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During the Arctic Light Trans-Ellesnmere 1sland Ski

Expedition, coastal sanples of saxifrage (Saxiofraga
oppositofolia) were collected from 81 to 77 °Nto
neasure the long-range transport and deposition of

cesium (France et al. 1993), lead (France and Blais in
prep.) and organochlorines (R France and D. Mir,

unpubl. data) to this region of the H gh Arctic.

Prelimnary analysis of sporadically collected |ichens
had revealed the npbst abundant organochlorine (QQ

contam nants on Ellesnmere Island to be toxaphene, S-

PCBs (sum of polychl oronated biphenyls), S-HCHs (sum of

hexachl orocycl ohexanes), S-CHLOR (sum of chl ordanes),

S-DDT (sum of DDT isoners) and S-CBz (sum of

chl orobenzenes) (R France and D. Miir, unpubl. data).

Saxifrage transect data showed that although all these
OCs displayed northward decreases in their

concentrations which matched those of cesium in the
plants, the relationship for S-PCB had the | owest slope
and | argest anmpbunt of variance |eft unexplained. Cesium
activity was itself thought to be a convenient

estimator of the ~cunulative precipitation and
deposition of sout hernly originating trace
cont am nant s.

Several studies have |ikew se noted dissimlar regional
patterns in PCB deposition and uptake conpared wth
those sinmultaneously determned for other OCs (e.g.
Carlberg et al. 1983; Norstromet al. 1988; Larsson and
Okla 1989; Larsson et al. 1990; Miir et al. 1993). The
purpose of the present study was to investigate the
sonmewhat divergent pattern of PCB uptake by saxifrage
on Ellesnmere Island. These represent sonme of the first
data concerning PCB concentrations in vascular plants
from anywhere in the Hgh Arctic.

Second to the latitudinal range, the nobst obvious
difference that existed anbng sanpling sites was
whether or not they were situated beside polynyas.

Pol ynyas are annually recurring areas of open water
surrounded by ice that are kept from freezing by the
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conmbi ned effects of wnd, tidal fluctuations and
upwel lings (Sterling and Ceator 1981), and are of
critical inportance in providing winter refugia for
marine mamuals and as spring staging grounds for
mgrant birds (e.g. Sterling and C eator 1981; France
and Sharp 1992).

Proxi mal association with polynyas was thought to be of
putative inportance to plant bioaccunulation due to the
high water-air transfer volatilization of PCBs (e.g
Ander son and Parker 1990; Achman et al. 1993) which has
been suggested to exacerbate the deposition from | ong-
range sources at coastal conpared to inland sites in
Sweden through the localized effects of seaspray
aerosols (Larsson and Ckla 1989). My expectation was
therefore for a sinmilar pattern to exist in the High
Arctic of Ellesnere Island such that saxifrage |ocated
near pol ynyas woul d exhi bit higher tissue residues of
PCBs than those from plants coll ected el sewhere

MATERI ALS AND METHCDS

Saxi frage sanples were obtained from 7 coastal sites
along a transect from 81 to 77 °N Particulars
concerning site selection, location and sanple
collection are described in France et al. (1993). Two
of the sanpling sites were situated nearby the small
pol ynyas of Flagler Bay and Mkinson Inlet (France and
Sharp 1992). In addition to latitude and presence of
pol ynyas, the followi ng information was docunented for
each "'sampling site: distance from coast, elevation,
substrate typology, site topography, plant water
content, wi ndbreaks or obstructions wthin 100m
surrounding area characteristics (1000m) and site
orientation. Triplicate sanples were analyzed for PCBs
usi ng procedures described in Miir et al. (1993).

RESULTS AND DI SCUSSI ON

The average S-PCB concentration of saxifrage fromthe
two polynya sites was found to be significantly higher
(t-test, p < 0.05) than that of plants fromthe 5 other
non-polynya sites (Fig. 1). Wwen S-PCB residues are
expressed in relation to cesiumactivity from France et
al. (1993) to standardize for inter-site differences in
the long-range northward transport of trace pollutants,
the increased PCB contanination of saxifrage from
polynya sites remained evident. Elevated S-PCB
concentrations for saxifrage from polynya conpared to
non- pol ynya sites were due to higher abundances of all
nmeasur ed honol ogs. The only physical site variable that
was found to be significantly different between the two
data groupings was the water content of plant sanples:
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Figure 1. Concentrations of summed PCBs and i ndi vidual
honol ogs (ng/g dry wt) of saxifrage sanples collected
from polynya and other sites on Ellesmere Island (data
are means * SES).

10.6 £ 1.4 % for polynya sites and 7.9 = 1.0 % for non-
pol ynya sites.

The higher S-PCB concentration in saxifrage |ocated
near by permanently open bodies of water on Ell esnere
Island is therefore in agreenent with the expectations
predicted from Larsson and Ckla's (1989) work on
fallout in Sweden.

There is no guarantee, however, that elevated toxicant
concentrations wll always exist for plants near
coastal water. For exanple, it is possible that
| ocalized neteorol ogical differences may supersede any
effect of volatilization fromsurface waters. Data from
Larsson and Ckla (1989) indicate that site-specific
differences in the anount of precipitation can produce
differences in PCB fallout of an even greater magnitude
than that believed to be produced through coastal
seaspray effects. These authors supposed that such
locally produced clean precipitation could wash-out any
I ong-range effects and thereby obscure denonstration of
systematic regional patterns in PCB deposition.
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For Ellesmere |Island, Gegor and Gumer (1989)
determ ned that the coastal oasis of Al exandra Fiord,
| ocated nearby the Flagler Polynya, was the cleanest of
12 Arctic sites with respect to snow PCB
concentrations. The |oosely packed snow found at
Alexandra Fiord inplied that the area was receiving
| arger quantities of locally induced precipitation than
the other sites. This was supposed bK Gregor and Gunmer
(1989) to result in a dilution of the concentration of
pollutants transported to the Arctic from |l ong-range
sources so that the PCB content of the snow at
Al exandra Fiord was only 2 % of that found at the
Agassiz lce Cap located 175 km further to the north on
El lesmere Island. Oher coastal sites in the Canadi an
Arctic were also considered to be less polluted
conpared to inland or snowbound sites.

It would be erroneous, however, to sinply regard
polynyas as being typical arctic coastal sites.
Pol ynyas, through the act of nmintaining open water at
just above freezing despite being surrounded by
substantially colder winter air, create an enornpus
thermal vapour flux which mght be expected to produce
a localized mcroclimate very dissimlar fromthat for
coastal regions that are ice-bounded for up to 10
months of the year (Sterling and Ceator 1981).
Condensation of this vapour in the form of snowfall
m ght explain why saxifrage collected fromnear the two
polynyas in the present study were significantly wetter
than plants obtained from other areas.

Although it had been the intention of the present
sanpling design to collect only plants growi ng on
exposed wi ndswept ridges or beaches that were free of
snow for much of the year, this was easier to
accomplish in early May at the start of sampling when
snowfal | was abundant than it was in late June towards
the end of the Expedition when snowrelt was proceeding
and therefore purposeful selection of snowfree sites
made nore problenatic. The increased water npisture of
plants from the polynya sites my inply a greater
supply of snow cover to such locations. This is
i nportant because accunul ati on of cesium has been shown
to be reduced for arctic vegetation collected from such
nmesic sites (e.g. Hutchison-Benson et al. 1985)
presumably as a result of the protective cover of snow.
Because PCB uptake by plants proceeds through foliar
assimlation due to atnmospheric transfer rather than by
root relocation, it may be inferred that the higher
snow associated with polynyas could |ikew se produce
| ower toxicant residues in plants growing there. At the
sane tine, because nuch of the High Arctic can be
regarded as a desert, any increased noisture is very
beneficial to plant growmh and system productivity.
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Despite the possibility of a resultant growh dilution
of saxifrage near polynyas due to increased npisture
present in the area, the observation that S-PCB
concentrations were still higher than in inland sites
inplies an overwhelmng iInfluence of increased
volatilization at polynyas

A high percentage of PCBs in seawater are absorbed to
suspended particles at high latitudes (Tanabe et al.

1983). Cenerally 1low concentrations of suspended
articulate matter in the arctic water colum leads to
ow rates of sedinmentation and therefore increased
residence times of particulate-reactive chemcals. As a
result, there 1is normal |y little chem cal

transformati on that occurs when PCBs and other OCs are
transferred between air, snow and seawater conpartments
(Hargrave et al. 1988). In contrast, in situations of
hi gh productivity such as may occur under fast-ice, it
is the higher <chlorinated PCBs that wll Dbe
preferentially removed fromthe polar water colum due

to increased sedinmentation of particles (Tanabe et al.

1983). This may explain why plants near open water
pol ynyas have elevated concentrations of high
chl orinated honol ogs conpared to plants |ocated near
i ce-bound shorelines where sedinmentation and renoval of
t hese honol ogs m ght be higher. The di chotony between
the two locations in terns of |ow chlorinated honol ogs
is still, however, unexplained by this scenario

In the end, we are left with some as yet unknown factor
such as perhaps a difference in the rate of
vol atilization between polynya and non-polynya sites
which mght explain the difference in PCBs accunul at ed
by respective proximal terrestrial plants. Although
vol atilization is dependent on water tenperature and
therefore mght be expected to be [ower or absent in
the Arctic (lwata et al. 1993), the rapid wnd
nmovenents often associated with keeping the water of
pol ynyas ice-free may serve to nmaintain a role of these
areas as regional sources rather than as sinks for
PCBs. G ven the nuch longer tine period of water-air
vol atilization which can take place at polynyas
conpared to other, typically ice-bound arctic
coastlines, the increase in low chlorinated, high
volatility PCB honol ogs of saxifrage from near pol ynyas
m ght sinply be a result of the presence of such PCB
homol ogs in the openwater followed by their ongoing
renoval and overland dispersal

Qoviously, the previous hypotheses will remain only
specul ations until detailed sanpling of PCB transfers
is undertaken in polynyas. Gven the acknow edged
i mportance of such regions to sustaining productivity
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in the Hgh Arctic (e.g. Stirling and C eator 1981;
France and Sharp 1992), direction of environnental
sanpling effort to polynyas would be a profitable
future direction worth pursuing further.
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