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The pioneer work with Daphnia magna in toxicological research was 
done in the 1930:ies an--d--Tg-4-O:~y Nauman (1933 a, b), Anderson 
(1944) and Holm-Jensen (1944, 1948). Today Daphnia has been the 
most common invertebrate genus in studies o7 acute and chronic 
tox i c i t y .  Standardized test  procedures have reduced the variat ions 
of t ox i c i t y  values caused by ambient conditions l ike  a l k a l i n i t y ,  
hardness, oxygen, pH and temperature. Specif ication on the use of 
species, usually D. magna or D. pulex, and age (< 24 h) has also 
reduced the v a r i a ~ i l l t ~ .  The quot-lent of the 48-h LC50's for  D. 
magna and D. pulex was below 3 for  13 of 15 tested chemicals and 
below 6 fo~ aTI--T~ (Canton and Adema, 1977). The coef f ic ient  of 
var iat ion of repeatab i l i t y  and reproduc ib i l i t y  of the 24-h EC50 
for  potassium bichromate in D, magna were 14 and 39 % respect ively,  
when determined at 46 laboratories in a r ing- tes t  of the ISO test  
procedure (ISO, 1982). 

The advantages of using Daphnia in acute and chronic tox i c i t y  tests 
are i t s  convenient size, short generation-time and easinesss of cul-  
ture (Buikema et a l ,  1980). However, there is so far  no generally 
accepted standard procedure for  laboratory culture of - or for  chro- 
nic tests with Daphnia. Most sc ient is ts  use the i r  own procedures 
developed at t h e e  laboratory, as regards type of food and 
water, variables which may influence the suscept ib i l i t y  to chemi- 
cals,  e.g. copper (Winner et a l ,  1977). 

The aim of th is  study was to compare the tox i c i t y  of f ive chemicals 
to water f leas (Daphnia magna) cultured in e i ther  hard or sof t  
water. The t ox i c~y  tests were made in reconsti tuted waters and the 
f ive chemicals to be tested were, p,p'-DDT, pentachlorophenol (PCP), 
tetrapropylenbenzyl sulfonate (TPBS), potassium bichromate (K2Cr207) 
and zincsulfate (ZnSO 4 x 7H20). 

MATERIALS:AND METHODS 

For the purpose of th is  study Daphnia magna was cultured for  several 
generations in both sof t  water ~ r ~  water. The soft  water was 
aged local tapwater with a hardness of 50 mg/L as CaCO 3. Hard water 
for  the cultures was prepared by addit ion of the chemicals in Table I 
to tapwater (300 mg/L as CaC03). F i f ty  percent of the water was re- 
newed once a week. All cultures were fed Monday to Friday and with 
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no more than was consumed over night.  The food suspension was a 
homogenate of t ropical f ish food (Tetra SM 80, Tetra Werke, W. 
Germany, and Wardleys basic food f lakes, Wardley Prod., USA; 
25 g of each/1L deionized water). The cultures were aerated, kept 
at room temperature and i l luminated by di f fuse l i gh t  from dayl ight-  
tubes 12 h a day. Juveniqes (6-24 h old) for  experiments were ob- 
tained from cultures containing 3-4 week old females. 

Hard Reconstituted Water, HRW (Table I ) ,  and hard and soft  recon- 
s t i tu ted water according to The Committee on Methods for  Toxici ty 
Tests with Aquatic Organisms t1975), was used as a d11ution water 
in the tox i c i t y  tests.  Stock. solutions. . of PCP, K2Cr207, TPBS and 
ZnSO 4 x 7H20 were prepared In delonlzed water and for  p,p'-DDT 
in acetone. All chemiGals were of analyt ical grade. Test solutions 
were made in glass beakers. Concentrations were selected by loga- 
r i tmic bisect ioning. Test solutions with DDT were prepared by ad- 
d i t ion of acetone stock, evaporation to dryness, addit ion of wat- 
er and mixing (Berglind and Dave, 1981). All test  solut ions were 
equi l ibrated at the regulated test  temperature (20.5~ for  2 h. 
The exposure was started (time O) by addit ion of about 20 juve- 
ni les in 10 mL d i lu t ion  water up to a f inal  volume of 200 mL. 

Water f leas which not were able to swim within 15 s a f ter  stimu- 
la t ion by water from the handling p ipet t ,  were considered immobi- 
l ized. Median ef fect ive concentrations for  immobilization (EC50's) 
a f ter  24 and 48 h and 95 % confidence l imi ts  (CLs) were determined 
by log-probi t  analysis according to Davis (1971). Oxygen and pH 
was recorded pr ior  to s ta r t  and at termination. The oxygen con- 
centration was between 92 and 100 percent of a i r  saturation in 
a l l  concentrations. In tests with HRW pH ranged 7.8 - 8.2 and in 
tests with hard and soft  water 8.4 - 8.5 and 7.8 - 7.9, respec- 
t i ve ly .  

Two experiments were made. In the f i r s t  experiment a l l  f ive chemi- 
cals were tested simultaneously in HRW with water f leas cultured 
in e i ther  hard or soft  water. In the second experiment the tox i -  
c i t y  of DDT was simultaneously tested in both hard and soft  wat- 
er with water f leas cultured in e i ther hard or sof t  water. 

Table I. Quantities of reagent-grade chemicals required to pre- 
pare Hard Reconstituted water (HRW). 

mg/L Hardness as 
mg CaCO3/L 

CaCI 2 x 2H20 MgS04 x 7H20 NaHCO 3 KHCO 3 

240 215 100 20 250 

Matrix: M i l l i  Q Reagent Water (Mi l l ipore) .  pH adjusted to 7,8 by 
IN HCl pr ior  to use. 
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Table 3. Acute t o x i c i t y  of p,p'-DDT in hard and sof t  water to 
Daphnia magna cultured in e i ther  sof t  or hard water. 

Culture Time 
water h 
hardness 

EC50-values (95% CL) #g/l 

sof t  d i l u t i on  hard d i l u t i on  
water water 

Soft 

Hard 

24 

- 98 
(75 - 127) 

0.99 42 
(0.66 - 1.49) (32 - 56 ) 

1.3 
Soft 

( 1 . 1  - 1 . 5 )  

48 
0.50 

Hard (0.41 - 0.61) 

- Excessive mor ta l i t y  in the controls 

RESULTS AND DISCUSSION 

The 24- and 48-h EC50's from the f i r s t  experiments are given in 
Table 2, and for  the second experiment in Table 3. The hardness 
of the cul ture water did not a f fec t  the t o x i c i t y  of PCP, K2Cr207, 
TPBS or Zn 2+. However, DDT was more tox ic  to hard water cultured 
than to sof t  water cultured water f leas,  especia l ly  a f te r  24 h. 
In the second experiment a l l  sof t  water cultured water f leas died 
w i th in  the f i r s t  24 h in the sof t  d i u l t i on  water, but hard water 
cultured water f leas survived. DDT was about 40 times more tox ic  
to the water f leas in the sof t  compared to the hard d i l u t i on  wat- 
er (Table 3). 

The present study has shown that  the hardness (mg CaCO3/L)of the 
Daphnia cul ture medium affected the s e n s i t i v i t y  to DDT but not to 
PCP, K2Cr207, TPBS or Zn 2+ in hard water. In a s im i la r  study by 
Maki and BiShop (1979) the s e n s i t i v i t y  of D. magna to an anionic 

but not a nonionic surfactant was a f f e c t e d ~ e  cul ture water 
hardness. In both studies the acc l imat izat ion to sof t  water de- 
creased the s e n s i t i v i t y  to cer ta in chemicals l i ke  DDT and LAS 
( l inear  alkyl  benzene sul fonate) ,  but not to others l i ke  PCP, 
K2Cr207, TPBS, Zn 2+ and NEODOL 45-7 (nonionic sur factant ) .  The 
reason for  th is  is probably a di f ference in mode of act ion.  

DDT, which is mainly considered to a l t e r  the t ransport  of sodium 
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and potassium ions across the membranes of nerve axons (Murphy, 
1980), has also been shown to inactivate the osmoregulatory en- 
zymes (Na, K-ATPases) in g i l l s  of f ish (Leadman et a l ,  1974) and 
crustaceans (Neufeld and Pritchard, 1979). A possible explanation 
to the lower sens i t iv i ty  of the soft water cultured water fleas 
may thus be that these had an overcapacity of osmoregulatory enzym- 
es when transferred to hard water. Induction of these enzymes has 
been observed in blue crabs transferred from high to low saline 
water (Mantel and Olson, 1976; Towle et a l ,  1976). 

This study and that by Maki and Bishop (1979) have both shown that 
the hardness of the culture medium can affect the tox ic i ty  of cer- 
tain chemicals. Goulden et al .  (1981) has shown that offsprings from 
water fleas fed on a trout-chow mixture were more sensitive to iso- 
phorone, polychlorinated biphenyl and copper, than offsprings from 
water fleas which were fed on algae. Thus, culture conditions l ike 
water hardness and type of food can affect the acute tox ic i t y  of 
certain chemicals even i f  the exposure is made under identical con- 
di t ions. As a logical consequence the "normal" sens i t iv i ty  to a 
reference toxicant, e.g. potassium bichromate, does not necessarily 
imply a "normal" sens i t iv i ty  to a l l  other toxicants. Nevertheless, 
the use of a reference toxicant l ike potassium bichromate is a 
necessary step towards harmonization of tox ic i t y  tests, because i t  
can ref lect  other causes of variation related to the condition of 
the test organisms as well as to the composition of the d i lu t ion 
water (MUller, 1980). However, the results from this study together 
with the recent results by Maki and Bishop (1979) and by Goulden et 
a l .  (1981) suggest that the culture medium should be as simi lar to 
the test medium as possible and the kind of food should be describ- 
ed. 
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