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Risk routes for food ecosystem

« Land use for cultivation

« Secondary land use (residential area, playground)
« Cultivation techniques

« Soil amendments

« Fertilizers

* Dust

 lrrigation water for cultivation

« Precipitation

« Water for process

« Water for consumption

« Plant and animal based products for consumption

 Use of side flows and circulation
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Fig. 3. Distribution of As in European agricultural topsoils. Aqua regia extraction of the <2 mm size fraction.
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Hazard

Vulnerability

Sirpa Kurppa

Stepl: Environmental risk sources investigation and data construction in chemical industrial parks

Cavironmental protection targets investization in chemical industrial parks

Pollutant diffusi
o ' r"“"l GIS technology

1"u’alut: and distrib
model

of targets

Stepl: The environmental risk integrated assessment

Envirvnmental risk source LCxpuosure and
recognition and temporal and vulnerability
spatial diffusion modeling resulation
¥
Huzard Assessment of Set up GTS Databass Vulnerability assessment
environmental risk " of risk sowrees and L, of the enviranmental
SIS Largels largels

' !

Establishing the environmental risk zoning and grading technical and methodological

svalem in chemicl mdusinial rarks

L

Stepd: Environmental risk control and management
Establishing the environmental sk whole=process assessment and management mechanism in
chemical industrial parks
Developing performance assessment method of the sudden environmental emergency plan

Establishing environmental rizk prevemtion and control technology amd early warning svstem
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Arsenic
contaminated
groundwater and its
treatment options in
Bangladesh.

Jiang JQ,
Ashekuzzaman SM,
Jiang A,
Sharifuzzaman SM,
Chowdhury SR - Int
J Environ Res
Public Health (2012)
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As exposure to human via drinking water

Dissolved As
in groundwater

/ Indirect intake

Direct intake

Pumping of As-rich
water for irrigation

!

As 1n so1l/pore water
near root zone

l

I As intake by crop I

: :

As present in crop As present 1n grains,
(a food for animal) fruits, vegetables

; (a food for human)

As present in animal

|_products (milk. meat)

|

As intake by human

As exposure to human via Foodstufts
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The figure represents the
presence of As in soil, water, and
air and the entry routes of As to
plants, animals and humans via
irrigation, volcanic eruptions,
mining and industrial activities,
microbial processes and rain.
Once inside plants and humans,
the toxicity mechanisms include
elemental interactions, reactive
oxygen species (ROS)
production, oxidative stress
induction, redox and energy
imbalance, and epigenetic,
transcriptional and proteomic
changes. Prolonged exposure to
As leads to diminished growth,
and yield in plants and to various
medical problems, including
cancers in humans. (As values
for soil, inland water, ocean, and
atmosphere and irrigation water
taken from Neumann et al. (2011)
and Sohn (2014).
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- Upto 1.5 thousand tonnes

SOIL
Upto 2.6 billion tonnes
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gy Entry into food chain Front. Environ. Sci.

Crop plants 07 May 2018 |
.! (Rice, Wheat, Maize, httpS//d0| Ol’g/103389
! etc) /fenvs.2018.00024
E Vegetables, Fruits Utilizing the Potential

& Egas, Fish, Chicken of Mlcrporganlsms for
A o Managing Arsenic
Mushrooms Contamination: A
Feasible and
l Sustainable Approach

T ] Munish K. Upadhyay,

Poonam Yadav,

gor -

Plant growth affected,
yield decreased and
quality of food product
altered

Hyperkeratosis,
hyperpigmentation,
cancers (skin, liver, kidney
etc.), gastrointestinal,
neurological effects
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Epigenetic
modifications
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What are the limits on inorganic arsenic in food?

In 2015 EU maximum limits were introduced on inorganic arsenic in rice —
including rice that is used in the production of food for infants and young
children — as well as rice products.

For non-parboiled milled rice (polished or white rice) the limit is 0.2 milligrams
per kilogram, while the limit is 0.25 mg/kg for parboiled rice and husked rice.
The limit for rice waffles, rice wafers, rice crackers and rice cakes is 0.3
mg/kg. For rice used in the production of food destined for infants and young

children the limit is 0.1 mg/kg.

An EU recommendation was issued the same year to all member states to
perform increased monitoring of inorganic arsenic in foods in order to improve
the dataset on which risk assessments of the intake are based.

Lukge)
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Sci Total Environ. 2017 Feb 1; 579: 1228-1239. Published online 2016 Nov 30. doi:
10.1016/j.scitotenv.2016.11.108

Francesco Cubadda, Brian P. Jackson, Kathryn L. Cottingham, Yoshira Ornelas Van Horne
and Margaret Kurzius-Spencerd. Human exposure to dietary inorganic arsenic and other
arsenic species: State of knowledge, gaps and uncertainties.

= Cereds and cereal products
= Water & non-alcoholic bevarages
= Vegetables

= Fruit

= Fish and seafood

= Alcoholic beverages

= Potatoes and tubers

= Milk and milk products

= Sweet products

= Meat

= Pulses

= Oils and fats

- Eggs

Dietary exposure to inorganic arsenic
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Human exposure assessment m
through different dietary 3% o wits
approaches including .m GEh S pomdaty ok
duplicate diet studies, market

basket surveys, and total diet

95%

) oy 1% Vegetables ruit
Stu d : ‘ ‘
miAs
®iAs
® potentially toxic As
® potentially toxic As
» non-toxic As
R 80%
5% Shellfish 1% 10% Seaweeds
miAs "iAs
® potentially toxic As ® potentially toxic As
i » non-toxic As » non-toxic As
Water 5% Beverages
‘ .
wiAs
= potentially toxic As
100% 95%
Figure 1
Estimated proportions of iAs and other arsenic species belonging to the ‘potentially toxic fraction’ and the
‘non-toxic fraction’ (arsenobetaine) in important contributors to 1As dietary exposure (for references see Table
S1. Supplementary Material).
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Total Diet Study

Elements Results Summary Statistics

Market Baskets 2006 through 2013

Food N of

Element No. TDS Food Name Analyses

Non-
detects

M of
Trace

Std Dev | Median

(mg/kg) | (mg/ke)

Min

(mg/kg)

ARSEMNIC Fish sticks or patty, frozen, oven-cooked

276|Fish sandwich on bun, fast-food

340|Tuna, canned in water, drained

317|BF, teething biscuits
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INRAN_SCAI_2005_06

Natienal_Repr_Surv

National_Nutrition_Survey I

INCA2

Danish_Dietary_Survey

Diet_National_2004

INRAN_SCAI_2005_06

National_Repr_Surv

National_Nutrition_Survey I

VERY ELDERLY

INCAZ

Danish_Dietary_Survey

Diet_National_2004

M Grain-based processed preducts (non rice-based)
(FoodEx L2)

B Drinking water {FoodEx L1)

W Vegetables and vegetable products (no coffee, no
tea) (FoodExL1)

B Milk and dairy preducts (FeodEx L1)

B Fruitand fruit products (FoodEx L1)

B Rice [FoodEx L3)

B Alcoholic beverages (FoodExL1)

B Meat and meat products (FoodExL1)

W Starchy roots and tubers |FoodEx L1)

B Coffee (FoodExL2)

M Fish and other seafood (FoodEx Level 1)

W Softdrinks (FoodEx L2)

1 Composite food (FoodEx L2)

¥ Fruit and vegetable juices (FoodExL1)

Products for special nutritional use {FoodExL1)

Rest of feod groups

Figure 9: Main food groups contributing (%) to the mean chronic dietary exposure to 1As for the age
classes ‘Elderly’ and ‘Very elderly’. Data are presented by individual dietary surveys across Europe
using MB estimations. Names on the left refer to the names of the different surveys (see Appendix A-

5).
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SCIENTIFIC
REPORT OF
EFSA Dietary
exposure to
inorganic
arsenic in the
European
population
European
Food Safety
Authority
(EFSA),
Parma, Italy

Limit of
Detection
(LoD), and
Limit of
Quantitation

(LoQ)
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A Problem Formulation

Evaluate children skin lesions from arsenic exposure to
prevent further As-induced cancer risk potential

4 To construct a framework to establish safe drinking water
As guidelines and health effects assessment

¢ Epidemiological data in West Bengal, India
4 Weibull dose-response model
4 PBPK model

4  Arsenic epidemiological data
¢ Fitted Weibull dose-response function

— 1 e re—

c Risk characterization

¢ Safe drinking water arsenic guidelines
4 Odds ratios prediction
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How ecological footprint is being formed.
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. Environmental assessments —two
Carbon footprint @)
Eutrophication ,\ap proac hes

Ecotoxic footprint
Human toxic footprint

0000’

F\Nater footprint

Nutrient footprint
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ILCD Handbook: Analysing of existing Environmental Impact Assessment mathodologies for use in Life Cycle Assesement

First editic

Extraction of
munerals and

Concentration of ores ‘I—'|Surp]u5 energy at future extraction

Damage to

fossil fuels Availability of fossil fuels S

Land-use and I [ - -
land conversion Decrease of natural area’s J—'}chj{ma] effect on species numbers

lus energy at future extraction

resources [MJ
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YV

Danage to

lecosystems | %
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Fate analysis
Figure 2 Impact categories and pathways covered by the Eco-indicator 99 methodology



Biosphere Climate change Planetary boundaries

integrity Genetic

diversity
Novel entities
Functional
diversity
Land-system Stratospheric
change ozone depletion
Freshwater Atmospheric aerosol
use loading
Phosphorus
. Ocean
Nitrogen
- ve acidification
Biogeochemical
flows
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H Beyond zone of uncertainty (high risk)
0 zone of uncertainty (increasing risk)
W Below boundary (safe)

I Boundary not yet guantitied
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ECOsyStem services based orientation wilennium Ecosystem Assessment (2005).

CONSTITUENTS OF WELL-BEING
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In the Millennium report, adaptive mosaic was selected as l @
the most promising alternative to enhance protection of
ecosystem services — valuable genetic resources form
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Circular Economy in the food system

24

Nutrient recycling in agriculture

Food waste minimization in the
food chain and resource efficient sl

CO n Ce ptS ———» Abandonment —————p landfill. litter. waste_..
';' ——  p Recycling

Sustainability assessment of the
fOOd Syste m g —» Remanufacturing —,

Reuse
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e product - |
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* Feed efficiency
* Food efficiency
« Supplements
« Additives

e Synthesis of new

compounds
All combinations between these _ z#f5

Naturalness

Robust animals

Nature based functional
Impacts
- Nature derived bioprocessingg
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Smart farming

* Precision Livestock Farming: automatic animal monitoring using sensors to
optimize animal feeding, breeding, health and welfare

* Precision farming: environmental, profitable and efficient biomass production
« Optimal control and production environments using sensor
* Robots, drones, Industrial Internet and other enabling technologies

Smart food chain
* Intelligent, networked products, I0T, Traceability
* Integration and interaction between systems and actors

BigData and data mining applications

In agriculture

* Use of genome info in different contexts

« Utilization of data previously unavailable

* Big data as management and benchmarking tool

Innovative Food chain LL@



_ / _ Least
The options Mast Preferred
are always Preferred

context |
specific. —4 k
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https://www.luke.fi/en/personnel/sirpa-kurppa/
https://sites.google.com/site/sirpakurppa/

Mobile +358 40 5486968, +358 40 1426506
Email: sirpa.kurppa@Iuke.fi,
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