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Pneﬁon- und Multiples

fraction prefix tymbo!
A | deoi d
R | conti °
10~ willi ‘m
10+ micro »
.10
< P .
10-1¢ omto g
10-% stto 3
m.ulv.lyln zr::: f |7;nb‘ol N
10 03
100 hecto he
}0' kilo l‘(&
4 roegs
10¢ i ]
10¢ 5.5: T

*Te de resiricled s mack & ponridle,

Gonpound o8 should not be uod Thus 10-* metre
Is reproson 1 nm, oot } mpm. The attachin 5 of &
prefix to s nnn n offoct constitutes & now unit, so

1 km* = 1 (km)' = 10'at
not 1 kim?) = 10’m?,

‘Whore pouible sny numorical prefix should appear in the

aumerator of an expression.
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Exemples of Units Contrary to SI,
thelr Equivalents

physical
quantity unie equivalent
length angstrdm - 10-19
inel 0-0234 m
foot, 0-3048 m
yard 09146 m s
mile 1.600 3¢ km
noutical mile 1-853 18 km
ares #quare inch 64518 mm*
square foot 0092 903 m*
square yard 0-838 127 m*
. square mile 2:589 90 km*
yolume cubio inch 1638 71 10~ m?
cubio foot 0028 316 8 m*
U.K, gallon 0-004 548 092 o*
mass poun 0 053 692 37 kg
ug 14:693 © ki f
density pound/eubio inch 2 167 99x 10* kgm N
poundfoubio foot 18.0188 kg m-?
force yne 10N
poundsl 0-138-255 N
. und.-force 4448 22 N
~ ilograramo.force 9800 65 N
pressure atmosphoro 101-323 N -?
tore 133-322 N no~?
pound (f}/sq.in. 6804-76 N m-t

Organochlorme Pest|C|des in Seals

-and Porpoises

by
A. V. HOLDEN

Setls |nd porfolsu In Scotland and Canadnh. far from the sites of
igh

can ac

"'.;

K. MARSDEN

in their blubber. These chemi

ations o

Frashwater Fisheries Laboratory,

Tor: :q

Txz p noe of ine in marine life in
mny arons of the world, including the Antarotio, hns been
ttod rocently'®. In British wators the

8!
are spreading through

the long food chaln which ends with seals and porpoises and obviously
cannot be confined to their place of discharge.

-iduo in the eggn of son birds® and tho process of
ation of p h certain food chains

in the marine environmont® huvo been studiod, Analyses
of various spocios of marine fish and mommals from
Boottish wators during the past § years** havo shown

“that or anochlorino residues are now & normal oceur-

rencs, tho highest concontrotions being found in organs
or tissucs with the highest lipid contont. Thus the muscio
tissuo of solmonids, the livers of cod and tho blubber of
wonls act as storugoe sitos for these rosidues.
“Tbe squatic mammals, such as whalos, seals and por-
ises, have a rolatively high pn:pomon of tho body weight
n tho form of subcutanoous fut (blubbor). Soals food
ohloﬂy on gadoida and salmonide, and porpoisos chiofly on
small gadords and clupooids. Tho procoss of concentration
of postisides through t.hmr food ch am xmgm. be expocted

harp soale (Phoca groenlandica) on the Canadion Atlantic
const huvo lho boen oxamined and tho rosults of thess
d hore. E. fon of les of

P

soal blubbor from othor orcas is gontinuing in ordor to
assoss the varintion batwoon differont regions of tho marine
eavironmont. .

All tissuo samples l'rom Seomlh watcrs \\eu fmun
ot —18°C until s. Tho C
samples woro proserved in 10 er cont formalin, which
showod no svidonco of any influenco on tho analyticnl
procedure, and in this and othor cases involving tish it
has not affected tho efficiency of recovery of pesticide
residues. Aliquots of tho samples (5 g) wero ground to o
powder with anhydrous crystalline sodium sulphate (AR
5rnde) and oxtraoted in o Soxhlet apparatus with ro-

istilled AR ¢rndo n-hoxtno (proviousiy tested and found
to bo free of ol ing mat ns chi
tography). Tho hexano oxtracts woro mado up to 100 ml.
and "5 nl. uhquou wero subjected to clean.up by

Go rolult.in highp
Iysed at l.hn fab y_confirm this
bpoctunon Tn rooont yoors, specimons of the grey sool

the partition method of de

F‘nubort \Immdgr « al?, followed by eolwan clean-up

u-mg nlummn conl.mmng 5 por cent water. Tho loss of
1

olichoerue grypus), K soal {Phoca ) and

porpouo (P ) hovo been led from
tho consts of Scothmd Samplos of blubber woro o availablo
for all tho specimena examinced, and in a fow cason ouwr
orghns woro also availablo. As woll as

from fut so treeted s wp to
20 por cont, but, as is customary in pesticido nnalyses,
no correction hus been mado for such losses in the results
presented hero,

other ol

havo been

dow«tod by RIU"|IQU'I:1 chromntogrnphy and, in order to
: suol

are ns widoly distributed
as tho posticidos, blubbar samples from groy souls and
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Tho el d-up hexauo extructs wero annlyscd by gos=
liquid chromatogrophy on o Varian .\(-ro;,ruph wms-28"
instrument omploying two glase columns 5 ft. long x }in.
outer diamoter.  Ono column was packed with ‘Chromo-
sorb W AW/DJIICS 80-100" mosh contod with 10 per cont
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DC.200 silicone oil, and “thor with the smmo support
conted with 6 por cont  J-200 + 7:6 por cont QS-1
Buoronilicono. Tho ovon temperatury was 200°C, tho
aitrogon gna flow 60 ml./min and tho column resolution
for dioldrin oquivalent to 1,600 thoorotical plates. Thoro
woa no signiflcans degradation of DDT on tho columna,

containcd ver \w lovels of both dicldrin and the DT
roup, whily s from tho Cubob Struita (Culf of St.
awroneo) couinined little dicldrin  but higher DDT
group rewiducs, similar ta thoso of Scottish senls. OF the
fow porpoiycs oxamined, that from Orkucy wan the jcast
gonblnnmmtcd, but tho throo taken on tho cnet coost of

Whilo ! of tho

1 had markodly higher contents of all tho residucs
mensured. Ono specimen contained 8 total residue con-

residuca fs iblo on ono or othor of theso tolumns,
intorleranco by polyohlorinated biphonyl {’CB) reaiduos®

with 9,p"-TDE and p,p’-DDT poaka nevossitated o further
snalyticol stago. Aliquots (3 mi.}) of somo of tho oxtracts
wsro evaporatod to drynoss in 8 stroam of cold filtered air,

and tho residuca rofluxed with 2 ml. of 2:6 por gent
lcohioli tasii ¥ ido for 106 _min & warmh - lipi

Y
wator-bnth,  After cooling, 5 mi. of n-hoxane wya

with mixing, followed by -¢ L of 3 por cont sodium
suiphnto—eoltition. The supernatant hoxane inyer wos

of p,p'-DDT to p,p'-

‘/h annlyscd by ges-liquid chromatography. "By this
7] DDE, sad of £.¢""TDE to p,p"-MDE (= DDMU), is ob, 4

tained, and the convorsion productaconfirm thoidongity of

the original rosiduos. Tho rosidual poaks in tv!m‘pf?DDT

and 2,p"-TDL positions, whoro presont, c o uubtrnclot}
13 originally d :

from the values of t i ginally
3 it ’Hﬁfr also d ys « and y-BIHC,

shen 1yyi
whoro prosont, but 'Yolychloﬂmwd biphonyls aro un-
affected. A cyanosilioone (XE-60) columnti® hos aleo
beon usod to scparate ,2'-DDT and p,p'-TDE from PCB
interforonoo, confirming tho latter.

(dicldrin _and DDT group) of 733 p.p.m.
Analysos of o fow tissucs othor than tho biubber have
boen mado, but concontrations in tho blubber havo slways
boon found to be tho highest (Table 2). Concentrations in
othor tissues scem likely to bo consistent with their lower
contents.
'
“TOTAL DDT CONCENTRATIONS (D.D.m.) (N Yaaloys TUraUEs

Table

M"‘, ¥ Blubber  Liver Drain  Kidney Splesn  Muenle
Qroy sonl &8 077 o128 - - -
Groy seal 3 [ 016 - - -—

rey seal 1«8 o7 [ %3] - 953 -

Qroy scal 84 048 017 - o013 ~
Qv ecal 24 011 007 — 0-08 -~
Porpoisn »8 88 002 004 o0 036

The proportion of blubber extractable by hexnne wes
determunod for somo sampios. Valuos ranged from 72 to 86
Fer cent (mcan 830 per cont) for tho Canadian senls, and
rom 88 to 98 per cont (mean 93 por cont) for Scottish sosls

ples on the brecding g de off the west cosat.
(thuu‘ for ot.fhet scol ‘-nmplel were not estimated.) Con.

The prinoipsl pesticido residuos found in all p
examined woro thoae of the DDT group, with dieldrin
in muoh smalicr q C i sontained
lower concontrations of dioldrin than Scottish seals, while

4 kably hi

. of p
theso asmples would thus be up to 40 per cent grester

in terms of extractable fat for

than the values in Table 1, but the generel comparison is
?ot. significant]; The lower b f.

Soottis) romd‘« ; tra.
tions of all posticido residucs (sco Tablo 1). Interforenco on
the DO-200silicono column in tho 7,2"-TDE position esusod
by & non-hydrolysabio residuo was responsiblo for about
25 per cent of tho total estimated p,p"TDE in tho
Canadian and Scottish 1 ined. In the p,p’-

for the Cansdi ples may possibiy
being preserved in formalin,
C ions of posticid idues in the ext bl

fat of various orgnmrnnd tissues of one porpoiss show sn
important relationship (Table 3). While concentra-
tions of tho DDT group in tho original tissucs vary widaly,
those d in terms of fat sro in much

DDT pouition, the non‘hydf-olynblo residue
about 10 por cent in the Canadisn samples and about
30 por oent in the Scottish samples examined for this
intarforenco, tho total ¢ of hydrolysabl
materisl being smaller in the Canedian samples. The
valuos in Tablo 1 have not boon corrected for this intor-
feronco, for only o proportion of tho snmples wore hydro-
lyned. R‘mulbs from the various spocics of soals were not

£
hing in ordor to
ns of the marine

ors wero frozon
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formalin, which
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pnvolving fish it
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ffo in » given aroa, and have boen
combined in Tablo 1.

Table 1. Ra¥OLS OF ARSDURS 3N PaT
oy AXD PORPOISES (%.IJIJ
(Means Ib pareot )
Aren and No.In

type of sample  sampis Disldeln  »,3-DDE  ».5-TDR

Lamtety R b T

300 W itiand, & 000030 PR P
‘sdult seala(1065-08) . (@ (0-41) 38
Sad V. soatlend, 0 Oet-04s 1508 1137

Canada, El&dl Is., 0'0'-3‘3‘ 0080018 08-0-
rv. ?’u aduit asnls ©9) ©12) 038

Canads, CabotBtrsits, § 003-0:10  12-173 08511  $1-166
I fmahmum ©on (&% (0 6)

oo . Orkney, 1 080 1 058 2
adult Gorpelee 1087

B, Scotland, adult 3 40-180 96153 Be-ld 131287
‘porpofses (1905, 1967) 3] az8) @0 ()

Contsmination by pesticides ia greater in the seais on
tho onst const of Scotland (taken in an ares roughly from

25-DDT Q‘ The unidentifiod penks on the chromatograms scem

ologer agreoment, with the sole exception of the brain.
A similar anomaly for tissues of trous was described by
Holden'". It scerns likely that & large proportion of the
lipid fraction of the brain may not contain pesticidcs, and
the brain lipid composition is known to differ considerably
from that of depot fat.

Tablo 3. CONCENTRATIUNS OF ToTAL DIVZ (D.0.1.) IN TISSORS OF A PORFOISR

"Tieus or orgnn Blubber Buscle Liver 8Spiess Kidoey Brain
Conosntrationintisewe 38 030 o 033 004 poOs
ountag axtrsete 610 81 13% 139 14 "
Al
Concautrsiion ;n 12 *” & £ 2% 29 L34

axtraciabie fat

to bo similar to thoso produccd by g:lyuhlorinuzd bi-

honyls and, to enable comparison to be made, the ratioe

Rz} of the rotention timos of all rogularly oceurring pesks

(rolative to dieldrin=100) hevo peen calculated for the

operating column temporature Af 200° C, thess values

being temp}rntum-dopeud'm. he Rx values of PCB
ds fro ial 3 R

P m cial PCB were also
determined for both types of column (Table 4). At lenst
soven PCB-type poaks wvere found, including thoro which
interfere with p.p-TDE and 2.p"-DDT.  Heptachlor
epoxide and p,p'-MDE could not be confirmed on both
columns and are not thersfore recorded.

The most significant aspect of the resultz is that,
although scals and porpoises inhabit an environment fur
rar i from the site of application or discharge of

Abordecn to the Tay estuary) than in sp from the
west and north cossts, including the Orknoy Islands.
Seal pups from tho Orknoy and Harris (west coast) breed-
ing grounds containod only alightly lower residues than
adulte from the same arcas. By comparison, the Canadian
samples from the Magdalen Ialands (Gulf of St. Lawrencs)

MONS 082893
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posticides, they csn contain much grester concentrations
of dieldrin and DDT group residues than those recorded
for moat othor apeoies, including man. Robinsen and
Hunter'* found a moan concontration of dicldrin of 023
p.pra. (range 0-10-0-73 p.p.m.} and & mean totsl con-




3

1278

- esutration of DDT of ¢:0 p.p.m. (range 1-0~11-1 .p-m.)
in samplos of human depot fat in Englend in 1964. No
:\'li;;u:m of sny significant change was found during

-85, .

Table 4. RELATIVE RETENTION VALUZS (A3} OF RESIDVES (DIRLONIN = 100}
1C-200 eoluma -

- 200/Q P I
Resleur sle 47 ki ~ T
£ Y - 488 L) 83 10
#-DDE | = “DDE = 81 .
-~ Lo S
R R W
gpvr -iv wt 2.9°-DDT w147 Tt
:R :}’32 . .).zg N ft_'ﬂ !ZM . L0l
i 287 o -3 b
i -3, 39

The seals and porpoises froia the enst coast of Sootland

N
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Grey seals un the const of the Scottish mainland fee
primarily on_salmon (Salmo salar) and cod (adus
morrhua)'t, The highost concentrations of pesticide i
salmonids in the morine environmont have 30 far been
found in sen trout (S. frutta) on the cast cogat with up te
0-2 p.p.m. (dieldrin + total DDT) in muscle tissue'®, and
salmon from the samo aroa would probably ha far
contonts. Cod examined from tho east const have cun.
tainod up to 0-38 p.p.m. (dioldrin + total DDT) in muscle
tissuo (meon 0-12 p.p.m.) and from the west coast up to

. ©:68 p.p.m. {moan 022 p.p.m.), while cod livors contained
up to 40 p.p.m. and 12:0 p.p.m., rospoctively. Groy senls
are ostimatod to rot about 15 1b. of food dnily, and thuw nn
adult scal could sonaumo jta own weight in food in 20 I
days. Assuming a high proportion of the pestivido intake
to be stored in body fat rather than to be excretcd ur
metabolized, an increase of two orders of magnitude in

were usually more soriously contaminated than those

+ fromn the north and west consts. This, :t least in reapect

of seals, may be b as is beli the pop
in tho two aress como from different bracding sites. The
seals south of Aberdeen breed principally on the Farne
Islands, off the north-cast coust of England, while the
soals of north and west Scotland are primarily from the
breeding grounds of the Orknoy Islands in the north,
snd other islands off (ho west coast of Sootland. Tho sca
off enstorn Scotlond is also likely to receive more con.
ination from ine discharges than that off north
snd wost Sootland. Similarly, the two separnte seal
ulntions sampled off tho east coast of Canada may
habit arcan with different lovels of contamination. Pups
ido resid fons only slightly

ion from food to body fat within &

fow years is feasible. This degree of accumulation of

residue in an i not dolibx 1 i $

and in specles ecologically far distant from the target
. . ioid. Yorli ;

hd & Ly im.
pomsibility of confining such chemicals to the ercas of
application.

‘e thank De¢ B. B. Raoe for obtaining the Scottish
samples, and Dr C. J. Kerawill for tho Canadian samples.

Racelved Decomber 13, 1067,
' m“ ara'milml': Sci, ddv, Comm. (US Oovt. Printing Office, Washington,

* Tatton, J. Q'G., and Ruslcks, J. K, A., Nature, §15, 348 (1087),
* Moore, N, W., s0d Tattoo, J, 0°G., Naturs, 207, 42 (1069),

4 Robinton, J., Richardson, A, Crabteee, A. N., Coulson, J. C., sad Potts
G. 1., Nofure, 214, 1307 (3901, e Ttk

contaia peati in
lower than in the parent populati seals in
Holland have been found with cencentrations of rosidue
similar to those of seals on tho Scottish east const'®,
While tho residue i in subeut fat
are high, thoss of other tissues and orgons aro found to
be much lower. This suggeats that thore is no risk of
physiological offccta, unicss the metabolism of much of
the fot in times of atross lcads to o considerable incrense
in the concentmtion of the rosiduo in circulnting Hpidn,
and thus in residuo concontrations in other orgons or
tissnes.

The North Pacific: an Example

by c .
D, P. McKENZIE
R..L. PARKER

hustitute of Geaphysics and Planetuey Physles,
Univarsity of Cslifornia at San'Diego

Tuz linope magnotic anomalies's* whioh parallel all active
ridgos can only bo produced by roversals of tho Earth's
mngnotio flald’ if tho ooeanio orust is formed closo to the
ridgo axiv), Modols* havo shown that the anomulics
ounnot bo obsorvod in the North Atlantic unloss most
dyke intrusion, and henco crustal production, occurs
within 8ikm of the ridgo axis. The spreading son floor®
then corrion theso enomalics for great horizontal distances
with littlo I any deformation. The epicontres of eurth.
quaken alvo accuratcly follow tho axis and uro offset with
it by wanmlortn faults®, Tho atructuro of inland arca is
Tena nlouri though the nurraw band of shallow carthquakes
suggeata lthat erust. in eonsuemed along A lineor foature.

sparty m,«;“ \ricurtur and Flsherlea for Scotland, Fisherles of Seot.

* Departieat of Agricutture nnd Fisherien for Scotland, Fisheries of Seni.
. land. Report I%r 1900, . ook
Da_Faubert Maundee, 3. J., n, I, Godly, E. W., Hammond, K. W.,
e Fronaen, 1 Sunlis 89, 105 (10501
* Jannen, 8., New Seientist, 32, 812 (1060).
* Jalmos, D. €., Siunions, J, 1L, anil Taltun, 7, 0°0., Neture. 218, 227 (1007),
¥ $immons, J, IL., and Tatton, 3. 0°0., J. Chromaivg., 27, 254 {1087),
* Jloklenm, A. Y., Aun, Appl. Biot., 80, 167 (1092
' Nabiveon, 3., and Linnter, C, U, eeA. Ksviron, Health, 18, 858 (1006,
Kocinan, 5, K., and van Qendoren, 1., J, 4p. Keol., 8 (Suppl.), 08 (1w,
S Rae, B, B, Mar., Hes., No, 2, 30 (1000).
* Jolden, A, Y., J, Apph Beol., 3 {Supp.

of Tectonics on a Sphere

Individusl aseismic areas move as rigid plates on the surface of 3
sphere. Application of the Mercator projection to slip vectors shows
that the paving stone :heurg’ of world tectonics Is correct and applies
to about a quarter of the Eal

reh's surface,

These obuervations are expluined if tho sca floor spreads
a8 o tigid plato, nnd interacks with other plates in seis.
mically activo regions which also show rceent tectunio
activity. For the purpuses of this artiole, ridges aud
trenches aro rospectivoly defined as lines along which
crust is produced and destroyed. They need not alva be
topugraphic featurca. Transform faults conscrve cruse
and ore lines of puro alip. They aro always paeallc), there-
fore, to the rulative velocity vector botween two plates—n
most woful proporty. Wo havo tested this paving atone
thoory of world teotonics in the North Pacifie, whero it
works woll. Loss detailed studics of other regions also
eapport. ths thowy,
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