A framework for forward modelling of
engineered nanomaterials in terrestrial systems
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Fate of NM In soils

Risk = exposure x hazard
Exposure ~ Bio-availability

1. "What NM form is the organism
really exposed to”: speciation

2. "What NM concentration
IS the organism really exposed
to™: transport

3. “Is the specific NM form at its
specific concentration and form
hazardous”
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Take home messages

* "NM are very often hitchhikers on natural colloids in
solls.”

* "We should be focussing on developing forward models
Including fate descriptors for detachment, NOT only
attachment.”

 "Batch tests provide unprecise fate descriptors for NMs
In soils.”
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Fate of NM in terrestrial media

Colloid generation
NP detachment
Homoaggregation
Resuspension
Sedimentation
Heteroaggregation
Size exclusion
Straining

. Attachment

10. Preferential transport
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Literature focus:NM — NM; NM - soll
Cornelis et al., 2014. Crit. Rev. Environ. Sci. Technol. 44: 2720-2764.

WWW.gu.se



(8% )) UNIVERSITY OF GOTHENBURG

Fate of NM In soils
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Fate of NM in soils

log(frequency)
& pH - 15 frequency of world soils :

o  Monovakent elektnolyte uncoated ENP
* Monovakent elektnolyte coated ENP

O  Divalent elekirolyte uncoated ENP

" Divalent elekirolyte coated ENP

* pH-dependent CCC values of
NMs vs. IS of world soil pore

LY .
. waters:

=3
E . .
r=rna s - . . .
510 HE Homoaggregation unlikely unless
- © o :; — NM concentrations are high
o ¢ —
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Cornelis et al., 2014. Crit. Rev. Environ. Sci. Technol. 44: 2720-2764.
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Heteroaggregation rates — DLVO/Smoluchowski
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Cornelis et al., 2014. Crit. Rev. Environ. Sci. Technol. 44: 2720-2764.
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Take home message 1

" NM are very often hitchhikers on natural colloids in soils ”

=>» Transport models for NM ~ transport models for colloids
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Particle transport models (PTM)
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soil surface — colloid interaction term

« C: agueous concentration
 p: bulk density

* O0: porosity

 S: solid concentration

o D: dispersivity

 u: pore flow veclocity
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Irreversible attachment 0S;

Colloid filtration theory (CFT) k — 3(1-90) Mot
att,i — “att 0
’ 2d50

Reversible attachment 0S;
Py = KartOWC = Kaer,ipS;

Dual deposition 0S;
PE = Katt,100C — kget,1PSi

2
p E = Kate,209C

2" order irreversible attachment aS; )

Par = KateiOYC

- Symbols
BlOEking Y = <1 __Si ) K i Attachment or straining rate constant
Smax Uy Attachment efficiency
n Single-collector deposition efficiency
_ dso + x -8 7% Blocking or straining coefficient
Y= (d—) K geti Detachment rate constant
50 Siax Maximum deposition concentration
Smax dso p straining shape parameter

Baalousha, Cornelis et al. ES Nano. Submitted
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PTM

C(Y)

e Column test
— Breakthrough curve inert tracer = 6, D
— Breakthrough curve = C(t)
— Depth profile = S(x)

* Choose model

* Fit model and obtain
parameters

™ »© = O < Md X

Fate descriptors
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Forward models

Total NM Model
concentration

« C()
_ Fate descriptor(s) * S(1)
Coating length R Speciation

* Hydrophobicity .
« surface potential Transport

attachment
e detachment

 clay% * porosity
* %C * bulk density
 Compaction
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Fate descriptors
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a values +

» related to mechanistic principles
» Kkinetic parameter

‘ « ONE parameter
Viax = Kmax INPlagueous « Have to be obtained from

v = k... *INP]_. expensive colum_n tests
attach = Kattach' [NPlsoii  Are (also) operationally defined
& = Kotach/Kimax « Assumes only irreversible

« The probability that a particle will "stick” to attachment

other particles or surfaces

3(1—-06)
Katti = Agre Tsono
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Take home message 2

"We should be focussing on developing forward models
Including fate descriptors for detachment, NOT only
attachment”
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Soil compartment
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Forward model
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Forward model
Differential equation:
ac ac
6 Py —ub a9z KaetpS — kqet0C — ktransfgc

Solution:

Exposure concentrations to be compared with hazard

§ values depending on organism
g 7000 - - 5.0
E 6000 - - 4.5 -~
‘5 5000 = Reversibly deposited - 35 @
(=] (%]
= - 3.0 w
S 4000 - = Aqueous concentration 55 E
1] [ -
= i =
g 3000 Permanently deposited [ 2.0 £
5 | <]
> 2000 - 15 &
; ===Transported 1.0 E
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E < \‘ 0.5
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Batch studies

dn
Fri —akgnB + kq(ng — n)

kpng
akaB + kb

n = n;exp(—(akyB + kp)t) + (1 — exp(—(akyB + kp)t))

Attachment initially negligible

Ng — n;
ln = kat
no —Nn

SOME UNPUBLISHED MATERIAL HAS BEEN CUT OUT
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Take home message 3

Batch tests provide unprecise fate descriptors for NMs in soils

« Batch test provides results that vary highly with
— Mixing technique
— L/S ratio

» 1 Parameter models usually are best

» Batch test overestimate detachment

See also: Sadeghi et al. (2013) J. Contam. Hydrol. 152. 12-17
Treumann et al. (2014) J. Contam. Hydrol. 164. 219-229.
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How to move forward

» Focus on heteroaggregation = coupling fate colloids and fate of NMs
* Focus on forward models predicting NM detachment
» Improve fate descriptors of NMs batch <& column studies

WWW.gu.se



(8% )) UNIVERSITY OF GOTHENBURG

UNIVERSITY OF GOTHENBURG

Thank you

Contact:
Geert.Cornelis@chem.gu.se
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