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Fractions and Multiples

fraction prefix symbol
io-1 doei d
io-* conti ¢
io-* milli m
i0-« micro p
i0-9 nano n
10-12 pico P
10-15 femto f
io-19 atto a

multiple prefix symbol

10 dektt da*
102 hocto h*
103 kilo k
10« mega M
10« gigo- G
101* tera T

*To be restricted as much as possible.

Compound prefixes should not be used. Thus IO-' metre
is represented by 1 nm, not 1 mpm. The attaching of a
prefix toa unit in effect constitutes a new unit, so that
1km2= 1 (km)2 = 10'm*
not 1 k(m2) = IiTFmS5
Where possible any numerical prefix should atipe r in the
numerator of an expression.
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Examples of Units Contrary to SI,
with their Equivalents

physical
quantity unit equivalent
length angstrom 10-1"m
inch 00251 m
foot 0-3048 m
yard 0-9144 m
mile 1-609 34 km
nautical mile 1-853 18 km
square inch 645-16 mm*
square foot 0-092 903 m*
square yard 0-836 127 m*
square mile 2-589 99 km*
volume cubic inch 1-638 71 X 10-* m3
cubic foot 0-028 316 8 m3
U.K. gallon 0-004 546 092 m3
mass pound 0-453 592 37 kg
slug 14-593 9 kg
density pound/cubic inch 2-767 99X 10* kg m-3
pound/cubic foot 16-0185 kg m-3
force dyne 10-6 N
poundal 0-138-255 N
pound-forco 4-448 22 N
kilogrnmme-force 9-806 65 N
pressure atmosphere 101-325 N m-*
torr 133-322 N m-*

pound (f)/sq.in. 6894-76 N m-*
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residues

THE presence of organochlorine residues in marine life in
many areas of the world, including the Antarctic, has been
reported recentlyl-2. In British waters the accumulation
of rosiduo in the eggs of sea birds3 and the process of
concentration of pesticides through certain food chains
in tho marine environment4 have been studied.
of various species of marine fish and mammals
Scottish waters during the past 5 years69 have
that organochlorine residues are now a normal
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 residues.

The aquatic mammals, such as whales, seals and por-
poises, have a relatively high proportion of the body weight
in the form of subcutaneous fat (blubber). Seals feed
chiefly on gadoids and salmonids, and porpoises chiefly on
small gadoids and clupeoids. The process of concentration
of pesticides through their food chain might be expected
to resultin high pesticidelevels inthe fatofthese mammals,
and samples analysed at this laboratory confirm this
expectation. In recent years, specimens of the grey seal
{Halichoerus grypus), common seal (Phoca vitulina) and
porpoise {Phocaena phocaena) have been sampled from
the coasts of Scotland. Samples of blubber were available
for all the specimens examined, and in a few cases other
organs were also available. As well as recognized pesticide
residues, other electron-capturing substances have been
detected by gas-liquid chromatography and, in order to
establish whether such substances are as widely distributed
as the pesticides, blubber samples from grey seals and

Analyses
from

shown

occur-

Seals and porpoises
of pesticides,
in their blubber.
the long food chain which ends with seals and porpoises and obviously
cannot be confined to their place of discharge.

in Scotland and Canada, far from the sites of
can high concentrations of
These chemicals are spreading through

accumulate

harp seals (Phoca groenlandica) on the Canadian Atlantic
coast have also been examined and the results of these
analyses are reported here. Examination of samples of
seal blubber from other areas is continuing in order to
assess the variation between different regions of the marine
environment.

All tissue samples from Scottish waters
at — 18° C until required for analysis. The Canadian
samples were preserved in 10 per cent formalin, which
showed no evidence of any influence on tho analytical
procedure, and in this and other cases involving fish it
has not affected the efficiency of recovery of pesticide
residues. Aliquots of the samples (5 g) were ground to a
powder with anhydrous crystalline sodium sulphate (AR
grade) and extracted in a Soxhlet apparatus with re-
distilled AR grade n-hexane (previously tested and found
to be free of electron-capturing materials by gas chroma-
tography). The hexane extracts were made up to 100 ml.
and 25 ml. aliquots were subjected to clean-up by
the hexane-dimethylformamide partition method of de
Faubert Maunder et aid, followed by column clean-up
using alumina containing 5 per cent water. The loss of
pesticide residues from fat extracts so treated is up to
20 per cent, but, as is customary in pesticide analyses,

no correction has been made for such losses in the results
presented here.

were frozen

The cleaned-up hexane extracts were analysed by gas-
liquid chromatography on a Vnrian ‘Aerograph 205-2B’'
instrument employing two glass columns 5 ft. long x J in.
outer diameter. One column was packed with ‘Chromo-
sorb \V A W/DMCS 80-100" mesh eoatod with 10 per cent
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gas flow fiu 111l/|riii anil lin- <im0 resolut inu
!'ml 1NN TIV;ILA 1 |[i) LIINU ihc.ilet lea! plates. '|'lF{<m

uii' mi significant. iL-gradatloii "I 1)1)1' on (In- columns.
Wilinloe n Sinliiidi- separation of lin- coinmoii |nm ii-nLe
1 -n lin-s is j> i 1P« on uiu- 'or‘ul hoi- ot these i-nlinnuns.

wlili /’w>-1'I>12 ;ilnl /».//-1)J )T peaks iic-essil ;i(o<| a furl her
nimlyl teal stage. Aliquots (fi nil.) o! soini- ul’ Iln- i-nl nu-lIs
wi-n- i-v.ijmnileillo dryiicss inilis Iivani ni c. 3 filleted aii.
and (In- residues rcfluxed wDtJi 2 ml. of 2¢a j>r ct-ni
;di-"lImlio initassimn hydroxide- loi- 14 miii on a warm
waim -lail Ii. Alter cooling, fi.liil. ol u-hc.xane was added,
willi mixing, followed I, 4 0 'ml. ul’ 2 per ri-ul sodium
sulphate sottii inu. The siDirniatalit hi-xano layer was
ilhii analysed by gas liquid chiurnalography. liy this
ieciiniijiic, quantitative convprsjon of DT to p./
1)1)12, and o!" p.]/-TDK to yep.bMDK ( -DD.MU). is ob-
tained, and the cuin'ci'sion products conlinu The itlentily of
tInmoriginal residues. 'Phc residual peaks in the p.p'-1>I)T
and p,y/-T|)12 positions, where present, can be su hirac!ed
from the values of the pesticides originally determined
iii these positions. Hydrolysis ids" destroys 7. and y-HI I(".
when- present, but polyohlniiiiatod biphenyls are un-
affected. A eyanosilicono (A’/f-tiO) eoluimi"1 has also
been used to separate p,y/-1)I)T and /ay/TDK from 1'J>
interference, confirming the lattut.'.

'I'he principal pesticide residues fontal in all samples
examined were those of the DDT group, with dicldrin
in much smaller quantities. ('anadian sialis contained
lower concentrations of dicldrin than Scottish seals, while
Scottish porpoises contained remarkably high concentra-
tions of all peslieido residues (seo Table I). Interference on
Ilie /T'-2t)Usihcouoeolumn in thep.;/-TI)J;position caused
by a non-hvdrolysable residue was responsible for about
20 per cent, of the total estimated y>.//-TD12 in the
Canadian and Scottish samples examined. In the /> />-
I)DT position, the non-hydrolysmble residue constituted
about. 10 per cent- in the Canadian samples and about
10 per cent in the Scottish samples examined for this

interference, the total amount: of non-hvdrolysable
material being smaller in the Canadian samples. The
values in 'fable I have not been corrected for this inter-

ference. for only a proportion of the samples were hydro-
lysed. Krsults from the various species of seals were not
noticeably different in a given area, and Liavo been
combined in 'fable 1.

CONCENTRATION RAN'IKS OK OKfiANoeiiLORINK ItKSIIUF.S IS FAT
UK SKALS ANI' I'iilU'OISKS (|t.p.m.)
(Means in parentbuses)

tallii' TI.

Area ami No.in
Iype ul sample sample Diel.Irinp.p'-1M>K p.p'-T11K p./it-HDT

I Se'.tlamt. a.lull 1S 0-1 -2-1 10 111 0-27 »a i i3
seals (Inor. (ira (u 70) <.vr.) <i--_o <7-s>

X.ami \V. Sentlami. C 00S O S 1-2 70 117 UNI 7 7-7
~Kluit seats (1005-1iG) (0-20) - 1) (0il) (R-S)

N.ami W. Scotlaml, 0 0-00-0-44 loii) 0-12 0 .v1 1-12-7
s.-al pups unfit)) (0-ts) (o-ra in-re-2) (2-2)

laua.la, Mairilalen  Is., 002 HOIN-07IS 0-0Sii-10 (10s (1.2
juv. ami millii seals »:l) ft 2) (0 12) (M-sir
11'.107)

I'anaita.<'alint Strails. 0 0-02 0 11 [ 170 D 2'1 21 Kell
juv., iinni.ami ailillt (U-07) (7i-0) io 7si (7i-Ta
s-als (111117)

Se..llami, Orkney. t 0-7.0 1-1 0 18 2-2
iitlult i.urpiiis. i 10C.7)

1 Sentlaiul. a.lull 2 40-1s0 Oti 17.-:: 5-2 It-2 12 1 27.7
parpuisesdiKia, 1007) i00) (12 s) (-20) (211)

('oni amina! ion bv pesticides is greater in the seals oti
the east coast of Scotland (taken" in an area roughly from
Abet (leen to the 'fay est tiary) Ihaii in specimens from the
west and north coasts, including the Orkney Islands.
Soil pups from (he Orkm-y nnd Jlarris (west coast) breed-
ing grounds contained only slightly lower residues than
adults from the same areas. |?v comparison,.(lie (‘anadian
samples from 1lie Magdalen Islands «niir of St. Lawrence)
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c.aitaitied ten 1ow je'ef. "I bol h .b. I'hin a lid !Ti-
gn.up, win,'. i, boui il blb.'l > 1w - ;00 -1 St
Lawlem e) coiitam. d luil di'-ldrin bul lugil, i T111)1
group i<stdiic s, similar i.. t me of Se,,I':-h seal-. (H ila
few porp xantined, thai from (m»m1liite\ w.a- tin basi
coi HainIiil.-iI. luii 1b.- three taken on II ¢ east cast ol
Scot land had inarked Iv Iuglier (-..niii,t- ol all thi umilih-s
measured. due nlh iun.n ioniaiu>d a 11,1al im-nlile eon
cent rai ion (dulili iii and |)|ff grotipi .1 73-3 p.p.iii
Analyses ol a lew tissues other than the I,lubb, r have
been made, but eoneeul rai mus iii the blubber liase always
been found to be (he luglii si ('bilbie 2 L ( olleein la Itmlis iii

other tissues seeni likely t., be consistent with tin a lower

lipid contents.

Table 2.  T'.TAt. DDT C'.NCKNTL vriu.NS (p.I'.Il 1 IN VAKI'OS TI--1 I-
sample Dtllbber Liver Itrain Ki.licy Spleen Musii.-
Urey seal <1-77 m2o
Urey seal jla! um; 11-17, —
ijr.-y suai 14 s 11-i17 0-21 — n 72
Urey sent S 4 our, 0-17 — D-12
Ur.-y s.-al 21 n 11 1107 11 HI
1’orpui.- > 2-s o 7s 11-02 0-114 n m

The proportion of blubber cxtractabk- by hexane was
del crinini-d for some samples. Values ranged finni 72 to .St
per cent (mean 80 per cent) for the Canadian seals, and
from 8,S [oils per cent, (moan 1)3 per cent ) for Scot tisii settls
samples on the breeding grounds "If the wist, coast.
(Values lor other seal samples were not estimated.) Con-
centrations of pesticides in terms of extractadle fat. for
these samples would thus be up to 40 per cent greater
than the values in Table I, but the general comparison is
not significant Iy affected. Tho lower extraetalile fai values
for the Canadian samples may possibly be a result of
being preserved in formalin.

Concentrations ol pesticide residues in the extractadlo
fat. of various organs and tissues of one porpoise show an
important relationship (Table 3). While the eoneeiitra-
tions of the 1)1 )T group in the original tissues vary widely,
those expressed in terms of extmetable fat are in much
closer agreement, with the sole exception of the brain.
A similar anomaly for tissues of trout was described by
Molden'l. It seems likely that a large proportion of the
lipid fraet mii of the brain may not, eontain pest jcides, and
the brain lipid com posit ik>n is known lo differ considerably
from that of depot fat.

Tui,li' 2. (TX('ENTI%ATI1L,VS Tir TOTAL DUT (p.p.lu.) IN TISSUES UK A 1'OKI'OISK
Tissiu- or lilul.l» r .Muscle Liv.-r Spt.-cu Kidney Drain
() calt(raii<>Min 1:--Uix 2s 0-7,0 J-£.8 0-12 (aq 11-02
IVm-Tltjae- i-M r:i' t- a71) at 12-2 7.1 1-1 §-2
alii.' lal
(-'umriuitration in Hr 0-2 48 2-4 2-0 U-27
i-\lrartal.li- fat
'flm unidentified peaks on the ehnnnat"gm ms seem

to be similar to those produced by polychlorinated bi-
phenyls and. t" enable comparison to lie made, the ratios
(f).i-) of tlie relent i.ui thues of all regularly occurring peaks
(relative I" dieldrin ;=100) have been calculit* d tor the
operating column temperatureof 200' ('. thesevalues
being température dependent. The L'r values of I'CH
compounds Inon commercial ICH formulations were also
determined for both types of column (Table -Pi. At least
scyen IVB-type peaks were found, including those which

interfere with p.p -TI>2 and p.p’'-])|)T. Thptavhlor
epoxide and /».//--Ml >12 could not be confirmed oi1 both
columns and are not therefore recorded.

Tin- most significant aspect, of the results is that,

although seals and porpoises inhabit an environment far
removed from site of application or discharge of
pesticides, limy can contain much greater conei ntrat ions
ol dii-ldrm and I)I>T group residues than (hose recorded
for most other species, including man. Hobiuson and
Hunter'-1louiid a mean concentration of dicldrin of 0-22
p.p.m. (range Ulu U73 p.p.m.) and a mean total con-

1lie



