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Climate change is happening

Rising CO, Rising Temperature
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Figure 1. Global Average Temperature Anomalies, departure from 1881-1910.
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CO, is projected to reach 500-1000 ppm; Global average temperature will rise.

IPCC,2021,WorldBank 2024; UN climate change 2024



Climate change will impact whole agricultural system

Nutritional decline and

CO, fertilization effect
heavy metal risk
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How to stimulate elevated CO, and temperture

JIcRisAT  CoE- CCRPP: Infrastructure

Open Top Chamber (OTC)
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FACE
I > FACE: Free air CO2 enrichment
" » T-FACE: warming and FACE

» Work in field for ecology level




Elevated CO, increases global “hidden hugger”

» Global crop nutritional quality declines.
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Nutritional integrity also benefits from these actions.

Pathway 1:
Up-regulated stomatal conductance

and transpiration rate

Mitigate nutrient decline for
Zn, Fe, Protein
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Will elevated CO, affects Cd (Cadmium) accumulation?
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FACE study-multiple in situ Cd contaminated soils in South China



Elevated CO, declines Cd bioaccumulation

________________ yields grain Cd
FACE system :
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Three-year experiment: eCO, lowered Cd concentration:

B The availability of Cd decreased in soils

B Increases Cd retention in Fe plaque of root

B Decreases Cd transfer from root to grain.



Climate change and arsenic bioaccumulation?

Soil Crop
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Zhao et al., Molecular plant, 2022; Su et al., Plant soil, 2010; Zhao et al., Annu. Rev. Plant Biol, 2010



Climate change may influence arsenic uptake

Non-cancer risk
CO?_ B i/ / E e n Human health -
v L Y | risk assessment
Temp A

Soil biogeochemistry  Rice uptake  As bioaccumulation in rice grain — Cancer risk



Method - FACE (free-air CO, enrichment)

a thod: P to CO,, water and temperatures
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T-FACE study: Climate change increases total arsenic

concentrations in rice grain
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T-FACE study: Climate change increases inorganic arsenic

concentrations in rice grain
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Mechanisms — pH and Eh

T-FACE 1

o Booting o Heading - Grain-filling
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Booting stage Heading stage Filling stage

pH
Ambient 6.93 + 0.03 6.81 £+ 0.04 6.73 £ 0.04
CO, 6.97 £+ 0.02 6.86 + 0.02 6.79 £+ 0.12
Temp 6.86 + 0.06 6.78 £+ 0.02 6.71 £ 0.10
CO,+Temp 6.85 = 0.04 6.86 = 0.07 6.75 = 0.08
Eh (mV)
Ambient -105.0 + 16.5 -132.0 = 3.0 -139.3 £ 4.2
CO,*** -156.0 = 7.2 -138.3 £+ 13.8 -158.3 £13.1
Temp*** -132.7 = 6.0 -146.0 = 7.2 -167.7 £ 9.0
CO,+Temp*** -132.0 + 16.4 -147.3 + 35 -168.7 + 8.6

B No significant changes for pH
® Climate change reduced redox potential (Eh)
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Mechanisms - Abundance of soil microbial genes involved in the

transformation of arsenic species

Bacterial Arsenite Arsenate Arsenate
population oxidation reduction reduction
16S rRNA, 2021 aioA, 2021 arrA, 2021 arsC, 2021
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Change (%) Change (%)

co, +70% +78%**
Temp +69% +65%**
CO,+Temp +231%*** +153%***

B Bacterial population increases substantially.

Change (%)
+276%***
+489%***
+593%***

B The arsenic reduction process was stimulated by climate change,

especially at grain-filling stage.



Health risk assessment — Data flow diagram

a. Per capita rice ingestion rate.

Per capita rice
supply, unhusked
equivalent, 2021, by
country. FAQSTAT
Food Balance Sheets.

Unhusked to white
rice extraction rates.
FAO Technical
Conversion Factors
for Agricultural
Commodities (n.d.).

Hectares in irrigated
rice production,
2020, by country.
FAQ AQUASTAT.

Hectares in rice
production, 2020, by
country. FAOSTAT.

Per capita white rice
supply, by country.

Per capita white rice

supply, irrigated
only, by country.

- Per capita white rice
supply, loss adjusted,
—¥ by country.

Retail loss %, rice
FAO Food Loss and
‘Waste Database.

% of irrigated rice
production, by
country.

Household waste %,
rice. FAQ Food Loss

and Waste
Database.

BO00m

Legend

Model input

Calculated values

Rice ingestion rate
output

iAs concentration
output

Health risk output

Rice supplies, milled
(white} and husked
(brown), 2021, by
country. FAOSTAT
Supply Utilization
Accounts.

% of rice supplies as
white vs. brown rice,
2021, by country.

b. Inorganic arsenic (iAs) concentrations in rice.

Distributions of iAs
concentrations in brown rice,
by scenario. Current study.

% of iAs bioavailable in rice.
Uniferm distribution between
lowest and highest estimates
in the literature.

Distributions of bicavailable
iAs concentrations in brown
rice, by scenario.

9% of iAs remaining after
milling. Uniform distribution
between lowest and highest
estimates in the literature.

Distributions of bioavailable
iAs concentrations in white
rice, by scenario.

c. iAs exposure, hazard quotients, and cancer burdens.

Per capita white rice
supply, loss adjusted,
by country.

Average adult body
weight, Asia.
Walpole et al.
(2012).

Rice ingestion per kg
bodyweight, by
country.

Reference doses, by
year and health
outcome(s). US EPA.

Standard deviation,
adult rice ingestion
per kg bodyweight.
EPA Exposure

Factors Handbook.

Distribution of rice

P country, scenario,

ingestion per kg

bodyweight, by Distribution of

country. average daily dose,
by country and
scenario.

Distribution of

bioavailable iAs

concentratians in Oral slope factors.

white rice, by US EPA.

scenario.

Per capita lifetime
cancer risk, by

and toxicity value.

Projected
population, 2050, by
country. UN.

— Step 1: Rice ingestion rate

-— Step 2: Inorganic As conc.

— Step 3:
Health risk assessment



Health risk assessment

Mean inorganic arsenic exposure due to rice ingestion

Vietham 3.95 x 10+ 422 x 104 471 x 104 5.69 x 104
Indonesia 3.29 x 10+ 3.52 x 104 3.92 x 10 474 x 104
China 2.20 x 104 2.35 x 104 2.62 x 104 3.15 x 104
CENTIEGIIY I 1.79 x 104 1.92 x 104 2.13 x 104 2.59 x 104
Philippines 1.76 x 104 1.88 x 104 2.09 x 104 2.53 x 104
Myanmar 1.35 x 104 1.45 x 104 1.61 x 104 1.95 x 104

1.04 x 104 1.11 x104 1.24 x 104 1.49 x 104

® Climate change increases inorganic arsenic exposure by more than 40%



Health risk assessment

Non-cancer desease risks

Health outcome (reference Ambient co, Temp | CO,+Temp
dose year)

Viet Nam

Hyperpigmentation, 11 1.2 1.3 1.5
keratosis, vascular (0.6-1.8) | (0.7-1.9) | (0.8-2.1) | (0.9-2.5) Heart
complications (1991) Hineany
Cardiovascular disease 11.0 12.1 12.9 14.7
(2023) (6.1-17.6) | (7.0-18.6) | (7.7-20.6) | (8.6-24.5)
Ischemic heart disease, 7.2 8.0 8.5 9.7
diabetes (2023) (4.1-11.6) | (4.6-12.3) | (5.1-13.6) | (5.7-16.1)
Adverse pregnancy and 4.4 4.9 5.2 5.9
birth outcomes (2023) (2.5-7.1) | (2.8-7.5) | (3.1-8.3) | (3.5-9.9)
Indonesia

Hyperpigmentation, 0.9 1.0 11 1.3
keratosis, vascular (0.5-1.5) | (0.6-1.6) | (0.7-1.8) | (0.7-2.1)
complications (1991)

Cardiovascular disease 9.0 10.1 10.8 12.2
(2023) (5.1-14.7) | (5.8-15.4) | (6.4-17.1) | (7.2-20.5)
Ischemic heart disease, 6.0 6.6 7.1 8.1
diabetes (2023) (3.4-9.7) |(3.8-10.2) | (4.2-11.3) | (4.7-13.5)
Adverse pregnancy and 3.6 4.0 4.4 4.9
birth outcomes (2023) (2.1-5.9) | (2.3-6.2) | (2.6-6.9) | (2.9-8.2)

® Human face higher risks of non-cancer risks due to climate change



Health risk assessment

Projected lifetime cancer risks in 2050
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B  The number of lifetime bladder and lung cancer cases increased substantially.



Take home messages
Nutrient decline

° Zn, Fe, Protein and vitamin decreased globally.

° Increased transpiration, enlarged root system and enhanced nitrate
absorption can help to mitigate nutrient decline.

° More adaption actions for crops are needed.
Climate change increases in inorganic arsenic accumulation in rice grain.

More no-cancer diseases and cancer risk in Asian

How to decline arsenic ? ?



Our goal: Climate Change-Resilient

Agricultural Ecosystem

@ Low-income countries face greater risk of malnutrition

® Low-income countries benefit less. due to greater reliance on major crops

Target: high yield Target: good quality

Target: healthy soils Target: low greenhouse gas emissions

: S\ .
® Poor areas need more attention due to resource A,G‘* ® Poor areas need more attention due to large crop
shortages, insufficient soil fertility, large crop areas and strong dependence on agriculture.
areas, and strong dependence on agriculture.
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