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" The fact that not only sutface-born
baclesta (1) but also microorganisms

“ collccted at the decp-sca floor are ex-
hibiting extremely slow melabolic rates
vhen -ncubated in situ may be inter-
preted in two ways.

Lifc processes in general may be
slower 2l deep-sea conditions than at
surface pressures and temperaturces for
reasons other than the low nutrient
supply. Studics on the deep-sea benthic
founz (7), have rseporied (i) extreme
diversity of spccics, (i) smzall brood
size, (i) preponderance of adult in-
dividuals in most species, and (iv) abun-
dant cases of endemism. These charac-
teristics suggest slow growth and long
lifc of the individual animal and could
be the resvli of a relative retardation of
certain critical metabolic processes.

The slow mctabolic rate may also

lzad to the argument that an active,
adapted microfiore does not exist in the
deep-sca sediment. The high coloay
counts usually found when dcep-sea
sediment samples are streaked on nu-
trient agar (5) may originate sclely from
surviving and viable cells that reached
the ocecan floor with sedimenting detri-
tus perticles. Puarticulate organic mat-

fer readily available for microbial de-

composition will hardly reach the deep
occen. JU will largely be degraded dur-
ing the slow sedimentation, estimated to
take from several weeks to more than
a year per 1000 m of depth (8). The
particulate -organic matter in dcep
waters was shown to be “refractory”
(9), that is, no degradability could be
demonstrated, The total amount of
larper particulate material (for instance,
animal carcasses) reaching the deep sea
undcgraded will probably be very small,
alihough of considerable significance for
the highly diverse but scanty fauna of
benthic scavengers. Nothing is known
about the quantity of nonrefractory or-
ganic matter reaching the deep-sca floor
with the relatively fast-sinking feccal pel-
lIets of zooplankion (&).

Thus, the top sediment being virtu-
ally void of nonrefractory organic mat-
ter veadily available for degradation,
the activity of microorganisms in the
deep sca may be lareely confined to in-
" testinal tracts of animals, where the
ceonriched nuotrient milicu will cnable
microorganisms fo decompose refrac-
tory materials (chitin, cellulose. and so
forth) in an endosymbiotic fashion. This
notion is supported by tic finding of
an cnlarged gut in deep-sca mailusks
(10). According to this hypothesis, .the
vole played Ly microorganivms in the
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sca  sediments

.. o s ey
appears to be funda:
mentally diffcrent from that in shallow-
walter scediments, or, for that matter, in
soil.  Experiments en incubations of
solidificd organic materials (agar, starch,
gelatin) on the decp-sea {loor in open
containers (/1) show that after 1 year
of cxposure, marks of animal feeding
appcared to be almost the only sign of
disintegration. No work on the intestinal
flora of deep-sea invertchrates has yet
been done. Complementing our carlier
work (7), the data reported in this study
confirm: the coaclusion that the deep sca
must be considered extremely incflicient
with respect 1o recycling of organic
wastes. ) '
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Polychlorobiphenyls in North Aflantic Ocean Water

Abstract. Concentrations of polyclilorobiphenyls (PCB's) have been mcasured
at the surface and at various depths in the water of the North Atlantic Ocean
between 26°N and 63°N. The concentraiions average 2bout 20 parts per trillion
and arnount to an estimated 2 X 10% metric tons of PCB'’s in the upper 200 mieters
of water. The average concentrations of PCB's in the surface water of the
Sargusso Sea are lower than those in the northern North Atlantic.

Seawater is the most abundant solvent
available for trapping hydrocarbouns,
such as thie polychlorobiphenyls (PCB’s),
released into the environment. The
volume of the oceans (107! liters) is
sufficient to dissolve all the PCB’s that
have been manufacuired (/). Relatively
few measurements have been made of
PCB concentrations in apen-ocean v/ater
to- determinc the cxtent to which it
functions as a solvent trap (2). Most
analyses have been confined to orga-
nisms (3), which comprise less than |
part per million of the total volume.

During the summer of 1972 we
analyzed the PCB concentrations of
open-occan water in the castern and
western North Atlantic between 26°N
and 63°N. The stations and analyses are
tabulated in Table 1 (¥). For samples |
to 9 and 13 we extracted 19 liters of sca-
water (5) with 2 liters of a hexane-cther
mixture (94 :6), concentraled the extrast,
and then analyzed it by clectron-cup-
turc gas chromategraphy (ECGC). For
the other saniples we pumped 19 to 80
liters of water through a hrass or gliss
calmn [16 by 2 em (inside diamcicr))
packed with Amberlite XAD-2 resin
(Pehm & Hans) to a height of 12 cm
(6) al 250 sil/min. The PCB's were

‘eluted from the column with 300 ml of

boiling acctonitrile at full gravity flow.
The acetonitrile was then diluied with
1 liter of water (distilled or secawater)
and extracted with hexane. The con-
centrated hexanc extract was analyzed
by ECGC. No cleanup of the extract
was required prior to ECGC. Unfilizred
scawater samples collected and analyzed
simultaneously with  water filtered
through a 0.3-pm glass fiber filter or 2
glass woo! plug contained a maximum
of 10 percent more PCB than the
filtered seawater samples. All analyses
were completed on shipLoard within 4
hours of sampling (7).

Threc observations can be made from
the data:

1) Although the range is very broad,
the concentrations of PCB' in the
northern North  Atantic average 35
ng/kg {35 parts per trillion (ppt)] in
surfzee waters, and 10 ppt at 200 m.

2) The PCB concentrations decrease
with depth.

3) The surface waters of the Sar-
gasso Sca (stations 25-—41) have slightly
lower surface concentrations of PCB'S
(27 ppy) than surface waters in other
parts of the North Atlantic.

The widespread distribution of PCB's
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in the open North Atantic supports
previous observations that the atmo-
sphere must be the predominant mode
of transport (3). The wide range of
concentrations observed (<1 to 150
pPpY, in some cases at points only 80
km apart (stations 29 and 33), may be
duc to seaslicks (2), localized rainfall,
or discharges from ships. No relation-
ship between PCB concentration and
proximity (o land was obscrived. “The
presence of mcasurable I'CB concen-
trations, cven to depths of 3000 m,
supgests that animals which migrate
verlically, plus sinking shells, feces, and
dead organisms, transport PCBs out
of the mixed layer (about 150 m) and
prevent cven  higher  concentrations
from accumulating in the productive
zone.

The Sargasso Seca is an area of high
evaporation and low rainfall. We sug-

gost that 'CB's, adsorbed on particu-

lates falling into this region, are par-

tially solubilized by cquilibrating with
the surface water. Evaporative codistil-
lation then transports some of this
material to arcas of higher precipitation,
‘T'he volume of the upper 200 mof the
North Atlantic is 10'¥ Jiters. If we as-
sume an average PCB conceutration of
2% 10-8% g/fiter in that volume (S),
then there may be about 2 X 10 g
{2 X 10" metric tons) of PCB's in the
water (/, 9). The total amount of
PCB’s produced in the United States in
1971 was 1.8 X 10! melric tons (/).
On the basis of quantitative estimates
of rates of production and rates of
loss to the cnvironment, a XDDT/
PCR ratio [XDDT refers to DDT, 1,1,1,-
trichloro-2,2-bis{p-chlarophenyl)  eth-
anc, and its major metabolites] of 10
is expected in the North Atiantic, if

Table 1. Concentrations of PCB's in North Atlantic ocean water. The limit of detection was

1 X 10-° g/liter for a 19-liter sample.

Sta-. Position Date Depth Peh con.
tion North West (1972) (m) (X 10® g/liter)
1 52° 55¢ 350 08 6/30 0 150

2 44° 00 30° 36 9/3 0; 200 35; 10
3 40° 33 29° 16 175 0; 200 4 T
4 36° 11 25° 33 171 0; 200 11; 3
5 33° 02 22° 507 7/9 0; 200 30; 6
6 350 00 18° 59 71 0; 200 14; 5
7 34° 47 14° 57 713 0; 200 67; 39
8 g 2w 11° 23 /15 0; 200 19; 2 -
9 3ge 2¥ 11° 11 22 0; 200 41; 13
10 3ge 1y 19° 28° 7723 0 77
1t 41° 09’ 20° 46 7/24 0 <1
12 43° s7 22° 1y 1725 o 52
13 43° 200 . 21° ST /21 0 47
14 43° 16 21° 34 1/29 100; 3000 45:> 13
15 46° 31 21° 4y /30 ) 10
16 52° 31 19° 527 8/1 0; 100 45; 8
17 520 35 19° 53 8/2 1500 - > 14
18 55° 417 15 0% 8/4 0 3
19 57° 2 12 01 8/5 200 97
20 60° 04 0s° 02 8/6 200 42
21 60° 09’ 05° 36 e/ 0 82
22 60° 29 040 43 8/7 0 23
2 63° 03 02° 22 8/8 0; 200 21; 7
24 4a1° 32 70° 40 10/2 o - 30
25 39° 407 70° 03 9/21 0 29
26 37° 12 68° 54 9/22 0 36
27 34° 32 61° O1° 9723 0 12
28 ase 22 67° 36 9/24 1000 1
29 Ise 17 689 28° 9/24 0 2
30 35° 56 PO Y 9/2s 0 s
31 36° 05 61° 27 9/26 -0 11
32 36° 24’ 68° 24 9/27 0 22
33 35° 37 61° 49 9/27 0 9
34 4° 260 . 66° 22 Q/28 0 12
3s 33° 4y 65° 44 9,28 0 15
36 28° 42 S8e 3y 10/3 0 26
37 26° S0 55 3§ 10/5 0 36
38 25° 56 54° 15 10/6 0 27
39 26° 5% 53° 57 10/7 0 42
40 28°° 26’ 53° S5 10/8 0 88
41 LR Y 510 49 10/¢ 0 68

® The closest matching commercial tiidiure in all cases was that containing $4 perceat chlorine.

Thus the conuncrcially available Arocloe 1254 (Momsanto) was usved as the stiandard.

Prucedural

blanks ranged Irom 0 ta 3 ngZliter and were subtracted tiom the tabubaed concentrations; PODT and its

metabtolites, il present, were present at contentrations less than 1 onedliter,
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we assume that the half-lives are simi-

lar (9). The obscrved ratio from our

data [and from (2)] must be less than

0.05 [that is, < 1 ppt/20 ppt (sce first

footnote, Table 1)). Thus the environ-

mental half-life of the PCH's appears

considerably greater than that of DDT

and its mectabolites.
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