TANNING 101

A Balanced, Science-Backed Guide to Sun Exposure




This book was written to give a clear, science-based understanding of tanning and

sun exposure, separating myth from measurable fact.

It is sponsored by Sola: UV Index and Sun Exposure, an iOS app that offers a

comprehensive personalized calculation of the solar UV radiation dose.

Sola bases its estimates on real-time UV index data and your personal
characteristics, including your Minimal Erythema Dose (MED), Fitzpatrick skin
type, current tan level, prior sun exposure, planned exposure duration, sunscreen

SPF (if used), and whether you alternate sides while sunbathing.

Together, this book and the app share a simple goal: to help you enjoy sunlight
responsibly and with awareness, appreciating its benefits without crossing into

harm.
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Tanning Process Explained

At its core, tanning is the skin’s response to ultraviolet (UV) radiation from the sun
or tanning lamps. Invisible to the eye, UV light carries more energy than visible

light, enough to damage DNA inside skin cells.

To cope with this threat, humans evolved a few defenses, including tanning, in
which the skin makes special pigment to shield DNA. A tan works alongside other
safeguards, including DNA repair, skin thickening, and, in cases of excessive UV

exposure, the inflammation we recognize as sunburn.

Types of UV Light

UV light is normally divided into three bands based on their wavelengths: UVC
(100280 nm), UVB (280-315 nm), and UVA (315400 nm). The shorter the

wavelength, the more energy the light carries.

Visible Light Invisible UV Light
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| | | | | UVA | UVB | UVC
700 650 600 550 500 450 400 315 280 100

Wavelength in nanometers (nm)

Figure 1. Visible light and invisible UV light on the electromagnetic spectrum.

Thankfully, the Earth’s atmosphere blocks all UVC - the most dangerous, high-
energy kind. But some UVB still reaches the ground, usually about 5% of total UV

Brought to you by A
[available from the App Storel O LA



when the sun is high (in the early morning or late afternoon most of UVB is filtered

out by the atmosphere), with the remaining 95% made up of UVA.

UVB — Direct DNA Damage — Delayed Tanning

Of the two kinds that reach us, UVB is the one most responsible for direct DNA

damage, and that is exactly what triggers the skin’s tanning response.

Melanin “cap” shields

UVB
*‘*“ DNA from UV

= & oo S

Je)
Keratinocyte Nucleus  Melanocyte Melanosomes  Protective
with DNA with melanin melanin “cap”

Figure 2. UVB triggers melanin production, the skin’s natural defense against UV .

When UVB hits the DNA inside the skin’s surface cells (keratinocytes), its energy
can push the DNA'’s chemical bonds into a highly reactive “excited” state. Most of
the time this extra energy disappears harmlessly as heat in a tiny fraction of a

second.
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But in fewer than 0.1% cases, it causes direct damage to the DNA itself. Two
neighboring DNA bases (the “letters” of the genetic code — A, T, G, and C) can fuse
together into what's called a pyrimidine dimer. These fused bases act like a tiny
speed bump in the DNA strand, confusing the enzymes that copy DNA and

increasing the chance of mutations in important genes.

When this DNA damage happens, the keratinocytes send a distress signal to the
deeper melanin-making cells (melanocytes), which respond by making new
melanin. The melanin is then packaged into tiny parcels called melanosomes and

delivered back up to the keratinocytes.

There in the keratinocytes, the melanin spreads out like a protective “umbrella”
over each cell’s nucleus, where the DNA is kept, helping shield it from further UV
damage. Besides absorbing UV light, this melanin can also neutralize harmful

radicals and act as a built-in antioxidant.

Recent studies also show that melanocytes can sense UVB directly through a
channel called TRPA1. When activated, TRPA1 lets calcium into the cell and helps
shift melanosomes toward a neutral pH (acidity measure), which makes melanin-

producing enzymes work faster and boosts tanning,.

The entire melanogenesis process unfolds slowly over 48-72 hours after UVB
exposure, resulting in what's known as “delayed tanning,” and the color it produces
can last for weeks. Because it involves making and placing new melanin where it’s
needed most, this type of tan provides effective protection against future UV

exposure.

UVA light, on the other hand, is mostly ignored by DNA and therefore penetrates

deeper into the skin, reaching the dermis (the layer beneath the epidermis). Instead
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10

of damaging DNA directly, it causes harm indirectly by generating Reactive
Oxygen Species (ROS), highly reactive oxygen molecules often referred to as free

radicals.

These ROS can injure many parts of the cell, including DNA. One common result is

a G—T transversions, a type of mutation where the DNA base guanine (G) becomes

damaged and, during copying or repair, is mistakenly replaced with thymine (T).

Some ROS can become even more damaging. When excited oxygen reacts with
naturally occurring hydrogen peroxide in the skin, it forms hydroxyl radicals,

which are extremely aggressive and can break DNA strands or knock bases

completely off the molecule.

UVB UVA

UVA-oxidized

/ melanin

Epidermis [ oas

Dermis [ 'C

Hypodermis [ T

Reactive Oxygen DNA transversion
Species caused by ROS

Figure 3. UV A oxidizes melanin but also creates ROS causing indirect DNA damage.

UVA light can also produce a short-term tan — the so-called immediate pigment
darkening (IPD) that appears within minutes of exposure, usually with a grayish
tone. IPD is short-lived because it is simply the oxidation of melanin already present
in the skin, so no new pigment is made, and the effect usually fades within hours.

People with darker skin types often show more noticeable IPD.
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Furthermore, some people get a second, longer-lasting “after-tan” called Persistent
Pigment Darkening (PPD). You don’t usually notice it immediately, but it starts
showing up within a few hours after UVA exposure and can hang around for

several days.

PPD is still a UVA-driven reaction, but it behaves differently from the instant flash
of IPD. Instead of just “browning” the existing melanin, UVA pushes more of it
upward toward the surface layers of the skin, which makes the color look warmer
and more “tan-like” than the grayish tone of IPD. In some studies, the PPD phase is
even visible around a week later, especially after slightly longer or repeated UVA

exposures.

Although both IPD and PPD make the skin look darker, this color change does not
mean the skin is protected. The melanin involved in UVA tanning is simply the old
pigment that was already present in the epidermis: thin, scattered, and lightly
organized. When UV A oxidizes this pigment, it makes it look darker, but it does not
increase the amount of melanin, improve how it’s arranged, or strengthen the

protective “caps” that shield DNA.

To reiterate, fresh melanin made after UVB exposure is the most protective, packed
into solid melanosomes and arranged in organized “caps” over the cell’s nucleus.
This new melanin absorbs UV efficiently and helps neutralize free radicals. In
contrast, the melanin darkened by UVA is older, scattered pigment that has been
oxidized. Oxidized melanin loses some of its protective strength and can even
generate additional free radicals under UVA. So, while UVB-induced melanin
provides real defense, UVA-darkened melanin often gives only the appearance of

protection.

However, in real life, both UVB and UVA are present together (especially when the
sun is high) so their combined effect matters. While UVB triggers the melanogenesis
process, UVA actually boosts that process. “Solar-simulated radiation” experiments

show that UVA+UVB together increase melanin production by 20-50% more than
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UVB alone, even though UVA on its own does very little to trigger melanin

production, if at all.

UVA UVA UVB UVA + UVB
IPD PPD  Delayed Tan LLP
N
N
\\ S
Hours Days Weeks Months ¢t

Figure 3. UV A produces instant but temporary darkening, UV B builds a lasting tan.

As for damage from UVA versus UVB, it's worth noting that UVA-induced
oxidative damage can be even harder for the body to manage than UVB-induced
direct DNA damage. UVA-triggered oxidative stress isn’t limited to the epidermis;
it reaches deeper layers of the skin and affects not just DNA but also fibroblasts,

collagen, elastin, blood vessels, proteins, and lipids.

This is why claims that UVA-dominant (or UVB-suppressed) high-pressure tanning
beds are “safer” are so misleading; they may reduce burning, but they still create
the conditions for oxidative stress and long-term DNA injury. The same may be true
for sunbathing in the early morning or late afternoon, when UVA dominates the UV

mix, especially because people tend to stay out longer due to less burning,.

Returning to the topic of temporary tans like IPD and PPD, there is also an
intriguing phenomenon called Long-Lasting Pigmentation (LLP): some people
develop color that persists for months. It's often seen as faint tan lines or persistent
dark patches. Scientists think LLP happens when pigment becomes “anchored”
deeper in the epidermis or when melanocytes remain activated longer than usual.
LLP is still not fully understood, but its persistence makes it a fascinating chapter

in the tanning story.
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Types of Melanin

To make matters even more complicated, not all melanin has protective qualities:

e Eumelanin — a brown or black pigment that effectively blocks UV, while also
neutralizing free radicals and oxidative stress.

e Pheomelanin - a yellow to red pigment that is less stable and less effective at
blocking UV. When exposed to UVA and oxygen, pheomelanin can generate

free radicals, making it less protective and sometimes even harmful.

Higher levels of pheomelanin are common in people with red hair, freckles, and
skin that burns instead of tans. Conversely, people with more eumelanin have
darker skin that better absorbs and scatters UV light, offering stronger natural

protection and a longer-lasting tan.

More pheomelanin More eumelanin

S

&
<

than eumelanin " than pheomelanin

Figure 4. The ratio of eumelanin to pheomelanin determines natural skin color.

Genetic Story of Skin Pigmentation

But how did these differences arise in the first place? The answer lies in evolution.
Over thousands of generations, human populations adapted to the intensity of

sunlight in their environments.

e In equatorial regions, where UV levels are extreme, evolution favored dark
skin rich in eumelanin, which absorbs and scatters harmful rays while

preserving folate.
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e Innorthern latitudes, where sunlight is weaker, lighter skin evolved with less

eumelanin to let more UVB penetrate for vitamin D synthesis.

This global gradient in skin tone — dark near the equator, lighter toward the poles —
remains one of the clearest examples of natural selection in our species.
Interestingly, lighter skin evolved independently in Europe and East Asia through
different genes — proof of how evolution can arrive at similar solutions through

distinct genetic paths.

On a genetic level, this adaptation plays out through genes that determine how
much of each type of melanin you produce. For example, variations in the MC1R
(melanocortin-1 receptor) gene push pigment production toward pheomelanin
instead of eumelanin. Genes don’t just affect what kind of melanin you make, they
also affect how well your melanosomes run, including pH (if melanosomes are too
acidic, melanin-making enzymes slow down), which directly changes tanning

efficiency.

This explains why many people with lighter skin burn easily and tan poorly, or not
at all. In contrast, people with darker skin naturally produce more eumelanin,

which is why they tan more deeply and have higher natural UV protection.

An extreme form of eumelanin absence is albinism. It results from a congenital
defect in the melanin-making enzyme tyrosinase, which is required to produce
melanin from the amino acid tyrosine. People with albinism are more sensitive to

sunlight and face an increased risk of sunburn and skin cancer.
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DNA Repair Mechanisms

In addition to making new melanin
for protection, the body also repairs
DNA that has already been
damaged by UV radiation.

One major repair system for UVB-
induced pyrimidine dimers is
Nucleotide Excision Repair (NER),
in which specialized enzymes
locate the fused DNA segments, cut
them out, and replace them with

fresh, correct pieces.

DNA transversions caused by ROS,
and therefore often linked to UVA,
are repaired through Base Excision
Repair (BER). In this pathway,

15
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Figure 5. Repair of UVB-damaged DNA.

enzymes remove the incorrect base, and DNA polymerase fills in the proper one.

It may help to know that DNA damage is a normal part of life. Even without

sunlight, your cells face thousands of tiny threats every day, for instance:

e Normal metabolism (simply being alive) creates free radicals that can

damage DNA.

o Cooking fumes, air pollution, and cigarette smoke contain chemicals that can

stick to DNA.

e Natural background radiation from the ground and the atmosphere can

cause DNA breaks.

e Mistakes during cell division can create spontaneous mutations.
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e Inflammation anywhere in the body generates reactive molecules that can
harm DNA.

e Certain viruses such as HPV can cause DNA damage as part of their lifecycle.

Scientists estimate that every cell in your body experiences tens of thousands of
DNA lesions every day, but your body has enough time to quietly and continuously

repair most of them under normal circumstances.

However, with excessive UV exposure, new DNA damage can occur faster than
your repair systems can keep up, allowing unrepaired lesions to accumulate. These
persistent lesions raise the risk of mutations — permanent changes in genes that

regulate cell growth — which can eventually lead to precancerous or cancerous cells.

Put another way, UV radiation is one of the few major sources of DNA damage you
can actually control. Avoiding strong or excessive UV exposure, especially sunburn,
and giving your skin time to recover between exposures, helps minimize long-term

damage and lowers the risk of skin cancer.

Excessive UV exposure triggers inflammation in the skin — the visible redness we
call sunburn. Your cells detect this damage largely through a protein called p53,
often nicknamed the “guardian of the genome” because it helps coordinate the
entire repair response. At the same time, chemical messengers such as
prostaglandins and cytokines amplify the inflammation, pulling in immune cells

and increasing blood flow.

This inflammatory wave:

o Increases blood flow (redness), delivering immune cells and nutrients to help

replace damaged tissue.
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e Heightens nerve sensitivity, signaling that the area is injured and should be

protected.
e Draws in extra fluid, causing swelling.

o Triggers peeling (if sunburn is severe), shedding cells too damaged to repair.

While UVB is the main culprit for sunburn, UVA penetrates deeper into the skin
and adds to the damage by generating oxidative stress and free radicals, which

indirectly harm DNA and other cell structures.

Meanwhile, melanogenesis — the creation of new melanin — switches into high gear.
This is why the tan that appears after a burn can be so dark: UVB has activated the
pigment-making machinery at maximum intensity. Because the tanning action
spectrum closely matches the DNA damage spectrum, the same wavelengths that

cause burns are also the ones that trigger the strongest pigment response.

So, the deep tan you get after a burn isn’t a reward or a shortcut — it’s your skin’s

damage-control mode, trying to shield you from the next hit.

What makes UV especially deceptive is that sunburn does not show up immediately
upon UV exposure — it often develops hours later. That's why knowing your
personal UV dose limit, based on the Minimal Erythema Dose (MED) and explained

later in this book, is so important.

Skin thickening is one of the most overlooked (but biologically fascinating) ways
the skin adapts to UV. When exposed to ultraviolet radiation, the skin doesn’t just
darken; it often thickens, especially in the stratum corneum and sometimes in the

living lower epidermis, where new cells form and mature.

This thickening is triggered by keratinocyte DNA damage, activation of receptors

like EGFR, and cytokine/inflammatory signals from deeper layers. These cues
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stimulate faster cell production and upward movement, creating more layers of
hardened surface cells. This form of epidermal hyperplasia/hyperkeratosis is
protective: a thicker cornified layer scatters and absorbs more UV before it reaches

deeper, vulnerable cells.

This structural defense works alongside melanin’s chemical/optical protection.
Together, they make sun-acclimated skin somewhat more resistant to further UV,

though still far from immune to DNA damage or photoaging.

With chronic UV exposure, changes reach deeper into the dermis. UV breaks down
collagen and elastin and leads to the buildup of abnormal elastic material, a
condition called solar (actinic) elastosis. This produces the classic “sun-damaged”
look: leathery, yellowish skin with deep wrinkles and reduced elasticity.
Microscopically, these tangled, dysfunctional fibers reflect permanent structural

damage, unlike the more reversible thickening of the outer epidermis.
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e Tanning is a defense mechanism — melanin helps protect DNA, fight off free

radicals, and limit oxidative stress from UV exposure.
e Tanning pathways:

o Delayed tanning (UVB-driven) begins 2-3 days after exposure, relies
on new melanin production, and provides lasting protection for
weeks.

o IPD, Immediate Pigment Darkening (UVA-driven): appears within
minutes, fades within hours, and offers little to no real UV protection.

o PPD, Persistent Pigment Darkening (also UVA-driven): develops
within hours and can last days but still does not significantly improve
UV protection.

o Long-Lasting Pigmentation (LLP) is a rare, months-long form of
tanning triggered mainly by UVA but can also occur after repeated

UVB exposure.

e UVA-oxidized melanin looks dark but absorbs UVA less efficiently and can
generate ROS

e A UVA + UVB mixture is more potent than either alone: in experiments,
solar-simulated radiation increased melanin 20-50% more than UVB alone.
e Two types of melanin:
o Eumelanin — Dark brown/black; highly protective against UV;
excellent at neutralizing free radicals.

o Pheomelanin - Yellow/red; less protective and can generate harmful
free radicals when hit by UVA.

e Human skin color evolved as an adaptation to sunlight: darker skin
developed in high-UV regions for protection, while lighter skin evolved in

low-UV areas to maintain vitamin D production.
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Genes shape your tanning ability — especially MCIR, which pushes pigment
toward eumelanin (tans easily) or pheomelanin (burns easily). Mutations in
MCIR explain red hair, freckles, and high sun sensitivity.

DNA repair is constant: NER repairs UVB-induced dimers; BER repairs
oxidative lesions from UVA. Excess UV can overwhelm these systems,

however, leaving permanent damage that increases cancer risk.

Sunburn is a delayed inflammatory response, driven by p53 activation,
prostaglandins, and cytokines — redness, pain, swelling, and peeling are
signs your body is repairing UV-damaged cells.

Tanning darkens the skin’s pigment shield, and thickening reinforces its
structure. Both responses are signs of the skin training itself to cope with UV
stress, an adaptive form of self-protection.

While short-term UV exposure thickens the outer skin for protection, long-
term chronic excessive exposure degrades the deeper layers, leading to

stiffness, loss of elasticity, and the classic signs of photoaged skin.
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Why Some People Tan and Others Burn

As discussed earlier, the same UV wavelengths responsible for a tan can also cause
a burn. When these wavelengths energize molecules in the skin, they spark
reactions that may result in melanin production or inflammation, depending on
how much UV reaches the cells and on personal factors like skin type and the

balance between protective eumelanin and less stable pheomelanin.

The Fitzpatrick Skin Type Scale

Dermatologists often describe skin’s burn vs. tan tendencies using the Fitzpatrick

skin type scale, which classifies skin from Type I to Type VI:

Table 1 — Fitzpatrick Skin Types (Burn vs Tan Tendency)

Skin . . Tanning Burning
Typical Reaction to Sun . Example
Type Ability Tendency
I Always burns, never tans None Very high

8

Usually burns, tans

e

II Light High 7=
minimally =
Sometimes burns, tans
I1I Moderate Moderate 2%
gradually e

IV Rarely burns, tans easily Deep Low @

\Y% . Very deep  Very low
easily

Very rarely burns, tans very ’

VI Almost never burns Deepest Minimal Q
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You can find out your Fitzpatrick skin type by taking the questionnaire here:

https:/ /sunsplashtans.com/indoor tanning/skin-type

Photobiologists — scientists who study how light affects living organisms — use two

additional measures to explain the tendency to burn or tan:

e Minimal Erythema Dose (MED): the smallest UV dose that produces a faint
sunburn — erythema, or redness from increased blood flow — within 24 hours
of UV exposure; and

e Minimal Melanogenic Dose (MMD): the smallest UV dose that triggers new
melanin production — melanogenesis — the skin’s process of making new

melanin that protects DNA from UV damage.

In fair to medium skin types, MMD is greater than MED. What it means is that the
skin’s threshold for burning is reached before the threshold for tanning. For fair-
skinned types especially, the burn signal kicks in long before tanning is fully
triggered (if at all), leaving little margin of safety. In more heavily pigmented skin,

the two thresholds become closer.

The table on the next page compares MED and MMD values* across Fitzpatrick skin

types, showing how tanning and burning thresholds differ.

* MED and MMD are measured in joules per square meter (Jlm?). A joule is just a unit of
energy (like a calorie is for food, or a watt-second is for electricity). Per square meter means
the energy is spread out over a patch of skin the size of one square meter (roughly the surface
of a big bath towel). So, when we say, for example, “300 J/m?”, it means “the skin has

absorbed 300 units of UV energy over every square meter of its surface.”

Brought to you by A
[available from the App Storel O LA


https://sunsplashtans.com/indoor_tanning/skin-type?utm_source=getsola.com

Table 2 — MED vs. MMD by Fitzpatrick Skin Type

MED MMD*
Skin (Burn (Tanning Time to MED
Risk / Tanning Notes
Type  Threshold) Threshold) at UVI10**
J/m? J/m?
Burns, negligible
I <200 <400 10-15 min _ _
tanning potential.
Very narrow safety
II 200-300 400-600 15-20 min

margin.

Better tanning
III 300-500 500-800 20-30 min  potential but still

possible to burn first.

Good tanning
v 500-700 700-1000 30-50 min potential; burns

uncommeon.

Burns rare; deep tan
\% 700-1000 800-1100 50-100 min

develops.

Burns almost never
VI >1000 >1100 100+ min
occur.

* MMD wvalues were first described in classic studies by Parrish et al. (1982) and later refined in
follow-up research, such as Ravnbak et al. (2010). The values shown here are based on Ravnbak’s
data and should be treated as guides, not precise thresholds.

** Untanned, unprotected skin at UV Index 10, without any prior recent exposures. Actual skin
response can vary greatly depending on biological factors and environmental conditions.
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Here’s another way of showing how the energy required to cause a burn (MED) is
lower than the energy needed for tanning (MMD).

MED
Type VI
Type V A _4&
2 -
% Type IV 4 E—
g
~4
e A
Type III —
Type II 7A
Typel N -
0 250 500 750 1,000 1,250 1,500 1,750
2
Energy (J/n)

Figure 6. MED (Burning) vs. MMD (Tanning) by skin type, for illustrative purposes

Each skin type is shown as a horizontal line with two bell-shaped curves. The pink
curve represents the range of the burn threshold (MED), while the brown curve
represents the range of the tanning threshold (MMD). The farther to the right the
curves are, the more UV energy (in joules per square meter) the skin can absorb

before reaching those points.

For lighter skin types, the pink and brown curves barely overlap, and their centers
are far apart, meaning that burning happens way before melanogenesis takes place.
As the skin tone deepens, both curves shift to the right and start to overlap more,
illustrating that darker skin can tolerate more UV before burning and has a broader,

safer range for tanning.
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So Why Can a Tan Still Develop Without Burning?

If tanning requires more UV than does burning, how can you tan without burning?
The answer is that melanogenesis is cumulative. You do not need to hit your full
MMD in a single exposure. Multiple sub-MED exposures can add up over time.
Because melanin production continues for 48-72 hours after each trigger, each mild

to moderate exposure can “stack” on the last without burning.

Think of it like filling a bucket with a small hole at the bottom:

o The hole = natural skin cell turnover (pigment loss over time)

e Each exposure = pouring water in

e If you pour too much at once, the bucket overflows and spills (burn)
e If you pour too little and wait too long, it drains out (no lasting tan)

o The goal is to pour just enough, regularly, so you eventually fill the bucket

(reach and maintain your tan) without spilling (burning).

€

A, 4

VS.

(] (]
) )
() ¢

Figure 7. Too much at once spills into a burn; pour steadily to build a tan.
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UV Index — A Measure of Sunburn-Causing UV Radiation

How quickly the bucket fills depends not only on skin type, but also on how strong
the sun’s rays are. This strength is measured by the UV index (UVI), a global scale
of sunburn-producing UV light intensity. It's a simple number scale that helps
predict how quickly skin damage can occur from sun exposure. The scale runs from
0 (no risk) to 11+ (extreme risk). The higher the number, the faster unprotected skin

can burn.

Table 4 — UV index levels and their risk factor for skin.

Uuv Color Risk What It Means
Index Code Level

None to minimal risk for most. Fair skin may
Low burn with prolonged exposure at the top end
of the level.

0-2

Protection needed for fair skin. Medium / dark
3-5 Yellow Moderate skin can tolerate short to medium exposures,

but sun safety is recommended.

Protection essential for everyone in case of
6-7 Orange High medium to long exposures. Fair skin may

burn in 20-30 minutes.

Extra precautions required. Fair skin can burn
8-10 LB Very High in 15-20 minutes; medium skin in 20-30

minutes.

Sun is dangerous for all skin types. Burns can
11+ Extreme occur in minutes; best to avoid direct

exposure around midday.
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How Is UV Index Measured?

Most weather services don’t measure UV directly; they estimate it using computer

models. These forecasts are typically accurate within about one point on the scale.

As mentioned earlier, not all UV light equally causes sunburn: short-wave UVB rays
cause far more burn than long-wave UVA. To reflect this, scientists use a weighting
system that gives greater importance to the stronger burning rays and less to the
weaker ones. The result is combined into the single number reported as the UV

Index, which also accounts for factors such as:

e Ozone levels - less ozone means more UV reaches the ground.

e Time of day and season — the sun’s angle changes how much atmosphere UV

passes through.
e Altitude - UV is stronger at higher elevations (thinner air = less filtering).

e Reflection from surfaces — snow, sand, and water can bounce UV back onto
the skin.

e Cloud cover — thick clouds block UV, but thin or broken clouds can let
through (or even amplify) UV unexpectedly.

Ozone UVB vs. UVA

Reflective

Cloud |
Cover ‘ ' \7 Surfaces

Sun

}\ Altitude

V/ - “\
7/ \\;\, \

o ,/’/
NAL
WA

Angle 2\

Figure 8. Many factors such sun angle, clouds, ozone, etc., influence the UV Index value.
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The table below combines skin type and UV index to give rough estimates of how

quickly the different types of unprotected skin may burn under different UV

conditions.

Table 3 — Approximate times (in minutes) to sunburn (MED) by Fitzpatrick Skin Type

UVI Typel Type II Type 1II Type IV Type V Type VI
250 J/m? 300 J/m? 400 J/m? 500 J/m? 800 J/m? 1500 J/m?
1 167 200 267 334 534 1001
2 83 100 133 167 267 500
3 56 67 89 111 178 334
4 42 50 67 83 133 250
5 33 40 53 67 107 200
6 28 33 44 56 89 167
7 24 29 38 48 76 143
8 21 25 33 42 67 125
9 19 22 30 37 59 111
17 20 27 33 53 100
15 18 24 30 48 91
14 17 22 28 44 83
13 15 21 26 41 77
12 14 19 24 38 71
11 13 18 22 36 67

Note that these times apply to untanned, unprotected skin, and are rough
guidelines only. Actual skin response depends on many biological (e.g., genes, skin
condition, age, medications) and environmental (e.g., altitude, season, clouds,

reflection) factors. Treat these numbers as averages, not exact thresholds.
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Tanning and burning come from the same UV wavelengths — whether you

tan or burn depends on UV dose and your skin’s sensitivity.

Fitzpatrick skin type is the standard way dermatologists classify
tanning /burning tendencies (Type I = burns easily, never tans; Type VI =
rarely burns, tans deeply).

o Find out your Fitzpatrick skin type by taking the questionnaire here:

https:/ /sunsplashtans.com/indoor tanning/skin-type

MED (Minimal Erythema Dose) = smallest UV dose that causes a faint

sunburn in 24 hours.

MMD (Minimal Melanogenic Dose) = smallest UV dose that triggers new
melanin production (tanning).

MMD is usually higher than MED - for lighter skin types, the burn threshold

is reached before tanning fully starts.

Tanning is cumulative — multiple safe, sub-MED exposures over several days

can build and maintain a tan without burning.

48-72 hours — melanin production continues for this long after each UV
trigger, making consistent spacing between sessions important.

The “bucket” analogy — pigment is like water in a bucket with a leak (skin
cell turnover); regular small “pours” (safe UV exposure) fill it without
overflow (burn).

The UV Index, a measure of sunburn-producing UV radiation, is your
personal burn danger gauge. Combine it with your skin type to know how
quickly the sun can burn your skin at your location and time of day — what's

“moderate” for one person may be “high risk” for another.
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As previously mentioned, a sunburn is an inflammatory injury to the skin caused
primarily by UVB radiation, though UVA contributes via oxidative stress. Sunburn

is your body’s visible signal that DNA damage has occurred in skin cells.

When UV rays damage DNA, skin cells release chemical messengers like
prostaglandins and cytokines, which trigger inflammation — increasing blood flow
(redness), nerve sensitivity (pain), and fluid shifts (swelling). In other words, that

warm, tender, red skin is your immune system rushing in to repair damage.

The table on the next page summarizes how sunburn severity relates to UV dose (in

multiples of MED) and typical healing times.

The healing process after sunburn depends on its severity:

e Mild burns usually fade within 72 hours, sometimes followed by light
peeling.

o Peeling is your body’s way of getting rid of skin cells too damaged to
repair. The pigmented cells in the top layer are shed along with the
damage, which is why your skin may look lighter afterward. New
skin grows in to replace those cells, but it hasn’t yet produced enough

melanin, so the area often appears pink or pale at first.

e Moderate burns bring more pronounced redness, peeling and swelling that

can last about a week.

e Severe burns (sometimes called sun poisoning) are the most dangerous —
blistering and raw areas may take weeks to heal and carry a much higher risk

of infection, and skin cancer in the long run.
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Table 5 — Sunburn severity levels and UV dose in MEDs

Approx.
Severity Visual signs MED*
multiple
Barely noticeable redness, appears within 24
Threshold ~1.0
hours after exposure. Very mild first-degree
erythema MED
burn.
Mild Visible redness, mild discomfort, no ~1.5-2
sunburn  blistering. Classic first-degree burn. MEDs

Bright redness, pain, possible swelling
Moderate (edema). First-degree burn but edging toward ~3-4
sunburn  superficial second-degree if swelling is MEDs

significant.

Intense redness, severe pain, swelling,
blistering; may include fever, chills, nausea.
Second-degree burn. Third-degree burns are
Severe =5

rare but possible from intense and prolonged

sunburn MEDs
UV exposure, especially from tanning lamps
or certain medical lamps. Third-degree burns

require immediate medical attention.

Healing

time

~24

hours

2-5
days

5-7
days

12+

weeks

* One MED (Minimal Erythema Dose) is the threshold UV energy dose that produces just-visible

redness within 24 hours after exposure.
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If you get a sunburn, here are some steps you can take to soothe your skin and

support healing:

e The first and most crucial step is to get out and stay out of the sun, because
once your skin is burned its defenses are weakened, antioxidants are

depleted, and any further UV exposure will only intensify the damage.

e Cool the skin with a damp, cold towel (but never an ice pack) for smaller
sunburned areas, or take brief cool — not ice-cold — showers for larger burns.
Applying ice directly can cause frostnip (the stage before frostbite begins)
and worsen the injury, while many “cooling gels,” especially those with

menthol, may further irritate sensitive skin.

e Replenish moisture with a gentle, fragrance-free moisturizer. Good choices
include ceramide creams (CeraVe, Gold Bond), snail mucin-based
moisturizers (common in K-beauty formulations), or Centella asiatica-based
formulas. Aloe vera gels can be soothing, but the plant naturally contains
compounds such as aloin, anthraquinones, saponins, and salicylic acid
derivatives that may irritate or trigger allergies in sensitive skin. Many
commercial aloe products also add alcohol, fragrance, or preservatives,
which often cause more irritation than the aloe itself.

e To ease pain and swelling, oral NSAIDs such as ibuprofen, naproxen, or
aspirin can be effective.

e [tching from a sunburn can be as uncomfortable — or even worse — than the
burn itself. Resist the urge to scratch, since it can worsen pain, trigger more
inflammation, and raise the risk of infection. For relief, use a thin layer of 1%
hydrocortisone cream on the affected skin, but avoid (or limit) applying it to
the face (the skin there is thinner and more sensitive, making it more

susceptible to side effects).
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e Because burns pull fluid toward the skin’s surface, staying hydrated is
critical. Drink plenty of water and consider electrolyte drinks if you're also
sweating or feeling unwell.

e Avoid using petroleum jelly, alcohol-based creams, or ointments such as
benzocaine and lidocaine, as they can trap heat and/or may trigger allergic
reactions.

e Blisters should never be popped, since they act as the skin’s own sterile
dressing; breaking them increases the risk of infection and scarring and may
delay healing.

e Friction only makes a sunburn worse, so it's best to avoid anything that
irritates the skin further. Opt for loose-fitting, soft, and breathable clothing

to prevent additional discomfort and allow your skin to heal.

e Even after redness fades, skin remains more sensitive to UV damage for

several weeks, so extra sun protection is important if you must be outside.

This illustration outlines the recommended steps and common mistakes to avoid

after getting a sunburn.
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Figure 9. Sunburn care: what to do, and what to avoid.
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Seek medical care right away if you have:

e Large areas of blistering
e Fever, chills, nausea, or dizziness
e Pus, spreading redness, or worsening pain (signs of infection)

e Sunburn in a very young child

You should also see a doctor if your sunburn isn’t healing, or if you develop signs

of severe sunburn/sun poisoning, or heat exhaustion, including;:

e Nausea or vomiting

e Dehydration (extreme thirst, dry mouth, little urination)
e Dizziness or fainting

e Severe fatigue or weakness

e Headache or confusion

e Rapid pulse or heavy sweating followed by clammy, pale skin (classic signs

of heat exhaustion)
e Fever over 104°F (40°C)

e Pus or fluid draining from the burn

Beyond the immediate discomfort, sunburn carries lasting consequences. Repeated
burns accelerate photoaging, leading to fine lines, wrinkles, and uneven

pigmentation.

More importantly, damage from sunburns accumulates as mutations in DNA,

raising the risk of skin cancers such as basal cell carcinoma, squamous cell

© 2026 BrightMatter LLC. All rights reserved.



carcinoma, and melanoma. Sunburn can also suppress the skin’s immune function,

reducing its ability to detect and destroy abnormal cells.

Even a single severe, blistering sunburn in childhood can significantly increase
lifetime melanoma risk, underscoring the importance of protection against and

prevention of over-exposure to UV radiation at every age.
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Sunburn is inflammation: It’s your body’s alarm and repair system after UV
damage, not just “red skin.”
UVB is the main culprit: UVA contributes through oxidative stress, but UVB
drives most visible sunburn.
Severity depends on dose: Mild burns fade in days; severe burns with blisters

may take weeks and carry higher risks of infection and skin cancer.

Blisters are protective: Never pop them — they’re sterile dressings that reduce
infection risk.

Peeling is the body shedding skin cells too damaged to repair. Avoid
forcefully pulling off peeling skin because it can lead to complications such
as infection, scarring, and delayed healing.

First aid and proper recovery matter: Get out of the sun, cool the skin (never
with ice), moisturize gently, stay hydrated, use safe pain / itch relief, avoid
harsh products, don’t pop blisters, and wear loose clothing to let skin heal.
Medical attention is vital if burns cover large areas, blisters appear, or
systemic symptoms (fever, chills, nausea, dizziness, heat exhaustion)
develop.

Skin stays vulnerable after healing: Extra protection from UV exposure is
needed for weeks after a burn.

Long-term danger: Repeated sunburn accelerates skin aging and raises
lifetime risk of skin cancers — even a single severe burn in childhood can

greatly increase melanoma risk.
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Sometimes the skin reacts to sunlight more strongly than expected. Even at
moderate UV levels, you might notice redness, rashes, hives, or blistering after only
brief exposure. This isn’t always a typical sunburn — it may be a sign of sun

sensitivity, where the skin becomes unusually reactive to UV light.

Photosensitization happens when certain chemical substances (photosensitizers)
absorb UV rays and trigger skin damage. These substances can come from many
sources: prescription drugs, over-the-counter products, foods, plants, or even

underlying medical conditions.

When UV light interacts with these chemicals, it can lead to outcomes that range
from an intense sunburn-like reaction (phototoxic) to a delayed immune-driven

itchy eczema-type rash (photoallergic).

Photosensitizers can be:

e Endogenous: produced inside the body as in metabolic disorders such as
porphyria.
e Exogenous: introduced from outside — via medications, topical products,

foods, or plant contact.

The more photosensitizer present, and the higher the UV exposure, the stronger the
reaction. Photosensitization involves a direct interaction between UV rays and these
sensitizing agents. Importantly, it is not genetic and can occur in anyone —
regardless of age, gender, or skin type — even after years of normal tolerance to the

sun.
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What Reactions Look Like

Sun sensitivity reactions fall into two main categories: phototoxic and photoallergic.

Phototoxic Reactions (more common)

e Develop within minutes to hours after sun exposure

e Look like an exaggerated sunburn: redness, swelling, burning or stinging,

and sometimes blisters

e Usually sharply confined to sun-exposed areas (face, chest, arms, legs,

hands) with clear borders where clothing protected the skin
e Often triggered by oral or systemic medications

e Dose-dependent: higher drug levels and stronger UV exposure produce

more severe reactions

e May leave behind long-lasting hyperpigmentation after healing
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Figure 10. The mechanism of a phototoxic reaction to UV light.

Brought to you by A
[available from the App Storel O LA




44

Photoallergic Reactions (less common)

¢ Delayed immune response, appearing 24-72 hours after exposure

e Look like eczema or allergic dermatitis: itchy red patches, bumps, or scaling

¢ Can spread beyond the sun-exposed areas, unlike phototoxic reactions

e More often linked to topical products (sunscreens, fragrances, antiseptics,
some topical NSAIDs)

e Can become chronic, with reactions persisting long after stopping the trigger
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Figure 11. The mechanism of a photoallergic reaction to UV light.

The table on the next page summarizes the difference between phototoxic and
photoallergic reactions.
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Table 6 — Phototoxic vs. photoallergic reactions

Feature

Onset

Cause

Appearance

Distribution

Common

Triggers

Dose

Response

Duration

Phototoxic Reaction

Minutes to hours after UV

exposure

Direct interaction of UV with
drug/chemical in the skin (toxic
effect)

Looks like an exaggerated
sunburn: redness, swelling,

burning, blistering

Confined to sun-exposed areas,

sharp clothing lines

Oral/ systemic medications (e.g.,

doxycycline, Bactrim, NSAIDs)

Severity increases with higher
drug level and stronger UV

exposure

Resolves as the drug/chemical
clears; may leave

hyperpigmentation

Photoallergic Reaction

24-72 hours after UV exposure

Immune system overreaction to a
UV-altered substance (allergic
effect)

Eczema-like: itchy, red, scaly rash;

may spread beyond exposed skin

Can extend to non—-sun-exposed

areas

Topical products (sunscreens,
fragrances, antiseptics, some
topical NSAIDs)

Not dose-dependent; once
sensitized, even small amounts

can trigger

Can become chronic, persisting

long after stopping the trigger
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Everyday items and treatments can unexpectedly act as photosensitizers, e.g.:

e Antibiotics (e.g., tetracyclines, doxycycline, sulfonamides, quinolones,

trimethoprim—sulfamethoxazole)

e Antifungals (e.g., voriconazole, ketoconazole, itraconazole, griseofulvin,
flucytosine, and possibly terbinafine)
e Anti-inflammatories (e.g., ibuprofen, naproxen, piroxicam):
o Sometimes even occasional use (e.g., taking ibuprofen for a headache)
can cause a reaction if followed by sun exposure — people often miss

the connection because they don’t take the medication daily
e Diuretics (e.g., furosemide, thiazides)
e Heart medications (e.g., amiodarone, quinidine, propranolol)
e Antidepressants (e.g., tricyclics, some SSRIs, St. John's Wort)
¢ Oral retinoids (e.g., isotretinoin, acitretin)

e Antipsychotic medications such as phenothiazines (e.g., chlorpromazine)

e Old-style sunscreens containing PABA or benzophenones; newer formulas

have fewer such risks, but sensitivity is still possible

e Essential oils (e.g., bergamot oil, musk ambrette)

e Skin-care treatments: Retinols, glycolic acid, benzoyl peroxide, and
brightening products with vitamin C can thin the skin or reduce melanin,
leaving it more vulnerable to UV

e Antiseptics: Certain older agents, like hexachlorophene and chlorhexidine,

can increase photosensitivity, though this is less common today
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Dyes: Compounds such as eosin, methylene blue, and acridine dyes have
phototoxic properties. They can be used in medical, cosmetic, or even textile

applications, and may trigger skin reactions when exposed to sunlight

Fragrances: Some perfumes and colognes contain musk ambrette, bergamot
oil, or other plant-derived oils with furocoumarins that can provoke
phototoxic reactions. This is sometimes called Berloque dermatitis, a streaky
rash on areas where perfume was applied and then exposed to sun. Even
modern perfumes, if sprayed on the neck or chest, may lead to chronic

pigmentation with repeated sun exposure

Foods and plants that contain psoralens, such as celery, parsley, parsnip, figs,
“wild parsnip”, giant hogweed, citrus fruits, including lime, bergamot,
grapefruit, and orange (sweet oranges contain low amounts of psoralens, but
bitter kinds such as Seville contain more)

o When eaten: Eating small amounts of the above usually isn't a
problem, but high intake followed by sun exposure can mildly
increase the risk of sunburn. But the effect is generally weaker than
that of prescription drugs

o When sap or juice contacts the skin: This can cause a much stronger
phototoxic reaction. UV light activates the psoralens in the sap,
leading to phytophotodermatitis — a toxic reaction with redness,
blistering, and sometimes long-lasting brown pigmentation

Celery is a well-known occupational hazard for agricultural workers, who

frequently develop phytophotodermatitis on the hands and forearms

Lime juice + sun can cause “margarita dermatitis”, often seen on the hands

or forearms of bartenders or partygoers, handling limes outdoors
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Certain diseases and conditions make the skin more vulnerable to UV light, either
through abnormal DNA repair, pigment deficiency, immune dysfunction, or by

producing photosensitizing substances in the body:

e Lupus erythematosus (SLE): An autoimmune disease in which sunlight can
trigger both skin rashes and systemic flares, including joint pain, kidney
problems, and neurological symptoms. Importantly, UVA can pass through
window glass, so even indoor exposure may provoke a flare.

e Porphyria: Rare metabolic disorders that lead to a buildup of light-sensitive
compounds in the skin, causing blistering, scarring, and pain after minimal
UV exposure.

e Albinism: A genetic condition marked by absent or reduced melanin,
resulting in very little natural UV protection.

e Xeroderma pigmentosum: A genetic disorder of defective DNA repair that

causes extreme UV sensitivity and a very high risk of skin cancers.

e Rosacea: A chronic inflammatory condition that often worsens with sun

exposure, leading to facial redness and flare-ups.

e Melasma: A pigmentation disorder where UV exposure worsens dark

patches on the face and other sun-exposed areas.

This illustration on the next page summarizes the four main causes of sun
sensitivity: medications, topical products, plants and foods, and medical conditions

that make the skin more sensitive to sunlight.
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Figure 12. Medications, topicals, diseases, plants/foods can make skin sun sensitive.

Possible Complications

While most sun-sensitivity reactions heal without lasting effects, some can lead to

longer-term problems or complications, for example:

e Secondary skin infections if blisters rupture or rashes are scratched, allowing
bacteria to enter.

e Lingering hyperpigmentation after healing, sometimes lasting for weeks or
months; phytophotodermatitis often leaves brown streaks or blotches.

e Impaired quality of life, since patients may need to strictly limit outdoor
activity, avoid social events, or even sit away from windows due to UVA
penetration.

e Chronic photosensitivity in rare cases, where abnormal reactions continue
months or years after stopping the triggering drug or exposure.

e Increased skin cancer risk is a possible but debated outcome, since long-term
photosensitizing medications can contribute to cumulative UV damage;
certain genetic conditions (like xeroderma pigmentosum) already carry a

very high baseline risk.
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Check your medications: When starting a new prescription, ask your doctor
or pharmacist if it increases sun sensitivity. Even over-the-counter drugs can
have this effect.

Adjust sun exposure: Avoid tanning and limit long outdoor sessions if you
are taking photosensitizing drugs. Be especially cautious around midday,
when UV radiation is most intense.

Protect physically: Use a broad-spectrum sunscreen daily but remember it is
not foolproof. Combine it with UPF-rated clothing, wide-brimmed hats, and
sunglasses.

Be cautious with plants: When gardening, hiking, or handling foods like
limes, celery, parsnip, or figs, wash exposed skin promptly before going into
the sun to avoid phytophotodermatitis.

Remember indoor UVA: For conditions like lupus, even sunlight through

windows can trigger reactions, since UVA penetrates glass.

Treat it like a sunburn: Use cool compresses or short cool showers, keep the
skin moisturized with fragrance-free creams, and consider a thin layer of 1%
hydrocortisone cream to calm itching. Aloe vera gel may help, but it can
irritate sensitive skin.

Watch for warning signs: Seek medical care if blisters develop, if the rash is
spreading quickly, or if you experience systemic symptoms such as fever,
chills, nausea, or weakness.

Check your medications: If a drug is suspected, a dermatologist can perform
specialized photo-testing or photo-patch testing to confirm the cause and

determine whether the medication should be adjusted or discontinued.

© 2026 BrightMatter LLC. All rights reserved.



e In rare or chronic cases, dermatologists may prescribe topical or oral
corticosteroids to calm inflammation or supervised light therapy to
gradually desensitize the skin. People with persistent photosensitivity who
must avoid sunlight should have their vitamin D levels checked periodically,

as low sun exposure can lead to deficiency.

e Avoid further sun exposure: Stay out of the sun until the reaction has healed

to prevent worsening symptomes.
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Photosensitization makes you more vulnerable to UV exposure than you
think. Even moderate UV exposure can trigger severe burns, rashes, or
blisters if you have photosensitizers in your system.

It's not only medications. Foods, essential oils, skincare products, and even
certain plants can all raise your sensitivity to sunlight.

Underlying health conditions matter. Autoimmune diseases, rare genetic
disorders, and lack of melanin can make some people naturally more prone

to UV damage.

Reactions aren’t always obvious sunburns. They can appear as streaks, leaf-
like marks, eczema-style rashes, or blisters that show up a day or two after
exposure. Phototoxicity looks like severe sunburn and shows up quickly,
while photoallergy is delayed, rash-like, and can spread beyond exposed
areas.

Complications can linger. Hyperpigmentation and chronic sensitivity
sometimes persist after the trigger is gone.

Prevention is possible. Knowing your personal triggers — checking
medications, washing off plant sap, or avoiding certain products — can help
you enjoy the sun more safely.

When in doubt, protect. Broad-spectrum sunscreen, protective clothing, and
smart timing (avoiding peak UV hours) go a long way toward preventing

painful surprises.
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Sunscreen is a topical product designed to protect the skin from sunburn, which is
a key contributor of premature skin aging and two of the most serious forms of skin
cancer: melanoma and squamous cell carcinoma (evidence for protection against
basal cell carcinoma is less consistent). Some sunscreen ingredients have caused

concerns, however, and may carry their own specific risks.

Sunscreens are normally labeled with a number called the sun protection factor
(SPF). It measures how much sunburn-causing UV radiation gets through to the

skin.

You can think of SPF as any of the following (when applied correctly at the required
amount — about 2 mg per cm? of skin, which is roughly a shot glass for the whole
body):

e Asafraction of rays that get through: An SPF 30 sunscreen lets in about 1/30
of UVB rays, while SPF 50 lets in only 1/50.

e As a percentage blocked: SPF 30 blocks roughly 97% of UVB (that’s 29 out of
30 rays), and SPF 50 blocks about 98% (49 out of 50). The difference seems

small, but that extra 1% can matter for very fair or sensitive skin.

e As a time multiplier: If you normally start to burn after 20 minutes without
protection, SPF 30 theoretically gives 30 x 20 = 600 minutes of protection —
but that’s under ideal lab conditions with constant UV intensity. In real life,
sunlight strength changes throughout the day, so the “multiplier” is best seen

as a rough guide.
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Remember that while higher SPF values filter more rays, they don’t last longer than
lower ones and require the same reapplication frequency. Furthermore, SPF above
50 provide only marginal additional protection and can lead to a "false sense of

security" causing people to stay in the sun longer and reapply less often.

In fact, in 2011, the FDA proposed prohibiting labels higher than SPF 50. And EWG
states that “...high SPF products require greater concentrations of sun-filtering
chemicals than low SPF sunscreens... and may pose health risks when they
penetrate the skin and have been linked to tissue damage and potential hormone

disruption.”

Sunscreens are made up of active ingredients (the UV filters that actually block or
absorb ultraviolet radiation) and inactive ingredients (the rest of the formula that

makes the product usable on the skin).

Active ingredients are regulated because they directly determine how well the

sunscreen protects the skin. They can be grouped into these two families:

e Mineral (inorganic) filters like zinc oxide and titanium dioxide, which sit on
the skin’s surface and physically scatter and reflect UV rays, though they also
absorb part of it and release it as heat. These are considered the most reliable,
safest and environmentally friendly options, especially for children and
sensitive skin.

e Chemical (organic) filters, a diverse group of compounds that absorb UV
rays and convert them into harmless energy, with very little reflection. Some
of these filters are well-studied and widely used (like avobenzone or
ecamsule), while others are older, less effective, or raise concerns about
allergy, hormone disruption, or environmental impact (like oxybenzone or

octinoxate).
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Figure 13. Mineral vs. chemical filters.

Some sunscreens combine mineral and chemical filters, giving both reflection and

absorption for broad protection with a lighter, more comfortable feel.

It's also worth remembering that inactive ingredients, such as emollients,
stabilizers, preservatives, fragrances, and texture enhancers: while they do not
provide UV protection, they still matter. They determine how a sunscreen feels, how
resistant it is to sweat or water, and whether it might irritate sensitive skin. For most
people these are not a major safety issue, but those with allergies or very sensitive
skin may want to choose fragrance-free, hypoallergenic, or mineral-based

formulations.

A summary on the active ingredients is provided in the table on the next page.
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Table 7 — Types of sunscreens

Type

Mineral

Chemical

(“organic”)

Hybrid

What’'s inside

Inorganic

(“physical”) compounds such as

zinc oxide and

titanium dioxide

Organic
compounds, e.g.,
avobenzone,
octocrylene,
oxybenzone,

homosalate

A mix of mineral

and chemical filters

How it works

Mostly reflects and
scatters UV light,
though also
absorbs part of it
and releases it as
heat

Absorbs UV
energy and
converts it into
small amounts of
heat; minimal

reflection

Combined
absorption + some

reflection

Notes

Works immediately
after application; ideal
for sensitive skin and
children; may leave a
white cast (tinted

versions reduce this)

Lightweight and
transparent textures;
requires ~15-20 minutes
to fully bind and form a

uniform protective film

Broad coverage with

nicer feel

Regulatory bodies such as the U.S. Food and Drug Administration (FDA) and the

European Commission’s Scientific Committee on Consumer Safety (SCCS)

regularly evaluate these ingredients.

In the U.S., several older chemical filters are still technically allowed but are

considered “not GRASE” (not Generally Recognized as Safe and Effective) until

more safety data is provided. The EU typically allows a broader range of filters but

often at stricter maximum concentrations.
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In the following table, the most common sunscreen active ingredients are grouped

into three categories on a simple safety scale:

e O Not recommended
e ! Use with caution

° Generally safe

Table 8 — Active sunscreen ingredients and their safety

Active Where it stands (USA Main concerns Safety
Ingredient and Europe) rating
Oxybenzone USA: Still allowed (up ~ Can cause allergic skin reactions and
(benzo-phenone-  to 6%), but FDA has is a well-known photoallergen.
3) flagged it as needing ~ Readily absorbs through skin; traces
more safety data. found in urine, blood, and breast milk
Europe: Restricted to in studies. Lab evidence suggests e
2.2% in products; possible hormone disruption and
banned in some reef-  effects on thyroid/estrogen activity in
protection laws (e.g., animals. Strong environmental
Hawaii, Palau). concern: harmful to coral reefs and
aquatic life.
PABA USA: No longer Known to trigger allergic rashes, sun-
(para- considered induced reactions, free radicals,
aminobenzoic safe/effective endocrine disruption and gene Y
acid) Europe: Not approved = mutation. Can also cross-react with
in sunscreens. hair dyes or certain medicines.

© 2026 BrightMatter LLC. All rights reserved.



Table 8 — Active sunscreen ingredients and their safety (continued)

Active

Ingredient

Cinoxate
(2-ethoxyethyl
p-methoxy-

cinnamate)

Dioxybenzone
(benzo-phenone-
8)

Ensulizole
(phenyl-
benzimidazole
sulfonic acid;
PBSA)

Where it stands (USA

and Europe)

USA: Approved up to
3% but not deemed
fully “safe and
effective”; more safety
data needed.
Europe & other
regions: Not approved

for use in sunscreens.

USA: Approved for
use up to 3%, but FDA
has not confirmed it’s

“safe and effective”;

more safety studies

are needed.

Europe & elsewhere:

Not approved or

allowed in sunscreens.

USA: FDA says more
safety data is needed
before approval as a
standard sunscreen
ingredient.
Europe: Allowed up

to 8% in sunscreens.

Main concerns

Provides only very weak UVB
protection, barely contributes to SPF.
It’s rarely used today. Very little
modern safety data exists. It can
degrade under sunlight, possibly
forming unknown breakdown

products.

May penetrate the skin, especially
since it’s in the benzophenone family.
Could cause photoallergic reactions
(like oxybenzone). Structurally similar
to oxybenzone, so people allergic to
that may react to dioxybenzone too.
Environmental concerns: likely
harmful to coral and marine life,

similar to oxybenzone.

Rare but reported allergic rashes. Lab
tests show it can affect fish and
aquatic life at high levels
(environmental concern). Human
absorption through skin is low, and
no strong evidence of reproductive or

cancer risk in people at normal use.
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Table 8 — Active sunscreen ingredients and their safety (continued)

Active Where it stands (USA
Ingredient and Europe)
Homosalate USA: Still listed as an
(homomenthyl  approved UV filter up
salicylate) to 15%, but FDA says
more safety data is
needed.
Europe: Recently
tightened limits,
allowed only up to
0.5% in body products
and 7.34% in face
products.
Menthyl USA: Approved up to
anthranilate 5%, but FDA says

(also called more safety data is

Meradimate) needed. Rarely used

in modern sunscreens.
Europe: Not on the list
of approved sunscreen

filters (not allowed).

Octocrylene USA: Still allowed up
to 10%, but FDA has
flagged it as needing

more safety data.

Europe: Approved up

to 10%, but under
review due to safety

concerns.

Main concerns

Provides UVB protection, but not very
strong, so usually mixed with other
filters. Can be absorbed through skin;
studies have detected it in blood. Lab
and regulatory reviews suggest
potential endocrine-disrupting effects
(affecting hormones like estrogen and
androgen). Limited safety data for
long-term use at high levels.
Environmental persistence also a

concern.

Provides only weak UVA protection,
so it doesn’t add much to overall SPF.
Not much modern research exists on
safety. Can degrade in sunlight, which
may reduce effectiveness and possibly
form breakdown products. Very little
information on long-term effects,

absorption, or hormone activity.

Strong UVB filter so it’s widely used.
Can penetrate skin, has been detected
in blood and breast milk. Linked in
lab studies to endocrine-disrupting
effects. Can cause allergic reactions in
some people. Known to form
benzophenone (a potential
carcinogen). Also harmful to coral

reefs and aquatic life.

Safety

rating
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Table 8 — Active sunscreen ingredients and their safety (continued)

Active Ingredient

Octinoxate
(octyl
methoxycinnamate
/ ethylhexyl

methoxycinnamate)

Padimate O
(ethylhexyl
dimethyl PABA)

Sulisobenzone

(benzophenone-4)

Where it stands
(USA and Europe)

USA: Allowed up to
7.5%, pending more
safety data.

EU: Limited to 10%,
under review.
Other: Banned in
reef-protection zones
(Hawaii, Palau, Key
West, USVI).

USA: per FDA,
“needs more safety
data,” not currently

recommended.
Europe: Allowed up

to 8% in sunscreens.

USA: Allowed up to
10%, but FDA has
flagged it as needing
more safety data (not
GRASE).
Europe: Approved
up to 5% in

cosmetics.

Main concerns

Strong UVB filter with no UVA
protection, so it’s usually paired
with others. Can penetrate skin and
enter the bloodstream; lab studies
suggest possible hormone effects.
May cause allergic reactions and is
harmful to coral reefs and marine
life.

Can still cause allergic skin
reactions. In lab studies, it damages
DNA when exposed to sunlight.
Some animal tests show possible
effects on reproductive organs at
high doses, though everyday use

looks much lower risk.

Broad-spectrum UVB and some
UVA protection but weak on its
own. May cause allergic or
photoallergic reactions (less
often than oxybenzone).
Absorbs less through skin but
still measurable;
environmentally persistent and

potentially toxic to aquatic life.
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Table 8 — Active sunscreen ingredients and their safety (continued)

Active Ingredient

Avobenzone
(butyl methoxydi-

benzoylmethane)

Ecamsule
(mexoryl SX /
terephthalylidene
dicamphor sulfonic
acid)

Octyl salicylate
(octisalate /
ethylhexyl
salicylate)

Where it stands
(USA and Europe)

USA: Allowed up to
3%; FDA says more
data is needed (not

GRASE). still widely

used. Europe & many
regions: Approved
up to 5% and a staple
UVA filter.

USA: FDA-approved
only in limited
products (mainly
L’Oréal/La Roche-
Posay).
EU/Canada/ Asia:
Widely approved up
to 10% and

commonly used.

USA: Allowed up to
5%, but FDA says
more safety data is
needed (not GRASE).
Europe: Approved
up to 5%.

Main concerns

Strong UVA filter (one of the few
approved in the U.S.) but unstable
without stabilizers like octocrylene.
May cause mild irritation yet is less
allergenic than benzophenones.
Minimal skin absorption; lower
environmental impact, though

breakdown products can persist.

Excellent, photostable UVA filter
that pairs well with others. Very low
skin absorption due to its water-
soluble structure. Low risk of
irritation or allergy, no hormone
effects, and considered
environmentally safe without

bioaccumulation.

Weak UVB filter mainly used to
improve texture and stabilize other
ingredients. Generally low-risk,
with rare irritation or allergy.
Detected in humans at low levels
but no clear hormone effects.
Environmental impact possible but
less concerning than oxybenzone or

octinoxate.

Safety

rating
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Table 8 — Active sunscreen ingredients and their safety (continued)

Active Ingredient

Titanium dioxide
(TiO2)

Zinc oxide
(ZnO)

Where it stands
(USA and Europe)

USA: FDA recognizes
it as GRASE
(generally recognized
as safe and effective)
up to 25%.
Europe & most
regions: Approved
up to 25%, widely
used in cosmetics and

sunscreens.

USA: FDA recognizes
it as GRASE
(generally recognized
as safe and effective)
up to 25%.
Europe & most
regions: Approved
up to 25%, widely

used in sunscreens.

Main concerns

Safety

rating

Provides broad UV protection,
especially UVB and some UVA.
Does not penetrate healthy skin —

sits on top as a physical blocker. Safe

for sensitive skin, babies, and people

with allergies. Main drawback is

white cast on skin (though

micronized /nano forms reduce

this). Safety reviews show no

hormone disruption. Inhalation of

loose TiO2 powder (like in spray

sunscreens) is a concern, since

inhaled particles are classified as

possibly carcinogenic to lungs.

Provides true broad-spectrum

protection (excellent coverage across
UVA + UVB). Does not penetrate

healthy skin — stays on the surface as

a physical shield. Safe for sensitive
skin, babies, and those with
allergies. Main drawback is white

cast, though micronized /nano

forms help reduce it. No evidence of

hormone disruption. Environmental

footprint lower than many chemical

filters, though nano forms are under

ongoing ecological review.
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The Environmental Working Group (EWG), a nonprofit whose mission is “to
empower you with breakthrough research to make informed choices and live a
healthy life in a healthy environment”, has long studied sunscreen formulations.
Their annual Sunscreen Guide reviews both active and inactive ingredients, rating
products by UV protection, safety concerns, and environmental impact. While some
dermatologists caution that EWG’s ratings are conservative, their database is a
valuable resource for consumers who want to cross-check ingredient safety and

environmental issues before buying a sunscreen.
Check this URL for more information:

https:/ /www.ewg.org/sunscreen / about-the-sunscreens

Many sunscreen UV filters wash off skin and enter near-shore waters, where some
have been linked to toxicity in corals, fish, and plankton. The science is evolving,
and field concentrations vary widely by site and season, but enough evidence exists

that several jurisdictions now restrict specific filters to protect reefs. For example:

e Hawai‘i prohibits sale of sunscreens containing oxybenzone (BP-3) and

octinoxate (EHMC) without prescription.

e US. Virgin Islands ban the “Toxic 3 O’s” (oxybenzone, octinoxate,

octocrylene) territory wide.

e Bonaire and Palau enacted bans as well (Palau’s is among the strictest

globally, listing several UV filters and preservatives).

e Key West, FL voted to ban oxybenzone and octinoxate, though statewide

preemption followed.

Environmental risk depends on actual exposure (near popular beaches, enclosed

bays, or point sources like beach showers) and on species/life stage. Reviews
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emphasize that more comprehensive, site-specific risk assessment is needed;
nonetheless, mineral, non-nano options and sun-protective clothing are often

recommended when swimming near reefs.

While climate stressors (warming, disease, pollution, destructive fishing) remain

the dominant threats to corals, sunscreen chemistry is one controllable local factor.

The FDA's standard sunscreen testing assumes a dose of 2 milligrams per square
centimeter of skin. For an average adult in a bathing suit, this works out to about 30
grams (30 mL or 1 ounce) of sunscreen, often described as a “shot glass” or “golf
ball-sized” amount, to cover the whole body. For just the face, the equivalent is %4

to %5 of a teaspoon.

A shot glass

30ml / 107 e ‘ A
or “golf ball”

size Yato Vs —

of a teaspoon

Reapply at least every 2 hours,
or more often if swimming or sweating

Figure 14. How much sunscreen to use.

In real-world use, however, most people apply only 25-50% of this recommended

amount. This under-application can reduce the effective SPF dramatically: for
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example, applying only half the tested amount can cut SPF 30 protection down
closer to SPF 5-9.

To maintain protection, sunscreen should ideally be applied 15-30 minutes before
sun exposure, especially chemical based variants, then reapplied every two hours,
or more often after swimming, sweating, or towel-drying. No sunscreen is truly
waterproof; all of them will wash off over time. Products labeled water resistant
have undergone testing to confirm they remain effective during swimming or
sweating, either for 40 minutes or 80 minutes, as stated on the label. Regardless of
the claim, every sunscreen must include directions for when to reapply to ensure

continued protection during normal use.

Particular care should be taken with high-risk spots such as the nose, ears, lips,

scalp, back of knees, and the tops of feet.

1.Ears
2.Nose
3.Lips

(‘ ’\ 4.Neck
N 5.Back of knees
. 6.Top of feet
[

Figure 15. Don’t miss these spots.

Dermatologists may also recommend different formulations depending on skin
type: lighter gels or fluids for oily /acne-prone skin, more emollient creams for dry

skin, or mineral formulas for sensitive skin and children.
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And while oral supplements are sometimes marketed as “sunscreen pills,” no pill

has been proven to prevent sunburn, and such claims are not permitted by the FDA.

To ensure sunscreen stays effective, the FDA advises keeping containers out of
direct sunlight. When you’re outdoors for long periods, place your sunscreen in the
shade or wrap the bottle in a towel to prevent overheating. That's why sunscreen
labels carry the statement: “Protect the product in this container from excessive heat

and direct sun.”

FDA rules require all over-the-counter drugs, including sunscreens, to carry an
expiration date, unless stability testing proves the formula remains effective for at
least three years. If a sunscreen has no date printed on the package, it should be

considered expired three years after purchase.

To be confident your sunscreen still works as labeled, the FDA advises:

e Don't use products past their expiration date.
e Don’t use undated products if you bought them more than three years ago.

e Throw away expired or uncertain bottles, since they may no longer be safe

or effective.

Some spray sunscreens contain flammable ingredients like alcohol. Past incidents
have shown that applying these products near open flames (such as grills, candles,
or cigarettes) can cause serious burns. By law, flammable sprays must carry a

warning label.
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Here are some safety tips:

e Avoid spray sunscreens with a flammability warning if you'll be near fire or

sparks.
e Never smoke or use sprays near open flames.

e Be especially careful with children, who may move close to grills, candles, or

fireworks; choose non-flammable products when possible.

Some sprays were also recalled for contamination with benzene. Check if your

brand was affected and stop using recalled products.

How you protect yourself from UV radiation doesn’t have to be one-size-fits-all. A
person’s skin type and MED (the amount of UV exposure it takes to just begin
turning red) should guide whether sunscreen, shade, or protective clothing is
needed, and for how long. For example, a short 20-30-minute session at UV index
5 may be safe and beneficial for some skin types without sunscreen. But during
extended outdoor time — like a beach vacation or hours of yardwork — sunscreen
and clothing become essential. The key is to understand your own limits and the

UV environment, then choose the right level of protection.
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Mineral filters (zinc oxide, titanium dioxide) are the safest, especially for kids
and sensitive skin. Avoid inhaling sprays/powders.

Chemical filters differ: Some (avobenzone, ecamsule) are effective and
generally safe; others (oxybenzone, octinoxate, homosalate, octocrylene,
octisalate) show systemic absorption and raise allergy, hormone, or reef
concerns.

Environmental impact: Oxybenzone and octinoxate are linked to coral
damage, prompting bans in Hawai‘i, Palau, Bonaire, USVI. Non-nano
mineral sunscreens are most reef-friendly.

Inactive ingredients affect feel and comfort; fragrance-free or hypoallergenic
options suit sensitive skin. SPF 30 is the minimum to lower sunburn and skin
cancer risk; higher SPFs give only a small boost but help for fair or sensitive
skin.

Apply enough: ~1 0z (30 mL, golf-ball size) for the body and %-"5 tsp for the
face. Reapply every 2 hours, or sooner after swimming, sweating, or towel-
drying. Don’t forget nose, ears, lips, scalp, feet.

No sunscreen is waterproof. “Water resistant” means tested for 40 or 80
minutes in water /sweat.

Check dates: Toss expired sunscreens or those older than 3 years if undated.
Store properly: Keep sunscreen out of direct sunlight and excessive heat.
Sprays can be flammable; avoid flames or sparks when using them.
Consumer resources: The EWG Sunscreen Guide rates products on UV
protection, safety, and environmental impact.

Know your skin type and the UV environment so you can make balanced
choices, rather than simply layering on sunscreen at all times.

No shortcuts: Pills or supplements don’t work and aren’t FDA-approved.
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Tanning isn’t just about how strong the sun feels. A range of environmental and
lifestyle factors can change how much UV your skin receives, how fast you tan, and
how much damage you accumulate. Some of the most common myths and real

influences are outlined below.

A hot day at the beach doesn’t necessarily mean stronger tanning conditions than
on a cool summer day. Tanning and sunburn are caused by ultraviolet (UV)
radiation, not temperature. You can tan (and burn) on a cold ski slope at high
altitude just as easily as on a scorching summer beach. Heat may make sun exposure
feel more intense because of sweat and skin warmth, but the UV index is what
matters. Always check the UV index forecast instead of judging by how hot it feels

outside.

Another related myth is that you have to burn before you can tan. A sunburn is
simply more intense damage, not a shortcut to a longer-lasting tan. Burning doesn’t
improve the quality of a tan, but it does sharply increase the risk of skin cancer,
early wrinkles, and permanent pigment changes. You can build color gradually
without ever turning red, and dermatologists agree — there’s no such thing as a

healthy sunburn.
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Many people assume clouds block UV, but up to 90% of UV rays can penetrate thin
or scattered clouds. Sometimes cloud cover even makes UV exposure worse: when
UV rays scatter in the atmosphere, they can reach your skin from multiple directions

(“cloud enhancement effect”).

Similarly, shade reduces direct UV but does not eliminate exposure. Light reflects
off nearby surfaces and reaches skin indirectly. You can still tan and burn in the

shade, though more slowly than in full sun.

Another myth is that sweat or water droplets act like tiny magnifying glasses,
intensifying the sun’s rays. In reality, they do not change how much UV reaches
your skin. What they do is weaken protection by rinsing away sunscreen. Even
“water-resistant” products are only tested for 40 or 80 minutes of swimming or

heavy sweating, so reapplication is essential.

It's also important to remember that UV rays penetrate water itself. Up to 40% of
UV radiation reaches half a meter below the surface, and noticeable levels still reach
a full meter deep. This means you can tan or burn while swimming, even if the cool

water hides the sensation of overheating.

Some believe working out before or during tanning improves results because of
increased blood flow. While exercise does increase circulation and may make skin
appear flushed, it does not change how melanin is produced or how UV interacts
with skin.
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What does matter is that both tanning and exercise can dehydrate the skin,
especially in hot weather, leaving it less resilient against UV damage. Sweat and
movement also wear down sunscreen more quickly, and when tanning and exercise

are combined, these effects are amplified.

To reduce risks, it's important to stay hydrated, not only by drinking enough water,
but also by replenishing moisture in the skin with a good after-sun lotion or
moisturizer. And when spending long periods outdoors, don't forget to reapply

sunscreen regularly.

UV radiation doesn’t just come from above — it also bounces off surfaces. Sand
reflects about 15-25%, water about 10-20%, and fresh snow up to 80-90%. This
reflected light can hit areas not usually exposed, like under the chin or nose. That’s
why skiers can burn in winter, and beachgoers can burn even under an umbrella.
Reflection increases your total UV dose, which means it's wise to add extra
protection (sunscreen, sunglasses, clothing) when you'll be spending long stretches

near sand, snow, or water.

Clothing blocks UV to varying degrees depending on fabric, weave, thickness, and
color. A thin white cotton T-shirt may have an SPF of only 5-7, while darker, tightly
woven fabrics (like denim) block nearly 100% of UV. Wet fabrics lose protection and
allow more UV through. Special UPF-rated clothing (Ultraviolet Protection Factor)
is designed to block UV effectively, often with ratings of UPF 30-50+. So yes, you
can tan through clothes — especially light or wet fabrics — but choosing dense, dark,

or UPF-certified materials can maximize protection.
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Heat isn’t the driver: UV radiation, not temperature, causes tanning and
sunburn. You can burn on a cold ski slope as easily as at the beach.

Burning isn’t required: A tan is your skin’s defense against UV damage.
Sunburn is just more damage, not a shortcut to a lasting tan.

Clouds and shade don’t fully protect you: Up to 80% of UV rays pass through
thin clouds, and reflected light can still burn you in the shade.

Sweat and water don’t magnify UV: They wash off sunscreen and allow UV
to reach you while swimming, making reapplication essential.

Surfaces bounce UV back: Sand reflects 15-25%, water 10-20%, and snow up
to 90%, increasing exposure.

Blood flow doesn’t affect melanin production, but both sweat and
dehydration reduce the skin’s resilience and can wear down sunscreen
protection.

Clothing helps but varies: Light, thin, or wet fabrics let UV through; dense,
dark, or UPF-rated clothing offers the best protection.
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When it comes to getting a tan, the market is crowded with “shortcuts” and add-
ons: bronzing lotions that darken the skin, “accelerators” that claim to boost
melanin, injectable peptides like Melanotan, and even pills or plant extracts

advertised as “oral sunscreens.”

Some of these products are purely cosmetic, some have genuine medical uses, and
others are unregulated with real risks. This section attempts to cut through the hype
and look at what the science actually says about how these options work, how safe

they are, and whether they truly deliver on their promises.

Bronzers are products that add color to the skin without UV exposure. They come
in many types and forms, including lotions, gels, mousses, sprays, wipes, creams,

and powders.

Natural bronzers use pigments from plant extracts such as caramel, henna, or
walnut shell, as well as minerals like mica and iron oxides. They give an instant
glow that sits on the skin surface and washes off easily — similar to makeup. Because
these pigments are derived from plants or mined minerals, they can sometimes
trigger allergic reactions or contain impurities if not carefully processed. Overall,
they are considered safe for most people, though sensitive skin types should patch-

test first.

Synthetic bronzers use lab-created pigments such as synthetic iron oxides or
synthetic mica (fluorphlogopite). These ingredients are engineered for consistency,
giving a more predictable shade and undertone compared to natural pigments,
which can vary by batch. Synthetic bronzers are valued for their smooth finish,

reliable color payoff, and durability on the skin. They are also less likely to contain
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trace contaminants like heavy metals that sometimes occur in mined minerals.
However, as with all cosmetics, some people may experience skin sensitivity or

irritation from synthetic dyes, binders, or fragrance additives.

DHA-based bronzers contain dihydroxyacetone (DHA) — a 3-carbon sugar often
derived from sources like sugar cane or sugar beets. DHA reacts with amino acids
in the outer skin layer through the Maillard reaction, producing a tan-like color that
begins developing within 2—4 hours, deepens over 24-72 hours, and fades gradually
in 3-7 days as the skin exfoliates. This color is water- and sweat-resistant but will
fade more quickly with activities that increase exfoliation, such as swimming,
scrubbing, or heavy sweating. DHA products come in many formats: lotions tend
to last longer, sprays reduce streaking but raise inhalation concerns, while mousses
and gels dry faster (mousses are often preferred for oily skin). Before applying DHA

products, it is best to shower, shave or wax, and exfoliate to ensure an even tan.

Most DHA bronzers include pigments (natural or synthetic) as guide color,
sometimes called “cosmetic tint” or “immediate bronzer component.” These give
visible color right away so you can see where you applied it and enjoy an instant
effect while waiting for the DHA reaction. White DHA bronzers, on the other hand,
come without visible guide pigments. This reduces the risk of staining clothes but
makes it harder to see where the product has been applied, increasing the chance of

streaks or missed spots.

The FDA approves DHA for external use on skin only; it should not be inhaled,
ingested, or applied to mucous membranes. This is why spray tanning booths
remain controversial — spray mist can contact eyes, lips, or be inhaled. Reported side
effects from spray tans include rashes, cough, dizziness, and fainting, and
physicians have raised concerns about long-term risks such as asthma, COPD, or
even cancer with repeated inhalation. Laboratory studies also suggest that DHA can
increase susceptibility to free-radical damage from sunlight for about 24 hours after

application, especially at concentrations of 5% or higher. Some DHA products
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include antioxidants to help counter this. DHA tans also provide only minimal
photoprotection (about SPF 3, and only briefly), which is far from adequate for sun
safety.

Erythrulose, a sugar found naturally in red raspberries, is sometimes included in
DHA formulations. Applied alone, it produces a lighter, redder-toned tan that
develops more slowly taking 2-3 days and fades somewhat faster than a DHA tan.
Many users, however, find the result looks more natural and less orange. When
combined with DHA, erythrulose helps create a smoother, longer-lasting tan that
fades more evenly, with fewer streaks and less dryness. Like DHA, erythrulose can
increase free-radical production in the presence of sunlight, so the same safety
precautions apply. Overall, it is considered safe for cosmetic use, with low irritation

potential.

It's important to remember that bronzers do not provide sun protection. The tan or
color they create is purely cosmetic; it does not block or absorb ultraviolet radiation.
Even though skin looks darker, the underlying cells are just as vulnerable to UV
damage, photoaging, and skin cancer as untanned skin. For safe tanning or outdoor
activity, bronzers should always be combined with proven protective measures
such as broad-spectrum sunscreen, shade during peak UV hours, and protective

clothing.

The table on the next pages compares the different types of bronzers.
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Table 9 — Comparison of bronzer types

Type How It Works Color Pros Cons / Risks
Longevity
Natural Pigments stain Washes off Instant glow; Fades quickly;
pigment skin surface easily (hours to natural possible plant
bronzers temporarily a day) ingredients allergies; less
(caramel, henna, consistent
walnut, mica, shade
iron oxides)
Synthetic Pigments stain Washes off Consistent Needs re-
pigment skin surface easily (hours to shades, application;
bronzers temporarily a day) controlled may cause
(Iab-made iron undertones, less irritation in
oxides, synthetic contamination sensitive skin
mica) risk
Tinted DHA | DHA reacts with Guide color Immediate tint Guide
bronzers amino acids in washes off; for even pigment can
outer skin DHA tan application; stain clothes;
(Maillard develops over a deeper color DHA takes
reaction) plus | few hours, lasts develops hours to
added pigment several days underneath develop; spray
gives instant until skin inhalation
color exfoliates unsafe; may
increase free-
radical
damage for 24
hours
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Table 9 — Comparison of bronzer types (continued)

Type How It Works Color Pros Cons / Risks
Longevity
White DHA Same as DHA DHA tan No clothing Harder to see
bronzers above but develops over a | stains; discreet application
without guide | few hours, lasts look spots; uneven
color (applies several days results if applied
white/ clear) until skin poorly; same
exfoliates DHA safety
cautions apply
Erythrulose Sugar reacts like Alone: slower | Produces a more | Alone: weak tan;
bronzers (often | DHA but slower; (1-3 days), natural, less slow to develop;
blended with alone gives lighter, fades “orange” tone; like DHA, may
DHA) reddish tone; quicker; smoother fade; boost free
blended with blended: oftenless drying | radicals with
DHA improves | longer-lasting, and streaky sun
tone and fade smoother fade
The tanning market is full of products with names like “accelerator,” “optimizer,”

a

“intensifier,

tingler.” In truth, these terms are not standardized. Companies often

use them interchangeably, and sometimes even call them “bronzers.” There are no

clear-cut scientific or regulatory definitions, which adds to the confusion for

consumers. Nonetheless, let’s try and make a best attempt at clarifying what each

category usually means.
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Accelerators are lotions that claim to speed up tanning by boosting melanin
production, usually with ingredients like the amino acid L-tyrosine or related
compounds. In theory, tyrosine is a melanin building block but applying it to the

skin has not been proven to increase tanning.

While tyrosine is indeed the raw material for melanin, applying it to the skin doesn’t
make melanocytes work faster. The body’s melanogenic machinery — the enzymes
(like tyrosinase), receptors, and signaling pathways that actually control pigment
production —is already supplied with abundant tyrosine from the bloodstream. The
bottleneck isn’t the substrate but the regulatory switches that UV light turns on.
This is why studies show topical tyrosine does not increase tanning in real skin

when combined with UV exposure.

Surveys also show that accelerator users are often the most avid tanners —
sometimes even showing signs of tanning dependence. Because they tan frequently,
their skin darkens from repeated UV exposure, which may create the false
impression that the accelerator is working, when in reality it is simply the extra
tanning sessions driving the effect. In practice, accelerators function more like
moisturizers with nice scents and marketing claims, not as science-backed tanning
boosters. In addition, some users even report irritation, acne, or rashes than
meaningful tanning benefits. Regulators such as the U.S. FDA consider accelerator

claims unproven, and these products are not approved drugs.

Optimizers are another marketing category, sometimes overlapping with
accelerators. They often contain moisturizers, botanical extracts, or antioxidants
meant to keep skin hydrated and reduce uneven exfoliation. Properly hydrated skin
does tan more evenly and holds color longer, but that benefit comes from basic skin

care, not from speeding melanin production.
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Intensifiers (sometimes called maximizers) are usually sold as “accelerators without
added bronzer pigment.” They are marketed as lotions that prepare the skin for UV
exposure by conditioning it, sometimes with tyrosine or plant oils. Again, there is
no evidence they truly “intensify” melanin production. What they really do is keep

the skin soft and moisturized, which can help prevent patchiness.

Tinglers are lotions marketed to give a warming or stinging sensation (often due to
benzyl nicotinate or methyl nicotinate) on the idea that increased blood flow,
oxygen, or warmth will help melanocytes produce more pigment. In theory, this
isn’t completely far-fetched: microvascular endothelial cells (the cells lining blood
vessels) can release signaling molecules such as endothelin-1 that promote
melanogenesis, and increased blood flow might theoretically help deliver such
signals or nutrients. But that’s speculative, indirect, and not the same as showing
that topical vasodilators reliably increase melanin. The redness and heat that
tinglers cause is simply vasodilation and mild irritation, not proof of more pigment

production.

As with accelerators, people who use tinglers are often already frequent tanners, so
their deeper color is more likely explained by repeated UV exposure, not the lotion
itself. Overall, tinglers may enhance the feeling of increased tanning activity or add

a temporary flush, but they do not reliably create a darker or safer tan.

Many of the above products also include extra ingredients that are more about
marketing than tanning. Parabens are common preservatives; they’re effective
against microbes but can cause skin irritation or allergic reactions in sensitive users.
They act as weak estrogens, though there is no confirmed cancer link, and many

people prefer paraben-free formulas. Riboflavin (vitamin B2) sometimes appears as
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part of a “vitamin complex” or as a yellow colorant, but there is no evidence it

accelerates tanning.

All of these products — accelerators, intensifiers, optimizers, tinglers — are variations
on tanning lotions. Most contain moisturizers, fragrances, and sometimes small
amounts of tyrosine or plant extracts. They may make tanning feel more indulgent
and keep skin hydrated, but none of them have solid clinical evidence of actually
speeding up tanning or making it safer. The real risk is that people believe these
lotions protect them or let them tan faster, which can encourage longer sessions and

increase sun damage.

Melanotan is the name commonly used for synthetic peptides that mimic « -

melanocyte stimulating hormone ( o -MSH), a natural hormone that binds to
melanocortin receptors (MCIR) on melanocytes and activates the body’s
melanogenesis. By stimulating these receptors, o -MSH increases tyrosinase
activity and drives melanin production, leading to a darker skin tone independent
of (or in addition to) UV exposure. Researchers have explored synthetic analogs of
« -MSH for decades, but their uses differ dramatically depending on the

formulation.

Afamelanotide (Melanotan I) is a prescription drug used as an implant in some
countries to treat erythropoietic protoporphyria (EPP), a rare disease that makes
patients extremely sensitive to sunlight. By activating melanocortin receptors, the
implant increases baseline melanin and provides patients with more tolerance to
daylight. While this treatment helps people with EPP spend more time outdoors

safely, it is not approved as a cosmetic tanning agent.
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Melanotan II refers to a related experimental peptide that also stimulates
melanocortin receptors but is unapproved, unregulated, and often sold illegally
online as injections or nasal sprays. Some users report rapid tanning, but side effects
are significant and concerning — nausea, increased blood pressure, ﬂushing,
appetite loss, spontaneous erections and libido changes, and the darkening of moles
or freckles. There have even been case reports linking unregulated use to melanoma
diagnosis, though causality remains uncertain. Because these products are not
manufactured under medical standards, purity and dosing are unpredictable,

compounding the risks.

Bremelanotide is another melanocortin receptor agonist, closely related to
Melanotan II, but it has only been approved for the treatment of hypoactive sexual

desire disorder in women. It is not indicated for tanning.

Bottom line: Melanocortin peptides work by directly stimulating the skin’s tanning
processes, essentially flipping the biological “on” switch for melanin production.
While this mechanism is scientifically sound, the safe and regulated use of these
peptides is limited to specific medical conditions like EPP. Outside of these settings,
“Melanotan” products sold online or in gyms are unregulated and risky, and in

some countries are even illegal.

The idea of “tanning from the inside out” has been around for decades. Companies
sell oral capsules marketed to darken skin or “accelerate” tanning. These usually

fall into three main groups: carotenoids, canthaxanthin, and botanical blends.
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Carotenoids (like § -carotene, lycopene, lutein, astaxanthin) are pigments naturally
found in foods such as carrots, tomatoes, and leafy greens. Taken in high doses, they
can deposit in the skin and give it a yellow, golden, or orange tint. This effect is not
the same as a melanin tan, but it can alter skin hue slightly. Carotenoids also act as
antioxidants, and some research suggests they may provide a degree of
photoprotection, reducing sensitivity to UV-induced erythema (sunburn).
However, the doses needed to noticeably change skin tone are much higher than
what’s considered nutritionally safe, and supplementation should not be confused

with true tanning or adequate sun protection.

Canthaxanthin is a synthetic carotenoid that was once marketed heavily as a
tanning pill. It deposits a reddish-orange pigment in the skin and mucous
membranes, producing a rust-like color. While effective at changing appearance, it
comes with serious risks: high doses have been linked to liver damage, urticaria
(hives), gastrointestinal upset, and most famously, deposits in the retina called
“canthaxanthin retinopathy,” which can cause visual disturbances. Because of these

risks, the FDA banned the marketing of canthaxanthin as a tanning agent.

“Botanical tanning pills” often contain mixtures of plant extracts, oils, or “tyrosine
complexes,” sometimes with vitamins like riboflavin or antioxidants. Claims
usually suggest these boost melanin or prepare skin for tanning, but there is no
reliable clinical evidence that oral botanicals accelerate or deepen tanning. At best,
antioxidants may help reduce oxidative stress in the skin; at worst, they are

ineffective or potentially unsafe if taken in unregulated high doses.

Bottom line: Oral tanning supplements change skin color mainly by pigment
deposition, not by stimulating melanin. Carotenoids can shift skin tone modestly
and may provide some antioxidant benefit, but they do not substitute for sunscreen
or safe sun habits. Canthaxanthin and unregulated “tanning pills” carry
unacceptable risks and should be avoided. Botanical blends are largely marketing-

driven with little evidence.
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Bronzers (pigment- or DHA-based) only darken the outer skin layers. They
provide cosmetic color, not UV protection.

Accelerators often include tyrosine but don’t boost melanin; they mainly act
as moisturizers.

Intensifiers are accelerators without pigment; they condition skin, not
tanning speed.

Optimizers add moisturizers/antioxidants for smoother, longer-lasting tans,
but don’t create more pigment.

Tinglers cause redness via vasodilation; the heat is sensation, not extra

melanin.

Melanotan peptides directly activate the body’s melanogenic machinery, but
safe, regulated use is limited to rare medical conditions (like EPP).
Unregulated injections or sprays carry serious health risks.

Oral tanning pills mainly work by depositing carotenoid pigments in the
skin. Carotenoids may slightly alter skin tone and offer antioxidant
protection, but canthaxanthin and other “tanning pills” are unsafe and

banned in many countries.
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Skin Responses and Conditions

Our skin is a living organ that constantly renews, repairs, and responds to its

surroundings. When exposed to heat, humidity, or UV light, it can react in

surprising ways, sometimes glowing and healthy, other times irritated, dry, or

blotchy. Understanding these reactions helps you care for your skin wisely in the

sun and recognize when it needs extra protection or attention.

Heat Rash: Miliaria

Figure 16. Heat Rash

Spending long hours in warm, humid conditions,
especially while sweating or wearing tight clothing,
can clog sweat ducts and cause heat rash (miliaria).
It appears as tiny red or clear bumps that sting or
itch, often on the chest, back, or under swimwear
straps. Heat rash usually clears once the skin cools
and dries, but recurring cases can be prevented by
fabrics, after

wearing breathable showering

sweating, and avoiding oily lotions that block pores.

Tinea Versicolor (Pityriasis Versicolor)

Another common warm-weather issue is tinea
versicolor (pityriasis versicolor) — a harmless but
stubborn fungal imbalance caused by Malassezia
yeast that naturally lives on the skin. Under the
right conditions (heat, oil, sweat, sunscreen

residue), this yeast multiplies and interferes with

Figure 17. Tinea Versicolor
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normal pigment production, leaving pale or darker patches that don’t tan evenly.

It's often mistaken for a “patchy tan” or sun damage.

Topical antifungal creams or medicated shampoos (with selenium sulfide or
ketoconazole) usually clear it up. Once the fungus is gone, the uneven color can

linger for weeks until the skin naturally sheds and re-pigments.

Uneven tanning is one of the most common frustrations after sun exposure. The

causes vary:

e Uneven exfoliation — dry or thickened areas (elbows, knees) absorb more
pigment.

e Residual products — leftover sunscreen, deodorant, or oils can block UV
penetration.

e Skin conditions — mild fungal infections, scars, or eczema alter pigment
response.

e Circulation & pressure — tight clothing or crossed legs reduce blood flow,

producing lighter spots.

A simple way to reduce blotchiness is to exfoliate gently before tanning, focus
moisturizer on dry areas, and avoid fragrance-heavy body products right before
application. For self-tanners, use a tanning mitt and circular motions, and keep the

skin evenly hydrated afterward so the tan fades smoothly rather than in patches.

UV exposure affects every skin type differently. For some chronic skin conditions,

sunlight can help — while for others, it worsens symptoms.
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Table 10 — Skin conditions and typical response to UV light

Condition Typical UV response Notes & Cautions
Psoriasis Often improves with controlled =~ Medical phototherapy uses UVB to
UVB exposure slow skin cell turnover; uncontrolled

tanning risks burns and cancer.

Acne May appear better short-term UV can increase inflammation,
(UV dries lesions) but worsens sebum oxidation, and
later hyperpigmentation over time. Use

non—comedogenic sunscreen.

Vitiligo UV can trigger new pigment Natural sunlight helps slightly, but
cells in medical phototherapy overexposure can burn depigmented

areas easily.

Eczema / Mild sun may soothe; intense Barrier repair and sunscreen are
Dermatitis sun can inflame essential to prevent irritation.
Rosacea Worsens with sun and heat Use mineral SPF and stay cool; UV is

a strong trigger for flare-ups.

Not all brown spots are the same. Moles, freckles, and birthmarks are part of the
skin’s natural landscape but they behave differently under sunlight and deserve

attention for both cosmetic and health reasons.

Freckles (Ephelides) are small, flat, tan-to-light-brown spots that appear and darken
with sun exposure. They’re most common in fair skin types and fade during winter
when UV levels drop. Freckles are harmless but serve as a UV exposure marker, the

more you develop, the more your skin is responding to sun damage.
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Moles (Nevi) are clusters of pigment-producing cells that can be flat or raised,
brown, pink, or even skin-colored. Most moles are benign, but excessive UV
exposure can cause them to darken, change shape, or, in rare cases, evolve into

melanoma, a serious form of skin cancer.

Keep an eye on the ABCDE rule for mole changes:

e A - Asymmetry: one half doesn’t match the other

e B -Border: edges are irregular or blurred

e (C-—Color: uneven or new colors appear

e D - Diameter: larger than 6 mm (about the size of a pencil eraser)

e E - Evolving: growing, itching, bleeding, or changing in any way

Birthmarks can include a wide variety of pigment or vascular changes (such as café-
au-lait spots or port-wine stains). Most are harmless and unrelated to UV light,

though pigment-based ones can darken with sun exposure.

Sunlight doesn’t cause new moles or freckles to form directly; it stimulates pigment
activity in spots that already exist. Still, tanning can make it harder to notice early
warning signs of abnormal changes, so doing a monthly skin self-check in good

lighting is an important habit.

In addition, it's wise to have your skin examined annually by your general
physician, or better yet, a board-certified dermatologist, especially if you have many
moles, fair skin, or a family history of skin cancer. Regular exams help detect subtle

changes that might be easy to miss on your own.
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Every person’s skin responds differently to heat, light, and cosmetic products. Even
conditions that look similar — such as dry patches, pigment spots, or rashes — can

have very different causes and treatments.

For that reason, it's always best to have any persistent or unusual skin reactions
reviewed by a board-certified dermatologist or qualified medical professional. They
can distinguish between fungal infections, allergic reactions, autoimmune

disorders, and sun-related changes that might look alike on the surface.

This book is meant for general education and self-care guidance only; it cannot
diagnose or treat individual skin conditions. If you experience ongoing irritation,
pigment loss, sudden mole changes, or pain after tanning or product use, stop

exposure and consult a dermatologist promptly.
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Your skin constantly reacts to its environment. Heat, humidity, and UV
exposure can cause temporary changes like redness, rashes, or blotches.

Knowing what’s normal helps prevent overexposure and irritation.

Heat rash and fungal imbalances are common in warm climates. Keep skin
cool, clean, and dry; wear breathable fabrics; and treat persistent

discoloration or itching with antifungal care if needed.

Uneven tans often come from uneven skin. Exfoliate gently, moisturize dry
spots, and avoid heavy oils or deodorants before tanning for smoother, more

even color.

Freckles, moles, and birthmarks are part of your skin’s natural pattern, but
they deserve attention. Do monthly self-checks and have your skin examined
annually—preferably by a dermatologist—to catch any early signs of change.
UV light affects skin conditions differently. Some (like psoriasis or vitiligo)
can improve with controlled medical phototherapy, while others (like acne,
eczema, or rosacea) often worsen.

Professional guidance matters. Because many skin conditions look alike, only
a dermatologist or qualified medical professional can accurately diagnose

and advise safe treatment.
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Vitamin D Synthesis

Few molecules capture the partnership between humans and sunlight as beautifully
as vitamin D. It's often called the “sunshine vitamin,” yet it is technically a hormone
our skin manufactures when UVB rays interact with a substance called 7-DHC, or
7-dehydrocholesterol, in the outer skin layer. Within minutes of exposure, this
compound transforms into pre-vitamin Ds, which then thermodynamically
converts into cholecalciferol (vitamin Ds). The liver and kidneys finish the job,
turning it into calcitriol (1,25-dihydroxyvitamin D3), the active form that travels

through the bloodstream and interacts with nearly every organ system.

UVB
‘ * ‘ * } » [25-hydroxyvitamin D3|
7—dehydroch01esteroi

\
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Figure 18. Synthesis of vitamin D3 from sunlight

When calcitriol attaches to specialized vitamin D receptors (present in nearly every
organ), it acts as a molecular switch, turning specific genes on or off. Scientists have
identified hundreds of these genes, many tied to calcium regulation, immune

defense, cell growth, DNA repair, and mood balance.

In other words, vitamin D functions more like a master hormone than a simple

nutrient: it coordinates communication between the skin, bones, muscles, brain, and
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immune system. This explains why low vitamin D levels have ripple effects that

extend far beyond bone health, touching nearly every aspect of our physiology.

For most people, the skin’s vitamin D production depends on two main factors: the
UVB dose and how much skin is exposed. A helpful way to think about it is in terms
of your Minimal Erythema Dose (MED), the amount of UV radiation just enough to

cause a faint pinkness of the skin within 24 hours of UV exposure.

Research shows that roughly one-quarter (25%) of a MED on exposed areas such as
the face, arms, and lower legs (about 30%-40% of skin exposed) can generate
between 1,000 and 3,000 IU of vitamin D, above the recommended daily intake of
around 600-800 IU for adults.

For fair skin types (I-II), this might mean around 5-10 minutes of midday summer
sun; for medium to darker skin types (III-V), 15-30 minutes or more may be
required, as melanin acts like a natural sunscreen, filtering UVB and slowing

vitamin D synthesis.

Vitamin D is fat-soluble, meaning the body can store what it makes. Once produced
in the skin, it is transported into the bloodstream and deposited in fat and muscle
tissue, where it serves as a reserve. These stores are gradually released over days or
weeks, helping maintain stable levels even when sunlight is scarce. In this way,
regular (but not necessarily daily) exposure is enough to keep vitamin D within a

healthy range.

Unlike vitamin D from food or supplements, sunlight-driven vitamin D synthesis

comes with a built-in safety mechanism. When the skin’s precursor molecules
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become saturated, further UVB exposure no longer increases production. Instead,
excess pre-vitamin Ds and vitamin Ds are degraded into inert by-products,
preventing toxicity. This natural self-regulation explains why vitamin D overdose

cannot occur from the sun alone, even in tropical regions where UV intensity is high.

It goes without saying, however, that this does not mean prolonged exposure is
risk-free. Beyond the vitamin D plateau, excessive UV radiation causes DNA and

cellular damage without producing more benefit.

Vitamin D’s best-known role is in strengthening the skeleton. It helps the intestines
absorb calcium and phosphorus, the minerals that form and maintain healthy bone
tissue. Without sufficient vitamin D, the body must draw calcium from the bones to
keep blood levels steady, gradually weakening their structure and increasing the

risk of osteopenia, osteoporosis, and fractures.

Muscles depend on vitamin D as well. Receptors within muscle fibers respond to
calcitriol by improving strength, coordination, and balance. Clinical studies
consistently show that adults, especially older adults, with adequate vitamin D are

less prone to falls and recover faster from physical strain.

Joints also benefit indirectly. Vitamin D helps regulate inflammatory processes and
cartilage maintenance - factors tied to arthritis and general joint comfort. While it is
not a cure, maintaining healthy levels may help slow degenerative changes and

support recovery after exercise or injury.

Vitamin D also serves as a modulator of immunity, acting as both a shield and a

regulator. Calcitriol influences the expression of numerous genes in immune cells,
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enhancing the body’s first line of defense while preventing excessive inflammation.
It helps immune cells such as macrophages and dendritic cells recognize and
destroy pathogens more efficiently, yet it also restrains overreactions that can

damage healthy tissue.

Low vitamin D levels have been linked to increased susceptibility to respiratory
infections, slower recovery from illness, and a higher prevalence of autoimmune
conditions such as multiple sclerosis and type 1 diabetes. While sunlight exposure
alone is not a cure or guarantee of immunity, maintaining sufficient vitamin D

clearly supports a balanced and responsive immune system.

However, too much UV exposure, besides the risks of sunburn and skin cancer,
reverses this benefit by suppressing local skin immunity - another reason

moderation matters.

While too much UV radiation can cause skin cancer, moderate sunlight exposure

appears to have protective associations against several internal cancers.

Numerous epidemiological studies have found that people with higher sun
exposure or higher blood levels of vitamin D tend to have lower risks of colorectal,
breast, bladder, and prostate cancers, and possibly reduced mortality from these

and other malignancies.

Scientists believe this protection is due in part to vitamin D’s role in regulating cell
growth, promoting DNA repair, and reducing chronic inflammation, which are key

processes in cancer prevention.

Other light-driven mechanisms, such as nitric oxide release and circadian rhythm
regulation, may also contribute indirectly by supporting immune surveillance and

hormonal balance.

Brought to you by A
[available from the App Storel O LA



However, the data are not entirely conclusive. Many studies show correlation rather
than causation, and factors like outdoor physical activity, diet, and body weight
may influence the results. What's clear is that brief, regular exposure that avoids
sunburn can optimize vitamin D and potentially offer systemic protection without

adding skin cancer risk.
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Vitamin D is a hormone, not just a vitamin. It's produced in the skin when
UVB rays transform 7—dehydrocholesterol into vitamin Ds, later activated by

the liver and kidneys and transformed into its active form — calcitriol.

It influences hundreds of genes. Calcitriol binds to receptors throughout the
body, regulating calcium balance, immunity, cell repair, and even mood.

A little sunlight goes a long way. About % MED (5-10 minutes for fair skin,
15-30 minutes for darker tones) on 30-40 % of skin can generate 1,000-3,000
IU — more than the daily requirement of 600-800 IU.

Vitamin D can be stored. Being fat-soluble, it accumulates in fat and muscle
tissue and is gradually released over days or weeks.

The body self-regulates production. Once skin precursors are saturated,
excess vitamin D is broken down into inactive forms — preventing overdose
from sunlight.

Moderate sunlight may lower the risk of several internal cancers through
vitamin D and other biological pathways, but only when exposure stays
below the threshold of skin damage.

Moderation is key. Beyond the production plateau, additional UV exposure

adds no benefit and increases cellular and DNA damage risk.
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While vitamin D explains many of sunlight’s physiological effects, it'’s not the whole
story. The human body responds to sunlight through several distinct light-driven
systems, each tuned to a different wavelength. UVB rays make vitamin D, but UVA
and visible light set in motion other processes that influence our mood, sleep, blood

pressure, and immune balance.

Light entering the eyes helps synchronize the brain’s internal clock and affects
neurotransmitters such as serotonin and dopamine, while certain wavelengths

striking the skin trigger the release of nitric oxide, improving circulation and heart
health.

These mechanisms work independently of vitamin D, yet they complement it,
helping explain why spending time outdoors feels so different from simply taking

a supplement.

Anyone who's felt their spirits lift on a sunny morning has experienced light’s direct
influence on the brain. When bright natural light reaches the eyes, specialized cells
in the retina send signals to the hypothalamus, prompting the brain to boost
production of serotonin, a neurotransmitter tied to mood, focus, and a sense of well-

being.

Daylight intensity outdoors can exceed 10 000 lux, compared with only 300-500 lux
indoors. This difference is why even a short morning walk can energize the mind
more effectively than hours under artificial lighting. Low light levels during winter
or prolonged indoor life can lower serotonin activity, contributing to Seasonal
Affective Disorder (SAD) and milder mood dips.
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Sunlight exposure also influences endorphins, the body’s natural “feel-good”
chemicals, and helps maintain healthy dopamine balance, supporting motivation
and attention. Together, these effects help explain why people often describe

sunlight as mentally refreshing or calming.

Sunlight doesn’t just lift your mood — it keeps your body clock in sync. Deep in the
brain, a cluster of neurons called the suprachiasmatic nucleus (SCN) acts as the
body’s master timekeeper. Every morning, light entering the eyes resets this clock,
aligning nearly every biological rhythm — sleep, hormone release, digestion, and

alertness — with the 24-hour day.

Early-day exposure to bright, natural light, especially within the first hour after
waking, suppresses melatonin, the hormone that makes you sleepy, and boosts
cortisol and serotonin, preparing you for daytime activity. Later, as darkness
returns, melatonin rises again to promote restful sleep. Without this daily “light
cue,” melatonin can drift out of phase, leading to sluggish mornings, poor sleep

quality, and general fatigue.

Modern life often deprives us of these natural resets. Indoor lighting rarely exceeds
a few hundred lux, while outdoor daylight, even on cloudy days, delivers
thousands. Spending time outside — whether commuting on foot, having lunch
outdoors, or simply opening blinds — can restore circadian balance and improve

both sleep onset and sleep depth.

Not all the sun’s benefits depend on vitamin D. When UVA light reaches the skin,

it triggers a fascinating chemical reaction that affects the cardiovascular system
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directly. The skin stores large amounts of nitric oxide (NO) compounds, which are

released into the bloodstream when exposed to UVA radiation.

Once in circulation, nitric oxide acts as a vasodilator — it relaxes the smooth muscles
in blood vessel walls, allowing them to widen. This improves blood flow and helps
lower blood pressure naturally. Unlike vitamin D synthesis, which requires UVB,
nitric oxide release begins even under weaker sunlight and passes through some
cloud cover, meaning its effects can occur in less intense light or at non-midday

hours.

Studies have shown that moderate sunlight exposure can lead to small but
meaningful drops in blood pressure, comparable to the effect of short bouts of light
exercise. Over time, this may help reduce cardiovascular risk, particularly in
populations where hypertension is common. Interestingly, these benefits appear
independent of vitamin D levels, reinforcing that sunlight’s influence extends

through multiple biological pathways.

Of course, the same rules of moderation apply: excessive exposure adds no

cardiovascular advantage and increases skin damage risk.

Our relationship with sunlight reaches deep into the immune system, where light
helps maintain the balance between defense and tolerance. While vitamin D plays
a major role, sunlight also exerts several direct effects on immune activity that go

beyond its hormonal pathways.

When vitamin D is activated to calcitriol, it binds to receptors on many types of
immune cells — macrophages, dendritic cells, and T-cells — enhancing their ability to
recognize and destroy pathogens. At the same time, calcitriol calms excessive
inflammatory reactions, helping prevent the immune system from turning on the

body itself. This fine-tuning explains why people with adequate vitamin D tend to
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experience fewer respiratory infections and show lower rates of certain
autoimmune disorders such as multiple sclerosis, rheumatoid arthritis, and type 1

diabetes.

But vitamin D is not the only link between sunlight and immunity. Ultraviolet
radiation, particularly low-dose UVB, can directly influence immune signaling in
the skin, promoting local tolerance and reducing overactive inflammation. This
mechanism underlies medical phototherapy for conditions such as psoriasis,
eczema, and vitiligo, where carefully controlled UV exposure helps calm the

immune response.

The immune benefits of sunlight follow the same principle as its other effects: dose
matters. Too little light weakens the system’s vigilance, while too much suppresses
it. Moderate, regular exposure provides the rhythmic stimulation that keeps

immune defenses balanced and adaptable.

While too much ultraviolet light can damage the skin, small, controlled doses are
sometimes used in medicine to heal it. This therapeutic use of light, known as
phototherapy, has been part of dermatology for decades and is one of the clearest
examples of how UV exposure, when precisely managed, can restore balance rather

than cause harm.

In psoriasis, immune cells trigger rapid overgrowth of skin cells, creating thick,
scaly patches. Exposure to narrowband UVB light slows this overproduction and
calms inflammation, allowing skin to regenerate more normally. Similarly, people
with atopic dermatitis (eczema) often see improvement with moderate sunlight, as
UV light helps reduce itching and local immune activity while promoting the

release of anti-inflammatory molecules.
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UPLIFTS YOUR MOOD

BOOSTS YOUR CONFIDENCE

HELPS SOME SKIN CONDITIONS

Conditions like psoriasis, eczema, vitiligo, and
even acne can improve with moderate UV
exposure, which helps reduce inflammation
and normalize skin cell turnover.

MAY PREVENT CERTAIN CANCERS

Figure 19. Benefits of sunlight infographic
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Vitiligo and Other Disorders

For conditions like vitiligo, in which
the skin

(melanocytes),

loses pigment cells
UV light

stimulate partial re-pigmentation by

can

reactivating remaining melanocytes
or encouraging new ones to migrate
into depigmented areas. Controlled
UV exposure can also help some
forms of acne, polymorphic light
other  chronic

eruption, and

inflammatory skin conditions.

Sunlight vs. Medical UV

The key distinction lies in dose and
Medical

carefully

precision.

phototherapy
uses measured
wavelengths, exposure times, and
schedules, often under
dermatologist supervision. Natural
sunlight can produce similar effects,
but its UV intensity varies by season,
altitude, and time of day, making it
harder to control safely. People with
chronic skin conditions should never
self-treat with prolonged
sunbathing, as this can worsen

inflammation or cause burns.
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Sunlight influences health through more than vitamin D. UVA and visible
light activate independent pathways affecting mood, sleep, heart health, and

immune balance.

Bright light elevates mood and focus. Natural daylight stimulates serotonin,
dopamine, and endorphins, helping regulate mood and countering the
effects of low indoor light.

Morning light resets your internal clock. Exposure within the first hour after
waking synchronizes melatonin and cortisol rhythms, improving alertness
by day and sleep quality at night.

UVA light supports cardiovascular health. It triggers the release of nitric
oxide from the skin, which relaxes blood vessels and can gently lower blood

pressure.

Moderate sunlight supports immune balance. Vitamin D-dependent and
local UV effects help strengthen defenses while preventing excessive
inflammation.

Controlled UV exposure can help certain skin conditions. Medical
phototherapy for psoriasis, eczema, and vitiligo uses carefully measured
doses of UVB to calm the skin’s immune response and restore balance.

The common thread: moderation. Whether for mood, immunity, or heart
health, the body benefits most from regular, moderate light, not from long or

sporadic exposure.
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While moderate sunlight supports health, excessive UV exposure overwhelms the
body’s defenses and leads to cellular damage. The same rays that trigger vitamin D
synthesis or nitric oxide release can, in higher doses, harm DNA, accelerate aging,
and increase the risk of skin and eye disease. Most of this material has already been
covered previously, but it may be worth to reiterate — understanding these risks

helps separate healthy exposure from harmful overexposure.

Ultraviolet light, especially UVB, can directly alter DNA molecules in skin cells by
forming thymine dimers — small lesions that distort the genetic code. Normally, the
body repairs these errors through specialized enzymes and immune surveillance,
but repeated or intense exposure can overwhelm these systems. When unrepaired
mutations accumulate, they may initiate skin cancers, including basal cell
carcinoma, squamous cell carcinoma, and melanoma. Protective behaviors — shade,

clothing, and sunscreen — give the body’s repair mechanisms time to work.

UVA rays penetrate deeply into the dermis, breaking down collagen and elastin
fibers that keep skin firm and smooth. The result is photoaging — wrinkles, sagging,
dryness, and a leathery texture that appear decades earlier in chronically sun-
exposed skin. The process is gradual but cumulative; even low-level daily exposure
adds up over years. Regular sun protection and antioxidant skincare can slow these

visible signs of damage.
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The eyes are highly sensitive to UV radiation. Without protection, prolonged
exposure can inflame the cornea (photokeratitis), cloud the lens (cataracts), and
contribute to macular degeneration later in life. Reflection from water, sand, or
snow greatly amplifies these effects. Wearing UV-blocking sunglasses and wide-

brimmed hats significantly reduces risk.

While small doses of UV light can modulate immunity beneficially, excessive
exposure suppresses local and systemic immune responses. This weakens the skin’s
defense against infections and may reduce the effectiveness of some vaccinations.
The suppression is temporary but can be significant after sunburn, underscoring

that burned skin is biologically compromised, not strengthened.

Overexposure stimulates melanocytes to overproduce pigment as a protective
response, often unevenly. This leads to hyperpigmentation, freckles, and age spots
that become more noticeable with time. Individuals with darker complexions are
not immune; they may develop melasma or uneven tone from cumulative sun
damage. Gentle, consistent protection helps maintain natural balance without

disrupting healthy tanning processes.

Certain medications, cosmetics, and medical conditions can make the skin

abnormally sensitive to UV or visible light. Drugs such as antibiotics, diuretics, or

Brought to you by A
[available from the App Storel O LA



retinoids may trigger rashes or severe burns even with mild exposure. People with
known photosensitivity should seek medical guidance and take extra care when

outdoors, using protective clothing and avoiding peak UV hours.

Beyond UV, prolonged time in hot sunlight increases risk for heat exhaustion and
heatstroke. Dehydration, dizziness, confusion, and rapid pulse are warning signs of
overheating. Adequate hydration, periodic shade breaks, and avoiding strenuous
activity in extreme heat are critical — especially for children, older adults, and

pregnant women.

Tanning beds emit highly concentrated ultraviolet radiation, often three to six times
stronger than midday tropical sunlight (equivalent to standing in sunlight with a
UV Index of 30 to 90, levels that do not occur anywhere naturally on Earth). While
natural sunlight varies throughout the day and includes a balanced mix of UVA
and UVB, most tanning devices deliver a fixed, unrelenting UV dose designed to

darken the skin quickly, not to mimic nature.

Low-pressure tanning beds tend to emit a more balanced mix of UVA and UVB,
which can lead to faster visible reddening or sunburn and stimulate new melanin

production (tanning) more via UVB.

High-pressure beds emit much higher proportions of UVA and very low UVB,
which may produce a more immediate bronze appearance, and fewer sessions may

be advertised.

In both cases, the underlying mechanisms involve oxidative stress and DNA

damage, the same processes triggered by natural sunlight, but at a much faster rate.
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The issue isn’t just the type of UV, but the intensity and concentration of the
exposure: tanning beds deliver a sustained, high-dose burst of radiation that the
skin would rarely encounter in nature. This accelerates the formation of DNA

lesions and may overwhelm the body’s natural repair systems.

Technologically, it’s possible to build a tanning lamp that matches the UV intensity
of the sun, both in spectral composition (UVA /UVB ratio, typically about 95% UVA
and 5% UVB at midday) and in intensity (UV Index equivalent of 8-12 for tropical
sun, or 5-7 for mid-latitude summer), but in practice, salons rely on higher-intensity
lamps because shorter sessions mean faster turnover and stronger cosmetic results.

The trade-off is greater stress on the skin and a higher biological cost.

Studies consistently show that frequent indoor tanning, especially during
adolescence and early adulthood, significantly increases the risk of melanoma and
other skin cancers, while also accelerating visible aging through wrinkles, pigment
unevenness, and loss of elasticity. The World Health Organization classifies tanning
devices as Group 1 carcinogens, the same category as tobacco and asbestos. No
artificial UV source can be considered equivalent to moderate, natural sun exposure

or without risk.

If you still choose to use a tanning bed despite the above risks:

e Follow the manufacturer’s exposure schedule printed on each tanning lamp,
which lists the maximum recommended minutes per session and per week
for your skin type.

e Always wear protective eyewear. Corneal and retinal UV damage is
irreversible.

e Skip “accelerator” products. Lotions marketed to intensify tanning can
increase UV absorption and damage.

e Consider applying a low-SPF (2—4) formulated specifically for use in tanning

salons (since regular sunscreens can damage acrylic surfaces in tanning

Brought to you by A
[available from the App Storel O LA



beds), while still adhering to the manufacturer’s recommended exposure
schedule. Although tanning will take longer, the slightly reduced UV dose

can lessen the intensity and rate of cellular damage.

e Avoid tanning beds if under 18, or if you have numerous moles, sun-

sensitive skin, or a family history of skin cancer.

If your goal is a bronzed look, consider sunless self-tanning options instead: they

darken the surface pigment chemically, not through UV damage.

For some individuals, tanning triggers the release of endorphins, producing mild
euphoria and relaxation. Over time, this can create psychological dependence - a
compulsion to maintain or deepen a tan despite visible damage. This behavior,
sometimes called “tanorexia,” parallels other forms of addiction and may require
counseling or behavioral therapy to break the cycle. Recognizing the emotional
component of tanning helps promote healthier habits centered on skin wellness

rather than appearance.

Certain groups are more vulnerable to UV and heat effects:

e Children have thinner, more sensitive skin and accumulate lifetime UV
exposure faster than adults. Protection in early years dramatically lowers
skin cancer risk later.

e Older adults experience slower DNA repair and reduced sweating capacity,

increasing risk for both UV and heat-related damage.
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e Pregnant women may experience photosensitivity or melasma, making
gentle protection especially important. Mild sun exposure for vitamin D

remains beneficial, but overexposure should be avoided.
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UV radiation can damage DNA. Excessive UVB exposure creates DNA

mutations that, if unrepaired, can lead to skin cancers.

Sun accelerates skin aging. UVA rays break down collagen and elastin,
causing wrinkles, sagging, and rough texture long before natural aging
would.

Eyes are vulnerable too. Unprotected exposure increases the risk of
photokeratitis, cataracts, and macular degeneration, especially near

reflective surfaces.

Too much UV suppresses immunity. After a sunburn, the skin’s defenses
weaken, making it more prone to infection and slower to heal.

Uneven pigmentation is a sign of damage. Freckles, melasma, and age spots
arise from overactive melanocytes trying to protect against repeated UV
exposure.

Medications can heighten sensitivity. Some drugs and skincare ingredients
make the skin more reactive to sunlight, requiring extra caution.

Heat can be as dangerous as UV. Prolonged exposure in high temperatures
risks dehydration, heat exhaustion, or heatstroke.

Tanning beds are significantly riskier. They emit intense, fixed doses of UV
that accelerate DNA damage and raise melanoma risk far more than natural

sun.
Tanning can become compulsive. Endorphin release may reinforce a cycle of
overexposure known as “tanorexia,” where the pursuit of a tan overrides
health awareness.

Children, older adults, and pregnant women need special care. Their skin or
physiology makes them more sensitive to both UV and heat stress.
Moderation protects and preserves. The safest approach is steady, mindful

exposure, enough to gain sunlight’s benefits without crossing into harm.
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By now, you've learned how sunlight interacts with the skin, how tanning and

burning work, and how to balance the benefits and risks of UV exposure.

Here’s a simple, mindful routine that turns all that science into everyday care. Think
of it as your sun care ritual: a few thoughtful steps before and after time outdoors

that let you enjoy the sun’s rewards while minimizing its risks.

It's not about avoiding sunlight, but about meeting it wisely, preparing, respecting,

and restoring your skin.

e Identify your Fitzpatrick skin type (I-VI) and note how easily you tan and

burn: https:/ /sunsplashtans.com/indoor tanning/skin-type

e Be aware of any family history of melanoma or skin cancer.

e Understand your personal MED (Minimal Erythema Dose): the amount of
UV your skin can tolerate before burning. Apps like Sola can help compute

that dose based on your specific traits and circumstances.

o Together, these three factors help define your UV dose limit. In general,
staying below ~70 % of your personal MED provides enough UVB to trigger
melanin production and vitamin D synthesis while keeping DNA damage

and oxidative stress within the skin’s natural repair capacity.

e If you have risk factors such as a family history of skin cancer or numerous
moles, consider reducing your upper limit to no more than 50 % of your
MED.

© 2026 BrightMatter LLC. All rights reserved.


https://sunsplashtans.com/indoor_tanning/skin-type

Review prescription and over-the-counter drugs, herbal supplements, and

skincare for photosensitizing effects.

Be cautious with recent antibiotics, acne treatments, anti-inflammatories, or

essential oils that can amplify UV reactions.

Check the UV Index: it’s the single best measure of sunburn risk.

Consider altitude, latitude, season, time of day, and reflective surfaces (sand,

snow, water).

Plan any long outdoor time for early morning or late afternoon when UV

levels are lower.

If you have fair or sensitive skin, a history of skin issues, or will be outdoors
for long periods, use broad-spectrum SPF 30+ sunscreen and reapply every
2 hours.

For short, moderate exposures on darker skin tones, sunscreen may not

always be necessary but monitor for redness or irritation.

Choose reef-safe, non-nano mineral sunscreens whenever possible to protect

both yourself and the environment.
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Exfoliate gently a day before exposure for more even tanning.

Keep skin hydrated, but avoid heavy oils, perfumes, or deodorants just

before sun exposure: some ingredients increase sensitivity.

Eat antioxidant-rich foods (berries, tomatoes, green tea) to help reduce

oxidative stress.

Build up gradually. Start with short sessions and increase slowly over days

or weeks.

Rest at least 24-48 hours between strong exposures to let skin repair DNA

damage and restore antioxidants.

Never push through redness: it means you’ve crossed your threshold.

Rinse with cool (not cold) water to remove sweat, salt, and sunscreen. Avoid

ice or harsh soaps that can strip your skin’s barrier.

Within minutes, apply a light, fragrance-free moisturizer or after-sun lotion

with aloe, glycerin, panthenol, or ceramides.
Stay hydrated: your skin repairs better when you do.
Support recovery with antioxidant foods and rest.

Avoid using retinoids, exfoliating acids, scrubs, or vitamin C products on

your skin for 2-3 days.

© 2026 BrightMatter LLC. All rights reserved.



Get out of the sun, cool the skin gently (no ice), apply fragrance-free

moisturizer or aloe vera, and stay hydrated.
Avoid popping blisters or peeling skin.

See a doctor if you develop fever, nausea, chills, or extensive burns.

Self-check monthly for new or changing freckles, moles, or spots.

Visit a dermatologist annually for a full skin exam, especially if you tan often

or have an increased risk of skin cancer.

Track your UV exposure patterns and cumulative time in the sun: apps like

Sola can help you stay mindful.

Learn the truth about bronzers, accelerators, and tanning myths: most don’t

increase melanin safely or effectively.

Remember: moderation and knowledge are the best “tanning products”

you'll ever use.
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