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lack plastic has become ubiquitous in food
service industries, takeaway containers,
and household storage solutions across
India and globally. However, mounting scientific
evidence suggests that black plastic packaging poses

Plastic bottles

significant health risks

(PP) or polystyrene (PS) polymers. The distinctive
black coloration is achieved through the addition of
carbon black pigment, a substance classified by the
International Agency for Research on Cancer (IARC)
as a Group 2B carcinogen, indicating it is possibly

carcinogenic to humans
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associated health risks with detailed physiological
effects, and the urgent need for enhanced consumer
awareness regarding these potentially harmful
materials. Understanding these risks is essential for
informed consumer choices and public health
protection.

Composition and Manufacturing of Black Plastic
Food Packaging

Black plastic containers utilized in food packaging

are predominantly manufactured from polypropylene
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plastic products are manufactured from recycled
electronic waste, including discarded computers,
keyboards, televisions, and other electronic
equipment (Turner, 2018). This recycling practice
introduces a complex cocktail of chemicals never
intended for food contact applications, including
flame retardants, heavy metals, and other toxic
substances designed for electronics. When these
materials are repurposed into food containers without

adequate purification processes, these chemicals
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remain embedded in the polymer matrix, creating
ongoing potential for migration into food products.
Chemical Migration Mechanisms and Heat
Sensitivity

The transfer of chemicals from packaging materials
into food is governed by complex physicochemical
processes influenced by temperature, food
composition, and contact duration. Polypropylene
possesses a melting point ranging from 160°C to
170°C; however, chemical migration does not require
complete polymer degradation. According to the
Food Safety and Standards Authority of India
(FSSAI), significant chemical leaching from plastic
materials can commence at temperatures as low as
60°C to 70°C (FSSAI, 2018). This threshold is
regularly exceeded in common food preparation and
storage scenarios, including microwave heating, hot
food service, and storage of freshly cooked meals.
The migration process is substantially accelerated
when plastic containers come into contact with hot,
oily, or acidic foods. Research conducted at the Indian
Institute of Toxicology Research (IITR), Lucknow,
has documented that heated oils particularly enhance
the extraction of chemicals from plastic container
walls, creating a direct pathway for contamination of
consumed foods (Sharma et al., 2020). Temperature
elevation disrupts the polymer structure, increasing
molecular mobility, and for every 10°C increase in
temperature, the migration rate can approximately
double, following established chemical kinetics
principles.

Toxic Chemical Constituents and Their
Physiological Effects

Brominated Flame Retardants (BFRs)
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retardants,
polybrominated diphenyl (PBDEs)
tetrabromobisphenol A (TBBPA), are deliberately

Brominated flame including

ethers and
added to electronic equipment to reduce fire hazards.
When electronics are recycled into food contact
materials, these flame retardants persist and become
potential contaminants. BFRs are structurally similar
to thyroid hormones (T3 and T4), allowing them to
bind to thyroid hormone receptors and interfere with
normal thyroid function.

In the thyroid gland, BFRs compete with iodine for
incorporation into thyroid hormones, reducing the
production of active T3 and T4 and leading to
hypothyroidism characterized by fatigue, weight
gain, cold intolerance, and depression. Studies in
Indian populations have shown that individuals with
higher BFR exposure exhibit elevated TSH (thyroid-
stimulating hormone) levels, indicating
compensatory mechanisms attempting to restore
normal thyroid function (Gascon et al., 2011).

In the developing brain, thyroid hormones are
essential for neuronal migration, myelination, and
synapse formation. BFR exposure during pregnancy
and early childhood disrupts these critical processes,
leading to reduced IQ scores, attention deficit
disorders, motor skill delays, and memory
impairment.

Phthalates and Bisphenol Compounds

Phthalates such as DEHP, DBP, and BBP, along with
bisphenol-A (BPA), are plasticizers and monomers
commonly found in various plastic formulations.
While many manufacturers produce “BPA-free”
plastics, recycled black plastics often contain these
source materials. These

chemicals from their

compounds function as endocrine disruptors by
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mimicking or blocking natural hormones, particularly
estrogen and testosterone.

In males, phthalate exposure disrupts Leydig cells in
the testes and inhibits steroidogenic enzymes such as
3-HSD and 17B-HSD, reducing testosterone
synthesis and causing reproductive issues including
low sperm count and DNA damage.

In females, these chemicals disrupt ovarian function
and hormonal balance, contributing to conditions
such as Polycystic Ovary Syndrome (PCOS),
premature puberty, endometriosis, and pregnancy
complications.

Additionally, phthalates and bisphenols activate
peroxisome proliferator-activated receptors (PPARY),
promoting adipogenesis, insulin resistance, visceral
fat accumulation, and increased risk of Type 2
diabetes.

Heavy Metals: Concentration and Toxic Effects
Black plastic derived from recycled electronics
frequently contains elevated concentrations of heavy
metals such as lead, cadmium, and hexavalent
chromium. Studies analysing black plastic food
containers in Indian markets have reported
concerning levels exceeding permissible safety limits
(Kale et al., 2019).

Lead interferes with neurological, cardiovascular, and
renal systems. It impairs neurotransmission, damages
the myelin sheath around neurons, increases blood
pressure, and causes kidney dysfunction.

Cadmium accumulates in kidney tubules over
decades and leads to chronic kidney disease, bone
demineralization, and increased fracture risk.
Hexavalent chromium causes oxidative DNA
damage, increasing cancer risk and causing skin

ulceration and liver toxicity.
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Microplastic Contamination and Systemic Effects
Beyond chemical additives, black plastic packaging
releases microplastic particles during heating and use.
Studies indicate that heating food in black plastic
containers may release between 11 million and 21
million microplastic particles per serving.

These particles can cross the intestinal barrier and
enter systemic circulation through several biological
mechanisms. Microplastics have been detected in
blood, liver, lungs, placenta, and even brain tissue
(Leslie et al., 2022).

Their presence triggers chronic inflammation,
oxidative stress, gut microbiome disruption, and
potential autoimmune responses.

Chronic Disease Associations and Public Health
Impact

Long-term exposure to chemicals migrating from
plastic packaging has been associated with chronic
diseases including cancer, endocrine disorders, and
metabolic conditions.
Endocrine-disrupting chemicals are linked to
hormone-dependent cancers such as breast and
prostate cancer (IARC, 2010). In India, breast cancer
incidence is increasing annually, while prostate
cancer affects approximately 1 in 68 men.
Plastic-derived chemicals are also associated with
metabolic disorders. Population studies have shown
that individuals with higher urinary phthalate levels
have a significantly increased risk of developing Type
2 diabetes (ICMR, 2017).

Additionally, chronic exposure to plastic chemicals
may contribute to liver disorders such as non-
alcoholic fatty liver disease (NAFLD), which affects
a large proportion of the Indian population.

Regulatory Framework and Consumer Awareness
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The Food Safety and Standards Authority of India
(FSSAI) established the Food Safety and Standards
(Packaging) Regulations, 2018, which prohibit the
use of recycled plastics for packaging food products
intended for human consumption.
Despite these regulations, enforcement remains
challenging, and many black plastic containers
continue to be used in street food, restaurants, and
food delivery services.
Consumer awareness remains low. Surveys across
major Indian cities reveal that only a small proportion
of consumers understand the potential health risks
associated with black plastic containers.
Public health education should emphasize avoiding
reheating food in plastic containers, using safer
alternatives such as glass or stainless steel, and
selecting certified food-grade packaging materials.
Alternative Packaging Solutions
Safer packaging alternatives are available and
increasingly recommended.
Glass containers provide an inert and non-reactive
storage option suitable for both hot and cold foods.
Stainless steel containers are durable, heat-resistant,
and widely used in Indian households.
Traditional materials such as banana leaves, lotus
leaves, and terracotta containers offer biodegradable
and culturally appropriate alternatives that have been
safely used for centuries.
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