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It is well known that mammalian, including human,embryos have
periods of particular sensitivity known as critical periods when
their susceptibility to foreign compounds is maximal (Wilson 1972).
In the case of fish, data from an extensive series of life cycle
toxicity tests (McKim 1977) have indicated that the embryo-larval
and early juvenile stages are generally more susceptible to
toxicants than later stages and most workers agree that, of these
early stages, the egg itself is more resistant than hatched sac-
fry or alevins (Eaton et al 1978; Rombough and Garside 1982;
Servisi and Martens 1978; Skidmore 1965). For example eggs of
king salmon Oncorhynchus tshawytscha hatched normally in 0.08 mg
cu 171 although fry died when exposed to 0.04 mg Cu L~! (Hazel
and Meith 1970). 1In contrast Grande (1967) observed that eggs
were more sensitive to zinc than the fry of trout Salmo gairdneri
and salmon Salmo salar. Blaylock and Frank (1979) made similar
observations for the response of carp, Cyprinus carpilo eggs and
larvae to nickel. However, since most work on fish eggs has
involved continuous exposure to the pollutant until hatching
either from fertilization (Rombough and Garside 1982; Westernhagen
et al 1975) or from the eyed stage (Beattie and Pascoe 1978;
Giles and Klaverkamp 1982; Rombough and Garside 1982; Woodworth
and Pascoe 1982), it has not been possible to record accurately
the actual stages of development at which the egg is most
sensitive. In an attempt to overcome this problem and to detect
any critical periods, the toxicity of three common heavy metal
pollutants was examined at six different embryonic and two alevin
stages of development.

MATERIALS AND METHODS

Freshly fertilized rainbow trout eggs were incubated in eggbaskets
in a 300-L tank in total darkness at 7.5-9.59C. The tank was con-
stantly supplied with dechlorinated aerated Cardiff tap water.
Cadmium stock solutions were prepared with reagent grade cadmium
chloride (CACly 2-5H,0), copper with cupric sulphate (Cu 804 5H,0)
and zinc with zinc sulphate (Zn SOy. 7H20). The metal concentration
range used in tests with eggs and alevins was based on preliminary
tests and chosen so as to cause a range of mortalities from 0-100%
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Table 1 Stage of development reached by rainbow trout eggs
incubated at 7.5-9.5°C for various lengths of time.

Number of days Stage of Development
post-fertilization

5 Blastodisc
10 Enlarged embryonic shield
15 Tip of embryonic tail formed;

optic lobes are small; heart
tube not visible at start of test
but heart beat seen within 2 days.
22 Vigorous movements of tail and
body; slight eye pigmentation;
pectoral fin buds visible.

29 Well developed embryo; beating
pectoral fins.
36 Fully developed embryos.
within 96 hours. One control tank was included for each metal
in all tests, which were performed in 4-L tanks. Nominal metal

concentrations (Table 2) and water quality throughout the tests
were monitored using standard analytical procedures (Beattie and
Pascoe 1978). Total hardness was 87.7 + 15.3 mg L™l as cacos;
temperature 8.6 * 0.79C; pH 7.8 + 0.2; “dissolved oxygen 99.8 +
0.7% air saturation value and conduct1v1ty 137 + 24 pmhos cm™ -1
Concentrations of cadmium, copper and zinc in the control tanks
were 0.002 # 0.001, 0.006 + 0.002 and 0.013 + 0.005 mg L~ -1
respectively. These represent the mean and standard deviation of
>110 determinations. Toxicity tests were carried out in total
darkness, with batches of 20 eggs at 5, 10, 15, 22, 29 and 36 days
post-fertilization and 20 alevins at 2 and 7 days post hatch.

The main characteristics (Table 1) of egg development at each stage
were examined microscopically on further representative samples of
20 eggs randomly removed from the stock tank at the same times as
the test eggs. During the test, dead (opaque) eggs were recorded
and removed. In some cases, particularly with zinc, only the
embryo body itself became opaque and death could only be confirmed,
at the later stages of development, by microscopic observation for
lack of heart beat. A similar confirmatory examination was made
in the case of alevins. Each test was terminated after 96 hours
and the median lethal time (LT50) and slope function (S) calculated
by the method of Litchfield (1949). Results are shown in Table 2:
confidence limits were calculated but are not included.

RESULTS AND DISCUSSION

Eggs and alevins died during the tests with the LT50 decreasing
with increasing concentration for all three toxicants. In order
to compare the sensitivity of each developmental stage an estimate
of the 48 hr LC50 (Table 3) was obtained from toxicity curves
relating LT50 and test concentration. In some cases it was
necessary to extrapolate the curve in order to obtain an approx-
imate value.
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It is clear that the blastodisc stage, 5 days post-fertilization
(at this test temperature) was markedly more resistant to all
three metals than any other developmental stage. This was
followed by an increase in sensitivity. In the case of cadmium
and zinc, the stage at which the embryonic axis becomes clear (10
days) was the most sensitive but with copper sensitivity increased
throughout embryonic development. The next major change occurred
after hatching when, with both cadmium and zinc, alevins were more
sensitive than eggs immediately prior to hatch. With copper there
was no such change.

The results with cadmium and zinc, though not copper, confirm the
observations of most workers (Eaton et gl. 1978; Rombough and
Garside 1982; Skidmore 1965) that the egg is typically more
resistant to pollutants than the hatched alevin. This is probably
due to a protective effect of the chorion preventing free passage
of pollutant to the embryo (Beattie and Pascoe 1978; Rosenthal
and Sperling 1974; Westernhagen and Dethlefsen 1975) rather than
to a change in sensitivity of the animal before and after hatching.

However, since the structure and physiology of the egg itself does
constantly change as development progresses it is to be expected
that the response to environmental changes, including pollutants,
will also change. Evidence relating to this is somewhat conflicting.
Skidmore ( 1965) demonstrated that newly laid zebra fish,Brachydanio
rerio eggs were highly resistant to zinc but became more sensitive as
development progressed while Benoit and Holcombe quoted by McKim
(1977), in contrast, found that the effects of zinc were greatest
when fathead minnow (Pimephales promelas) eggs were exposed before
water hardening had occurred.

One of the most comprehensive investigations was carried out by
Stoss and Haines (1979) who examined the effects of toluene on
medaka, Oryzias latipes eggs. Exposure during water hardening
and cleavage was lethal while eggs tested during the onset of
gastrulation and organogenesis suffered from severe structural
abnormalities. As organogenesis advanced, the teratogenic affect
declined. A second period of high mortality was correlated with
the increasing metabolic demands in the fully developed medaka
embryo.

The present investigation confirms that embryo sensitivity is not
uniform throughout development, being dependent on the stage of
development and the metal to which it is exposed. The blastodisc
stage was far more resistant to cadmium, copper and zinc than
other stages. This was also noted by Rombough and Garside (1982
in their studies of cadmium toxicity to Atlantic salmon although
Mori (1979) found that eggs of Carassius auratus were more sensi-
tive to cadmium and mercury at the blastodisc stage than at the
eyed stage. 1In the current work,the stage most sensitive to cad-
mium and zinc was ten days post fertilization during development
of the embryonic axis. Rombough and Garside (1982) similarly
observed peak mortality during gastrulation and axiation as well

as during development of the vitelline circulation and shortly
hefore hatohinga.
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Table 3 Estimated 48 hr LC50 (mg L_l) for eggs and alevins
exposed to cadmium, zinc or copper at various stages
of development

Stage of egg 48-hr LC50 48-hr LC50 48-hr 1C50
development: Cadmium Zinc Copper
days post-
fertilization

5 >100.0%* 24 8.0*

10 3.3 <1.0* 2.0

15 7.2 9.1 0.4

22 8.0 7.0 0.6

29 12.5 4.3 0.4

36 16.5 9.2 0.1
Alevins

bays post-hatch

2 5.8 3.2 <0.1
7 8.3 3.4

* values obtained by extrapolation of toxicity curves.

The pattern of egg sensitivity to copper was somewhat different
and although (as with zinc and cadmium) eggs at the blastodisc
stage were most resistant, sensitivity then increased gradually
with embryonic development until hatching. This difference in
sensitivity of eggs to copper, compared with cadmium and zinc,
suggests that copper may have a different target tissue or mode
of action as has been proposed by some workers for adult fish
(Bilinski and Jonas 1973). 1In the present investigation trout
eggs were exposed to metals at specific stages of development
and thus the recorded toxicity reflects the actual sensitivity
at these stages of embryonic development. This contrasts with
continuous exposure experiments, as many previous investigations
have been, which may not reflect the sensitivity of each stage
since a toxic effect could have been initiated early in develop-
ment only to be detected later.

Acknowledgements. We are grateful to the University of
Agriculture, Serdang,Malaysia, for funding this research.

References

Beattie JH, Pascoe D (1978) Cadmium uptake by rainbow trout,
Salmo gairdneri eggs and alevins. J Fish Biol 13:631-637

Bilinski E, Jonas REE (1973) Effects of cadmium and copper
on the oxidation of lactate by rainbow trout (Salmo
gairdneri) gills. J Fish Res Bd Can 30:1553~1558.

Blaylock BG, Frank ML (1979) A comparison of the toxicity of
nickel to the developing eggs and larvae of carp (Cyprinus
earpio). Bull Env Cont Tox 21:604-611

473



Eaton JG, McKim JM, Holcombe GW (1978) Metal toxicity to embryos
and larvae of seven freshwater fish species. I. Cadmium.
Bull Environ Contam Toxicol 19 (1) :95-103

Giles MA, Klaverkamp JF (1982) The acute toxicity of vanadium
and copper to eyed eggs of rainbow trout (Salmo gairdneri).
Water Res 16:885-889

Grande M (1967) Effect of copper and zinc on salmonid fishes.
Adv Wat Poll Res,Proc 3rd Int Conf, Washington D.C. 97-108

Hazel CR, Meith SJ (1970) Bioassay of king salmon eggs and sac
fry in copper solutions. Calif Fish Game 56 (2):121-124

Litchfield JT (1949) A method for rapid graphic solution of
time-percent effect curves. J Pharmac exp Ther 97:339-408

McKim JM (1977) Evaluation of tests with early life stages of
fish for predicting long-term toxicity. J Fish Res Bd Can
34:1148-1154

Mori K (1979) Effects of Hg and Cd upon the eggs and fry of
"Goldfish" Carassius aquratus (Linnaeus). Bull Fac Fish
Univ Mie 6:173-180

Rombough PJ, Garside ET (1982) Cadmium toxicity and accumulation
in eggs and alevins of atlantic salmon Salmo salar. Can J
Zool 60:2006-2014

Rosenthal H, Sperling K-R (1974) Effects of cadmium on develop-
ment and survival of herring eggs. In: Blaxter JHS (ed)
The early life history of fish. Springer Verlag, Berlin,
p 383-396

Servizi JA, Martens DW (1978) Effects of selected heavy metals
on early life of sockeye and pink salmon. Inter Pac Salm
Fish Comm Prog Rep 39, New Westminster B.C., Canada, 1-26

Skidmore J¥ (1965) Resistance to zinc sulphate of the zebrafish
Brachydanio rerio Hamilton-Buchanan) at different phases of
its life history. Ann Appl Biol 56:47-53

Stoss FW, Haines TA (1979) The effects of toluene on embryos
and fry of the Japanese medaka Oryzias latipes with a proposal
for rapid determination of maximum acceptable toxicant
concentration. Environ Pollut 20:139-148

Westernhagen H von, Dethlefsen vV (1975) Combined effects of
cadmium and salinity on development and survival of flounder
eggs. J Mar Biol Ass U.K. 55:945-957

Westernhagen H von, Dethlefsen V, Rosenthal H (1975) Combined
effects of cadmium and salinity on development and survival
of garpike eggs. Helgolander wiss Meeresunters 27:268-282

Wilson JG (1972) In: Assali NS, Brinkman CR (eds)
Pathophysiology of Gestation Vol 11, Academic Press, NY
p269-320

Woodworth J, Pascoe D (1982) Cadmium toxicity to rainbow
trout, Salmo gailrdneri Richardson : a study of eggs and
alevins. J Fish Biol 21:47-57 '

Received June 27, 1985; accepted September 21, 1985.

474



