
 

Another problem with China's
coal—mercury in rice
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Mercury enters rice through local industrial activities and through burning coal.
Credit: David Woo, CC BY-ND
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Mercury pollution is a problem usually associated with fish consumption.
Pregnant women and children in many parts of the world are advised to
eat fish low in mercury to protect against the adverse health impacts,
including neurological damages, posed by a particularly toxic form of
mercury, methylmercury.

But some people in China, the world's largest mercury emitter, are
exposed to more methylmercury from rice than they are from fish. In a 
recent study, we explored the extent of this problem and which direction
it could go in the future.

We found that China's future emissions trajectory can have a measurable
influence on the country's rice methylmercury. This has important
implications not only in China but across Asia, where coal use is
increasing and rice is a staple food. It is also relevant as countries across
the world implement the Minamata Convention, a global treaty to protect
human health and the environment from mercury.

Why is mercury a problem in rice?

Measurements of methylmercury in rice in China from the early 2000s
were in areas where mercury mining and other industrial activities led to
high mercury levels in soil that was then taken up by rice plants. More
recent research, however, has shown that methylmercury in rice is also
elevated in other areas of China. This suggests that airborne mercury –
emitted by sources such as coal-fired power plants and subsequently
settling onto the land – might also be a factor.

To better understand the process of methylmercury accumulation in rice
through deposition – that is, mercury originating from the air that rains
out or settles to the land – we constructed a computer model to analyze
the relative importance of soil and atmospheric sources of rice
methylmercury. Then we projected how future methylmercury
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concentrations could change under different emissions scenarios.

Concentrations of methylmercury in rice are lower than those in fish,
but, in central China, people eat much more rice than fish. Studies have
calculated that residents in areas with mercury-contaminated soil
consume more methylmercury than the U.S. EPA's reference dose of 0.1
microgram methylmercury per kilogram of body weight per day, a level
set to protect against adverse health outcomes such as decreased IQ.
Recent data suggest that other neurodevelopmental impacts from
methylmercury might occur at levels below the reference dose. Few
health studies, however, have examined impacts of methylmercury
exposure to rice consumers specifically.

To identify the potential scope of the problem, we compared the areas in
China where mercury deposition is expected to be high based on
mercury models, with maps of rice production. We found that provinces
with high mercury deposition also produce substantial amounts of rice.
Seven provinces in central China (Henan, Anhui, Jiangxi, Hunan,
Guizhou, Chongqing and Hubei) account for 48 percent of Chinese rice
production and receive nearly double the atmospheric mercury
deposition as the rest of China.

We calculated that mercury deposition could increase nearly 90 percent
or decrease by 60 percent by 2050, depending on future policies and
technologies.

Our modeling approach

To understand how mercury from the atmosphere might be incorporated
into rice as methylmercury, we built a model to simulate mercury in rice
paddies. Methylmercury is produced in the environment by biological
activity – specifically, by bacteria. Often, this occurs in flooded
environments such as wetlands and sediments. Similarly, rice paddies are
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kept flooded during the growing season, and the nutrient-rich
environment created by rice roots support both the bacterial growth and
methylmercury production.

  
 

  

Atmospheric mercury from burning coal and other industrial activities
accumulates in fish, but not as much research has been done on the concentration
in rice in China and the rest of Asia where coal use is spreading. Credit: Maxim
Melnikov

Our rice paddy model simulates how mercury changes form,
accumulates and converts to methylmercury in different parts of the
ecosystem, including in the water, the soil and the rice plants.

In our model, mercury enters the standing flooded water via deposition
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and irrigation processes, and then moves among water, soil and plants.
After initializing and calibrating the model, we ran it for the typical five-
month duration from planting seedlings to rice harvest and compared our
results to measurements of mercury in rice from China. We also
conducted different simulations with varying atmospheric deposition and
soil mercury concentrations.

Despite its simplicity, our model was able to reproduce how rice
methylmercury concentrations vary across different Chinese provinces.
Our model was able to accurately reflect how higher soil mercury
concentrations led to higher concentrations in rice.

But the soil wasn't the whole story. Mercury from water – which can
come from the flooded water in rice paddies or the water held in the soil
– can also influence concentrations in rice. How much depends on the
relative rates of different processes within soil and water. Under some
conditions, a portion of the mercury in rice can come from the mercury
in the atmosphere, once that mercury is deposited to the rice paddy. This
suggested that changing emissions of mercury could potentially affect
concentrations in rice.

Future emissions can influence rice

How will the rates of mercury in rice change in the future?

We examined a high emission scenario, which assumes no new policies
to control mercury emissions by 2050, and a low emission scenario,
where China uses less coal and coal-fired power plants have advanced
mercury emission controls. Median Chinese rice methylmercury
concentrations increased by 13 percent in the high scenario and
decreased by 18 percent under the low scenario. Regions where rice
methylmercury declined the most under strict policy controls were in
central China, where rice production is high and rice is an important
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source of methylmercury exposure.

Managing mercury concentrations in rice thus requires an integrated
approach, addressing both deposition and soil and water contamination.
Understanding local conditions is also important: Other environmental
factors not captured by our model, such as soil acidity, can also influence
methylmercury production and accumulation to rice.

Different rice production strategies can also help – for example, 
alternating wetting and drying cycles in rice cultivation can reduce water
consumption and methane emissions as well as rice methylmercury
concentrations.

Our scenarios likely underestimate the potential health benefits of
Minamata Convention controls in China, which is a party to the
Convention. We include in our scenarios only changes in air emissions
from power generation, while the Convention controls emissions from
other sectors, bans mercury mining and addresses contaminated sites and
land and water releases.

Reducing mercury could also be beneficial for other rice-producing
countries, but at present, there are few data available outside China.
However, our research suggests that the problem of mercury is not just a
fish story – and that policy efforts can indeed make a difference.

This article was originally published on The Conversation. Read the 
original article.
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