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DA recent study from the University of Manchester has seen microplastics* in the

headlines: looking across 40 riverbeds* in urban, suburban and rural regions of northwest
England, the team of researchers found that all but one of the sites they investigated were
polluted with microplastic. Some contained more than 500,000 particles of microplastic per
square meter - the highest concentration ever found in any body of water ( a ) date.
Microplastics are ( A ) than tiny pieces of plastic, less than 5 millimeters ( b ) diameter.
The smallest microplastic particles detected, however, are considerably smaller than this -
thousands could fit on a siﬁgle pinhead. @In fact, it is likely that very tiny plastic particles
exist which are simply too small to detect using standard research methods. Most of us are

familiar with the plastic items we use day-to-day as being relatively large - certainly larger than

a microplastic particle. So where microplastic comes from may seem a bit of a mystery.

Generally speaking, @microplastics are categorized as ‘primary’ or ‘secondary’ based on

their origin. ‘Primary’ implies that microplastic particles were ‘deliberately’ produced as part of
a manufacturing process. A large source of such‘microplastic particles are cleaning products.
They are also widely used to manufacture medicines — microbeads* have versatile* properties
which can be exploited, for instance, to help deliver drug components to particular sites in the
body. Another important primary source of microplastics are textiles - tiny plastic fibers can rub
off fabrics when they are washed. |

‘Secondary’ microplastics arise when large plastic materials are progressively broken down
into smaller fragments through environmental processes. There are two stages to this process.
First, the plastics are degraded*. Usually, degradation* occurs during exposure of plastic to
sunlight. When plastics are exposed to UV light* they undergo ‘photo-oxidative degeneration’ -
~ breakdown through the action of light. The second stége to the process is fragmentation*. The
weakened, fragile plastic will fall apart into tiny particles. Degradation and fragmentation occur
_very efficiently on beaches, where sand reaches high temperatures and the plastic is exposed‘to
plenty of light. Plastics already in bodies of water, such as the sea, are at lower temperatures and
are generally exposed to less UV light. Additionally, they tend to get coated in biofilms*, which
makes the plastic more resistant to degradation. As such, the vast majority of secondary
microplastics originate on beaches, and are subsequently washed in to the sea.

No matter where microplastics originate, the final common end-point in their journey is the
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oceans. Microplastics from domestic and industrial use are collected in sewage* and wastewater,
and can be washed out of riverbeds and off beaches during rainstorms. Often, they end up in the
sea directly, either due to accidents during tfansport, or through human. littering* of coastlines.
As we already saw, because degradation occurs ( B ) efficiently once plastics are in the water,
direct littering of the ocean is a much less important source of microplastic .compared to
beaches.

( ¢ ) present, it is not entirely clear what effect microplastics have on marine wildlife.
Importantly, they are similar ( d ) size to phytoplankton*, which forms the staple diet of
zooplanktons*. It has been observed in laboratory studies that zooplanktons do not
differentiate* between phytoplankton and microplastic particles when feeding. Zooplanktons
themselves are consumed by larger marine organisms, including fish. ( C ) , microplastics can
have an effect on every level of the marine food chain.

Although there is a possibility that microplastics are directly toxic to marine organisms, this
seems ( D ) - most organisms don’t have the means to break down microplasﬁcs in their
digestive tracts*, and as such, the particles are thought to be relatively inert*. However,
microplastics usually contain precursors* left over from the manufacturing process, and also
accumulate by-products* of degrédation as they are exposed to heat and sunlight. Such
compounds are thought to be toxic, and there is evidence that they ‘leak out’ of microplastics
over time. This in itself contributes to the overall level of pollutants* in the ocean. It is also
possible that such chemicals could reach harmful levels within marine organisms through the
progressive build-up of microplastics in the food chain.

A much bigger area of concern is the way in which microplastic particles interact with
pollutants in the water. The biggest culprits* involved in this interaction are chemicals known as
‘Persistent Organic Pollutants** or POPs. POPs become accumulated on the surface of
microplastic particles, and achieve concentrations many times higher than in the surrounding
water. Due to @this effect, POP-coated microplastic particles are likely to have toxic effects on
marine microorganisms, such as planktons. POPs then gradually accumulate in tissues and
organs of larger marine species. They particularly seem to collect in fat tissues. The extent of
damage this could cause is still unclear, but all consensus* is that it is likely to have a
considerable impact on marine ecosystems.

An issue with microplastics is that they do not biodegrade® - or at the very least, biodegrade
at extremely slow rates. This means that once present, they cannot be removed from the

environment through natural processes. ( E ) , they are often too small to be efficiently
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removed through mechanical means from the bodies of water that they occupy. This means that
the best way to limit the damage done by microplastics is to ensure that they do not enter marine
ecosystems in the first place.

As recognition of microplastics as a major ecological concern grows, scientists,
governments, and industries are slowly beginning to catch up with attempts to limit the harm
done. However, as the study from the University of Manchester shows, we still have a long way
to go in our understanding of the true scale of microplastic pollution, and the magnitude of the

effect this is having on natural ecosystems.
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Almost all histories of vaccination* state that Edward Jenner became aware of the benefits
of cowpox* from a conversation with a milkmaid* who claimed that she was immune* to
smallpox* because she had had cowpox. According to variations of this story, milkmaids were
known ( a ) their beauty. In fact, the milkmaid story is a myth invented by Jenner’s biographer*,
John Baron, 13 years after Jenner’s death in order to protect his reputation in the middle of the
many assertions* that he did not discover cowpox. Jenner never claimed to have been

responsible for discovering the benefits of cowpox and referred to a vague (D“rumor in the

dairies.” However, there is a contemporary account of the events that led Jenner to appreciate
the possibilities of vaccination with cowpox that was published during Jenner’s lifetime and that
he never denied. _

In 1796, Fewster, a country surgeon based in the Gloucestershire town of Thornbury, wrote
about an event that had occurred in 1768. That year, he and two colleagues, Hugh Grove and
Daniel Sutton, began inoculating® people against smallpox. “We found in this practice that a
great number of patients could not be infected with smallpox poison, although repeated
exposure under most favorable circumstances for taking the disease,” Fewster recounted.
“Finally the cause of the failure was discovered from the case of a farmer who was inoculated
several times unsuccessfully, yet he assured us that he had never suffered the smallpox, but,
says he, ‘I have had the cowpox lately to a violent degree.’” It turned out that the other patients
with no response to smallpox inoculation had all had cowpox as well.

Fewster described his observation to his medical society, which was composed ( b ) about
seven other local surgeons and apothecaries*. Among them were the Ludlow brothers, Daniel
and Edward. In 1768, Jenner was their apprentice*. He probably heard ( ¢ ) &em about the
phenomenon that would ensure his fame. Jenner told his friend James Carrick Moore that 1768

‘was the year he learned of cowpox. Both Fewster and his partner Grove were experienced
doctors who had practiced in Gloucestershire ( d ) many years. The fact that they hadn’t heard
of the phenomenon suggests there was no general folk belief that having been infected with
cowpox offered protection against smallpox. '

When Jenner returned to Gloucestershire in 1774, hé joined the medical society with

Fewster and the Ludlows. @)Baron wrote that cowpox was a frequent topic of conversation but

wasn’t considered particularly important.




Even after Jenner published reports of his first experiments with cowpox, ®Fewster didn’t
think the phenomenon was of any significance, in part because he considered cowpox to be

more severe than the side effects of smallpox inoculation. “Inoculation of the smallpox seems to

be so well understood that there is little need of a substitute,” he wrote. The cowpox finding “is
curious, however, and may lead to other improvements.” Fortunately, Jenner realized that if
natural cowpox produced immunity, then inoculated cowpox would do so as well.

Fewster, who died in 1824, was recognized ( e ) the discoverer of the benefits of cowpox in
his, and Jenner’s, lifetimes. His obituary* recorded that he was “universally considered in
Thornbury as the ﬁrstbperson who nofed the effects of vaccine virus.” Because of the “skill and
perseverance*” of both Fewster and Jenner, it continued, “the blessings of vaccine virus were
distributed through the earth.”

(@There are many paradoxical* aspects of the cowpox story. The vaccinia virus* used in the

final smallpox eradication drive* was not in every case cowpox, and its origin remains
unknown. Fewster, who made the observation that led to Jenner’s experiments, didn’t believe
his finding had any value. And the widely believed version of the story, involving the beautiful
milkmaid, is a myth. ®In reality, the trail that led to the eradication of smallpox began with a

simple clinical observation and its communication to a medical community 250 vears ago.
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