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Let’s take a trip down memory lane and look at the past and present of mercury:
——Believe it or not, back in the day, mercury was considered a real treasure! The legendary 
elixir of immortality that Qin Shihuang, the first Emperor of China, was obsessed with? 
It was mostly made from cinnabar, which is used to refine mercury.

It’s pretty fascinating how Hg, has been intertwined with thousands of years of Chinese culture.
———Throughout history, we’ve seen that the use of Hg ramped up during times of social progress. 
You could even say that ancient alchemy, which heavily relied on mercury, was the forerunner of modern 
chemistry.

Ancient alchemy (mercury):
—— the predecessor of modern scienceThe past and present lives of Hg

Elixir of immortality（ cinnabar.：HgS--Hg+S）



Important ancient Chinese herbal medicine, 
"Shennong Materia Medica Classic"

The past and present lives 
of mercury

It’s definitely worth mentioning that mercury has played a significant role in Chinese 
medicine:

Now, this is a pretty controversial and sensitive topic, and it really needs more 
research from experts in medicine and toxicology!

 It was documented in one of the most important ancient Chinese herbal texts, the 
“Shennong Materia Medica Classic.”

 t has crucial pharmacological effects, especially in Chinese and Tibetan medicine.

Hg has extremely important pharmacological 
effects in Chinese medicine



these days we all know that 
——Mercury is a toxic non essential element, and the toxicity of 
different forms of mercury varies greatly. 
——Methyl mercury is the most toxic, 100 times stronger than 
inorganic mercury.
——the most famous case is the Minamata disease

• No beneficial biological 
function but can bio-
accumulate in tissues 

• Possible effects are nerve 
damages, birth defects, 
cancer ...

       Minamata disease, 1956（ Photo: Eugene Smith）

The past and present lives 
of mercury



Zhang H.， et al., 2013, Sci Rep.

“Mountain Cold-Trapping Effect of Mercury"

——Because of its unique physical and chemical properties, we’ve noticed that 

Mercury pollution is getting worse in high-altitude mountain environments. And it’s not 
just near human pollution sources; even remote areas are affected.

——In these environments, mercury levels in ecosystems—like in fish and birds—are way above international 
safety limits. We call this phenomenon the “Mountain Cold-Trapping Effect of Mercury.”

The past and present lives 
of mercury

Mercury：A global pollutant
—— Long-range transport   through atmosphere

Hg0



This study caught the eye of the science community. For example, the Journal of Integrated Environmental Assessment 
and Management covered it with the headline, “Not Just for Seafood: Mercury Pollution in Montane Ecosystems.”



甲基汞CH3Hg+

Microorganism（methylation)
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Herbivores

Carnivores

  Eating fish and other aquatic products is the main way humans are 
exposed to methylmercury. 

 The mercury content in fish has always been a hot topic globally!

Top Predators

Because of the way mercury accumulates and amplifies up the food chain, it’s widely accepted that 

We all know that countries in Europe and North America have made significant strides in 
reducing atmospheric mercury emissions over the past few decades.



Overall, mercury pollution has either declined or remained stable. 

——So what is the trend of Hg pollution in Europe and the US?

Canada 11 yrs

However, in some regions, 
it initially decreased but began to increase again after 2010.



N. Gandhi et al Env. Sci. Tech. 48, 5404–5414 (2014). 

In most cases, the temperature is decreasing, 

from 22 sites with significant 
(p < 0.05) downward trends, 

1969–1987. 

35 yrs

Ann T. et al., Env Monit Assess 2011 175: 175-191

40 yrs
Canada

US

while in some areas it remains stable or increases.

According to another two studies analyzing 40 years’ and 35 years’ worth of data



Norway et al.,

According to a study analyzing 60 years’ data

Overall, either declined or remained stable 

60 yrs



And one more study of 37 yrs data: 
the Hg concentrations in Canadian Great Lakes fish have generally 
declined from mid-1970s to 2007

Overall, either declined or remained stable 

37 yrs



——This has led to growing public concern about the potential 
mercury pollution in fish.

In the past 30 years, China has become the world’s largest producer, consumer, and emitter 
of mercury. It’s also the biggest producer and consumer of commercial fish

So, the big question is: Are Chinese residents at risk of methyl mercury exposure 
from eating fish?

Hg

Global Hg Mineralization Zones and Distribution of Hg Deposits

China sits on the Pacific Rim’s 
mercury mineralization zone, 
which means that the weathering 
of rocks leads to high levels of 
mercury in the soil

Mercury Geochemical Map of China

Environmental mercury pollution in China is influenced by the regional 
geological and geochemical factors.



Distribution of mercury content in fish in China

——Chinese fish, it turns out, have pretty short lifespans—just 1 to 3 years. They make 
it to our tables before they have a chance to accumulate significant levels of mercury.

N = 35,464

We've got 40 years of data analysis and research to back this up. 

Exception of Xinjiang, Tibet, 
Qinghai(Religious beliefs, do not 

eat fish, wild)

Zhang H, Feng X.B.， et al.,  Eco-Environment & Health, 2022 



Zhang H, Feng X.B.， , et al.,  Eco-Environment & Health, 2022 

Fish Hg

Hg emission

Fish production



This is based on a Very large number of

295,688 food samples!

Temporal variations in Hg concentrations from 1980 to 2021 in China 

We’ve seen a downward trend in both total mercury (THg) and methyl mercury 
(MeHg) levels in aquatic foods in China. 

Qing Y, et al., Environmental Pollution. 2022



even though China’s atmospheric mercury emissions have been on the rise over 
the past 30 years, 
——the amount of fish people are eating—both freshwater and marine—has 
actually gone down. Overall, the mercury levels in the country are pretty low.



Chinese residents' mercury exposure levels caused by eating fish

The amount of fish eating in Chinese residents is far lower than that of Europe 
and the United States

Do Chinese residents have a risk of mercury exposure 
caused by other dietary pathways?

Zhang H, Feng X.B.， et al., "Consultation Report on the Implementation of the National Minamata Convention in China", 2018



Our research in the mercury mining area found that 
rice is the most toxic methylmercury enriched plant

——Isotope tracing research shows that inorganic Hg in rice from Hg mining areas: 
root absorption (40% -60%)+leaf absorption (30-45%)

Zhang et al., ES&T，2010



Correlation between MeHg in hair and MeHg intake from rice eating

y = 15.67x + 0.6945
R2 = 0.4228
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Feng X. et al., Environ Sci & Technol, 2008. 42, 326-332.

The main human exposure to Me-Hg via food consumption is not restricted 
to fish, but in some cases in mining areas of China to frequent rice meals



USA China

Norway

Japan



Wanshan Mercury Mining Area                             Qingzhen Power Plant                                          Weining Indigenous Zinc Refining Area                                 Leigongshan Control Area

Analysis of Exposure Pathways of Total Hg and Methyl-Hg in Typical Regions of Guizhou Province

(The upper row is total mercury, and the lower row is methyl mercury)

万山汞矿区 清镇电厂 威宁土法炼锌区 雷公山对照区

Revealed that 90% of inland residents in China are exposed to 
methyl-Hg through rice

Zhang H, Feng X.B.， et al., Environ. Health Perspect.  2010



Comparison between “Chinese Hg 
Capital" and other countries

Study Area Distribution Map

exposure level of methyl Hg in Hg mining area in China is lower than that of Japan

Comparison of Methylmercury Exposure Levels in Guizhou 
Province China with Foreign Countries

Zhang H et al., Environ. Health Perspect.  2010



Julia R. Barrett
The Independent

Janet Raloff
Science News

国际著名汞专家渥太华大学
Alexandre POULAIN教授在国际会
议报告上介绍我们的成果
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Just like with fish, China is the largest producer and consumer of rice in the world.

So, what’s the deal with mercury levels in Chinese rice?
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Two studies from 15 and 27 provinces in China both shown very low Hg in rice

N=767 
N=507 THg: 4.74 (1.06–22.7) ppb

MeHg: 0.682 (0.03–8.71) ppb

THg:  3.97 ± 2.33 ppb
MeHg:  1.37 ± 1.18 ppb

National limit: 20 ppb

Zhao et al., 2019
Xu et al., 2020
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Y. Wang et al. / Environmental Pollution 265 (2020) 114991

Globally, rice samples also shown very low Hg concentrations

standard limit: 20 ppb



Hg content distribution in Chinese rice 

The mercury content in the main rice producing areas is generally lower than the 
national standard of 20 ppb

N=11,865

40 years of data meta-analysis research（1978-2018）

Zhang H.， et al., "Consultation Report on the Implementation of the National Minamata Convention in China", 2018
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The overall exposure level of methyl-Hg among residents in China is relatively 
low, and residents in coastal and inland areas (mining areas) may have a higher 
risk, especially those who are sensitive to infants and young children.

Rice ratio

Fish ratio

Health risk and pathways of human methylmercury exposure in China 
Zhang H. et al., "Consultation Report on the Implementation of the National Minamata Convention in China", 2018

N=47,329 (rice: 11865;  fish: 35,464)



不同年龄结构暴露风险差异

Zhang H. et al., "Consultation Report on the Implementation of the National Minamata Convention in China", 2018

The younger the age, the greater the risk of exposure to methylmercury.

——Due to differences in dietary structure, males are higher than females, and urban areas are higher than rural areas.
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The current standard limits is based on the following assumptions (which is not rigorous) 

——“During pregnancy, the exposure of methyl -based mercury during pregnancy has a direct correlation 
with the nerve development of the subsequent stage”

The above theory cannot explain the phenomenon that "increased the increase in 
the consumption of maternal fish (that is, the exposure of methyl -based mercury) 
will bring obvious benefits to children's development"

Epidemiological survey research results based on traditional concepts and theoretical assumptions

Zhang H. et al., 2014. Environ. Sci. & Technol. 48(2): 1206-1212. 



31Zhang H. et al., 2014. Environ. Sci. & Technol. 48(2): 1206-1212. 

We have proposed a new BRV method

——The risk assessment of mercury exposure or selenium 
exposure should be considered comprehensive consideration of 
mercury selenium interaction, to avoid providing the public with 
misleading policy suggestions
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PDICd +  PDIHg +  PDI  iAs

The BRV method can be expanded to other heavy metals 



The above BRV method is widely cited not only by peers in selenium-mercury 
exposure risk research



This approach has also caught on with researchers studying selenium-arsenic, selenium-mercury, 
selenium-lead, and even the combined risk of exposure to selenium and multiple heavy metals.



Summary & 
Perspectives

 In general, the mercury content in China’s rice and fish is lower than the 
standard limits, so the risk of  mercury exposure for most residents is 
pretty low.

 However, in certain areas like mercury mining regions and near chemical 
plants, some people—especially sensitive g roups like infants and 
pregnant women—might face higher risks of  mercury exposure.

 Due to differences in diet, coastal residents are at a higher risk compared 
to those living inland. Similarly, people in cities and towns face higher 
risks than those in rural areas, and men are generally at a higher risk than 
women.

 We need more research on mercury exposure standards, especially 
considering the unique aspects of  edible fish and rice. Plus, we should 
take into account the protective effects of  selenium and other nutrients.

Thank you!

Dr. E&H Cross-team

Prof. Hua ZHANG, 
zhanghua@mail.gyig.ac.cn
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