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INTRODUCTION
The Arctic is one of the most remote region of any extent in the populated and industrialized
northern hemisphere. By determining snow composition and deposition at a regional scale on
one occasion, one may obtain a picture of the extent of long-range atmospheric transport and
deposition of pollutants. This type of study could in effect “take the pulse” of the Earth when it
comes to atmospheric pollution. If such survey is repeated, time-trends can be obtained, and it

could be established whether conditions are improving or deteriorating.

A number of significant local pollution sources also exist in the Arctic or on its fringe. For
instance large mining/exploration operations such as Sydvaranger, Kiruna, Kostomuksha,
Norilsk, Faro, Pine Point, Marmorilik, and the coal, oil and gas industry in Svalbard, Barents
Sea, Siberia, Chukotskiy, North Slope, Axel Heiberg and Ellesmere Islands. The impact these
activities have on the atmosphere could be identified by the snow survey. Institutions like
geological surveys or universities are best able to interpret the geochemical fingerprints these
major operations impart to the environment. In view of potential future growth in the mining
sector in the region, regional baseline investigations will be useful for environmental impact

studies.

The objective of this report is to describe in detail the Icelandic samples, the sampling methods
and analytical results.

Four ARCTIS snow samples, number 34, 35, 36, and 38, were taken from two Icelandic
glaciers in 1997 (Table 1). One sample on the Langjokull glacier at 64°35°746 and 20°20°685,
March 13, 1997, and three samples on the Vatnajokull glacier at 64°35°000 and 17°20°000,
March 20, 1997. Two of the ARCTIS samples from the Vatnajokull glacier are duplicate
samples of the 1996-1997 winter precipitation, but the third sample from the Vatnajokull glacier
is a sample of the snow in contact with volcanic ash from the October 1996 Gjalp subglacial
volcanic eruption in Vatnajokull (Gudmundsson et al., 1997). Three of the Science Institute
samples are duplicates of three of the ARCTIS samples (34, 35, and 38; Table 1). For further
study of the snow, nine Science Institute samples were taken in, above, and below the volcanic
ash layer (Table 1 and Table 5).

The 1998 and 1999 March expedition were to the previous Langjokull sample spot, at
64°35°746 and 20°20°685.



GOAL OF THE ARCTIS PROJECT
« To establish the concentration levels of natural and anthropogenic elements and compounds
in Arctic snow.
« To document the spatial variability of these elements/compounds in the Arctic region.

+ To obtain winter deposition estimates of these elements/compounds in the Arctic.

DESCRIPTION OF THE ARCTIS PROJECT
Through a tightly knit network of enthusiastic partners, field workers and laboratories,
collection of snow samples (cores) took place at the end of the winter 1997, at a low spatial
density. This relayed mainly on expeditions going to the Arctic for other purposes, or through
local environmental management authorities. Twenty two snow samples were taken in Russia,
Alaska, Canada, Greenland, Iceland, Svalbard, Norway, Sweden and Finland. Of these, there
are four pairs of duplicates, meaning we have covered 18 different locations. Ten additional
snow samples were taken from one locality in Canada, which will be used for testing lab
methods and QA/QC purposes, as well as testing the local chemical heterogeneity of the snow.
This sample set adds one locality, bringing the total up to 19 localities sampled.

Snow samples were collected with the same type of equipment by all parties, and were sent
frozen to a unique laboratory; the Geological Survey of Canada in Ottawa. Sample preparation
included melting at room temperature and in-line filtering (0.45 wm) in an ultra-clean room
facility. Both the meltwater and the filter residue were analyzed for major, minor, and trace
elements, isotopes, and organic compounds. Meltwater and filter residue were subjected to
somewhat different analytical programs. For instance, the filter residues were studied by
SEM/EDX and/or electron microprobe for particle characterization.

Additional to this, duplicate samples of the winter precipitation from all the Icelandic sites
were taken and analyzed at the Science Institute, Reykjavik, Iceland and the SGAB laboratory,
Luled, Sweden. The winter precipitation at the Icelandic site on the Langjokull glacier has been
monitored since 1997. These samples have been analyzed at the Science Institute, Reykjavik,
Iceland, the SGAB Laboratory, Luled, Sweden, the Stockholm University and the LECO
Corporation, U.S.A.

SAMPLING METHODS
Selection of sampling sites
Snow from last winter only was collected. Flat, open virgin area was chosen, with no ski, foot
or other tracks, away from trees and where snow cover appeared to be regular in thickness with

no major ridges or holes and minimal reworking of the snow with wind. Holes were poked in



the snow layer down to the ground at 12 sites (see fig. 1) and the snow depth measured and
recorded onto a special field sheet (Appendix 1). Walking was avoided where the snow cores
were to be taken (see suggested path fig. 1). The five snow subsamples were collected at the
corners and centers of a 20 by 20 m square, according to the procedure demonstrated on fig. 1.
Owing to the thickness of the snow layer on the Icelandic glaciers, PICO lightweight hand
coring auger driven by a Honda generator was used during the first expedition in 1997 to drill
exploratory holes , at the corners of a 40 m by 40 m square corresponding to sites 1,3,5, and
7 on fig. 1 (figs. 2 and 3). The clean core was taken from a trench that was dug in the middle
of the square (fig. 4). The PICO core barrel, and extensions were made of fiber glass but
fittings, adapters and cutting head were machined from aluminium (Koci, 1983). A20m
extension cord was used from the Honda generator to the drill site in order to position the
generator as far as possible and down wind from the clean core site in the middle of the square
(fig. 4). In 1998 and 1999 no exploratory drill cores were taken on the Langjokull glacier,

Iceland. Clean cores were taken from a trench.

Collection of snow cores

The equipment used for snow sampling was:

«  One acid-washed polycarbonate (PC) snow corer, in sealed polyethylene ( PE) sleeve and
cardboard tube.

» One PC plate used for cleaning the core site.

» PE bags with closing strap

» Non-talced, clear plastic gloves

* Pre-labelled cooling box

» Field sheet (see Appendix 1)

 Tape measure, roll of film, roll of duct tape, marker, and rope

» Snow shovels, plastic and metallic

» Topographic map of the area

* GPS positioning equipment

* Temperature meter with a sharp probe

e Camera .

» PICO lightweight hand coring auger

* Honda generator

* Gasoline and oil for the generator (kept in the car)

~ Atrench, 3- 4 m deep, was dug in the middle of a 40 m by 40 m square (fig. 4). The clean
core equipment was then brought close to and downwind from the trench. The enveloping PE

sleeve was removed from the PC corer. The PE sleeve was opened at the top of the corer, i.e.



not at the sharpened end of the tool. Care was taken not to put fingers or any object inside the
tube of the PC corer at any time. The corer and the PC plate were always handled with plastic
gloves. No smoking was allowed during sampling. The corer was then pushed five times
into the snow pack to “clean” it, avoiding contact with the underlying vegetation, soil or rocks,
these cores were discarded (fig. 5). A vertical wall was cleared by a plastic shovel, down to
the bottom of the 1996-1997 winter layer (figs. 6 and 7). Care was taken that the thickness of
the layer was representative for the area, i. e. well within the range of the for previous
measurements done at the corners of the 40 by 40 m square. The depth of the snow layer was
measured and recorded . The shovelled wall was treated as contaminated from the shovel (e. g.
it was not touched with the plastic gloves). The PC plate was plunged five times into
untouched snow to “clean” it. Then 10 cm of the wall was scraped away with the PC plate to
have an uncontaminated vertical working surface (fig. 8). The PC plate was again plunged 5
times into untouched snow to “clean” it, and then inserted horizontally into the scraped surface
at a depth suitable for the corer. The PC corer was then pushed/rotated vertically down into the
snow layer, about five cm behind the clean surface (figs. 6 and 7) until it hit the plate. The
corer was then pulled towards the trench, while holding the plate in contact with it. The snow
core was emptied into a pre-labelled PE bag. This procedure was then repeated until all of the
snow layer was sampled. One continuous core, filled one PE bag. All surplus air was then
pushed out of the bag, the plastic strap rolled down at least five times and finally looped
together. The strap was then used as handel. The ARCTIS sample 38 and the Science Institute
sample 97-S025 of the snow from the Vatnajokull glacier in contact with the ash from the
October 1996 subglacial eruption were carved out from the wall close to the bottom of the
trench by the PC plate (figs. 9. and 10). The 9 Science Institute samples intended for further
study of the snow were taken from the PICO cores in, above, and below the volcanic ash layer
(fig. 11, Table 1). Two ARCTIS sampling bags fitted into the styrofoam box. The box was
filled with excess snow to minimize melting of snow samples during transportation to the
laboratory.

The duplicate samples that were collected in 1997 that were analyzed at the Science
Institute, Reykjavik, Iceland and the SGAB laboratory, Luled, Sweden, were sampled as
described above, except three sample bags were needed to contain the whole sample and these
bags were not acid washed.

The sample collected in March 1998 was collected in 3 plastic bags, similar to the Science
Institute samples from 1997. The samples collected on the Langjokull glacier in 1999 were
sampled as described above, but duplicate samples were taken. One into 3 sample bags that
were not acid washed, and another into 3 sample bags that were acid washed. The bags were
washed for one hour in 1 N HCI acid and then washed several times with deionized water and

the final remaining water shaken out of the bags. The corer and PC plate were washed in



similar manner.

In all the expeditions, temperature profiles were measured in the trenches by thermistor
meter using a sharp probe that was plunged 20 cm horizontally into the wall at a given depth in
the trench. The result is given in Table 2.

An approximate density of the snow and ice from the winter precipitation of 1997-1998 and
1998-1999 on the Langjokull glacier was estimated from weight and geometry measurements
(Table 3). The weight was measured by a spring scale and the volume was estimated by the
length of each core and in the case of the ice layers, they were carved into a square and their
sizes measured. These measurements were not accurate.

The density measurements were used to calculate the winter precipitation, equivalent to

rainfall, at the sampling site (Table 4).

Sample treatment in the laboratory

The samples from the 1996-1997 winter precipitaion were both melted at the Science Institute,
Iceland and were sent frozen to the Geological Survey of Canada in Ottawa. These duplicate
samples were analysed in Canada, Iceland, and the SGAB Laborateory Sweeden. The 1997-
1998 winter precipitation on the Langjokull glacier was melted and analysed at the Science
Institute and also analysed at SGAB. The 1998-1999 winter precipitation on the Langjokull
glacier was melted at hte Science Institute and analysed at the Science Institute, SGAB Sweden
and the LECO Corporation, U.S.A.

Sample preparation at the Geological Survey of Canada in Ottawa included melting at room
temperature and in-line filtering (0.45 wm) in an ultra-clean room facility. Both the meltwater
and the filter residue were analyzed for major, minor, and trace elements, isotopes, and organic
compounds. Meltwater and filter residue were subjected to somewhat different analytical
programs. For instance, the filter residues were studied by SEM/EDX and/or electron
microprobe for particle characterization.

Each of the Science Institute samples (three bags for each winter precipitation except 6 bags
in 1999) were melted in the laboratory in one of the sampling bags, with an extra outer bag.
The double bag was submerged into hot water (60-95 °C) in the laboratory sink. As the snow
started to melt, the snow from the other two sampling bags were “pored” into the meltwater.
This was done to minimize the contact of melt water with the surface of the bags. Once all the
sample was melted, it was filtered through a 0.2 pm pore size cellulose acetate filter into
polyethylene plastic bottles. The filter holder was 142 mm in diameter (Sartorius) and the
contact area was made of teflon. The filter holder, tubing and filter was cleaned by 1 liter of
sample previous to sampling. Sampling bottles were cleaned twice with the filtrated sample,
and the 100 ml high density polyethylene sample bottle used for ICP-SMS, ICP-AES and
Atom Fluorecens measurements were acid cleaned at the SGAB Laboratory in Luled Sweden.



Conductivity and pH at a specific temperature were then measured, samples for nutrient
analysis placed in a deep freezer at -18 °C and samples for ICP-SMS, ICP-AES and Atom
Fluorecens measurements acidified by suprapure nitric acid, 1 ml to 100 ml, but samples for
anion analyses were simply filtrated into a low density polyethylene bottle. All bottles, except
the acid washed bottles, were new and were washed several times with the sample. Bottles
used for samples to be measured by ICP-SMS were acid washed before they were washed by
the sample. The concentration of solid particles were measured in the sample. The
concentration of nutrients was measured by colourimetry on an auto-analyzer. The samples
were taken out of the freezer the night before analysis. The results of these measurements are
shown in Tables 5, 6 and 7, and results from various analytical methods are compared in Table
8.

The analytical work done at the SGAB Laboratory in Luled Sweden was performed
according to the so called V-2 analytical program. The V-2 program is a multi-element
analysis of natural freshwater by a combination of inductively coupled plasma atomic emission
spectrometry (ICP-AES), inductively coupled plasma sector mass spectrometry (ICP-SMS),
and atomic fluorescence spectrometry (AFS). Main elements (Ca, K, Mg...) are determined by
ICP-AES together with minor and trace elements present in relatively high concentrations,
while trace elements in low concentrations are determined by ICP-SMS. AFS is used
specifically for mercury. Which ICP technique is used for which element in a specific sample is
stated in the analytical report.

The methods used for ICP-AES and ICP-SMS are modified versions of the USEPA
Methods 200.7 and 200.8, respectively. The AFS method is modified from the Swedish
Standard Method 028175. Clean lab technology is applied and ultra-pure reagents are produced
in-house by sub-boiling distillation of de-ionized water and analytical grade acid. Preparation of
samples and standards is carried out in a Class 100 clean room. Quality control is performed in
each analytical run by means of control blank samples, reference materials, and drift control
samples. The results for the reference materials are evaluated by means of control charts.
Results for a batch of samples are accepted only if the result for the accompanying reference
material falls within statistically defined limits. The control charts are also evaluated regularly
on a long-term basis for evaluation of accuracy, precision and long-term stability.

SGAB Analytica is accredited for the methods in V-2 by the Swedish accreditation body
SWEDAC.

Duplicates of the 1998-1999 winter precipitation samples were analyzed by the LECO
corporation U.S.A. Analysis was performed using the LECO Renaissance Time-of-Flight
(TOF) ICP-MS. The analytical method is described in Appendix 2. Result are shown in
Table 9.



SHIPMENT OF THE ARCTIS SAMPLES
The samples were kept at -18°C in the laboratory until shipped by air from Iceland to Ottawa,

Canada. The samples arrived in Ottawa, after minimal melting.
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TABLES
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Table 9. Comparison of the results from the various analytical methods employed for the

1998-1999 winter precipitation on the Langjokull glacier.

11



4!

s3eq ajdures paysem pOY

e ot ifed pue 30 L0l- 0E-LT-0T:6T 66'C1E G80,00.00-OFL SEoP9 T1-66 1IMRISI ] 4T 1766

e 1242 wred pue re3[n L°01- 0E€:L1-01:ST 66'¢'1E $89,02,02-9vL.SEP9 1766 TIQBIET 1T-66

e 8¢tE uifed pure 1es[D 8°8- SyiLI-8LE]l 86'¢°LT TOVI $89,02,07-9¥L.SE.79 171-86 ‘TI{QBweT 171-86

Iofe] yse Johe] yse W " L6'¢°0C 000.0Z.L1-000.S€.¥9 ¥ 310D $Z0S-L6

Jofe) gse doy W i L6't0T 000.02.L1-000.5€,49 € 310D £20S-L6

Iokey yse 3[ppru N ¥ L6'E'0T 000.0Z.L1-000.5¢.79 € 210D 7¢0S-L6

Joke] yse wonoq W u L6¢°0C 000.0Z.L1-000.5€.¥9 € 210D 120S-L6

Use mofeq yse mof3q » . L6°¢°0T 000,0%L1-000.5€.#9 T 310D 020S-L6

Jofe] yse 1akej gse “ ¥ LE'E0T 000.0Z.L1-000,5€5¥9 T 310D 610S-L6

Jake] gse Jokey yse i i L6'€'0T 000.0T.L1-000.5€79 12100 810S-L6

un 0920 W W L6'€0T 000.0Z.L1-000.5¢.¥9 123100 870S-L6
wog0E-08C SLT 0Lz 08¢ 962 0Lt u i L6°¢°0T 000.07.L1-000.5€.79 TInYQfeuRA ST0S-L6 %8¢
ajdures ou N " L6€E0T 000.0Z.L1-000,5€.9 lIn3QfewRA *Lt
wd08Z-0 SLT 0Lz 087 96T 0LT uIfed jnq W L6'E0T 000.0ZoL1-000,5€.¥9  [IMYQIEUIEA *9€
w3 087-0 SLT 0LZ 082 96T 0Lt s1amoys mous  9'gl- L6E0T 000.0Z,L1-000.5€.¥9 TImiefeureA LTOS-L6 »SE
e (149 474 0€¢ 0S¢t uIes pue Jes[d  81- SI:8I-S1:€T L6'EEl TLTI $89.02.02-9L.SE.9 TTMQfBue] 920S-L6 14
12Ae] moUs 1D W '/ 19Wdod wWo ‘G IaW0d W ‘g ISUI0d UId ‘| ISWi0d o Furpdures TS®'BW ‘Juoidures  “Iu sjdures

oy Jo yeg youan oidureg “ydep mousg

‘tpdop moug ‘pdop moug “ipdop Mous IoIBIA

aimesadwd) Iy Jo swi], arq

UOIRAI[S §JD) UONeI0] SdD jods sjdureg Jsuj 90U20S  SLIDAV

6661-L661 S32108(3 [Inyjeleuye s pue myjofSue sy woly sajdwes moug [ IqeL



€l

LT ove
6T 0€€
Lt (1743
0¢ or¢
6T 00€
e 062
ge- 082
4a 0Lz
8¢ 092
Le 0Sz
8H- ove
9y~ (1] X4
¥'s 0
€6 01z wo Opg
1's 00T JaKe] moug
8- 061
6 081
oS OLT
96 091 Surdures jo
1'9- 0s1 pua oy 18
8°s- ovl Dol'6- axmeradusy my
9'¢- o€l
66 ozl Suyrdures jo
09 011 Suuur3aq oy 1e
99 001  Do0'I1- ‘wied pue e[
¥'9- 06 Iagreop
59 08
9'9- oL 66'€'T€ A
oL 09
9L 0s il
¥'8- or uonead|d 4D
zor- (1]
¥I1- 0T $89.0T.02-9¥L, SEV9
011- o1 uonedo] SJH
0 6661 ‘nyjef3ue]

Do un 6661

axmjeradura], ydaq ms

1T 33
0T 1743
1T 01¢
1T 00¢
0z 062
oT1- 08¢
0T 0Lz
61- 092
TT- 0sz
LT- oz SIeqI[ILI 097
91~ 0£Z aInssaxd a1y
SI- 07T
¥1- 012 o gEE
V1- 00T 19Ae] moug
- 061
T1- 081
V- oLI
80~ 091 Burdures jo
S0 0S1 pus oy I8
€0- ovl D009~ amyeradua) my
70 o€l
10 0zl Suydures jo
10- o1t Suiuuidaq oy 18
1°0- 00T  Do0°01- ‘Wied pue res[)
70 06 RELLETN
£0- 08
90 oL 86'¢° LT 1B
T1- 09
L1 0s wzorl
LT ov uoneAsd SdD
TP 0¢
I's 0T $89.02.07-9YL.SE-H9
19 o1 uoneso| §45

0 8661 ‘nyefBuey

un 8661

Ohﬂuahon——ﬂo,ﬁ -—«hvﬁ— oamw

Surjdures jo
vL 00€ Buwigaq ay) e
'8 0sZ Do §1- Sem armeradwa
98- 002 J1e ‘Wed pue Ielad
06 081 nq ‘s1omoys mous ‘A304
6" 091 pesm
0°01- ol
9'01- (174} L661°€0T 21ed
I 001
6'11- 08 Tseuwgi9]
vl 09 uoneas[d depy
gel- oy
L'ET- 0T 000.0Z0L1-000.5€c¥9
0'CI- S uoneso| SdO
9'01- 0 nnyjefewes
0V 14
9V 0S?T
S's- 002 wo (Z¢ 124e] moug
1's 00T D81 pue ‘wjed pue Ie3[5
1 24% 081 Isqies M
8¢ 091
'9- orl L6'EE] 9
L9 ozl
L 001 Tsew el
€L 08 uoneadd SIO
VL 09
£'8 oy 689.0C.07-9¥L.S€19
AN 0¢ uoneso[ SdD
£el- S
0'81- 0 L66T ‘Imyef3ue]
Do urd L661
aimeradway, wydaqg E3N (N

6661 - L661 ‘sams Surdwres 1ae)3 [nxjofeme s pue [myolSuey ayy woyy apgold simeradwa], *Z AqeL



Table 3. Density profile from the Langjokull glacier sampling site, 1998 and 1999

Sample depth Sample Weight Length r*  volume Density
cm description g cm cm cm’ g/em’
1998
84 dense snow 1362 84 1332 3516 0.39
132 wet snow 681 48 13.32 2009 0.34
189 snow 1589 80 13.32 3348 0.47
255 snow 1180 66 13.32 2762 0.43
260 ice lense 863 1350 0.64
330 SNOW 1226 61 13.32 2553 0.48
1999
17 Snow 370 24 13.32 1004 0.37
50 snow 409 25 13.32 1046 0.39
100 snow 321 19 1332 795 0.40
150 snow 338 17 1332 712 048
200 snow 625 25 13.32 1046 0.60
250 snow 446 20 13.32 837 0.53
272 ice lense 58 13.32 36 1.61
307 SNOW 284 12 13.32 502 0.57

Diameter of corer = 7.3 ¢cm

Volume of a cylinder (the corer) = nr’l
Density =mass (g)/volume (cm”)

14
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Table 9. Comparison of the results from the various analytical methods employed for the 1998-1999 winter
precipitation on the Langjokull glacier (see Appendix 2). The samples were analyzed by Renaissance TOF-ICP-
MS (LECO Corporation) and ICP-SMS and ICP-AES (SGAB, Luled, Sweden).

Element 99-L1 99-L2 99-L.1 99-L2
TOF-ICP-MS  TOF-ICP-MS ICP-SMS ICP-SMS

LECO LECO SGAB SGAB

snow from snow from

acid washed bag acid washed bag

[ppb=ug/L]  [ppb=pg/L] [ppb=ug/]  [ppb=ug/l]

Li 0.027 0.026
Na 1000 1050 94(** 1000**
Mg 122 125 120** 120%*
Al . 1.4 1.25 0.64 0.73
K 90 48 <400** <400**
Ca 52 46.5 <100** <100**
Cr <0.04 <0.02 0.011 <0.01
Mn 0.096 0.07 0,09 0,06
Fel 0.9 0.45 0.6 <0.4
Co <0.006 <0.006 0.0049 0.004
Ni 0.29 0.25 0.204 0.184
Cu 0.09 0.08 0.102 <0.100
Zn 3 1.3 2.82 1.36
As 0.18 <0.05 0.09 <0,01
Rb 0.025 0.016
Sr 0.75 0.75 0.768 0.78
Mo <0.025 <0.025 <0.01 <0.01
Cd <0.03 <0.03 0.0128 0.0106
Cs <0.002 <0.002
Ba 0.025 0.02 0.026 0.02
Pb_Cool <0.005 <0.005
Pb_USN 0.012 0.016 0.016 0.018
* Ga, Y, Nb, Ag, Rh, In, Sb, Ce, Ta, Re, Ti, Th, U <0.006 <0.006
* Pr, Nd, Eu, Dy, Yb, Er, Ho, Tb, Tm, Lu <0.006 <0.006
* Ge, Zr, Pt, W, Sm, Dy, Yb, Gd <0.02 <0.02
* Be, Se <0.05 <0.05

There was a somewhat higher Pb value measured by ultrasonic nebulizer compared to the cool plasma data: this could
come from contamination of glass surfaces of the USN and washout of Pb by the sample.

*: Estimated from full spectrum scan: no visible peaks.

1 See explanations in Appendix 2

** Measured by ICP-AES
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FIGURES

Figure 1. Selection of sampling site

Figure 2. PICO lightweight hand coring auger driven by a Honda generator was used to drill
exploratory holes, at the corners of a 40 m by 40 m square corresponding to sites 1, 3, 5, and 7
on fig. 1

Figure 3. The PICO lightweight hand coring auger fully extended.

Figure 4. The clean core was taken from a trench that was dug in the middle of the square up-

wind from cars and equipment.

Figure 5. The PC corer was pushed/rotated vertically down into the snow layer, about five cm

behind the clean vertical surface of the trench.

Figure 6. Snow sampling with the “clean” PC corer.

Figure 7. Snow sampling with the “clean” PC corer. Note the location of the PC plate.

Figure 8. Cleaning the face of the wall with the PC plate, wearing plastic gloves.

Figure 9. A piece of snow and volcanic ash from the Vatnajokull site.

Figure 10. A piece of snow and volcanic ash from the Vatnajokull site before melting in the

laboratory.

Figure 11. Core from the PICO lightweight hand coring auger, showing the ash layer from the
October Gjalp subglacial eruption 1996.
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» Measurement
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Figure 2. PICO lightweight hand coring auger driven by a Honda generator was used to drill
exploratory holes, at the corners of a 40 m by 40 m square corresponding (o sites 1, 3, 5, and 7

on fig. 1.



Figure 3. The PICO lightweight hand coring auger fully extended.

Figure 4. The clean core was taken from a trench that was dug in the middle of the square up-

wind from cars and equipment.
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Figure 5. The PC corer was pushed/rotated vertically down into the snow layer, about five cm
behind the clean vertical surface of the trench.

NOT TO SCALE

%)
5
S
%)
U
o
m
PC CORER

)

“SCRAPED,
SURFACE

PC=POLY-
CARBONATE

Figure 6. Snow sampling with the “clean” PC corer.
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Figure 7. S ¢ i i “
now sampling with the “clean” PC corer. Note the location of the PC plate

Figure 8. ing the f ‘
g Cleaning the face of the wall with the PC plate, wearing plastic gloves
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APPENDIX 1; FIELD SHEETS AND DESCRIPTION OF SNOW CORES.

1. Field sheet for ARCTIS sample nr. 34 from the Langjokull glacier.

2. Field sheet for ARCTIS .sample nr. 35 from the Vatnajokull glacier.

(O8]

. Field sheet for ARCTIS sample nr. 36 from the Vatnajokull glacier.

4. Field sheet for ARCTIS sample nr. 37 from the Vatnajokull glacier.

W

. Detailed description of PICO core nr. 3(I) from the Vatnajokull glacier.

6. Detailed description of the snow and ice layers in the trench in the Langjokull glacier in
1998.

7. Detailed description of the snow and ice layers in the trench in the Langjokull glacier in
1999.

28



1. Field sheet for ARCTIS sample nr. 34 from the Langjokull glacier.

Sample ID: gé/ (see number cn sample bag)
Name(s) of sampler(s): SlEAREHA2 Z. 4/54/?55//

Date (day/month/year):/ S | MBS 1997 (please spell out the montp, e.g. *April’)

Country: LCELS7ZYVY) State/Province/Oblast/County:
Commune/District: Closest town/village on map:

Topographic map sheet used ' .
Name: LONXZe(  Wumber: _/2/Y 2 Scale: _ /- 54 000

Coordinates of sampiing site

System used (e.g. ‘UTM’): Zone:
Other info: o N
Northing: 27" 357 7% -E.astm‘7 20 20 685" [ GES /7 —LO(M‘??@AJ

Snow depth, record 12 measurements (cm)

NSJ0 2y 3) 330 Boeeeee ) 6)
H3Z0 ) : 9) 10) 11) 12)
Thickness of snow sampled (¢m) (coilect enough cores to fiil one PE bag, normally 5 cores)
1) _Z.D_ 2) 3) S 3 6
R g3 L 10 S P2y

General remarks about snow cover at this site

Is the snow clean or rather dirty here? ___ (/€% "] ,

Are there icy layers in the snowpack? _&# #4¢ Gl ot YA o,

Has the springtime snowmelt already started here? __ /72

Is there a risk that sample may be contaminated (plant material, soil)? _/%4

Did you encounter problems during sampling? 7?79 (if ‘yes’, describe below),
Other comments/remarks:

When fieldwork is completed, please send
- the topographic maps, with sampling locations and sample numbers indicated on them
- the original field sheets
to: Patrice de Caritat, Geological Survey of Norway, P.O. ‘Box 3006, N-7002 Trondhezm
NORWAY

Samples are to be sent frozen to: Gwendy Hall, Applied Geochemistry, Geological Survey of
Canada, 601 Booth Street, Ottawa, Ontario KIA 0ES, CANADA

29



2. Field sheet for ARCTIS sample nr. 35 from the Vatnajokull glacier.

ARCTIS Project - FIELD SHEET

Sample ID: 3 5 (see number on sample bag)
Name(s) of sampler(s): _ Szt LU A £Z. 4’/56/‘?{4(&’/

Date (day/month/year):& | 77845 11997 (please spell out the month, e.g. ‘April’)

Country: __/_( LA State/Province/Oblast/County: /4 m’@c‘?}' el
Commune/District: Closest town/village on map: ___&7¢+PC/CA.

Topographic map sheet used

Name: 2 Y/VMHJOMQJumber: 20/% f Scale: /ﬁ&%\-

Coordinates of sampling site 2o N- Jj‘
System used (e.g. ‘UTM’): Zone: A [
Other info: R O n? ) MO v
Northing: _#7°35 00  pkasting: /720 g0 o, . 97
FO0n, 1
Eﬁ%w depth, record 12 measurements (cm) I
D220 2 ®zsb.  H____ O _Zz8B0 6
‘1}@,2_29__ H - H____ wy 1 12y
Thickness_gf snow sampled (cm) (collect enough cores to fill one PE bag, normally 5 cores)
NR228 2 3____ o AH___ 3 6
7 &3 7} Fil Pis 12

General remarks abour snow cover at this site

Is the snow clean or rather dirty here? (/24r bl _ppfeaets acl) lair delos

Are there icy layers in the snowpack? __ sr—e /7¢ Cri)frpee &

Has the springtime snowmelt already started here? __A/0

Is there a risk that sample may be contaminated (plant material, soil)? _2&

Did you encounter problems during sampling? (if ‘yes’, describe below)

Other comments/remarks:
FORE  terdS THEESN 70ty L Sl 20N 7O

_a gy PBOC  THE  sELAA D Ly

When fieldwork is completed, please send
- the topographic maps, with sampling locations and sample numbers indicated on them
- the original field sheets o
to: Patrice de Caritat, Geological Survey of Norway, P.O. Box 3006, N-7002 Trondheim,
NORWAY

Samples are to be sent frozen to: Gwendy Hall, Applied Geochemistry, Geological Survey of
Canada, 601 Booth Street, Otntawa, Ontario K1A 0E8, CANADA
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3. Field sheet for ARCTIS sample nr. 36 from the Vatnajokull glacier.

ARCTIS Project - FIELD SHEET

| 15 FIEY dnelicate S0
Sample ID: 26 (see number on sample bag) S BST

Name(s) of sampler(s): _ S /GUAG UL &(ELIFST L

Date (day/mouth/year): 20/ S 11997 (please spell out the month, e.g. ‘April’)

Country: 2z State/Province/Oblast/County:
Commune/District: Closest town/village on map:

Topographic map sheet used " '
Name: DNEIUToEHL Number: 20/ Y 42 Scale: _/ 50 0006

Coordinates of sampling site

System used (e.g. ‘UTM’): Zone:

Other info: , /
——7 JYtust- ,©

Northing: by 28 ovo Easting: /7 ZO o0

Snow depth, record 12 measurements (¢m)

0270 2»___ 29 4H___ (282 ¢
D27 8 ___ 9__ 10) m_____ 13
Thickness of snow sampled (cm) (collect enough cores to fill one PE bag, normally 5 cores)
NE225 ) 3) 4) 5) 6y

7 ) Oy ) R A P2

General remarks abour snow cover at this site

Is the snow clean or rather dirty here? ___/7&<1

Are there icy layers in the snewpack? _ Y &S, S¥e (oR&

Has the springtime snowmelt already started here? &

Is there a risk that sample may be contaminated (plant material, soil)? vZs

Did you encounter problems during sampling? VES. (if ‘yes’, describe below)

Other comments/remarks:
T (OTEA  Go7  STUHA NTO T T HFsS R

THE TS VI r7S PallFE  OLr 7T LS AN~
PLEFET 7 C Gl DCES

‘v
When fieldwork is completed, please send
- the topographic maps, with sampling locations and sample numbers indicated on them

- the original field sheets
to: Patrice de Caritat, Geological Survey of Norwvay, P.O. Box 3006, N-7002 Trondheim,

NORWAY

Samples are to be sent frozen to: Gwendy Hall, Applied Geochemistry, Geological Survey of
Canada, 601 Booth Streer, Ortawa, Ontario KIA 0ES, CANADA
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4. TField sheet for ARCTIS sample nr. 37 from the Vatnajokull glacier.
’ wi™ S5y 7T
go ¢ yraet LG
ARCTIS Project - FIELD SHEET B#A% X0 377 Ty S
S B STMIEE O T FISH LAVER

(see number on sample bag) EECOCr 5 &etr VEES 36

Sample ID: 0. 3 g
SviD B

Name(s) of sampler(s): __ S -/¢ &v 3l s

Date (day/month/year): 20/ #7775 /1997 (please spell out the month, e.g. *April’)

Country: TCrervyg State/Province/Oblast/County:
Commune/District: Closest town/village on map:

Topographic map sheet used .
Name: LVHAU TPKH Number: 20/Y L Scale:_ /S0 oo

Coordinates of sampling site . - & 2 '
System used (e.g. ‘UTM’): é’l/ff 090 Zone: _ /7 2O £60

Other info:

Northing: — Easting:

Snow depth, record 12 measurements (cm)

6220 2 @d=96 H___ D280 6 ____
A2z 8 ___ 9H___ W—— D 1B

Thickness of snow sampled (cm) {collect enough cores to fill one PE bag, normally 5 cores)

W75 =300 2) 3) 4) 5) B O

i) R‘) l)‘_ 1) 121_

General remarks about snow cover at this site

" Is the snow clean or rather dirty here? _Z/ATY w7 EOLC

Are there icy layers in the snowpack? _YES

Has the springtime snowmelt already started here? _/Y0

Is there a risk that sample may be contaminated (plant material, soil)? _ &S (v%¢ /9’56“)

Did you encounter problems during sampling? __/A/0 (if ‘yes’, describe below)

Other comments/remarks:
SEZIIPLER i T TEHE PC—ALBTE G &Il

[Zad

FANC TS

When fieldwork is completed, please send
- the topographic maps, with sampling locations and sample numbers indicated on them

- the original field sheets ) o
to: Patrice de Caritat, Geological Survey of Norway, P.O. Box 3006, N-7002 Trondheim,

NORWAY

Samples are to be sent frozen to: Gwendy Hall, Applied Geochemistrv, Geological Survey of
Canada, 601 Booth Street, Ortawa, Ontario KIA 0E8, CANADA
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5. Detailed description of PICO core nr. 3(I) from the Vatnajokull glacier.
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6. Detailed description of the snow and ice layers in the trench in the Langjokull glacier in

1998.
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7. Detailed description of the snow and ice layers in the trench in the Langjokull glacier in

1999.
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LECO Corporation

APPENDIX 2; Report on the measurements done by the “Time Of Flight
Indcuctively Coupled Plasma Mass Spectrometer” (TOF-ICP-MS). By Janos

Fuscé.

Analysis of Langjokull

Glacier Water Samples
for

ICETEC

February 9, 2000

Janos Fucskd Product Specialist,
TOF-ICP-MS Team, LECO Corporation
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Section

1

Overview

Two samples were sentin foranalysis by TOF-ICP-MS.
The samples were labeled 99-L.1 and 99-1.2.

Analysis was performed using a conventional solution sample infroduction system with
a Meinhard concentric nebulizzr and Wu-Hiefje cydonic spray chamber. A few
elements were checked with an ulirasonic nebulizer.

Most of the elements requested can be determined with these sample intoduction
systems. However, P, S and Si are dificult to determine due to interferences. An
appropriate sample infroduction system such as an electrothermal vaporization or a
membrane desolvation system would likelyimprove determination ofthese elements.

Certain elements not contained in the list of requested elements were
semiquantitativelydetermined based on the full mass spectra ofthe samples.
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2

Measurement - Analytical Method

The goal was to demonstrate the capability of TOF-ICP-MS for the measurement of

water samples.

Analysis was performed using the LECO Renaissance Time-of-Flight (TOF) ICP-MS

and simple sample introduction options for trace metal measurement, as:

1) The measurements were performed at100, 10, 2 and 1Xdilutions ofthe
samples with conventional Meinhard concentric nebulizzr and Wu-Hietje
glass cydonic spray chamber, using ‘cool’ and ‘hot plasma’ modes.
‘Cool plasma’ means reduced power plasma with increased gas flow
rates to reduce plasma temperature, while ‘hot plasma’ means the
regular plasma parameters . See table 1 forinstrumentconditions.

2) Measurements were performed with cool plasma in two operation mode:
- without Na deflecon, measuring all major components of the

samples

- by deflecing Na, as the major metal component to decrease the

overall ion cumrent

3) Measurements were also done by regular or ‘hot plasma mode. Hot
plasmameasurements were performed using the convenfional sample

introduction systems and an ultrasonic nebulizr (USN).

4) Interference check measurements were performed using single element
standard solutions for the major components of the samples (Na and

Mg).

Measurement - Details

The samples were measured using nomal TOFICP-MS methods and procedures.

1) Samples were acidified to 1% nifric acid concentration. Standards were also
prepared with 1% nifric acid solution in a wide concenfration range, so that
instrument linearity can be demonstrated. Multielement standards were used
for calibration, while single element high concenfration standards were used

forinterference checks.
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2 Allsamples were measured together after instrumentoptimization. The CETAC
USN 5000 ultrasonic nebulizer was used for sample introduction to verify low
concentration data of some elements. For similar relatively clean samples,
application of the ultrasonic nebulizr (USN) may improve analyte transport
efficiency and sensitivity by a factor of 10-20 resulting in better detection limits.
Therefore USN can be recommended for more demanding applications, when
lower detection limits are required. On the other hand, the washouttime of USN
is considerably longer, and more cleaning of the large glass surface is
required to avoid memory and cross-contamination problems. Therefore,
sample throughputis likelylower using the USN.

3) Sewen replicate measurements, each with a 10 sec integration time were
performed for each sample for quantitative analysis, resulting in an overall
acquisition time of ~70 second. During this time period, ion signals from 100-
120 isotopes can be acquired. Typical rinse and sample take up time between
samples was ~60 seconds. Therefore, one single measurement is ~ 2-2.5
minutes. This time can be reduced to half, approximately, if detection limit is
less critical: 5 second integration time, 7 replicates and 30-40 sec time
between subsequentsamples can give reasonably good detection limits, only
~ 2Xhigherthan measured with the above conditions.

4 Full mass spectrawere also collected with 10 sec integration time. These full
mass spectra were used to analyze what other elements may be in the
samples and what interferences may be expected. For full spectrum
acquisition, only one replicate was measured with the same 10 sec integration
time as for quantitative analysis. Data were collected and recorded in the 1 —
300 amu mass range providing a full picture ofthe sample composition.

Multielement simultaneous advantage of ICP-TOF-MS

Itis important to keep in mind the simultaneous nature of the ICP-TOF-MS versus a
sequential ICP-MS. The ICP-TOF-MS can easily demonstrate superior multielement
sensitivityover a convenfional quadrupole ICP-MS. This is because ions ofall m/zare
measured from the same time point ofthe plasma. The sensitivityofa quadrupole ICP-
MS represents the ideal case where only one m/zis measured, while the sensitivity for
the TOF represents a true multielement case. In this specific analysis, a 10 second
integration time was used forallmeasurements. Using an extended integration time is
helpful in sewral respects, namely improvement in instrument detection limit and
improvement in measurement precision. Due to the simultaneous nature of the ICP-
TOF-MS these improvements come with only a minimal efiecton sample throughput.

As an example, during the 70 sec total measurement time in quantitative mode, 70
times more ions are measured than the reported counts per second (CPS) intensity.
For instance, if the intensity of an ion signal is 1000 CPS, eventually 70*1000=70000
counts (ions) are measured. If 70 isotopes are required to analyze, the measurement
time has to be divided up to 70 smallerintervals with a sequential system. Therefore an
average of 70 times less ions are collected for each isotopes, if the count rate is the
same as for ICP-TOF-MS. Compensating this loss would require a 70 times higher
sensitivity.
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The main instrumentparameters are summarizd in Table 1.

Table 1: Main instrument parameters

Parameter Cool Plasma | Hot plasma
RF power ~800 W ~1300 W
(1289 W)
Nebulizer gas flow 1.38 Limin 1.21 Limin
Plasma gas flow 16.15 Umin 138 Limin
Auxiliary gas flow 1.03 Limin 0.61 Limin
X position 0.7mm 0mm
Y position 04 m 0 mm
Z position 5 mm 4.3mm
Peristaltic pump 15rpm 15 rpm
Detector voltage -2400 V -2400V
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Table 2. Trace metals in two glacier water samples
(99-L1 and 99-L2) by Renaissance TOF-ICP-MS

99-L1 99-L.2 SGAB measurements
ICP-SMS
Element | [ppb =ug/L] | [ppb =ng/L] L1 L2
Li 0.027 0.026
Na 1000 1050 940* 1000*
Mg 122 125 120* 120*
Al 1.4 1.25 0.64 0.730
K 90 48 <400* <400
Ca 52 465 <100* <100
Cr <0.04 <0.02 0.011 <0.01
Mn 0.086 0.07 0,09 0,06
Fe' 0.9 0.45 0.6 <0.4
Co <0.006 <0.006 0.0049 0.004
Ni 0.29 0.25 0.204 0.184
Cu 0.09 0.08 0.102 <0.100
Zn 3 1.3 2.82 1.36
As 0.18 <0.05 0.09 <0,01
Rb 0.025 0.016
Sr 0.75 0.75 0.768 0.78
Mo <0.025 <0.025 <0.01 <0.01
Cd <0.03 <0.03 0.0128 0.0106
Cs <0.002 <0.002
Ba 0.025 0.02 0.026 0.02
Pb Cool <0.005 <0.005
Pb_USN 0.012 0.016 0.016 0.018
*Ga, Y, Nb, <0.006 <0.006
Ag, Rh, In,
Sb, Ce, Ta,
Re, TI, Th, U
*Pr, Nd, Eu, <0.006 <0.006
Dy, Yb, Er,
Ho, Tb, Tm,
Lu
“Ge, Z, Pt <0.02 <0.02
W, Sm, Dy,
Yb, Gd
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| *Be, Se | <0.05 [ <0.05 |

* measured with ICP-AES

There was a somewhat higher Pb value measured by ultrasonic nebulizer compared to the cool
plasma data: this could come fom contamination of glass surfaces of the USN and washout of Pb by
the sample.

* Estimated from full spectrum scan: no visible peaks.

' See explanationsin text

Table 3:Detection limits measured during analysis of two glacier water samples

Hot plasma Cool plasma
Element DL [ppb] DL [ppb]

Li 0.012 0.00006
Be 0.050 NA
Na 0.080 0.0025
Mg 0.006 0.0003
Al 0.003 0.0020
K NA 0.0070
Ca 1.500 0.0800
Cr 0.013 0.0007
Mn 0.002 0.0002
Fe NA 0.0150
Co 0.003 0.0012
Ni 0.009 0.001
Cu 0.003 0.0005
Zn 0.008 0.0150
Rb 0.0015 0.0002
Sr 0.0015 0.0002
Mo 0.003 NA
Cd 0.007 NA
Cs 0.0005 0.0002
Ba 0.0008 0.0006
Pb 0.003 0.0010

NA: not measured/available with the given plasma condition

Na, Al, Ca, Fe and Zn detection limits could be ‘blank limited' by the possible contamination in the
blanks .



Table 4: Major isotope sensitivity and instrument background
during cool plasma measurement of glacier water samples

Major isotope
Elements Sensitivity
CPS/ppb
Li 13954
Na 11047
Mg 8262
Al 8363
K 6946
Ca 7344
Cr 3308
Mn 7155
Fe 4733
Co 4363
Ni 2729
Cu 3064
Zn 218
Rb 6740
Sr 5994
Cs 5898
Ba 1980
Pb 733
Background 5-9 CPSlisotope

or 0.3-0.5CPS/point
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Section

3

Results

The analytical results of samples are shown on Table 2.

The measured detection limits during these analyses are listed in Table 3 for both hot
and cool plasma conditions. Instrumentsensitivityand background is given in Table 4,
for ‘cool plasma’ conditions.

Some spectra of samples are provided on figures, separately.

Defection limits atthe ppt= ng/L and sub-pptrange were achieved.

Discussion

These samples were of relatiely simple matrix, an excellent choice for testing
instrument performance. Please, note, that many ofthe outstanding capabilities of axial
ICP-TOF-MS could not be shown by these tests: measurement of microvolume
samples, transient signal measurements, direct solid micro sampling. Information on
these applications can be provided upon request

Consideration of Interference and Cormections

The simultaneous nature of the ICP-TOF-MS can be very useful for measurement of
multiple isotopes of the same element (isotopic confirmation) and for interference
recognition and comrection. As an example for this, all the isotopes of Sr and Pb (er,
%8s, ¥sr, 2sr, ®Pb, ®Pb, ’Pb, **Pb) were measured. Obtaining the same results for
each isotope can be very beneficial for confidence in the analytical data. Likewise,
inerference comection for overlapping isotopes (Rb/Sr and Sn/Cd) can also be
performed more precisely by measuring all isotope at the same time (*Rb used for
comecting interference on 'Sr, ""®Sn used for comecting interference on '™ Cd, in this
case.) Using the ICP-TOF-MS, these features can be obfained without any sacrifice in
analysis time. Ondine interference comecfion equations with instrument background
correction are demonstrated separately.

Matrix induced interferences must be considered during ICP-MS analysis, because of
molecular ion formation and signal suppression or enhancement This can be done
with ‘interference check standards’ (Na, Mg), standard addition (spike) and addition of
internal standards. Appropriate interference cormection should be performed.
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Therefore,

1.

The effect of ‘high’ Na and Mg matrix was studied during cool plasma
measurement 3839 ppb Na gawe an equivalent signal of 0.151 ppb atK, as NaO'
(and potentially, as K contamination in the standard, vial and reagents). This would
translate to a < 0.05 ppb K contribution in the samples, therefore interference
comection is notneeded forK lewels >40 ppb. The contribution of Na on the m/z=40
signal (as NaOH") seemed to be negligible too: <02 ppb. However the *Cu signal
is increased due to ArNa* formation. Therefore the non-interfered ®Cu signal was
used for quantitation, although interference comecfon is another possibility. The
measured Fe concenfration is nearly proportional to the K concenfration. There is
some possibility that the measured Fe value (0.9 and 0.45 ppb for L1 and L2
respeciively) may come from inerference of K as KOH’, although the chemically
similar Na showed very small NaOH" interference. This m’erferenoe has not been
checked, butcan be done ifspecifica reques’ed Also, in case of As in sample L1,
there is a possmllttyofmterference (Arg CI"). However, the simultaneous monltonng
of the 77 isotope (A”'CI*) in the blank and samples disapproved the chloride
interference.

Standard addition was used to study mafix suppression-enhancement
interferences. An ~20 element spike (~ 2 ppb lewl) of the 10X diluted sample was
measured, and even the cool plasma response was within 85-105%, for most
elements within 95-105% range. Comecfion of data of a few elements was
performed (cool plasma) if precision was effected bymatrixsuppression.

Inernal standard (Rb, Cs) was added to 2Xdiluted samples at 2 ppb concentration
level and <5% signal suppression was observed in the samples compared to the
blank with internal standard.

Similar interference-check practices, even mafix mafching blanks and
standardization are common in routine ICP-MS work for most sample types.
Unfortunately, high-res olution ICP-MS does not simplify this work considerably and
adds more variables with the resolution selection.
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Section

4

Conclusions

Two glacier water samples from the glacier Langjvkull were successfully
analyzed, and the applicability of the Renaissance ICP-TOF-MS was proven
for similar applications. Detection limits were measured at the single digit
pptand sub-pptrange formany elements. Similar detection limits, however,
can be achieved by other ICP-MS systems as well. The true advantage of
ICP-TOF-MS is for the simultaneous plasma sampling and simultaneous
multielement analysis.

Excellent cool plasma capabilities help the measurement of seweral
interfered isotopes in many matrices. Also, enhancement of sensitivity by
improving sample infroduction efficiency could further reduce detection
limits.

In addition to this application, the versatility of ICP-TOF-MS can be a great
advantage for a laboratory planning to analyze different sample types and
use seweral different sample intoduction systems. The simultaneous
plasma sampling and multielement analysis fits particularly well to transient
sample measurements and microvolume sample analysis. Transient and
microvolume sample infroduction such as ETV, laser ablation and low
volume solution introduction systems show great promise when combined
with ICP-TOF-MS.
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