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- -timately result in faster metabolic g, -

_The fact that not oaly surfaced
bacteria (I) but also microorganisms

collected at the deep-sea floor are ex- ~

hibiting extremely slow metabolic rates
. when incubated in sntu may be mter—,
- preted in two ways, -

Life processes in ge-néxlal may . be -

slower at decp-sea conditions than at
surface pressurcs and temperatures for
reasons other than the low nutrient
supply. Studies on the deep-sea benthic
fauna (7), have reported (i) extreme
diversity of species, (ii) small brood
size, (iii) preponderance of adult in-
dividuals in most species, and (iv) abun-
dant cases of endemism. These charac-
teristics suggest slow growth and long
life of the individual animal and could
be the result of a relative retardation of
certain critical metabolic processes.
The slow metabolic rate may also
Jead to the argument that an active,
adapted microflora does not exist in the

- deep-sea sediment. The high colony

counts usually found when deep-sea
sediment samples are streaked on nu-
trient agar (5) may originate solely from
surviving and viable cells that reached
the ocean floor with sedimenting detri-
tus particles. Particulate organic mat-

ter readily available for microbial de- -

composition will hardly reach the deep
ocean, It 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 deep
waters was shown to be “refractory”
(9), that is, no degradability could be
demonstrated. The total amount of
larger particulate material (for instance,
animal carcasses) reaching the deep sea
undegraded will probably be very small,
although 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-sea floor
with the relatively fast-sinking fecal pel-
lets of zooplankton (8). .
. Thus, the top sediment being virtu]
ally void of nonrefractory organic mat

.ter readily available for degradation,
" the_activity of microorganisms in the

deep sea may be largely confined to in-|

- testinal tracts of animals, where the

enriched nutrient milieu will enable
microorganisms to decompose refrac-
tory materials (chitin, cellulose, and so
forth) in an endosymbiotic fashion. This

notion is supported by the finding of -
an enlarged gut in deep-sea mollusks -
(10) According to this hypothtms the .-

role played by microorganisms in ; tbc'-' {6) at 250 ml/min. The PCB's were -
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turnover of organic matter in the deep- .
sea sediments appears to be funda-.

mentally diffcrent from that in shallow-
walter sediments, or, for that matter, in
soil. Experiments on incubations of
solidified organic materials (agar, starch,

-- gelatin) on the deep-sea floor in open

containers (/1) show that after 1 year
of exposure, marks of animal feeding
appeared to be -almost the only sign of
disintegration. No work on the intestinal
flora of deep-sea invertebrates has yet
been done. Complementing our earlier
work (I), the data reported in this study
confirm the conclusion that the deep sea
must be considered extremely inefficient
with respect to recyclmg of organic
wastes.

HoLGER W. JANNASCH

' CarRL O. WIRSEN
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543
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Polychlorobiphenyls in North Aflantic Ocean Water

Abstract. Concentrau'ons of polychlorobiphenyls (PCB’s) have been measured

at the surface and at various depths in

the water of the North Atlantic Ocean

between 26°N and 63°N. The concentrations average about 20 parts per trillion
and amount to an estimated 2 X 10% metric tons of PCB’s in the upper 200 meters
of water. The average concentrations of PCB’s in the surface water of the
Sargasso Sea are Iower than those in the northern North Atlantic.

Seawater is the most abundant solvent
available for trapping hydrocarbons,

_such as the polychlorobiphenyls (PCB’s),

released into the environment. The
volume of the oceans (102! liters) is
sufficient to dissolve all the PCB’s that
have been manufactured (7). Relatively
few measurements have been made of

PCB concentrations in open-ocean water

to; determine the extent tp which it

‘functions .as -a solvent trap (2). Most

analyses have been confined to orga-

“nisms (3), which comprise less than 1

part per million of the total volume.
During the summer of 1972 we
analyzed the PCB concentrations of
open-ocean water in the eastern and
western North Atlantic between 26°N
and 63°N. The stations and analyses are

. tabulated in Table 1 (4). For samples 1

to 9 and 13 we extracted 19 liters of sea-
water (5) with 2 liters of a hexane-ether
mixture (94 : 6), concentrated the extract,
and then analyzed it by electron-cap-
ture gas chromatography (ECGC). For
the other samples we pumped 19 to 80
liters of water through a brass or glass
column [16 by 2 cm (inside diameter)]
packed with "Amberlite XAD-2 resin
+(Rohm & Haas) to a height of 12 cm

eluted from the column with 300 mi of
boiling acetonitrile at full gravity flow.
The acetonitrile was then diluted with -
1 liter of water (distilled or seawater)
and ‘extracted with hexane, The con-
centrated hexane extract was analyzed
by ECGC. No cleanup of the extract
was required prior to ECGC. Unfiltered
seawater sampies collected and analyzed
simultaneously with water filtered
through a 0.3-um glass fiber filter or a
glass wool plug contained a maximum
of 10 percent more PCB than the
. filtered seawater samples. All analyses
‘were completed on shipboard within 4
hours of sampling (7).

Three observations can be made from
the data:

1) Although the range is very broad,
the concentrations of PCB’s in the
northern ‘North Atlantic average 35
ng/kg [35 parts per trillion (ppt)] in
surface 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 ppt) than surface waters in other
parts of the North Atlantic.

“The widespread distribution of PCB's
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in the open North Atlantic L  borts

previous observations that the atmo-
sphere must be the predominant mode
of transport (3). The wide range of
concenirations observed (<1 to 150

ppt), in some cases at points only 80 i
" km apart (stations 29 and 33), may be -

due to seaslicks (2), localized rainfall,
or discharges from ships. No relation-
ship between PCB concentration and
proximity to land was observed. The
presence of measurable PCB concen-

“trations, even to depths of 3000 m,

suggests that animals which migrate

" vertically, plus sinking shells, feces, and

dead organisms, transport PCB's out
of the mixed layer (about 150 m) and
even higher = concentrations
from accumulating in the productive
zone. e e
The Sargasso Sea is an area of high
evaporation and low rainfall. We sug-

gest that PCB's, adsorbed on partii_)
lates falling into this region, are par-

- tially  solubilized by equilibrating with

the surface water. Evaporative codistil-
lation then traasports some of this

*_material to areas of higher precipitation.

The volume of the upper 200 m of the
North Atlantic is 1018 liters. If we as-
sume an average PCB concentration of
2 X 10—8 g/liter in that volume (8),
then there may be about 2 X 1010 g
(2 X 10* metric tons) of PCB's in the
water (I, 9). The total amount of
PCB’s produced in the United Stafes in
1971 was 1.8 X 10* metric tons {I).
On the basis of quantitative estimates
of rates of production and rates of
loss to the environment, a >DDT/
PCB ratio [EDDT refers to DDT, 1,1,1,-
trichloro-2,2-bis(pchlorophenyl) - eth-

ane, and its major metabolites] of 10,

is expected in the North Atlantic, if

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

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

Sta- . FPosition Date Depth ;ﬁg afiz‘:‘
e North West (1972) (m)  (x 10 g/liter)
1 s2° 55 35° 08 6/30 0 150
2 44 0 30° 3¢ 3 0; 200 35; 10
3 40° 3% 29° 16" . s 0; 200 4 1
4 36 1 25° 33 171 0; 200 155 3
] 34> 02 22° S0’ 7 - 0; 200 30; 6
6 “35° 00 18° 59’ /11 0; 200 14; S
7 34° 47 14° 57 /13 0; 200 67; 39
8. «38 2 1n° 23 /15 0; 200 19; 2
9 38° 2% 1° 11 7/22 0; 200 41; 13
10 38° 19 19° 28’ 7/23 0 77
1 41° 0¥ 20° 46’ 724 0 <1
12 7 43 57 22° 1¥ 1725 -0 52
- n 43° 20 21° ST 721. 0 47
14 43 16 210 3 /29 100; 3000 ° 45> 11
15 460 31 21° 4y /30 .0 )
16~ s2¢ 31 19° s 8/1 0; 100 45; 8
.17 52° 35 19° 53 82 1500 >1t
18 550 4y 15° 0% 8/4 0 03
57° 22 12° 01 8/5 200 . utn 97
06°> 02 8/6 200 42
. 0s5° 36’ L 82
04° 43 . 23 -
02° 22° 0 21 7
70° 40 0 2730
70° 0¥ "0 29
68° sS4’ -0 36
61° oI 0 - 12
67° 36’ 000 1
68° 28’ [ 2
66° 34 o . 5
61° 27 .0 11
680 24' o B n
61° 4% e 9
66° 22 -0 12
65° 44/ .0 .15
58° 39 10/3 - 0 26
550 3% W5 o e e 36
54° 15 106 . .0 27
53 s7 10/7 70 a2
28° 26/ 53° 55 108 - 0 i 88
4 310 1y 53 49 109 - ... 0 68

® The closest matching commercial mixture fn all cases was that containing 54 perceat chlorine.

Thus the commercially available Aroclor 1254 (Monsanto) was used as the standard. Procedural

blanks ranged from 0 to 3 ng/liter and were subtracted from the tabulated
wictabolites, i prescnt, were present at contentrations Jess than 1 ng/iiter.
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we assume that the half-lives are simi-
lar (9). The observed ratio from our
data {and from (2)] must be less than
0.05 {that is, <1 ppt/20 ppt (scc first
footnote, Table 1)1. Thus the envirop-
mental half-life of the PCB’s appcars
considerably greater than that of DDT
and its metabolites.
N GEORGE R. Harvey
WILLIAM G. STEINHAUER
JouN M. TeaL
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543
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