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ABSTRACT: The contribution of mercury and iodine in the particles of atmospheric
aerosol and in the surface film of marine waters were estimated in the region of Admiralty
Bay, King George Island, South Shetlands. Aerosols were collected with microscopic
copper grids and on fibrous filters of microsorban type, and surface film with glassy
slides. The obtained data are significant as natural background data.
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1. Introduction

The Antarctic seems the best area for study the natural background
of aerosols in the atmosphere. This area is so distant from the main
sources of anthropogenic influence from both hemispheres that it can be
assumed as an isolated region, representing the natural conditions.

Previous antarctic studies concentrated on the determination of micro-
elements in ice and snow (Brocas and Delwiche 1963, Brocas and
Picciotto 1967, Petrele 1969). The first studies on the transport to an
atmosphere of Zn, Cu and Fe, dependent on their concentration in the sea
surface film were started by Piotrowicz et al. (1979) on an example of
Narraganset Bay. However, a question of the contribution of aerosols in
the transport of pollutants to the sea and from the sea to the atmosphere
is still open. The present state of studies on this subject is presented in
an article by Garbalewski and Felkier (1973).

*) The study was carried out thanks to the grants of the Third Antarctic Expedition
of Polish Academy of Sciences to the Arctowski Station in 1978/1979, Project MR. Il. 16/
/B.02.01. 02. :
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The present paper is an attempt to study the contribution of mercury
and iodine in particles of atmospheric aerosol as dependent on the micro-
structure of the suspension and concentration of mercury in the sea surface
film (on an example of Admiralty Bay, King George Island, South Shetlands).
The studies aimed at explanation of the dynamics of dependences among
the microcomponents of the surface film and aerosol. The direction of
their transport seemed important, as well as a question, could the antarctic
region be treated as a natural background, and if so to what extent, for
similar studies in other sea regions.

2. Area and methods

The aerosols and surface films were sampled in the period December -
1978 — February 1979 in Admiralty Bay, King George Island. The air
was filtered through fibrous microsorban filters (Sartorius, type SW 15903).
The particles of aerosol sedimenting from atmosphere were collected on
specially prepared microscopic grids at the same time.

Aerosols were collected on filters for the determination of the total
content of mercury. A Sartorius filtration set was used, each sample equaled
300 m3 of filtered air.

The filters, after their exposition, were desorbed three times (each time
30 min in high temperature) with spectrally pure nitric acid, diluted with
redestiled water 1:1. The total content of mercury in a sample was
determined by atomic absorbtion method with cold vapour technique.
A Laboratory Data Control (USA) double beam mercury monitor was
used. The sensitivity of this monitor is 0.2 ng Hg.

The size distribution and concentration of microelements in an aerosol
was studied with help of transmission electron microscope TESLA 243 BS.
An original method, with an application of gold, for studies of traces '
of reaction of mercury bearing particles and of particles with iodine was
elaborated. The copper microscopic grids with 3 mm diameter were covered
with coloidal film, 50 - 10-3 um thick (to protect the aerosol particles
against the contact with copper) and then a gold film (the same thickness
as coloidal film) was put by vacuum sublimation. The metalic films prepared
in such a way (with optimal thickness) allowed to study the particles
with diameter 0.06-2.00 um, i.e. these particles which should be suspended
in an atmosphere much longer than the large particles (with diameter above
2 um). A characteristic halo (for ich element) appearing as a result of
reaction of mercury or iodine bearing particles is easily identified under
transmission electron microscope (Figs. 1 and 2). When the thickness of the
gold film is constant, the diameter of the halo is proportional to the
size of the particle (Tufts and Lodge 1958).

The microscopic grids prepared in the above described way were placed
about 2 m above the earth surface some 20 m from the sea shore. The
atmospheric precipitation was collected in such way for about 50 h. A total
of 10 aerosol samples were collected, all in similar atmospheric conditions.



Fig. 1. Microphotograph of artifitial mercury bearing particles with a reaction
traces on the gold film 50-10-% pum thick
(Photo L. Felkier)

Fig. 2. Microphotograph of artifitial iodine bearing particles with a reaction traces
on the gold film 50:107% um thick
(Photo L. Felkier)
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The water surface films were collected at the beginning. of February
1979 at three sities: 1 — coastal station in Admiralty Bay, 2 — Ezcurra
Inlet in mouth of Admiralty Bay (some 100 meters from the shore),
3 — freshwater lake on an island (some 100 m from the shore).

The water surface films were collected on glass slides, 0.4 cm thick,
40 by 30 cm large. The slides were prepared by washing carefully in
solutions of sulphuric, nitric and hydrochloric acids and dried in an oven.
The slides were vertically immersed for few seconds just under the water
surface, pulled out and immediately scrubed with a teflon knife to obtain
the sample of surface film from its both sides. The samples were preserved
in polyethylene jars with 10 ml of spectrally pure nitric acid (for protection
against the Hg losses). The total content of this metal in sample was
determined by atomic absorbtion method. The samples were collected in
periods without rain.

3. Results and discussion

Analysis of the collected antarctic aerosols (Figs. 3, 4 and 5, Table I)
allowed to devide the collected particles into four groups: particles with
mercury, 2 — particles with iodine, 3 — particles without these microelements,
4 — cristals of the sea salt (NaCl). An analysis of the size distribution
of the above particles showed that the particles with diameter 0.05-0.20 pm
are effective soobents for iodine, while the particles 0.10-0.30 um are the
most effective curriers of mercury (Table 1, Figs. 3 and 4). Such statement
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Fig. 3. The size distribution of the number of particles with mercury (1), with iodine (2)
ind without these elements (3)
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tig. 4. The size distribution of the number of NaCl crystals with Hg (1) and without it (2)

Table 1.
Percentage contribution of iodine, mercury and NaCl in the aerosole suspenssion
as dependent on the particles size

. Contribution Contribution Contribution Contribution
Diameter of . . of NaCl crystals .
; of particles of particles ) of particles
particles (um) with Hg with J SO He without Hg and J
2 and with Hg 2
0.0—0.1 17.6 46.1 36.3
0.1—0.2 34.0 313 2.1+2.9 Hg 32.6
0.2—0.3 65.4 2.6 7.3+2.6 Hg 24.7
0.3—0.4 58.4 8.3 13.9+5.5 Hg 194
0.4—0.5 30.7 40.8 16.3+2.0 Hg - 122
0.5—0.6 52.8 16.3 12.7+1.8 Hg 18.2
0.6—0.7 72.7 18.2 9.1
0.7—0.8 828 10.3 ) 6.9
0.8—0.9 81.7 6.1 4.1+2.0 Hg 8.1
0.9—1.0 75.1 12.5 12.4
1.0—1.1 57.1 429
1.1—1.2 95.8 42 Hg 42
12—13 833 16.7
1.3—14 . 66.7 16.7 16.6
14—15 80.0 20.0 Hg 10.0
1.5—1.6 100.0
1.6—1.7 100.0
1.7—138 60.0 20.0 20.0 Hg
1.8—19 50.0 50.0

1.9—2.0



Fig. 5. Microphotograph of mercury bearing particles of antarctic aerosol collected
on the gold film 50-10-3 wm thick
(Photo L. Felkier)
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results from the comparison of data for both the part of spectrum for
smaller and for larger particles (Garbalewski, Berek and Foldzinska
1979). The larger submicron particles with diameter 0.50-0.95 pum also
participate in transport of Hg (although less effectively).

The concentration of mercury in aerosol collected in some choosen
days in Admiralty Bay are in Table II. The concentration of mercury in
the surface film of marine water and in the subsurface layer of water
in the Admiralty Bay region in the choosen day (1979, February 14) are
compared in Table III.

Table II
Concentration of mercury (ng - m—3) in aerosols collected over the Admiralty Bay
. Total
Time of sampling Direction of wind o of_rvmd concentration
(m,:3~1) of mercury
30—31 Dec. 1978 SWS 3.7 2.0
31 Dec. NWN 4.7 22
1 Jan. 1979 NwW 4.5 22
2—3 Jan. SW 8.0 2.6
3—4 Jan. SWwW 8.6 22
9 Jan. NEW) 4.0 4.7
9—11 Jan. E 43 4.6
11 Jan. NEE 6.8 44
17—18 Jan. _ SEE 1.5 3.0
19 Jan. Nww 8.0 2.7
Table III

Concentration of mercury (ug-1-1) in the sea surface film and in the surface waters
in the region of Admiralty Bay

Concentration Concentration
2 Date Speed of wind of mercury
Region of measurements s of mercury y
of sampling (m - sec—1) . in surface
in surface film
waters
Lake on the King George
Island 14 Feb. 1979 10 3.12 —
Coastal station 14 Feb. 1979 10 491 0.08
(Admiralty Bay)
Middle of /
the Ezcurra Inlet 18 Feb. 1979 10 11.68 0.05
Middle of
the Ezcurra Inlet " 25 Feb. 1979 4 10.22 0.05

The total concentration of mercury in aerosols collected in January 1979
on the King George Island, some 20 m from the sea shore, varied from
2.2 to 4.7 ng-m 3. This can be compared with the concentration of Hg
in atmospheric air in Osaca (Dams et al. 1970) and Chicago (Kaifer
and Wesotowski 1973) where it equaled 2.2 and 4.8 ng - m 3, respectively.
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The concentration of Hg tor agricultural regions of USA is Irom 1.4 ng - m 3
in Willamente (Shum and Loveland 1974) to 19 ng-m 3 in the
surroundings of Chicago (Kaifer and Wesolowski 1973). It can be
noticed that the concentration of this element in Antarctic, a so remote
region, is not lower from values for densly populated areas of northern
hemisphere. but determined about 10 years earlier.

A considerable variation ol the mercury concentration were, though,
found for the water surface film, dependent on the site of sampling (Table II).
The concentration of Hg in the surface film at the coastal station in the
Admiralty Bay was about three times lower than in the Ezcurra Inlet.
It is interesting that concentration of Hg in the water surface film in
a freshwater lake on the King George Island is similar to the one for
the Ezcurra Inlet.

It is possible that the lower concentration of mercury in the water
surface film at the coastal station in Admiralty Bay can result from its
constant breaking waves hiting the coastal rocks. The more intense water
movement makes possible, in turn, a better exchange among the particular
layers and enables transport of particles to the atmosphere.

Thus, the concentration of mercury in the sea surface film is much
higher than in the sea surface waters (on the average by two orders
of magnitude), and at coastal stations there is observed a decrease of the
concentration of this element in the surface film, but an increase in the
surface waters. The maximum concentrations of this element in the surface
film (also obtained for the Baltic Sea estimated on 160 mg - 1 1), can result,
among the others, from a large change of the effective speed of the
diffusive dispersion of mercury in water and air.

Analysis of the distribution of the numbers of pure and polluted (with
mercury) crystals of NaCl, dependent on the particle size, showed that the
surface film is not only a splendid sorbent of pollutants, but that it participates
in their transport to the atmosphere. The most effective carriers of mercury
from the sea surface to the atmosphere are the NaCl crystals with diameter
0.15-0.35 pm.

Analysis of the particles of atmospheric aerosols and of NaCl crystals
shows that mainly the submicron particles with diameter 0.05-0.35 um are
the main carriers of mercury and iodine from the atmosphere to the sea
and in the other direction. The water surface film has a double role — it
cumulates the pollutants and takes part in their transport to the atmosphere.

The research of the antarctic region presented in this paper explains
in some way the problem of the natural background as well as the
dynamics of pollutants exchange between the sea and the atmosphere. It
can be assumed that the presented quantitative data are valuable as intro-
ductory evaluation of the background characteristics. The further broader
and detailed studies of Antarctic are necessary.



Studies of microstructural characteristics 13

4. Conclusions

1. The method of atmospheric aerosol studies by transmission electron
microscope, applied in the paper, allowed to study the contribution of mercury
and iodine particles in the suspension.

2. Analysis of the particles indicated that an increase of the concentra-
tion of mercury and iodine in antarctic regions is related with the smallest
particles with diameter 0.05-0.35 pum. :

3. A double role of the water surface film wus established: it cumulates
the pollutants, and at the same time participates in their transport to the
atmosphere with the smallest particles (o @ 15-0.35 pm).

4. The obtained data for Antarctic can serve as natural background
data till this region will be isolated from the main sources of emission
of anthropogenic pollution.

The author acknowledges Longin Wdjcik, M. Sc. and Ryszard Samp, M. Sc. for careful
collecting of the studied material, Dr. \nna Brzezinska for spectrophotometric analysis and
Assistant Professor Czestaw Barbalewski tor supervising the research and for valuable sugges-
tions.

5. Summary

An attempt was made to study the contribution of mercury and iodine in the particles
of atmospheric areosol and in the sea surfface film in the region of Admiralty Bay on
the King George Island (South Shetland Islands).

The aerosols were collected on fibrous microsorban Sartorius filters and on the gold
film (50 - 10 3 pm thick). The contribution of particles with mercury and iodine was studied
with original method of the reaction traces analysis by transmission electron microscope.
The total content of mercury in samples of surface film and in aerosols was determined by
atomic absorption method with cold vapour technique.

Analysis of the size distribution of particles indicated that the mercury and iodine in
antarctic aerosols are bounded mainly with the smallest submicron particles (Figs. 3 and 4).
4t was found that the concentration of mercury in the surface tilm of antarctic sea is some
lifteen times lower than in the Baltic Sea. However, there is the same order of magnitude
(some two handred times) difterence between the concentr.tion of mercury in the sea surface
film and in the surface sea waters.

As the concentrations of pollutants in various regions of the Earth are much higher
than in Antarctic, the data obtained for this region could serve as natural background data,
although e.g. concentration of mercury in the aerosol is not so low and varies from 2.2
to 4.7 ng-m 3, this means it can be compared with the concentration of mercury in the
aerosol in the choosen densily populated regions of USA, but about 10 years earlier. It
should suppose this concentration enlarged very ‘much in the last ten years in the industrial
regions of the world.

6. Pe3rome

CnenaHo momeITKY HCCIENOBATH y4acTHe PTYTH M #Oa B 4YacTULAX AaTMOCHEPUYECKOTO
a’p030Ji1 M B NMOBEPXHOCTHOH IUIEHKE Mopst B pailoHe AnmupanbThl beit u ocrpose Kunr
Jixopox.
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A5p030;11 COOUPAHO HA BOJIOKHUCTBIE (HUIBTPbl MUKPOCOPOaH (upMbl CapTOPIOC U ILIEHKM
u3 3o0siota (¢ TosmumHOM 501073 pm).

VyacTiue TPYIOHOCHTENHBIX YaCTHUI[ COAEPKUT HOJ MCJIEHOBAHO MPUMEHSSI OPUIMHAJIHBIN
aHaJM3 CJIEN0B PEAKIM C MNOMOUIbI0 TPAHCMUCHHHOIO 3JIEKTPOHHIO MHKpockona. Bcé comep-
KaHue pPTYTH B oOpa3nax NOBEPXHOCTHOHW IUIEHKE M a’po30Jiix OOO3HAYEHO METOIOM,
aTOMHOH abcopOuuM NpUMEHAS TEXHHKY 3MMHBIX Map.

AHam3 pacrpelieJieHUst pa3MepOB YaCTHIL [JOKa3aj, YTO PTYThb U MOJ B aHTAPKTHYECKHX
a3p030JIX CBA3aHbl B OCHOBHOM C MaJjIeHIIMMHU CyOMHKDOHOBBIMHU yYacTHLIaMHU (puc. 3 u 4).
KoHcTaTHpoBaHO, MOpSl aHTapKTHYECKOro OacceHa HMMEIOT OKOJIO MATHAAUATH Pa3 HUXKE ee
CTYLUCHUSI YeM B IOBEPXHOCTHOH I€Hke bantuku. Tak Ha AHTapkTuke kak ¥ Ha basrtu-
K€ 3aMeyaeTcs TaKoW k€ MOPAAOK BeJIMYMHbI Ko3(h¢uuHeHTa oboraiieHus pTYTbIO 110 OTHO-
LIEHUIO K MOBEPXHOCTHOMY CJIOKO MODS.

B pa3Hbix pailOHaX 3€MHOro ILIapa OTMEYAlOTCsS 3HAYUTENILHO BBICIIME CTYUIEHHMsS 3arpas-
HEHMs, YeEM B pailOHe AHTApKTHKH M MOITOMY IOJy4YeHHbIE JAHHBIE ITOr0 paioHa MOryT
UMETh 3HaYeHHE HATYpaJbHOro ()oHa, XOTSA NMPUMEPHO CTYLIEHHE PTYTH B a’po30Jie HE Tak
HU3KOe U KoyeGétcs B mnpenmenax 2,2—4,7 mr-m~ 3. TakuM 06pa3oM OHH MOTYT OBITh
CPaBHEHbl CO CTYIIEHHEM PTYTH B a’posio3e B H3OpaHHbIX, T'yCTO HacCeJIEHHbIX paloHax
CHIA B 1970 romy. Hamo npuHATH, 4TO conepxkaHue (CTyLICEHHE) PTYTH B NPOMBICIOBBIX
palioHax 3eMHOro Iiapa 3a IOCJIEIHHE AECATHJIETHE 3HAYMTEIbHO YBEJIMYUIIOCH.

7. Streszczenie

Podjeto probe zbadania udziatu rteci 1 jodu w czastkach aerozolu atmosterycznego i mors-
kiej blonie powierzchniowej w rejonie Zatoki Admiralicji na wyspie Krola Jerzego (Pid.
Szetlandy). :

Aerozole zbierano na widkniste saczki microsorban firmy Sartorius oraz na bionki ze
zlota (o grubosci 50 - 103 pum). Udzial czastek rteciono$nych i zawierajacych jod badano
stosujac oryginalna metode analizy $ladow reakcji przy pomocy transmisyjnego mikroskopu
‘elektronowego. Catkowita zawarto$¢ rtgci w probach btony powierzchniowej i aerozolach ozna-
czano metoda absorpcji atomowej, stosujac technike zimnych par.
krotnie nizsze od jej stezenia w blonie powierzchniowej Baltyku. Aczkolwiek, zarowno w Antar-
ktyce jak i1 Baltyku zauwaza si¢ taki sam rzad wielkosci wspolczynnika wzbogacenia (rzedu
dwustu razy) blony powierzchniowej w rte¢ w stosunku do przypowierzchniowej warstwy
krotnie nizsze od jej vsitcienia w blonie powierzchniowej Baltyku. Aczkolwiek, zarowno w
Antarktyce jak i Baltyku zauwaza si¢ taki sam rzad wielkosci wspolczynnika wzbogacenta
(rzedu dwustu razy) blony powierzchniowej w rte¢ w stosunku do przypowierzchniowej warstwy
morza.

Wobec notowanych w réznych rejonach kuli ziemskiej znacznie wyzszych stezen zanieczysz-
czen niz na obszarach Antarktyki, uzyskane dane dla tych obszaréw moga mie¢ warto$¢ tha
naturalnego, aczkolwiek przykladowo stezenie rtgci w areozolu nie jest takie niskie i waha si¢
w granicach 2.2—4.7 ng - m 3, tzn. jest porGwnywalne ze stgzeniem rtgci w aerozolu w wybra-
nych rejonach USA przed dziesiecioma laty. Nalezy sadzi¢, ze stezenie rteci w aerozolu
w uprzemystowionych rejonach globu w ciagu minionego dziesigciolecia znacznie wzrosto.
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