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Desr Ed:

I have been in telephone conversation with Dr. Emmet Kelly and

Ed Wheeler, Medical Director and Industrial Hygienist respectively
of Monsanto Chemical Co. in St. Louis. They are concerned over some
recent technical and newspaper articles relating to the presence of
polychlorobiphenyl products in widely dispersed fish and wildlife.
The increasing interest in the eflects of pesticides, especially
chlorinated ones, on the ecosystem has raised the question of what
adverse effects, even the pico-graz quantities of the polychlorobi-
phenyl compounds found in birds' livers and eggs and in fish livers,
can have on the normal development of these species. At present,
there is little to indicate whether these compounds have been dis-
persed atmosphrerically or have been waterborme.

The Genersl Electric Co. purchases its chlorinated polyphenyls from
Monsanto Co., modifies it, and uses it under the name of Pyranol.

I believe the mejor application for this material in our Company is
@s a dielectric for certain types of transformers and capacitors.

Dr. Kelly was not sounding a tocsin, but thought that the proper
.people in our organization should be alerted to the possibility that
qQuestions may be aimed at us, or tnat ve may want to make some attempt
to determine to what degree the Components using this material dis-
charge i{ as either liquid or solid waste, or as an air contaminant.

I am attaching several articles on this subject which you may wish to
pass on to the proper person or persons. One individual who is highly
knowledgeable about the uses of Pyranol is A, Raab at the Laboratory
in Pittsfield, Massachusetts. Dr. Rasab may be a good person to
contact first.

Best persbnal regards,

/e ; | -

I. Matelsky
Indistrial Hygienist
- $116.20,
IM:elp
Attachments
cc: JW Loney, M.D. '_',_,.{__:PLAINTIFF’S
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s terminated and tho completad chain relcased
28 o ribosome-mRNA complex to which it is bound
- (RNA molecule carrying the lust amino-acid
’ 'A:.nud. There must be & mechanism for reading
e erminating codon (three codons UAA, UAG,
'l'ti-'\ can codo for chain termination) and cleaving,
ot }..Py,idy]-lR.\'A bond. In Biockem. Biophys.
¥ Comm., 28, 173 (1067) he describes an experimental
o devised to give s rapid assay for chain termina-
os® ' Proc. US Nat. Acad. Sci., 58, 1144 (1967)
",,,.,m the discovery of an enzymo required for
..com“i""' N ’ .
assay for termination cmploys the RNA from
et mutant of the coat protein gene of the RNA
:“,,..,phngc R17. This mutant has an amber codon,
w:. st the position of the sixth amino-acid, & gluta.
. nuidue, in the R17 cost protein molccule. In s
... inv aystern the mutant RNA directs the synthesis
+ o unall N-terminal peptide of the coat protein with
w mquence N-formylmet-ala-scr-aspn-phe-thr; the
.t amino-acid in the coat protein is glutamine, but
.1k the mutant RNA the amber codon causes pre-
+oure termination of synthesis and the relcase of the
-upeptide. The great virtue of this system is that
.e unterminated peptide still attached to the peptidyle
£\ .\ can be distinguished from the terminated peptide
osend from the tRNA and tho amounts of each
wenired, Furthermore, starving the system for any one
{ the aix amino-acids in the peptide arrests the traus.
; omn machinery before it reaches the UAG codon so
~rminstion can be controlled.
lixploiting this procedure, Capecchi isolated a
emples of ribosome, mRNA and pentapeptide

\

-

H. SIMMONS wildlife.
0'G. TATTON

ory ¢f the Government Chemist,

Y
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Waey wild birds’ eggs or tho livers of British wildlife urv
:“:md by gas-liquid chromatography (GLC) using
Paeapture dotoction, %enlu corresponding to such
"'mumhlorino posticides as BHC, dicldrin and DDT, and
“¥ amtabolites and broakdown products, often appoar
2 the rrgultant chromatograms. Theso poeks somctimes
Imwut amounts which are signifieant from a toxicolo-
¢ “al jming of view, but the sonsitivity of modern inatru-
1 e aleo onables complotely insignificant amounts to be
"'ﬂwl. Analysts coucorned with tho dotormination of
..Wmclcloﬂ'ne posticidos in wildlife, however, have long
" awaro that it is not unusual for an alditional sorice
,m" Many os ton ponks, oorrcspanding to unidentificd
""'L"f"ﬂl. also to appror on thowe chromatogramai-s,
o " is known of tho structure and origin of thuwo com-
tuls, but Roburn? cetablished that they are organo-

sttachod by the phenylalanyl (RNA simply by starving
for threonine. With this ho haa been able to define the
conditions neceasary for termination; incubating the
complex under suitabie conditions with or without
threoninue or supernatant enzymes showed that to get
relcase it is neceasary but not sufficient to complete the
peptide by incorporating threonine and thst release

-is not solcly dependent on the transfer cnzymes

required to move the ribosome from the threonyl codon
to the UAG terminating codon. Release docs, however,
depend upon the presence of a supernatant factor. This
factor, with a molecular weight of betwecn 40,000 and
50,000, scdimenta between 3-5S snd 4-58. Because its
releasing activity is not affected by RNase, it cannot
be an RNA-protein complex. Appareatly the substrate
of the relcase cnzyme is the riboeome.-mRNA-peptidyl
tRNA complex o that it mnust act directly st the ribo-
sore and not cleave the tRNA from peptidyl-tRNA
alrcady released into the supernatant, which was the
other possibility.

Capecchi does not yet know whether the release
enzyme works alone or in conjunction with other factors,
in particular s hypothetical chain termination tRNA
which reads the termination codon but docs not carry
an amino-acid. Many people, including Capeechi, have
searched in vain for such & {RNA species, and although
pegative results can never exclude the possibility that
such tRNA exists it is reasonable to think about
alternative models in which the terminating codons

arc read either by the ribosome or the release enzyme .

or in which nonsense codons function simply because
they cannot be read at all. Further characterization
of the releasc enzyme could well decide the issue.

I Chlorinated Hydrocarbons in British Wildlife

' : Polychlorobiphenyl compounds have been detected in British
In birds’ livers and eggs they are often in greater
quantities than organochlorine pesticide residues. Polychioro-
biphenyls are known to be toxic, and their detection in wildlife
raises the question of the adverse effect they may have.

chlorino in nature, with a substantial chlorine content,
and cousoquently posacss electron-capturing proportica.

On silicone or ‘Apivzon’ GLC eolumns, the serics of
peaks for theso compounds normally begins at the point
at which pp’-TDE and pp’-DDT are emorging from tho
columns and oxtonds, in torms of retention times, to four
or fivo timecs that of pp’-DDT, which is the last of the
commonly occurring pusticides to emorge.

Boforo examination by GLC, samples have normally
boon subjected to & fairly rigorous cloan-up procedure,
such ws that of de Faubort Maundee e al.b, which includes
a dimothylformamide~hexanc partition and pasaage
through & colimn of prepared alumina. Bocouse thewe
unknown compounds are similar in nature and propertion
to tho argunochlorine posticiden, they also pass through
thin and siinilur elran-up proocdure; consequently, they
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often interforo soriously with determinations
of pp’-TDE and pp’-DDT in wildlifo bocauso
of ovorlapping of the chromatogruphic poaks.
Suitable proceduros havo boon devisod to
ovorcome this difficulty of intorfering poaks.
Onv mothod is to offect & botter resolution of
thoso particular peaks by choico of a suitable
stationary phaso for GLC'. Another method,
which also demonstratos the prescnod of
these compounds in the samplo, is tho uss
of & preliminary thin-layer chromatographic
treatment’. The cleancd-up extracts are
examined on silica gel chromatoplates using
8 1 por cent solution of acotone in hexano es
mobile phaso’. Spots corresponding to the
coropounds can then be found &t K values
between (-8 and 1-0, wheross tho com-
monly occurring organochlorine posticides
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and their mstabolitos produco spota of lower
Rp values. A similar soparation can aiso be
shown with reverse phaso paper chromcto-
graphy® whereby the unknown eompounds
move only & very short distance from tks
base line compared with the posticides and
their metabolites.

Gas-liquid chromatogrephy using dual
channel detoction systoms with sepzrote
eloctron-capturo and flamo-ionization detec-
tors has also been used to domonstrate the
presence of large amounts of weckly electron.- o
capturing material, in addition to known
pesticide rosiducs, in the eggs of oyster
catchers (Huematopus osiralegus).

Ezxperisnce in this laboratory has shown
that those compounds occur mos: frequent.y
and in the largost proportions in the livers,
fat and eggs of birds, particularly torrestrial
predators such as sparrowhewks (Adccipicer
nisus) and kestrols (Falco linnurculus) ead

Menone (setvent)

»-0OE
[ A

marine fecders such as guillemots (Uria
aalge) and kittiwakes (Rissa (mccciyla);
they also commonly occur in freshwater
fish. We have dotected amull amounts
in human and animal fat samples, but less
frequently and in much smaller proportions
than in avian samples.

A similar series of chromsatographic poaks has been
observed by Holden'*#! when examining extracts of seals
and fish takon in Scottish waters. He found that the poaks
given by the extracts of fresh and soa-water fish repreeon-
ted fairly low concentrations, but thoso given by extracts
of soal blubbor corresponded to much larger proportions,
of the order found by this laboratory in birds’ eggs.

Despite considorable curiosity about the identity of these
compounds, little progress has been made in identifying
them, but thero has long been a general supposition that
they were cithor further breskdown or ocondensation
products of the orgnnochlorine pesticides or possibly
loose compounds of thess with natural produots such as
protein matter.

Jonson, howevor, sucoeeded in identifying & sorics of
such poaks as corresponding to polychlorobiphenyl com-
pounds, in 200 piko taken in diffcsent parts of Swedon,
and in an eagie!®. We have now bocn ablo to show that
the long retontion timo compounds oceurring in British
wildlife aro also polyohlorobiphonyl compounds.

Polychlorinated biphonyl has beon in eommon commor-
cial use for nome timo aa a plasticizor in paints, rosins and

. Plustics. It also has eloctrical insulating proportics and

can bo usod for & number of other prowetivo purposos.
Commorciul proparotions of this material arc usually
grodod according to tho degroo of chlorination, but all of
taom aro submtantially complox mixturos of polychloro-
tiphonyl compounds that eould be oxpociod to rosumblo
tho organochiorine pasticidcs in their chomical and phywieal

Fig. 1. Gasliquid chromatogram of (s) extract of kesirel liver and (B & commerw

[ ] ®0 20
Reteotion tinmw (min)

pulychiorolipheny! resia,

propertios. In the proscribed extraction and GIC e 1 {
tions, these mixtures produce a series of chromatogr
peaks of the typo in question.

The corpounds occurring in British wildlifo correyes- 1 }
to the moro highly chlorinated biphenyl compoundste'’ 1 s
than the more lightly chlorinated types. Thee b -
chlorinated biphenyls alro occur to some extent w *
aunulogous polychlorotorphenyl prepsrations which I-
commercial uscs similar to those of polyehlorohiplr !
It is possiblo that somo of tho compounds with very b !
rotention times occurring in British wildlife are Is'
chlorinated polychloroterpheny) compounds.

Fig. 1a shows tho gaa.liquid chromatogram * *
extract from a kostrel liver. The eorrwpod ¢
pp'-DDE (0-43 ug), bota-BHC (0-33 ng) snd gammm !
(003 ng) aro labuilod. The othor posks form the ""‘ ,
roforrod to abovo und until now would have been e -
simply as ‘“‘unknown organochlorine mmpmm-l'"‘
corn=ponding to any known poaticide or ite metals"
Fig. 16 shows tho analogous chromatogrum of & &™
cial polychlorobiphonyl rosin. 8o far as sctonte ":.
aro concornod and apart from the posticide pesks '
is oxact matching for all but a fow posks in the
chromutogramas. 4

‘Tho ehromatograma shown wero obtained by ¥ *
silicono gum (CE-SE §2) column, but this pnv™ :_
spondonon botwoun tho retontion timos of tie !‘:.:, :
tho unknown compounds aud thoso from the pive™ )
hiphenyl rewin has niso boen domonstmied on ‘AP '™

-t
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I7E BETEXTION TIXLr ON THIST DIFFTERNT QLO OOLTUYS

o sE (Exciuding Lcs for known pesticides)
o PEERT o
‘Aptezon L’ vagos!licone

Mau:;sz s aoluma GL-2 ) 60 coimn
s BCB ELE  PCB ELE, '3
] 1-42 231 28 121 121
ia 173 $7 2¢7 15 13
I+ 1-90 304 200 033 213
4 251 808 506 2-¢2 2.6
» § 5% 560 895 207 295
" 350 057 ran $0d 380

v 468 43 43
e sa2 [ 511

-
-
—

10
‘:g Eesteel liver extract; PCB, polychiorodbiphenyl resis.

. eyanosilicono columns. Tho actual retention timos

senied for the poaks on these three types of column are

+en s Tablo 1.

")T:nlw;r. confirmation as to the identity of these com-

.uls has boen obtained by a study of their bohaviour
o thin-lsyer chromatoplates, alumina end silica gel
yairption columns and reverse phase paper chromato-

. In addition, these compounds have been shown
w nwomblo the polychlorobiphenyl eompounds in their
semical inertness. Thus they are not easily modified by
~uple chomical reactions to produce read:ly identifiable
<.{la in their retention times on GLC as can bo done, for
estaiico, to pp’-DDT by hydrolysing it to pp’-DDE or to
elnn by oxidizing it to dieidrin.

A number of livers and cggs tekon from birds in tha
titish Tsles or thoir coastal waters havo boon examined
o thin luboratory with results similar to those obtained
t rehe kostrel] liver referred to earlier. While the identifica-
+ w of thess compounds in British wildlifo may solve the
svutery of these peeks on GLC chromatograms, it raises,
Lwover, many other questions. Why, for examplo, do
vewn compounds secm 1o be accumnulated, most frequently
odl in the largest proportions, in certain' types of wild-
Mo such as birds, seals and fish, and only at the most in
sery wnall proportions in man or his domestic animals such
w cows or shecp ! In this respect they seem to differ
warkedly from the organochlorine pesticides which soem
# have invaded nearly all aspects of our environment and

b
P F. BROWNE

Lewsnity of Manchester Institute of
L ence and Technology '

1 1o usually considered that the odtbursts of novas and
*Pmoves arv fundamentally diffetent proocsses, but I
:‘-ll hore propose & mochanism which can account for
*4h phonomena, and which at the sarae time can account
' ¥ wher problems concerned with quasi-stellar sources
rwanm). In particular, I suggest that theso outbursts
= hikely to be anisotropic (as indecd thoy are observed
Iy '= fur novao). Bocauso the enorgy relcased during &
ermaova outburst is comparable with tho stellar rost
2 erorlorated to relativistic velocity in order to conservo
_'"ntum, thus affording 8 Doppler explanation of the
"."" md-shifts of tho quasi-stollar sources.
-"umndor the opacity of a layer, L. st tho surface of a
= lan AR be the thicknees and R the radius of L, and
-l fonlin plasma at temporaturs, T, with electron
fmxitive ion donsities N, and N respectively, L will

-4 aaPaque to radiation of wavelength 2 provided that v is

ont )

salgins, Whers ¢ is tho optical depth of L. A major con-
[

™M 10 ¢ is ¢4, the optical thicknexa dio to feeo-froe

“emy, an Anisotropic outburst could mean that the star

-t

to which they bear a strong rosemblanco chemically snd
physically,

Bome of the samples of birds cxamined in this laboratory
have scemed to contain higher proportions of polychioro-
bipheay! compounds than organochlorine pesticides. For
exciople, the peaks on the chromatogram for tho kestrel
liver ahown in Fig. 1 were estimated to bo equivalent to
about 12 ng of polychlorobiphenyl compounds. This
must be contrasted against the orgnnochlorine pesticide

" residues listed above. These total only about 0-8 ng of

which 0-33 ng is beta-BHC, sn isomer of BHC which is

" . generally regarded as noo-toxic to wildlife.

Great concern has often bern expressod by conservation-
ists about the effects of posticides on wildlife, particularly
birds. The identification of these other organochlorine
cozpounds in wildlifo prompts enquiries as to the possible
toxic effects they may be having. That these conipounds
aro toxic is generally agreed'’'¢; the polychlorobi.
phenyls are in fact regarded as an industrial hazard and
threshold limits for them in sir have been advised's.

We thank the Nature Conservancy for samples of
wildlife end Monsanto Chemicais Ltd. for samples of
polychlorobiphenyt resins.
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Quasi-stellar Sources, Supernovae and Novae

By considering the opacity of a"'s.urface layer of a star, the author
concludes that quasi-stellar sourées, supernovae and novae may be
different manifestations of the same mechanism. '

-

absorptions. Itisknown that T, A*T-32N N(AR (ref. 1),
where induccd emissions are included. Suppose, now, that
L is compressed or dilated without changing the total
numbers of ions; that is, AR is varied under conditions
which maintain constant 4=R*ARN,, so that ARN =
constant. Evidently tya NNARaN(x1/AR. Thus
compression of L incresses its opacity, while dilation
reduces the opacity. .

Of course, the total number of ions will not remain
canstant in practice, because the recombinstion rate is
proportional to NN If the percoentage of atoms ionized
18 large, tho density of unionized atoms, N, will therefore
be proportional to NeN'i. This mesns that the contribu-
tion to the opacity made by bound-bound snd bound-{reo
transitinns within uninnized atoms is also proportional to,
NeN(3R. This effect. recognized to be important for
stellar pulsation’, further increases the opacity of L on
comprossion. :

Somo consequences of this variablo surfaco opacity will
now be examined. Under equilibrium conditions the
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' Fractions and Multipl E Co!
ples xamples of Units Contrary to §i
fraction precs symbol _— with their Equivalents )
: phys
:g-_: dee: . g quantity , unit equivalent
10 :'u‘ o longth " angstrom 10-1 o
10~ miz=o M inch 00254 m
10-* Beno n . foot . 0-3048 m
10~ ) p yord 09144 m
TR~ B - g
nautica: o N m
lo-t sito . .Ar08 square inch :‘06 3' ¢ mm®
itip! 5X symbol square foot 92 903 mt
m 12. P‘; ydr.‘ squaro yn'rd. . 0-836 127 m
10t hesto he : square mile 2-589 99 km®
0 kio x volume cubie inch 1-638 T1x 19 v 40
i . i Y, cubic foot 0-028 316 R 0y
1oe iy G UK. gallon 0-004 546 02 ues
w5 - IR
*To be restricted as much a8 poceiile.  density pound/eubic inch 2-767 99 ?0' kg o *
Compound prefixes should not be used. Thus 10~ metre pound/cubic foot m?xss kgm?®
is represented by 1 nm, pot ! mum. The attcching of foroe dyne 0 zf’x'“zf, 25 X
prefix to & unit in effect consitutcs & new unit, 8o that Lty €48822 X
1km® = I (km)® = 10*m? r-mn -orce 3
xilogramme-faroe 9-806 65 N
' not 1 k(m*) = 10°m?®. ) pressure atmosphere 101-326 N m-?
Where possible any numerical prefix ahould appear in the torr 133322 N m-*
aumerator of an expression. pound (f)/sq.in. 689476 N m?
- - L4 L3 L4
Organochlorine Pesticides in Seals
by ' Seals and porpoises in Scotland and Canada, far from the sites «!

A. V. HOLDEN
K. MARSDEN

Freshwater Fisherles Laboratory,
Pitiochry, Perthshire

TRE presence of organochlorine residues in marine lifo in

reany sreas of the world, ineluding the Antarctic, has been -

reported recently!-’. In British waters the sccumulation
of residue in the eggs of sea birds® and the process of
oconcentration of pesticides through certain food chains
in the marine environment® have been studied. Anzlyses
of various species of marine fish and mammals from
Scottish waters during the past 5 years** havo shown
tbat organochlorine residucs are now a normal occur-
rence, the highest concentrations being found in organs
or tissues with the highest lipid content. Thus the muscle
tissue of salmonids, the livers of cod and the blubber of
seals act as storage sites for these residucs.

The aquatic mammals, such as whales, soals and por-
poises, have a relatively high ion of the body weight
in the form of subcutaneous fest (blubber). Scels feed
chiefly on gadoids and salmoanids, and porpoises chiefly on
small gadoids and clupecids. The proocasa of concentration
of pesticides through their food chain might be oxpocted
to result in high pesticidelovelsin the fat of these mammals,
and samples analysed at this laboratory confirm this
o tation. In recent years, speciznens of the groy seal
(Halichoerus grypus), commmon seal (Phoca wituling) and
porpoise (Phocaena phocaenc) havo been sampled from
the coasta of Scotland. Samples of blubber wore available
for all the specirmens examined, and in a fow cascs other
organs wero also available. As well as rocognized pesticido
residucs, other electron-capturing substances have been
detected by gas-liquid chromatography and, in order to
wtablish whothor such substances are as widely distributed
aa tho pesticides, blubber samplos from grey scals and

application of pesticides, can accumulate high concentrationt «
residues in their blubber. These chemicals are spreading throug*
the long food chaln which ends with seals and porpoises and obviousis
cannot be confined to their place of discharge.

barp soals (Phoca groenlandica) on the Cansdian Atlawt.
ocoast have also been examined and tho results of th-
analyscs aro reported here. Examination of samphe ¢
seal blubber from othor areas is comtinuing in nnier ¢
assoss the variation between different regions of the mas -
environmont.
All tissuo samples from Scottish waters weee fie~
at =18°C until required for is. Tho Uanabe
samples were proserved in 10 per cent formalin, wh=*
showed no evidence of any influence on tho anahi:*
rocedure, and in this und other oases involviug l" .
pot affected the cfliciency of recovery of jrei=*
residucs. Aliquots of tho samples (5 g) wero grnusl "‘ N
powder with anhydrous erystalline sodium sulplwte %
grade) and extracted in a Soxhlet apparatus wih *
distilled AR grade n-hexane (previously tested ami b= -
to be freo of eloctron-capturing materials by gn """',‘"_
tography). The hoxane extracts were mado up to %"
and 25 ml. aliquotsa wore .subjected to clum"l")_
the hoxane-dimethylformamido ition metiual ¢ i’
Feubert Maundor ef al.’, followed by column d'l:- M
using alumina containing § oont water. ’ .
ggicido mi%uo. from fat extracts s0 "’.‘.“".‘,‘,’.'f'..
r cont, but, as is customary in
no c’:rmction has becn mado for such losscs in the

prescnted hero. '

Tho cluancd-up hexano oxtracta were enolywd 1t 0,
liquid chromutography on & Varian ‘*Aorograph g
instrumont employing two glass columns 8 fl. W¥ '
outor diameter. Ono column was packed with

-
A -t
sorb W AW/DMCS 80-100° mesh oostod with 10
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20 silicono oil, and tho othor with the rame support
‘J with & por cont DC.200 + 7-5 por cent Q4.1
giticone. Tho oven tempermiuro was 200°C, the
an gns flow 50 rol./min and tho eolumn resolution
widrin oquivalent to 1,600 thooretical pustes. Thlero
a0 significant degradation of DDT on tho coivmns.
,+ complote scpuration of tho common pesticido
o is poasible on one or othor of these columna,
eronce by polychlorinatod bizhenyl (I’CB) residues®:®
+p.p“TDE and p.p"-DDT pecka nocessitated & further
[ itical stage. Aliquots (5 ml.) of som.o of tho extrocts
- vaporatod to drynoss in a stroam of cold filiered air,
the residues refluxed with 2 ml. of 2:5 per cent
L mlic potassium hydroxide for 15 min on a wom
.r-bath. After cooling, 5 ml. of n-hexane was adced,
b 10ixing. followed by 40 ml. of 2 per cent sodium
-mate solution. The supernziant hexane layer was
o snalysed by gas-liquid chrometography. By this
wique, quantitative conveszisa of p,p-DDT to p,p'-
. and of p,p’-TDE to p,p’-iiDE (= DDU), is ob-
L«d, and the conversion pruducis confirm theidentity of
| original residues. The residuzl poaks in the p,p’-DDT
5.9 -TDE positions, where present, can be subtractcd
a the values of tho pesticides originclly determined
:weo positions. Hydrolysis al=o destroye @ and y-BHC,

oF &y -~
-

present, but polychlorinzted biphonyis are un.
. A cysnosilicone (X£E-60) column'® has also
¢ used to separate p,p’-DDT aad p,5’-TDE from PCB
Lforence, confrming the lattes.

The principal pesticido residues found in all samples
zined were those of the DDT group, with dieid-in
much smaller quantities. Canadian seals conteined
o conoentrations of dieldrin than Scottish sonls, whilo
wish porpoises contained rereorkably high concontra-
of all posticide residues (see Table 1). Interferonco on
DC-200 silicone column in the p,p’-TDE position caused
s non-hydrolysable residue was responsible for about
per oent of tho total estimatod p,p’-TDE in the
.adian and Socottish samples examined. In the p,p’
T position, the non-hydrolyszble residue constituted
+pat 10 per oent in the Canszdian samples and about
‘@ per cont in the Scottish samples examined for this
erence, tho total amount of non-hydrolyssble
ial being smaller in the Canadian samplcs. The
hues in Table 1 have not boen ocorrected for this inter-
e, for only s proportion of the samples were hycro-
‘Jvd. Roeeults from the various species of seals were not
}rceably difforent in & given area, snd have been
‘Pabined in Table 1.

1=

4*% L. CONCEANTEATION RANOES OF oénuocmm RESIDCTS IX AT
; OF EBALS AXD PORPOTIES (P.p.D.)
B (Means In paremtheses)
Ares and No.ln
Ine-of sasaple sampie Dieldria po-DDE »9°-TDE »9-DDT

vouland, adult 10 01521 10-111 0-27-3-0 16-23'3

| *th (1065-88) (0-79) (84 1-2) (7-8)
wd W, 8eotland, ¢ 0-08~0-39 3270 017-0-83 1-7-77
Lt senls (1065-68) (0-20) (3-0) (0-41) Qa8
Wi W, 8cotland, § 0-06=044¢ 10-4-0 013-0-59 3137
*u pups (1068) (0-18) €2-8) (0-32) 23
*wa, Magdalen Is., ®67-1'8 008016  0-08-0-

) -':'iy')“ sduit ssals (0-03) Qa-s) (012) 036)
“wla,CabotStraits, 6 0-03-0-10 1-2-17'3 0-35-21 21-15-¢
".imm, and adult ©-07) *-9) ©78 (141
"k (1987)
taad, Orkney, 1 050 11 o 2
it porpotee (1067)

d, aduit 3 49180 9¢-153 $2-143  131-257
#poiscs (1965, 1047) 9) ase) e (21)

lontamination by pesticides is greater in the scals on
‘ ¢ east coast of Scotland (taken in an arca roughly from

“erdeon to the Tay estuary) than in specimens from the
'™ and north coasts, including the Orkney Ialands.
f'“ Pupa from tho Orknoy and Harris (west coast) breed-
t grounds containod only slightly lower residucs than
“ta from tho same areas. By comparison, the Canadian
I"“Pk‘l from the Magdalen Talands (Gulf of St. Lawrence)
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contzined very low levels of both dieldrin and the DDT
group, whie seuls from the Cabut Straits (Gulf of St.
lawrenee) contamed litdo dioldrin but higher DDT
group residucs, similar to thoso of Scottish seais. Of the
fow porpoises exnruned, that from Orkney woa the least
conimunated, but the threo taken on the cast coast of

" Sectland had murkedly higher contents of all the residires

measured.  Ouc specimen contained & total residuo con-
centrution (dicidrin and DDT group) of 73-3 p.p.m.
Arzlyses of a few tissucs other than the blubber have
bocn made, but concentrations in the blubber have always
been found to be the highest (Tablo 2). Concentrations in
other ticsucs scem likely to bo consistent with their lower
lipid contents.

Tabdle 2. TOTLL DD? CONCREITRATIONS (D.D.ML) IX VARIOTS T1saCXS

S=mole Basbder  Liver Breia  Kidasy Spieea Muscle
[eE ol T 58 [ 2xd 028 -— - -
Qoo eat 33 [ 3] o015 o -— -—
Crey Lid 148 0-07 [ 23] -— 053 -—
Gy eca! 8¢ 0-¢6 o1? -_— 013 -_—
Grresal 2:4 011 oov — 0-08 —

-2 s8 o 002 04 ol0 056

The proportion of blubber extractable by bexane was
datermined {or scrme samples. Values ranged from 72 to 66
per cent (mezn 80 per cent) for the Canadian seals, and
from £3 to 92 por cont (mean 93 per cent) for Scottish soals
saraples on the brecding grounds off the west coast.
(Velues for other seal samples were not estimated.) Con-
centrations of pesticides in terms of extractable fat for
these samples would thus be up to 40 per cent greater
then the velues in Table 1, but the general comparison is
not significently affected. The lower extractable fat values
for the Carcdian samples may possibly be a result of
being preseeved in formalin.

Concentrations of pesticide residues in tho extractable
fat of various organs and tissues of one porpoisc show an
important relztionship (Table 3). While the concentra-
tions of tho DDT group in the original tissucs vary widely,
thoce expressed in terms of extractable fat are in much
closer agreement, with the sole execption of the brain.
A similar anomaly for tissues of trout was described by
Holden!s. It seems likely that a large proportion of the
lipid fraction of the brain may not contam pesticides, and
the brain lipid composition is known to difier considerably
frorn that of depot fat.

Tabdle 8. COYCETTRATIONS OF T0TAL DT (D.D.R.) IV mavzsora PORFOILS
Tizsue or orpan Blubler Muscle Liver Spleea Kidsey Braia

Concentrationintissus 3-8 0-58 (4] 012 004 002

ra::l?.? extracts 670 [ 2] 132 [ 2% 14 $3
sble (a

Concantration in . o2 8 ™ £ ) 037
sxtractable fat .

The unidentified peaks on the chromatograms seom
to be similar to those produced by polychlorinated bi-
phenyls and, to enable comparison to be made, the ratios
(Rz) of the retention times of all regularly occurring poaks
(relative to dieldrin=100) have been ealculated for the
operating column temperature of 200°C, these values
boing tempcraturc-dependent. The Rz values of PCB
compounds from commercial PCB formulations wore also
dotermined for both types of eolumn (Tablo 4). At least
seven PCB-typc peaks were found, including those which
interfero with p.p"-TDE and »,p-DDT. Heptachlor
epoxide and p.p’-MDE could not be confirmed on both
oolumns and aro not thercfore recorded. g

The monst significant aspeet of tho results is that,

- although arals and porpoiscs inhabit an environment far

removed from the sito of application or discharge of

icides, they can contain much groater conccntrations
of dicldrin and DI)T group residucs than thoso rocorded
for moat other apccics, including man. Robinson and
Hunter'® fuund o mean concontration of dicldrin of 0-22
p-p-m. (range 0-10-0-73 p.p.m.) and & mean total con-
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ccntration of DDT of 4-0 p.p.m. (range 1-0 111 p.pan.)
in sainples of humaun depot fat i England in 1804, No
evidence of any siguificant change wus found during
1962-65.

Table 4. RELATIVE RETKNTION VALUES (Mo, OF RisIDUES (LIRLDRIN @ 100)

1C-200 columan DT, QF-] colurrs,
lewidue Sample Lesidue T SRl

NBDD}; - 833 [~] NEDDL - g»s 30 .

P Y ».9" > » 84 N3]

feidzin 5 =100 1% Deicsis w100 vy
I'cB =12} 125 {.r'”TDL =121 12
g‘.{ TDE =129 123 :) -}33 122

D - 148 10 PCE -1iC5 -—
»2p-DDT =170 171 . $.9’-DDT = 147 147
Pfu =174 175 B =24 =1
res - 05 205 PCB =252 253
rcon. -2x2 w7
¥ca =339 =8

The seals and porpoiscs {roia the east coast of Scotland
were usually more seriously contaminated than those
from the north and west coosts. This, at least in respect
of seals, may be beecause, as is believed, the populations
in the two arcas come from different brecding sites. The
scals ~outh of Aberdeen breed principzlly on the Farne
Ialands. off the north-eaat coast of England, while the
scals of north and west Scotland are primarily from the
brecding grounds of the Orkiicy Islands in the north,
and other islands off tho west coast of Scotland. The sra
off eastern Scotlond is also likely to receive more con-
tamination from estuarine discharges than that off north
and wceat Scotland. Similarly, the two separate seal
populations sampled off the cast coast of Cancda may
inhabit areas with different levels of contamination. Pups
contain pesticide residues in concenirations only slightly
lower than in the parent population. Common seals in
Holland have Lecen found with coneentrations of residue
similar to those of seals on the Scottish east coast's,

While the residue councentrations in subcutaneoua fat
are high, those of uther tissues and organs are found to
be much lower, This suggests that there is no risk of
phyuiological effects, unless the metabolisn of much of
the fat in times of stress leads to o considerable increase
in the concentration of the residue in circulating lipids,
and thus in residue concentrations in other organs or
tissues.

The North Pacific: an Example of Tectonics on a Sphere

LY
by ¥
D. P. McKENZIE &
R. L. PARKER ¢

A,
Institute of Geophysies and Planetary Physics,
University of California at San Diego

Tuz linsar magnotic anomalies®? which parallel all active
ridges can only be produced by roversals of the Earth's
magnetio fieid® if the ocoanic cruat is formed close to the
ridge axis’. Modcis* have shown that the anomalies
cannot bo obsorved in the North Atlautic unless most
dyko intrusion, and heaco crustal production, occurs
within 8 km of the ridgo axis. Tho epreading sea floor?
then carries these anomalics for groat horizontal distances
with littlo if any doformation. The epicentros of earth.
quakes also aocuratoly follow the axiv and arc offset with
it by transform faults’?. The structure of island arcs in
oms cloar, though the narrow band of shallow carthquakes
suggesta that crust in consumcd along & lincar fcature.

Individual aseismic areas move as rigid plates on the surface of o
sphere. Application of the Mercator projection to slip vectors thee!
that the paving stone theory of world tectonics is correct and 3pp' ©*
to about a quarter of the Earth's surface.

—
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Girey soals on the coast of the Seottish mainl
prianly on salmon (Sulmo salar) and end 0.,
rorrhaa . ‘Tho highest cuncentrations of Mim’;’f )
saihancds an the murine environment have go fnr ; )
foiec iy mea trout (3. frulfa) on the cast coast with, |, |
02 popane tdiclden + total DDT) in musclo thmygn !
swirtion from tho same ares would probsbly have .i.‘...'

's. Cod oxamined from tho east conat hayg .
tained up 10 0-35 p.p.m. (dicldrin + total DDT)in 15y
tizaue (rean 6-12 p.p.m.) and frum the west comyt vy, ..
¢-56 p.p.m. (moan 0-22 p.p.m.), while cod livers eonh!..:‘
up to 4-0 p.p.m. and 12:0 p.p.m., rospectively. Gruy wy
are extimnted to cut about 13 1b. of food daily, amd \]m-.-
adu:lt sen! could consume its own weight in food in 2u 3
days. Assuming o high proportion of the pesticdc ...
to be stored in hody fat rather than to be exenti ..
metabolized. an incrcase of two orders of maguitud. ,
pesticide concentration fiom food to body fat withy, .
few vears i8 feasible. This degree of accuroulntiog, .
residiic in an environment not deliberately contaminat. .
and in species ecologically far distant from the tur,.
organisms of persistent pesticides. underlines the .
possibilizy of confining such chemicals to the anw. .
application.

We thank Dr B. B. Rae for obtaining the Scuti.
sampies, and Dr €. J. Kerewill for the Canadian samjt.
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cor o s was on

s e -

These obacrvations are explained if the sea flue s

as a rigid plate. and interacts with other plates o =~
mically active regions which slso show rrernt bt - ?
sctivity. For tho pusposes of this article, ,.l.«. ",
trenches are reapoctively defined as linew akaw B
crust is produced and deatroyed. They peed e &2
topographic features.  Transform faults ﬂ"“'""'",,..
and aro lines of puro alip. They aro always pa e
fore, 1o the relativo velocity vector between twa §*e0
most useful property. We have tosted this pavess © -,
theury of world tectonica in the North Pacifie. ® 7
works well. Lows detailed studies of other rx=<

support the theory.

- . — o s

735887




711100 ANHD

Pestizides: Transctizatis Movemests
fa tks Nostiazost Tredas

Abstrect. Concentrations of chlori-
ratzd hydrocarbors in airborne dust
cerried by e trede winds from the
European-African land areas 10 Bar-
bdedos range from less than 1 to 164
parts per billion. Tle lower limit of the
average cortent of 1 cubic meter of air
is 7.8 X 101 gram. The contributions
of river-borne aend atmospherically
transported pesticides 1o parts of the
mzrire environment are calculated
approximately and compared. The
amounts of pssticides contributed to the
tropical Atl=ntic by the trade winds
eppear to be coniparcble to those car-
ried to the sea by major river systems.

The trassport and distribution of

pesticides through the world ecosystem
have been attributed to a combination
of atmospheric and hydrospheric (oce-
enic and fluvial) currents (7), yet their
relative coatributions remain unclear.
The high concentrations of residues of
pesticides found in shearwaters Puffinus
tenuirostris and P. griseus from the
Pacific Ocean and skuas Catharacte
skua from Antarctica suggest that
coastal areas are not the sites of in-
gestion (7). ‘
Various lines of evidence indicate air
transport: (i) the codistillation of
chlorinated hydrocarbons with water
(2), and (ii) their detection in air and
rainwater (3) and in atmospheric dust
originating in Texas and subsequently
deposited in Ohio (4). These observa-
tions, however, are not sufficient to
support the hypothesis that much of the
pesticides present in marine organisms
was atmospherically transported to the
occans from the continents.
Complementing such work is the ob-
servation that the mineral tale that is
used as a carrier and diluent for pesti-
cides occurs in the solid-mincral phases
of rains, glaciers, and rivers and in dusts
recovercd from the aimosphere in con-
ceotrations much higher than expected
from natural occurrcnces (5); its existe

ence in airborne particulate matier over

€ =2 (6) sogpests a link with the
g==! dispersion of pesticides.

A’Sough wle is perhaps diagnostic
of the presence of insecticides, its use
£ & quantitative trazer is not fully war-
r==t=xC; it is graduzlly being displaced
& pesticides by water or light petroleum
t== Furthermore, somc insecticides
&= dispersed i Fuller's carth, & mix-
t==¢ of minerals not readily analyzed by
oy diffraction.

Large-scale tropospheric  transport
frcm continents lo oceans can best be
zgproached by investigation of the three
c=in zoncs of movement of air masses:
ths equatorial easterlies, the temperate
cesterlics, and the polar easterlies.
Gram quantities of airborne particulate
==tter carried by the equatorial easter-
B=s, the trade winds, over 6000 km
from Europe and Africa across the At-
keatic to Barbados were collected (7).
Pronounced seasonal variations in the
magnetic and biological fractions cor-
related with wind patterns off the Afri-
&n coast. Mineralogical and biological
observations pointed to a continental
origin of the solids, with Europe and
Africa as the most likely sources. Each
sample comprised a large fraction of
the particulate material in several mil-
Bon cubic meters of sir. An input rate
of solid phases to the tropical Atlantic
sediments of 0.6 X 10~¢ ecm/year was
suggested (6). Knowledge of the pesti-
cide levels in such materials would per-
mit similar calculations of their inputs,
for which purpose the Barbados sam-
ples have been analyzed.

The collecting screens (6), facing
the wind, were made of 0.S-mm-diam-
eter monofilament nylon woven to give
about S50 percent voids; they were
coated with a 50-percent water solution
of glycerin for our work: collection
efficiency was about 50 percent for
particles larger than 1 4. Rigorous
standards of cleanliness minimized con-
tamination by local dusts, which has

_always proved 10 be trivial. For blank

runs for the pesticide analyses, acetone-
washed dust was applied to screens,
with subsequent treatment as for the
real samples. Less than 100 pg of any
of the DDT compounds (8) or other
pesticides per gram of sample was
found.

The dust samples were Soxhlet-ex-
tracted for 6 hours with a 2:1 mixture
of hexane and acetone. Blank runs,
wsing the same solvent volumcs, extracs
tion times, and glassware, wcre made
defore and several times ouring the

course of the analyses; less than 250

daae
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Fig. 1. X-ray diffractogram (CuXa radiation) of atmospheric dust collected over the

Coral Sea, with talc predominatiag.

pg of any pesticide per gram of sampls
was preseat io the controls.

The extracts were concentrated asd
analyzed with a Micro Tek-220 g=s
chromatograph equipped with Ni-63
and H-3 electron-capture detectors. Two
columns, a S-percent QF-l and a 10-
percent DC-200, both on hexamethyl
disilazane~treated Chromosorb W, §0-

" to 100-mesh, were used simultzneoucly.

Differences in retention time betwesa
the polar and noopolar columas, con-
bined with occasional spiking of ex-
tracts with standards, initially confirmed
the identities of several! of the peaks
observed. Peaks of unknown com-
pounds fluctuating in intensity over the
year were present in all Barbados ex-

tracts and oceasionally interfered with
determinatioa of p,p’-DDE aod o,p"-
DDT.

Extracts of samples between Japuary
and September were pooled and placed
02 z thin-layer plate covercd with silica
82! G that had been washed until chro-
matographically clean. A small fraction
of the sample extract, mixed with stand-
ards, was applied to another area of
the plate, After development with 10
percent ethyl ether in hexaoe, the plate
was divided into two sets of 13 l<m
strips which were scraped of aod
washed with' petroleum ether. A con-
centrate of the petroleum ether was
then injected into both columns of the
gas chromatograph.

D:“.‘!ddﬂ. Pl”'DD‘ro and ’-P"DDD
were qeantitatively recovered from the

corresponding areas of the plate occu-

picd by the standards. In scveral ex-
tracts the interfering peaks made mea-
suremeots of p,p’-DDE and of 0,p'-DDT
impozsible; the thin-layer recoveries of
these compounds were 150 percent. A
trace amount of a compound having the
reteation times of o0,7”-DDE was also
recovered, but a small peak provisioa-
ally attributed to heptachlor epoxide in
0n¢ extract was not confirmed by thia-
layer techniques. None of the uniden-
tificd peaks had reteation times equiv-
alent to those of the polychlorinated
biphstyls (PCB), industrial pollutants
widely dispersed in marine ecosystems
(9). No attempt was made to isolate
chemically pure pesticides from the
thin-layer extracts in order to obtaia
infrared spectra; instead, several of the
thin-layer extracts were treated with
alcobolic KOH under conditions such
that p,p-DDT, o0.p'-DDT, and p,p-
DDD are converted to their dehydro-
chlorinated derivatives, which have
characteristic retention times on QF-1
and DC-200 columns.

The thin-layer extracts containing
most of the p,7-DDT, p2.¢-DDD, o,p’-
DDT, and dicldrin peaks were evapo-
rated almost to dryness in a graduated
test tube to which 1 mi of 10 percent

KOH in ethyl alcohol was added. After -

heating for § minutes in a steam bath,
water and hexane were added and the
solution was swirled. Analysis of the
hexane layer showed that the p,p/-DDT,
p»-DDD, and 0,p'-DDT peaks had

Table 3. Pesticides in sirborne particles over Barbados, Concentrations in air are based oca S0-percent efficieacy of the collecting aet; ND,

a0t detectad, :
Al Material &y wt (g) Pesticide conceatrations
Date - Total ia Sir
(1965-66) ""‘}‘;,':,, Toul  Asalysd In samples (ppb) o
p»DDT pp-DDE 0p-DDT DDD  Dieldrin  Total 10-%/m*)
46 Oct. 22 oL2 52 12 13 7 4 n 150-380¢
26-28 Oct. 33 173 130 <12 ND ND ND ND . €12 <13t
7-21 Nov. 163 L) 267 n 19 ND ND ND 0 ”»
1-15 Dec. 161 s2 2.62 10 ND ND ND ND 10 (4
23-25 Dee. 3 . L2 133 1 49 1} s 6 164 242
26~28 Jan. 23 10 097 3 ND ND 107, (8] ) Q
15-17 Feb. 12 33 2 18 13 6 ND ND ” n
17-19 Feb. .29 14 142 €7 ND 17 ND 43 % 2]
25-27 Mar. 24 13 1.04 14 21 ND 63 21 28 n
12-14 Apr, 23 . 4 3.10 n ND ND ND ND 1} n
14-16 May 15 2.0 $.43 27 ND ND ND 13 <9 44
11-13 June 21 2 2.69 16 ND ND ND a 107 28
2123 July 1 s 2.29 sS4 34 ) 11 13 1.t 110
10-12 Aug.. 19 86 . 499 '] 3 A 14 12 104 %0
1315 Sept. 1.7 18 418 83 15 11 10 15 134 120

® Total dry weight mot measured.
b

1234

t Zere dmut coliecied on 12 previovs days.

3 Peak, with reeation time of hepiachior eponids also peesent, 72
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d-v-;;cared, but pezks havinz the re-
" tentian times of p.p-DDE, p.p’-DD MU,
and 0,7-DDE had appsared in the re-
spective - extracts, The recovericc of
these dehydrochlorinated derivatives
were equivalent to thoss obtained in the
szpoaification of chromatogrezhically
pure standards. No other brssidown
products producing peaks in the eicc-
tron-capture detector were idsmitificc.
The dicldrin peak was not aflected by
the alkaline-alcohol treatment but could
not be found after concentrated sulfuric
acid was adgded to the evaporated ex-
tract.

All extracts were analyzed with bsth
DC-200 and QF-1 columns, and each
value-presented (Table 1) is the aver-
age from two or more injcctions of a
sample. The total concentrations of the
chiorinated hydrocarbons in the dust
were higher during the winter mazihs,
but the total pesticide conten: cf the
air displayed no evident ssasonal
changes during 1 year. A relatively high
content of magnetic dust had been re-
ported (6) for September, October, and
April when the wind circulations suggest
that the dust originates in Morocco; on
the other hand, the content was less be-
tween October and March, whea the
dust probably comes from tropical
Africa south of the Sahara. Most of the
biological material was present in
the winter samples; fungal hyphae
abounded, and bacteria, fragmenis of
vascular plants, and marine and fresh
water diatoms were observed. Among
the last were Melosira granulata, which
is worldwide in distribution, and Den-
-ticula elegans, which is found in the
running waters of cold mountainous
regions. There was no correlation be-
tween the pesticide content of the air
and either the magnetic content or the
pumber of fungal hyphae reported
().

The pesticide concentration in air
averages 7.8 X 10~1¢ g/m3, or 41 ppb
(parts per billion) by weight in the dust.
Utilizing the sedimentation calculations
oa this dust (6), we can calculate the
introduction of pesticides to the equa-
torial Atlantic by atmospheric transport
in the following way. We assume that
the area involved in dissemination by
the trade winds lies between the equator
and 30°N latitude, covering 1.94 X 103

=l The reported (6) rate of sedimen-
Jdion for this area is 0.06 em/1000
years, equivalcnt to an annual input of
dust solids of 9.70 X 10'2 g (density of
dust, 2.5 g/cm?; water content of the
sediments, S0 pereent). The value of

15 MARCIE 1968

41 ppb of insesiiziliz s (a2 dust yickls
600 kg/yz:

Ths iapuz of paizides into San
Francisco Bay, meszirsd by the aver-
ags total ccnc.r.:—::.::. in the San Joa-
i : » (J0) (0.1 py
lter) and the mizn outfow of
18.9 X 102 li.:_::/y:-'. amsunts to 19C0
kg/ycar. A similzr elzuintion for the
Mississippi yiclds an izzut iato the Gulf
of Mexico of 10 ka/year (11)

These rates of input indicate the rela-
tive significance of wizd 2nd river traas-
port to the marine enviroament. The
atmospheric rate is c¢lecrly an underes-
timate inasmuch 2s the method of col-
lection of the dusis frectionates 2gainst
materials carried on panicles of less
than several microns or as vapors. We
must concliude that ths atmosphere can
transport significant quzatities of pesti-
cicss to the opzz-occan ecosystem;
where ocean currents znd river drain-
ages cannot explzin the preseace of
residues, wind sysitcms may provide
conveyance from continexnts.

Similarly we have examined samples
of airborne particulate mattier from the
ceniral Pacific coilected on plycerin-
coated nylon nets mounted on the mast
of R.V. Argo (12) at 12 stations be-
tween 17°N and 18°S ncar 180° longi-
tude during the summer of 1967. No
sample carried a dstectable pesticide
residue, but the weight of each sample
did not exceed 1 or 2 mg, and less than
1 part per million or 1 ng of a pestic
cide would have been undetectable.
However, the presence of tale, the most
important diffracting mineral, suggested
the preseacc of pesticides (Fig. 1).

Dust collected from an ocean pier at

La Jolla, California, between June and
October 1967 yielded total pesticide
contents in air ranging from 6 to
270 X 10-1* g/m3? and averaging 7.0
X 10=11 g/m?; the prevailing winds are
fandward, with an unknown admixture
of air from neighboring agricultural
areas. This average value is 1000 times
greater than its Barbadian counterpart.
Such is the difference in pesticide load
between marine air adjacent to agricul
tural areas in which pesticides are used
intensively and marine air remote from
sites of application.

Extracts of the La Jolla dust samples
were pooled, concentrated to 3 volume
of about 1 ml, and refluxcd for 10 min-
utes in 100 ml of S percent KOH in
ethyl alcohol before 100 ml of hexane
and 300 ml of concentrated aqueous
solution of NaCl were added. The hex-
ane layer, afier concentration to a small

vclume, wis Bep analyzed for PCB.
Sush treatme= of extracts of marine
Gsh from ge==3t waters in California
reveals the c=macteristic profile, on gas
chromatogra=z, of the PCB peaks (9);
PCB are gr==at in higher concentra-
tioas in m=== birds, and the profile
of the varisss peaks is usually evident
in unsaporZi=d extracts. No PCB, how-
ever, was csctable in the La Jolla
cust samplxs if PCB was present, its
maximum ccaceatration in the airborne
particulates was 5 ppb—10,000 times
lower thaa tkat of total pesticides. The
PCB are =iz compounds widely used
in industry ia the manufacture of plas-
tics, paint, asd many other products,
snd are exx=ponents of industrial air.
Unlike the cklorinated-hydrocarbon pes-
ticides, wb_':b they resemble somewhat
in chemis® structure, they apparently
persist to a greater extent in the vapor
phase. Tk= coocentration ratios of total
PCB to w2} DDT in many seabirds,
including two species of Pacific shear-
waters that nest in Alaska, and in
petrels acd resident peregrine falcons
from remcts areas of Baja California
are of the ame order of magnitude
(9); this fact suggests that PCB. and
pesticides are similarly dispersed. With
other pollutants, including products of
atomic explosioas (/3), they are prob-
ably universslly present in air; thus
their distritation in marine and terres-
trial ecosyst=ms remote from sites of
applicatioa =n be expected to depend
on the prevailing patterns of wind cir-
culation and the rates of faliout.
R. W. RisesroucH
Institute of Marine Resources,
Department of Nutritional Sciences,
University of California, Berkeley
R L Huccrrr, J. J. GurRN
E. D. GorosEra
Scripps Institution of Oceanography,
University of California at
San Diego, La Jolla 92037
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Microstructure of Sediments:
Investigation with Ultrathin Sections

Abstract. Examination of ultrathin sections of “undisturbed” marine sediments
from the Gulf of Mezxico indicates that they ure charucterized by a loose, open,
random arrangemment of particles. The microstructures do not appear to conform

ntirely to either cardlhiouse or honeycomb structures.

ell of the structure consists of many
achering particics (Fig. 1A). Later was
suglested (2, 3) a somcwhat different
strudjure in which the clay-mineral ag-
gregates, having a platy morphology,
werc arranged generally in an edge-to-
face fashion forming a “cardhouse™
structure {Fig. 1B). Tan (4) presented
a three-dimensional idealization of
cardhouse sttucture (Fig. 1C).

While some oricntation studies, using
polarized light: .and x-ray diffraction
techniques (5), can reveal gross trends

¢ microstructure (“fabric”) of
marine scdiments has reccived little at-
tentign from geological occanographers,
Two popular theories prevail as to the
“of the particle arrapgement in

nature
the sedmnents. Terzaghi (1) suggested
a "honcy‘ mb"™ structure, with adhesive
forces causing the particles of clay min-
eral to stic\:ogclher on contact; each

3
B el

Z Q Sl toward preferred or random oricntation
\\\. , ¥, ):v,: ‘W R .

K, G, |~ of particles, they do not reveal details

k‘a‘;v,ﬂ" e ) , of the microstructure. Most informa-

.o.a-,___g_. -
Fig. 1. (A) Honeycomb structure [after
Terzaghi (/)].  (B) Cardhouse struc-
ture (after Lambe (J) (C) Card-

tion has come from the clectron mi-
croscope. Rosenquist (6) used the elec-
tron microscopc and the replication
technique to obtain stercomicrographs

house structure [after Tan ¥)]

Y wew o mee

3 " - h g"}!, §J’ .m"\m

showing the microstructure of undise
turbed marine elays; he concluded that
the microstructure of such clays “cor-
responds to the cardhouse structure suge
goested by Goldschmidt and later by
Lambe, and in fact exactly corresponds
to the imaginative drawing of Tan.”
Use of the same techaique for studying
illitic Picistocene clays led (o a similar
conclusion (7).

Whereas the clectron microscope of-
fers the best means available for study
of sediment microstructure in detail,

the replication technique does not pro-

vide easily: interpretable results,. My
purpose is 10 illustrate the microstruc-
ture in samples of sediment from the
Gulf of Mcxico as revcaled by ultra-
thin sectionsof the sediment, and to
point out that this technique provides
more casily imterpretable results.

The samples. (Table 1) came f{rom
cores taken by R.V. Alaminos (8).
Only cores were sclected that had, been
properly sealed and stored to preserve
as well as possible the natural state of
the sediment. From each core a cubic
sample of 2 to 5 cm was carcfully cut
with a thin-bladed knife or spatula. A
larger portion was cut initially in order
to retain an undisturbed portion in the
center of the sample; likewisc, the sam-
ple itsclf was taken from the center of
each corc. From each sample, smaller
samples (1 to 2 cm by 2 10 3 mm?)
were cut with a taut, very thin wire;
the outer, disturbed portion of each

‘large samplc was first trimmed with the

wire to expose thc inner, undisturbed
pottion. The small samples were {reeze-
dried; this technique is recommended
(6, 9) because it entails less particle
disturbance duc to effects of surface
tension than do standard oven- or air-
drying techniques.

- !
3

Fig. 2. Ulirathin scctions showing the microstructures of undisturbed sediments from an abysal planc (A), a continental slope (B),

aod a contincntal shelf (C).
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bird ol prey ihal once cals clesoly veiated o it ave
aboundod all over Amoris! known cancar-0aiusers,

H 1 .3 114 A oot .
ca, is bearing a bitler 1y Calivmia tie pollutant
warning io man: fis widesnresd: in the San
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A rewly-deniilisd chemi-incisco Bay Area. where

our planet: it threatens nolivaricties of the campound,
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ere a major bouy to indd -I‘i
try: they ave uszed in inaking
cous form the chemical is

" peints and plastics, electrical ;

incielstoes and rehoor ll'cs,;
waxes, scilants and epoxy:
rc.sins. '

Dospitc  (heir n.cp.md.
use, in Awerica ihey ave!
msde oaly b AMons :mtc-

Ches u(' 1 Co., vhich nulct :!
miy forms of the com-|
pot oo ender e Giade nauie
of Avaclors.

They apparcally crer tie
atmicphore 2 merine eavi-
reunent by vapoi iLiug. vant-
i"’ fivn r"L'lle stack n3, b,
'.a {2 dischorge nly we

ays and even by (b alae-
s‘.'.‘c voaving of £0vos on fico-
wiys.

A1 G choniie 0 coretwee §:
vory sinsiker o thot of TIDT,
the puient ond long. I'tlm"
l'\-'u.udn Lota Dn) I aud:
the Lineavls wrz kndwv asi
BHATH) 'L(n
wnd i e werds of a Decke. | !
Joy researchor ey are now
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The Bclkclcv sciantist Is!
Dr. Robert W, l"lscb.ou"h.
reseavcher at the Iaslitute of
: Movine Resouvees in the Uni-
iversity of Californta’s De-
‘partmient of Nutritional
Scientists.

Dr. l‘.lsrbz‘ough an:l a team

of collcagues from Davis,

Sun Dlego and Cornll Usid-|d

pversily in MNew Yok, have
jbean almiling cwlo"'ats lo
ii.e hitherto uazuspecte:d
prevelonce of the hyphenyl
compe'.m-:!s and to Lacir isva-
sion 0of r1a1’s envivoument.
of inan’s environm2it.

"ALCON ’

Thay lave published thejr
findings in thae Britlsh sel-
eic2 journal Natvre, in its
Amcticen conntapit Sei-
cice, and have dizcussed it
at conferciices o caviron-

|mrnl 4 poisons. Riselrough

swill be presenting miave evi-
tdzoee on the problaia at a La
PJola  scicntific nucln-g on

ot
hydvecinhoas, -Ilue Chemical Invasion of

the Ocean.”
In 20 iaterviey: vith The
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hc came upon it
The tale is an Ironic oue,

. . "v--
- ) 73
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chemical polhitont, Fl"lu y:
percent of Califoriin’s brc“d-

'fon it all started vith tha pes-ing  peregrine [falcons, be.’
Ic"rinc falcon. Thot bird, umsc)rnu;h esthaaltes, h.uc‘

once described by an ami-
nent ornithologist as *“thc
erabodiment of roble rapaci-
tr and loaely freedom,” is
now exlinat as a brewding
spacles In the eastern bm'cd
<lalos and southern Canada.

Its raid population dectine
duwring the vears rizhl afler
World War 11 — whea DDT
vas fivst lutroduced as a ma-
jor pea"clde — first served
o olert ceotogists that a pew
poison mizht be damaging
the envivonment.

DDY .

Invesiigations #l:oiwved the
falcon waus succumding by
preying on Livds ict bed in-
gested large guantities of
DDT, a chemical that eon-
earades In aubimal fats. So
the falcon, In a sconse, was
raan's first mcssciiger to car-
ry the warning tiat DDT vvas
befouling the world.

And just as Spartan Kings
Islew thelr messensers who

“the most alandont synthet- ! Chronicle recently, Dr. l.is;-i Lore bid rews, so (he falcon

le polwants
clehal emviver

!pollution sacnace, and how

Mg T — ————— R R R P T L I
. OO S NOw b e = o e

l..)’“l in o hrouth deseril: i the newlis being stain teday a3 it car-

ries the ncew's of tho new

o7 beai dastroved.

It was Imul) tvo }caas
ago linat Dr. Risabrough, o'l
an expedition 1o Baja Ci difor-
nia, found am v n .latched '
aham'onc'l egzof o pooe; wlie
falcon. Ha analyzed ez ep’s’
cuntents, found DT in il..
snd also found i cealaive!
arother ualdoniificd  cieni-
cal.

" pes |
Later that sorie cizalenl:
was found ia the fot of “ire-
pean birds and Svedish

sclenfists identifind it as a -

polychlocinated blpheanyld, !
vhich was to Zoin i3 sclen-
tific notorlaty as PCS.

Dr. Rischrotgin a:d kis co!-
Ieagues then Lagea o ¢ -

haustive kunt for PCB e

birds aud fish a'ciiz the West
Coast. They are still at it.
They have found, for ex.
ample, thet PCBE is pre.ont
In ulimost all birds of pecy.
but its quantitics are tarygest
in thore bivds tind feed on
fish or fighi-cating Livds. 1le
matertal, likeo Dl)'l. appar- .
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storts concentrating In'lﬂa fes rolnt out that all the
chlorinated hydrocarbous,

"i'---'r.i chain” -~ the mi-tiike DDT, carse enzyme
¢ ce2anie plonts and ) cheiges in animal livers and
.als — and beeomas i that these new-formed en-
ar’ mors erucendrniad! zymes break dovwn maay vi-
¥ fres cal plaaSton, big{ tal hoimones, including sex
it sl fish, :nul hormones. In leboralory ex-
20t Vg oy fish, pervimeats with plgconz, us-
o proying on Pa-jitg a biphenyl con:nound
ids have now vie-peatied Aroclor 1262, made by {
Bise-: Monsanto, Dr. Riscbroug's

sah
vionished i

Bt Bt st '“'i eraup bas found that PCE s
o 'five times more powerful

v WL pren ,msn. thaa DD in its hovrwone-
Y sonsiids, stitt] destroyin g activity.

“ . by e Sreed e

. B2 veseRES L g cox hormones, accerd-
"' . JHing to Dr. Risebrouzh, play
e "

=i impertont 1ol2 in calcium |y
s m2tabolisi, and as a yosult
#ref thwe poliaticn by PCR 'md
ﬂ!-»nr the ezzs of bivds like
lteons @re now far l-\iru«n
wed e fragite than tiey iy
wzaltat s

MUMANS

‘The culehun:-deficionl ':""»
breal: plcnml-. ely and fail
bive', el their w:’.’.'h p. Juce helebhingds, Tvs
pol izd San rangioee e declie of the dalevn —
~- foleans, aelhs. weitis | the c.\J of s evolus .m.m\'
Lizid Levons -- thore iJ'l ‘d. It hed adapicd over!
Dl DO millions of years to its natu.

g THIT T R H THEL E R MR T N lﬁu"'llll'l‘u!lll'ﬂI"l'll'llmmllll.m'!'lﬂ.i HI TR T

QIHATRY l’“?@

' not survive as a specles In an
euvironment altcred by
maa's new chemicals.

. And what of the effect of
tho biphenyl compomnds in
chumans? The compounds
have already bLzen found,
ominausly, in -the milk of
mothers anzalyzed by Dr. J.
H. Eaderion aud Dr. F. A.
DBeland at Colorado Collc_:c
and Dr. Risabrousgh s now
hoping lo tesi for lhc.r pres-
eince among sirsing wolhers
here.

AsDr. Risebrough has
writtew: “They ave ligily
toxic to man v.i25 fuhalad o3

vapars, and tiz move heavily
culorinated eontpononts Lave
crealap toxlcity. No  folor-

ance linaits have boza 528 for
hutaan fond supplics sed

wir canecr-eavaing propere
Il:s remain to ba deler-
mined.”

FOOD
Dr. Riseliouzh and hiz col-

Ythal tha bivlenyls, like DDT,

!..w carricd videly across the

‘gueans by wisds and watee
Feurrents. A rguments that

feagras have found evidonee!

cause fhcy vemaln 'oc'\lk- d,
Dr. Rischrough says, atq
“misleading, Treclevant and
wroay."”

How the PCBE compowrn:ls
may affcet human feod sup-
plies 2ud human lives ave
questions for future re.
searcli. The one corliinly
now Is thai they can bz il
eversvhere, that they have
invaded the food-produing
levels of the oceaets, v S
their presenc: is rising svifl
ly.

Oiiicials of the Mousinle
company i St. Louls wvace
tasked for comment o Di.
Kisebrough's repoct Iast
week. After. threx day: of
querics o company :00%c3-
| i would only fay that lo )
1 Moraante sclentlsts pud st
1 executives weece studying ll.

Dr. Risebreugi's fellow.
rescarchers allacking the
PCD pollction provlem fe-
clude Dr. D. B. Peakall of
Corncll; Staven G. Herrwh,
a zoologist at Davii; 1w
“Montz N. Kirvea at the S
Dicgo Natural MNistoy
Museum, and Pact Re'eli i.\
the mxning resoures Inh ot

Risebresgh ani ids ol ral envivonmeit bit it could | they can be sed safely hc-lﬂcrkeloy

735894



