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Abstract Three kinds of tundra plant sanples mcluding D icranum angustum (a Hpe
of boreal bryophyte), Puccinellia phryganodes (a type of fringy plant) , Salix polaris
(a type of vascular plant) and surface soilwere sanples in 200 atNy'A]esund of the
Arctic The levels of eight heavy metal elenents (Hg Ph Cd Cu Zn Nj Fe and
Mn) and threemetal-lke elaments (As Se Sr) i the plant and soil sanples of the
areas w ithin previous coalm ning activities are significantly higher than those of other
areas The relative accumulation of these elanents in these tundra plant sanples is
consistentw ith the one i the soil sanples especially n the areas affected by previous
coalm ning activities Thus the pollution is apparently fran local coalm ning activr
ty D icranum angustum has the highest concentrations anong those elaments and it
can be a good bio-indicator for heavy metal pollution n Ny-;-i\lesund Though Ny-
Alesund is less polluted by heavy metal than neaby N orthem European hunan living
areas butmuch more than the tundras of the A laska Greenland and the A ntarctic
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1 Introduction

The Svalbard A rchipelagom ay be the most polluted area of the Arctid . Since the In-
dustrial Revolution the levels of heavy metals such asH g and Cd have been significantly
increased n the livers of the anmals of the west coast such as polar bears seals and sea
birdd*'. Themarine aninals livine in the Kara Sea and the Barrents Sea however are

not affected by these heavy metals’ polhition'®

The Svalbard has also experienced the
process of acid sedmentation n the snow and ice core sanples the acidity has mcreased
by 90% to PH 3 Q accanpanied by the icrease of sulphate content .

Gulinska et al (2003)"* analyzed the soil sanples fran the Spitsbergen Isle of the
Svalbard and reported that the pollution of heavy metals was origmated fran local area
The Svalbard has a large reserve of coal and coalm ning started i the early 20th centu-
. The high level of heavy metals n the sea anmals and other environm ental dan ages
could be caused by coalm ning and other related anthropogenic activities

Ny-Alesund (N78°55, E11°56") is located in the Svalbard A rchipelaga In this pa-
per the concentrations of heavymetals such asHg Cd and S n the soils and plants of the
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areas w ith and w ithout previous coalm ning actiities in Ny-i\lesund, the mfluence of coal
m ning on ndra vegetation was analysed and the potential of using plants as bio-indicator
for heavy metal contan mation was exan ned and canpared the heavy metal pollution level
in the Svalbard was canpared w ith those in other areas

2 Backgrounds of the investigated sites

The Svalbard A rchipelago is located bet een the Barrents Sea and the Kara Sea it has
a total area of 62700 km’. Tt is 1750 km away fran the A retic point and one of the most
northemest places on the earth nhabited by human beings The Svalbard A rchipelago con-
sists of the Spitsbergen Island the N ordauslandet the Edgeoya and dozens snall islands
There are num erousmountaing and the highest N ew ton M ountain has an elevation of 1730
m above sea level 600 of the Svalbard A rchipelago is covered by glaciers Ever frozen
earth layers is up to 500 m thick and even n summer only the surface 2~ 3 m layers are
melt Due to the effect of the passing wam waters of the northem A tlantic the Svalbard
A rchipelago has foggy and oceanic clinatg it has an annualm ean tamperature of -4C, and
it ismuch wam er than other areas of the A rctic In addition to coal the Svalbard A rchipel-
ago also has a large reserve of phosphorite

Ny'za\lesund is situated at 78°55'N, 11°56'E, 100 kil eters away fran Longyearben
( the capital of the Svalbard). The coalm ne explored by the W angW an corporation of
Nomway was closed in 1960’ s because of a tragedy accident A ftewwards many countries
have set A rctic research stations there and Chma set up the Huanghe Station on July the

28th 2004
3 Samples collection and analysis

The 12 sanpling sites of this study( labeled asHO~ H11) (Fig 1b) were set up
starting fran the bottan of the ZeppelinfjelletH ill behind Ch nese H uanghe Station across
the coalm ming areas ( abandoned now ), along the slope and towards the seaside ( Fig
1), In the sanpling area there is a north-eastem faultage 80 meters above sea level A-
bove the faultage is the Canbrian-O rdovician stratim and below it is the Tertiary stratum.
The horizontal and vertical spans of the sanpling areas are 1, 414m and 131 m, respective-
ly (Fig 1b).

D icranum augustum ( labeled asM -P), pucinellia phryganodes ( F-P), and salix po-
laris (V-P) (Fig 2) have extensive presence in Ny'}&lesund These three plantswere col
lected at each sanpling sit¢ and labeled asHOM -P~ H11M -P, HO-F-P~H11-F-P, and
HO-V-P~ H11-V-P respectively Puccmellia phryganodes was not present at the sanpling
sitesH3 H7 andH 1Q Soil sanpleswere also collected at each site and labeled asH 0-S~
H11-S Additionally these three plants sanples ( labeled asM -P, F-P, and V-P) and one
soil sanple ( labeled as C-S) were collected as background references fran east side of the
airport in Ny')&lesund far avay fran the coalm me One coal sanple ( labeled as H9-S)
was collected m them ming area A ll sanples were refrigerated prior to analysis
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Fig 1 Map ﬁ)rNy-»&lesum] area Arctic( a) and sanpling location for the profile( b).

Before chen ical analyses plant sanples were firstwashed n ultrapure water (M ill{)
water) for3-5 tmes to ramove any adsotbed and extemal contan mants air-dried n a clean
laboratory, and hanogenized The cleaned and dried plant samples were cut into pieces
powdered and dissolved mn high purity grade nitric acid hydrochloric acid and perchloric
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acid The soil sanples were aidried sieved w ith standard 70 mesh dn”, powdered and
then dissolved in high drochloric acid and perchloric id

PEW g 2 B
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Dicranum angustum Puccinellia phryganodes Salix polaris

Fig 2 The three kinds of tundra plants most extensive in Ny-A]esund A retic

Concentrations ofHg Se and A s were measured by atan ic fluorescence spectran etry
(AFS-2202a Beijng Vital Ca, Chmna) with a detection Imit (3 S D. of the blank val-
ues) ofQ 2 ng/g The contents of Pb, Niand Cdwere detem ned by G raph ite Fumace A -
tam ic A bsorption spectranetry A bundance of P was detem ned by uliraviolet visble spec-
trophotan ety (UV -V IS-8500 Nanjng Chma). For details of these analytical m ethods
see Sun et al (2001)""". For quality control purpose certified reference materials
(CRM s supplied by N ational R esearch Center for CRM * s of Ching Beijing) were used as
ntemal standards mn proportion of 1% of total analyzed sanples The analytical values for
themajor elements and trace elements arew ithin 10 9% and 3% of the certified ones
respectively

Total sulfurwas analyzed by K1 volume method after canbustion m SR JK-2 high tem-
perature fumace . Potassim D ichranate Volm etricm ethod w as used tom easure the To-

tal O rganic Catbon (TOC) contentw ith a duplicate error of Q 05% .

4 Results and discussion
4.1 FElanent levels of the soils

Table 1 lists the detem med levels of TOC ( total organic carbon), S and five heavy
metals in the coal sanples fran the previous coalm ning site and in the soil sanples near
the airport The levels of S TOC, Se¢ Sy Hg and Cd i the coal sanple are 3~ 39 tmes
higher than those i the soil sanples the concentrations of Cu Nj Ph Mn FeO; andAs
are 2~ 3 times lower and there is no significant difference for Zn and P.

12 soil sanples fran the Tertiary coal layers at the lower part of Zeppelnfjellet H ill
were analysed and the results are plotted n Fig 3 The levels of S TOC, Se Sy Hg and
Cd are strikingly higher than those i other areas and the levels of Cy Nj Ph Zn Mn
Fe and A s are lower These substantial differences are very lkely related w ith previous coal
m ining activities and they are consistentw ith the observation that the levels of S TOC, Se

and Sr i coal are higher than those in the background soil (Table 1).
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Table 1 Contents of TOC( total organic catbon), S and five heavy metals ( g/g) n the coal and background

soil (C-S) samples fran Ny-Alesund
S Yo TOC P Se/ ppm Sr/ pmm Heg/ ppm Cd/ ppm 7Zn/ ppm
Coal L 374 81 18 273 242 Q0 144 Q0 68 81 9
Soil Q0 038 2 08 0 38 80 0 038 Q15 69 4
Cu/ ppm N i/ ppm P/ ppm Pb/ppm  Mn/ppm  FeO;/ ppm  As/ ppm
Coal 12 7 18 3 513 73 115 a 72 3 85
Soil 23 4 44 4 618 13 7 451 369 33
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Fig 3 The variety of the elen ents concentration( g/g) of soil on the profile ( dashed line presented the concen-

tration of background soil( C-S) ).
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The concentrations ofHg Sy P, Cu Nj Ph Zn Mn FeO; andAs i the non-coal
m ining area increase as the altiude decreases and that is lkely caused by weathering
transporting and leaching of these mobile elenents During sanple collecting it was no-
ticed that soil particles becane finer as the altitude decreases The levels of S TOC, Se
and Cd do not have such pattem Closer to the seashore the variations of elanent levels
becane canplicated due to the mpact of sea water and hun an activities

The concentration ofH g and Pb peaked near the sanpling pointH 11 of frequent hum an
activities at the edge of the previousm ning area suggesting a significant contribution fran
hum an activities The concentration ofH g is dran atically reduced near ocean (H2), lkely
caused by dilution of sea water vapor

In summary, the high levels ofHg Cd and S in the local soil sanples are very lkely
caused by previous coalm ning activities in this area

4.2 Relatwe enrichment of heavy metals and S in three tundra plants

Table 2 lists the detem med concentrations of 10 heavy metal elanents (Fe Zn Cu
Nj Ph As Se¢ Cd Hg) n the three undra plants (M -P, F-P, V-P) and shows that
these three plants have a substantially different and selective absorption of heavy metals and
S For convenience of canparison relative ratioswere calculated M -P/V-P and F-P /V -P,
of an elament’ s concentration n plantM -P and F-P over that n V -P.

Table 2 M ean concentrations and coefficient of variation (CV) of 10 heavy metals n the tundra plantsM -P,

F-P, and V-P

Concentration /ppm Fe Zn Mn Cu N i Pb Se As Cd He
Mean |5171 67 184 6 11105 908 1375 834 L 11 L14 Q51 Q078

M-P Ranee | 1240~ 772 549 28~ 64~ 202~ Q25 Q29 022 Q037
8¢ 1 12840 ~310 ~178 200 285 229 ~403 ~365~092 ~Q 185

CV Mo 69 58 36 65 38 54 5907 5341 6481 9219 8L 14 3701 56 71
Mean [1140 38 98 04 12385 406 433 205 049 Q31 040 Q035

F-p R ange 235~ 40 7~ 55~ 156~ L9~ (048~ Q 18~ Q 13~ Q 1~ Q0I8~
1920 243 208 669 92 427 234 045 102 Q050

CV P 46 31 5348 3922 3354 4647 5503 1264 3273 71.37 45 49
Mean |95L 08 53 12 4541 222 276 157 Q29 Q23 (029 Q021

V-P Range 432~ 308~ 193~ Q76~ L2~ Q73~ Q13~ Q 13~ Q 13~ Q 012~
2640 167 127 422 45 364 132 Q036 06 Q042

CV Mo 6L 31 6630 6331 5099 3754 6215 1119 28 54 54 12 35 31

As shown n Fig 4 the concentrations of nine heavy metal elanents (Fe¢ Zn Cu
Nj Ph S¢ As Cd Hg), Mn and S i the three plants have the order M -P> F-P> V-
P M-P=F-P>V-P andM-P= F-P< V-P, respectively Overall the concentrations of
heavy metals mM -P are substantially higher than those n F-P and V-P. The levels ofH g
Se Cu and Zn mM -P are wice those m F-P and 4 tmes those m V-P the concentrations
of Pb and As mM -P are 5-6 tmes those mn F-P and V-P the contents of Fe and N1 mM -
P are wice those m F-P and 5-6 tmes those n V-P.
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These findings are consistent with previously published results M aijia et al
(2004) '™ analyzed heavy metal levels n boreal bryophytes lichens and vascular plants
fran H arjavalta CuN im ne and reported the relative accumulation of bio-elanents (N,
P K, Mg S Ca) asvascularplants > bryophytes > lichens and of heavy metal elam ents
(Fe Zn Mn Cu Ni Cd Pb) as brophytes > lichens > vascular plants

Such heavy metal contan mations may have unfavorable mpact on the grow th and sur-
vival of plantM -P. Hol et al (2003)'"™" swdied acidic water in the coalm ine of the
Svalbard and reported that heavy metals and sulphate m the acid watermay damage local
wndra plants Holte ez al (1996)'" sudied coal piles near the coast of Longyearben in
the Svalbard and found that coalm ne affected the survival and biod iversity of biological or-
ganigms i the gulf

4.3 Potential of mosses used as bio-ind icators for heavy metal contam ination and other en-
vironm ental changes t}zNy'/Sleaund

M osses and lichen have been w idely used to monitor heavy metal accumulation and
pollution in Noway Canada Finland Poland and other Northem European aread "™
Bargagliet al (1998)"*" swdied the accumulation profiles ofHg Cd and Pb in themos-
ses fran ice-free Ednonson Point and Northem V ictoria Land of the Antarctic Szczepan iak
and B iziuk (2003)'** reported thatmosses are better bio-indicator for heavy metal pollu-
tion of amospheric precipitation than lichens

In Fig § the levels of heavymetals and S i the soil sanples and in the plantM -P of
the areas w ith previous coalm ning activities The concentrations of S He and Cd mM -
P and the soils of the areaw ith previous coalm ning activities were canpared w ith those of
the area w ithout coalm ining are much higher than those of the areas w ithout The relative
accumu lation of heavy metal elanents (S¢ As Cu Ph Fe Nj Zn Mn) mM-P is con-
sistentw ith the one i the soil sanples especially in the areas affected by coalm nng
( Shadows n Fig 5). The pollution fran coalm ming is of short-distance and low altitude
nature and the plants apparently absorbed nutrition and correspondent pollution elanents
mainly fran soil ThusM -P could be a good bio-indicator for heavy metal pollution n Ny-
Alesund

4.4 H eavy metal levels in Ny';slesund and other areas

In Table 3 heavy metal levels n Ny'Alesund were canpared w ith those i other are-
as Overall Ny‘Alesund was a less heavy metal polluted than nearby Northem European
hunan living areas butmuch more than the tundras of the A laska Greenland and the
A ntarctic

Reimann et al (2001)'*" measured the heavy metal concentrations inmosses collect-
ed fran nne different catchments in Finland Russia and Noway Themedian level of Cd
is 0 129 ppm (Q 0350 267), ofHg Q 051 ppm (Q 04-Q 765), and of S is 960 ppm
(613-2020). In the tundra of G reenland the mosses havemuch lwer level of Cd . Cd
and H g are not detectable in mosses of the undra in A laska >, In this study  the mosses
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in Ny-Alesund Svalbard have higher levels of heavymetal The level of Cd is Q 455 ppm
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(Q 3340 63), ofHg isQ 070 ppm (Q 045-0 119), and of S is 1710 ppm ( 920-2620).
The higher levels ofHg Cd and S in Ny-Alesund are very lkely caused by local previous

coalm ming activities

Table 3 Concentrations of Cd Hg and S in mosses fran European countries around A retic in 1995 A retig
Antarctic and Ny-Alesund

Location M oss species Cd /ppm H e /ppm S/ppm Data source
European countries Grodzinska et
around A retie 130~ 440 / / al (2001)""
Greenland tun-| Hylocan um Pilegaard
dra sp lendens @ 0s~@36 007~0Q13 / (1987)"*

A laska tundra H. splandens < DL < DL / W iersn ?«sfl al
s . splandens ( 1986) >
A retic Norhem Euro-
o comntries 1| Pleurozim 0 0350 267 0 040 765 613202 Remann et al
o o ' Q 129(Med) Q 051(Med) 0960(Med) (2001)'*
B. s <h BarentsM oss 0 03240 536 < Q 04-0 765 6102020  Remann et al
arrents shore arenisiloss =g 132(Med) Q 055(Med) 965(Med)  (2001)"
King George Is-| Andreaea reg- <DL <DL / Sthen X iansheng
land ularis ( 7001 )12
K ing George Is- M Q 0630 162 Q 01740 14 / Pu Jubln& et
| land 0ss Q 10(Med) Q 075(M ed) (1995)""
Antarctig
Bryun pseud- Q0 060 24  Q 080 23
Northem V ictorr | otriquetrum Q0 10(Med) Q 12(Med) / Bargagli et al
a upland Sarconeurum Q 05028 Q10 25 (1995) "
glaciale Q I3(Med) Q 14(Med)
N v-Alesund Dicranum an- Q0 33~ Q 63 Q 045~ Q 119 920-2620 . . 1
yraesan gustun Q 455(Med) Q 070(Med) 1710(M ed) 15 artiele

Note DI, detection Imit / not available M ed median
5 Conclusion

Ny-Alesund has the worse pollution ofHg Cd and S in the Arctic very lkely caused
by previous coalm ning activities and the pollution isworse than that in the Antarctic The
local tundra plant D icranum A ngustum has a substantial and selective enrichment of these
heavy metals and it can be used as a good bio-idicator for such heavy metal contan mna-
tion
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