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Abstract

Acrylamide (C3H5NO) is a colorless and odorless crystalline compound, used for more than fifty
years to synthesize polyacrylamides with laboratory as well as numerous occupational applications
such as treating wastewater from water treatment plants and industrial processes like in the
production of dyes. This fundamental monomer for polyacrylamide gel electrophoresis in
laboratories is neurotoxic as well as a candidate carcinogen. On the other hand, the polymerized form
is non-toxic. However, the monomer readily gets absorbed via skin contact, dust inhalation, or
ingestion and causes significant health risks if mishandled.
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Introduction: The Dual Identity of
Acrylamide

If you’ve seen the movie Bhool
Bhulaiyaa, you already know the story of Avni
and Manjulika, a single person who
completely transforms depending on the state
she is in. In its free and unreacted state, what
chemists call the monomer, acrylamide is pure
Manjulika. But when it is linked with other
monomers and becomes a polymer, it is
harmless Avni.

The Reactive End (Vinyl Group): A
double carbon bond (CH2 = CH-) that acts
like a shark, ready to snap onto any prey
(other molecules). This high reactivity is what
allows it to form polymers and what makes it
hazardous to human cells.

The Soluble End (Amide Group): A tail
(—C(=O)NH2) that loves water, making the
molecule dissolve effortlessly in liquid. This
end is what allows the molecule to cross our
skin barrier.

)

Figure 2: Chemical ( 2-D) structure of Acrylamide

Image Source:
https://pubchem.ncbi.nlm.nih.gov/compound/6579

Figure 1: Acrylamide
Powder (C3H5NO)

A Silent Break-In: Journey From Skin To
Neurons

Most of the dangerous chemicals in a
lab give you an immediate warning sign, like
an acid burn on your skin, but acrylamide is
far more subtle. In its monomeric form,
acrylamide acts as a neurotoxin and suspected
human carcinogen. Researchers often suffer
from subtle peripheral neuropathy such as
numbness, tingling, and motor weakness, long
before they realize they have been exposed.
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The story starts with a stealthy break-in by the
chemical inside the body. In a lab setting,
exposure usually happens in three quiet ways:
skin contact, inhalation, and ingestion. Its
monomer molecules are very tiny and water-
soluble, so they slip through standard skin
barriers with ease. Once the monomer has
crossed your skin, it does not stay at the site of
contact but ultimately runs in search of
neurons. It takes a ride directly in your
bloodstream, traveling freely through the body
to reach your nervous system. And rather than
killing the nerve cells at once, acrylamide
slowly damages the long nerves that control
our hands and feet. On the other hand, the
solid polyacrylamide jelly turns out to be the
ultimate  molecular  strainer. Under a
microscope, tangled polymer chains form a
uniform  three-dimensional mesh, which
resembles a microscopic jungle gym or a
soldier’s net training ground. This mesh can
be tuned so tightly that it separates strands of
DNA that differ by just a single nucleotide
base; yes, you read it right, even a single base
difference could be captured.[2] Ultimately,
acrylamide remains indispensable in modern
laboratories because no other material weaves
a net quite so precisely.

From Lab Gels To The Kitchen: The
Cumulative Threat

When it comes to acrylamide toxicity,
low exposure over a long period can be just as
damaging as a single massive dose. Low doses
cause the same neurotoxic effects as high
doses, but they require a longer exposure
period (chronic exposure).[3] The defined
Permissible Exposure Limit (PEL) for
acrylamide is 0.3 mg/m3 for an 8-hour
workday.[4] More than the defined limits
leads to accumulation of toxins and will start
showing symptoms, usually taking several
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hours in case of acute exposure to months in
case of chronic exposure.

Neurotoxicity is acrylamide's signature
biological damage. It selectively attacks the
peripheral nervous system by interrupting the
transport lines inside long nerve cells.[5] Well,
acrylamide's toxicity goes beyond physical
numbness; it directly targets the body's
cholinergic system. Thus, it affects memory,
learning, concentration, and attention.[6] It has
effects such as Peripheral Neuropathy leading
to difficulty with tasks involving limbs; Loss
of Reflexes & Coordination (hand tremors,
difficulty doing fine manual work (like
pipetting or typing), and weak leg muscles);
and Skin Changes (persistent skin peeling,
redness, and severe dryness on hands could be
seen).

As per the International Agency for
Research on Cancer (IARC), acrylamide
monomer is classified as a Group 2A agent
(which comprises agents that are probably
carcinogenic to humans).[7] Some studies
have also indicated that acrylamide acts as a
reproductive  toxicant and  germ-cell
mutagen.[8] It can even reach the developing
fetus through the placenta and breast milk.[9]
Interestingly, Acrylamide is also one of the
many chemicals that can be formed during the
Maillard  reaction that occurs during
baking.[10] Presence of acrylamide in the
body can be assessed by an enzyme called
Glutathione S-Transferase (GST) [11]

Common Handling Mistakes: Typical Lab
Exposure Hotspots

Even experienced researchers often
expose themselves to acrylamide without
realizing. The possible exposure routes are
while you are weighing acrylamide powder,
which could create airborne dust that could be
inhaled; also when preparing gels, we use 30%
Acrylamide, which is liquid and splashing this
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liquid monomer while mixing casting solution
and relying just on the standard thin latex
glove could let this tiny demon penetrate over
time; also, While pipetting the stock solution,
concentrated  solutions  usually  create
microscopic aerosols or droplets on pipette
barrels that get transferred to bare skin later
when we handle the same consumables; also
while cleaning spills basic paper towel let the
chemical soak through to fingertips, providing
a direct route for skin absorption; while
disposing waste, throwing unpolymerized
liqguid down standard sinks or tossing wet,
unreacted gel scraps into open trash cans
exposes cleanup staff and contaminates water
systems; Also improper storage may cause
accidental contact and evaporation.

Essential Protocol While Working with
Acrylamide

Keeping  yourself  safe  around
acrylamide comes down to replacing high-risk
habits with strict physical barriers. First, use
safer alternatives when possible (pre-cast
polyacrylamide gels or pre-made solution).
During storage and transport, Acrylamide
must be in sealed, shatter-resistant containers.
It must be handled in a laminar air hood or a
safety cabinet. Eyewashes and safety showers
are required in immediate work areas. Change
gloves regularly and wash hands at each glove
change. Keep containers handling the
chemical away from heat or flame. Wipe
down surfaces where acrylamide has been
used with a detergent or soap solution.
Avoiding acrylamide powder significantly
reduces the risks. Minimum PPE: Extended
cuff Nitrile Gloves, Lab Coat, Chemical
Safety Glasses, and a minimum of a NIOSH-
approved N95 (or international equivalent like
FFP2) dust mask is required to protect against
inhalation of toxic airborne particles. Ensure
there is no exposed skin between lab coat and
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cuffs. In case of a medical emergency
involving eye or skin exposure, flush the
affected area with water for at least 15
minutes, then seek medical attention.

The Right Way to Dispose Polyacrylamide
Waste

Disposal of acrylamide waste is
important and usually is as per your
laboratory-specific chemical hygiene plan. All
polyacrylamide gels must be handled as
chemical waste; never toss them into MPW
(Medical Pathological Waste) boxes. Instead,
collect them in a plastic bag-lined box. Just
make sure there are no free liquids inside and
keep the container closed whenever you aren't
adding waste; attach a filled-out Chemical
Waste Tag specifying the contaminants.[12]
The monomeric liquid solution and solid
powder should be collected in sealed and leak-
proof hazardous chemical waste containers,
and the contaminated consumables should also
be sealed in plastic bags and then disposed of.

Conclusion

To summarize, acrylamide has
transformed biological research by enabling
the precise separation of proteins and nucleic
acids. Thus, it demands absolute biological
respect. However, its scientific importance
should never overshadow its potential health
hazards. By replacing raw powders with pre-
cast solutions, enforcing strict PPE standards,
utilizing fume hoods, and adhering to strict
chemical  waste  disposal  guidelines,
laboratories can  effectively  neutralize
exposure pathways. At the end of the day, a
safe workplace requires a daily commitment
from every person, and the best way to lead is
by setting a good example.
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