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Atmospheric transport of organochlorines
in the North Atlantic gyre

by Terry F. Bidleman,.** Eric J. Christensen,> W. Neil Billings,’
and Ross Leonard*

ABSTRACT

Chlorinated pesticides and polychlorinated biphenyls (PCB) circulating over the North
Atlantic were measured during 1977-78 at Barbados and during the 1977 summer at the
southern tip of Newfoundland. Total organochlorines were collected using a glass fiber filter
backed up by a polyurethane foam trap, and were analyzed by electron capture gas chroma-
tography on packed and glass capillary columns. Filter-retained organochlorines were < 10%
of the total. Compounds identified at both locations were hexachlorobenzene (HCB), a- and
y-hexachlorocyclohexane (HCH), high and low molecular weight PCB, cis- and trans-chlor-
dane, trans-nonachlor, p,p’-DDE, p,p-DDT, and dieldrin. A clear GC pattern for polychloro-
terpenes (toxaphene) was obtained in Newfoundland. Several Barbados samples had a GC
pattern suggestive of polychloroterpenes, but the match with a toxaphene standard was not
considered good enough for quantitation. Quantitative values could not be obtained for HCB,
HCH, or low molecular weight PCB because of poor collection efficiency by polyurethane
foam at the high air volumes sampled (1200-3500 m®). Collection efficiency tests in Columbia,
SC indicated that the other organochlorines were effectively retained. Pesticide concentrations
measured from shipboard on a cruise across the trades region agreed well with those from
the land-based stations, indicating that our measurements were representative of North Atlan-
tic background levels. Estimates of organochlorine residence times in the North Atlantic
troposphere ranged from 45-70 days, based on Junge's (1974) relationship between residence
time and concentration variability.

1. Imtroduction

Much of the interest in aerial pollutant input to the oceans stems from the
discovery of organochlorine pesticides on dust carried in the North Atlantic trade-

1. Belle W. Baruch Institute for Marine Biology and Coastal Research, University of South

Carolina, Columbia, South Carolina, 29208 U.S.A.
2. Marine Sciences Program, University of South Carolina, Columbia, South Carolina, 29208

US.A.
3. Department of Chemistry, University of South Carolina, Columbia, South Carolina 29208

US.A.
443



444 Journal of Marine Research [39, 3

winds. The initial investigations were made by Risebrough ez al. (1968) in 1965-66
from the east coast of Barbados (13N, 59W), which lies in the easterlies trades
belt and has been the site of extensive studies of transoceanic Sahara dust move-
ments (Prospero and Nees, 1977). Airborne dust collected by hanging glycerin-
coated nylon screens in the wind contained 10-°g/g concentrations of DDT, its
degradation products, and dieldrin. Pesticide residues of similar magnitude were
also measured in 1968 and 1970, using the same collection method (Seba and
Prospero, 1971; Prospero and Seba, 1972). Pesticide concentrations measured in
these studies were on the order of 10—°-10—%g per cubic meter of air, and
reflected only the fraction of the aerial pesticide load that was carried on dust
particles larger than 1 pm.

These early investigators recognized that although dust-borne pesticides have a
high likelihood of being deposited in the ocean, particulate pesticides probably
account for only a small fraction of the total pesticides in ocean air. The develop-
ment of solid adsorbent collectors in the mid 1970’s enabled large volumes of
air to be sampled for vapor-phase as well as particulate organic pollutants, and
measurements, in the western North Atlantic (Bidleman and Olney, 1974a, 1975;
Bidleman ez al.,, 1976; Rice et al., 1977; Harvey and Steinhauer, 1974; Giam
et al., 1978), the Gulf of Mexico (Giam et al., 1978, 1980), and near the British
Isles (Dawson and Riley, 1977) all showed total pesticide levels two orders of
magnitude greater than particulate concentrations measured at Barbados. Con-
centrations of polychlorinated biphenyls (PCB) greatly exceeding those of DDT
and dieldrin were also found in these later studies, although they were not detected
in Barbados dust samples (Risebrough ez al., 1968). PCB have higher vapor pres-
sures than DDT, and the fraction of PCB attached to airborne particles should be
lower (Junge, 1977; Bidleman and Christensen, 1979).

The majority of recent measurements of PCB and pesticides in North Atlantic
air have been carried out at Bermuda (32N, 65W, Fig. 1) and on cruises between
Bermuda and the U.S. Bermuda is only 1100 km from North America, and pollu-
tants are readily transported to this area by westerlies. In the case of toxaphene
insecticide, a complex mixture of polychloroterpenes heavily used on cotton, higher
levels measured at Bermuda have been correlated with air masses moving off the
southern cotton-growing states (Rice et al., 1978, 1979). However, pollutants are
also transported north of Bermuda, where they can become entrained in the an-
ticyclonic airflow around the prevailing high pressure area in the Sargasso Sea.
Detailed PCB measurements in North Atlantic surface waters show that no area
of the ocean is free from contamination. Minimal PCB concentrations are found
in the Sargasso, with increasing concentrations in the trades region (10-20N) and
in temperate latitudes (40-55N) (Harvey and Steinhauer, 1976). According to
these authors, PCB may be transported out of the Sargasso Sea where net evapora-
tion is high and rained out at the higher and lower latitudes. In the trades region































































