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I. Introduction

In the years following 1967 when Thcwrecko fthe TORREY
CANYON fliil loomed public utlention on oil polluiion
ITherc have boon a number of hime spills of crude oil and
refined oil producta around the British Isles (Table 1). Oils
vary considerably 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 oilisa complex
mixture of numerous hydrocarbon and other components;
in particular, crude oils from different sources possess a
wide range of phyBcal properlies and chemical compos-
lions. The toxidty of crude oih and oil products to a wide
range o f marine organisms has been assessedby a numberof
workers but very few comparable data arc available foe oils
commonly transported and hence potentially liable to be

spilt m the coastalarcas of Northern Europe.

Chemical dispersants have been used to treat many o f the
spills listed ui Table I.but since 1974 dispersants have been
subject to statutory <control by licensing under the
Dumping at Seu Act (Great Britain - Parliament, 1974).

The assessment of toxicity for regulatory purposes is

earned out at the MAFF Fisheries Laboratory at Burnham-
onCrouch using two toxicity tests which simulate the use
ofdispersantsat seaand on beaches (Blackman ela!/, 1977).
Although a standard oil (fresh Kuwait crude) Is used In
these tests, little was known about the toxicity of other

types ofoil after treatment with disperiants

1.1 Scope o fthe research programme

This report presents the results of a series of investigations
carried outbetween February 1979 and May 1981 to assess
the relative toxicities of a range of oils, alone and when
treated with three representative dispersants. The tests were
intended primarily lo identify those oils which were likely
to cause special environmental problems if spilt at sea. and
secondarily to indicate whether more than one oil should
be used in the standard M AFF tests for oil dispersants.

Three types of toxicity test were canted out to determine:

(a) the acute toxidty of each oil to brown shrimps

(Crangoncrangon L)within a96 h exposure period in order

to obtain comparable toxicity curvei and LCSO data;

Table I Major(> 1000 t) oil spills off North-west Europe between 1967 and 1980

Date Ship or Area Typeof Approximate Source
oilfield oil quantity
(IO 3 tonnen)
March TORREY Cornwall Kuwait 120 Smith, 1968
1967 CANYON crude
October PACIFIC Isle of Nigerian 6-7 Department o f the
1970 GLORY Wight crude Environment, 1976
August DONA M ilford ‘Four star' 3 Blackman er of.. 1973
1972 MARIKA Haven petrol
October UNIVERSE Bantry Kuwait 2-3 O'Sullivan. 1975
1974 LEADER Bay crude
November OLYMPIC Dover Iranian 2-3 Departmento fthe
1975 ALLIANCE Strait light crude Environment. 1976
April Ekoftsk North Ekoftsk 10-30 Bourne. 1977
1977 oilfield Sea crude
March AMOCO Brittany Iranian light crude 1202220 O'Sullivan. 1978
>
1978 CADIZ Arabian light crude loo)-20
May ELEN! V East Heavy fuel 5 Blackman and Law, 1980
1978 Anglia
October CHRISTOS Pembroke Iranian heavy 2-3 Bourne. 1979
1978 BITAS crude
December ESSO Sullum Bunker C 1-2 Richardson. 1979
1978 BERNICA Voe fuel
January BETELGFUSE Bantry Saudi Arabian 2 Ctonetul, 1979
1979 Bay crudes



Tabic2 - Deiailsofimported nils used in Ihe experimental programme

Source Type Viscosity at IS*C Percentage of
total carriage
Cenllpolso Shear nile (1978)*
*"
Abu Dhabi Mufban etude 6.2 945 52
Iran Lightetude 11.7 945 )
) 19.7
Iran Heavy etude 19.2 791 )
Iraq Basrah etude 17.0 945 6.9
Kuwait Crude IS.8 945 5.9
Libya Brega crude 96 945 5.7
Nigeria Crude 132 945 7.6
Saudi Arabia Light crude 9.6 945 26.1

* Excluding carnage between ihe UK *nd Norway or trance and The carriage of rcftoed or pan-reflned prodicia beraten Northwest
European port* AOother » uiceaof crude oil. refined or part-refined producia coenprbrira* iban J% each (Warren Sprint Laboratory,

pia— IcommunKamn).

Table 3- DcUib of North Sea oih used in ihe experimental programme

Field Viscosity at IS*C Production (10* tr* )«
Centipotse Shat tate 1977 Estimated peak
<r')
Atgyll 30 315 0A 1.1
Auk 15.8 791 22 22
Beryl 72 948 3.0 5.0
Brent 72 945 11J 230
Claymore (stabilised) 21.0 945 0.3 4.5
Ekoflsk 12.2 627 20.0 300
Forties 10.9 945 20.1 24.0
Montrose 72 945 0.8 1.4
Murchison 66 945 0 72
Piper 10.4 945 8.6 12.6
Thistle 66 945 0 8.7

e Department of Ener*y, 1980



(b) the elicct of tlue« selected dispersants (a con-
ventional and two concentraten) on lhe acute toxicity of
the conditions o f the

each oil to brown

M AFF 'sea' test

shrimps under
a dispersant passes this test 1i the oti dis-
persion it toxic than physically-

produces is no more

dispersed oil;

(¢) the
limpets {Patella vulgata) under the conditions of the MAFF

relative toxicity of each oil to common

'beach' test - a dispersant passes this test Ifit is no more

toxic than the reference oil used.

These tests were of a short-term nature and carried out
under standardised laboratory conditions to provide com -
parable data on a number of oils as a basis for evaluating
the results of routine screening tests. The study was not
intended to form a basis for predicting ecological effects
caused by spilt or dispersed ods; such an exercise would
require the provision of additional data from different terts

(Wilson etal.. 1974).

The
likely to be spilt m UK waters, mduding those crude oils
imported m greatest the UK
the major North Sea oilfields. The

19 crude oils selected for the tests were thoie most

quantity into and those

produced in eight
imported oils listed in Table 2 represent over 75% o f the
total od carried tn UK watersui 1978. excluding od canted
between the UK and Norway oi Fiance and ihe carriage of
refined or pan refined products between any north-west
European ports. Table 3 luti the eleven North Sea crude
ods tested, and details of production from each field. The
crude oils were tested in the *fresh' slate to provide a com -
IThe M AFF
standard test. In an earlrer tenes of experiments (Norton

1980) fresh od which had been ‘weathe'ed’

parison with fresh Kuwait oil used in the
and Franklin,
by exposing it to air for 24 h was greatly reduced in toxi-
city; tests of such od would therefor« require concentra-
tionsof oU greater than the 1 OOOplH and/orlonger expo-

sure periods than the 100 min of the standard test.

W eathered otis are alto lets amenable to dispersion by
chemicals and. in practice, only fredi oils are capable of

beingreaddy dispersed into Thewater column.

Six od products, chosen to represent the major groups of

oil products transported through UK waten, were also
tested; these are listed In Table 4. Tests to deternUnc the
effects o fdispersants on five of these productswere Includ-
ed because, even though oilproducts are notnormally con-
sidered to be amenable to dispersant treatment, there have
been instances of such spills being sprayed (Blackman and
Law, 1980). These tests arc alsouseful in providing informa-
tion on the relative effects of different dispersants when
applied to oils with a wide range of physical and chemical
properties. 'Four star' pelrol was nol included in the ‘sea’
'beach’ the results of the 9b h

showed that 100% mortality occurred well within 100 nun:

and tests because tests
furthermore. It Is m oil unlikely that chemical dispersants
would be used to treata materialo fsudi high volatility and

low viscosity as petrol.

Table 4 Details of oil products used in the experimental

programme
Product

Viscosity at I5°C

Centipolse Shear rate

(=)
'Four star'* petted 0.83 Notdependent
Dleael 4.0 945
Cas oil S 948
Lubricating oil 88 203
Medium fuel oil 1090 78
Residual fuel oil 28 550 49

* Pretriim qoxlity (Road Octam Number 97): maximum pcrm fttcd
lead cooleni0.4g f (CONCAWF, 1979)

The three dispersant®* used in the 'lea' tests were chosen to

represent each of the major categories of formulation

currently available, and included a conventional hydro-
carbon solvent-based dispersant (BP II00 X ). a concentrate
OSD 20)

(Corexit 9527*). An earlier series of experiments (Norton

(Synpcionic and a 'self mix' concentrate
and Franklin. 1980) had shown that these dispersants span
the range o ftoxic effects when mixed with fresh Kuwait Oil

and tested by the standard MAFF 'sea'test.

2. Methods

Experimental detaib of the tests used in this study are sum-
marised below. A moredetailed description of the 'sea'and
and methods

mbeach' test apparatus

1977.

has been given by

Bbckmanetai.
2.1 M aterlaU
All of the

were carried out with filtered (<10jan)naturalsecawaterof
16*C.

toxicity experiments described in this report

28-35*lo0 salinity at a temperature of 14 -

Fresh Kuwait crude oil. taken from a 200 I drum obtained
from the Warren Spring Laboratory. Stevenage, in August

1978 and stored in a scaled container, was used as the refer-
O ther

I quantités from

standard in test oils were

in 5 or 10

ence all experiments.

obtained the Warren Spring
Laboratory In October 1978, with the exception of the
supplied by BP Trading Ltd,

Sunbury In May 1979 and the 'four star' petrol which was

Iranian oils which were

obtained locally. Details o f the oils arc given in Tables 2.3
und 4.

Warton Spring Laboratory using a Ferranti portable rota-

The viscosity measurements were made by the

tional viscometer at optimised shear rales. Sub-samples of
each oil were stored in 250 ml airtight metal cans to pre-
vent losun 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

«Tho simple o fCorexil 9527 u.cd for rliete experiments«at different from the formulation currently in production.



then randomly added lo each lank and ihe lidiput In place.
Afier a further 2 h

motors switched on. Tl»e motor speeds were checked with

ihe aerators were removed and the
the aid of a stroboscope and adjusted, if necessary, to
between I 350 and 1450 r/min. The lids were then pushed
to one side to allow the test material to be added. The con-
100, 200.

I*'; a suitable range of

centrations used for the crude oils were 20. 50.
500. 1 000. 2 000 and 4 000 pi
concentrations was chosen for each oil product. Each con-
centration was tested in duplicate and controlso fclean sea
water were included in each test. The sensitivity of shrimps
to Kuwait oil has been shown to vao’ seasonally (Norton
and Franklin, 1980) and. as it was thought that this would
also occur during the period of the test programme, two
1 000 pi I**)were

included as a reference in each test. Ifthe response times of

concentrations of Kuwait oil (200 and
the experimental animals exposed to these two reference
concentrations were outside a narrow predetermined range
the test was repeated; those data which were acceptable
were then adjusted using the median Kuwait response as a
standard, to lake accounto fvariations in shrimp sensitivity
between tests. The oil concentrations were nominal, no
measurements being made of the actual concentrations
during the experiment. Tire oil was added to the tanks from
a disposable syringe which was directed into the vortex
the

reproducible dispersion.

created by propeller to ensure immediate mixing a

The solution o f all oils except residual fuel oil were renew -
ed after 48 h to counteract losses o f the lighter fractions
due to absorption by the test organism, degradation or
volatilisation. Stirring o f the tanks maintained the dissol-
ved oxygen concentration at close to air saturation value

(8.4 mg I*1).

The tanks were Inspected at frequent intervals, including
24,48.72 and 96 h after adding the oil. and dead animals,
defined as those not responding to gentle prodding, were
recorded and removed. Because o f the possibility o fcanni-
balism of freshly-moulted shrimps, the numbero f animals
remaining alive atthe end ofthe experiment was also noted
so that the mortality attributable to the test treatment
could be calculated. At the time of each observation, and
for each tank, the cumulative percentage mortality was cal-

culated using the formula 2 m - 1 x JQQ where m was the

2p
cumulative number dead and p was the total number of
animals in the tank. Thus, in experiments which started
with 20 shrimps in the tank, the death of the first shrimp
was recorded as a 2.5% mortality, the second as 7.5% and
tlie 20th as 97.5%.

relates not

This is because The median response
to the response of the tenth animal out of a
total of twenty but to a response between the tenth and

eleventh animal (Uoyd, 1979).

Figure 2 shows how the mortality data were used to obtain
a 96 h LC50 value for each oil, using Kuwait oil as an
lank
mortalities were plotted against exposure time asdescribed
by Franklin (1980) and a

eye (Figure 2a). The time at which 50% mortality occur-

example. For each test the cumulative percentage

time/mortality curve drawn by

red (LTS50)
of the variability of the

in each tank was then read off this graph.
Estimates response of the test
populations were made by calculating the 95% confidence
limits from the slope of the line (Litchfield, 1949). Additi-
onally, it was often useful to obtain approximate estimates
of the concentrations of oil lethal to 50% of the test
organisms (LC50) at fixed observation times- These were
obtained from concentration/mortality curves in which the
cumulative percentage mortalities at. for example, 96 h
were plotted against the corresponding concentrations
(Figure 2b). A line fitted by eye between the points allow-
ed approximate values for the LC50 at these time intervals
to be estimated. A concentration/median response (toxi-
city) curve was then obtained by plotting the values of the
LT50 against concentration and the estimated values ofthe
LCS0 against the

graph paper. A curve was fitted by eye through these two

corresponding time, using log. - log.
sets of points (Figure 2c). The LC50 values for 96 hexpo-
sure were derived from the toxicity curve. Since theconcen-
tration ofoil present in the tanks wasnot measured and the
actual concentration of the various oilcomponents may not
have remained constant during the period of the test, the
term LC(I)SO has been used, where C (1) is the initial con-

centration of test substance (Lloyd and Tooby, 1979).

2.4 ‘Sea’ tests

1 were caeli
least 1 h.

Twenty shrtmps were then randomly added to each tank

Sixteen tanks of Iltc type shown in Figure

filled with 18 1 of sea water and aerated for at

and the lids put in place. After a further 2 h the aerators
were removed and the lids moved to one 6de to allow the
test material to be added. In each test, materials were added

to these sixteen tanks as follows:

Kuwait oil (3 tanks);

testoil alone (4 tanks);

test oil plus BP 1100X (3 tanks):

test oil plus Synpcronic OSD 20 (3 tanks);
test oil plus CorexIt9527 (3 tanks).

It should be noted that the number of replicates used in
this experimental programme was less than the five used
when a dispersant is submitted for testing as part of the
licensing procedure under the Dumping at Sea Act. Eight-
een ml ofoilwere applied to the surface o fthe water in the
tanks and, where appropriate, 18 ml of dispersant (or a
10% solution of dispersant concentrate) were distributed
asevenly as possible overthe surface of the oil. The concen-
trations were thus 1000 pi I*1 oftheoil,and either 1000
pi 1* of BP 1100X or 100 pi I*1 of Synpcronic OSD 20
or Corexit 9527. These concentrations of oil and disper-

sant were nominal.

One minute after adding dispersant the lids were replaced
to cover the test tanks and the motors were switched on to
1350 and 1450 r/min. A

visual assessment of the degree of dispersion obtained in

give stirring speeds of between

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
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Figure 2 Example of how the mortality data for fresh Kuwait crude oil were used to obtain the 96 h LC50:
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Figure 2 Example of how the mortality data for fresh Kuwait crude oil were used to obtain the 96 h LC50:

(b) concentration mortality curve.
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Figure 2.

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

(¢c) concentration/median response (toxidty) curve.

‘ =
° [ median lethal concentrations,

(1 =

siphoned out of the tanks. The testanimalswere then gently

transferred lo tanks of clean, gently-flowing, aerated sea
water for 24 h so that those which were anaesthetised by
the oil might recover. At the end o fthis period the number
ui each tank found to be dead (defined as lack of response
recorded. To account

to gentle prodding) was for any

cannibalism of freshly-moulted shrimps the number of
animals remaining alive at The end 0of24 h was also noted to
allow the mortalitiescaused by the test treatment to be cal-
culated. The mortalities in each set of replicates were then
compared statistically with those in the test oil control

(using the method described below in Section 2.6) to
determine (a) whether there was a significant difference
between the toxicides of the test oO and Kuwaitoil and (b)
the extent to which the addition of cadi dispersant modi-

fied the toxicity of the test oil.

25 -Beach' tests

Two sets of five test plates, each with 20 limpets attached,
were placed horizontally, attached animals uppermost, in
spraying tanks. Each limpet on one set of plates was spray-

ed from a heightofabout 10 cm with 0.8 mlof Kuwaitoil,

median lethal times and 95% confidence limits.

% mortality atend of experiment (if> 0 and < 100%).

from a handoperated sprayer, to give an application rate of
about 0.4 Inr*.the average rate for beach application.The
second set was sprayed in a similar manner with the test
oil. except that the two fuel oils had to be poured onto the
limpets, because 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 not to a dispersant/oil mixture as in the ‘sea' test.
The plates o f sprayed limpets were left in moist air for6 h
before being washed for 15 s 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 successive simulated 'tidal cycles’, 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. After48 h any remaining limpets not firmly
attached to their plates were gentlydetached and placed on
the tank floor. Those failing to reattach to a surface within
a 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 oil and the five plates treated with Kuw ait oil
were compared statistically using the technique described

in section 2.6 .



2.6 Statistical analysis of ‘seu’ and beach’test data

Before a statistical test could be performed on thedata set
from any ‘ea’ or ‘beach’ test to determine the degree of
significance between mortalities in the various treatments,
it was first necessary to test the homogeneity of the repli-
cates, i.e., to determine whether the animals in different
tanks with the same treatment had the am e probability of
dying. This homogeneity was tested by constructing a 2x
table 1971,

pp 207-211). If X3. as determined by this test, was signifi-

contingency (sec, for example, Armitagc,

cant at the 9S% level, suggesting that between replicates the

results were not homogeneous, then the results

the

were

regarded as invalid and experiment was repeated.

If the replicates were found tobe homogeneous, then asig-

nificance test based on the comparison oftwo proportions,

unpaired case (c.g., as described by Armitage, 1971,
pp 129-131) was carried outas follows:
Reference oil Test
(control)

Total numberdead = g
Total number
tested | I n;
Proportiondead = Pi"Si- P>-Si-

ni ni
Pooled proportion
dead.p = r, *r,

nitrij

Difference between
proportions dead,d = Pt -Pi

95% confidence
- . %
limits ofd . d+ist p.o-p.) + p:< Fp>
«1 "j

Standardised normal

deviate, M Pi

. pi - .
The null hypothesis that px m p; was rejected in favourof

Pi tPi if« was significantat the 95% level.

Both the homogeneity and significance tests were carried

out using a programme written for a Hewlett Packard
HP 97 calculator.

3. Results

The

each oil to Crangon after 96 h exposure, as well as the ‘sea’

LC(I)50 values, or median lethal concentrations, of

and ‘beach’ test data for the oilsalone, are summarised in
Table 5. The results of each of the three types o f test are

discussed sepaiately below.

3.1 96 h tests

Table S shows that the oil products spanned awide range of
toxicity with *four star* petrol havinga 96 h LC(1)50 value
ofonly 15 pl H whilst the least toxic product, lubricating
oil, did not cause any significant mortality of Crangon at
4 00O *rl I-1. There was very little difference between the
19 crude oib: their 96 h LC(1)50
140 pi H , with 12 of

acute toxicities of the
values lay within the range 32 to
them within the range 50 to 95 pi I*I. The corresponding
toxicity curves arc shown in Figure 3: these appear lo fall
into three main groups with lubricating and fuel oil beingo f
very low toxicity, four star petrol being the mosttoxic, and
the remainder being of intermediate toxicity. Although
diesel, gas oil and medium fuel oil were slightly more toxic
at 96 h than most of the crude oils, the toxicity curves for
the crude oils were steeper, and concentrations greater than
the 96 h LC50killed shrimp more rapidly. This was probab-
ly due to the greater quantities of more toxic volatile
compounds in the crude oils; when these components arc
removed by ‘topping’ the curve ismuch shallower (Connor,
1972). Most of the curves have an inflection between about
0.3 and

the test solution at 48 h. but possible causes arc that oil (a)

10 h. This cannot be explained by the renewal of

has more than one mode of toxic action, c.g., a chemical
effect on physiological reactions and a physical effect on
cell membranes, (b) contains a mixture of fast-acting sub-
stances toxic at high concentrations and slower acting com -
pounds toxic at low concentrations, and (c) changes with
time, i.e,, ‘wWeathering’: all these reactions are likely to
occur with a substance as chemically complex as oil. and
their importance depends on the exactcomposition ofeach

oil.

3.2 ‘Sea* tests

Although the results of the 96 h tests indicated that there
was very little difference in toxicity between the various
crude oils, the 'sea' test showed that nine of them were
significantly more toxic than was Kuwait oil when tested
for 100 min againstthe samepopulationofshrimps(Table 5).
All of the oil products tested (excluding petrol) were signi-

ficantly less toxic than Kuwait oil.

Results showing the effect ofdispersantson the toxicity of
each oil arc given in Table 6. The degree to which the
toxicity of the test oil was affected by chemical dispersion
depended on the dispersant used. In general, Synpetonic
OSD 20 did not modify the degree o f toxicity of each oil,
whilst BP 1100X tended to reduce its toxicity and ‘Girexit
9527’ lo increase it. Since these experiments were under-
taken, the formulation of Corexit 9527 has been changed,

and a more recentam ple tested by the MAFF 'sea* test did

not significantly Increase the toxicity of Kuwait oil. This
dispersant hasnow been licensed for sea and beach use. The
effects

of dispersants on the degree of toxicity of the

various oils, are illustrated in Figure 4 where the mortalities



Table5 -

Ou*and modve«

(ranked norda of
»cita«nfvtscooi)
«ithia caelipoop)

IMPORTID
Abu D(obi
Ubytn

Saudi Arabius
Iranian [*ht
Nigerian
Kuwait

Iraqui

Iranian heavy

NORTH SF.A:
Murchison
Thistle
Beryl
Oreni
Montrose
Piper
lortiei
LkotUk
Auk
Claymocc
ArjyU

I>ROI>IXTS:

"B ™ bisal* Mitiil
Diriei

Gai oil
Lubricating od
Violu n furioil
Kciadual fuelod

* mfurk'jally

96 h 10050
to Ostfoa

crmmfo*

var'y

48
120
60
140
SO
80
90
120

95
130
27
32
70
80
85
50
70
80
80

ks
25
13

>4 000

«l
2 600

The acule toxia!) of 25 oils and oti products

* nxcUBy (meano fn repinte«)

MAFF wa*tec

Ilm 1
od («* 3)

88
88
48
83
33

90
85

92
38
S8

18
67
70
68
78
19
40
73

70
65
63
32

mortal«) thai K m « O« at959 protebiity r<UX?)

+ » mgmflcantly pester mortality than K m « O« at95% pobabigy

Table6

O is (ranked in
order of
increasing
nwouty within
each group)

IM10ORTID
Abu Dhabi
Libyan

Saudi Atubian
Iranian light
Nicerian
Kuwait

Iraqui

Iranian heavy

NORTH SEA:
Murchison
Thistle
Beryl
Brent
Montia *
PiP«
lortira
Lkofok
Auk
Claymore
Argyi

PRODUCTS:
Diesel

Gato«
Lubricaliae od
Medium fM1 od
Retaluiifuel O«

-+ upiulluntly lowermodality thin 08 atone it 95% probability (P*0.0S)
- m ngniffcanily «catei mortality ttun oilalone at 95% probability </<0.08)
e - cailler Humiliation,illttcient from prétentday

% mortality (meano fa replie««)

Oil »lone

In

90
98
58
81
64
59
83
79

95
64
90
61
86
89
80
4
59
79
66

22

— oo .

- 4)

08 pluiBPHOOX

(n-3)

67
61

30"

90
60
16
70
70

92
58

63"

48

11-

74
73
53
33
62

2~
0«

0«

Toi

»8(n* 4)

90
98*
58

U»

83
79

86*

>

ittt (mthkl

Resultsof MAFF *w ‘testsusng 24 ofeand oB productsand three dispera«!«

01 plutSynpcronic

OSD 20 (n m 3)

77
88"
50
81
72
64
85
87

89
65
87
57
85
80
80
86
65
87
78

MAFF !*m<*.eten

Inu
o4t(.-5>

45
46
45
18
46

46
45

20
45
27
27
46
45
27
44
44
27
46

»mm«mHIWIHI«

38
27
27

Te«

oil(n * 5)

59
47
48
34%
40

60*
67%*

58»
69*
58%
46*
62%*

A5t
43

47y
54

OU phi» Corexit

9527«(n - 3)

93
93
73
90

82
88

83

b3«
92
o7

23*

12
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Figure 3. The toxicity of25 oilsto the brown shrimp (Oarvcon crangon)

(curves derived as in figure 2).
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of shrimps exposed lo oil/dispersant mixtures are plotted
against those in oilalone.The linear correlation o fall three
dispersants is highly significant (P 599.9% ), suggesting that
the toxicity of most oils tested here was affected to a simi-
by the

however, some variation in the degree o f significance of the

lar extent addition of dispersant. There was,
difference in mortality; this variation was larger than that
obtained in the standard test and may be related to the

smaller number of replicates used in these experiments.

Martinelli and Cormack (1979) showed that the efficiency
of a dispersant (the ability to form stable 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 turn could
modify the toxicity of the resulting oil/dispersant mixture.
However, when the differences between mortalities (d) arc
plotted against viscosity (Figure 5) it is clear that there is
no correlation between viscosity of the oil and the degree
to which its toxicity is affected by chemical dispersion
Research into factors influencing the effect of dispersants
on oil toxicity is continuing.

3] ‘Beach’ tests

The mortality of limpets treated with Kuwait oil ranged
18 to 46% (Table S) which may be attributed to
seasonal variations in their sensitivity (Norton and Franklin,
1980). It seems likely that

other oils would vary similarly and repetition of «verai of

from

the «nsitivity of limpets to

the experiments at different times of year showed that
there was very good agreement between tests, the differ-
ences between mortalities (</) remaining the same despite a
differing response to Kuwait oil.

Most of the 18 crude oils which were compared with
Kuwait oil were more toxic to limpets, the difference in
toxicity being statistically significant m 11 cases. Asin the
'sea‘ test, none of the oil products tested was more toxic
than Kuwait, the toxidtles of gas oil, lubricating oil and
fuel

titere

To determine
the

residual oil being significantly less.

whether was a general relationship between

toxicity of oils to shrimps and to limpets as measured by
these the

tests, differences between mortalities (d) of

limpets in the ’beach’ test were plotted against those of
shrimps in the ‘sea’ test (Figure 6). A linear correlation
analysis failed to detect a significant relationship between
the two sets of data for crude oils,but when combined with
data for the

{P>99%).

oil products correlation was significant

Conclusions

All o f the

similar

19 samples of crude oil tested were of broadly
toxidty and there appeared to be no difference
between fresh imported oils (8 samples) and North Sea
crude oils (11samples). Although the lightoils tended to be
the most toxic there did not appear to be a general relation-
ship between toxidty and viscosity. Ottway (1971) also
failed the

chemical composition of 20 crude oils and their toxicity

to detect any clear-cut correlation between

to the periwinkle Littorina littoralis. There was a wide

variation in the toxidty of oil products to shrimps and
limpets, with ‘four star’petrol being the most toxic under
the test conditions and lubricating oil the least. However, in
practice, because o f its volatility, spilt petrol is unlikely lo
enter the water column in substantial quantity Thus, in
broad tenus, the toxicity tests did not identify among those
commonly carried in the North Sea an individual oil which

might cause special concern ifspilt.

None of the ’sea’ tests using the crude oils with three dis-
persants gave results which were substantially different to
those obtained with fresh Kuwait oil. The u« of a single
oil as a standard in the M AFF 'sea’ testtherefore appears to
be Justified and the criterion o f acceptability would apply
to other crude oils even though fresh Kuwait oil wasone of
the least toxic of those tested. Fresh Kuwait crude oil was
also among the least toxic to limpets and this property is an
advantage in the ‘beach’ test in which the toxicity of the
dispersant is compared with that of an oti. Thus, if the
toxicity of a dispersant were to be compared with that of
one of the more toxic crude oils, it might Just pass the test
whereas it would farl if compared to a less toxic crude oil.
Therefore, a dispersant which passes the criterion o f 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 increase the number o f reference oils

used.

Acknowlcdgement

This programme of research included a project funded m

part by the Commission of the European Communities.

S. References

ARMITAGE. P.. 1971. Statistical Methods in Medical
Research. Blackwell Scientific Publications. Oxford
and Edinburgh, 500 pp.

BLACKMAN. R.A.A.. BAKER. J.M.. JELLY. J. and

REYNARD, S., 1973. The DONA MARIKA oil spill.
Mar. Pollut. Bull., 4. 181-182.

BLACKMAN, R.ALA.. FRANKLIN. F.L.. NORTON M.G.

and WILSON. K.W., 1977. New procedures for the

toxicity testing of oil slick dispersants. Fish. Res.
Tech. Rep., MAFF Direct. Fish. Res., Lowestoft.
(39) 7pp.

BLACKMAN. R.ALA. and LAW.R J, 1980. The F.LENI V

oil spill: fate and effects of the oil over the first
Part I. Oil In waters and sediments.

u 11 199-204.

twelve months.
Mar. Pollut. B
BOURNE, W.R.P.. 1977. Ecofiasco.

Mar. Pollut. Bull..«:

121-122.

BOURNE. W.R.P., 1979. The CHRISTOS BITAS affair.
Mar.Pollut. Bull,, /0: 122-123.



CONCAWE. Published of
environmental concern to the oil industry in Western
Europe. CONCAWE, Dm Haag. Report No. If79,
Section 2-1.

1979. regulatory guidelmes

CONNOR, P.M., 1972. Further investigailora Into the toxi-
city of oil and dispersants. ICES CM 1972/E:14
6 pp(mimco).

CROSS. T.F.,SOUTHGATE,T. and MYERS, A.A-, 1979.
The initial pollution of shores in Bantry Bay. Ireland,
by oil from the tanker BETEIGEUSI' Mar. Pollut.
BuU.,/0: 104-107.

DEPARTMENT OF ENERGY.
oil and gas resources of the United Kingdom. I1MSO.

1980. Development o f the

London,59pp.

DEPARTMENT OF THE ENVIRONMENT. CENTRAL
UNfT ON ENVIRONMENTAL POLLUTION. 1976.
Accidental oil pollution of the sea. HM SO, London,
170 pp. (Pollution Paper No. 8).

FRANKLIN. F.L.. 1980. the of

Assessing toxicity

industrial wastes, with particular reference to
variations in sensitivity of test animals. Fish. Res
Tech. Rep .M AFF Direct Fish.Res.Lowestoft.(61)

10pp.

GREAT BRITAIN PARLIAMENT. 1974. The Dumping
at Sea Act 197-1. Chapter 20. HMSO. London, ldpp.

LITCHFIELD. J.T.

solution

Jr., 1949. A method for rapid graphic
of time-percent effect curves. J. Pharmac.
exp.Thor.,97 : 399-408.

LLOYD, R.. 1979. Toxicity tests with aquatic organisms.
Paper presented at the Sixth FAO/SIDA Workshop
on Aquatic Pollution
Living Resources. FAO, Rome, Report No. TF « RAF
112 (SWE)*Suppl. 1 :165-178.

in Relation to Protection of

Bas93639/B 16108 11/82 TP

LLOYD. R. and TOOBY. T.E..
required for short-term static fishbioassays : LC(I)50.
1-3.

1979. New terminology

Bull. Environ. Conum . Toxicol.,22 :

MARTINELLI. F.N.and CORMACK. D., 1979. Investiga-
tion of the effects of oil vucosity and water-in-oil
emulsion formation on dispersant efficiency. Warren
Spring Laboratory Stevenage. LR 313 (OP). TRC No.
RR-SMT-R-7905.7 pp.

NORTON. M.G.

into

and FRANKLIN. F.L. 1980. Research
toxicity evaluation und control criteria of oil
Fish. Res. Tech. Ucp,, MAFF Direct.

Fish. Res.. Lowestoft,(57) 20 pp.

dispersants.

O'SULLIVAN. AJ.. 1975. Massive od spillage m Bantry

Bay. Mar.M lut. Bull.. 6:3-4.

O'SULLIVAN. AJ., 1978. The AMOCO CADIZ oil spill.
Mar. Pollut. Bull., 9 : 123-128.

OTTWAY. S., 1971. Tile comparative toxlcities of crude
oils. pp. 172-180. In F..B. Cowell, (Editor). The
Ecological Effects of Oil Pollution on Littoral
Communities.' Institute 'of Petroleum. London,
250 pp

RICHARDSON, M.G. 1979. ESSO BERNICA incident.

Shetland, Dec./Jan. Mar. Pollut. Bull. /10 :97.

SMITH, J.E. (Liiitor)

tion and marine

1968.
life.

TORREY CANYON pollu-
Cambridge University Presa,

London. 196 pp.

WILSON K.W.,, COWELL E.B
The
European View. pp. 129-141. In

and BEYNON, LR ..

testing of oils

1974
A
LR. Beynon, and

toxicity and dispersants
F.II.Cowell,(Editors).'Ecological Aspects o f Toxicity
Testing of Oils and Dispersants.' Applied Science

Publishers, Barking. England. 149 pp.



