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ATMOSPHERIC TRANSPORT OF POLYCHLOROBIPHENYLS
TO THE NORTH ATLANTIC*

GrorGe R HARVEY and Winiiam G Siuinsiatir

Woods Hole Occanographic Institution, Woods Hole,
Massachusess 02543, U.SA

(First recered S August 1973 and in final form 22 Novenber 1973)

Absteact  Concentrations of polychlorobiphenyls (PCBs) were measured in e abmosphere aver
the western North Atlantic. Both the paricubue and vapor phiase were extriscied, using o
ew sampler designed for this work. Previously PCH levels tanged from S ngar ¥ near the nortast
coast of the LS. to 08 ng m * on the Grand Banks. The PCB concentration in the atmosphere
decreascs expotentially with disuance from dand. [t s concluded that wind trunsport s the niajor
souree of chlotmated hydrocarbons i the oceans.

INTRODUCTION
Polychlorobiphenyl (PCB) concentrations have been measured in the water and organisms
of the open Atlantic Ocean (Harvey ¢t al. 1973). It has generally been assumed that PCis
would be delivered 10 the open occan mainly by the wind (Nisbet and Sarolim, 1972) sinu-
lar 10 DDT (Scba and Prospero, 1971) with fluvial and sewiige mputs contributing smaller
quantities (Corcoran and Lee, 1970: Holden. 1970). However, no atmospheric PCB
measurements have been reported. Riscbrough (1972) was unable to detect PCBS on equa-
torial Atlantic dust collected on Bacbados (Rischrough et al., 1968). Therefore, it seemed
likely that PCBs were wansported mainly in the vapor or acrosol phiase and we set out

+ 10 design a sampling system capable of trapping both particulate and vapor phase chlor-

inated hydrocurbons. Atmospheric PCB measurements were important to our studies
beeause we had previously observed no inshore-open ocean gradicnt of PCBs in (he sui-
face waters of the North Atlantic (Harvey er al.. 1973). Thus, we wished to determme if
the atmospheric concentrations of PCB reflecied this observation.

In this paper we present a new atmospheric sampling technigue. and the resulis of our
PCB measurements at four stations over the western North Atlantic. The sampling wis
performed during the first hall of 1973.

. . PROCEDURES

The sampling system consisted of a Hurricane Air Pump (Bendix Corp.) fitted with o 102-
mm filter holder on the intake port. The exhaust pipe was fitted with several meters of
exiension so as not to interfere with the intake. A 0.3 um glass fiber filter, which had been
baked at 007 for 12 h, was used on the intake. The filter holder chamber, behind the filter
was filled with 1,4 in. ceramic suddles (distillation column packing, Fisher Screntific) which
were coated with 0.25 per cent OV-17 silicone oil. The pump was run on low speed and
generally achicved a flow rate of 22- 24t min” !

The saddies had to be cleancd initially by distilling several Jiters of water through a
column packed with about 500 g of the commercial product. The OV-17 was purificd by
applying 1.25g to the top of a 1.5 x 15¢m column of sihca. Interfering impuritics were
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cluted with 80 cm? of hexanc. The OV-17 was cluted with 150 em? of bensene. The benzene
solution was diluted with 100cm?® of hexane and 500 g of stcam cleancd saddles were
addcd. The solvent was cvaporitted 1o dryness on a rotary evaporatory at 80" with a water
aspiratory. The coated saddles could be stored in glass jars or used immediately. About
125 g are required to fill the filter holder chamber.

Recovery of the chlorinated hydrocarbons from the coated saddies was accomplished
by shaking with two 100cm® portions of hexanc in a separatory funnel. The hexane solu-
tion was dricd with sodium sulfate and concentrated to 10 cm?® by distillation. The extract
was applicd to the top 1.5 x 15cm column of silica and the chlorinated hydrocarbons
were cluted with 80cm? of hexane. The hexanc cluate was concentrated 1o Tem® i
Kuderna - Danish concentrator. If necessiry, the hexane was further concentrated with a
stream of Florisil-purged mtrogen. No further cleanup was nccessary before gas chromat-
ography.

The concenirated cxtract was analyzed on a gas chromatograph equipped with a *'Ni
clectron capture detector. The column wus @ 2m x 2o (i.d.) ghass coil packed with a

“ {11 mixture of & per cent QF-1 and 2 per cent OV-17 on 100- 120 mesh Anakrom. The

oven tempcerature was 1907, The chromatogram was quantificd by comparing the heights
of seven peaks in the sample with the same matching peaks in a standard of commercial
Aroclor 1254 (Monsanto) as shown in Fig. I. The blank (1) was produced by leaving the
cntire apparatus at the sampling site for 24 b without running the pump. The saddles were
then extracted and chromatographed as described above. The sumple chromatogram (b)

{a}

A

Fig. ). Typica! PCB chiomatogram of u Grund Banks air sample (b). The standod Aroclor 1284
is shown in () and the blank is shown in (a) The seven dotted peaks were used for the
quantification.
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A pheric transport of polychlorobiphenyl 79

is from the Grand Banks. The prescnce of the PCBs was confirmed by perchlorination
10 decachlorobiphenyl according 1o the procedure of Armour (1973). 'The decachlorobi-
phenyl synthesized from the Bermuda samples was further confirmed by mass spectro-
metry.

Extraction of the glass fiber filters with hexanc followed by concentration and chromat-
ography revealed PCB concentrations which ranged from undetectable in the Grand
Banks samples 10 0.04 ngm * in the Vincyard Sound samples.

The cfficiency of trapping was tested by applying known guantities of 3.4.2"-trichlorobi-
phenyl; 24,52, 4.5 -hexachlorobiphenyl (Analabs, Inc.) or Aroclor 1254 (Monsanto Co.)
on the glass fiber filter. The average recovery after 20 h of pumping was 70 per cent for
the pure isomers or the mixture.

The sampling stations are shown in Fig. 2. Vincyard Sound (Massachusens) samples
were collected from the roof of the pilot cabin of the W.H.O.L vessel R;V Asterias. The
Georges Bank collections were made from the 01 deck of the R/V Albatross 1V (National
Murine Fisheries Service). The Bermuda samples were taken from a 20-m tower on the
south-west shore of the island. Finally, the collections on the Grand Banks were performed
from the exploratory drilling rig Sednerh 1 of Amoco Canada Ltd. at Station Razorbill.
Procedural blanks from cach station averaged 0.03 ng m™  for 500 m?.

United Stotes

Fig. 2. Sempling sitcs over the western North Adantic.

RESULTS

The analytical results for the four stations arc set out in Tabie 1. In addition. the DDT
family (--DDT) was detected in the Bermuda samples. The concentration of DDT in the
four sampies decreased from 5.3 x 107 ' gm™* on 12 February. to 1.7 x 107 gm ™ * on
15 February (1973). The most likely source was the southcastern U.S. cotton ficlds directly
to the west. At the other sumpling sites the -DDT concentration was less than
1 x 10" 7 gm~ 2. The PCB/1-DDT ratio was also found (o be greater than 30 in the sur-
face water (Harvey ct al., 1973). The PCB concentrations were highest in Vincyard Sound
which lies only 150- 250 km from the ncarest windward industrial sources, i.c. the Boston
Hartford New York- New Jersey complex. The concentrations of PCB over the Grand
Banks which are over 2000 km from the industrial complex af the northeist United States
were 100 times less than in Vineyard Sound. In fact, when the average concentrations at
each station arc plotted against the average distance of the site from major industrial
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Table 1. PCB concentrations over the western North Atlantic

Sampic PCHogm °
Date volume Wind tealc. as
Station (1973) (m") directron Aruclor, 1254y

Bermuda 12 February 560 WNW 0s
{32 20'N: 64 40'W) 13 February 430 w 04

(32°XUYN: 64 4IW) 14 February 820 - Varible 016
N2 64 40'W) 15 February 500 S 0.15
nk 10 Aprit 108 NwW (K}

(41" 40N: 67 W) 13 Apul 675 NwW 082

(41°40N; 67 30W) 1S Apnil 660 NE 058
(41"40'N; 67 YW} 17 April 655 Nw Q.01

167 W) 19 April 640 SW 0.80

(41°60'N; 67" 0°W) 21 April 650 SwW 160
Vineyard Sound 13 April 105 SwW 39
30 April 224 W 83

25 June 780 SSw QU

26 Junc 960 W 007

27 June 840 WSwW 010

28 Junc 940 Wsw 016

29 June 540 w 008

centers (Bermuda is equidistant from both northeast and southeast U.S. mdustrial com-
piexes) the scaward decreuse is actually exponential (Fig. 3). Similar observations have
been made for wind transport of industrial particulates over the ocean (Folger, 1970) and
bomb fallout over the United States after nuclear tests (Eiscnbud and Harley, 1953).
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Fig. 3. Relationship of atmospheric PCB and distance [rom indusirial sources,

DISCUSSION
1n our opinion the collection method used can only approximate the relabve con-
centrations of chlorinuted hydrocarbons in the particulate and vapor acrosol phase. Hyvd-
rocarbons in the vapor os acrosol phase will casily pass through the glass fiber filter and
be trapped in the silicone ol i an efliciency similar 10 the spiking experiments. Hydrocar-
bons adsorbed on solid particles which are trapped by the filter sull have equilibrum
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vapor pressures with the surrounding air. At the high flow rates used these adsorbed hyd-
rocarbons could be entrained in the flow and swept into the vapor trap. The process is
similar 10 that uiilized in gas-liquid chromatography. However, if we can assume that par-
ticulates are being collected throughout the sampling period. the observation that only |
per cent or less of the total chlorinated hydrocarbon concentration in the sampled air is
found on the filter argues strongly against significant particulate transport.

It seems likely that during the atmospheric lifetime of chlorinated hydrocarbons the
vapor, acrosol and particulate states will equilibrate and exchange many times depending
on temporal metcorological parameters. Thus, the state in which they happen 1o be cap-
tured at a particular geographical location is rclatively unimportant to considerations of
total atmospheric transport. Thus. the concentrations reported in Table | should be
regarded as total PCBm ™.

The strong dilution and fallout gradient obscrved over the western North Atlantic is
not reflected in the surface water concentrations. However, since the highest con-
centrations of suspended matter are in coastal waters (Manheim ¢r al.. 1970) adsorptive
scavenging by organisms and sedimentation must deplete these waters of dissolved PCBs
at rates comparable to the delivery. In contrast, only a small fraction of the discharged
PCBs rcach the open ocean, but that which does must remain dissolved in the surface
watcrs for a Jong time because of the low concentration of suspended maltter and the
slower sedimenlation rate. The result of these processes is that the concentration of dis-
solved PCBs from near shore water and the open sea is about the same (Harvey ef al.,
1973). Sediments should reveal a gradient of PCBs from inshore to the abyssal plains.
Analyscs of bottom feeders support this prediction (Harvey ef al.. 1974).

Since the relative unimportance of river transport of chlorinated hydrocarbons has been
noted (Scba and Prospero. 1971; Hartung and Klinger. 1970; Corcoran and Lee, 1970;
Scha and Corcoran, 1969) wind transport is the major source of chlorinated hydrocarbons
in the occans.
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