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Microplastics in hot water
Feeding infants with formula requires heating water and bottles for sterilization and formula preparation. Plastic 
infant feeding bottles are commonly used, and now their potential to release microplastics has been explored at a 
global scale.
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Evidence of micro- and nanoplastics 
being ingested by marine species 
raised awareness of their detrimental 

effects on animal health1 — and brought 
attention to their potential effect on human 
health. Inhalation and ingestion are the 
main pathways through which humans 
are exposed to micro- and nanoplastics. 
Microplastics have been detected in 
shellfish, salt and vegetables, and in 
beverages that had previously come into 
contact with plastic containers, such as tea 
brewed using plastic-based teabags and 
drinking water stored in plastic bottles2,3. 
Infant feeding bottles made of plastic 
are widely used across the world, but 
their capacity to release microplastics — 
especially at high temperatures — has not 
been studied so far.

Writing in Nature Food, Li and colleagues4 
report the results of their study investigating 
microplastic release from polypropylene 
(PP) infant feeding bottles and the potential 
global exposure of infants to microplastics 
arising from formula preparation in PP 
bottles. The World Health Organization 
(WHO) recommends using boiling water 
to sterilize infant feeding equipment 
and mixing formula with hot water at a 
minimum of 70 °C to reduce bacterial loads5. 
However, repetitive temperature changes 
and mechanical stress through shaking may 
place strain on the bottle material, especially 
if it is made of plastic. Li et al. mined sales 
data from e-commerce sites to assess the 
infant feeding bottle market, showing that 
bottles made of PP or incorporating PP 
accessories accounted for 82.5% of the global 
bottle market. From these data, they chose 
a representative sample of ten bottles for 
further investigation that covered 68.8% of 
the global online infant feeding bottle market 
across 48 countries. The WHO formula 
preparation guidelines were followed to 
ensure that the findings were relevant to 
real-world formula preparation scenarios. 
Microplastic detection is not standardized 
and there are a number of limitations6. In 
initial tests, Li et al. successfully detected 
about 95% of standard polystyrene 

microparticles in a spiked control, which 
was confirmed by an external, independent 
testing laboratory, but it would have 
been beneficial to perform these initial 
experiments with PP particles. Li and 
colleagues compared microplastic detection 
in formula and in deionized water under 
the same conditions, finding no significant 
difference between these two settings. Thus, 
subsequent experiments were performed 
with deionized water rather than infant 
formula to simplify microplastic detection.

Li and colleagues found that 1–16 million 
PP microparticles per litre were released 
from PP infant bottles during the formula 
preparation process, which was much higher 
than the estimated mean annual microplastic 
consumption of about 100,000 particles in 
adults7. This observation was not limited 
to the first use of a new product, but also 
held true during a three-week daily testing 
period. The majority of microparticles 
identified were smaller than 20 μm and PP 
bottles released more microparticles than 
those only containing PP parts. A central 
contributor to the microplastic release 
was the formula preparation temperature, 
which was shown to behave in a nonlinear 
manner across different temperatures. Li and 
colleagues’ findings align with previously 
published data: teabags can release billions 
of microparticles at brewing temperature3 
and another study found 4–29 million 
microparticles per litre were released from 
electric plastic kettles8. Taken together, these 
studies demonstrate that standard plastics 
such as PP are not temperature resistant 
and prone to shed micro- and nanoplastic 
particles in response to high-temperature 
handling.

The findings were examined in a global 
context by estimating infant daily formula 
intake and breast feeding rates to assess 
the scope of microplastic burden due to 
PP bottles in infants up to 12 months old. 
Li and colleagues calculated the average 
microplastic intake to be 1.5 million 
particles per infant per day. The estimated 
microplastic intake largely varied by 
region: infants in Europe, North America 

and Oceania may be exposed to higher 
microplastic levels, while exposure in Africa 
and Asia was predicted to be the lowest. 
Based on current estimates7, these numbers 
appear very large and might be further 
influenced by offline bottle sales, water 
source2,6 and water boiler material8. The scale 
of microplastic exposure presented here may 
seem alarming, but the real-world effects on 
infant health require further investigation, 
as the impacts of micro- and nanoplastics on 
human health are still poorly understood.

Micro- and nanoplastics present in the 
environment are particularly problematic 
for aquatic life forms1. In mammals, it is 
estimated that the vast majority of ingested 
micro- and nanoplastics behave similarly 
to other inert ingested fibres within the 
gastrointestinal tract and are excreted. 
However, the electrical charge and size of 
micro- and nanoplastics determine the 
potential for cellular uptake or translocation 
into the body2. Plastics may interact with the 
microbiome9 and can serve as vectors for 
chemical additives (for example, bisphenol 
A), which can potentially leach out10. 
However, evidence for toxicity of micro- 
and nanoplastics in human food sources is 
scarce. The findings from Li et al. represent 
an important milestone and serve as a call 
for future studies focusing on micro- and 
nanoplastic release into food from plastic 
containers, especially where containers 
undergo large temperature changes or 
physical stress. Yet these findings should be 
interpreted within a toxicological context, 
which is of special interest in an infant or 
disease setting. Ultimately, such research 
ambitions might help to improve standards 
for the production and durability of infant 
bottles and other food containers. ❐
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