@ Scuola di Agraria
e Medicina Veterinaria

SCIENTIFICO

IL SISTEMASUOLGPIANTAIN AMBIENTITERRESTF
EDEXTRATERRESEREINTERAZIONDONL'UOMO

Relatore:
Antonio G.Caporale
RTDB AGR/13ad.caporale@uninajt
Sezione SCAJAUNINA

s /\



mailto:ag.caporale@unina.it

Soilplant systems

My education path

Hamn IH xAaAdAy3
Ph.D student, USA

Oct2008Ma | & i GediEes
in  Agricultural Sciences
(77/S),at FAUNINA

MONTCLAIR STATE
UNIVERSITY

FebH n m HPh.Dhn Agrobiologyand
Agrochemistry (XXI&¥cle, at FAUNINA

20124 n mc  Fdoctogaldeliow
AGR/13at SCADIAUNINA

T N ,
2006H nHM FA w s
/\ AGR/13at SCADIAUNINA 1B

\

HAMT [b iﬂé)\(])\){ﬂ

researchey Spain

@® Mendel
@ University
. in Brno

HnMmy TIb 9léclurédry
CzechRepublic

UNIVERSIDAD DE OV IEDO

y



The soil: a key and nerenewable resource for humankind
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The soll: a true cradle of life enables to feed humanity
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INDICATORS = == = = = »

DESCRIPTORS

3] An official website of the European Union  How do you knaw? v

Soil quality indicators R
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IL CONSUMO DI SUOLO

IN NUMERI

LOMBARDIA
<785 ETTARI
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Supplemento ovdinavio alla “Gazzetta Ufficiale, n. 88 del 14 aprile 2006 - Serie generale

Italian legal benchmark

MINISTERO DELI’AMBIENTE

S E DELLA TUTELA DEL TERRITORIO
i\l
GAZZETTA UFFICIALE E DEL MARE
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2. comma 20/b

DECRETO LEGISLATIVO 3 aprile 2006, n. 152. . . N . ..
aprie .0 Regolamento relativo agli interventi di bonifica, di ri- mg kgt
Norme in materia ambientale. pristino ambientale e di messa in sicurezza, d’emergenza,
operativa e permanente, delle aree destinate alla produzione As 20 30

agricola e all’allevamento, ai sensi dell’articolo 241 del de-

Decreto legislativo_03.04.2006 , n. 152 _ - -
creto legislative 3 aprile 2006, n. 152. Cd 2 S
Allegato 4/14 - Allegato 5 al Titolo V della Parte
quarta - Valori di concentrazione limite accettabili A B
ﬂel EUQID & nEI Sﬂnﬂsuﬂlﬂ rifenti a“a speciﬁﬂ 7-6-2019 Garzerra Ursiciaie neLLa Berussiica Tratrana Seric generale - n 132
destinazione d'uso dei siti da bonificare gim studio, il codice 3 %ﬁﬁqoﬂ “ﬁfaﬂ?‘ﬁ Eﬁﬂm T T Codmn = Cu 120 200
dlc‘::ulpummmo cid preemmso ,:}xoce_dec:gmeaseeli’;:m 5 | Cobalio 30+
Siti ad uso » . Lunell deLgdr.'llndlﬂa er il Elommento d.l]s":& f Cromo totale 150*
. - N Siti ad uso T B T e i base | [7_| Cromo VT >* Zn 150 300
Concentrazione soglia di contaminazione nel suolo, | Verde |-~ alles “”Ifn’fg"d‘:?%;"g‘; ta nfestigare, = g’ﬂe“:’”‘i el e =
nel sottosuclo e nelle acque sotterranee in relazione | pubblico, 30-30 cm di ripescolamento o o 0 | Michel 120%
. . . . . e ee mediante uso della vanga; il suclo campionato deve esse-
alla specifica destinazione d'uso dei siti privato e dustrial Te setacciato in campo mediante vaglio a maglia di 2 cu; (| 10 | Prombo 100*
residonziale Industnale la quantita di suolo campionato per ciascun punto | | 11 | Rame 200%
deve essere, indicativamente, pani a 3-5 kg, uma d.dh 12 | Selemo I*
quale & utilizzata per formare 1l campione globale. G ol =
Tabella 1: Concentrazione soglia di contaminazione (mg kg (mg kg lsgﬁt‘:m p:reeig’eml;;nﬁlsfg comollo 3 c‘wm];il];-l m \.-'ﬂmdm 90+
nel suclo e nel sottosuolo riferiti alla specifica "espressi | " espressi mmmﬁi:ﬁcmm costifuita come se.,]f:dm“_ 15 | Zineo 300+
destinazione d'uso dei siti da bonificare come ss) | come ss) Leggr; d*iﬁ’;‘i;“ai‘,iﬁ‘%t:sé'ﬁ%*? sequenzale, suolo (cioé 1l | [ 16 | Camuri (liberi) 1 . . .
Compostinorgana AL snola, A2_suolo._ An-suolo e : 1. Approfondimento della caratterizzazione dell area.
- dai singoli punti di campicnamento verra costitu- | | | Senzolaantacens
1 JAntimonio 10 30 :to revia miscelazione e quartatura delle singole aliquo- | | 18 | Benzo{a)pirens 0.1 . . .
7 TArsenico 20 50 el cmpcoe gl o Gl g 19 | Benzolt)fuorariene I Qualora, nella fase di caratterizzazione dell’area,
. of_suano 20 | Benzo(k)fluorantene 1 e . - , . : N
i ge;nnq 5 :g e o NOTE el sl schedy B eapmtons | 5222 B : non si riscontrino, _nel terreno, superamenti dellg Con-
TCabaite 5 P FIONE des camplont elementan, per esempio: 2 | Crisene ] centrazioni soglia di contaminazione (CSC), non si rende
= - 23 | Dibx ah) 0.1 . . s ~ .
= [Cromo totale 15 300 AL suclo(con eventale g ) | o Do ; necessario alcun tipo di intervento, ne” alcun approfondi-
7 |Cromowi 2 15 e . - mento di caratterizzazione delle matrici ambientali.
Mercurio 1 5 1 -
&) = F - - -~ -,
8 N.B. All'intemo di terrem con presenza di colture | [ 26 | Aldrn 0.01 - -
9 [Nichel 20 500 e aoen o k. fmegn, gy o) e |72 — Di contro, qualora venga accertato il superamento
- 0 1 nelle vicmanze delle || = |~ e B, =
}? :'Dmh" }% ?[E[? colfue sesse 2 |alf acerocsno o delle CSC, anche per un solo parametro, devono esse-
ame 3. Procedura di di soil X a-esacloroesano 1 . . . . X
12 [Selenio 3 5 e g g 71 | 0| e o1 re attuate delle misure di prevenzione e di salvaguardia
st it nifl 2 .
13 [Stagno 1 350 o acsenca di procedume specifiche & possibile fae ners. || 3T T Clordams T dell’area interessata, secondo quanto segue:
14 [Tallio 1 10 mento ai protocelli approvati per aree SIN. 3 |DOD 0.0 i . i .
75 Vanado % 55 5 [0t 701 deve essere evitato I'incremento del livello di
16 |zinco 150 1500 Auzoxro 2 |30 - contaminazione del suolo, verificato mediante opportuni
17 [Cianuri (iber) 1 100 A3, e S0 JRTE R
T Fuo w200 Tl controlli analitici - S
= g;f::r‘]':' — > pu=n | (S %L&DF_KETD?&_ ka5 HHOTEQ s1 effett_ual_lo u]ten_01_‘1_ accertamenti ar_1a1_1!1c1 sul
s G =5 e | . chmff&ifm - _ 51_10]0 (es_. test di bloaccegmblh‘[a e/o biodisponibilita, test
21 [Stirene 0.05 50 I o e = di estrazione con chelanti ecc);
22 |Toluene 0.05 50 e = 39 | drocarbun C10-CH (1) 50
3 [Berllio *
23 |Xilene 0.05 50
24 |Sommatoria organici aromatici (da 20 a 23) 1 100




Bioavallability of potentially toxic elements (PTES)

Bioavailable pool of a PTE
can be defined as the

fraction of its total content

In the soll that can interact
with a biological target
(Geebeleret al., 2003)

Grado di ritenzione
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Bioavailability to plants is
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Source: Mishra et al., 2017. Frdvicrobiol8, 1706
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The influence of rhizosphere activity

In the rhizosphere, many physical, chemical and
biochemicalprocessesoccur as a consequenceof
root growth, water and nutrient uptake, respiration,
rhizodepositionandenhancedmicrobialactivities

Biological interaction Biochemical processes

Signalling
allelopathic &
symbiotic

ﬂ Greenhouse k
gas emission

\'&l Respiration
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SN L\ { el \ R \ LC&NutnentD
: - = Vs s lin

\.)“({5’ M/ T » cycling

o\ \- Soil organic matter

{ \ turnover

Composition

C sequestration
beneficial — neutral - pathogenic

Detoxification

Thedifferent bioavailablepoolsare in a dynamicequilibrium yif the most easilybioavailablefraction is takenup from the saill,
the lessavailablefraction canrapidlyreintegratethe easilyavailablepool



Theorical sequence of PTE mobility in the soll

Comments Metal sequence Reference

Theoretical sequence according to...

...Electronegativity Hg > Pb > Cd > Co > Ni > Zn > Cu > Cr Antoniadiset al., 2017. Earth SciRev
...Hydroxyl formation constants Hg = Pb = Cu = Zn > Cr > Co = Ni = Cd 171, 621-645

INCREASING MOBILITY AND AVAILABILITY
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Assessment of bioavailability

In vitro tests must enablequantificationof

the metal dissolution under realistic
conditions, by extractions with one or

more reagentssimulatingsoil solution

In vivo tests are generallyconsideredthe
best bioavailability tests, as the plant
uptake measured in these tests is
believed to resemble the natural

conditions However, these assaysare

time- andresourceconsuming



Assessment of PTE bioavailable fractions

RhizonsamplerThy G2 Y2y AG2NJ YSGIFIf RA& . Y LR2NB 46 G§SN 20SN

S

— —

IM NH,NG; (1ISO1973Q 2008 or 0.01M CaCJl(Houbaet al., 2000, to addressthe soluble
andnon-specificallyadsorbedfractions

Singlestepextractions

0.05M EDTAat pH 7 (Rauretet al., 2001) or DTPA(Lindsayand Norvell 1978, to quantify
the potentially bioavailablefraction of metalsorganicallybound or specificallyadsorbedby
oxidesandsecondaryclayminerals

Fraction Extracting agent Extracting conditions

i 11 molLT CHyCOOH | 16 h 20 - 25°C
(pH=T)

¢ eg. bound 10| 0.5 mol'LT NH.OH-HCI| 16 h 20-25"C
manganese | (pH = 1.5)

Sequential extractions h 4-step EUBRC(Rauret et al.,, 1999 or Wenzel
procedure (Wenzel et al.,, 2001), to estimate the distribution of metals in
presumedgeochemicafractions T ooty

Fr IV- Residual, non-silicate | Aqua regia 25h 60-70°C

Passivesampler ['h diffusivegradientsin thin films (DGT)r semipermeablenembrane to measurethe freely dissolved
concentrationof organicpollutantsin equilibriumwith the rapidlydesorbingfraction

Non-exhaustivetechnigues™y mild solvent extraction, solid sorbents (e.g. Tenay and hydroxypropyd -cyclodextrin
(HPCD)o extractthe rapidlydesorbingfraction of organicpollutantsfrom soil




The assessment of PTE chemical species

The bioavailability of the PTEs is closely interlinked with their chemical speciation, i.e. the distribution of elememgfshamearious chemical forms
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Accidental ingestion of
heavy metal

Mouth
pH: 6.5
Process involve: Grinding
Temperature: 37°C

l

Stomach
pH: 1-5
Process involve: Dissolution
Temperature: 37°C

]

Intestine
pH: 4-7.5
—| Process involve: Absorption,
precipitation, re-absorption
Temperature: 37°C

Filtered supematant
| Analysis

v
Bioavailability of heavy metal ‘

Superior Airways of respiration

Coarse particles:
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f bioaccessible

Dopos:i.ti_on -

contaminated dust 00 ; .
* e % otedoepe ”oo. o-digsolition o
o
“ L)

SC

Epidermis « « «

e

Dermis pr—
.

L]
& - “blosd Fotosvatitble

Bioaccessibilitws bioavailability of soil contaminants
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[ BIOAVAILABL% =

< oY
o aaFfustn ] =0

=2

Exposure to soil
contaminant(s)

Intake

A\ 4

Entry into body through

the mouth, nose or

contact with the skin

Uptake

\4

Adsorption into blood
and lymphatic systems

A 4

Transport to organs

l

Effects to organs [+

l

—>

A

Excretion from body

The International Union of Pure and Applied

Chemistry (IUPAC) defines as bioaccessible a
substanceW | otd ®mein contact with a living
organismand interact with A (arfdl bioavailablea

substancéd#bleto beabsorbedoyliving2z NH | V' A a

Digestive
tube

Solid-bound
contaminant

Bioaccessible
contaminant

Bioavailable
contaminant

OXOX

SourceKumpieneet al., 2017. Pedospher@7(3): 389406



Methodological complexity of irvitro assays

0.6g of soil

G ) ' Add9.0mL of Saliva(S)
Mix by hand (10 s)
Add 13.5 mL of Gastric fluid (G)

BARGE (the Bioaccessibility Research Group of Europe)

AdjustthepHto 1.2 £0.05

Mix, end-over-end for 1 hourat 37°C

REAGENTS Saliva (5)  Gastric (G) D”c{'g?”a' Bile (B) U?::[?e ’l'
KCl 448 a12 282 128 Add Z?mL_of Yes Checkthe pHY yeq Stop the gastric
NaH,PO, 444 133 - ; duodenal fluid (D) — “\_ 1.2<pH<1.5 samples
e 10 : ' ] Add 9mLof bile |
Na,50, 285 - - - fluid (B) No
Nacl 149 1376 3506 2630 Adjust the pH to
Inorganic (1) cacl, - 200 . - 250 6.320.5
NH4Cl - 153 - B}
NaHCO; - - 2803.5 2893 Mix, end-over-end for
KH,PO, - - 40 - 4 hours at37 °C
MgCl, - - 23 - Restart the test from
NaOH (1M) 0.9 mL - - - Stop the gastro- the beginning
HCl (37%) - 4.15mL 50 ul 90 ul intestinal extraction
Urea 100 mg 425 50 125
. Glucose 325 - - |
Organic (0) Glucuronic acid 10 - - =0 Note the final pH
Glucosamine hydrochloride 165 - -
Alpha amylase 72.5mg - - -
Mucin 25mg 1500 N . Centrifugation Centrifugation
Uricc acid 7.5mg - - - at 4500 g (15 min) at 4500 g (15 min)
Bovine Serum Albumin - 500 500 300
Enzymes Pepsin - 500 - - 504250=
cadl, ) ] 100 111 o Add1.0mL HNO, Add 0.5 mLHNO,
Pancreatin - - 1500 - [57%] ANALYSIS {67%1
Lipase - - 250 - )
' Gastro-Intestinal
Bile - - - 3000 /
pH 140 6,5+/-0,5 11401 7,4+/02 8+-0.2 samples




Highly-contaminatedcase studies

6 ha of farmland currently confiscatedby the 3.5 ha of industrial soil inside an
Italian Judiciary due to past illegal burial of automobile-battery recyclingplant in
industrial wastes operation sincel970

B e T § e N

Main pollutants: Cr(max 4500 ppm) Main pollutants: Pb(max 80000 ppm),
andZn(1850) andhydrocarbonsC>12(1800) Sb(1475),As(312) andCd(235)




Soilcharacterizationand phytoremediation plants

[~ >

V Samplinggrid: 20x 20 m

V Depthsat site A:
0-20, 3060, 7090 cm

V Depthsat site B:
0-10, 1040 cm

IMPLEMENTATIORF ECGCOMPATIBLPROTOCOLBOR
AGRICULTURAIOILREMEDIATIOMN LITORALBOMIZIQ
AGRQAVERSANQIPSLIFEYENV/IT/275¢ ECOREMED)

Phytoremediationplants consistingof poplar trees (Populusnigra L)
and permanent grass cover, assistedby compost amendment and
irrigation systemwere then implementedon both sitesyearsago




Benchmark lakbasedtechnique vs Portable XRF technique

Microwaveassistedsoil digestionby aquaregia (3:1 v/v, HClto HNQ), (*» '?:
followed by analysisof metal-containingextractsby AASor ICROES/MS R /
(ISOstandard 54321, USEPAnethod 3051A), determinesthe pseudo ' /

total content of the analysedelements

The Xray fluorescence (XRF)
analysigs basedon the excitationof
inner electronsand the emissionof
photons after they relax to their
groundstate (fluorescence)

' L A A A A A A A AN

In short time, pXRFprovides

i | * + } accurate total elemental
Aquaregladoesnot produceacompletgsoﬂ.d.lgestlonbecausethe least i”’““L: | contents in soil samples
acidsolublecomponentsas metal-bearing silicatesare not completely had W o & (USEPA method 6200
dissolvedandare thus not includedwithin the analyticalmeasure w1 Yohlal® R 3 - :
y l ﬁf’ in °’J R although it does not have
10000 f Y .y - - -
| JWWU,JJL | § JL s ﬂ N verysensitivedetectionlimits



From pXRF metal contents in soil ...

Main soll pollutants

4500 - - 2000 - 2000 - 1SO 16703; GEID
3750 1 1600 - 1600 -
= 3000 ~ ’.' -
o o 1200 - = 1200 -
4 X ~
o 2250 =) o
1S S i<
800 - 800 -
1500 -
. 400 -
750 400 .
*
*
= I — )
0 : 0 : 0 . 2
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Site A Best linearregressionfits
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Metal-dependentand sitespecificmodels

The comparison among different regression parameters revealed that regression models were strosgkycsite and metatleperdent
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| __and EF

2geo

Anthropogenic pollution categories
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Themagnitudeof the anthropogenidractionin soil metal contentswasestimated
by the geoaccumulationndex(l,) andmetal enrichmentfactor (EF)
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Site A:soll properties, andbioavailability to plants of main contaminants

SOIL PROPERTIES RANGE
Texture Sandyloam
pHin HO (R=1:2.5)| 7.4¢8.0
O.M. (gkg?h 8¢ 50
Carbonateggkg?) 1¢79
C.E.C.ofmol. kg?) 18¢ 29

V Aliphatic hydrocarbons C;4-Cg4
V Aliphatic hydrocarbons Cg-Cyq
V Other hydrocarbons (PAHs < 0.2%)

3.7%

Referencelh Agrelli Caporale,Adamo,

2020 Agronomyl0, 1440
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Chromium speciation by HDMS
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