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Stevpartikler:

Klassificering af stevpartikler til TSP, PMio, PM250g PM1,0:

PM,

e.g. soot particles, viruses
<1 pm diameter

Human hair PM, o

e.g. combustion particles,
asbestos, bacteria
<2.5 pym diameter

40-120 pm diameter

PM,,

e.g. fine dust, pollen, mold
<10 pm diameter

Fine grains of sand

90 pm diameter

Billede 1. lllustration af stovpartikler: PMp, PM>s og PM; .!

TSP er stovpartikel, med diameter pa mindre eller lig med 40 ym (microns), kan f.eks mearkes med
tungen, nar den kommer i munden. PM ‘s diameter er mindre end eller lig med 10 um, kan akkurat
foles med fingerspidserne, som meget meget fint stov. PMy 5 ‘s diameter er mindre end eller lig med
2,5 um, kan akkurat foles med fingerspidserne, som meget meget fint stovpartikel. PM o ‘s diameter
er mindre eller lig med 1 um, de er s& smé at de ikke kan ses og markes.?

Og nar man sprenger klipper, f.eks. pa en aben mine, nir de mindste stgvpartikler hgjest i
stavskyen.

Stevpartiklerne PMio, PM2 s og PMi 0 er indhalerbare, og kommer ind i menneskets krop
gennem indanding. Og de er sundhedsskadelige, fordi de har sterre overfladeareal end de sterre
partikler. Hvis man smadrer en bowlingkugle, kommer der mange stumper som fir sterre
overfladeareal. Jo mindre stevpartikler er, jo farligere er de. F.eks. 10 gram TSP sammenlignet med
10 gram PM; 5. Her er PM» 5 meget farligere end TSP p.g.a. sterre overfladeareal.

! Air Particulate Monitoring — PM, Kruti Davda (2020), https://oizom.com/knowledege-bank/air-particulate-

monitoring/
2 National ambient air quality objectives for particulate matter, Health Canada, Environment

Canada (1998)
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Stevpartiklerne PM» s og PM| o er s& sma, at de ogsa kan komme ind i mennesket krop
gennem harrgdderne og huden.® Og pa den méde spredes de i kroppen via blodcirkulationen.*

Luftbéarne stovpartikler.

Table 1: Comparison of the basic properties of fine vs course PM.

Characteristics Fine fraction (PM2.5) Coarse fraction (PM10)

Sulphate SO,.4, nitrate NO_3, ammonium )
Resuspended dust, soil and street dust,

NH.4, hydrogen ion H+, elemental )
coal and oil fly ash, metal oxides of

Composition carbon C, organic compounds, PAH ]
Si, Al, Mg, Ti, Fe, CaCOs;, NaCl, sea

metals Pb, Cd, V, Ni, Cu, Zn, particle-
salt, pollen, mold spores, plant parts.

bound water, biogenic organics.

Combustion of coal, oil, gasoline, Resuspension of soil tracked onto
transformation products of NOx, SO,, roads and streets, suspension from
Sources and organic including biogenic organics, disturbed soils, resuspension of

high temperature processes, smelters, and | industrial dust, construction, coal and

steel mills. oil combustion, and ocean spray.
Lifetimes Days to weeks Minutes to hours
Travel distance
100 to 1000 1 to 10

(km)

Tabel 1.> NB! PM; g er ikke med i tabellen, fordi man er i gang med forske dem ncermere. Men man
skal regne at, de nar meget leengere end de storre stovpartikler.

Stevpartiklerne er s sma, at de bliver luftbarne, hvor de kommer ind i vandpartikler (luftfugtighed).
Og de bliver i luften i lang tid og bliver blast rundt med vinden og nar meget lange afstande.

Stevets pavirkning af menneskets helbred.

Videnskabet af stovpartiklers pavirkninger af menneskets helbred er blivet intensiveret
gennem de sidste arti. Mange lande har lavet kriterier for luftkvaliteten for civilbefolkningen. Der er
indfort kriterier for stgvpartiklerne TSP, PM1oog PM3 5. Men ikke for PM| o endnu. Men der er
ingen tvivl om, at kriterier for PM| o kommer forhabentligt meget snart, p.g.a. deres farlighed for
menneskets helbred.

® Impact of airborne particulate matter on skin: a systematic review from epidemiology to in vitro studies,
Irini M. Dijkhoff m.fl. (2020)

% Effects of Inhalable Particulate Matter on Blood Coagulation, Matteo Bonzini m.fl. (2010)
> Dust production in mining. Suppression measures in quarry blasting, Gonzalo Morera De La Vall Gonzélez (2018)
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Europaiske videnskabmand mener, at i 2012 dede 630.000 europaere pa grund
luftforurening.® Og man skenner, at 400.000 af dem er dede p.g.a. stovforurening.

Hovedpine og angst (SO:)
Virkninger pa centralnerve-systemet

(PM) Irritation af gjne, naese og hals

Andedraetsproblemer (03, PM,

(v NO2,BaP)

Virkninger pa forplant-
ningsevnen (PM)

Imitation, betendelscog AN R e R R e
infektioner Cardiovascular diseases
Astma og nedsat ) (PM, O3, SO2)
lungefunktion (NOz2) . ... S T S PR A s
Kronisk obstruktiv ' Virkninger p4 lever, milt og
lungesygdomme (PM) l blod (NO2)
Lungekreft (PM, BaP)
............... ks B e i
>

Source: Based on EEA (2013)
Billede 2. Stovpartiklernes pavirkning af menneskets helbred.”

Grundstoffer og mineraler, hvor de fleste af dem er tungmetaller:

Grundstoffer, som er radioaktive og deres isotoper i Kvanefjeldet:

Uran, thorium , radium, actinium, radon, polonium, bismuth, lead, thallium, baryllium,
protactinium, cerium, hafnium, mangan, niobium, tantal, francium, astat, neptunium, strontium.®
Sjeldne mineraler:

Lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, yttrium, scandium.’
Tungmetaller:

Bly, barium, arsen, kvikselv, zink, jern, aluminium, krom, silicium, rubidium, selen, vanadium,

cobolt og andre over 200 forskellige mineraler.'°

® Healthy environment, healthy lives: how the environment influences health and well-being in Europe, European
Environment Agency (2020)

7 Healthy environment, healthy lives: how the environment influences health and well-being in Europe, European
Environment Agency (2020)

8 The emplacement and crystallization of the U-Th—-REE-rich agpaitic and hyperagpaitic lujavrites at Kvanefjeld,
llimaussaq alkaline complex, South Greenland, Henning Sgrensen allallu (2011)

® The emplacement and crystallization of the U-Th—REE-rich agpaitic and hyperagpaitic lujavrites at Kvanefjeld,
llimaussagq alkaline complex, South Greenland, Henning Sgrensen allallu (2011) _
19 The emplacement and crystallization of the U-Th—-REE-rich agpaitic and hyperagpaitic lujavrites at Kvanefjeld,
Ilimaussaq alkaline complex, South Greenland, Henning Serensen allallu (2011)
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“The vulnerability of children to environmental stressors. Children are more vulnerable than adults
to environmental risks.

First, they breathe more air, consume more food and drink more water than adults in proportion to
their weight.

Second, the central nervous, immune, reproductive, endocrine and digestive systems of a child are
still developing. During certain critical windows of vulnerability, exposure to environmental
contaminants can lead to irreversible damage.

Third, children behave differently from adults and have different patterns of exposure to
environmental hazards. Young children crawl on the ground and can therefore be exposed to dust
and chemicals that accumulate on floors and soils.

Finally, children have little control over their environments. Unlike adults, they may be both
unaware of risks and unable to make choices to protect their health. Because of these unique
vulnerabilities, children need special protection from environmental hazards.”

Source: WHO (2017¢).!!

Kort og godt bern er mere udsatte for forurening.

Nedsattelse af Sygdomme i
immunforsvaret centralnervesystemet
Nedszettelse af Forskellige krzeftformer i:

knoglereprotoktionen * hals/lunge/lever

5 * fordgjelsessystemet
Skader
el * blod
fordejelsessystemet .
4 * spytbugkirkler
Nyresvigt
Nedsaettelse af
Fosterskader forplantnings-
p.g.a. evnen p.g.a.
/ ) | DNA ndringer DNA zndringer

Billede 3. Radioaktive grundstoffers og deres isotopers virkninger pa kroppen.’’

Og vi skal og nzvne, at i VVM-rapporten ikke navnes barryliumsyge, som rammer minearbejdere
og civilbefolkningen.

! Healthy environment, healthy lives: how the environment influences health and well-being in Europe, European

Environment Agency (2020)
12 Uranium mining and health, Canadian Family Physician « Le Médecin de famille canadien, Dale Dewar m.fl. (2013)
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Sprzngninger af klipper i Kvanefjeldet.

Planen er, at der vil blive spraengt 6.000.000 tons klippe i Kvanefjeldet om aret. Og der vil vare
sprengninger hver andendag. D.v.s. min. 180 spreengninger om &ret. I gennemsnittet vil man
spreenge 33.333 tons klippe hvert gang. Og de er lig med 12.400 m? klippe."

Billede 4. Spreengning pr. gang er storrelse med Narsaq's fodboldbane og med dybden pa 2 m. 96
mx 65 mx 2 meter.

SR

Billede 5. Spreengning pa dben mine og spenmg af stovpartikler.

¥ Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.
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Stevpartikler fra Kvanefjelds-projektet i Narsaq.

Folgende aktiviteter vil afgive stev i Kvanefjelds-projektet:'*
1. Byggerier

2. Boringer

3. Sprengninger

4. Transport til grabjerget og malmknuseren

5. Losning af tailings til grabjerget og til malmknuseren

6. Knusning af malm

7. Lastning af finkornet malmmel

8. Transport mod kajen

9. Lastning af skibe

10. Rog fra skibe

11. Transport mod mineomradet

12. Transportmidlernes rog

13. Rog fra kraftvarket

Og man skal regne, at der sker ulykker under transport. Og under p4- og aflastning af malmmel.

[ VVM- og VSB-rapporterne blev der ikke navnt, hvor farlige stovpartiklerne er. Ej heller de mest
farlige PM25 og PM .1

Stevemissioner med computerprogrammet CALPUFF.
CALPUFF er et computerprogram til at forudse stevpartikelspredning. Stevpartikelemissionen er
baseret pa 2 meters hgjde.!®* CALPUFF er blivet testet, og man har konkluderet, at det er bedre til at

forudse hvor afstanden er mere end 50 km. Men dens stovpartikelemissionsmalinger er tit for lave i
forhold til virkeligheden.!”

Fordelingsnegle af stov i Kvanefjelds-projektet i Narsaq:

VVM- & VSB-rapporterne, bruges EPA’s'® metode, med hensyn til stevfordeling, (gré felt): ]
1 kg stov:

Tabel 2 TSP PMio PM3 5 PMi, Indhalerbare
Forholdstal 1 34,1 % 29,0 % -

af TSP af PMo
Gram 1000 341 101 - 341

Tabel 2: Ifolge EPA s fordeligsnogle for stov fra minedrift.

4 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)

15 Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.
18 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)
17 Performance evaluation of AERMOD, CALPUFF, and legacy air dispersion models using the Winter Validation
Tracer Study dataset, Arthur S. Rood (2014)
18 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)
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CALPUFF’s stevpartikelemissioner er baseret pa vindmalinger i toppen af Kvanefjedet i
" perioden 2010-2014, og VVM- & VSB-rapporterne konkluderer, at stovpartikler fra projektet vil
ikke vaere sundhedsfarligt for civilbefolkningen i Narsaq og omegn. '’

EPA'’s fordeligsnogle for PMz s, PMio og TSP er blivet kriseret af undersegelser baseret pa
25 forskellige miner over hele kloden. Og de naevner, at forurening med stevpartikler eges med
lengden af minedriften. (Saironen 2018)

Ifolge Sairanen (2018)*° burde fordelingsnegle for PMa s, PMio og TSP anderles ud, og nar
man kombinerer de med Suns (Sun 2020) undersogelser med PM; o2, vil vi f& hel anden billede af
stevpartikelfordelingen i Kvanefjeldsprojektet (gulig baggrund): [

Tabel 3 TSP PM o PM; s PMi Indhalerbare
Forholdstal 1 34,1 % 29,0 % -

af TSP af PMio
Gram 1000 341 101 - 341
Forholdstal 1 55,6 % 37 % 70 %

af TSP af PMo af PMy s
Gram 1000 556 185 130 556
Forskel 215 84 130 215

Tabel 3: Beregningsgrundlaget er 1 kg stovpartikler.
Andre argumenter:

Narsaq by ligger teet pa Kvanefjeldet. Afstanden er 5-6 km. Til brug af stevpartikelemissionen har
man lagt folsomme receptorer i landskabet i Narsaq omradet:

NarsagiByj

Maks. TSP-koncentrationer over 24 timer
Forudset koncentration (ug/m’) 0 2 A km
= Vejledende vaerdi 120 pg/m’

A Folsom receptor
Projektets areal

Figur 44 Maksimale 24-timers koncentrationer af luftbarne partikler (TSP) i ug/m? (kumulative)

1% Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)
20 A review of dust emission dispersions in rock aggregate and natural stone quarries, Marjo Sairanen m.fl. (2018)

21 Chemical Differences Between PM; and PMas in Highly Polluted Environment and Implications in Air Pollution
Studies, Yele Sun et al. (2020)
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Billede 6. Bemcerk folsomme receptorers placeringer.’
Beskyttelsesveardige er prioriteret:

- fire steder i Narsaq

- gérden i Narsaqg-dalen

- fem sommerhuse i Narsaq-dalen

- stedet for den foresldede landsby

- 45 arkeeologiske steder og
- grostedet for den sdrbare rundbladede rhizomgegeurt (Amerorchis rotundifolia).

22 Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.
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I Denver, i USA, har man lagt folsomme receptorer systematisk . (Se billede 7).
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Fig. 1. CALPUFF model domain showing location of the WVTS samplers and terrain features of the Colorado Front Range.

Billede 7. Fra: Performance evaluation of AERMOD, CALPUFF, and legacy air dispersion models
using the Winter Validation Tracer Study dataset Arthur S. Rood 2013-14
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I VVM- og VSB-rapporterne vises vejrforholdene i arene 2010-2013 fra én ubemandet vejrstadion,
som var placeret pa toppen af Kvanefjeldet. Afstand til Narsaq by 5-6 km:

_.NORD

Narsaq SYD

Vindstille: 7,49 %

Figur 35 Vindretninger og vindhastigheder registreret af Kvanefjeld vejrstation

VINDHASTIGHED (m/s)

Billede 8: Gennemsnitslige vindretninger og vindhastigheder i Kvanefjeldet 2010-2014.

I Australien har Vitrinite Pty Ltd segt om, at &bne en kulmine.?? Og de har varet papasselige med
grafer med vindretninger og vindhastigheder. Grunden er kulminen ville l&gge mellem to byer.
Moranbah med 9.000 indbyggere, som er 30 km sydligt fra kulmineprojektet og Dysart med 3.000

indbyggere, som ligger 35 km fra kulmineprojektet.
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Billede 9. Arstidsfordelt.
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Billede 10. Timefordelt.

2 Vulcan Complex Project Air Quality Assessment, Simon Welchman (2020)
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Langs fjeldskraningerne i Narsap Ilua vises, at det vil bleese opad i stevpartikelemissionerne i
Kvanefjeldsprojektet.

- o 4
- 3 e M 2l o

Annerpaamik nal.ak. 24-ini PM2.5 katersuunneri

A Sunnereqartussaq sunnertiasoq Katersuunneri takorloorneqgartut (ug/m’)
[ Suliassap nunaminertaa — Nalinga ilitsersuissutaasoq 15 pg/m’

|
Billede 11. Bemeerk: Vinden bleeser opad langs fjeldskraningerne.

Gryning og Lyck foretog meteorologiske observationer i Narsap Ilua i 1983. De undrede sig over
dreningsvinde om vinteren. Dreningsvindene blaste nedad fjeldene. Og i Narsaq kaldes vinden
“aqqarsarneq” “den nedadgaende blest”. Det andet de undrede sig over er at vinden i dalen skifter
retning med 180° hver halve time.2*

Ifelge VVM- og VSB-rapporterne skal stevpartiklerne bekempes med tdgekanoner om sommeren.
De regner ikke med, at bekeempe det hele. Om kolde perioden kan stovet ikke bekeempes med
tdgekanoner.?’

24 Preliminary Environmental Impact Statement for the Kvanefjeld Uranium Mine, Kim Pilegaard (1990)
5 Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.

11
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Vi kraever pa det kraftigste , at:

- Grunden til vores kraftigste krav er, at Kuannersuit ligger teet pa byer, fareholdersteder,
rensdyravlsteder, kvagavlsteder, havebrug, greesningsmarker, greesningsarealer til avlsdyr og fiske-
og fangststeder (se tabel 1) . Stovpartikelforurening vil ramme alle levende, og pavirke negativ pa
deres sundhed: Civilbefolkning, dyr, fugle, fisk, insekter og planter. Og man vil edelaegge samspil
mellem de levende organismer, det vil sige hele biodiversitetet.

Vejrforholdene er @ndret sig siden 2010-2013. P4 grund af klimaforandringer kommer der
flere kraftige storme. Om vinteren har vi staerk nordenvind, specielt efter af piteraq i @stgrenland.
Om sommeren er der tit vestenvind.

1. Der er kommet ny viden omkring stevpartikler pa det seneste tid. Derfor kraever vi, at
stovpartiklernes, TSP : PMio : PM2s: PM1¢’s, forholdstal 1 : 0,556 : 0,185 : 0,130. benyttes til en
ny stevemission pa baggrund af Sairanens (2018) og Suns undersggelser (2020). Endvidere kraever
vi, at luftkvaliteten i Narsaq by underseges, fordi nuvarende stovpartikelaktivetet skal leegges oveni
mines stovpartikelaktivetet.

2. Vi krever pé det kraftigste, at stovets sammensetning af grundstoffer og deres isotoper
analyseres og fremlagges, fordi de fleste af grundstofferne er tungmetaller, som ikke kan
nedbrydes og som er meget sundhedsskadelige:

20 radioaktive grundstoffer og deres isotoper:
Uran, thorium , radium, actinium, radon, polonium, bismuth, thallium, baryllium, protactinium,
cerium, hafnium, mangan, niobium, tantal, francium, astat, neptunium, strontium.

Sjeldne mineraler:
Lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, yttrium, scandium.

Andre grundstoffer:
Flour, bly, barium, arsen, kvikselv, zink, jern, aluminium, krom, silicium, rubidium, selen,
vanadium, cobolt og andre grundstoffer og mineraler pé over 200.

3. Andre stgveksperter skal undersegge “Air Quality Assessment — Kvanefjeld, ERM Worldwide
Group Ltd (2018)”, for deres forudsigelser for stevpartikelaktivetetet i Kvanefjeldsprojektet.

4. Vi kraever oplysninger pa boresterrelse og boredybder. For de er vigtige oplysninger for hvor hejt
stovpartiklerne kommer op i luften, nar der sprenges.?°

%6 Sikkerhedsanvisninger ved spreengningsarbejder, DSF (2017)

12
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5. Vi kraever, at mikrometerologien i Narsap Iluata’s dal underseges (Gryning og Lyck 1983). Fordi
det er naglen til stovpartikelspredelsen i omradet. Endvidere vil den &bne mine blive dybere med
arene. Hvordan vil den pévirke vindforholdene i Narsap Ilua?

6. Vi kreever, at man bruger et andent stovpartikelemissionsprogram, som vil visse spredning af
stovpartikler mere ngjagtigt (Sairanen 2018). Viden er nu, at stevpartiklerne er i luften i meget lang
tid og nér store afstande. (Gonzélez, 2018)

7. Felsomme receptores placering af Orbicon var usystematisk. Derfor krever vi at de leegges
systematisk, som man gjorde i Denver. Og deres placeringer skal ogsa tage hejde for vores
vandforsyningsarealer og for Narsaq by.(Se billede 7).

8. Vindhastigheder og vindretninger skal laves, hvor man tage hgjde for frostperioder og dagtimer
(se australske Vitrinite Pty Ltd’s fremvisninger, billede 9 og billede 10). Til stevpartikel-
spredningsanalysen skal man benytte flere forskellige hgjder: F.eks. 4 meter, 6 meter og 8 meter.

Billede 12. Vindsstyrkes ges md @jden.

9. I dag er det snart 10 ar siden, at man undersggte vejrforholdene. Og der er sket a&ndringer i
vejrforholdene. Vi kreever, at man laver ny undersggelse af vejrforholdene i Kvanefjeldsomréde.

10. Forskning af luftpartiklerne PM10,PMa 5 og PMi o er blevet prioreteret mere og mere pa
nuverende tidspunkt. Vi opfodrer, at Namminersorlutik Oqartussat folger neje med forskningen,
fordi viden omkring dem bliver hele tiden opdateret.

11. Vi kreever pé det kraftigste pa ny, at Narsag-indbyggerne skal sundhedsundersegges af uvildige

leeger. Og disse sundhedsundersagelser vil pege pa forvaerringer pa folkesundheden i Narsaq 1
fremtiden.

13
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Particulate matter (dust particulate):
Classification of TSP (total suspended particulate): PM10, PM2.5 and PM1.0:

PM,

e.g. soot particles, viruses
<1 pm diameter

Human hair

e.g. combustion particles,
asbestos, bacteria
<2.5 pm diameter

40-120 pm diameter

PM;,

e.g. fine dust, pollen, mold
<10 pym diameter

Fine grains of sand

90 pum diameter

Figure 1. Illustration of particulate matter: PMo, PM> s and PM . !

TSP refers to all particulate matter (dust) with a diameter of less than or equal to 40 um (microns),
which can be felt with the tongue when it enters the mouth. PMio’s diameter is less than or equal to
10 um and it can be felt with the fingertips as extremely fine dust. The diameter of PM, 5 is less than
or equal to 2.5 um and it can be accurately felt with the fingertips as extremely fine dust particles.
The diameter of PM o is less than or equal to 1 pm and it is so small that it cannot be seen or felt.?

When you blast rocks, for example, in an open-pit mine, the smallest dust particles rise the
highest in the dust cloud.

PMio, PMz2s and PM, ¢ are inhalable and enter the human body through the respiratory tract,
and they are harmful to human health because they have a larger surface area than larger particles.
If you smash a bowling ball, you will have many fragments and a larger total surface area. The
smaller the dust particles, the more dangerous they are. For example, if we compare 10 grams of
TSP to 10 grams of PMz 5, we find that the PM 5 is far more hazardous than the equivalent amount
of TSP due to its larger surface area.

! Air Particulate Monitoring — PM, Kruti Davda (2020), https://oizom.com/knowledege-bank/air-particulate-
monitoring/

? National ambient air quality objectives for particulate matter, Health Canada, Environment

Canada (1998)
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PM; s and PM) o dust particles are so small that they can enter the human body through the
hair roots and skin.> And this allows them to spread throughout the body via the blood circulation.*

Airborne dust particles (particulate matter)
Table 1: Comparison of the basic properties of fine vs course PM.

Characteristics Fine fraction (PM2.5) Coarse fraction (PM10)

Sulphate SO,.4, nitrate NO_;, ammonium )
Resuspended dust, soil and street dust,
NH.4, hydrogen ion H+, elemental
. ) coal and oil fly ash, metal oxides of
Composition carbon C, organic compounds, PAH
Si, Al, Mg, Ti, Fe, CaCOs;, NaCl, sea
metals Pb, Cd, V, Ni, Cu, Zn, particle-
salt, pollen, mold spores, plant parts.
bound water, biogenic organics.

Combustion of coal, oil, gasoline, Resuspension of soil tracked onto
transformation products of NOx, SO, roads and streets, suspension from
Sources and organic including biogenic organics, disturbed soils, resuspension of

high temperature processes, smelters, and | industrial dust, construction, coal and

steel mills. oil combustion, and ocean spray.
Lifetimes Days to weeks Minutes to hours
Travel distance
100 to 1000 1 to 10

(km)

Table 1° NB! PM,is not included in the table because it is currently the subject of ongoing
additional research. But it can be assumed that it is dispersed much farther than larger particulate
matter.

Particulate matter is so small that it can become airborne where it enters water particles (water
vapor). And it remains in the air for a long time, drifting with the wind and traveling extremely long
distances.

The impact of dust on human health

Research into the impact of dust particles on human health has intensified over the past decade.
Many countries have established air quality criteria for their civilian populations. Criteria have been
introduced for TSP, PM 1o and PM3 5. But not yet for PM; o. However, there is no doubt that criteria
for PM10 will come soon — hopefully very soon — because of the danger that it poses to human
health.

European researchers estimate that 630,000 premature deaths in the EU were attributable to
environmental factors in 2012, with air pollution accounting for approximately 400,000 deaths
annually.®

3 Impact of airborne particulate matter on skin: a systematic review from epidemiology to in vitro studies,

Irini M. Dijkhoff et al. (2020)

4 Effects of Inhalable Particulate Matter on Blood Coagulation, Matteo Bonzini et al. (2010)

> Dust production in mining. Suppression measures in quarry blasting, Gonzalo Morera De La Vall Gonzélez (2018)
® Healthy environment, healthy lives: how the environment influences health and well-being in Europe, European
Environment Agency (2020)
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Figure 2. Potential impact of ambient air pollution on human health’

Elements and minerals, most of which are heavy metals:

Elements that are radioactive and their isotopes in Kvanefjeld:

Uranium, thorium, radium, actinium, radon, polonium, bismuth, lead, thallium, beryllium,
protactinium, cerium, hafnium, manganese, niobium, tantalum, francium, astatine, neptunium and
strontium.?

Rare-earth elements (REE):

Lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, yttrium and scandium.’
Heavy metals:

Lead, barium, arsenic, mercury, zinc, iron, aluminum, chromium, silicon, rubidium, selenium,
vanadium and cobalt and others.!°

All in all, over 200 different minerals are present in the Ilimmaasaq Complex.

“The vulnerability of children to environmental stressors. Children are more vulnerable than adults
to environmental risks. First, they breathe more air, consume more food and drink more water than
adults in proportion to their weight. Second, the central nervous, immune, reproductive, endocrine
and digestive systems of a child are still developing. During certain critical windows of
vulnerability, exposure to environmental contaminants can lead to irreversible damage.

Third, children behave differently from adults and have different patterns of exposure to
environmental hazards. Young children crawl on the ground and can therefore be exposed to dust

7 Healthy environment, healthy lives: how the environment influences health and well-being in Europe, European
Environment Agency (2020)

& The emplacement and crystallization of the U-Th—REE-rich agpaitic and hyperagpaitic lujavrites at Kvanefjeld,
llimaussaq alkaline complex, South Greenland, Henning Sgrensen et al. (2011)

® The emplacement and crystallization of the U-Th—REE-rich agpaitic and hyperagpaitic lujavrites at Kvanefjeld,
llimaussaq alkaline complex, South Greenland, Henning Sgrensen et al. (2011)

© The emplacement and crystallization of the U-Th—REE-rich agpaitic and hyperagpaitic lujavrites at Kvanefjeld,
llimaussaq alkaline complex, South Greenland, Henning Sgrensen et al. (2011)
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and chemicals that accumulate on floors and soils. Finally, children have little control over their
environments. Unlike adults, they may be both unaware of risks and unable to make choices to
protect their health. Because of these unique vulnerabilities, children need special protection from

environmental hazards.”
Source: WHO (2017c).!!

Diseases of the
central nervous system

Impairment of the
immune system

Different cancers in:
* Throat, lung, liver
* Digestive system

* Blood

* Salivary glands

Reduction of
bone reproduction

Damage to the
digestive system

Kidney failure

Birth defects
due to DNA
changes

Impairment of
fertility due to
DNA changes

Figure 3. The impact of radioactive elements and their isotopes on the body."

And we should mention that the EIA report does not mention beryllium disease, which affects
miners and the general civilian population.

Blasting of rocks at Kvanefjeld

The plan is to blast 6,000,000 tons of rock at the Kvanefjeld mining project every year. And
blasting will take place every other day, in other words at least 180 blasts per year. On average,
33,333 tonnes of rock will be blasted each time. This is the equivalent of 12,400 cubic meters of
rock.!3

w

Figure 4. Each blasting operation corresponds to the size of Narsq s football ﬁel and a
depth of 2 meters. 96 x 65 x 2 meters.

1 Healthy environment, healthy lives: how the environment influences health and well-being in Europe, European
Environment Agency (2020)

12 Uranium mining and health, Canadian Family Physician ¢ Le Médecin de famille canadien, Dale Dewar et al. (2013)
13 kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.
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Particulate matter from the Kvanefjeld project in Narsaq

The following activities in the Kvanefjeld project will generate particulate matter: '
. Construction

. Drilling

. Blasting

. Transport to the waste rock storage facility and the ore crusher

. Discharge of tailings to the waste rock storage facility and the ore crusher
. Crushing of ore

. Loading of ore fine powder

. Hauling to the port

. Loading of ships

10. Exhaust from ships

11. Transportation toward the mining area

12. Exhaust from vehicles

13. Exhaust from the power plant

O 00 0O WL AW =

And one would expect accidents to occur during transportation, as well as during the loading and
unloading of ore.

The EIA and SIA reports did not mention how hazardous particulate matter is, nor the most
hazardous categories, namely PM; s and PM."3

Calculating dust emissions with the CALPUFF modeling system

CALPUFF is a computational modeling program for predicting atmospheric pollution dispersion.
Particulate matter emissions are based on a height of 2 meters.'® CALPUFF has been tested and it
has been concluded that it is better at predicting where distances exceed 50 km. But its particulate
matter emission predictions are often too low compared to the actual situation on the ground.!”

14 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)

13 Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.

16 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)

17 performance evaluation of AERMOD, CALPUFF, and legacy air dispersion models using the Winter Validation Tracer
Study dataset, Arthur S. Rood (2014)
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Dispersion model of particulate matter from the Kvanefjeld project in Narsaq:
The EIA & SIA reports use the EPA’s!® method for calculating dust dispersion (gray box): 1

1 kg particulate matter: . o

~Table2 ~TSp  PMyw  PMas  PMa Respirable B
Ratio I 34.1 % of 29.5 % of -
TSP PM10 ‘
Grams 1000 341 101 - ‘ minimum 341

Table 2: According to the EPA’s dispersion model for particulate matter from mining operations.

CALPUFF’s projected particulate matter emissions are based on wind measurements at the top of
Kvanefjed during the period 2010-2014, and the EIA & SIA reports conclude that particulate matter

from the project will not be hazardous to the health of the civilian population in Narsaq and the

surrounding area.!®

The EPA’s PM; 5, PMjo and TSP benchmarks have been reviewed based on 25 studies of different
mines around the world. And the authors of the studies note that dust pollution increases with the
length of mining operations. (Saironen 2018)

According to Saironen (2018),%° the dispersion model for PM, s, PMio and TSP should be
different, and when combined with Sun’s studies with PM ,2! we obtain an entirely different
picture of the particulate matter dispersion in the Kvanefjeld project (yellow background): ]

Table3 TSP PMiw  PMxs  PMio _Respirable
| Ratio I 34.1%of = 29.5%of -
j ISP PMI10 ,

| Grams 1000 341 101 i minimum 341
Ratio I 556%of 37.0%o0f  70.0% of

| - @ TSP PMio PM: s
Grams 1000 556 _ 185 | 130 minimum 556
Difference 215 84 130 215

Table 3: Calculation based on 1 kg of particulate matter.

18 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)

19 Air Quality Assessment — Kvanefjeld, ERM Worldwide Group Ltd (2018)

20 A review of dust emission dispersions in rock aggregate and natural stone quarries, Marjo Sairanen et al. (2018)
21 Chemical Differences Between PM; and PM; 5 in Highly Polluted Environment and Implications in Air Pollution

Studies, Yele Sun et al. (2020)
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Additional arguments

The town of Narsaq is located close to Kvanefjeld. The distance is 5-6 km. To calculate emissions
dust particles, sensitive receptors have been placed in area surrounding Narsagq:

INarsac

A sensitive receptor Predicted Concentration(ug/m’) 0 2 4 km
0 Project footprint = Guideline Value 120 pg/m’

Figure 44  The maximum 24-hours TSP concentrations in ug/m’ (cumulative)

Figure 6. Note the locations of sensitive receptors.>

Priority has been given to protecting certain sites:

. Four locations in Narsaq

. The farm in the Narsaq Valley

. Five summer cottages in the Narsaq Valley

. The proposed location of a workers’ village

. 45 archaeological sites and

. the habitat of the vulnerable round-leaved orchid (Amerorchis rotundifolia).

22 Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.
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In Denver, USA, sensitive receptors were placed in a systematic manner. (See Figure 7).

!
287 '
a3 WQE |
2300 - ® o
S oo o ° |
I

& e o s
o ¢ e o
2P o0 @ - Boulder o,
e o /
% ® % i
v ° s
S 1-25
. 7 .o'0°“..t.o‘ ° "
@
N |
22 )
2500 aa ® °® ¢ % I
] 2 Broomfield
® % {\ )
o % RFETS ® e |
o N : e °
b ® e o2 Release Point 5 ® |
. ° Standley @ L l
o Lake &
o
RFETS Met Tower é;, Westminster \
2500 Se ..0{, o
® % <) i J
[ )
o Arvada —
2700 - '.o' o ° ‘l' -
° 4 ®e00 , 3Vl I &N
© - o - Q.\
¢ D l \\0
@ D \QQ, - \0
. S 170 A S N—
® 28 58 3 lWhea!ridge' o
Golden ° D Staplet
enver pieton
o e o ° ° £ Intemational
% e Y 1 Airport
7/ = \
o N\
VS / :
S—— \
4 —— :
1 g
[ieerrierie? | R
(6]
Okm Skm 10km 15km 20km WVTS Sampler

Fig. 1. CALPUFF model domain showing location of the WVTS samplers and terrain features of the Colorado Front Range.

Figure 7. From: Performance evaluation of AERMOD, CALPUFF, and legacy air dispersion
models using the Winter Validation Tracer Study dataset Arthur S. Rood 2013-14
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The EIA and SIA reports show the weather conditions in the years 2010-2014 from one unmanned
weather station, which was located on top of the Kvanefjeld. Distance to the town of Narsaq 5-6

km:

NORTH

15%

¢

Norsaq

SOUTH

Figure 8. Average wind

directions and wind speeds
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at Kvanefjeld 2010-2014.

In Australia, Vitrinite Pty Ltd applied to open a coal mine.”> And they meticulously produced
graphs of wind directions and wind speeds because the proposed coal mine would be located
between two towns: Moranbah with 9,000 inhabitants, which is 30 km south of the proposed coal
mine project and Dysart with 3,000 inhabitants, which is 35 km from the proposed site.
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Figure 9. Seasonal analysis.

Frequency of counts by wind direction (%)

Diurnal wind roses for the VCP site (extracted from CALMEY) - 2018

Figure 10. Diurnal analysis

23 Vulcan Complex Project Air Quality Assessment, Simon Welchman (2020)
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Along the mountain slopes of Narsap Ilua, it is shown that dust particle emissions will be blown
upwards toward the Kvanefjeld project.

NacSagkileqactik

a1 J > !»Am{";."" v gg.J. .
Figure 11. Note: The wind blows upwards along the mountain slopes.

Gryning and Lyck made meteorological observations in Narsap Ilua in 1983. They were puzzled by
drainage winds in winter. The drainage winds blew down the mountain slopes. And in Narsaq these
sudden gusts of wind are called “aqqarsarneq,” i.e. “downward wind”. The other thing they noticed
is that the wind in the valley changes direction by 180° every half hour.?*

According to the EIA and SIA reports, the dispersion of dust particles will be reduced by using “fog
cannon” during the summer. They don’t expect to completely eliminate all dispersion. In cold
weather, the dust cannot be suppressed with fog cannon.?

24 preliminary Environmental Impact Statement for the Kvanefjeld Uranium Mine, Kim Pilegaard (1990)
25 Kvanefjeld Project Environmental Impact Assessment, Greenland Minerals limited 2020.
10
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We strongly demand that:
. The reason for our most strident demands is that the Kuannersuit (Kvanefjeld) is located
close to towns, sheep farms, reindeer herding farms, cattle farms, horticulture, pastures, grazing
areas for breeding animals and fishing and fishing grounds (see Table 1). Dust particle pollution
will affect all living creatures and have a negative impact on their health: the civil population,
animals, birds, fish, insects and plants. And it will destroy the interplay between living organisms,
that is to say the entire biodiversity.

Weather patterns have changed since 2010-2014. Due to climate change, there are more
powerful storms. During the winter, we have strong northerly winds, especially following piteraq
storms in East Greenland. During the summer, there are often westerly winds.

1. New findings about particulate matter have recently emerged. We therefore demand that the
ratios 1 : 0.556 : 0.185 : 0.130 for TSP: PMio : PM2s5: PM o be be used for a new dust emission
calculation based on Sairanen’s (2018) and Sun’s studies (Sun 2020). Furthermore, we demand that
the air quality in Narsaq town be studied because current levels of airborne particulate matter from
day-to-day activities in town must be added to the levels of particulate matter generated from
mining activities.

2. We strongly demand that the composition of dust elements and their isotopes be analyzed and
made public because most of the elements are heavy metals that cannot be broken down and are
very harmful to health:

20 radioactive elements and their isotopes:

Uranium, thorium, radium, actinium, radon, polonium, bismuth, thallium, beryllium, protactinium,
cerium, hafnium, manganese, niobium, tantalum, francium, astat, neptunium and strontium.
Rare-earth elements (REE):

Lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, yttrium and scandium.
Other elements:

Fluoride, lead, barium, arsenic, mercury, zinc, iron, aluminum, chromium, silicon, rubidium,
selenium, vanadium, cobalt and other elements and minerals, all told more than 200.

3. Other dust experts should examine “Air Quality Assessment - Kvanefjeld, ERM Worldwide
Group Ltd (2018)”, for their predictions of particulate matter levels associated with the Kvanefjeld
project.

4. We demand information on bore hole sizes and bore hole depths because this is important
information for determining how high the dust particles rise into the air during blasting.

5. We demand that the micrometerology of the Narsap Ilua (Dyrnzs) valley be investigated
(Gryning and Lyck 1983) because this is the key to dust particle dispersion in the area. Furthermore,
the open pit mine will become deeper over the years. How will this affect the wind conditions in
Narsap Ilua?

% Sikkerhedsanvisninger ved spraengningsarbejder, DSF (2017)
11
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6. We demand the use of a different dust emission dispersion program, which will provide more
accurate predictions of dust particle dispersion (Sairanen 2018). It is now known that the dust
particles remain airborne for a very long time and travel great distances. (Gonzélez, 2018)

7. The placement of sensitive receptors by Orbicon was unsystematic. We therefore demand that
they be placed in a systematic manner, as was done in Denver. And their placements must also take
into account our water supply areas and the town of Narsaq. (See Figure 7).

8. Predicted wind speeds and directions must take into account seasonal variations (winter and
summer) and the times of the day (see Australian Vitrinite Pty Ltd’s projections, (Figure 9 and
Figure 10). Several different heights must be used for the dust particle dispersion analysis: E.g. 4
meters, 6 meters and 8 meters.

4 m,15m/s

Figure 12. Wind speeds increase with height.

9. It has now been almost 10 years since the weather conditions were studied. In the meantime,
weather conditions have changed. We demand a new study of the weather conditions in the
Kvanefjeld area.

10. Research on the air particles PM1o, PM2 s and PM1 o has been prioritized more and more at
present. We demand that Namminersorlutik Oqartussat closely follow the research because
knowledge about them is constantly updated. (googletranslat)

11. We strongly reiterate our demand that Narsaq residents undergo health checks by independent
doctors. And these health studies will indicate worsening public health in Narsaq in the future.

Thank to Paul Cohen (text@cohen.gl, www.cohen.gl) , who translat this article from danish to
English.

12
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