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. Dop‘mi(inu of PDE and Polvehlorinated Biphenyls in

Dated Sediments of the Santa Barbara Basin

Abstract. Analvsis of dated occanic sediments from the Santa Barbara Hasin
nf ihe Southern California Bight hac shown that deposition of polychiorinated
biphenyls (PCBY began alont 1945 aud that DD |1 -diclhlore-2-2-bistp-chloro-

phemy ethylene] first appeared in scdiments deposited abonr 1952, Concentra-
tions of hoth show a progressive increase through 1907 estimated cdeposition
rates (in grams per square ancter per year) in 1967 of DDIE and I'CL were

Jyx 10-V and 1.2 X 10 "%, respectively.

Examination of dated nmurine sedi-
menty deposited in basins of the south.
ernt California coastal zone has shown
that the present flux of hath lead and
mereuty into the sediments  exceeds
that of the 19th contury. In the Santa
Rarhoaga  Basin, west of Santa Barbara
and southeast of Point Conceplion, the
anthiopogenic jead ilun is cstimaled to
be twice that deriving lrom natural
sources, The inciease of the mercury
flax into the Santa Baabava Basin bepan
nbou! 1900; the present anthropogenic
input is cstimated to be equivalent to
the natural input (7). Both lcad and
merenry are 1apidly precipitated into
sediments upon entry (o the marine en-
vironment from rivers or waswc-waler
oulfalls (2, 3). In occanic arcas remolc
from these outtalls, a significant but as
yet wndctermined fraction of the flx
into the basin scdiments is assumed lo
derive from acrial faltout (7, .

We report here on the deposition of
two pgroups of synthetic arganochlorines
in the sediments of the Santa Barbari
Basin, Both the DDT (5) compoumds,
principalty pp'-DIDE (5), snd the poly-
chiorinated hiphenyls (PCBY have be-

come significant  components of the
murine faad wehs of weuthern Cali-

fornia. 1t has been found that D
frequently  consututes maore thua (0
pereent of the fat of fish-cating birds
such s the brown pelican (Pelecan:ts
occidentalis) aud of sea lions (Zalophus
californianus).

Hoth DDE and PCB are associoled
with & high incidence of prematire
births among these sea lions, and DDIC
accounts for maost if not alt of the in-
creased variince in the calcium car-
bonate contenl of the (i shells of
epgs of the fish-cating binds (6). The
high concentrations of both DD and
PCH encountered in these and other
matine  ceasystems sugrest that the
rites of degradation in the marine cn-
vironment are slow; however, depos-
tion i the sediment. provides a paih
way Tor the et of These fotacmis

ffom the nuirme hiomas
m ihe nunne Hiona

and for the
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reduction _in__their_ residues as input
deécreasces.

the Sunta Barhara Basin present an
opportunity to determine the rate of
deposition af these chlorinated hydro-
carbons in the sediments within an
ibsolute tunme framework. The lamina-
tions observed in the sediment are a
direct response to the seasonal rainfall
of the southern California region. The
low oxygen content of the bottom wa.
ters of the basin excludes burrowing
organisms and permits the preservation
of the fine sediment structuie. The ac-
curacy of the overall time framework
derived by the counting of the varves
has been conlirmed by the correspon-
dence of rainfall and sedimentation pat.
terns (7Y and by “"Pb and **¥Th/*#Th
radiomcetric age micasurcments (&, 9).

Core 265 (32°12'N: 120702\, 595
m) was sclected for the chlorinated
hydrocarbon  smdy. It obtained
with a box corer, desipned ta operate
with the ship's wire slackened and to
penctrate slowly inta the sediment. The
closing arms of the corer were dirceuly
attached to the collecting box, allowing
a tight seal and minimizing disturbance
during recovery and handling. Upon
retricval, the box and core were quick-
ly frozen and placed in cold storage.
Later the [rozen cote wis extruded and
cul into tongitudinad <labs from which
x-radiographs  were  obtained.  These
radiographs were  wwed o constract
varve pattern tempiates which allowed
the sestioning of the frosen slabs into
bulk  subsumples gepresentative of a
spectlic set of years, The slab snalyeed
was ot from the central part of 1hy
corc and sectioned, and subsamples
were stored v plass jars, sealed with
wuminum foil, hoth of which had heen
thoroughly wished with acetone known
10 be free of contaminating substances.

The frozen samplyy were further
clilled with liquid nitrngen and frecze-
dricd with a Virls lyophilizer over a
mininuimy period of 12 hours. A sube
sample of approximateh 2.8 é wis
Soxhict-extracted with SO0 ml ¢f Nano-
grade  (Mudlinkiodyy

Was

hexate fur 14

Table 1. Organochlorine concentrations {pari per billion (ppb) of the dry weight) in dated

sediments,
e l‘('n——"
Dry welh p.p"-DDE: DD (dry weight
Year analyzed
(@) (ppb) (ppb) analysedl)
(pph)
1Ry 264 Y = )
1908 2.1 i2 1
1911 .54 = it
Group A
1y25 23 -0
1927 2.0l 210 S 29 (s )
1910 2.59 721
Group B
1932 2.55 =.2.0 AR
1938 2.67 S . c 48 221 (86 )
1937 2.64 710 4.4
Gronup
19310 2.61 . .37 <10
1912 2.5R 738 < {0 MRS )
1945 2.00 0 < 10
CGrowp D
1y87 2358 =74 2.0
1950 2.09 24 B 49 (178 )
1U83 2,71 L) 6.5
Group I
1988 258 24 119
1937 2.62 © 36 90 [CON Y RETINT]
190} wm 47 1.0
Growp
[CTOM 268 82 7.8
19658 209 138 1"a 10y (700 )
16T 72 160 g4
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hours. A 10.2-em column of Florisil
(14 p). Incubated ut 700°C for 5 hours
to remove campounds praducing inter-
_ fering peaks, topped by 2.5 cm of an-
" hydrous sodium sulfate. was used for
cleunup. Chlorinated hydrocurbons were
eluted with 200 mi of 6 percent dicthyl
ether (Nanograde) in n-hexane. Vol-
umes were reduced 1o 10 mi or less
with n three-balt Snyder column for
analysis by gas-liquid chromatography.
Blanks consisting of 500 mi of s-hexane
were refluxed in the Soxhiet apparatus
for a minimum of 14 hours and then
earricd through ull subsequcnt steps.
These contrined less than the equiva-
fent of § parts per billion (ppb) of DDE
and 30 ppb of PCB in a 2.5-g sample.
Concentrations of 10 ppb of DDE and
30 ppb of PCB were assumed (o0 repre-
sent the background within the an-
atytical procedure, Since PCB has a
lower clectron-capture response  than
an cquivalent mass of DDLE,
were combined afler analysis for the
DDT compounds to determine PCB
concentrutions, according to the group-
ings in Table 1.

The profilc of the PCB peaks re-
scmbled _that of Arpclor 1254, which
wits used as a reference standard, Tden-
Aification ol pp-DDD (F) wis con-
firsmed on the binis of the disappearance
of the peak with suponification (/0) and
the uppearance of a peak with the
chiracieristic retention time of the cth:
viene derivalive, p.p'-DDMU (S).

The results of the unalyses arc pre-
scofled in Table | and in Fip. 1. Con-
version of these concentrations, which
are cxpressed on a dry weight basis,
o un aluminum basis 1o correct for
the salt content in the inlerstitial water
of wurluce sediments shows no devise
tion from the curves depicied in Fig. 1.
The deposition of PCH began about
1945, following the rapid increase in
PCB use duting Warld War 1 s clee-
trical insulatiog fluids. as paint addi-
tives, and in a variety of miscellancou,
applicatiany which: result in the relense

1ox

samples.
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Fig. 1. Deposition of {A) DDE und (8)
PCB in daied scdiments of the S.mu Bar-
bara  Basin,

of these compounds 1o the environmenl
{11, Meacurahle amounts of DDI ap-
pear only in the scdiments deposited
after 1952, We attribute the higher
DD concentrations in the 1930 sam-
ple to spurious contumination during
collcction, storage, or analysis. Neither
DDE nor PCB _shaws nm{_su,acsm\_n

U jeveling off in 1 -
tion _u ouigh 196

Koide et al. (8) estimate from “'"Pb
dating a dcposition rate of 0.39 cm/
year. in agreement with the steatigraph-
ic estimates of 0.4 em/year, The mass
of dry sediment per cubic centimeter
of deposition was determined to be
0.3 p. The 1967 DDE concentratigns
of 160 ppb is therefore equivalent to a
deposition rate of {160 X 10-*) times
(0.3 ¢ per cubic centimeter of deposit)
umcs (0.39 cm/y ar) times (10! em?®/

: r=),_The
rate o( ( 8 depasition during the same
tinwe—Mferval s 1.2 X 10-1 g m~¢

year ' These figures may be  as-
—— . . 1]

samed  to  be  minimum  estimatcs
of the fluxes of these compounds

into  the overlying walers. The flux
of p.p'-DDE + p,p’-DDD, both of which
may derive from p.p-DDT. is approsi-

‘nualely twice the atmospheric fallout

rate of the DIYF compounds in precipi-
tation over Britain during the period
from August 1966 to July 1967 (/2).
T'he mean concentration of DDT com-
pounds (p.p'-DDI -+ pp'-DDT + pp'-
DD in rainfall ot seven colleeting
stations in Britain of 850 parts per 107,
assuming an annual rainfall of 100 ¢m,
is cquivulcm to a deposiion of R X
10° # g m~* year~'. From global pro-
duction figures it is known that this
vilue must be considered a maximum
esiitnnic of the flux of DDT com-
pounds into ocennic systems from the
atmosphere (/3). Local sources for
most of the DDY compounds in the
Santi Barbara Basin are therefore sup-
gusted.

The meased  deposition rate of
DOT campounds in 1967, if typical of

DSk

other arcas In the Southern California
Bight, would represent a total deposi-
tion of 10 melric tons per year over
an arcn 200 km by 200 km. This fipure
greatly excceds the estimate of 2 metric
tons of DDT compounds entering San
Francisco Bay from the drainage wa-
ters of the principal apriculiural arcas
of California in 1967 (J4). The esti-
mated yearly input of DDT compounds
from the atmosphere ifto the Southern
California Bight in 1971-1972, after
cessation of most DDT use in Cali-
fornia, was 2 metric tons (7). The rates
of atmospheric fallout during the mid-
1960's, when local use of DDT was
extensive, may have been several times
higher.

Substantially higher concentrations of
DDT compounds arc present in sedi-
ments adjacent to the outfoll of the
Los Angeles County Sanitation Dis.
tricts’ nmwunicipal waste-water treatment
plant (3). Input to the sca from that
source in 1971 amountced to 19 metric
tons (3). A subsurfacc current, mov-
ing northward from the Los Angeles
arca at a depth of approximatcly 200
m through the Channel Islands (/75),
might therefore afso be a source of the
DDT compounds in the Santa Barbara
Basin scdiments,

The annual_inputs of PCB wlo the
Southern California Bight from waste-
walcr outfalls and Trom surTace runoff
in 1970-1971 hove been estimaled to
be 10 and 0.25 mctric_tons, respeciive-
Jy. Waste-waler treatment plants in the

s=0ranpe County Basin pro-
vided_ m {_this PCB (3).

The high rate of local input of both
DDT and PCB compounds into the
waters of the Southern California Bight
precludes extrapolation to other oceanie
arcas. Some recycling of chlorinated
hydrocarbons froms sediments into bot-
tom-{eading orginisms can be eapected
(16). but the concentrations reported
in the Santa Barbara Basin suggest that
a substantial portion of the chiori-
nafed  hydrocarbons entering the  sen
from diverse sources is being deposited
in the sediments,
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Curvature Detectors in Human Vision?

McCollough (1} showed that a strik-
aftcreffect was produced by adapta-
tionN{or sevcral minulcs to a vertical
grating\of black and orange stripes
allcrnalinh\wilh a horizontal grating of
black and blug stripes. Black and white
test gratings with relinal oricntations
similar to those of\lhc adapting pal-
terns were tinged wiﬂ\colors opposite
to the adapting colors:\She ascribed
these effects to “color xfdn\pmlion of
oricntntion-specific cdge-detectors.”
Riggs (2) has obscrved similar ef-
ferts with patierns of curved Iincs\.-fiu.
1, A and B, shows his stimuli. 'HQ

is adapted to the oppositc condition.
The McCollaugh effect is, in fau;ij/spc-
cific to retinal locus (3, 4). Now, with
gaze at the center of the tes)” pattern
(Fig. 1B), concavc-up lipés appear
pink duc to adapfation 197 green lines
of positive sltope 1o thg/right of paze
and ncpative slope lo/ﬁlc left of paze.
Similarly. concnvc}lown lines appcar
green. The experjments 1 describe here
show that this hypothesis accounts for
Riggs' obser ‘(40!15.

High-co \l)rus( adapting patterns (Fig.
FA} wept projected from the rear on &
diﬂ'us'n/g screen in magenta light (Wrat-

observer views tines that arc concavey ten,tda filter) and green light (Wrauen
up in green light and lines that asc &4 filter). These colors (4) produce

concave down in red light. always keep-
ing his gaze near the center of cach
pattern  (Fig. 1A). The test pallern
(Fig. 1B) then appears pink oncon-
cave-up lines and green on concave-
down fincs. Adaptation (0 weakly
curved lines produces nf}ux%lfccts that
are most vivid on patterpd with sharper
curvature. Riggs postulates curvature
detectors, which préfer strong curva-
lure. /
McColloughy”simpler idea (the ori-
ented-line hypothesis) can explain these
cffects. While loaking at the center of
the ndapting paticrns, the retina 10 the
right of gaze is cxposed to green lines
of positive slope and red lines of nepa-
tive slope: the retina 1o the left of gaze
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v strong  McCollough cffects. The

o T p %
== <=7 =
3] | =] ==
= I =
=% L\/ S
= I==A =
=3 |~== o=
o (R TS
X (=== —
ey r——- TS
— N
A 8

Fig. 1. (A) Adapting pattetys vicwed in

magenta lipht and green tightd
taans hivve o oradding of curvatu
when  the potterns subtend  aboyt 5.57
ncross. (B} Test pattern with a r:;%' 15 of
cmvature of 4.5°, (Courtesy of LN A.
Ricesl]

These pat-
cof 4.5°

DSW 026372

mean  luminance Was  approximatcly
O millilamberts. The fest patierns
weye high-contrast prints  viewed in
e fuorescent room light. All pat.

were about 5.5° wide, as were

s were interchanged cvery
The obscrver scapned up

test pnllcrn ‘n)_ oncavc."p
tines appearcd pink and concave-down
lines green, Buf, with gazt about 1°
beyond the left oy right edpg, the colors
definitcly d-—concgve-up lines
now appcarcd gregn and ¢oncave-down
lines pink. Riggs ofscrved that the col-
ors did nol reverse when paze was
moved somcwhat off the midline. The
oriented-line  hypothésib predicts  that
the colors will appcaryweaker as gare
moves off the midlincfibut the clearcst
color reversal will getur only when
gaze falls about 1° peyond the edges
of the pattern. No rgveryal is expected

TCvers

timutale re-
gions to the right ith lincs of
positive siopc an to the lef
of gaze with lings of neghtive slope,
and the concavcydown lines will have
the oppositc cfffct. (Thesc| properties
may be scen by sliding a Iracing of
Fig. 1A across Fig. 1B.)

Riggs obscrved that cach ‘pancl of
the test patterh (concauve-up ‘or con-
cave-down lirfes)  appeared pink  or
green throughput. This spread of color
along contourt within cach pancl. cype-
cially to the fwrizontal tangents "I(af the
curves, reflledis a general propeity of
the McColiugh effect (4), and docs
not support /lhc curvature detector hy-
pothesis iy particular, cnnlrnr!' to
Riges' arpt 2ncnl.

Truly 7211'\':mlrc-spcciﬁc adaptation
was not oliserved here. Three observers
adaptcd {or 20 minules us described
above while fixating a single point on a
horizontdl train of lighted points that
moved fleftward  across the adapting
patterny at approximalely 1.5° per sce-
ond. The train subtended 20° centered
on cjch pattcrn, and the observer
track¢d repeatedly (rom far right to
far 1eft. Two other ohscrvers adapted
for ,i hour 1o the opposite colur con:
dition, and the patterns were inter-
changed between cach track from ripht
to left. No afterefTects were scen, Jvery
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