tivate’y sesult b Caster metabolic rates,
The facl that not only surface-born
bacteria (1) but ale microorganisims
coliveted 31 the deepaca floor e ex-
hibiting extresnely slow melabolic sates
when incubated in situ. may be imer-
picted in (wo w
Life processes in peneral may be
slower at deep-sea conditions than at
surface pressures and lemperatures for
ressons other than the fuw nufrient
supply. Studies on the deep-sea benthic
fauna (7), have reported (i) extieme
diversity of specivs, (i) small brood
sire, Gil) preponderance of adult ine
dividuals in most species, and (iv) abun-
dant cases of endemism. These charac.
teristics sugpest slow growth and long
We of the inctividual animal and could
be the sesult of & relative retardation of
ceriain eritics] metabolic processes.
The slow metabolic yate may slso
Jcad 1o the argument that an active,
adapted microflora does not exist in the
deep-sea sediment. The high colony
counls usually found when deep-sea
sediment samples are streaked on nu-
tricnt apar (5) inay originate solely from
sprviving and viable cells that 1eached
the occan floor with sedimenting detri-
tus particles. Particulate organic mat-
ter readily available for microbial de-
compaosition will hardly reach the decp
ocean. It will Jargely Le degraded dur-
ing the slow scdimentation, estimated to
take fiom several weeks to more than
8 year per 1000 m of depth (8). The
particulaie  organic matier in  dccp
waters was shown (o be “refractory”
(9), that Is, no degradobility could be
demonsirated. The total amount of
larper particulate material (for instance,
animal carcasses) reaching the deep sea
undepraded will probably be very small,
#ithough of considerable signifi for

turnover of organic matter in the deep-
sea sediments appeats to be furdu-
mentally different from that in shatlow-
witer sediments, or, for that maiter, in
soil.  Experiments on incubations of
solidificd organic materials (agar, starch,
gelatin} on the decp-sea floor in open
containers (/7)) show that after 1 year
of cxposure, marks of animal fecding
appeared to be alniost the only sign of
disintegration. No work on the intestinal
Nora of deep-sca invertebrates his yet
been done. Complementing our carlier
work (1), the data reported in this study
confiras the conclusion that the deep sca
must be considered exiremely incllicient
with yespeet Lo recycling of orpanic
wastes.

HoiGR W, JaNNASCH

Cani. 0. WiRseN

Woods Hole Oceanographic Institution,
Woodls Hole, Massachusciis 02543
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Polychlorobiphenyls in North Atlantic Ocean Water

Abstract. Concentrations of polychlorobiphenyls (PCl's) have been neasured
at the surface and at various depths in the water of the North Atlantic Ocean
between 26°N and 63°N. The concentrations avcrage about 20 parts per trillion

and amount 10 an estimated 2 X Y03 metric tons of PCH's in the upper 200 mieters

of water. The average concenirations of PCU's in the surface water of the
Sargasso Sea are lower than those in the northern North Atlantic.

Seawater is the most abundant solvent
available for trapping hydrocarbons,
such as the polychiorobiphenyls (PCB™),
reicased into the environmeut. The
volume of the oceans (107 liters) is
suflicient to dissolve all the PCB's that
have been manufactured (/). Relatively
few measurcments have been made of
PCB cor in valer

‘eluted from the colunm with 300 ml of

boiling acctonitrile at full gravity flow.
The acctonitrile was then diluted with
1 liter of water (distitled or scawater)
and extracted with hexane. The con-
centrated hexane extract was analyzed
by ECGC. No cleanup of the extract
was required prior to ECGC. Unfiltered

xo determine the extent to which it
i ns a solvent trap (2). Most

the bighly diverse but L('Inl)‘ fauna of
benthic scavengers. Nothing is known
about the quanatity of nonrefractory or-
ganic matter reaching the deepesea floor
with the sclutisely fast-sinking fecal pel-
Tets of zooplenkion (&)

Thus, the top sediment being virtu-
ally veid of nonrcleactary orginic mat-
ter readily available for degradation,
the aclivity of mictootganisms in the
decp sea may he largely confined to in-
testinnl acis of animals. wheie the
enriclwd nutriem mitiew will enable
micioniganisms 10 decompose Jefracs
tory 1aatesials (Chitin, cellulose, and so
fusth) in ey endosymbiatic fashion, This
notion iy suppotied by the Ginding of
menlarped pot in deepesca mollusks
€10, Acconding to (his hypothesis, the
vole played by miciooiganisnw in the

1 18AY 19

analyses have been confined to orga-
nisms (3), which comprise less than 1
parnt 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. Fhe stations angd analyses are
tabulated in Tuble 1 (4). For samples 1
109 and 13 we cxtracted 19 liters of sca-
water (3) with 2 liters of a hexanc-cther
mixture (94 : 6), concentrated the extract,
and then analyzed i1 by cleclion-cup-
wre pas chiomatography (ECGC). Tor
the other samples we pumped 19 to 80
liters of watcr throuph a brass ot plass
coluom [16 by 2 e (inmide diamcter))
packed with Amberlite NXAD-2 resin
(Rohm & Ham) 1o a height of 12 em
) ot 250 mi/min. The PCB's were

MONS

samples collected and analyzed
simultancously  with  water  filtered
through a 0.3-xm glass fiber filter or a
glass wool plug contained a maximum
of 10 percent more PCB than the
filtered seawater samples. All analyscs
were completed on shipboard within 4
hours of sampling (7).

‘Fhree obscrvations can be made from
the data:

1) Although the sange is very broad,
the concentrations of PCB's in the
northern North  Atlantic average 35
ng/kg [35 parts per trillion (ppt)] in
surface walers, and 30 ppt at 200 m.

2) The PCB concentrations decrease
with depth.

3) The surface waters of the Sar-

gasso Sea (stalions 25-41) have slightly

lower surface concentrations of PCB's
Q27 ppt) than surface waters in other
parts of the North Atlantic.,

The widespread distribution of PCI'y
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in the open North Atlantic supports
previous observations that the aimo-
sphere must be the predominant mode
of transport (3). Vhe wide range of
concentiations observed (<) 10 150
rpY), v some cases at points only 80
km apart (stations 29 and 33), may be
due to seislicks (2), localized sainfall,
or dischasges from ships, No relatjon.
ship between POR concchtiation snd
moximity to Jand was observed. The
presence "ol mcasurable TTB ™ Catcen-
trations, cven to depths of 3000 m,
suppests that mimals which migrate
verticadly, plus sinking shells, feces, and
dead organisms, transport I'CB's omt
of the mined fayer (abouwt 150 m) and
preven!t  even  higher  concentrations
from accumulating in the productive
z0n0.

The Sarpasse Sen is an area of high
cvaporation and low rainfalt. We sog-

rest that PCB's, adsorbed on particu-
Lates falling inta this region, ate pos-
tially solubilized by cquilibrating with
the surfuce waler. Evaporatise codistil-
fution then transports some of this
material to areas of higher precipitation,
‘The velume of the upper 200 nyof the
North Atlantic is 10%* fucrs. If we as-
sume an average PCB concentration of
2% 10=* g/liter in that volume (§),
then there may be about 2 x 10 g
(2 % 10! metric tons) of PCB's in the
water (7, 9). The total amount of
PCRBs produced in the United States in
197! was 1.8 X 101 metric tons (/).
Ou the basis of quantitative estimates
of sates of production and rates of
loss to the environment, a DDT/
rCH mliol"DDTu-fcu 1o DDT, 1.1,1,-
trichloro-2,2-bis(p-chloraphenyl)  eth-
ane, and its major metabolites) of 10
iy expected in the North Atantie, il

Tadle 1. Concentrations of PCH's [n Noith Adautic ocean water, The limit of detection was

1 X 10°* g/liter for w 19-Jiter sample.

[ _bosition Date Depth ::ﬁ::,zg’r".
ton “North West 972y M) (% 10°* p/liter)
3 $2° 85 35 o8 6/30 [] 150

2 44° 00 30 36 73 0; 200 35 10
3 40° 1) 29 16 s 0; 200 44 7
4 ¥ n 25 3 17 0; 200 11; 3
3 e 0 22 50 ue 0; 200 30, 6
[ 3s* 00" 18° 59 7n 0; 200 ;S
7 a7 140 sy "3 0; 200 613 39
] 38 20 " 2y WS ;200 19; 2
v 30 2y e ar w22 0; 200 an
10 8 19 190 28 /23 0 ”

u a0y 200 46 72 [ <1

12 43 37 1y 178 4] 52
n 43 20 210 sY w2 [ 41
" o 16 2w 729 100; 3000 asi> 1t
15 a6 3 210 4y 0 o 10
16 s2* 31 19 s 81 0; 100 a8
17 19" 3y 82 1500 >11

" 15° 02 ”4 0 3
19 12° o1 8/3 200 97
20 06° 02 86 200 2
28 05 36 8/7 4 2
2 04° 4y /7 0 2
2 02 22 /8 0: 200 21; 7
24 70" 40 1072 1] 30
23 70° 0y 9721 0 29
26 o s 9122 0 3%
2 6 ol 9/23 0 12
2 61° 36’ 9724 1000 t
29 68° 2% 9/24 o 2
30 66" M 9728 [ $
n 67* 27 9726 [ 11
2 o 24 9137 0 2
» € 4y w2 [ 9
3 6(° 22 L 724 [ 12
18 65° 44 9/28 4 15
36 58 39 10/} 13 26
» 550 3¢ 1075 o ¥%
] sa0 18 10/6 0 2
3 e sy 1077 [} 4
© 3 53 10K 0 "
41 3y Ve 49 09 [ (23

"nw closest matching cnmercial misture fn nll cases wan it containing 34 percent chitorine,
) 19 cd an

Thub the com mu.-u) avadat le
bhauks 1 anped 11 Nl
mratalaey, of proenty mu present unuln

[z

S AN omanne was
uted fem the Lt
h s than s

standacd. Procoducal
w, DDT und
match for Acclor.

we assume that the half-lives are sir

far (¥). The observed ratio from our

data [and from {2)) must be Jess than

0,05 {that is, <1 ppt/20 ppt (sec firat

footnote, Table 1)) Thus the cavison-

mental half-life of the PCHy appears

considerably greater than that of 1>y

and its metabolites,

Grokror: R. MHanvry

WiLtiam G, Sttt n

Jonn At S,

Woods Hole Occanographic Instiruticn,
Woods Iole, Massachuscns 02543
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