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Besides being an essential element,Zn has been shown
to be toxic to aquatic organisms (SKIDMORE 196u4,BRYAN
1971 ,WALDICHUK 1974).Acute lethalities of Zn salts to te-
leosts have been reported (EISLER & HENNEKEY 1377,WONG
et al.1977,HUGHES & FLOS 1978), but few data regarding
Zn toxicity to elasmobranchs can be found (CRESPO et al.
1978,FLOS et al.1979).To evaluate the effect of Zn on
elasmobranchs and to compare the data with those on te-
leosts this paper studies Zn toxicity and the accumula-
tion of the metal in the gills of the dogfish Scyllorhinus
candicula exposed to 180 and 80 ppm of zinc.

MATERTIALS AND METHODS

Experiments were conducted on 78 dogfish which were
kept for at least one week before experimentation in an
open circulation tank (natural seawater pH 7.7;salinity
35.8-37.2;temperature 13-186°C).Specimens were placed-in
individual tanks. Zn solutions were prepared by adding
ZnSOLL to seawater up to the concentrations of 400,300,200
150, 100,75 and 50 ppm.Six fish were exposed to each con-
centration ,50% males,50% females in each group since
differences in Zn content and Zn accumulation due to sex
have been described in the dogfish (CRESPO & BALASCH 1979
a,CRESPO et al.1979).Gills were taken out from the spe-
cimen,carefully washed in de-ionized water and filaments
were separated from each cartilaginous arch.Filaments and
arches were analyzed for Zn by atomic absorption spectro-
photometry after digestion in concentrated HNO, and dilu-
tion with de-ionized water.Left and right Sampies were
analyzed together as no 51gn1f1cant differences in Zn
content were found in previous experiments between both
samples (Student t-test).

RESULTS

Evaluation of the Zn toxicity. Fig.l1 presents morta-
1lity curves according to the US standard method (SPRAGUE
1969).Lethal concentrations as well as median survival
time (fig.2) are determined. It appears that LC 50 24 h
and LC 50 48 h for the dogfish are 180 and 80 ppm,respect-
ively.
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Fig.1 Mortality curves for the dogfish exposed 24 and
48 h to different concentrations of S0,Zn (ppm Zn)
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Fig.2 Median Survival Time in h (MST) of the dogfish
exposed to different concentrations of S0,Zn (ppm Zn)
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Zn accumulation and distribution in the gill system
following 7n treatment. Table 1 shows Zn content in the
untreated fish (12 animals),and Zn treated groups: 175
ppm~14 h;80 ppm-14 h;80 ppm-24 h;(6 animals per group).
No fish died during treatment;thus passive uptake of Zn
after death (EISLER & GARDNER 1973) was avoided. Zn accu-
mulated in the gill system,accumulating in the filaments
more than in the arches. Zn content in the filaments de-
pends on 7Zn concentration in seawater rather than on ex-
posure time since no significant differences appear bet-
ween 14 h and 24 h exposure to 80 ppm groups.

On carrying out the multivariate analysis of the va-
riance (SEAL 1964): 3 levels (0 ppm-0 h3;80 ppm-14 hjand
80 ppm-24 h) and 5 variables (Zn concentrations in the
five pairs of filaments); the factorial structure of the
variables (CUADRAS 1974 a,b;CRESPO et al.1979) revealed
that the filaments carried by the second arch were those
which absorbed the greatest amount of zinc per unit of
dry weight.

DISCUSSION

On comparing our data on the dogfish with those on te-
leosts (JONES 1938,DOUDOROFF & KATZ 1953 ,SKIDMORE 1964,
WONG et al.1977,HUGHES & FLOS 1978) it is apparent that
the dogfish is much more resistant to Zn pollution than
species studied by these authors (Gasferosteus acufeatus;
Salmo gaindnendi;Cte nopharyngodon Ldellus;Cyprinus carplo)
However all these teleosts are freshwater species.EISLER
& HENNEKEY (1977) studied Zn toxicity to an estuarine
fish Fundulus heterocclitus; the LC described (LC 50 24 h)
ig 125 ppm Zn. The fact that the LC 50 24 h for the dog-
fish is higher than the one for the mummichog can be due
to the lower salinity and higher temperature of estuarine
seawater rather than to the fact of being different spe-
cies.Nevertheless no conclusion can be given until more
elasmobranch species are studied and Zn toxicity to fresh-
water elasmobranchs is evaluated.

From our results it is apparent that the dogfish ac-
cumulates Zn in both gill filaments and gill arches after
treatment with lethal concentrations of Zn.However Zn
content of the gill system is not a good index to evalua-
te toxicity since 175 ppm-14 h treated group and 80 ppm-
24 h treated group showed both toxicity symptoms and yet
Zn concentrations in the gill filaments differed signi-
ficantly.Moreover 80 ppm-14 h and 24 h treated groups did
not differ significantly in their Zn content.

The filaments that showed a greater accumulation per
unit of dry weight were those carried by the second arch,
i.e. the most developed ones.These results are in agree-
ment with data obtained following subacute treatment
(CRESPO et al. 1979) and woul suggest a higher specializa-
tion of the biggest gills.

Un published data from ocur laboratory (CRESPO 1979)
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show that there is no accumulation of Zn in the organs
(liver,spleen,pancreas) after acute treatment while the-
re 1s an important accumulation following subacute treat-
ment (FLOS et al. 1979).These data would be in agreement
with histological observations in teleosts (SKIDMORE &
TOVELL 1972,CRANDALL & GOODNIGHT 1963).,as well as in
elasmobranchs (CRESPO & BALASCH 1973 b).

Acknowledgements. We are grateful to Dr. P.Arté for
the collecting and storing of the fish.We thank G.Lacort
M.Roure and M.Baucells for AA assistance.

RETERENCES

BRYAN,G.W.:Proc.R.Soc.B 177,389 (1971)

CRANDALL,A.C. & C.J.GOODNIGHT:Trans.Am.Microscop.Soc. 82
59 (1963)

CRESP0O,S.: 1st Europ.Biochem.Physiol.Conference.Liege
Belgium (1979)

CRESPO,S. & J.BALASCH: Rev.Esp.Fisiol. in press(1979 a)

CRESPO,S. & J.BALASCH: XVIII Congr.Soc.Esp.C.Fisiol.
Valencia (1979 b)

CRESP0,8.,R.FLOS,J.BALASCH,G.ALONSO: Comp. Biochem. Physiol.
63 C,261 (1979)

CUADRAS,C.M.:"Andlisis estadistico multivariante y re-
presentacidn candnica de funciones estimables" Pu-
blic.Univ.Barcelona (1874 a)

CUADRAS,C.M.: Trab.Est.Inv.Oper.Madrid 25-3 ,3(1974 b)

DOUDOROFF,P. & M.KATZ: Sew.and Ind.Wastes 25,821 (1953)

ETSLER,R. & G.R.GARDNER:J.Fish Bicl. 5,131_T1973)

EISLER,R. & J.HENNEKEY: Arch.Environ.Contam.Toxicol. 6,
315 (1977)

FLOS,R. ,A.CARITAT,J.BALASCH: Comp.Biochem.Physiol.gl4 C,
77 (1979)

HUGHES,G6.M. & R.FLOS: J.Fish Biol. 13,717 (1978)

JONES,J.R.E.: J.Exp.Biol. 15,394 (1938)

SEAL,M.L.:"Multivariate statistical analysis for Biolo-
gists" 1st.ed. Methuen,London (1964)

SKIDMORE,J.F.: Q.Rev.Biol. 39,227 (1964)

SKIDMORE,J.F. & P.W.A.TOVELL: Water Res. 6,217 (1972)

SPRAGUE,J.B.: Water Res. 3,793 (1969)

WALDICHUK,M.: In "Pollution and Physiology of Marine
Organisms" F.J.Vernberg and W.B.Vernberg ed.Acade-
mic Press (1974)

WONG,M.H. ,K.G.LUK,K.Y.CHOT : Acta Anatomica 99,450
(13877)

944



