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Relevance of the choice of a test  organism intended to be repre- 
sentative for  a given environment seems to be under continual 
debate in aquatic ecotoxicology. For instance, i t  is commonly 
argued that acute tox i c i t y  tests with rainbow t rout  (Salmo gaird- 
neri Richardson), the species most often recommended as a stan- 
d--aTdcold water te leost ,  were not representative for Nordic coun- 
t r ies  because the species is an alien in local faunas. A compara- 
t ive study with several freshwater species was therefore i n i t i -  
ated to c l a r i f y  the va l id i t y  of th is  assumption. As a f i r s t  ap- 
proximation, standard LC50 assays were conducted. The species 
used were chosen only on the basis of the i r  local ava i l ab i l i t y ,  
i . e . ,  they randomly represented the f ish fauna of Nordic inland 
waters. Furthermore, inter-species variat ion of tox i c i t y  response 
was compared with certain other, quant i ta t ive ly  more important, 
intra-species sources of va r i ab i l i t y  affect ing the tox ic i t y  of 
chemicals. 

Use of reference toxicants has been recommended as a means of stan- 
dardizing bioassays (Davis and Hoos 1975; OECD 1981; ISO 1982; 
Nordforsk 1982). DavLs and Hoos (1975) used dehydroabietic acid 
(DHAA) and pentachlorophenol (PCP) as reference toxicants when as- 
sessing inter- laboratory variat ion of acute l e tha l i t y  to salmonid 
f ishes, including rainbow t rout .  These compounds, character is t ic  
of ef f luents from the pulp and paper industry (Holmbom 1980; Voss 
et a i .1980),  were selected also for  the present study. 

The tox i c i t y  of organic acids such a phenols and resin acids, as 
well as that of pulpmill e f f luents,  strongly depends on water pH 
(Dave 1978, 1984;McLeayetal. 1979;Saarikoski and Viluksela 1981). 
Because of the poss ib i l i t y  that species differences could exist  
in th is  respect, effects of water ac id i ty  on tox i c i t y  of these 
types of substances to a randomly selected local species was in- 
vestigated. Final ly,  as an example of the biological  source of 
assay va r i ab i l i t y ,  the ef fect  o fyo lk  absorption was studied with 
a subsequent c r i s i s  period due to moderate starvation under lab- 
oratory condit ions. 

Send repr in t  requests to A. Oikari at the above address. 
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MATERIALS AND METHODS 

The fishes studied, a l l  native species in Scandinavia, are l is ted 
in Table I.  Whitefish and pike were newly hatched young, which 
were fed ad l ib i tum with mixed zooplankton species. Lake t rout  
young h a d ~ l ~ c o m p l e t e l y  absorbed the i r  yolk. Other fishes were 
seine-netted from local waters, transported to the laboratory, and 
acclimatized to the d i lu t ion water as described in Table I. 

Static acute l e tha l i t y  tests (LC50) were conducted in al l  glass 
40L aquaria according to OECD (1981) quidelines. Compared with 
the OECD standard, however, the reconsti tuted d i lu t ion  water (pH 
7.0) contained reduced hardness components (Ca/Mg ra t io  4:3 with 
the i r  to ta l  conc. O.5 mmol/L), i .e .  more character is t ic  of most 
Nordic inland waters. Concentrations of sodium and potassium were 
160#mol/L and 16#mol/L, respectively. Lethal i ty  tests for  chemi- 
cals were conducted I-3 times for  each f ish species. During the 
tests the f ish loading density in aquaria varied from 0.05 g/L 
(whitef ish) to 0.5 g/L (Crucian carp) of water. 

Stock solutions of DHAA (>98% pur i ty)  and chlorophenolics (>99%) 
were prepared in sodium hydroxide solution (pHca.11). The pulp 
bleachery ef f luent  (PBE) was a one-week composite sample from a 
Finnish kra f t  pulp mil l  and contained the same chlorophenolic 
compounds as reported before (Holmbom 1980; Voss et a l .  1980). The 
test  solut ions, 5-6 concentrations per chemical, were prepared in 
well-aerated d i lu t ion  water a few hours before t ransfer  of ani- 
mals. Fish were monitored twice a day and dead specimens werere- 
moved. Concentrations of toxicants in water, used for  calculat ion 
of LC50 values (48 or 96h) according to probi t  analysis (SAS1982), 
were nominal values. Random check-out determinations, conducted 
by capi l la ry  GC af ter  methylation or s i l y l a t i on  of chemicals, re- 
vealed that 85% or more of the calculated level was present in 
water at the end of tests.  No confidence l imi ts  of LC50 are given 
for  tests where only one par t ia l  mortal i ty  between 0 and 100% was 
observed. 

RESULTS AND DISCUSSION 

The LC50 values, with the i r  95% confidence intervals,  of DHAA and 
PCP for f ive and six f ish species are given in Tables 2 and 3, re- 
spectively. Inter-species coef f ic ients of var iat ion (CV=SDxIOO/x) 
of LC50 values for  DHAA and PCP were 37% and 23 %, respectively. 
Inter-species va r iab i l i t y  was, in fact ,  smaller or of the same 
order as the inter- laboratory va r iab i l i t y  reported for  rainbow 
t rout  (CV of DHAA and PCP being 31% and 36 %, respectively; 
Davis and Hoos 1975). Therefore, when general ecotoxicological 
screening and c lass i f i ca t ion  of chemicals are in question, i t  is 
not very important what par t icu lar  species of f ishes available 
w i l l  be selected for  determination of acute tox i c i t y .  Rainbow t rou t ,  
in th is  sense, is as valid a choice as any other. In par t icu lar ,  
i ts  sens i t i v i t y  towards DHAA and PCP is s imi lar  to other te leost  
f ishes (Tables 2 and 3; Davis and Hoos 1975;Johnson and Finley 1980). 
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Table 2. Acute t o x i c i t y  (mg/L) of dehydroabietic acid to f i ve  
species of freshwater te leost  f ishes.  

Species Test LC50 (95%confidence l im i t s )  
time, h 

Bleak 96 1.85 (1.81 - 1.90) 
Pike 96 0.70 ( 0.66 - 0.75 ) 
Crucian carp 96 1.69 
Lake t rou t  48 1.20 (0.50 - 1.52) 
Whitef ish 96" 1.01 (0.87 - 1.39 ) 

* Tested 2 d posthatch 

By contrast ,  i t  must be born in mind that  much wider va r ia t ion ,  
occasional ly up to a factor  10000, may ex i s t  between species and 
taxa more d i s t an t l y  related than those studied here (Dave 1978; 
Sloof and Canton 1983; Chapman 1983). On the scale of acute tox i c -  
i t y ,  however, f ishes are in general among the most sens i t ive  or- 
ganisms. Despite t h i s  re la t i ve  s e n s i t i v i t y  of te leos ts ,  i t  is eco- 
t ox i co l og i ca l l y  important that  a va r ie ty  of taxa are used for  acute 
t o x i c i t y  screening of chemicals and e f f luen ts ,  instead of being 
too much concerned about the t i g h t  local relevance of a species 
chosen from a f a i r l y  narrow taxonomic group. On the other hand, 
when chronic and subchronic t o x i c i t y  is determined, there may be 
good grounds to place the local ly  important species f i r s t .  Accord- 
ing ly ,  in biomonitoring programs of ecosystems, loca l ly  relevant 
ind icator  species cer ta in ly  are a ra t iona l  choice in laboratory 
ve r i f i ca t i ons  of ecosystem responses. 

Table 3. Acute t o x i c i t y  (~g/L) of pentachlorophenol to s ix  
species of freshwater te leost  f i shes.  

Species Test t ime, h LC50 (95% confidence l im i t s )  

Bleak 

Roach 
Pike 
Crucian carp 
Lake t rou t  
Whitefish 

48 78 
96 66 
96 38 
96 45 
48 87 
96 54 
48 * 65 
96 * 43 
48 ** 22 

74.6 - 84.6) 
46.4 - 77.8) 
35.5 - 40.7) 

81.9 - 92.2) 
52.2 - 56.5 ) 
58.3 - 77.3) 
40.0 - 45.2 ) 
14.5 - 25.2 ) 

* Tested 4 d posthatch; yolk s t i l l  present 
** Tested 14 d posthatch; f i sh ,  although fed ad 

l ib i tum with zooplankton items, suffered un-n~er- 
n u t r i t i o n  (empty in tes t ines ,  slow growth) 

I t  is well known that  both b io log ica l  and environmental factors may 
great ly  a f fec t  the outcome of acute t o x i c i t y  tests  (Blank et al .  
1978). Accordingly, the developmental /nutr i t ional  status of young 
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Table 4. Effect of water pH on acute tox i c i t y  (96h LC50) of 
tetrachloroguaiacol (CG-4) and pulp bleachery e f f lu -  
ent (PBE) to bleak, Alburnus alburnus. 

Water pH CG-4 Hg/L PBE vol. % 

7.0 110 8.2 
(96.0 - 121.1)* (6.60 - 9.09) 

6.0 67 7.7 
(57.3 - 76.9) (7.13 - 11.10) 

5.0 56 3.9 
(49.6 - 62.4) (3.30 - 4.42) 

* 95% confidence l imi ts 

whitef ish (Table 3) and water pH (Table 4) were shown to cause more 
va r iab i l i t y  among the LC50 values than that observed among the six 
f ish species studied. The effects of pH on acute tox i c i t y  of te t ra-  
chloroguaiacol and pulp bleachery ef f luent ,  containing a variety 
of chlorinated phenolics, to bleak were essent ia l ly  s imi lar to 
other related weak organic acids as well as bleached kraf t  pulp 
mi l l  ef f luent  reported before (McLeay et al.  1979; Saarikoski and 
Viluksela 1981; Dave 1984). Therefore, th is  response was basical ly 
not dependent on the species chosen for  the study, but merely on a 
common mechanism affect ing al l  freshwater teleosts f a i r l y  indis- 
cr iminately. 

In conclusion, the present results with freshwater teleosts indicate 
that f a i r l y  free choice can be made in selection of test  species 
within narrow taxonomic groups concerning general screening of the 
acute tox i c i t y  of chemicals as well as the i r  basic tox i c i t y  mech- 
anisms. 
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