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The paper describes studies on the effect of the Kamieri

Pomorski crude oil on tissue respiration of eel, Anguilla
anguilla (L.). The crude oil concentration of 250 mg/l was
tested at 18 and 24°C, the fishes being exposed for 5 hrs and
6 days. A very considerable reduction in eel tissue respiration
was observed. Under the experimental circumstances, the
oxygen uptake was at its minimum and maximum in gills and
liver, respectively.

INTRODUCTION

In the recent years, marine life has been observed to be seriously endangered in off-
and inshore waters polluted with crude oil and its derivatives. Self-purification of sea is a
lengthy process; the polluted waters show a lower oxygen content. Crude oil, as a mixture
of multiple fractions, affects the aquatic biota in many ways, thereby destroying the
biological equilibrium in the sea.

Morrow and Gritz (1975) found, when studying toxicity of 16 compounds contained
in non-purified crude oil, aromatic fractions to be particularly toxic. These authors
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suggested that the toxicity of those compounds caused disorders in gill permeability,
which results in a fast accumulation of univalent ions in blood and impairs the
mechanisms of CO, — HCO3 regulation, thus increasing the blood CO;, load.

As shown by Tagatz (1961), juvenile herring were uncapable of avoiding oil-poliuted
waters as a result of blocking and destruction of their skin chemoreceptors. An average oil
product concentration enabling the fishes to survive 48 hrs when exposed to it ranged,
depending on the product, from 91 to 2417 mg/l, provided the oxygen content in the
water exceeded 6 ppm; that range proved lethal at the oxygen content below 3 ppm.

According to Rustamova and Kasimov (1977), crude oil concentration of 20 mg/l
brings about an increase in fish opercular rate. Fine droplets of crude oil derivatives, when
introduced with water into a fish organism, cover membranes of digestive tract and gills,
thus affecting the oxygen uptake, A decreased oxygen content in oilpolluted water as
well as a harmful effect of oil products deepen respiratory disorders, which leads to death
of a fish affected.

Eel, when migrating in marine and continental waters, is in particular danger of being
exposed to the effects of oil pollution. For this reason the knowledge on how the
physiological processes’ dynamics reflects the fishes adaptive abilities will facilitate the
determination of an extent to which a given oil-polluted habitat is unsuitable for the
species in question.

Therefore studies on the effect of crude oil-contaminated water on tissue respiration
of eel seem feasible.

MATERIAL AND METHODS

The tests were carried out un 57—68-cm long eel, Anguilla anguilla (L.) individuals
weighing 640—750 g, caught in May-June 1977 in the Szczecin Firth. The experiments
were run in aquaria, while the fishes to be tested were kept in basins filled with
permanently aerated tap water, After a 3-day conditioning, the tests were run
simultaneously in two groups: a control (K) and experimental (E) one. The control was
made up of fishes kept in suitably aerated tap water, while the experimental group was
exposed to a 250 mg/1 concentration of the Kamieri Pomorski crude oil in tap water.

The experimental fishes were exposed to the crude oil for 5 hrs and 6 days. Two
temperature values, 18 and 24°C, were tested.

After the pre-set period of exposure, the fishes were killed and their tissues taken out
and placed in ice. The amounts of oxygen taken up by tissues of liver, gills, and kidney
were determined by a direct technique of Warburg as described by Kleinzeller (1965) and
Umbreit et al. (1957). The tissues were cut to 5—10 um pieces and incubated in Ringer
fluid (according to Pequignot, 1964), 15% KOH being used as a CO, absorber. The water
bath temperature was 30°C. The pre-incubation time was 15 min. Readings were taken at
20-min. intervals for an hour. The amount of O, absorbed (Q) was expressed in ul O, /g
wet weight/hr.
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RESULTS

The results of studies on the effect of crude oil on tissue respiration in eel, Anguilla
anguilla (L.) kept at 18 and 24°C are summarised in Tables 1 and 2, the data covering
both the control and experimental groups.

Table 1
Oxygen uptake (Q0,) in ¢l O, /g wet weight/hr in gills, liver, and
kidney of control and experimental fishes kept at 18°C
No. Tissue Water
of Group studied ) ; .
individ. Liver Kidney Gills Oxygen
X 0o X o X ¢ mg O,/1 pH
10 Control 16410.9 177+1.6 252%1.2 9.8 7.6
Experimental
10 —5hrs® 15220.9 170%1.5 238%1.5 8.8 7.8
—6 days® 17241.5 | 183t1.2 | 237t1.4 8.0 8.1
X = arithmetic mean
0 = standard deviation
X = exposure
Table 2
Oxygen uptake (QO3) in 1 O, /g wet weight/hr in gills, liver, and
kidney of control and experimental fishes kept at 24°C
Tissue Water
No.
of Group studied Liver Kidney Gills Oxygen
individ. X o |l% o |3 o mg 0,/1 pH
10 Control 188%1.2 190%1.3 248%1.8 8.5 7.0
10 Experimental
-5 hrs* 178%1.4 186%1.6 240%1.6 8.0 7.5
—6 days® 161%1.4 150%1.3 182%1.6 7.8 7.0
X = arithmetic mean
0 = standard devation
X = exposure
DISCUSSION

The studies presented indicate the eel tissue respiration to differ significantly in each
organ tested. In both the control and experimental groups gills showed the most intensive
respiration as opposed to liver with the least intensive process.
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In the control, the tissue respiration intensity increased with water temperature. The
oxygen uptake at 24°C increased by 15.8% (7.3% in kidney), while the respiration in gills
remained at almost the same level as recorded in the control at 18°C.

Temperature of 18°C

The tissue respiration analysis for the experimenial fishes kept for 5 hrs in crude
oil-polluted water at 18°C showed a decrease, when compared to the control, in liver,
gills, and kidney by 7.3, S.5., and 3.8%, respectively

A prolongation of the exposure to 6 days proved to exert no effect on the tissue
respiration in gills, while in liver and kideny increases by 4.3 and 3.3%, respectively, were
observed compared to the control.

Temperature of 24°C

The tissue respiration intensity in the experimental fishes kept for 5 hrs at 24°C
decreased by 5.3, 3.2, and 2.1% in liver, gills, and kideny, respectively, compared to the
control.

After 6 days at 24°C, all the tissues tested showed a very marked drop in their oxygen
uptake. The respective uptakes in liver, kidney, and gills were by 14.4, 20.7, and 26%
lower than in the control.

When comparing tissue respiration intensities in the experimental fishes kept for 5 hrs
at 18 and 24°C, liver and kidney showed a higher intensity at 24°C, while gills did not
seem to be affected by temperature.

After 6 days of exposure at 24°C, tissue respiration intensity decreased markedly in
every organ studied compared to 18°C. :

Gills, owing to their direct contact with polluted water, are to the highest degree
exposed to the harmful effects of crude oil. After the first 5 hours a considerable drop in
tissue respiration takes place, while a prolonged period under the same thermal regime
does not alter the oxygen uptake in gills. )

An increase in the temperature of crude oil-polluted water up to 24°C results in a
marked decline in tissue respiration. After 6 days gills and liver reduce their tissue
respiration to one-fourth and one-fifth of the oxygen uptake recorded in the control.

A prolonged exposure to these conditions leads to death of a fish.

It is suggested that crude oil, as a toxic substance, at a certain water temperature may
uncouple oxygen phosphorilation and transport during the respiration process; thus the
amount of oxygen taken up is periodically increased, the released energy being los as heat
rather than stored in ATP. After a prolonged action of the uncoupler, when — at elevated
water temperature — all reactions are accelerated, the energetic resources indispensable
for the normal functioning of physiologic processes may be exhausted, thus leading to
death of an individual.

CONCLUSIONS

1. The tissue respiration as measured in gills, liver, and kidney of eel exposed for 5 hrs to
crude oil in water of 18°C decreased by 3.8--7.6%.
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2. After 6 days of exposure to crude oil in water of 18°C, the tissue respiration in gills
remained unchanged, while it slightly increased in liver and kidney.

3. In water of 24°C, the tissue respiration of liver, kidney, and gills of fishes exposed for
5 hrs to crude oil in water decreased.

4. After 6 days at 24°C, a very marked reduction in the tissue respiration was recorded in
every organ studied, i.e., the decline by 14.3, 21, and 26.6% in liver, kidney and gills,
respectively.
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WPLYW ROPY NAFTOWE]J NA ODDYCHANIE TKANKOWE WEGORZA
Anguilla anguilla (L.) W WODZIE O TEMPERATURZE 18°C 124°C

Streszczenie

Przeprowadzono badania wptywu ropy naftowej pochodzacej z rejonu ¥amienia Pomorskiego na
intensywno$é oddychania tkankowego wegorza Anguilla anguilla (1.). Badania prowadzono w okresie
maj — czerwiec. Wegorz przetrzymywany byt w wodzie o temperaturze 18°C jak i w temperaturze
24°C, skazonej ropg naftowa w ilo$ci 250 mg/| przez okres 5 godzin jak i 6 dni.

W wyniku badarfi stwierdzono wplyw podwyzszonej temperatury wody z 18°C do 24°C na
zwiekszenie oddychania tkankowego watroby i nerek. podczas gdy skrzela oddychaty na jednakowym
poziomie. Wptyw dziatania ropy naftowej spowodowat zmnicjszenic oddychania tkankowego.
Szczegélnie szkodliwe byto podwyzszenie temperatury wody do 24°C z réwnoczesnym przedtu-
zeniem okresu dziatania ropy nattowej do 6 dni. llo§¢ pobierancgo tlenu zmniejszyta sig¢ w skrzelach
0 26,6%, w nerce o0 21%, a w watrobie o 14,3%.
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P. Benrxunosuu, P. 3CaHumex, B. Kiumejixo, T'. T'ma001xa
BIUAHIE HEQTH HA TKAHEBOE IHXAHUE YTPf ANGUILIA ANGUILIA L.
B BOZE [PW TEMIEPATYPE 418°C M 24°C

Peszwoume

[IpoBeZEeHH WUCCIEZOBaHKA BAUAHUA HePTH, AoOwTOll B paifione Kamens Ilomop-
CKOTO, Ha MHTEHCUBHOCTH TKAHEBOTO AMXaHUA YyI'PHA Anguilla anguilla (T
llccumenoBanua NPOBOZUINCH B MAe-WWHE. JTPA COZEpRAlM B [BOZE, TeMIepaTypa
KOTOpO#f cocTaBifAna 18°C n 24°cC, 3aTPASHEHHON He(Th B cOOTHOWeHMN 250 MT
Ha JUTD BOZH B TeueHMEe 5 yacoB ¥ 6 ZHEi.

B pesynbTaTe MCCHEZOBaHM{ yCTAaHOBIEHO, UYTO NOBHUEHWE TeMIepaTypH Bonﬁ\
¢ 18°C 7o 24°C BimAeT Ha yBelUUeHUe MHTEHCUBHOCTY TKAHEBOTO AMXAHMA Ile-
YeHU U ITOYEeK, B TO BpeMd KaK ®alpH ZAuMAlu HA OZVHAKOBOM yPOBHE. [lleficTBUE
He(TH BAMANO HAa CHUXEHME MHTEHCUMBHOCTM TKAHEBOT'O AnXaHUA. 0co6eHHO Bpex-
HHM OKAa3alloCh NOBHIEHNE TeMOepaTypH BOZH A0 24°C mpu ozHOBpEMeHHOM npog-~
JeHUY BpeMeHuu ZelicTBud HedTm 70 6-Tu AHell. KonnuecTBO NOTAOMAEMOTO KUC-
JI0pOZa YMEHBUUIOCH B %adpax Ha 26,6%, B NMOYKE — Ha 21%, a B NEUEHK - 'Ha
14 ,3%.
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