et 1

Vol.31,No.9

59 R
0 S . & Sep. 12010

&
010 49 H ENVIRONMENTAL SCIENCE

(3]

R ET B /R FA X 13 %% 200 &£ Hg i5 10 K KRR

LW, XIRAR ", XU, FhST

(P EPL AR KR IASERE, G0 230026)

BE. ATk, He IS YT SRR T S BRI R AR5 2e B T 5% A 6B /R # (Ny-Alesund) MK & & & #F AL 9 5%
TRRG VTR S2, 4 GURLRE Sh E AT Hg & i 4007, 45 47 Ph-"" CoAR AR 5 LA B Hig T F8 58 42k 0 13T K &2 T 80300 200 4F 3 BLJR
P M X Hg i 48 fbta 3, 0 5 S BT T Tl Ay LISk 515 S2 i He DUBLHE it i F i EWmHE R 4R EW, Tl EaL
K Hg & B FTh, 2R He & IR 200 180 ng-g ™', AZEV5 ¢ Hg (i B4 Hg (9 LBl 1 30% T & RZ1 90% , AN
U5 Hg (%0 A T AEAR 37 B8R A X B He A9 35 B UR. el 200 4F  He JTAUE R A 8 ~20 we (m’+a) ~' IR 2B 3 AN @
V(L , 43 S R F 1800 4F | 1880 4R A1 1970 4F A2 A7 . Xof HL AR T IX o A = ik (& Bk Hg 7= 4 M1 S2 ) 1 0 B i St iy A8 4k, &
1Y 1 H (14 4 A 352 B2 R 308 R B R 0TS e AR S VB I, A b B 4 1) TF SR A0 G PR 7T (6 % 24 b Hg 0 B3 1 AR 6 L 7 —
FE M RZ MR AR EE W A /0N B BURAA b IX () Hg V5 Y B 8 5 i B 2 K A5 IR b Al IX M 2, 8 4% B =2 i IX, L4 IR B AIE 3%
H A Tl A W E K.

KR U PURRY s Hey A28T5 40K He; Hg JURRE

hEASES X131 LEkRIRFE A XE4HS:0250-3301(2010)09-2220-08

Records and Sources of Mercury Pollution over the Past 200 Years in Ny-

Alesund , Arctic
JIANG Shan, LIU Xiao-dong, LIU Nan, SUN Li-guang

(Institute of Polar Environment, University of Science and Technology of China, Hefei 230026, China)

Abstract ;: Hg pollution has become a global problem since the industrial revolution. In this study, we collected a pond sediment core rich
in moss residues from the Ny-Alesund of Svalbard,and determined the content and flux of Hg in the sediments. Combined with *'°Ph and
"7(Cs dating, we reconstructed the changes of Hg concentration and depositional flux in the recent 200 years, and focused on the main
controlling factors on the elevated inputs of Hg since the 1850s. The results show that the Hg contents increase significantly since the
World Industrial Revolution. The highest value of Hg is up to 180 ng+g ™' in the surface sediments,and the ratios of anthropogenic Hg
increase from 30% to 90% ,thus the input of anthropogenic Hg has become a main source of total mercury in the study area. The range
of Hg deposition flux is between 8-20 wg+(m’+a) ™' in past 200 years,and show three distinct peaks , corresponding to 1800 s, 1880 s
and 1970 s. Compared the historical Hg deposition flux with the records of local coal combustion and globe Hg production, we suggest
that the anthropogenic Hg is mainly derived from the long-range atmosphere Hg transport, whereas the influence of local coal mining is
likely minor. The Ny-Alesund has similar Hg pollution degree with Sweden, Canada and other circum-arctic areas,but obviously higher
than Greenland and significantly lower than America and Russia,as well as other industrialized countries.
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Fig. 1 Location of the Ny-Alesund,Svalbard, Arctic and the sampling site
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Fig.2 Changes of ash,C,N,S,H contents and C/N ratio with depth in the S2 sediment profile
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Hg deposition rates in Ny-Alesund compared with other areas in the northern hemisphere

Hg JLBLAHR peg-(m®-a) ™!

Heg ToV ¥ )5 5

i T E R T e ik
b2 30. 925 9.56 3.5 [39]
IE N 4 ~37(14.6) 0.7 ~25.1(7.4) 1.2~7.0(2.7) [31]
A K7 3.8 ~28.4(12.06) 0.7 ~14.5(5.58) 1.1 ~4.1(2.74) [32]
i % HLIA B B 34 ~79(50) 8 ~14(11) 3.4~8.7(6.0) [40]
e 42.5 11.4 3.9 [41]
P 2.3~49.5(25.5) 1.9 ~27(7.82) 1.2 ~8.9(4.37) [32]
i i 6.7 ~20.7(12.53) 1.9~17.2(5.8) 1.2 ~7.5(2.97) [32]
%% 7.1~30.2(18.65) 6.6 ~23.3(14.95) 1.2 [32]
| Sl 5.3~51.6(33.1) 2.6 ~24.1(15.7) 1.8 ~2.6(2.1) [32]
2 [ - B R 3.3 ~52.2(26.96) 2.5 ~54.4(26.13) 0.7 ~1.3(1.13) [32]
Bz 2 5~8 1~5 — [31]
IR B 9.19 ~19.75(12.52) 8.8 1.0~2.2 (1.4) RS

1) 35 T BUE N & &

3 mw SR AT ACH AR 4, 75 T b 2 X L3

(1) T 3w LA, 7 BLR A b X TC AR ) v i
He SRR EJF, b ANZE{5 9% He /Y& & L Tl
HATATR N T — A e, NSRS G He A B &
R AR BT B R A M X R Hg B 3 2R R 7F i it
250 a FL, Hg YT ALE & A7 E 3 A B WA I {H . 1800
4| 1880 4E I 1970 4E 7 47, 43 il 5 42 BR Hg 77 5 1
el UEE ) AT V7

(2) BB R Pt X 75 4 He 5 A F 2R IE T
G R R AL i, B AR A Ml A %) SR 0 OGP A T
REXT Heg TR IE A8 Ak 3 i — & 1Y 52 W, (H 2 52 i)
N,

(3) B UL A M X 1Y Hg 75 e 78 5 5 B L

RT3 E S 45 Tl A 55 s A b IXC
B A AP R AR TAETR B 2006 A E 5 =

UCH ]l 25 48 0 H (2006 YR14014) A% 1 A%

ZE N AT A K T3 SRR DL SRR b A 85 BF 5 2 A R

L ARF R AR RS A BRSBTS T

SR

e

[ 1] Bindler R, Renberg I, Anderson N J, et al. Pb isotope ratios of
lake sediments in West Greenland: inferences on pollution
sources| J|. Atmos Environ,2001,35(27) : 4675-4685.

[ 2] Bindler R,Renberg I, Appleby P G,et al. Mercury accumulation
rates and spatial patterns in lake sediments from west Greenland ;
A coast to ice margin transect[ J]. Environ Sci Technol,2001 ,35
(9):1736-1741.

[ 3] Fitzgerald W F, Engstrom D R, Mason R P, et al. The case for



9 4

LA - AUHR BT B IR AR 3 X 2% 200 4F Hg 95 3490 3 MOR I

2227

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

atmospheric mercury contamination in remote areas[ J]. Environ
Sei Technol ,1998 ,32(1) . 1-7.

Cheng M D, Schroeder W H. Potential atmospheric transport
pathways for mercury measured in the Canadian high Arctic[ J].
Atmos Chem,2000,35(1): 101-107.

Fitzgerald W F,Engstrom D R, Lamborg C H,et al. Modern and
historic atmospheric mercury fluxes in northern Alaska: Global
sources and Arctic depletion[ J]. Environ Sci Technol, 2005 ,39
(2):557-568.

Dietz R, Riget F F,Boertmann D et al. Time trends of mercury in
feathers of West Greenland birds of prey during 1851-2003[ J].
Environ Sci Technol,2006,40(19) : 5911-5916.

Dietz R,Riget F,Born E W, et al. Trends in mercury in hair of
greenlandic polar bears ( Ursus maritimus ) during 1892-2001
[J]. Environ Sci Technol ,2006,40(4) ; 1120-1125.

Voldner E C, Li Y F. Global Usage of Selected Persistent
Organochlorines[ J]. Sci Total Environ,1995,161; 201-210.

Sun L G,Yin X B, Liu X D, et al. A 2000-year record of mercury
and ancient civilizations in seal hairs from King George Island,
West Antarctica[ J]. Sci Total Environ,2006,368(1) : 236-247.
UNEP Chemicals Branch U. The global atmospheric mercury
assessment; Source,Emissions and Transport [ M]. Switzerland ;
UNEP-Chemicals, Geneva,2008.

Cristol D A, Brasso R L, Condon A M, et al. The movement of
aquatic Mercury through terrestrial food webs[ J]. Science,2008 ,
320(5874) : 335.
Hisdal V. Svalbard:
Polarinstitutt,1998.94-112.

FEMRE BB, INSL)T . JUARCHT B IR T U 1 2 4 2 1 LU
[J]. M52 ,2007,19(3) : 181-192.

Zajaczkowski M, Szczucinski W, Bojanowski R. Recent changes in

Nature and History [ M ]. Norsk

sediment accumulation rates in Adventfjorden, Svalbard [ J ].
Oceanologia, 2004 ,46(2) . 217-231.

S, ARG R AN, A 5 RO PhAE AR A (1 2 R S AR
T BESELT]. R RL A4 ,2008,27(3) ¢ 370-374
Lindeberg C,Bindler R, Renberg I, et al. Natural fluctuations of
mercury and lead in Greenland Lake sediments[ J]. Environ Sci
Technol ,2006,40 (1) : 90-95.

Outridge P M, Stern G A, Hamilton P B, et al. Trace metal profiles
in the varved sediment of an Arctic lake[ J]. Geochim Cosmochim
Acta,2005,69(20) : 4881-4894.

L, XVBEAR , TROFI B8, 45 AU ARORT SR A 3t DI DU AR
F i RO [T A AT 5Y,2009,21(3) ; 211-
219.

He T R,Lu J,Yang F et al. Horizontal and vertical variability of
mercury species in pore water and sediments in small lakes in
Ontario[ J]. Sci Total Environ,2007 ,386(1-3) ; 53-64.

Heyvaert A, Reuter J, Slotton D, et al. Paleolimnological

reconstruction of historical atmospheric lead and mercury

deposition at lake Tahoe, California-Nevada [ J ]. Environ Sci
Technol ,2000,34(17) : 3588-3597.

Wedepohl K H. The Composition of the Continental-Crust[J].
Geochim Cosmochim Acta,1995,59(7) : 1217-1232.
HHOR, LR AR SF R He TSR [T ] fhaE ik,
2009,21(2/3) : 436-457.

Schuster P F, Krabbenhoft D P, Naftz D L, et al. Atmospheric
mercury deposition during the last 270 years: A glacial ice core
record of natural and anthropogenic sources [ J]. Environ Sci
Technol ,2002,36(11) : 2303-2310.

[24]

[25]

[26]

[27]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[38]

[39]

[40]

[41]

Shotyk W, Goodsite M E , Roos-Barraclough F et al. Accumulation

rates and predominant atmospheric sources of natural and
anthropogenic Hg and Pb on the Faroe Islands [ J]. Geochim
Cosmochim Acta,2005,69(1) . 1-17.

Hylander L D, Meili M. 500 years of mercury production: global
annual inventory by region until 2000 and associated emissions
[J].Sci Total Environ,2003,304(1-3) . 13-27.

Delmas R J, Kirchner S, Palais J M, et al. 1000 Years of Explosive
Volcanism Recorded at the South-Pole [ J]. Tellus B, 1992, 44
(4):335-350.

Berg T F, Steinnes E. Atmospheric mercury in Norway:
Contributions from different sources[ J]. Sci Total Environ,2006 ,
368(1): 39.

Martinez-Cortizas A, Pontevedra-Pombal X, Garcia-Rodeja E, et
al. Mercury in a Spanish peat bog: Archive of climate change and
atmospheric metal deposition [ J ]. Science, 1999, 284 (5416 ) .
939-942.

Bakewell P. Mining in colonial Spanish America [ A]. In: Bethell
L (ed). Colonial Latin America[ M ]. UK. Cambridge University
Press,1984.105-151.

Blanchard I. Russia’s “Age of silver” : Precious Metal Production
and Economic Production and Economic Growth in the Eighteenth
Century [ M],London: Routledge,1989.

Lockhart W L, Wilkinson P, Billeck B N, et al. Current and
Historical Inputs of Mercury to High-Latitude Lakes in Canada
and to Hudson-Bay[ J]. Water Air Soil Pollut,1995,80(14)
603-610.

Landers D H, Gubala C, Verta M, et al. Using lake sediment
mercury flux ratios to evaluate the regional and continental
dimensions of mercury deposition in arctic and boreal ecosystems
[J]. Atmos Environ,1998 ,32(5) : 919-928.

FEARE, Je e, BRI A5 AU BT BRI B AR TS G R
K HAGRAERTFELT] . B A5 ,2006,18 (1) : 9-20.

R RO R | @ TR N VAR R R R R TR AR TS
[J]. o AR RR K2 4 ,2007,37(8) : 1003-1008.
Pacyna E G, Pacyna J M. Global emission of mercury from
anthropogenic sources in 1995 [ J]. Water Air Soil Pollut,2002,
137(1-4) . 149-165.

Rose N L,Rose C L,Boyle J F et al. Lake-sediment evidence for
local and remote sources of atmospherically deposited pollutants
on Svalbard[ J]. J Paleolimnol ,2004 ,31(4) : 499-513.

Sun Q,Chu G Q,Liu J Q,et al. A 150-year record of heavy metals
in the varved sediments of Lake Bolterskardet, Svalbarl[ J]. Arct
Antarct Alp Res,2006,38(3) : 436-445.

Shotyk  W.

rates  of

Givelet N, Roos-Barraclough F, Predominant

anthropogenic  sources and atmospheric  mercury
accumulation in southern Ontario recorded by peat cores from
three bogs: comparison with natural “background” values ( past
8000 years) [J].Environ Monit,2003,5(6) : 935-949.

Lorey P, Driscoll C T. Historical trends of mercury deposition in
Adirondack lakes[ J]. Environ Sci Technol, 1999 ,33(5): 718-
722.

Rood B E,Gottgens | F,Delfino J J,et al. Mercury Accumulation
Trends in Florida Everglades and Savannas Marsh Flooded Soils
[J]. Water Air Soil Pollut,1995,80(1-4) : 981-990.

Kamman N C, Engstrom D R. Historical and present fluxes of
mercury to Vermont and New Hampshire lakes inferred from Pb-
210 dated sediment cores[ J]. Atmos Environ,2002,36 (10) :

1599-1609.





