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

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 tirst Emperor of China, was obsessed with?

1t was mostly made from cinnabar, which is used to refine mercury.
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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.



Q, The past and present lives Hg has extremely important pharmacological
of mercury effects in Chinese medicine

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

v" It was documented in one of the most important ancient Chinese herbal texts, the
“Shennong Materia Medica Classic.”
v" t has crucial pharmacological effects, especially in Chinese and Tibetan medicine.

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

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



_/ s 4 3 The past and present lives

\ '/- of mercury “beneficial/non-toxic” "limited use™
S these days we all know that
”‘(: \ ——Mercury is a toxic non essential element, and the toxicity of

{ different forms of mercury varies greatly.

Y ——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

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

Minamata disease, 1956 ( Photo: Eugene Smith)
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———————————————————————————————————————————————————————————————————————— oren Atmospheric mercury inputs in montane =
soils increase with elevation: evidence

——Because of its unique physical and chemical properties, we've noticed that w2550 from mercury isotope signatures
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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—Ilike in fish and birds—are way above international
safety limits. We call this phenomenon the “Mountain Cold-Trapping Effect of Mercury.”

Mercury: A global pollutant

—— Long-range transport  through atmosphere

“Mountain Cold-Trapping Effect of Mercury"

Zhang H., etal., 2013, Sci Rep.



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.”
IEAM Blog
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Potential mechanisms for mercury magnification in montane soils, by Hua Zhang and jonas Sommar,
licensed under



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

v Eating fish and other aquatic products is the main way humans are @ “
exposed to methylmercury. ’

- - - r 0
v' The mercury content in fish has always been a hot topic globally! 1A/
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We all know that countries in Europe and North America have made significant strides in

reducing atmospheric mercury emissions over the past few decades.




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

Overall, mercury pollution has either declined or remained stable.
However, in some regions,
CQLBOTaEI,

it initially decreased but began to increase again after 2010.
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According to another two studies analyzing 40 years’ and 35 years’ worth of data
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Fish Mercury Levels Appear to Be Increasing Lately: A Report from
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Mercury trends in fish from rivers and lakes
in the United States, 1969—-2005
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In most cases, the temperature is decreasing,
while in some areas it remains stable or increases.

Northern Ontario Southern Ontario

Walleye & i Walleye

Morthern Pike Morthern Pike

Hg (ug/8)

Lake Trout Lake Trout

Year

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

Normalized Fish Hg

4 T T T T
L J
35 | ’
from 22 sites with significant
2T (p < 0.05) downward trends, |
5.6 |- -® 1969-1987. J
" 3
[ J a
2 | 8 =
8
]
1.5 3
-
1 s
0.5 |
o 1 1 1 1
1965 1970 1975 1980 1985 1990

Year

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



Mercury concentrations

According to a study analyzing 60 years’ data

Overall, either declined or remained stable
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And one more study of 37 yrs data:
the Hg concentrations in Canadian Great Lakes fish have generally

declined from mid-1970s to 2007

Eviron. Sci. Technol. 2010, 44 32733279 Overall, either declined or remained stable
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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

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

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
Global Hg Mineralization Zones and Distribution of Hg Deposits

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

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

from eating fish?



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

——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.
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Average THg concentration (mg/kg)

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

Contents lists available at ScienceDirect

This is based on a Very large number of

295,688 food samples!

Environmental Pollution
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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.

Eco-Environment & Health 1 (2022) 46-52

Contents lists available at ScienceDirect

Eco-Environment & Health
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Chinese residents' mercury exposure levels caused by eating fish

The amount of fish eating in Chinese residents is far low_glj_thén
and the United States o
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Do Chinese residents have a risk of mercury exposure
caused by other dietary pathways?
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Our research in the mercury mining area found that
rice is the most toxic methylmercury enriched plant

——1Isotope tracing research shows that inorganic Hg in rice from Hg mining areas:
root absorption (40% -60%)+leaf absorption (30-45%)
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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
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Revealed that 90% of inland residents in China are exposed to
methyl-Hg through rice
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Compar ison between “Chinese Hg
Capital” and other countries

exposure level of methyl Hg in Hg mining area in China is lower than that of Japan
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Mercury surprise: Rice can be risky

Millions in China are at risk, and potentially elsewhere as well

Janet Raloff
Science News
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Mercury surprise: Rice can be risky

Millians in China are at risk. and potentially slsewhere as well

By Janet Raloff

APHIL 16, 2010 AT S0 M

Ask toxicologists how best to aveid mercury peisoning and they'll
almost certainly advise against eating too much of the wrong types of
fish. (Never mind that there's considerable confusion abo\qt what the
Nor millions

. fish

wrong types are.) But a new study out of China shows that
of people at risk of eating toxic amounts of mercury-laced
isn't the problem. Rice is,

And that's bad news because in their part of the world rice is the dietary staple

A beam of Chinese and Merwegian researchers investigated dietary mercury contamimnaty

rural, inland China a region were few people eat fish. They focused an Guizhou pravince,

which they describe a3 the “mercury capital of China,” The arca is home to 12 large mercury
mining and smelting aperations, not to mention other heavy caal-powered industry. All of
these industrial operations belch out tons of air- and water pollution laced with substantial

quantibies of mercury.

Hua Zhang and Xinbing Feng of the Chinese Academy of Sciences’
e ———————

Graduate University in Beijing and their coauthors measured mercury in
e ————————————

the air, water and in all major foods from local markets. Then they medeled
likely ingestion rates of thee faods for residents of various communities acrass the province
These included a village located inside a nature preserve, a region downwind of 3 major coal
plant, people living near a defunct zinc smelter and a community whose air was polluted by

mercury-mining sperations

Julia R. Barrett
The Independent
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Rice Is a Significant Source
of Methylmercury
Research in China Assesses Exposures

Human activities such as mining, smelting, and coal combustion dis-
perse mercury thar can be methylared by bacteria w produce merhyl-
mercury. a potent neurotoxicant. Methylating bacreria thrive in aquatic
sediments rich in organic matter, and methylmercury biomagnification
eventually leads to heavy contamination of twp predators, including
fish consumed by humans. Although fish and scafood are the most
common dietary sources of methylmercury worldwide, new research
from China demonstrates thar rice, a staple food for hillions, can be
a primary source of methylmercury in areas where there is substantial
inorganic mercury pollution, with calculated
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Just like with fish, Chinais 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

Envirmmm I 40E-412

Contents lists available at Sdencebirect

Environment International

SEVIER journal homepage: www alsevier com/locatefanvint

Environmental Pollution 258 (2020 113706

Contents lists available at ScienceDirect

Environmental Pollution

ELSEVIER

journal homepage: www.aelsavier.com/locate/envpol

Mercury contents in rice and potential health risks across China

Huifang Zhao™", Haiyu Yan®, Leiming Zhang®, Guangyi Sun®, Ping Li*’, Xinbin Feng"" -

Zhao et al., 2019

Xu et al., 2020

THg: 4.74 (1.06-22.7) ppb

N=507 MeHg: 0.682 (0.03-8.71) ppb
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Fig. 2. Comparison of THg concentrations in rice samples collected from dif-
ferent provinces in China.

Methylmercury and inorganic mercury in Chinese commercial rice:
Implications for overestimated human exposure and health risk*

e

Xiaohang Xu ™", Jialiang Han ™", Jian Pang ¢, Xun Wang *, Yan Lin 9, Yajie Wang ®,

Guangle Qiu ™" B THg: 3.97 = 2.33 ppb
N=767 MeHg: 1.37 + 1.18 ppb

Table 1
THg. MeHg. and IHg variation in rice samples of this study.
Country of origin Provinces Number of brands (n) THg (pg/kg)  Range MeHg (ug/kg) (mean + SE) Range IHg (ug/kg)  Range
{mean + SE)
China Hellengjiang 68 404 +1.73 1.28-784 118 + 0.500 0.317-289  2.86 = 1.67 0.402-6.39
Jilin 30 327 = 0900 1L96-5.14 137 + 0643 0.585-292 190 = 0648 117-362
Liaoning 20 397 +11 225-624 104 + 0352 0.501-1.80 296 = 1.01 1.72-5.00
Hebei 6 5.13 + 383 234-127 112 + 00530 0629-1.88 401 + 400 1.34-120
Shandong 15 527 + 232 161-842 0891 + 0254 0467-1.28 438+ 217 1.09-7.88
Shanxi 5 1.66 + 0,655 1LOE-277 102 + 0384 0.495-1.44 0635+ 0435 0.261-1.33
Shaanxi 5 304+ 126 0970-432 121 £ 0677 0484-229 184110 0.486-3.06
Tianjin 5 2.70 £ 0.593 233-375 0739 = 0496 0383-1.61 196:0173 1.73-2.13
Ningxia 20 362 + 0.946 159-594 136 + 0459 0823-296 226 1.08 0.663-4.69
Gansu 3 3058 = 0702  2257-349 1.07 + 0.0680 0736-2.20 1430123 1.29-152
Xinjiang 20 272 +192 1.29-106 0501 + 0270 0.169-1.50 2124195 0.544-109
Inner Mongolia 20 403 + 149 212-829 211+ 146 0727-439 192 + 0447 0959-246
Jiangsu 36 156 + 1.92 1.04-8.19 131 + 0.869 0.0200-331 325+ 1.86 0.250-746
Anhui 35 356 + 1.52 107-754 123 + 0549 0536-3.20 232+136 0539-665
Zhejiang 19 524+ 47 1.38-23.3 6+ 0582 0635-290 4.11:+428 0.399-204
Hunan 53 4.17 + 1.82 L36-055 170+ 117 0435-630 248+ 136 0.0730-6.90
Hubei 35 5.14 + 2.53 L12-131 199+ 109 0648-562 316+ 244 0.386-11.6
Jiangxi 41 393 +209 1.01-859 1310717 0.0430-382 262+ 189 0.124-7.21
Henan 21 386+ 243 L11-101 145 + 0804 0541411 242+1389 0.0320-7.02
Shanghai 10 609 + 1.93 161-871 141 + 0554 0467-1.28 468 = 1.61 1.09-7.68
Guangdong 43 362+19 0.638-120 140 + 00730 0.150-538 222+ 1.09 0.0120-6.69
Guangxi 38 424 +3.13 1.89-204 214+235 0595-150 210+ 1.14 0617-645
Fujian 20 311 £ 145 210-31.7 0890 + 0428 0375190 218 = 1.34 136127
Hainan 17 325+ 216 0.769-698 0898 = 0.755 0.0470-245 235+ 1.48 0722493
Taiwan 14 472 +1.77 198-856 0923 = 0.280 0508-159 380+1.71 148-7.717
Yunnan 27 437 + 226 1.33-104 189+ 140 0.0270-621 247 + 118 0278-5.63
Guizhou 25 454 + 1.81 165-786 152 + 1.06 00830495 342 + 145 1L.04-6.33
Sichuan 39 301 +127 0.883-6.11 1.11 + D588 0.178-293 190+ 1.09 0.155-5.19
Chongging 19 256+ 1.24 0.808-563 0.912 + 0453 0298-199 165+ 1.16 0.650-4.65
Total Chinese domestic 09 403 & 237 0.638-31.7 140 £ 1.21 0.0200-186 263+ 1.80 0.0123-204
Cambaodia 8 392 +102 1.79-502 156 + 0.580 1.11-286 236+ 0850 0422-326
India 7 1.88 + 0.180 1.73-2.16 05680 + 0.163 0423-0889 120+ 0194 101-157
Laos 6 5326 + 236 299-890 157 + 0863 1.04-329 368 + 1.78 1.93-6.24
Pakistan 5 233 + 0455 163-285 0738 = 0.261 0.338-0.988 1.587 £ 0.230 1.29-1.86
Spain 2 230« 000900 229-230 0680 = 0.207 0.534-0827 1.62=0199 148-1.76
lealy 3 429 + 0200 409-449 190 + 0600 1.40-2.57 239+ 079 1.52-3.09
Japan 6 374+ 136 188-602 121 +0749 0409-229 253+ 0.846 147-373
Russia 7 259 + 1.14 1.48-467 0584 + 0360 0.184-1.10 201 + 0.866 1.30-3.72
Vietnam 7 203 + 0.780 1.12-309 0662 + 0241 0383-0948 137 £ 0699 0197-222
Thailand 8 344 +159 1.74-581 0820 £ 0491 0.0690-147 262 +1.22 1.21-435
Total imported 58 382 +156 1.12-890 102 + 0639 0.0690-329 217 +1.13 0.197-6.24
Total average 767 397 £ 233 0638-31.7 137+ 1.18 0.0200-19.0 260 = 1,14 0.0120-204
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Globally, rice samples also shown very low Hg concentrations

Table 1. o , Y. Wang et al. / Environmental Pollution 265 (2020) 114991
Comparisn of THE and M=Hg {ngz] in dee fromwarldwid= marlee=ts ar nﬂn—pﬂ].'rlyt;d_hti_:s._ -
Ricz= origin Sampling sir= Sampl= ! THEg (ngfe) : Range  M=Hg(nglg) Rang= MceHeX (M=Hg' PReference
das | (ngf) (nglg]  THg)®
Ban gladesh Barizhal, Cororrilla, Rajshahi, Dhale, [=ssor=, 172 oz 083206 0026  33%= 11%(5.66% This study
Chifmgong : 144 7.47 66.3%]
hina 15 provinees 23 113 470 180 Ma Ehi =ral., {2005]
| 0.5
China 7 provinees, south China 224 | 0.560 247 0130 358%(1.70% Li =t al, (2012)
I 472 132 96.7%)
hina 240 proviness 712 I 9m@00 Mo Ma Ma {ian =ral,
I 310 (2010)
hina 29 provinez: 09 I 38 140+121 00200 363%(5 98%]  Huoral (2020H)
: 317 188
Cambadia 2 | 1.7/ 156+ 0580 1.11 418 + 166% (295
| 502 2.86 T6.4%]
India T p 1.73 0680 + 0143 0423 6.1+ 7 99R (242
| 235 0883 42.8%)
Laos f 125 1570863 104 306+ TEIR(IG3
I 280 329 37.0%] I : - 2 O b
Faldstan 5 I 163 0.728 + 02461 0338 208 +6.20% (207 Standard Imlt- pp
285 0.988 36.2%)
Spain 2 230+ ﬂ.ﬂﬂﬂﬂ? 2249 0680+ 0207 0.554 296+ BO1H(253
230 0.827 35.9%)
Italy 3 1 4.3 190+ 0400 140 448+ 162% (311
448 257 £2.8%)
Japan & | 1.88 12120749 0409 308+ 123%(112
| A02 229 43.1%)
Fussdia 7 I 1.48 0.584 + 0560 0.184 214+ 22% (124
I 357 110 35.9%)
Vi=tnam T 112 0662 + 0241 0383 360 +207% (243
: 09 0948 82.3%)
Thailand i | 1.74 0.820 + 0491 00690 2371 =+ 102X {38
L 147 36.6%)
Brazl Brazil 23 | 0300 Mo Mo Mo Badsa = al,
| 104 {2012]
5r Lanla &ri Lanla 163 1 021 051037 043 3Bl 1ZT0.7 Hu =t al {2020a)
I 413 .81 100%)
Cambadia lFampong, Cambaodia fi I 516 1.44 117 Ma Theng =t al,
1 1.9 (2013]
Cambodia Fandal, Cambodia & 5o 234 0480 Mo Cheng et al.,
: 151 523 (2013]
Cpain Palmia d= Mallorea, Spain 12 1 215 Ma Ma Ma a Silva = al,,
| 725 (2013)
Iadaga scar Madapasar 51 | 0360 0120 00150 13 43 Fothenberg
1 340 110 =ral, (2015]
China, Egypt, Fuwvait 12 1 400 Ma Ma Ma [allad, (2015
Franee, Cermany, I 1400
India, Italy, 1
PFaldstan, 5 !
Larlca, :
Thailand, USA |
Around warld Brifain, Germany, a7  0.530 1911407 0110 710+ 260% (6  Brombach =r al,
Swirzerland 1111 £.45 100%) (2017]
Ma Beijing, Qingdan, Manjing, Wuhan, San fosz, New 79 1147 2294246 0570  STOR(1E0 fui ot al., (2017)
‘orle, Chicaga, Miami I 154 1389 960
L]



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

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

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

4

0.10 pg kg day’
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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

Exposure Results Do Not Results
Study Location Qutcomes  Support Support Conflict

Minamata Harm++ J )

Irag Harm++ J L F
New Zealand Harm J o &
Faroe Islands Harm J

Seychelle Islands  No harm J

United Kingdom  Benefited J J

United States Benefited J J —
Denmark Benefited J J

Epidemiological survey research results based on traditional concepts and theoretical assumptions

Zhang H. et al,, 2014. Environ. Sci. & Technol. 48(2): 1206-1212. 30



We have proposed a new BRV method

EQBONGEE,

New Insights into Traditional Health Risk Assessments of Mercury
I_E_)_(posure: Implications of Selenium

1Hua Zhangﬁ’i Xinbin Feng,i"I< Hing Man Chan,® and Thorjern Larssen’

________________________

L;‘Norwegian Institute for Water Research (NIVA), Gaustadalléen 21, 0349 Oslo, Norway

4 )
BRV = PDI;, — A, — PDIy, (1)
PDI = X(C' X IR)/bw (2)
BRR = (PDIg, — Ag,)/PDIy, (3)

)

——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

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



The BRV method can be expanded to other heavy metals

BRV = PDI, — Ag, — PDI,

|
BRV = PDI, — Ag, —|Z PDl e

PDIley + PDIy, + PDI jus

32



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

exposure risk research
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provide a buffer against the toxicity of MeHg, 288G et ol (2014) pro-
posed a new criteion for Se/Hg exposure assessment to help reducing
the uncertainty around H absolute assessment, However,recent studies
reported that more information is needed to provide a strong scentifi

2016), For instance, the benefit-risk value (BRV) takes into account the
possible toxicity of Se, with a threshold set at a probable daily intake
(PDI) of 72 nmol/kg body weight (bw)/day (400 pg/day for a 70 kg in-
dividual) (Zhang et al,, 2014; FAO and WHO, 2001), The BRV also con-
siders that a minimum Se daily intake (10 nmol/kg bw/day) is necessary

ALy A fe

The benefit-risk value (BRV; nmol/kg body weight (bw)/day) devel-
oped by Zhang et al. (2014) was calculated according to Egs. (1) and
(2);

BR'VHE. = PDIS& - MISB - PDIHE. (1)

PDlg = Y (Crei X IR;) /bw 2)
consumption of fish (Donaldson et al., 2010; Speedy, 2003; Chan et al.,
1999). Considering a meal as 250 g of fresh flesh, this IR would mean
that about one meal would be consumed every 4 days. BRV results are
interpreted as beneficial if they ranged from 0 to 72 nmol/kg bw/day
(Zhang et al., 2014). BRVy, under 0 nmol/kg bw/day represented a mo-
lar Hg excess over Se and a BRV above 72 nmol/kg bw/day represents

studies (Castoldi et al., 2008).

The study of Zhang et al. (2014) reported a BRVHS 0f9 + 21 (+SD)
nmol/kg bw/d in China, which is lower than our estimate for Canadi-
ans (26 + 6 (+ SD) nmol/kg bw/d). Given that the Chinese population
eats more rice (600 g/day) and less meat (84 g/day), their Se intake is
likely lower than the one of North Americans. In fact, more than 50%
of the Chinese Hg and Se intake comes from eating rice (Zhang et al.,
2014). Only one other study to our knowledge has calculated the BRV
but did not estimate the daily Se intake (Melgar et al., 2019). More risk

WP LT B ML) il i VAL | LY Y T

Otherwise, considering both elements, Zhang et al, (2014) presented
another risk assessment proposal, the Benefit-Risk Value (BRV), this cri-
terion relates this two elements and attempts to reflect either the excess
of Hg or the surplus of Se, in which case can be assessed with respect to
the Se adequate intake,
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Otherwise, considering both elements, Zhang et al. (2014) presented
another risk assessment proposal, the Benefit-Risk Value ( BRV), this cri-
terion relates this two elements and attempts to reflect either the excess
of Hg or the surplus of Se, in which case can be assessed with respect to
the Se adequate intake.,

225, Benefit-risk value (BRV) and related percentage of Se Al

Benefit-risk value (BRV) criterion, proposed by Zhang et al. (2014),
assesses the combined exposure of MeHg and Se and it was applied
for the consumption of tuna in Spain:

BRV = PDISe—ASe—PDIHg



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.

2.2.6. New proposal of BRV including iAs and related percentage of Se Al
The new proposal consists in adding to the aforementioned criterion
the loss of Se bioavailability due to the iAs intakes, maintaining the in-
terpretation of the results as Zhang et al. (2014) have described previ-
ously taken only Hg as element that decrease Se bioavailability into

dccount.

BRV = PDISe-ASe— (PDIHg + PDIiAs)

2014). Ahn et al. (2018) do not provided data on Se. However, this fish-
erman with the reported tuna intake rate could have exceeded by far
the allowable upper Se intake level of 400 pg/day (WHO/FAO. 2004).
Thus, positive HBV, proper of tuna did not prevent fisherman from suf-
fering the harmful effects caused by Hg and perhaps by Se.

Therefore, positive HBVs, are by themselves insufficient to establish
safe intakes; since total amounts of Se and Hg should also be taken into
account, and even synergistic effects from certain levels cannot be ruled
out (Bjerklund et al, 2017b)

3.7. Beneficial Risk Value (BRV) criterion and related percentage of Se Al

Based on current knowledge about Se-Hg interactions, the physiol-
ogy/toxicology of Se and the toxicology of Hg, in this work, a new crite-
rion (BRV) proposed by Zhang et al. (2014) to assess the exposure to Hg
and the intake has been applied. According to this BRV criterion, it is
taken into account both that the formation of Hg-Se complexes reduces

icit of Se necessary to cover by other foodstuffs.

Zhang et al. (2014) point out that in diets with Se excess (uncom-
mon), co-exposure to moderate amounts of Hg might reduce Se toxicity,
due to the formation of complexes with Hg.

To date, the international scientific community has not reached a
consensus on both the minimum requirement and the toxicity thresh-
old value of Se (EFSA, 2014; Vinceti et al, 2017a; WHO/FAO, 2004).

Zhang presented this criterion (BRV) applying as VSe the threshold
value for Se poisoning set by the Chinese Nutrition Society in 1990 of
800 pg/day for adults. However, other international agencies establish
the range of levels between 300 and 400 pg/day as unsafe threshold
value. Likewise, minimal requirement values recommended by agencies
vary from 30 to 70 pg/day in adults (EFSA, 2014). Therefore, whenever
this BRV criterion is applied, the Se reference values employed should
be indicated.

3.8. New BRV criterion including iAs and related percentage of Se Al

criterion integrating the four elements.

As Zhang et al. (2014) pointed out with the first BRV criterion, until
this approach is endorsed by consistent clinical trials in humans, its ap-
plication should be restricted to the scientific domain. This criterion
might be as well a suggestion to design research studies considering
this group as a single factor.

integrated analysis for MeHg and n-3 LCPUFA that evaluated
the net effect of fish consumption on a species-by-species basis.
Zhang et al.>® proposed a new criterion for assessing MeHg
exposure and Se intake based on Se—Hg interactions and the
physiology and toxicology of Se| In general, the interaction
between MeHg and micronutrients is unknown. Such interactions
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attributed to a low soil Se concentration. Instead, we believe the
high concentration of Hg in the atmosphere is inhibiting Se
uptake from soil. Zhang et al.”** proposed a new criterion for Se
and Hg exposure assessment, based on their understanding of
the interaction between Se and Hg; the physiology and
toxicology of Se; and the toxicology of Hg.| According to Zhang
et al,, daily dietary Se intake can have an important mitigating

MeHg is then accumulated by rice plants, and concentrated in
rice grain. Zhang et al.** showed that chemically reactive Hg in
soil will readily precipitate Se as a stable and insoluble Hg—Se
complex in the rhizopshere or on the root surface of rice plants.
We therefore propose that the lack of Se uptake by rice plants

Latnan A1 VIV R i
Sponse wnere an INSsuIMcIent INtaKe, as well as excess oI >e can proauce
adverse health outcomes (Rayman, 2012). This is the reason that Se is
also considered as a toxicant at high dose causing skin diseases known
as selenosis but no adverse effects have been seen in exposures up to

853 pg/day (Zhang et al., 2014). The BEs associated with protection
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high Se exposure were observed in this population (Lemire et al.,
2012). Anew indicator, the molar ratio of Hg and Se, has been proposed
and tested to quantify the toxicity of Hg in the traditional diet (Zhang et
al, 2014))

The Canadian Inuit's unique contaminant exposure profiles are the

levels for the study populations were within a safe-level range.

Zhang et al. (2014a, 2014b) proposed a new criterion for Se/Hg ex-
posure assessment, which is based on Se-Hg interactions and considers
not only the toxicological consequences of Hg exposure but also
the benefits and/or adverse effects of Se intake. The benefit-risk
ratio (BRR) indicates health benefits if 1 < BRR <1 + VSe/PDIyg, or it
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Thank you!

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.

Howevert, in certain areas like mercury mining regions and near chemical
plants, some people—especially sensitive groups Iike infants and
pregnant women—might face higher risks of mercury exposutre.

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 tisk than
women.

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

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