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1. Introduction

In the years following 1967 when the wreck of the TORREY
CANYON first focussed public attention on oil pollution
there have besn a number of large spills of crude odl and
refined oil products around the British Isles (Table 1), Oils
vary eongiderably and, as shown in Table 1, the oils spilt
since 1967 have included substances as diverse as *four star”
petrol and heavy fuel oil. In addition, each oil is a complex
milxture of npumerous hydrocarbon and other components;
in particular, crude oils from different sources possess &
wide range of physical properties and chemical composi-
tions. The toxicity of crude oils and oil products 1 a wide
range of marine organisms has been assessed by a number of
workers but very few comparable data are available for oils
commonly transported and hence potentinlly liable to be
gpilt in the coastal areas of Northem Euwrope,

Chemical dispersants have been used to treat many of the
spills listed in Table 1, but since 1974 dispersants have been
subject to statwiory control by licensing under the
Dumping at Sea Act (Great Britgin — Parliament, 1974)
The assessment of toxicity for regulatory purposes is

carried out at the MAFF Fisheries Laboratory at Burnham-
on-Crouch using two toxicity tests which simulate the use
of dispersanits al sea and on beaches (Blackman er al, 1977).
Although a standard oil (fresh Kuwait crude) i used in
these tests, little was known about the toxicity of other
types of oil after treatment with dispersanis.

1.1  Scope of the research programme

This report presents the results of a series of investigations
carried out between February 1979 and May 1981 1o astess
the relative tosxdeltbes of 3 range of oils, alone and when
treated with thres representative dispersants. The tests were
intended primarily 1o identify those oils which were likely
to cause special environmental problems if spilt at sea, and
secondarily to indicate whether more than ane oil should
be used in the standard MAFF tests for oil dispersants.
Three types of toxicity fest were carried out (o determine:

(a) the acute toxicity of cach oil to brown shrimps
{(Cramgon crangon L) within a 96 h exposure period in order
to obtain comparable toxicity curves and LC30 data;

Table 1 Major (> 1 00D t) oil spills off North-west Europe between 1967 and 1980

Date Ship or Ared Type of Approsdmate Source
oilfield oil quantity
(107 tonnes)

March TORREY Comwall Kuwait 120 Smith, I968
1967 CANYON crude

October PACIFIC Isle of Migerian 6-7 Department of the
1970 GLORY Wight crude Emvironment, 1976

August DONA Milford *Four star 3 Blackman er al, 1973
1972 MARIKA Havan petrol

Oetober UMNIVERSE Bantry Eouwait 2-3 O'Sullivan, 1975
1974 LEADER Bay crude

MNovember  OLYMPIC Daver Iranian 23 Department of the
1975 ALLIANCE Strait light crude Environment, 1976

April Ekofisk Worth Ekofisk 10-30 Bourne, 1977
1977 oilfeld Sea crude

March AMOCD Brittany Irandan Hght crude 120 130 O Sullivan, 1978
1978 CADIZ Arabian light crude 100)

May ELENI ¥ East Heavy fuel 5 Blackman and Law, 19580
1978 Anglia

Deiober CHRISTOS Pembroke Iranian heavy 2-3 Bourne, 1979
1978 BITAS crwde

Decambear ESS0 Sullum Bunker C 12 Richardson, 1979
1978 BERNICA Vioe fuel

January BETELGELSE Bantry Saudi Arabinn 2 Cross er al, 1979
1974 Bay crudes




Table 2 — Detailspf imported oils used in the experimental programme

Source Type Viscosity at 15°C Percentage of
total carriage
Centipoise Shear rate (1978) *
{=*)
Abu Dhabi Murban crude 6.2 945 3.2
Iran Light crude 11.7 245 )
) 19.7
Iran Heavy crude 19.2 %)
Irag Basrah crude 17.0 245 6.9
Euveait Crude 158 045 59
Libya Brega crude 9.6 D45 5.7
Migeria Crude 132 245 7.6
Saudi Arabia Light crude 2.6 a5 26.1

* Excluding carriage hetwesn the UK and Morway or France and the casrisge of efmed or paritefined prodicts between Morth-west
Ewrapean parts. All sther sources of crude oil, refined or part-refined products comprise less than 3% each (Warren Spring Laboratory,
personal communication).

Table 3 — Details of North Sea oils used in the experimental programme

Field Viscosity at 15°C Production (10% 1 a')*
Cantlpobss Shear rate 1977 Estimated peak
A {sn.l }
Argyll a0 315 0B 1.1
Auk 158 791 23 23
Beryl T.2 Q45 in 50
Brent 7.3 945 12 230
Claymore (stabilised) 210 945 0.3 4.5
Ekofisk 122 627 20.0 30.0
Forties 105 945 20.1 4.0
Montrose | 45 0.8 I4
Murchisan 6.k 945 o T2
Piper 104 Q45 B.G 126
Thistle 6.8 D45 ] B.T

* Department of Enengy, 1980



(b) the effect of three selected dispersants (a con-
ventional and two concentrates) on the acute toxicity of
gach oil to brown shrimps under the conditions of the
MAFF ‘sea’ test — a dispersant passes this test if the oil dis-
persion it produces i3 oo more toxic than physically-
dispersed ofl ;

{c) the relative toxicity of each oil o common
limpets (Porelly vuigata) under the conditions of the MAFF
‘beach’ test — a disparsant passes this test if it i no more
tostie than the reference oil weed

These tests were of a short-term nature and carried out
under standardised lshorstory conditions to provide com-
parable data on & number of oils as o basis for evaluating
the results of routing screening fests. The study was not
intended to form a basis for predicting coological effects
caused by split or dispersed ofls; such an exercise would
require the provision of additional data from different tests
(Wilson et al., 1974).

The 19 crude ofls selected for the tests were those most
likely o be spllt in UK waters, including those crude oils
imported in greatest quantilty into the UK and those
produced in the major MNorth Sea oilfields. The eight
imported oils listed in Table 2 repressnt over 75% of the
ttal oil carried in UK waters in 1978, excluding oil carried
between the UK and Norway or France and the carriage of
refined or part refined products between any northowest
European ports. Table 3 lists the eleven Morth Sea crude
oils tested, and details of production from each field, The
crude oils were tested in the “fresh’ state 1o provide & com-
parison with the fresh Kuwait oil used in the MAFF
standard test. In an earbier series of experiments (Norton
and Franklin, 1980) fresh oil which had been ‘weathered®
by exposing it to alr for 24 h was greatly reduced in toxi-
city: tests of such oil would therefore require concentra-
tions of oil greater than the 1 000wl 17 and for longer expo-
gure periods than the 100 min of the standard (est.
Weathered ofls are also less amenable to dispersion by
chemicals and, in practice, only fresh oils are capable of
being readily dispersed into the water column,

Six oll products, chogen to represent the major groups of
oil products transporied through UK waters, were also
tested : these are listed In Tahbe 4. Tests to determing the
effects of dispersants on five of these products were includ-
ed because, even though oil products are not normally con-
sidered to be amenable (o dispersant treatment, there have
been instances of such spills being sprayed [(Blackman and
Law, 1980}, Thess tests are also useful in providing informa-
tion on the relative effects of different dizspersants when
applied o olls with a wide range of physical and chemical
properties. ‘Four star’ petrol was not included in the “sea’
and ‘beach’ tests because the results of the 96 h lests
showed that 100% mortality occurred well within 100 min:
furthermore, it 18 most unbikely that chemical dispersants
would be used to treat o material of such high volatility and
low wiscosity as petrol.

Table 4 — Details of oil products used in the experimental

rogrinme
Product Viscosity at 15°C
Centipoise Shear rate
()
‘Four star’® petrol 0.53 Not dependent
Diesel 4.0 D45
Gas oil 53 943
Lubricating ol B3 203
Medium fuel ofl 1 090 78
Residual fuel il 28 550 49

* Premium guality (Rosd Octans Numbet 97) ) maximum pllﬂflﬂtlﬂ
Jead camtent 0.4 g 171 {CONCAWE, 1979

The three dispersants used in the "sea’ tesis were chosen to
represent each of the major calegories of formulation
currently available, and included a conventional hydro-
carbon solveni-based dispersant (BP L 100X}, & concéntrate
(Synperonie O8D 20} and a ‘self mix' concentrate
(Corexit 9527%), An earlier series of experiments (Morton
and Franklin, 1980) had shown that these dispersanis span
the range of toxic effects when mixed with fresh Kuwait oil
and tested by the standard MAFF “sea’ test.

2. Methods

Experimental details of the tests used in this study are sum-
marized below, A more detailed description of the “sea” and
‘beach’ test apparatus and methods has been given by
Blackman et al., 1977.

2.1 Materials

All of the toxicity expeériments described in this report

were carried out with filtered (<10 pum) natural sea water of
28-357 foo salinity at a temperature of 14 — 16°C.

Fresh Kuwait crude ¢il, taken from a 200 | drum obiained
from the Warren Spring Laboratory, Stevenage, in Augasi
1978 and stored In a sealed container, was used as the refer-
ence standard in all experiments. Oiher test oils were
obtained in 5 or 10 | quantites from the Warren Spring
Laboratory in October 1978, with the exception of the
Iranian oils which were supplied by BP Trading Ltd,
Sunbury in May 1979 and the *four star® petrol which was
obtained locally. Details of the oils are given in Tables 2,3
and 4, The viscosity measurements were made by the
Warren Spring Labomiory using o Perrantl portable rota-
tiomal wiscometer at optimised shear rates. Sub-=amples of
each oil were stored in 250 ml airtigh! metal cans to pre-
venl bosies due to evaporation; a fresh can was opened for
each experiment, All oils were brought to the test tempera-
ture of 15°C before use, with the exception of residual

* The smple of Corexit 9527 usel for thess experiments was diffesent
3

from the formubatkon currestly in production.



then randomly added to each tank and the lids put in place.
After a further 2 h the aemators were removed and the
motors. switched an. The motor speeds were checked with
the aid of a stroboscope and adjusted, If necessary, to
betwean 1 350 and 1 450 r/min. The lds were then pushed
o one dde to allow the test material to be added. The cone
centrations wied for the crude odls were 20, 50, 100, 200,
500, 1 000, 2 000 and & 000 pd 17" a soitable range of
concentrations was chosen for each ofl product. Each con-
centration was tested in duplicate and controls of clean sea
water were included in ench test, The sensitivity of shrmps
to Kuwait oil has been shown to vary seasonally (Norton
and Franklin, 1980} and, as it was thought that this would
alsn oceur durng the period of the test programme, twao
concentrations of Kuwait oil (200 and 1 000 gl ") were
included as a reforence in each test. If the résponse times of
the experimental animals exposed to these two reference
concentrations were oulside a parrow predetermined range
the test was repested; those data which were acceptable
were then adjusted using the median Kuwait response as a
standard, 1o take aceount of wvarlations in shrimp sensitivity
between tests. The oil concentrations were nominal, no
measurements being made of the actual concentrations
during the experiment. The oil was added to the tanks from
a disposable syringe which was directed into the vortex
created by the propeller to epswre immediate mixing a
reproducible dispersion.

The solution of all odls except rezidual fuel oil were renew-
ed after 48 h to counteract loses of the lighter fractions
duz to absorption by the test organism, degradation or
volatilization, Stirring of the tanks maintained the dissal-
ved oxygen concentration at close to alr saturation value
(8.4 mg 1)

The tanks were Inspected at frequent intervals, including
24, 48, 72 and 96 h after sdding the oil, and dead animals,
defined as those not responding (o gentle prodding, were
recorded and removed. Because of the possibility of cannd-
balism of freshly-moulted shrimps, the number of animals
remaining alive at the end of the experiment was also noted
s0 that the mosfality attributable to the fest treatment
could be calculuted. At the time of each observation, and
for each tank, the cumulative percentage mortality was cal-
culated using the formula 2 m — 1 100, where m was the
i)

cumulative number dead and p was the total aumber of
gnimals in the tank. Thus, in experiments which staried
with 20 shrimps in the tank, the death of the first shrimp
wias recorded az g 2.5% mortality, the sscond as T7.5% and
the 20th as 97.5%. This is because the median response
relates not to the response of the ténth animal out of a
total of twenty but to a response between the tenth and
eleventh animal {Lioyd, 1979).

Figare 2 shows how the mortaliny data were used to obtain
g 96 h LCS0 value for each-pil, using Kuwait oil as an
example, For each test tapk the cumulative percentage
mortalities were plotted against exposune time as described
by Franklin (1980} and a time/mortality curve drawn by
eve {Fipure 2a), The time at which 50% mortality occur-

red (LT50) in each fank waos then read off this graph
Estimates of the variability of the msponse of the test
populations were made by calculating the 95% confidence
limits from the slope of the line (Litchfield, 1949), Additl-
onally, It was often useful to obtain approximate estimates
of the concentrations of oil lethal to 50% of the test
organisms (LC50) ot fixed observation times. These were
obtained from concentration/mortality curves in which the
cumulative percentage mortalities at, for example, 96 h
were plotted ogainst the corresponding concentrations
(Figure 2b}). A line fitted by eye between the points allow-
ed approcimate values for the LC50 at thess time intervals
to be estimated, A concentration/median response {foxi-
city) curve was then obtained by plotting the values of the
LT50 against concentration and the estimated values of the
LC50 against the corresponding time, using log. — log.
graph papeér. A curve was fitted by eve through these two
gets of points (Figure 2c). The LC50 values for 96 h expo-
sure wepe derived from the toodeity curve. Since the concén:
tration of oil present in the tanks was not measured and the
actual concentration of the various oil components may not
have remained constant during the period of the test, the
ferm LO(TYS0 has been used, where C(T) is the initial con-
centration of test substance (Llowd and Tooby, 1979}
2.4 ‘'Bea’ tests

Sixteen tanks of the type shown in Figure 1 were each
filled with 18 1 of sea water and agrated for at least 1 h.
Twenty shrimps were then randomly added to each fank
and the lids put in place. After a further 2 h the aerators
were removed and the bids moved to one gde to allow the
test material to be added. In each test, materials were added
Lo these sixtesn tanks as follows:

Kuwwait oil (3 tanks);

test oil alone (4 tanks);

test ofl plus BP 1100X (3 tanks);

test ol plus Synperonic OSD 20 (3 tanks);
test ofl plus Corexit 9527 (3 tanks).

It should be noted that the number of replicates used in
this experimental programme was less than the five wsed
when a dispersant is submitted for testing as part of the
Heoenzing procedure under the Dumping at Sea Act. Eight-
een mi of oil were applied to the surface of the water in the
tanks and, where appropriate, 18 ml of dispersant {or a
10%% solution of dispersant concentrate) were distributed
as evenly as possible over the surface of the oil. The concen-
trations were thus 1 000 pl 1°* of the oil, and either 1 00D
gl 17" of BP 1100X or 100 gl 1"' of Synperonic OSD 20
or Corexit 9527, These concentrations of oil and disper-
=0t wene nominal.

Ope minute after adding dispersant the lids were replaced
to cover the test tanks and the modors were switched on to
give stirring speeds of between | 350 and | 450 r/min. A
visual assessment of the depree of dispersion obtained in
each tank was made at the start and end of the 100 min
exposure period. After 100 min the motors were switched
off, the lids removed and the surface oil and oily water



0=

(&) jignd) o) o & asgnnany

Hows from stort of experimant (logarithaic scole|
Figure 2  Example of how the mortality data for fresh Kuwait crude oil were used to obtain the 96 h LC50:

time/mortality curves,

(a)

PN p———— B T e e e L

C540

&
Concentration in ul -1 [logarithmic scalel

20

5 = T

501

0 =
ﬂ -
[@joas jagoud| A oymaw B4 Bal | Bihwng

gl!]

Example of how the mortality data for fresh Kuwait crude oil were used to obtain the 96 h LC50:

(b)

Figure 2

concentration mortality curve.



e TR I .. End_of aupsriment
o TN
W
=
£
3
£
&
£ Imn
-
¥ 4
L]
s
L]
L
b
;:
B = ; :
¥ 10 1000 10 0

Concentrafion of of adeed pl 1 [logordhee soale|

Figure 2. Example of how the mortality data for fresh Kuwait crude ol were used io obtain the 96 h LC50:
{¢) concentration/medizn response (toxicity) curve.
¢ =  median lethal times and 95% confidence limits,
B = median lethal concentrations,
[1 = % morality at end of experiment (if > 0 and < 100%).

siphoned out of the tanks, The test animals were then gently
transferred (o tanks of clean, gently-flowing, aersted sea
water for 24 h so that those which were anaesthetised by
the oil might recover. At the end of this period the number
in each tank found o be dead [defined as lack of response
to genile prodding) was reconded. To account for any
cannibalism of freshly-moulted shrimps the number of
animals remaiming alive at the end of 24 | was also noted to
allow the mortalities caused by the test treatment to be cal-
culated, The mortalities in each set of replicates were then
compared statistically with thosz in the fest oil contrnol
{uging the method described below in Section 2.6) to
determing (a} whether there was a significant difference
between the toxicities of the test oil and Kuwait oil and (&)
the extent to which the addition of each dispersant mosdi-
fied the toxicity of the test oll,

25 ‘Beach’ tests

Two sats of five test plates, each with 20 limpets attached,
were placed horizontally, attached animals uppermost, in
spraving lanks, Each limpet on one &t of plates was spray-
ed from a height of about 10 cm with 0.8 ml of Kuwait oil,

from a hand-operated sprayer, to give an spplication rate of
about 0.4 1 m—, the average rate for beach application, The
second sel was sprayed in a similar manner with the test
oil, except that the two fuel oils had to be poured onto the
limpets, becauss of viscosity problems, The reference dis-
persants were not included in the "beach” test series since in
the standard test limpets are exposed to dispersant alone
and net to o dispersant/oil mixiure as in the “sea” test,

The plates of sprayed limpets were left in moist air for & h
before being waghed for 15 8 with running sea water. Each
plate was then suspended vertically in a recovery tank and
subjected to further rinsing with clean sea water by means
of suecessive simulsted “tidal cyeles’, as described in section
2.2, Limpets which became detached from the plates were
recorded as dead and were removed from the tanks after
24 h and 48 h; After 48 h any remaining limpets not firmly
sttached to thelr plates were gantly detached and placed on
the tank floor, Those failing 1o reatiach to & surface within
o further 24 h period were also counted as dead. The total
mortalities of limpets after 72 h on the five plates treated
with the test ol and the five plates treated with Kuwait oil
were compared statistically using the techmique described
in saction 2.6.



2.6  Statistical analyss of ‘sea’ and ‘heach’ test data

Before a statistical test could be performed on the data set
from any ‘sea’ or "beach' test to determine the degree of
significance between mortalities in the various treatments,
it ‘was first necessary o test the homogeneity of the repl-
cates, lLe,, to determine whether the animals in different
fanks with tha same treatment had the sume probability of
dying. This homogeneity was tested by constructing a 2x
contingency ftable (see, for example, Armitage, 1971,
pp207-211). K »*, as determined by this test, was signifi-
camt at the 95% leval, sugpesting that betwesn replicates the
resulis were not homogeneous, then the resulls were
regarded as invalid and the experiment was repeated.

If the replicates were found o be homogeneous, then a sig-
nificance test based on the comparison of two proportions,

unpaired case (¢g., as described by Armitsge, 1971,
pp 129-131) was carried ouwt as follows:
Reference ol Test
(contral}

Total number dead = ry 3
Total pumber

tested " ny fls
Proportiondead = p, =N py =

ny I3

Pooled proportion

dead, p = rtry

Ry tHs

Differance betwesn

proportbons desd, d = Py —Pa
Q5% confidence (1

=) (1=p1)
limits of o = d+]96|P 2ot ps .
fly My

Standandized normal

deviate, u =

p{!l p] | 1
I ”1 ~
The null hypothesis that p; = py was rejected in favour of
Py #py if u was significant at the 95% level.

Both the homogensity and slgnificance tesis were carrjed
out wsing o programme written for a Hewleii Packard
HPOT caleulator,

3. Resulis

The LC{IS0 values, or median lethal concenirations, of
each oll to Crangon after 96 h exposure, as well as the ‘sea’
and ‘beach’ test data for the oils alone, are summarised in
Table 5. The results of each of the three types of test are
discussad s parately below.

3.1 96 htests

Table 5 shows that the oil products spanned a wide range of
toxicity with *four star” petrol having a 96 h LC{T)50 value
of only 15 gl I whilsi the least toxic product, lubricating
oil, did not cause any significant morality of Onengon at
4 000 wl ', There was very Little differénce between the
acute toxicities of the 19 crude oils: their 96 h LO(I)S0
values lay within the range 32 to 140 pl I, with [2 of
them within the range 50 to 95 ul I', The corresponding
toxicity curves are shown in Figure 3; these appear to fall
into three main groups with lubricating and fuel oil being of
very low toxicity, four star petrol being the most toxie, and
the remainder being of intermediate toxicity. Although
diesel, pas oil and mediom foel oi were slightly more toxic
at 96 h than most of the crude oils, the toxicity curves for
the crude ofls were steeper, and concentrations greater than
the 96 h LC50 killed shrimp more rapidly. This was probab-
ly due to the greater quantities of more toxic wolatie
compounds in the crude oils; when thess components are
removed by “topping’ the curve is much shallower (Connar,
1972). Most of the curves have an inflection between about
0.3 and 10 h. This cannot be explained by the renewal of
the test solution at 48 h, but possible causes are that oil (2}
has more than one mode of toxie action, g, a chemical
effect on physiological reactions and a physical effect on
cell membranes, (b) containg a mixture of Tast-acting sub-
stanees toxic at high concentrations and slower acting com-
pounds toxle at low concentrations, and (c) changes with
time, i.e., “weathering': all these reactions are likely to
occur with a substance as chemically complex as oil, and
their importance depends on the exact composition of each
oil.

32 ‘Hea’ tlesis

Although the resulis of the 96 h tests indicated that there
was very litthe difference in toxicity between the various
crude ofils, the "sea’ test showed that nine of them were
gignificantly more toxic than was Kuwait oil when fested
fior 100 min against the same population of shrimps (Table 5).
All of the oil products tested (excluding petrol} were signi-
fleantly less toxle than Kuwalt ofl,

Resulis showing the effect of dispersants on the toxicity of
each oil are given in Table 6. The degres to which the
toxicity of the test oil wae affected by chemical dispersion
depended on the dispersant used. In peneral, Synperonde
08D 20 did not modify the degres of toxicity of each oil,
whilst BP 1100X tended 1o reduce its toxicity and "Corexit
3527 to increase it. Since these experiments were under-
taken, the formulation of Corexit 9527 has been changed,
and a more recent sample tested by the MAFF "sea” test did
not spgnlficantly increase the toxicity of Kuwall oil, This
dispersant has now been licensed for séa and beach use. The
effects of dispersants on the degree of toxicity of the
various oils, are illustrated in Figure 4 where the mortalitiss



Table 5 — The acute toxicity of 25 oils and oil products

Chils and products 96 h LO(Is0 % mortality (mean of n replkates)
{ranked in onder of o Cramgon
imcreasing viscosily CREHEmN MAFF ‘sea’ tast MAFF ‘bech” tost
within each group) Mﬂq )

Kuwait Test Kuwait Test

oil [m = 3} afl {r = 43 afl in = 5) oil {m = 5)
IMPORTED:
Abu Dhabi 48 &8 an 45 50
Libynn 120 a8 98+ 45 47
Saadl Arsbian (1] 4B 58 4% 4B
Irardan light 14i) "3 Bl 1% 34t
Migerian 1] 13 64 E L 40
Mol 86 m 7] m st

ui
ﬁﬁn heavy 1240 8BS 79 45 AT
MORTH SEA:
Murchisen a5 a2 95 20 sgt
Thistle 130 k-] o4 45 69
Boryl 37 58 oo+ a7 g
Brent 32 18 61% 27 4%
Momtrass ] 67 BA di [
Piper D i gat 45 78t
Farties B3 £8 B0 n a5
Ekollsk 30 TR B4 44 43
Ak T 149 5wt 44 13
Claymone BO o) ¥ 1] 4T
Argyil & 73 &6 T 54
PRODGUCTS: ” -
‘Four ar® petrod % e R e e mnt bt e e i
DHgsol 5 23= ] 28
Gas adl 13 T0 B” £
Lisbricating oil =4 000 (L] | 38 4
Medium fuel oil &1 63 g 7 il
Resid ual feel ol 2 60D 321 i b7 b 1=
= slgnificantly bower mortality than Kuwait oll st 5% probability (P 50005
+ = genificanthy preater moriality than Kwowakt oll Hﬁuhnbﬂh}r lﬂﬁ.ﬂg]
Table 6 — Results of MAFF ‘sea’ tests using 24 oils and oil products and three dispersants
Oils (ranked in % martality (mean of » replicates)
order of
Encrensing Ol alone O plus BP1100X Ol plas Synpercnic Oill phus Corexit
visogity within s - - T
cach group) {n=d) (=13} OS50 20 (r=3) 5T = 3)
IMPORTED:
Abu Dhabd Lol 67 — T a5
Libyan ] (% BR— L]
Saudi Arablam il -, 50 )
Iranian Hghi &1 11 Bl a0
Migerian &4 &0 T2 ?i‘_
Kuwnit 59 46 a4 78
Iragud E3 T 85 A2
Iraninn hesvy TO TH 87 H4
MORTH SEA:
Murchison 95 92 L o1
Thistle &4 58 [+ BS
Beryl ) 637 87 A
HBreni Gl 48 57 i3
Mmtroee Bi B2_ BS 95
Piper &9 10 #o 93:
Fortios &l T4 fn 23
Ekalmk 54 73 & 22
e as 5 B i
= FELTE

ilru;y:ll &6 62 78 Lad
PRODECTT 5: -
Diesel 2 a_ 15 8
Laan, ol B 0 T 23t
Lubricating oil 1] - ] 0
Maadiiim Tuel odl ¥ 1] 15 12
Fesid vl fosl of 1 o { 2

= = sigmificantly lower moriality than ofl alome at 5% probability (£ 05}
+ = significantly greater martality than oil alope st 25% probability 0.05)

* = garller Formubation, diiferent from presat day
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Figure 3, The toxicity of 25 oils to the brown shrimp (Crangon crangon)
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Figure 4, The effect of three disparsants on the toxicity of 24 oils to shrimps in the MAFF ‘sea’ test.
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of shrimps exposed 1o oil /dispersant mixiures are plotied
apainst those in oil alone. The linear correlation of all three
dispersants is highly significant (P 399 9%), sugpesting that
the toxicity of most oils tested here was affected to a simi-
lar extent by the addition of dispersmnt. There was,
however, some variation in the degree of significance of the
difference in mortality; this varation was larger than that
obtained in the standard test and may be related o the
smaller number of replicates used in thess experiments.

Martinelli and Cormack (1979) showed that the elficiency
of a dispersant (the sbility to form stuble suspensions of
oil in water) is related to the viscosity of the oil to which
it is applied, and it seems likely that this in tum could
modify the toxicity of the resulting odl/dispersant mixture.
However, when the differences between mortalities (d) are
plotied against viscosity (Figure 5) it i clear that there &
no correlation between viscosity of the ofl and the degres
to which its toxicity is affected by chemical dispersion.
Research into factors influencing the effect of dispersants
on ol toxicity is continuing.

33 'Beach' tests

The mortality of Hmpets treated with Kowait oil moped
from I8 to 46% (Table 5) which may be attributed to
sensonal varations in thelr sensitivity (Monon and Franklin,
19600, It seems likely that the snsitivity of limpets to
other oils would vary similarly and repetition of several of
the experiments ot different times of year showed that
there was very good agréement between tests, the differ-
ences betwesn mortalities (d) remaining the same despite a
differing response 1o Kuwait ofl.

Most of the 18 erude oils which were compared with
Kuwait ofl were more toxic to Hmpets, the difference in
toxicity being statistically sipnificant in 11 cases. As in the
“sea’ test, none of the ofl products tested was more toxic
than Kuwait, the toxlcltles of gas oll, lubricating oil and
residual Tuel ol being skenificantly less. To determine
whather there was a general relationship between the
toxicity of oils to shrimps and to limpeis a3 measured by
these tests, the differences between mortalities (d) of
limpets in ihe “beach’ test were plotted against those of
shrimps in the ‘sea’ test (Figure 6). A lingar correlation
analysis failed to detect a significant relationship between
the two sets of dota for crude oils, but when combined with
data for oil products the correlotion was significant
(P >35).

4.  Conclusions

Al of the 19 samples of crude oll tested were of broadly
gimilar toxicity and there appearsd to be no difference
betwean fresh imported oils (8 samples) and MNorth Sea
criude oils (11 samples), Although the light oils tended to be
the most toxic there did not appear to be a general relation-
ship batwesn toxicity and wiscosity. Otiway (1971) also
failed 1o detect any clearcut correlation between the
chemical composition of 20 crude oils and their toxiciny

to the periwinkle Littoring fiftorolis. There was a wide
varation in the tosiclty of ol products to shrimps and
limpets, with *four star’ petrol being the most toxie under
the test conditions and lubricating oil the least, However, in
practice, because of its volatility, spilt petrol is unlikely to
enter the waier column in substantial quantity. Thus, n
broad terms, the toxicity tests did not identify among those
commonly carried kn the Morth Sea an individual oil which
might cause special concern if spilt.

Mane of the "’ tests using the crude olls with three dis-
persants gave resulis which were substantially different to
those obtained with fresh Kuwait oil. The use of a single
oil a5 a standard in the MAFF 'sea’ test therefore appears to
be justified and the critérion of acceptability would apply
to other crude oils even though fresh Kuwait il was one of
the least toxic of those tested. Fresh Kuwait crude odl was
als among the least toxic to limpets and this property & an
advantage In the "beach’ test in which the toxicity of the
dispersant is compared with that of an oil. Thus, if the
foxicity of o digpersant were (o be compared with that of
one of the more toxic crude odls, it might just pass the test
whereas it woukd fail if compared 1o a less toxic crude ofl.
Therefore, o dispersant which passes the criferion of the
standard ‘beach’ test with fresh Kuwait oil as the reference
would also satisfy the criterion if another oil was used, and
there Is no need to Incresse the number of reference oils
wsed,

Acknowledgement

This programme of research included & project funded in
part by the Commission of the Eurcpean Commumnities,
5 References

ARMITAGE, P., 1971. Statistical Methods in Medical

Research. Blackwell Scientific Publications, Oxford
and Edinburgh, 500 pp.

BLACKMAN, R.AA., BAKER, IM. JELLY, 1. and
REYNARD, S, 1973, The DONA MARIKA oil spill.
Mar. Pollut. Bull, 4: 181-182.

BLACKMAN, F.AA., FRANKLIN, F.L., NORTON M.G.
and WILSON, KE.W., 1977, Mew procedures for the
toxicity testieg of oll slick dispersants. Fish, Res
Tech. Rep., MAFF Direct. Fish. Res., Lowestoft,

{(39) Tpp.

BLACKMAN, R A A, and LAW, R.J., 1980. The ELENI V
oil spill: fate and effects of the oll over the first
twelve months, Part 1. Oil in waters and sediments.
Mar. Pollut. Bull., /72 199204,

BOURME, W.R.P., 1977, Ecofiasco. Mar. Pollut. Bull., &
121-122.

BOURNE, W.R.P., 1979, The CHRISTOS BITAS affair.
Mar. Pollue, Bull,, 70: 122-123,



CONCAWE, 1979. Published regulatory guidelines of
enviconmenial concern 1o the ol industry in Western
Europe. CONCAWE, Den Haag, Report Mo, 1779,
Section 2-1,

CONNOR, PM., 1972, Further investigations into the toxi-
city of oil and dispersants. ICES CM 1972/E:14 :
& pp (mimeo).

CROSS, T.F., SOUTHGATE, T. and MYERS, A.A., 1979,
The initial pollution of shores in Bantry Bay, Ireland,
by oil from the tanker BETELGEUSE. Mar. Pollut,
Bull,, I : 104-107.

DEPARTMENT OF ENERGY, 1980. Development of the
oil and gas resources of the United Kingdom. HMSO,
London, 539pp.

DEPARTMENT OF THE ENVIRONMENT, CENTRAL
UNIT ON ENVIRONMENTAL POLLUTION, 1976.
Accidental ofl pollution of the sea. HMS0, London,
170 pp. (Pollution Paper No. B).

FRANKLIN, FL., 1980. Asseming the toxicity of
industrial wastes, with particular reference to
variations In sensitivity of test animals, Fish. Res.
Tech. Rep., MAFF Direct. Fish, Res., Lowestoft, (61)
10 pp.

GREAT BRITAIN — PARLIAMENT, 1974 The Dumping
il Sea Act 1974, Chapter 20. HMSO, London, 14pp.

LITCHFIELD, 1.T. Ir., 1949, A method for rapid graphic
solution of time-percent effect curves. J, Pharmac.
exp. Ther., 27 : 399408,

LLOYD, R., 1979, Toxicity tests with aquatic onganisms,
Paper presented at the Sixth FAQ/SIDA Workshop
on Aquatic Pollution in Relation to Protection of
Living Resources, FAQ, Rome, Report No, TF - RAF
112 (SWE] - Suppl. 1 : 165-178,

Bas 93639/B 16108 11/82 TP

13

LLOYD, R and TOOBY, T.E, 1979. New terminology
required for short-term static fish bioassays : LO(T)S0.
Bull. Environ. Contam. Toxicol,, 22 ¢ 1-3.

MARTINELLL F.M. and CORMACK, Do, 1979, Investiiga-
tion of the effects of oil viscosity and water-in-oil
emulsion formation on dispersant efflciency, Warren
Spring Laboratory Stevenage, LR 313 (OP), TRC No.
RE-SMT-R-T905. 7 pp.

NORTON, M.G. and FRANKLIN, F.L., 1980, Ressarch
into toxicity evaluation snd control criteria of oi
dispersants, Fish. Res. Tech. Rep., MAFF Direct.
Fish. Res., Lowestoft, (37) 20 pp.

O'SULLIVAN, AJ, 1975, Massive oil spillage in Bantry
Bay. Mar. Pollut, Bull., & ; 34.

O'SULLIVAN, AJ., 1978 The AMOCO CADIZ oil spill,
Mir. Pollut. Bull., 9 ¢ 123128,

OTTWAY, 5., 1971, The comparative toxicities of crude
gils. pp. 1T2-1B0. In : E.B. Cowell, (Editor). “The
Ecological Effects of OH Pollution on Littoral
Communities.' Institute * of Petroleum, London,
250 pp.

RICHARDSON, M.G., 1979, ESS0 BERNICA incident,
Shetland, Dec.,/Jan, Mar. Pollut, Bull, 0 : 97,

SMITH, LE. (Editor) 1968. TORREY CANYON poilu-
tion and marine life. Cambridge University Press,
London, 196 pp.

WILSON K.W., COWELL, E.B. and BEYNON, L.R_, 1974,
The toxicity testing of oils and dispersants : A
European View. pp. 129-141. In : LR, Beynon, and
E.B. Cowell, (Editors). *Ecological Aspects of Toxicity
Testing of Oils and Dispersants.’ Applied Science
Publishers, Barking, England, 149 pp.



