, not targets. In practice, the average dose received by nuclear power plant
workers is a small fraction of the legal maximum.

Typical Average Annual Worker

Region Dose Fraction of ICRP Limit
USA (nuclear power workers) ~1-3 mSv/year 5-15% of 20 mSv
European nuclear plants ~1-2 mSv/year 5-10% of 20 mSv
Japan (post-Fukushima) <2 mSv/year <10% of 20 mSv

Fukushima emergency workers

(2011) 12.44 mSv average 62% of 20 mSv

A useful perspective A typical nuclear power worker receives a lower radiation dose over a full
year of work than you would receive from a single whole-body CT scan at a hospital. The legal limit
— already cautious — is rarely approached, let alone reached.
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Recent Developments: 2020-2026

« ICRP Publication 146 (2020): Established detailed reference levels for large-scale nuclear
accidents across three distinct phases (early emergency, intermediate, and long-term
recovery).

» ICRP Publication 147 (2021): Refined the use of absorbed dose versus effective dose for
different health risk types.

- Eyelensregulations (ongoing): Japan adopted the 20 mSv eye lens standard in 2021. The U.S.
NRC has yet to formally update its 150 mSv eye lens limit.

« LNT debate continues: The ICRP reaffirmed use of LNT as of 2024, while acknowledging
ongoing scientific debate about its accuracy at very low doses.

Closing Thoughts

The story of radiation dose limits is, at its core, a story about learning. From the early pioneers who
lost fingers and lives through ignorance, to the global scientific institutions that now coordinate
across borders — the trajectory has been consistently downward: lower limits, better science,
more caution.

Chernobyl was the shock that forced a fundamental rethink. Fukushima was the confirmation that
emergency planning and regulatory independence matter as much as the numbers themselves.
And the ongoing revision of the eye lens limit shows that the science never stops.

What has not changed is the underlying principle established back in 1977: ALARA. The legal limit
is the ceiling, not the target. For most nuclear power workers in 2026, the actual dose they receive
is less than what you'd get from a hospital CT scan. The rules — and the culture of caution behind
them — are working.

Confidence & Gaps

Where sources agreed: Historical dose limit timeline (Dauer et al. 2020), Fukushima worker dose
data (Yamashita et al. 2015), Chernobyl ARS statistics (WHO / UNSCEAR), and the 2011 eye lens
limit revision were all consistent across independent sources.

Where sources diverged: The U.S. NRC's 50 mSv limit is sometimes misleadingly framed as
"stricter" than ICRP. In practice, ICRP's five-year average also allows 50 mSv in a single year — the
real difference is the long-term ceiling. Primary regulatory text (10 CFR 20) was used for accuracy.
The LNT debate is genuinely unresolved; the ICRP's position is presented as the regulatory
consensus while the scientific debate is noted.

Gaps: China and Russia were excluded due to limited English-language primary regulatory
documentation. Longitudinal data on actual (not limit) dose trends over decades was not retrieved
in this research cycle. Fukushima decommissioning workers (ongoing as of 2026) represent a
distinct topic worthy of its own report.
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Sources

— U.S. EPA — Radiation Terms and Units

— U.S. EPA — Radiation Sources and Doses

— U.S. NRC — Doses in Our Daily Lives

— Dauer et al. — Evolution of Radiation Protection for Medical Workers, PMC7446021, 2020

— WHO — Radiation: The Chernobyl Accident (Q&A;)

— HPS — Why Are ICRP Dose Limits Different for Workers and Public?

— Yamashita et al. — Radiation Occupational Health Interventions at Fukushima Daiichi, PMC4426911, 2015
— Tominaga et al. — 250 mSv: Temporary Emergency Dose Limit at Fukushima, PubMed 25436995, 2014
— PMC — A Comprehensive Review of Dose Limits, Triage Systems, PMC11170981, 2024

— |AEA — Occupational Radiation Protection / GSR Part 3

— EURATOM Directive 2013/59 — Basic Safety Standards

— ICRP — Statement on Tissue Reactions / Eye Lens Limit, 2011

— UNSCEAR 2013 Report — Sources, Effects and Risks of lonizing Radiation

— |AEA — Radiation in Everyday Life

— World Nuclear Association — What Is Radiation? / Radioactive Decay
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