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Abstract: The present study focused on observation of effect of 

potassium dichromate as standard toxicant on feeding activity of 
D. magna. Isolated feeding suppression was measured as 
fluorescence intensity of ingested microbeads by daphnids and 
expressed as its feeding rate (EC50FI). We calculated the sub-lethal 
feeding suppression endpoints for 1, 2, 3, 4 and 5 hours exposure 
in potassium dichromate and compared these values with EC50 

concentration of immobilization test of D. magna. The most close 
to immobilization (EC50) result was obtained as for 4 as well for 5 
hours exposure time; however 4 hs exposure was chosen as more 
adequate exposure time for our design of feeding suppression 
bioassay. 

Key words: acute test, feeding rate, fluorescent intensity, 
polyester microbeads.  

I. INTRODUCTION 

Among the methods of biological testing the 

determination of the environment toxicity using lower 
crustaceans plays an important role, primarily using Daphnia 
magna Straus, 1820. The methods of daphnia biological 
testing are widely used for the environmental monitoring 
around of the world. The crustaceans mortality is mainly used 
as a test reaction, and the observations of fertility and 
offspring quality changes are performed when the chronic 
toxic effects are revealed [Tarazona, 2005; Braginskii, 2000].  

At the present stage of technological development, the 
sensitive determination of toxic substances presence in the 
water is possible according to the behavioral characteristics 
of test objects, by the means, of their feeding activity; in with 
evaluation toxicity is possible using sub-lethal endpoint that 
found to be more sensitive than EC 50 of D. magna lethality 
acute test.  
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Lürling et al. (2011) found that the feeding rate of D. magna 
using artificial beads is a more sensitive endpoint than an 
acute lethal test. Alterations in the feeding and digestive 
behaviour of daphnids as endpoints were compared by De 
Coen and Janssen (1998) and De Coen et al. (1998), where 
ingestion rate was assessed using fluorescent microbeads and 
measuring fluorescence. In these studies, a clear inhibition of 
the ingestion activity was experienced, while the digestive 
enzyme activity proved to be less affected. The inhibition of 
feeding has been applied by several authors to assess the 
possible ecotoxicological effects of different contaminants, 
such as metals (Ferrando and Andreu, 1993) and pesticides 
(Fernandez-Cassalderrey et al., 1994).  

In the past, our team has been developed a design of D. 
magna feeding suppression assay through the ingesting by 
daphnids and further fluorescence measurement the polyester 
fluorescent micro beads. In this paper we propose a 
short-term D. magna feeding suppression test as a cost 
effective and ecological relevant sub-lethal bioassay. We 
have obtained an acute sub-lethal endpoint (EC50FI) in 
feeding test and compare sensitivity of the test with standard 
24 h immobility/lethality test endpoint (EC50) using 
potassium dichromate as the reference toxicant.  

II. METHODS 

A. Daphnia magna culture. 
D. magna was cultivated in an incubator at 21 ºC using 

Elendt M4 culture water according to standard procedures 
[USEPA, 1985] and fed daily with Spirullina’ рowder.  

 
B. 24-hour immobilization bioassay EC50. 

We used 20 neonates of D. magna not older than 24 h. 
Procedure and calculation of EC50 using the conventional 24 
h bioassay with a lethal endpoint was carried out according to 
standard procedure [USEPA, 1985; J.I.S., 1992]. Twenty 
neonates were placed into each of 20 mL glass beaker filled 
with 5 mL of toxicant (5 different diluted toxicant solutions) 
and into one beaker filled with 20 ml of control water (Fig.1).  
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Fig. 1 Relation between percent of immobilized daphnids 

and logarithm of K2Cr2O7 (mg/l) after 24 hs 
 
C. Design of feeding suppression bioassay  

The feeding ability of daphnids, which suppressed by 
influencing of toxicant, we measured with help of fluorescent 
intensity instrument (Schimadzu fluorometr). We determined 
that optimal fluorescence occurred by wavelengths: Ex=365 
nm, Em=413 nm with microbeads concentration of 5x109 
may be observed if microbeads add to toxicant solution 20 
minutes before of completion of toxicant exposure. 
Parameters of fluorescence intensity measurement are in Tab. 
1.  

Table 1 Parameters of fluorescent measurement 
Excitation, λ 365 nm 
Emission, λ 415 nm 
Volume of detector cell,ml 1.2 ml 
Volume of test solution, ml 10 ml 
Total volume of test solution 10 ml + 100μL 
Amount and final concentration of 
microbeads in toxicant solution 

100μL of 

d=0.2μm 
5.00×109beads/
mL 

 
Mature daphnids was taken from incubator the day before 

experiment and put into dilution water. In the day of 
experiment was prepared the beakers with 10 ml of 5 
different concentrations of toxicant and one control beaker, 
and 24 h old D. magna neonates were separated from mature 
culture.  

In the first experimental sequence 10 daphnids was exposed 
into both: toxicant solutions and control water used 20 ml 
glass beakers. In the second experimental sequence (blank 
experiment) we used filled with the identical to first sequence 
toxicant concentrations and control water beakers, but 
without 10 daphnids in each beaker. For each exposure 
period (1, 2, 3, 4 and 5 hours) the same amount of microbeads 
100μL (4.55 × 10 12) was added 20 min before of completion 
of exposure. After exposure, daphnids was removed, and the 
fluorescent intensity measurement of toxicant solution and 
control water was done.  
 
D. Calculation of sub-lethal feeding endpoint (EC50FI) 

To calculate EC50 endpoint due to suppression of D. magna 
feeding we have done the procedure of fluorescent intensity 

measurement for two sequences of experiment carried out 
one after another with a short period of time. First 
experimental sequence measurement of fluorescent intensity 
(with 10 daphnids) was defined as FIexpmt, the blank 
measurement of fluorescent intensity (without 10 daphnids) – 
as FIblank. Though the same amount of microbeads was added 
in to each “blank” glass beaker filled with control solution or 

5 toxicant solutions, the values of FIblank was different for 
each of 5 toxicant concentration. 

Due to toxicant exposure daphnids filtration ability 
declines, and fluorescent intensity increasing proportional to 
remained amount of fluorescent microbeads. The relative 
feeding rate of daphnids was expressed as equation (%): 
toxicant solution (FIblank- FIexpmt)/control water (FIblank- 
FIexpmt) x100 (eq.). 

The EC50FI concentration was taken as concentration for 
what it was observed of 50 % of feeding rate (half of control 
feeding rate).  Using the relation between relative feeding 
rate (%) and log of toxicant concentration we calculated the 
EC50FI endpoints (Fig.2).  

 
Fig. 2 Relation between feeding rate and log of K2Cr2O7 

(mg/l) after 1 h exposure  
 
For each toxicant and each exposure time three replicates of 

test was done. 
 
E. Toxicant and fluorescent microbead solutions. 

A stock solution of potassium dichromate (1000 mg/L; 
Kanto Kagaku Co., Ltd.) was prepared by using MilliQ water 
(Organo Corporation). In Tab.2 shown potassium dichromate 
concentration used for lethality and feeding experiments. 
 

Table 2 The ranges of concentration used for 1, 2, 3,4, 5 
hours feeding and 24 h lethality tests  

Exposure time in 
toxicant solution 

Toxicant‘ range of 

K2Cr2O7concentrations, mg/l 
1 h microbeads 1.0;1.41;2.0;2.83;4.0 
2h 0.8;1.17;1.7;2.47;3.6 
3h 0.6;0.91;1.39;2.11;3.2 
4h 0.5;0.7;1.1;1.7;2.5 
5 h 0.5;0.8;1.1;1.7;2.5 
24 h  0.5;0.8;1.1;1.7;2.5 
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Stock solution of fluorescent microbead was prepared by 
suspending 2% FluoSphere carboxylate modified 
microspheres F8805 (d=0.2 μm; invitrogen.com) in MilliQ 

water (Organo Corporation) to a concentration of 4.55 × 10 12 
particles per mL was diluted in 910 times and used as the 
final concentration in toxicant solution (total amount in test 
solution of 20 mL was 5.00×107 particles/mL. For 
experiments treatment as both: toxic substances dilution and 
control water was handled a following solution: CaCl2･2H2O 
-293.8mg/L, MgSO4･7H2O-123.3mg/L NaHCO3-64.8mg/L, 
KCl-5.8mg/L.  

F. Statistical analysis. EC50FI obtained from the 
feeding-suppression assays for 4 and 5 h were compared with 
EC50 immobilization test using analysis of variance to 
discover significant differences between pairwise groups. 

III. RESULT AND DISCUSSION 

In feeding experiment it would rather to bring some feeding 
conditions that closer to those conditions when daphnids 
were ingested the food having one nutritional value for them. 
It is known, that D. magna guts were nearly full of yeast or 
bacteria after 20 minutes and this period of time was required 
for beginning of defecation of these digestive cells (Taylor et. 
al, 1998).  

Acs et al., 2009 found the probably exposure of 
fluorescence substance that is not digestible and inert or more 
than 20 min may decrease food intake and affect filtration 
rate. In our study measured the fluorescence of microbeads 
(d=0.2 μm), though the ingested microbeds shown the 

beginning of defecation after only 5 minutes, it was observed 
the max fluorescence for 20-25 minutes of exposure in 
microbeds solution..  

Kovacs et al., 2012 using developed by Acs et al., 2009 D. 
magna feeding depression bioassay (red polystyrene 
microsphere suspension with a particle size of 5 µm) found 
that after longer (4 h) exposure, the feeding inhibition test 
proved to have similar sensitivity in comparison with the 
standard immobility test and also gave valid results according 
to the ISO 6341 standard (USEPA, 1985).  

The result of our previous study (Kamay et al., 2011; 
Ginatullina et al., 2013; Kamaya et al., 2016) to measure of 
D. magna feeding suppression when we used as fluorescence 
substance showed the best result for fluorescence 
measurement and linear regression between feeding rate and 
log of toxicant concentration for 6 h than for 3 h 
simultaneously exposure in toxicant and food.  

In this study we carried out several acute feeding 
experiments for exposure 1, 2, 3, 4 and 5 hour and the 24 
hour’ lethality test using the pretty similar dilution serial of 

potassium dichromate concentration for each bioassay.  
In Table 3 shown the calculated of immobilization and 

feeding suppression test endpoints after exposure in standard 
toxicant. Data expressed as mean of three replicates 

 
Table 3 The EC50 and EC50FI endpoints of K2Cr2O7 

Exposure time in toxicant 
solution 

Mean of endpoints ± 
SD 

1 h 2.03±0.35 

2 h 2.09±0.41 
3 h 1.7±0.38 
4h 1.44±0.04 
5 h 1.08±0.19 

24 h 1.16±0.15 

We compared calculated feeding EC50FI endpoints with 24 h 
immobilization endpoint. The endpoints for 1, 2, 3, 4 and 5 
hours feeding bioassay were not significantly different from 
EC50 of 24 hour immobilization test. However, the EC50FI for 
4 and 5 hours feeding bioassay shown less difference 
compare to value of 24 h test than data for 1, 2 and 3 hour’s 

bioassay.  

IV. CONCLUSIONS  

Generally, for 1, 2, 3, 4 and 5 hours feeding suppression 
bioassay EC50FI endpoints were not different significantly 
from EC50 of immobilization concentration. However, for 1, 
2 and 3 hours bioassay the standard deviations have relatively 
higher value than for 4 and 5 hours test. As a result of the 
comparative study, 4 hours exposure for feeding suppression 
bioassay definite as the most suitable time period for further 
experiments on feeding suppression test. 
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