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On 22 May 2021, Mount Nyiragongo spewed ash, sulfurous gases,
and fiery red lava, forcing thousands of people in Goma,
Democratic Republic of the Congo (DRC)—“the city on the
volcano”—to flee for their lives. Rising 3,470 m above the African
Rift Valley, the volcano has the largest lava lake in the world, which
locals once believed held the souls of their ancestors.'?
Nyiragongo, infamous for its fast-flowing lava,” last had major erup-
tions in 1977 and 2002. Its sister volcano, Nyamuragira—13 km
away—erupts more regularly but is farther from the population.”

When Nyiragongo erupted last May, “I saw people with lug-
gage running away saying that the volcano is erupting,” says
Guerchom Ndebo, a Congolese photojournalist and Goma resi-
dent. “In the street the people did not know which direction to take.
[It was] total panic.” More than 364,000 individuals fled the
region,4 more than 4,000 families lost their homes,* and at least 31
people died.”

“I saw the red lava pouring down the mountain. We saw every-
thing getting destroyed in front of us—our house, the land we used
to cultivate,” says Jean Rwangano, an older man whom Ndebo
interviewed on the spot where his family’s house once stood.
Rwangano also experienced the more devastating 2002 eruption,
which killed 70 people and destroyed 120,000 homes in Goma.”
“Then, the lava destroyed our land,” he says, “but our home was
spared.”

In the 5 years prior to the 2021 Nyiragongo eruption, volcanic
conditions had been worryingly similar to those preceding the
2002 event. A March 2021 news story® published by Reuters
quoted a prescient statement by local volcanologist Honoré
Ciraba: “If we don’t do regular measurements and announce the
eruption a few days beforehand, the population won’t have time to

evacuate, and people will die.” The Goma Volcano Observatory
has been struggling for funding, however, making it difficult to
perform such measurements.

Although the threats posed by eruptions like Nyiragongo’s
may seem self-evident, the actual health impacts remain under-
studied. A growing number of scientists are working to change
that, researching and comparing notes on both immediate and
longer-term effects, of eruptions, from volcanic gas and ash inha-
lation to impacts on mental health.®

Varied Threats from Gases

Volcanoes around the world vary tremendously in terms of how
often they erupt and the composition and amount of their emis-
sions. Some lie dormant for decades and then experience a large
explosion, like Mount St. Helens in Washington state. Others,
like Montserrat’s Soufriere Hills or Kilauea in Hawai’i, simmer,
so to speak, emitting lava, ash, and gases over decades, continu-
ously exposing local populations.

Volcanic emissions include sulfur dioxide (SO,), hydrogen
sulfide, hydrogen chloride, and hydrogen fluoride,’ a highly
soluble gas that becomes hydrofluoric acid in water and can con-
taminate water supplies.'”!' SO, exposures following volcanic
eruptions have been associated with increased risk of respiratory
and cardiovascular illnesses and deaths.'*'*'* High levels of
SO, typically occur with so-called effusive eruptions, in which
lava flows over the ground, such as the fall 2021 eruption of
Cumbre Vieja in the Canary Islands."> SO, reacts with oxygen
and moisture to create a haz?/ mixture of gas and fine particles
called volcanic smog, or vog.'®

e

Lava from the May 2021 eruption of Mount Nyiragongo cut through Buhene north of Goma (left) and wrought destruction in a residential district (right).

“I saw the red lava pouring down the mountain,” says Goma resident Jean Rwangano. “We saw everything getting destroyed in front of us—our house, the
land we used to cultivate.” Images, left to right: © Justin Kabumba/AP; © Guerchom Ndebo, AFP/Getty Images.
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Cristobalite: A form of crystalline silica that can cause silicosis and increase
the risk of lung disease.

Effusive eruption: An eruption in which lava flows out of the volcano and
over the ground.

Explosive eruption: An energetic eruption that ejects ash, rock, and lava
fragments into the air.

Groundmass: The fine-grained matrix of glass and microscopic minerals in
lava rocks in which larger crystals are embedded.

Lava bomb: A mass of viscous lava ejected during an eruption.

Limnic eruption: The sudden release of a large cloud of dissolved carbon
dioxide from a lake.

Vog: Short for “volcanic smog,” a haze formed when sulfur dioxide and other
volcanic gases interact with sunlight, oxygen, moisture, and dust.

Background image: © iStockphoto/Justinreznick.

In 1986, Lake Nyos in Cameroon, released a cloud of CO, into the atmosphere in what is known as a limnic eruption. The event killed 1,700 people and 3,500
domestic animals. Engineers installed piping anchored to a raft (left) to artificially remove the gas from the lake to prevent similar disasters in the future. The
self-driven fountain (right), which can reach a height of 45 m above the lake surface, dissipates the CO,. Both images: Bill Evans/U.S. Geological Survey.
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The emissions hazards at any volcano can change. For exam-
ple, communities on the Big Island of Hawai’i have lived with
vog more or less continuously since the early 1980s, says David
Damby, a research scientist for the U.S. Geological Survey
(USGS) Volcano Hazard Program. But the huge pulse of ash
ejected during the 2018 Kilauea eruption—the first in almost a
century—added a new hazard for residents downwind.

The air around Nyiragongo contains extremely high concentra-
tions of SO, owing to both passive degassing and active erup-
tions.!”'® In addition to sulfurous gases, carbon dioxide (CO,)
escapes through fractures on the volcano’s flanks.'” Because it is
heavier than oxygen, the gas sinks into low-lying depressions to
form pockets of CO,-rich air known as mazuku (“evil winds” in
Swahili), which kill livestock and people alike.'® Few studies have
examined the human health impact of mazuku, although the phe-
nomenon is well known to local populations.'® Mazuku occurs in
other volcanic areas such as Mammoth Mountain in eastern
California®® and Mount Amiata in central Italy.21

Gases can also saturate water bodies near volcanoes. Earthquakes
and gas saturation of the water are thought to increase the chances of a
limnic eruption, in which a cloud of CO; is released from the water.
In 1986, a limnic erugtion at Cameroon’s Lake Nyos killed approxi-
mately 1,700 people.” Lake Kivu, near Goma, contains the equiva-
lent of 2.6 gigatons of CO,, as well as methane;> a limnic eruption
here would put millions of people at risk.**

A degassing system was engineered and installed on Lake
Nyos after the 1986 eruption. The same has been called for on Lake
Kivu by the United Nations Environment Pro%ram’s Division of
Early Warning and Assessment® and others®® but has not been

implemented. Methane harvesting does occur in Lake Kivu in both
DRC and neighboring Rwanda, but whether it reduces the chances
of a limnic eruption is unclear.?’

Caroline Michellier, a postdoctoral geography researcher at the
Royal Museum for Central Africa in Belgium, says that water con-
tamination from volcanic emissions is potentially more problem-
atic to public health than inhaling ash or gases. Past research on
Nyiragongo has documented eruption-related contamination of
rainwater—the main source of drinking water for local rural popu-
lations—with heavy metals and acidic halogens, including fluoride
and chloride.>***% “The water available in the area surrounding
the volcano is contaminated by volcanic gas particles due to the
permanent plume that can spread over a large distance,” she says.
“These particles make the water unsafe to drink.”

Volcanic Ash and Respiratory Disease

The cataclysmic 1980 eruption of Mount St. Helens “was really the
first time in modern history that mainland U.S. was affected by an
eruption,” says Claire Horwell, a professor of geohealth at Durham
University in England and founder of the International Volcanic
Health Hazard Network (IVHHN). “Huge resources were poured
into trying to understand its impact on the community.”

Researchers immediately started examining the composition
of the 540 million tons of ash the volcano spewed as it erupted.3°
“The ash contained a mineral called crystalline silica. Given that
industrial exposures to mineral dusts cause diseases like silicosis
and lung cancer,31 there was immediate concern that volcanic
crystalline silica could also cause these diseases.>”

Toxicologists tested the pulmonary effects of the ash using cells
and rodents, with mixed results.**** Other researchers launched
epidemiological studies, particularly on loggers, who had high
occupational exposures to ash from Mount St. Helens.*>*® In
1995, while scientists were still studying the longer-term impacts
of ash from Mount St. Helens, Soufriere Hills began a series of

Scientists rely on remote monitoring equipment, like this station on the southwest flank of Mount St. Helens, to monitor volcanic activity. These monitors deliver
real-time data around the clock. Volcano monitoring stations integrate many instruments into a single package to lower power requirements, reduce instrument foot-
print on sensitive landscapes, enable rapid deployment, and transmit data effectively under extreme weather conditions. Image: U.S. Geological Survey.
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Research is ongoing to determine whether underlying disease may be exacerbated by exposure to volcanic ash. Working in informal gold mines like this site in
Bukavu, South Kivu, predisposes workers to silicosis and increases risk of tuberculosis. “What we don’t know is if volcanic silica dust is related to the high
prevalence of tuberculosis in Goma,” says Patrick Katoto. Image: © Patrick Brown, UNICEF/Panos Pictures.

eruptions, expelling ash that also had high crystalline silica con-
tent.>” Damby says this event also triggered sustained interest and
investment in understanding the health impacts of eruptions.

“What’s clear about ash exposure is that hos;gital admittances
for acute health issues—asthma, bronchitis, etc.*®*—often increase
following an eruption,” says Damby. For long-term health
impacts,”®*! “there is insufficient data to even begin drawing a con-
clusion, but it is a tremendously important question because of the
number of people that live near volcanoes globally.” He adds, “The
high variability in ash properties makes this a particularly difficult
question. . .. [Plarticulate matter in the air generally increases mor-
bidity and mortality,** but whether volcanic ash falls under this same
conclusion, we are working to determine.”

The good news is that so far it looks as if certain properties of
the ash may attenuate potentially harmful, long-term health
impacts. Take the example of crystalline silica, which is classified
as a known human carcinogen by the International Agency for
Research on Cancer (IARC).* Horwell and Damby’s research has
shown crystalline silica may be less harmful in volcanic environ-
ments than in some other settings. And in fact, when the IARC clas-
sified the substance as a carcinogen in 1997, the agency
elaborated that its level of toxicity depends on both inherent char-
acteristics of the silica and external factors. This is known as the
crystalline silica enigma.44 Damby, Horwell, and colleagues set
out to define these factors for volcanic crystalline silica.

The researchers found that the structure of the cristobalite (a
form of crystalline silica) in volcanic ash was often impure. “The
chemical structure should be just silicon dioxide, but we found
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that the silicon was often substituted with aluminum in small
quantities. Aluminum is known to ameliorate crystalline silica
toxicity,” Horwell explains. “We then tested if toxicity of crystal-
line silica was actually affected by these impurities in a simulated
laboratory experiment and found that, indeed, the cytotoxicity
was dampened when cristobalite was doped with aluminum and
sodium impurities.”45

The researchers also found that individual cristobalite par-
ticles rarely occurred in ash. Instead, the cristobalite was usually
embedded in the groundmass,*® the fine-grained base of volcanic
rock in which larger crystals are embedded. “So, when the ash
interacts with cellular components in the lung, the ash particle
surface that the cells interact with may be composed of less toxic
volcanic components . . . rather than cristobalite,” Horwell says.

Nevertheless, Horwell and Damby acknowledge that the ab-
sence of a link does not exclude it. “Chronic respiratory diseases
can take a long time to manifest, and through to the mid-2000s
only a few eruptions had been studied,” says Damby.

How exposure to the volcanic cocktail of ash and gases affects
individuals with preexisting health conditions and vulnerabilities—
something unfortunately common near Nyiragongo—is also not yet
clear. Patrick Katoto, deputy-director of the Center for Tropical
Disease and Global Health at DRC’s Catholic University of
Bukavu, studies the intersection of the region’s volcanic emissions
and its high rates of endemic diseases, such as HIV/tuberculosis co-
infection and cholera. “I’m trying to see the interaction between the
endemic diseases and emerging risk factors, like household air pol-
lution and volcanic gas exposure,” he says.
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Mining activities, which are common in the Kivu region
around Nyiragongo and Nyamuragira, potentially complicate
health risks.*” “We know that gold mining is associated with
increased production of dust and, of course, an increase in silica
dust exposure, which is associated with high risk of getting silico-
sis. And we know that if you have silicosis, your risk of getting
tuberculosis is [much greater48],” Katoto explains. “We also
know that from volcanic ash, you can also have silica dust. What
we don’t know is if silica dust is related to the high prevalence of
tuberculosis in Goma.”

Katoto and others did link exposure to the region’s high levels
of SO, to risk of acute respiratory symptoms, with caveats.*”
They looked at people visiting health centers at various distances
from Nyiragongo. “We found that the association was quite re-
markable when people were very close to the volcano [within
26 km], but we didn’t find that independent effect when we’re far
from the volcano,” he says. “We didn’t find a monotonic pattern.”
He adds that this could be due to confounding factors.

Disruption, Displacement, and Terror

Displacement as a result of a volcanic eruption comes with its own
health concerns. A massive, unexpected displacement of people
can lead to preventable disease outbreaks,’® and temporary shelters
are ripe for waterborne diseases related to lack of clean drinking
water and sanitation. “In an eruption, by far the greatest concern
for those that are not in immediate danger from the eruption is the
impact to WASH [water, sanitation, and hygiene] and to their food
supplies and the effects of living in shelters,” says Horwell. Damby

adds, “Making sure people have safe drinking water—especially in
Goma, where cholera is endemic—is going to take priority over
emissions.”

Although major disease outbreaks have thus far been avoided
since the eruption of Nyiragongo and subsequent evacuation, liv-
ing conditions in refugee camps remain dire.* Reports of over-
crowding, unhygienic conditions, violence, and desperation in
these camps continue.* As of February 2022, thousands of people
remained displaced.’’ Yet many of the humanitarian efforts
undertaken after the eruption were funded only for 6 months;
these ended in December.”!

Less visibly, psychological trauma also affects those who
have witnessed death, injury, and destruction, as well as those
who are themselves injured or displaced from their homes.?**>*
This was evident after the Nyiragongo eruption.

“The hospitals were full of people coming for everything:
coughing, vomiting, PTSD [post-traumatic stress disorder],” says
Katoto. “You can’t quantify the prevalence of PTSD, but you can
imagine that it will have consequences, especially in a city where
people are stressed by civil unrest.”

In May 2020, the DRC Parliament had declared a state of
siege for the province where Nyiragongo is located, purportedly
to stop civilian massacres by guerilla groups fighting over control
of mineral resources.’>® Since the eruption, armed groups have
terrorized displaced residents with kidnappings, physical and psy-
chological assault, rape, and other crimes, according to reports
from the United Nations High Commissioner for Refugees.4

In other areas, ongoing eruptions become a way of life.
People may normalize the exposures, which could lead them to

On 25 May 2021, Goma residents displaced by the eruption of Mount Nyiragongo walked through the cooled lava in search of a safe place. Some carried
goods to the city’s market. The psychological and economic impacts of displacement can linger long after an eruption occurs. Image: © Guerchom Ndebo.
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In this April 2021 photo, after an eruption of Soufriere Hills, people cleaned volcanic ash from the red roof of a home in Wallilabou, on the western side of the
Caribbean island of St. Vincent. Of her time studying Soufriere Hills, Horwell was struck by “how people can normalize a situation and it becomes their daily

life rather than a crisis.” Image: © Orvil Samuel/AP.

protect their health to a lesser extent. One time, Horwell was a
few kilometers from Soufriere Hills when a dome collapse
occurred—a slope buckled under pressure, sending large amounts
of pyroclastic materials down the volcano and filling the sky with
a low, dark ash cloud. “I was in my vehicle and suddenly it was
pitch black,” says Horwell. “I knew from my training that it was
ash and small bits of pumice, but it was still a very scary experi-
ence to just turn off the engine in the middle of the road and sit
there in absolute blackness with this stuff coming down on the
roof until it was finished.”

The experience opened her eyes to what the locals went
through on a regular basis, since there were frequent explosions
and dome collapses on Montserrat at that time. “Once it became
light again, I could see that there were people in the village all
around me, who just sat there, covered in ash,” Horwell says. “It
was interesting to see how people can normalize a situation and it
becomes their daily life rather than a crisis.”

Preventing the Worst Consequences of Disaster
Planning for disasters and establishing local expertise can prevent
or minimize the many consequences of volcanic eruptions,
including loss of life, psychological trauma, disease outbreaks,
and more. In one such effort, IVHHN is working to create an or-
ganization of experts available during eruption crises. It offers an
online hub for evidence-based information on volcanic impacts
on health and guidance for responding to emergencies.

The idea for IVHHN had its roots in the 1980 eruption of
Mount St. Helens. Those who responded to the event realized early
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that a coordinated, multiagency effort was needed, drawing on sci-
entists and practitioners from a wide range of disciplines. “A large
number of people became involved in research, but there was no
network to bring their expertise together. And then the eruption fin-
ished, and people went back to their day jobs,” says Horwell.
During Horwell’s later graduate research on Soufriere Hills,
she talked to people in various disciplines: toxicologists, medics,
public health specialists, chemists, environmental scientists, and
geologists. “I was building a network around me, and it became
clear to me that this should be more formalized.” With support
from her advisor, Steve Sparks, she created IVHHN in 2003.
“The network aims to make as much information as accessi-
ble in as many languages and through as many channels as possi-
ble, so that people have actionable information during a volcanic
crisis,” says Damby, who with Horwell is one of four codirectors
of IVHHN. Although most volcanologists know of the network,
many local health agencies do not. IVHHN researchers are rais-
ing awareness of their knowledge bank at the local level so emer-
gency managers and others can tap into the network’s expertise.
Meanwhile, the Center for the Study of Active Volcanoes
(CSAYV) in Hilo, Hawai’i, runs an international training program
to provide low- and middle-income countries with local capacity
to manage volcano hazards. The center was created after the dis-
astrous 1985 eruption of Colombia’s Nevado del Ruiz. “It was
pretty well known the volcano was building to an eruption, but
Colombia simply didn’t have the [capacity] to make decisions on
evacuating the population,” says center director Don Thomas.
“The end result was that 23,000 people were killed by a relatively
small eruption and one where the deaths were entirely
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Red triangles mark locations of active volcanoes across the world. In 2015, more than 1 billion people were estimated to live within 100 km of a volcano, a dis-
tance within which they could potentially experience direct impacts of an eruption.®” Image: Worldinmaps.com

The CSAYV international training program provides low- and middle-income countries with local expertise for managing volcano hazards. Top left: trainees from the
Solomon Islands, Vanuatu, and the Marianas Islands set up a Global Positioning System receiver. Bottom left: Jeff Sutton of the Hawai’i Volcano Observatory explains
how a continuous gas sampling monitor works. Right: A trainee from China samples molten lava. All images: Center for the Study of Active Volcanoes.
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preventable.’” Everyone that was killed could have walked to
safety if they knew what to do.”

The Volcano Disaster Assistance Program, a partnership
between the U.S. Agency for International Development and
USGS, often provides instructors for CSAV courses. “We’ve
held classes since 1990 where we bring folks in, predominantly
from developing countries, and provide them with training on a
full spectrum of methods for checking the pulse of an active vol-
cano,” says Thomas. This training can help save lives as well as
reduce exposures and health risks.

From Nyiragongo to Kilauea, Soufriere Hills, and beyond,
scientists continue to study the impacts of volcanoes on human
health, eruption by eruption, so their impacts can be understood
and minimized. Volcanic threats to human livelihood, health, and
life—not to mention climate and the economy—have the poten-
tial to be globally catastrophic. For instance, the 1815 eruption of
Tambora in Indonesia—the biggest eruption in recorded
history—had such a profound impact on climate worldwide
that it led to the “Year Without a Summer” in 1816 due to vol-
canic ash and aerosols blocking the sun.>®

“[Tambora] pumped a lot of sulfur into the stratosphere, and
that changed the climate. There were frosts in New England in
June, crops were destroyed and damaged. The growing season
was short on both sides of the Atlantic,” explains University of
Cambridge volcanologist Clive Oppenheimer. “There’s a pretty
credible argument linking that eruption to the food crisis and out-
breaks of typhus in Ireland.”

Even moderate eruptions can cause economic disruption. For
example, when Iceland’s Eyjafjallajokull erupted in 2010, the ash
traveled unusually far for an event of its size.> Travel and trade
disruptions cost the global economy an estimated US$4.7 billion
in the first week alone.®

To some, volcanic eruptions may seem like isolated news
events far away. However, a large eruption like Tambora will
eventually happen again, potentially disrupting climate and caus-
ing food crises and disease outbreaks far away. The January 2022
eruption of Hunga-Tonga-Hunga-Ha’apai in the Tongan archipel-
ago literally sent shock waves around the world;®' the impacts of
this event are still unfolding. More importantly, though, even
“typical” eruptions have a major impact on the populations
nearby. And while living with the clear and present danger of a
volcanic eruption is a way of life for some communities, like
those near Nyiragongo, supporting resiliency efforts for these
communities can help reduce harmful impacts when volcanoes
do erupt. That goes not only for people in the path of danger but
also for those around the world who may someday be affected.

Wendee Nicole is an award-winning science writer in Houston. She has written for
Discover, Defenders of Wildlife, and other publications. The article was reported with
assistance from Guerchom Ndebo, a Goma-based photojournalist.
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