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Small stuff matters
Submarine tailings deposition
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Size analysis of submicron particles by laser diffractometry—90% of the
published measurements are false

Cornelia M. Keck *, Rainer H. Miiller

Department of Pharmaceutical Technology, Biopharmaceuticals & NutriCosmetics, Free University of Berlin,
Kelchstrasse 31, 12161 Berlin, Germany

Received 10 September 2007; received in revised form 3 December 2007; accepted 4 December 2007
Available online 15 December 2007

Keck, C. M., and Miiller, R. H.'O‘ZOQ@. Sigaranalysis of submicron particles by laser diffractonjSENSSSOMGORIASINEBISASCINEaSUISIENISIAISHAISERINEIatonaN oA RRRSINSCENNESISSOIS U= IO SREI0E 10‘1016)j.ijpharm.2007.12‘004.
Wilkinson, K. J., and Lead, 4, R%(2687).&hvironmental Colloids and Particles: Behaviour, SepgiatiomanciCharactenSationoARNISASISORS NI
&



lon Detector

ICP Torch Plasma

Intensity (cps)

Time (ms)

Design
FHerzog

om_;mgle- inducti pl'ed-glasma-ni‘ass-specti'ometry‘-(s p-

“@

sagers/wilkinsk/MonDep
i

WW. wqbdepot umontreal. %ﬂd
e W” m';x o




T, ? rgi Dei skal lenke seg fast for a stoppe dumping i
g i sa viktige | 4"

Tel } ¥ 3 fjorden

saker» . 4'[“: LR )

- Trine Skei %
Grande om

Fordefjorden
30. juli 2015

Vil stanse gruvedrift - det kan koste staten
milliarder

Ungdom er klare til kamp for a stanse anleggsmaskinene som kjem til

hprdetjorden: SV lover stans av gruveprosjektet i Repparfjorden etter valget. Hvis nestleder

Torgeir Knag Fylkesnes far Stortinget med pa det, kan det koste staten flere
milliarder kroner i erstatning.

‘4 Lokalt Lokaltv O, tian Grimeland
Cl tian

Na begynner forarbeidet til gruvedeponiet i \
Fordefjorden. Her har 15 ungdommer flyttet inn, og eie b Veing; Surnford g f frmetn Kulbranistad
forbereder seg pa sivil ulydighet. e

124.feb. k. 07:25

aRDE' | \ £ ; . : { e : & L “ .': Aksjonistene vil hindre at Nordic Mining far rive 23 bygninger ved Engebefiellet. OPPOSiSjonen Vil forby all dumping i Sjﬂen

a forby all

ubmarine tailings disposal (STD)

il flere milliarder

selskap mener a ha funnet kvarts for fiere titalls milliarder kroner ved

h AT C - g
PO ”
4 4 i
J ‘ 'y Arsnes i Kvinnherad.
% NEY | 3 -
o P v

LM

Orjan har aksjonert mot gruvedrifti15 ar - til
lita nytte

- Engeboprosjektet er et enormt naturinngrep, og det er frustrerende at politikerne ikke ter a ta en

idan 1990-

aﬂenp“ﬁen A-magasinet Oslo Sport Meninger Sek Q Meny= eggetved

Norge | Miljg og klima

Lenker seg fast mot omstridt
gruvedrift i Finnmark

Gruveselskapet har ingen planer om @ anmelde aksjonistene: - Vi vil lzse dette
gjennom dialog.

Havard Nyhus
...........

;;;;;;;;;;




Submarine tailings disposal (STD)

* Megatonnes (MT) waste per year
* 16 sites worldwide? - four NO

* Controversial and poorly
understood

* Long term impact(?)

1 Vare, L. et al. (2018). Scientific Considerations for the Assessment and Management of Mine Tailings Disposal in the Deep Sea. Front. Mar. Sci. 5. doi: 10.3389/fmars.2018.00017.

2 Ramirez-Llodra et al. (2015). Submarine and deep-sea mine tailing placements: A review of current practices, environmental issues, natural analogs and knowledge gaps in Norway and internationally. Marine Pollution Bulletin 97, 13-35. doi:
10.1016/j.marpolbul.2015.05.062.




Submarine tailings disposal (STD)

 Global Natural NP flux:
~ 103s MT/year'2

(Atmospheric, riverine, glacial,
hydrothermal)

* Incidental NPs from one STD?
4 MT/yrx 30% =~ 1.2 MT/yr

1 O 1 Hochella, M. F. et al. (2019). Natural, incidental, and engineered nanomaterials and their impacts on the Earth system. Science 363, eaau8299. doi:10.1126/science.aau8299
2 Barnard, A. S., and Guo, H. eds. (2012). Nature’s nanostructures. Singapore: Pan Stanford Publications.
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Submarine tailings disposal (STD)

 Global Natural NP flux:
~ 103s MT/year'2

(Atmospheric, riverine, glacial,
hydrothermal)

* Incidental NPs from one STD:
~ 1%o0 of total GLOBAL input!

Estimate based on estimates...

1 1 1 Hochella, M. F. et al. (2019). Natural, incidental, and engineered nanomaterials and their impacts on the Earth system. Science 363, eaau8299. doi:10.1126/science.aau8299
2 Barnard, A. S., and Guo, H. eds. (2012). Nature’s nanostructures. Singapore: Pan Stanford Publications.
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“Distribution of inorganic nanoparticles in a
Norwegian fjord”
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Methods: data acquisition
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- Single particle
- Total metals
- 16 selected elements

Adapted from www.agilent.com/cs/library/posters/public/7900_ICP-MS_wall_poster_v03.pdf

- autoSEM
- Allelements

EM illustration by Database Center for Life Science (DBCLS)




Signal Distn'bution.
Particle events: 48

10000

= 10004

¥

u
<]
v
3
o
L
i}

w

10000 100000 1000000 10000000 100000000

Signal (CPS)




Intensity-discriminated signal distributions
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Results & discussion
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Single particle vs total metals

Total metals

* Higher conc., ~ as reported’%34

* More variability

* Fjords: large spatiotemporal variations3>¢

Inorganic particles

* Stronger depth dependence
* Minor inorganic fraction

* Not sufficient to generalize

1. Stolpe, B., and Hasselldv, M. (2010). Nanofibrils and other colloidal biopolymers binding trace elements in coastal seawater..., Limnology and Oceanography 55, 187-202. doi:10.4319/10.2010.55.1.0187.
2. Simonsen et al. (2019). Modeling key processes affecting Al speciation and transport in estuaries. Science of The Total Environment 687, 1147-1163. doi:10.1016/j.scitotenv.2019.05.318.

3. Mason, R. P. (2013). Trace Metals in Aquatic Systems: Mason/Trace Metals in Aquatic Systems. Chichester, UK: John Wiley & Sons, Ltd doi:10.1002/9781118274576.

4. Botté, A., Zaidi, M., Guery, J., Fichet, D., and Leignel, V. (2022). Aluminium in aquatic environments: abundance and ecotoxicological impacts. Aquat Ecol. doi:10.1007/s10452021-09936-4.

5. Furness, R. W., and Rainbow, P. S. eds. (1990). Heavy metals in the marine environment. Boca Raton, Fla: CRC Press.

6. Elderfield, H. ed. (2006). Treatise on geochemistry. 6: The oceans and marine geochemistry / vol. ed. H. Elderfield. 1. ed. Amsterdam Heidelberg: Elsevier.
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SP-ICP-MS vs SEM-EDX

=

In agreement:
e Elements detected
e Relative elemental abundance
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Conclusion

* Low fraction of inorganic NPs (vs'.2:3)

 Particle diameters = 200 nm (conflicting?)

e Sensitive and precise platform for NP determination
* Explorative study, more data needed to generalize

* New data on the distribution of inorganic NPs

1 Wells, M. L., and Goldberg, E. D. (1993). Colloid aggregation in seawater. Marine Chemistry 41, 353—358. doi: 10.1016/0304-4203(93)90267-r.

2 Langen, P.J. V., Johnson, K., Coale, K., and Elrod, V. (1997). Oxidation kinetics of manganese (Il) in seawater at nanomolar concentrations. Geochimica et Cosmochimica Acta, 10.
3 2 Barnard, A. S., and Guo, H. eds. (2012). Nature’s nanostructures. Singapore: Pan Stanford Publications.

4 Wilkinson, K. J., and Lead, J. R. (2007). Environmental Colloids and Particles: Behaviour, Separation and Characterisation. John Wiley & Sons, Ltd.
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