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Abstract

In the lowest oil concentration tested (0.6 mg/I), the hatching
percentage of herring larvae was 50 %, being greater than in the
control (32 %). The percentage declined as the oil concentra
tion increased, and in the highest oil concentration (36 mg/I)
only 3.5 % of the eggs hatched. For pike fry, the 96-hour LC50
value was 43 mg/l and the corresponding LC90 value was 64 mg/I.
The growt~ of pike fry was significantly poorer in the two higher
oil concentrations than in the contro]. In the gills of pike fry
exposed.to oil, the secondary lamellae were bent and changes were
observed in the lamella epithelium. The epithelium of the intes
line was also damaged.

Hesume

Le pourcentage d'ec10sion des larves de hareng a ete 1e plus gran(1
(50 %) dans la plus petite teneur en petrole (0.6 mg/I) et plus
grand que celui (32 %) dans l'essai de contr51e. Mais autremenl,
le pourcentage d'eclosion s'est diminue a mesure de l'augmentation
(Ie la teneur en petrole, etant 3.5 % dans la plus grande teneur en
petrole (36 mg/I). Le taux LC50 de cinq jours pour les fretins de
brochet a ete note a 35 mg/l et, egalement, 1e taux' LC90 a 61 mg/I.
La croissance des fretins de brochet a ete dans les deux plus
grandes teneurs en petro1e moindre (signification statistique) que
dans le groupe de controle. Les lamelles secondaires dans les
branchics des fretins de brochet, exposes au petrole, ont etc
courbees, et il y a eu des changements dans l'epithelium des
lamelles. Aussi, l'epithelium de l'intestin a ete deforme.
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Introduetion

Eeonomically, the her ring is the most important speeies fished

off the eoast of Finland. Also of importanee is the pike, whieh

is a good sport-fishing speeies. In the event of an oil aeei

dent these speeies, and espeeially their eggs and young, are

likcly to be exposcd to oil.

Thc hcrring spawns in shallow bays' near the eoast (EHNHOLM 1951)

and the pelagie larvae are abundant elose to the water surfaee at night

in thc early summer (SJÖBLOM & PARMANNE 1978). The eggs and fry

of pike also oeeur in shallow water in the littoral zone (HÄK-
I'

KILÄ & NIEMI 1973). Aeeording to KUHNHOLD (1972), fish fry ean-

not avoid water eontaminated by oil, beeause their ehemorecep

tors rather rapidly beeome bloeked or destroyed. The embryo

and yolk-saek stages are the developmental stages most sensitive
11

to the effects of oil and oil eomponents (KUHNHOLD 1972, HÄKKILÄ

& tn DlI 1 9 7 3 ) •

In tllis study we examined the effeets of the water-soluble frac

tion of Russian crude oil on herring embryos and pike fry. Rus

sian crude oil constitutes about 65 % of all the oil imported

into Finland. The acute toxicity and effect' on growth were de

termined for pike fry, and tissue damage was also studied.

11 a t e r i a 1 an d met h0 d s

All thc experiments were done in brackish water (salinity 6 0/00).

Thc erude oil uscd in the tests was imported from the Soviet

Union. Tcn millilitrcs of erude oil was shaken vigorously in

one litre of brackish water for 5 minutes. After shaking thc

oil and water phases were allowed to separate for 1-2 hours.

The water phase was then used as the stoek solution and diluted

to thc dcsired eoncentrations. Thc oxygen concentration and pH

were measurcd at the end of each test and the temperature was

measured daily. At the beginning and end of each test a sample

of the test solution was taken for measurement of the oil con

centration. All the results of the water analysis are presented

in table 1.

Ta determine the rate of evaporation of oil from water; the stock

solution was diluted 1:2 and 1:20, and sampies of these dilutions



were

were

The

taken after 0, 6, 12, 24 and 48 hours. The test vessels

held in a water bath whose temperature was about 14 °C.

evaporation of the oil is presented in fig. 1.
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The concentrations of oil in the water sampies were determined

by the Institute of Marine Research with a fluorescence spectro

photometer, by the method of AHN OFF et alt (1974) and AHNOFF &
JOHNSON (1977).

Hatchability test. Spring-spawning herring (Clupea harengus)

caught in a trap-net were used as the parent fish. Eggs and

sperm were stripped straight on to glass plates (12 x 3 cm) and

mixed with a little water. Untertilized eggs were removed be

fore the bcginning of the experiment. At the beginning of tlle

test there were 49-94 eggs on the glass plates. Fourteen llours

after fertilization the glass plates were transferred to glass

jars containing 0.8 litres of test solution. The glass Jars

were kept in the dark, in a constant-temperature water bath.

Dead eggs were removed daily. The hatched fry were counted and

rcmoved once a day, and checked for malformations.

Acute toxicity test. The length of the pike ([sox lucius) fry

was about 20 mm. They were reared in lake water and be fore the

experiment they were acclimated ,for 2-3 weeks in brackisJI water.

The fry were fed with zooplankton. The fish were kept in glass

aquaria (35 x 22 x 18 cm, 2.5 1 test solution), placed in a wa

ter bath. There were 14 fry in each aquarium. Dead fry were

counted and removed after 1/2, 1, 3, 6, 12 and 24 hours, and

after that once a day for 7 days.

Present age mortality in each concentration was calculated by

the method of ßLISS (1935), which takes into consideration mor

tality in the controlaquarium. LC values were then calculated

according to LITCHFIELD & WILCOXON (1949).

Growth test. Ten pike fry were put into three different oil

concentrations and a control aquarium without oil. The aquaria,

each containing 5 litres of test solution or water, were kepl

in a water bath. The fry were fed with zooplankton three times

a day. Growth was detcrmined by mcasuring the length of thc

fry at the beginning of the experiment and 15 days later.
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Histology. For the histological examinations 20 pike fry were

kcpt.in three different oil concentrations and a control aquar

ium without oil. Five fry were removed and fixed from each con

centration after 6, 12, 24 and 48 hours. The fixative used was

4 % neutralized formaldehyde.

Results and discussion

Hatchability test. Thc herring cggs began to hatch 7 days after

fertilization and hatching continued for 7 days. Hatching was

bctter in low oil conccntrations (fig. 2). The highcr the oil

concentration, thc greater were the numbers of dead larvae.

Thc swimming movements of a few larvae were abnormal. Such lar

vac Ilad a bcnt backbone or distended yolk sack. Fewer live lar

vae with abnormalitics were observed than in earlier studics

(STRUHSAKER et ale i974, LINOtN 1976)~ It is remarkable that

thc hatching perccntage was higher in the oil conccntration of

0.6 mg/l than in the control~ Thcrc wcre also fewest dcad

hatchcd larvae in this concentration. According to ELORIOGE ct

ale (1977) a small concentration of bcnzene or xylene may givc

bctter hatching than in the control.

Acute toxieity tcst. Aftcr half an hour in thc strongest oil

concentration 50 % of thc fry had spasms, and in thc conccntra

tion of 50 mg/l thc corresponding proportion was 36 %. After

3 hours in 25 mg/l,86 % of thc fry had lost their balance, and

in the othcr coneentrations thc proportion was e~cn bigger •

Thc fry lay with thcir bcllics or sides upwards at thc water

surfacc. After 48 hours most of the fry that were still living

had rccovered. After 72 hours somc of the fry wcre swimming

normally, but some still had difficultics with their cquilibrium.

Ihis condition continued in the aquaria uniil all the fry had

died. The control fry behaved normally all the time. The re

covery from disturbances in equilibrium was evidently connected

with evaporation of oil from the water (fig. 1), because oil

was not added du ring thc test. HÄKKILÄ & NIEMI (1973) also not

ed that the narcotic effect of oil was reversible. Thc bchaviou'r

of thc pike fry during the two first days corresponds with the

results obtained by ROSENTHAL & GUNKEL (1967) and STRUHSAKER et

al. (1974). Thcy observed decreased swimming and feeding movc

ments and disturbances in equilibrium.
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The 96-hour LC50 value calculated on the basis of the mortality

percentages (table 2) ~as 43 mg/I. The 96-hour LC90 value was

64 mg/I. According to CRADDOCK (1977), the acute toxicity of

oil ~xpressed as LC50 values) ranges from 0.81 to 80 000 ppm,

depending on - among other things - the quality of the oil, ar

rangement of the tests and species of fish.

Growth test. The length of the pike fry at the beginning of the

test was 19.0-24.0 mm and after 15 days it was 21.0-29.0 mm.

The growth of the fry was significantly poorer in the test solu

tions than in the control (table 3). The poor growth may havc

been due to a decrease in the oxygen supply caused by damage to
I

the gills of the fry, or by decreased food utilization, because

changes were observed in the epithelium of the intestine. During

the first two days the fry also took less food in the higher oil

concentrations than in the lowest concentration and the control.

The growth of herring in water containing oil was also poot

(STRUHSAKER et ale 1974).

Histology. In the oil concentration of 2.2 mg/I, changes were

observed in the gills of the pike fry after 24 hours, and in

the greater coneentrations after as little as 12 hours. The

secondary lamellae were bent parallel to the filaments, with

which they normally form an angle of 60 0
• In some gil1s the

epithelium of the lamellae was also detached from the pillar

cell system or the plasma membrane of the epithelial cclls was

folded. The damage was worst in the greatest oil' concentration •
, '

In pike fry exposed·to the lowest oil concentration for one day,

the intestine had swollen epithelium. In fry kept in the oil

concentration of 2.2 mg/l the cells of the epithelium were de

tached at their bases after 12 hours. After longer exposure to

this concentration the damage was similar, but in the greater

oil concentrations the epithelium also contained necrotic cells.

Comparable changes in histology have been observed in rainbow

trout (Salmo gairdneri) exposed to oil (McKEOWN & MARCH 1978).

These results suggest thatan oil accident can cause great harm
to fish eggs and fry" if it happens during the spawning time,
and nearspawriing places.
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. Fig. 1. Evaporation of oil from test media •

A. Dilution 1:20 of stock solution.
B. Dilution 1:2 of stock solution.
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Fig. 2. Percentage hatching of herring larvae in different

oil concentrations. The white part of the column
represents living larvae and the shaded part dead

hatched larvae.



Table 1. Results of the water analysis.

Herring Pike

9

Hatchability test lC-test Crowth test Histology

Oll concentratlon, start 0 0.6 1.9 5.4 17.5 36

mg/l end 0 0.0 0.1 0.1 0.3 0.5

7.6 - 7.7

14.0 t 0.9
••

length of test,

days

pli

O2, mg/l 7.3

13

8.0

7 15 2

0 20 25 38 SO 69 0 0.1 2.2 5.2 0 0.4 2.2
0 0.5 0.7 1.0 1.1 1.2 0 0.0 0.3 1.4 0 0.6 1.5 16

16.3 - 18.0 14.3 - 18.0 16.2 - 16.9

7.8 - 8.0 7.6 - 7.7 7.9

5.4 - 7.9 3.8 - 4.6 6.9 - 8.8

Table 2. Percentage mortality of pike fry in different oil

concentrations.

• e Oil concentration, mg/l

h/d 20 25 38 50 69

3 28.6 100

6 9.1 42.9 100

12 14.3 71.4 100

24 14.3 71.4 100

2 14.3 71.4 100

3 14.3 71.4 100

4 9.1 9.1 14.3 72.7 100

5 9.1 30.0 50.0 80.0 100

6 60.0 83.3 100 100 100

7 100 100 100 100 100
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Table 3. The growth of pike fry during 15 days in different

oil concentrations. The numbers of dead larvae are

also presented.

Oil concentration, mg/l

{

,
o

Mean length, start 22.2±0.33

mm end 26.0 ± 0 .42

0.1

22.2±0.36

25.6 ± 0.36

2.2

21.1 ± 0.34

23.7±0.53

5.2

21.2±0.37

23.2 ± 0.23

Growth, %

Significance

17.1 15.3

p < 0.1

12.3

p<O.Ol

9.4

p < 0.001

Days Dead 1arvae

6 1

10 1

12 1

13 1 1 1

15 3 2

. ea
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