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** Peposition of DDE und Polychlorinated Bipheayls in

Juy 14 1974

Core 265 (32°12'N; 12002\, 0§
m) was sclected for the chlorinated

1y Dated Sediments of the Santa Barbara Basin hydsocarbon sunly. 1t was  abtained
with a box corer, designed to operate

Alnstract. Analvsis of dated occanic sediments [rom the Samta Barbare Basin with the ship's wire slackened and 10

! nf the Southern Californin Bight has shown that deposition of polychiorimated — penctre slowly into the sediment, The
biphenyls (PCB) begon sbout 1995 and that DD VLA -dichloro-2-2-bitp-chloros closmg arms of the corer were dirceily

. plieny lethylene) firse appeared in sediments deposited abons 1952, Concentra- attached to the collecting box, allowing
tions of hoth show a progressive inerease through 1967 estimated deposition  a tight sead and minimizing disturbance

H rates (in prams per square weter per year) in 1967 of DDE and PCB were during recovery unmd  handling, Upon
1.9 % 10~ aud 1.2 X 10 3, respectively. retrieval, the box and core were quick-

ly frozen and placed in cold storage.

i Eaununation of dated marine sedi- rc—dﬁcli in_their_gesidues _as input  Later the frozen core was evtruded and
. menty deposited in bagins of the south. ic_crcius. cul into lonpitadinal slabs from which

et California coastad zone has shown
that the present flux of bath lead and
mercwy into the  sediments  exceeds
that of the 19h century. In the Santa
Taubaga Basing west of Santa Barbara
and southeast of Point Conception, the
athiopogenic fead Bux s estimated to

The varved anacrobic sediments of
the Santa Barbara Buasin present an
apportunity 1o determvine the rate of
deposition of these chlorinated hydro-
carbons in the sediments within
absolute time framework. The lamina-
tions observed in the sediment arc x

xeradiopraphs  were  obtained.  These
radiogiaphs  were wsal 10 construct
varve patiern wemplales which allowed
the sectioning of the frosen shaby into
bulk  sohsamples represamtative of a
specific set of years, The slab anatyzcd

was et from the central part of the
P awive that deriving  from natural

direct response o the seasonal rainfall  core and sectioned, and subsamphes
sources. The inctease of the mercury

of the southern Calitornia region, The  were stured in ghiss jars, scabed with
Aux it the Santa Basbara Basin bepan  low oxypen content of the botiom wa-  alumingm foil, bolh of which had been
abowt 1900 the present nmhrnpngmu. tees of the basin excludes burrowing  1horoughly washed with acetone known
input is estimated 1o be ey 0 organi and permits the preservation 1o be free of contaminating substances.
the naturnl input (7). Roth lead and  of the fine sediment structuie, The ac- The frozen samplas wuere further
mercury are rapidly precipitated inte curacy of the overall time framework  chilled with liquid nitrogen and frecze-
sediments upon entry 10 the marine en-  derived by the counting of the varves  dricd with a Virlw lyophilizer over a
vironment from rivers or waste-water  has been confirmed by the correspon-  minimumy period of 12 Jours. A sub-
outfalls (2, 3). In occanic arcas remote  dence of rainfall and u.dnmm.mm\ ml sample of approximately 2.8 g wis
from these outlalls, a significant but as  terns (7) and by “1Pb and Soxhlet-extracted with S00 ml of Nano-
yo! undctermined fraction of the flux  radi ic age grade  (Malbnkrodt)y  hesane for 14
into the basin sediments is assumed 1o
derive from aerial fallowe (7,

We report here on the deposition of 4.
two groups of synthetic organochlorines
in the sedimemts of the Sinta Barbira

Orpanachlorine concentrations {paris per billion (ppb) of the dry weight] in dated
wdlmcnli.

Basin, Both the DOT (5) compounds, D":n;;:",':xm ""(.”Dbl)m par-DNO (m;(\::ii’-hl
principally p.p'-DDE (5), and the poly- oy (ppb) anatysed)
chlorinated biphenyls (PCBY have be- @ (rpe)
come significant components of the  18Y0 261 =28
ine fooid wehs of 1 Wi, V08 112 P
muringe foad wehs of wewthern Cali- (g3 P -
fornia. 14 has been forund that 1D Group A
fiequently  constitutes more thain 1 g25 0
pereetit of the fat of fish-cating birds 1927 10 S 29 (152 R
such i the brown pelican (Pelecunzs 9% 25 Bl
occidentalis) and of sca lions (Zalophus o2 255 Group s
ralifornianus), 1935 267 Cax 21186 1)
\ Both DDE and PCYH are associsted 1937 2.64 4
! with a high incidence of premature
. hirths among these sea lions, and DOE 1940 2.61 . <10
i necatmly for most if not wlt of the in- 'I?'"z‘ 12:;, ﬁ"% Y018 )
i eremsed varinnce in the calcium car- .
! bonate contenl of the thy shells of 0 238 (’"_",’f n 10
& epes of (he fish-cating binks (6). The ot 269 24 Sy 9 (178 g}
! high concentrations of both DY w192 271 -8 6.5
PCY encountered in these and other 1955 s r:u;:‘,, I3 o
matine ccm)ucn.n ..\ug"-_:n:\l that  the 1957 .2.61 T "11“ 6
rtes of degradation in the marine ¢n- g0 (R3] ) 70
viroment are sl Gromp
s tion ia the sedinne ediment 1962 268 2 7.8
Wty Tor Ihe el renu |,T'wn}m l"m Z.h‘: 128 111 Y (100 )
o the_murme bioass amd for 1} “,M_____,, Lo o o "'_»4____ R
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hours. A 10.2-cm column of Fiorisil
(14 ), Incubuted ut 700°C for § houss
to remove compounds producing inter-
fering pesks, topped by 2.5 cm of an-
" hydrous sodium sulfute, was used for

) . Chiorinated hyd were
cluted with 200 mi of 6 percent dicthyl
cther (Nanogrde) in n-hexane. Vol
umes were reduced 1o 10 mi or less
withh n threebalt Snvder column for
analysis by pas-liquid chromaopraphy.
Brunks consisting of S00 mi of p-hexane
were refuxed in the Soxhlct npparatus
for » minimum of 14 hours and then
earricd through all subsequent sieps.
These contained less than the equiva-
lent of § parts per billion (ppb) of DDE
and M0 ppb of PCB in » 2.5-¢ sample.
Concentrations of 10 ppb of LDI and
30 ppb of PCB were assumend {0 vepre-
sent the background within the an-
alytical proccdure, Since PCB hoy »
lower clectran-capture response  than

an oguivalent mass of DDE, samples.

were combined nfter analysis for the
DDT compounds to deiermine PCB
concentrations, according to the group-
ings in Table ).

‘The profile of the PCB

wus used as n reference stanida
tifieation of pp-1OD ) wis con-
firned o the hinis of the disappearance
of the peak with saponification (10) amd
the appearanco of & peok with the
characieristic retention time of the eth-
yene derivalive, pp-DDMU (5).
The resuls of the unalyses are pre-
senledd in Table | and in Fig, 1. Con-
version of these concentrations, which
are cxpressed on o try weight basis,
10 an aluminum basis 1o correct for
the sult content in the interstitial water
of surfuce scdiments shows no devia-
tion from (he curves depicted in Fig. 1,
The deposition of PCB began about
1945, following the rapid increase in
PCB use during Workl War H us clec-
trical insulating fluids, as paint addi-
tives, and in a variety of miscetlancous
applications which result in the release

hex

Fig. 1. Deposition of (A) DDE and (W)
PCB in duted sediments of the Sania Bar-
bamm Basin,

of these compounds 10 the environment
11y, Mensnrable amounts of DDE ap-
pear only in the sedimenis deposited
wfter 1952, We attribute the higher
DDE concentrations in the 1930 sam-
pie to spurious contamination during
collcction, slorage, or nn.xlysu. Neither
DOE aor_ PCH s i

tion y| 1

Koide ¢t al. (8) cstimate from *™Pb
dating a deposition rate of 0.39 cm/
year. in agreement with the stratigraph-
it estimates of 0.4 em/year. The mass
of dry scdiment per cubic cenlimeter
of deposition was determined to be

3 & The 1967 DDE_concentrations
of 160 ppb is therefore cquivatent to »
depusition rate of (160 X 10-*) times
(6.3 g per cubic centimeter of deposit)
times (0.39 em/yeur) llmes (10" em?/
mY = ].95 1048 m— mr—’_j_h‘c
rute of PCB dcggxmon dunng the same
il orval 18 1.2 X 10=7 g 2
Year " 1. "These figures may be  as-
Nimed 1o be  minimum  estimatus
of the fuxes of these compounds
imo the overlying waters. The flux
of p.p'-DDE + p,p’-1DDD, both of which
may derive from p.p"-DDT, is approsi-
nwitely iwice the heric fallowt

other arcas in the Somhern California
Bight, would represent s total deposi-
tion of 10 metric tons per year over
an arca 200 km by 200 km. This figure
greatly exceeds the estimate of 2 metrie
tons of DDT compounds entering San
Francisco Bay from the drainage wa-
ters of the principal agricultural arcas
of California in 1967 (14). The esti.
matcd ycarly input of DDT compounds
from the ifto the South
California Bight in 197)-1972, after
cessation of most DDT use in Cali-
fornia, was 2 metric tons (J3). The rates
of atmospheric fallout during the mid-
1960's, when local use of DDT wus
extensive, may have been several limes
higher.

Sub

ialty higher ations of
DDT compounds are present in sedi-
menis adjucent to the outfoll of the
Los Angeles County Sanitation Dis-
tricts’ municipal waste-water treatment
plant (3). Input to the sea from that
source in 1971 amounted to 19 metric
tons (3). A subsurfuce current, mov-
ing northward from the Los Angcles
aren at a depth of approximatcly 200
m through the Channel Islands (/5),
might therefore also be a source of the
DDT compounds in the Santa Barbara
Basin sediments.

annual_inputs of PCB into the
Southern California Bight lrom wastes

waler on olls an E noff
in 1971 have been 1o
be | j %, Tespyefive-

.__Q.nd.n.u_muus_m.._m{f'_
ly. Waste-water treatment plants in the
LasAugeies=Quungg County Basli pr

vided is_PCB (7).

The high ruic of local inpum of both
DDT and PCB compounds into the
waters of the Southern California Bight

rate of the DY compounds in precipi-
lation over Britain during the period
from August 1966 (o July 1967 (/12).
The mean concentration of DDT com-
pounds  {(p.p-DIN. o+ pp’-DDT 4 pp'-
D) o rainfall st seven collecting
stations in Britain of 80 parts per 10,
assuming an annual sainfall of 100 cm,
is equivalent to a deposition of K X
10 * g m=* year-1. From global pro-
duction figures il is known that this
value must be comsidered it maximuim
estimate of the fHux of DDT com-
pounds into oceunie systems from the
atmosphere (£3). Local sources for
most of the DDT compounds in the
Santa Barbara Basin are (herefore sug-
gusted.

The measumed  deposition  rate  of
DT compounds in 1967, if tvpical of

MONS 082281

preciudes ext I to other vceanic
arcas. Some recycling of chlorinated
hydrocarbons from sediments into bot-
tom-feeding organisms can be expecied
(16), but the concentrations reported
i the Santa Barbara Basin suggest that
a substantial  portion of the chiori-
nated  hydrocibons eniering the sea
from diverse sources is being deposited
in the sediments,
WiLsoN Hoat®, Ronrt W, Ristsrouan
NHudega Marine Laboratory.
University of California,
PO, Bos 2497, Bodega Bay 91923
ANDREW SOU rar
Scripps tnstitntion of Ovcanography,
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mean  fumi Was  approxil ly
I¥0 millilamaberts. The test pattcrng
wope  high-contrast prints  viewed in

white Muorescent room light. All pat-

onc in mhgent.

gaze at the cenfer of the

test pattern \(Fig. 1B), doncave-up
lines apr | \pink and down
lines green, Buj, with gazg abouwt 1°

beyond the left oy right edgg, the colors

GA-21306 10 Scripps &
phy and by the Southern Cllllmnll CRQ¥|II
‘Water Resenreh Project (Contribmion No. 16),
Present address: Department of Occanorennhy,
University. of Washington, Scatnile 98108,
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Curvature Detectors in Human Vision?

McCollough (1) showed that a strik-
aftereffect was produced by adapia-
or several minuies to a vertical
prating\of black and orange siripes

alternatinwith a horizontal grating of
black and % ripes. Biack and while
test gratings

similar 1o those

S‘nliml orientations
the adapting pai-
torns were tinged with colors opposite
to the adapting colorg’\She ascribed
thess effccts to color -uapmmn of
orientation-specific cdbc-dclchrs
Riggs (2) has obhscrved :nml{r ef-
ferts with patterns of curved tincs™ Fig.

I, A and B, shows his stimuli. 3
observer vicws lines that are concave

Airi

d: d 10 the opy

Thc Mc(‘ollmngh effect is, in lny/spc—
cific to retinal Jocus (3, 4). N) with
gaze at the cenier of the tey” pattern
(Fig. 1B), concavec-up lipés appear
pink duc to ndaptation 19/ green lines
of posilive slope to the/right of gaze
and negutive slope to, he Ileft of gaze.
Similarly. concave/lown lines appear
green, The experpments I describe here
show that this Kypothcsis accounts for
Riggs' obserydiions.

Hl;h-ccy\(asl adapting patierns (Fig,
1A) weyt projecied from the rcar on n
diffusjég sereen in magenta light (Wrat-
ten,f4n filter) and green light (Wraiten

up in preen light and lines that arc N\§& filter). These colors (4) produce

concave down in red light, always keep-
ing his gare near the center of eac!
pattern (Fig. 1A). The 1est paty
(Fig. 1B) then appears pink on.con-
cave-up lines and green on concave-
down lines. Adaptation m/ weakly
curved lines produccs nflutclrcm that
are most vivid on pullcrp( with sharper
curvature. Rigps postulales curvaiure
detectors, which prefer strong curva.
ture.

MecCollough)y simpler iden (the ori-
ented-line hypothesis) can explain these
effects. While looking at the center of
the adupting putterns, the retina 1o the
tight of paze Is exposcd 10 green lines
of positive slope and red lines of nega-
tive slope; the retinn 1o the left of gaze
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strong  McCollough cffeets. The

Fig. 1.
magenta fight and gicen Jight\These pat-
terns hiave o gadius of curvatuly of 4,5°

when the patterns subtend aboy 5.5°
acvosn, (1) Test partern with & radi
cirvatire of 4.8°, [Courtesy of LN A.
Riegs)

MONS 082282

that the col-
when gaze was
ll)v: midlinc. The
predi um

p lines
fnncnvc -down

color reversal will
goze falls about 1°

gions to the right
positive slopc an

. (Thcse\ propertics
sliding a Uracing of
Fig. 1A across Fig. 1B.)

Riggs obscrved that cach .nm:l of
the tcst patlerfh (concave-up ‘or con-
cave-down lifjes)  appearcd pink  or
green throughput, This spread of color
along contours within cach pancl. cspe-
cially 10 the Jwrizontal tangenis ‘of the
curves, refledis a general property of
the McColiqugh efiect (4), and, does
not supporl fthe curvatiie detector hy-

pothesis iy particolar, contrary  to
Riggs' arguinent.
Truly %nwnlumspcciﬁc adaptation

was not ofiserved here. Three vbservers
adapted Ror 20 minutes us dc«v.nhcd
above while fixating a single point on a
horizontdt 1rain of lighted poinis that
moved flefiward across the adapiing
paticrng at approximately 1.5% per see-
ond. ‘The train subtended 20° centered
on cgch pattern, and the observer
lvuck d repentedly from far right to
far left. Two other observers adapted
for ) hour 10 the opposite color con
dition, and the palterns were inter-
changed between cach trach from right
to feft. No afterefects were seen. Every

1w




