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CHARACTERISTICS OF ACUTE TOXICITY DYNAMICS
OF SELECTED TOXICANTS ON AQUATIC CRUSTACEANS

CHARAKTERYSTYKA DYNAMIKI TOKSYCZNO SCI OSTREJ
WYBRANYCH TOKSYKANTOW NA WODNYCH SKORUPIAKACH

Abstract: Determining the value of a half-effective or hiifié concentration or dose of toxicant is the main
purpose of acute toxicity studies, and this is #fgomost commonly used value in the toxicity chemastics of
substances. By conducting tests that meet theiardied requirements for the determination of atoeity, due
to the use of appropriate mathematical tools amteatrations resulting in complete lethal effectshie studied
groups, considerably more important values cancheaed, which give a possibility for the analysighe entire
process's dynamics, as well as determining thehioid values of the effect time and toxicant cotregion. This
was the purpose of our research, in which the rekepecies werBaphnia magna andCypris pubera. The effect
of the conducted research allowed to determinecantpare the two toxicants: ammonium and copped(ti} by
it's: concentration limit valuesQy,), internal toxicity of the receptor-ligand compléx), apparent, constant
disintegration of this compleX<gy,) and different time values of the effed,(Ti,, MLT), which, along with
concentration, is equally important determinanthef development of a toxic effect.
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Introduction

The growing pollution of waters along with the lack fresh water is a global
environmental problem [1]. In water reservoirs @oninated by substances of
anthropogenic origin, increasing toxicity for masfuatic organisms is already manifested
even at small concentrations of toxicants. The dsghisk to the aquatic environment is
caused by heavy metals, such as copper, nickel,azigobalt [2-5]. These metals are able
to interfere with the integrity of physiological &rbiochemical processes and lead to
significant changes in metabolic reactions in aiguattganisms [6, 7]. In micro-quantities,
these metals are necessary for living organismsthigir excess lead to undesirable effects.
Nitrogen-containing compounds are, next to heavialega big threat to hydrobionts and
the general condition of water reservoirs, becalisg significantly degrade composition of
gases dissolved in water and hydrochemical comipasibf water itself, and tend to
accumulate in the form of nitrites and nitrates hipdrobionts [8]. Hydrobionts react
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differently to toxic substances, which is why olvsg¢ions of different species in laboratory
conditions allow to assess the effects caused lppthatural and anthropogenic factors in
the natural ecosystem and to predict the directibchanges occurring in their bodies.
The main goal for most of toxicity studies is teegict the influence of toxicant on biotic
elements of environment [9], and so it was alsehis case. Extrapolation of laboratory
results to different species and environmental itmms is bound with greater uncertainty,
therefore, toxicity models which include more pagtens, than only a concentration of the
toxicant, are more valuable and useful. Still, cloats considered as an environmental
pollutants, when present all together in water, iwayse higher risk due to additive effects
or lower due to competition for bounding to biologji ligands [10]. One of most suitable,
water species for complex toxicity studies is Daphmagna which is favorable laboratory
organism worldwide [11], due to their sensitivenetge cycle, ease of maintenance
culture. Toxicity of different metals to this spesiis well known and has been already
compared, but the effect of establishing relatigmsbetween toxicity of this pollutants are
not yet satisfactory [12]. Copper ions toxicity wammpared between different species of
Daphnia, giving significant differences among thgi8], but comparing the same toxicant
using other species of water crustaceans is anctiegr forward in understanding and
predicting the toxic effects.

The aim of this work was to study and compare patars of the dynamics of the
toxic effect of ammonium and copper(ll) ions on evatrustaceans, which are toxicants
disrupting and limiting effectiveness of water eggisms.

Materials and methods
Substances

The anhydrous salt of ammonium chloride and cogp#fate were used to study the
development of the toxic effect. These substanare whosen due to the commonness of
the environmental pollutants with copper and nitmgcompounds. The range of
concentrations of ammonium chloride used rangeah ©c3125 to 5 g/di copper sulfate -
from 0.00625 to 0.1 mg/dinFor purposes of studies and due to specific, emastical
models used to determine the toxic effects we ubagher, than environmental,
concentrations of toxicants.

Studied species

Two species of aquatic crustaceans were used dosttidy: genetically homogeneous,
synchronized Great Daphni®dphnia magna) cultures and ostracod€ypris pubera).
Only adult, fully grown daphnids were used in stésddue to differences of toxicity of
ammonium and copper between adults and immatureirspas inDaphnia magna and
other water invertebrates according to OECD guigsli[14].

Exposition on toxicant and conditions

Each probe of tested animals contained about 8G®individuals which were placed
in a 0.5 dmvessel. The study was made according to acuteitypx&sts guidelines and
procedures by OCED [14]. The research was carrigd using a static model - the
concentration range of the tested toxicants wassteoh over time and from the
concentration zone causing death of the entire m@fuspecimens. Water has not been
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changed during exposure to the toxicant. The exgotsone dependent on the death of the
last individual from a given research group.

Calculation of toxicodynamics parameters and statifcs

The probability of the lethal effecP) was counted as the ratio of the number of dead
individuals at a given timenj to the total number of subjects testeéd):(P = n/N.
The probability of survival @) was calculated as ®). The mathematical apparatus of
previously published models was used to calculatedata, which allows to determine the
initial (T;,), terminal time Ty), mean survival timeMLT), the “intrinsic toxicity” of
complex “receptor-ligand (toxicant){e), and the apparent decay of constant of these
complexes Kqyp) [10-12]. The statistical significance of the diénces was calculated
using the Studenttgest €) at the significance level gf< 0.05 and ANOVA.

Results

Dynamics of toxic effects irDaphnia magna caused by ammonium ions

For this species we used concentrations of 0.3625 ¢/dni of ammonium chloride
during toxicity studies. The exposure time for thlmwest concentration used was
6 hours and 28 minutes. Values of of the toxic effect for the whole range of
concentrations were similar, except for the highasticentration. However, differences
were recorded i, where the value for the smallest concentratidfeidfrom every other.
The values of the average time of survival incrdaseparallel with the concentration of
the toxicant (Fig. 1).
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Fig. 1. The dependence of the probability of adkttoxic effect P) on the logarithm of time for
Daphnia magna organisms at various concentrations of ammoniuloricte



40C OlgaZuk, Grzegorz Kosior and Grzegorz ®lo

More precise analysis of the dynamics of the t@ffects of toxicants is based on the
fact that in the coordinates of (IQ) and () the process going without acceleration and
deceleration (constant probability of effect reatian) takes the form of a straight line. If in
the process of the toxic effect the organism'sstaste to toxicants is increased, the
research data in the coordinates indicated are@ethin a concave line - the process is
slowed down. If the toxicant accumulates in theybodresistance to its effects decreases,
then the research data are arranged in a convex -lithe process proceeds with
acceleration.
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Fig. 2. The dynamics of survival (I9) of Daphnia magna under the exposure to various concentrations
of ammonium chloride

The dynamics of survival (Fig. 2) shows that ththde effect of individuals in all
concentrations, except for the lowest one, occuliskty and almost simultaneously in
a relatively short time from the beginning of expas The lowest concentration of
ammonium chloride takes the form of a straight (linehat proves the exponential
dependence. The discrepancy between the highedbamdt concentrations suggests the
existence of two types of effects - acute and suteadn order to confirm or reject this
hypothesis, the method of computer simulation stagch data in coordinate, (n(tC"))
was used to estimate the size of the exponent mdtifin (). This way of presenting
experimental data allow to recognize what follovfsthe effect in the range of tested
concentrations is only one, the "effect - time"vag obtained at various concentrations of
the toxic compound are not concentration-dependenso they fit all together.
The simulation showed the existence of only one tgp lethal effect - this is an acute
effect. The results of development of the toxieeffof ammonium chloride iDaphnia
magna are presented in Table 1.
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Table 1
Basic parameters of the time of toxic effectEB@phnia magna in the presence of various concentrations of
ammonium ions

C [g/dm’] Tin [Min] T, [min] MLT [min]
5 3 25 15.7 +0.1
2.5 12 90 50.3 £0.1
1.25 11 287 102.5 +0.4
0.625 13 382 219.9 +1.3
0.3125 10 3667 1706 145

Analyzing the data presented in Table 1, one carclode, that despite the large
differences in the values of meBtLT andT, values, regardless of the concentration used,
the first lethal effects occurred in no more th&mdinutes in each tested group.

Dynamics of toxic effects irDaphnia magna caused by copper ions

The range of copper sulfate concentrations testexi0A00625-0.1 mg/dhiThe choice
of the concentration range was based on prelimicangtacean toxicity studies, where it
was shown that copper ions produce an acute effaery low doses.

By using the semi-logarithmic plot data (dependesfaie probability P) of the lethal
effect on Figure 3 and the logarithm of survival Q) from time - Figure 4), it can be
presumed that copper in organisms produces on& ketkic effect after exceeding a certain
threshold concentration in the biosystem. Typehef &chieved curves indicates similar
effect for each concentration used, but it developen a toxicant exceed some threshold
concentration in biosystem - the lower the conegian, because the more time it takes for
the toxicant to cause the effect.
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Fig. 3. The dependence of the probability of thtade effect P) in Daphnia magna by exposure to
copper ions on the logarithm of time
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Fig. 4. Survival rate (IQ) of Daphnia magna during time exposure to copper ions

Curves shown on Figure 4 suggest presence of tfferefit effects taking place: one
for higher concentrations (0.1 and 0.05 mgfdrand one for lower concentrations
(0.025-0.00625 mg/din however, computer stimulation showed that far whole range
of concentrations the value of exponential funciionis 0.58. The positioning of the data
in Figure 4 seems to confirm that we are dealing ldth a toxic effect of equal strength,
depending only on time, until the toxicant reachies appropriate concentration in the
biosystem of the studied organisms. Curves, astithe of exposure goes by, do not
become more steep or concave, only the angle a@f itih@dination changes to both axis.
The basic parameters of the dynamics of the |eifiett are presented in Table 2.

Table 2
Parameters of the dynamics of the toxic effecCfaphnia magna
in the presence of various concentrations of cojuer
C [mg/dm?] Tin [min] T, [min] MLT [min]
0.1 50 1868 757 +93
0.05 127 2880 872 £125

0.025 105 5611 2313 +289
0.0125 106 4960 2294 372
0.00625 95 6035 3053 +408

In the acute effect of copper ions Baphnia magna in all concentrations almost the
same value ofT;, has been noted. Values df decline correspondingly to lower
concentration of the toxicant. These data may atdiceffective mechanisms for the
elimination or metabolization of the toxicant irettest subjects.
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Dynamics of toxic effects inCypris pubera caused by ammonium ions

In case ofCypris pubera species concentrations from 0.3125 to 5 g/diammonium
ions were used. The exposure time for the lowestduconcentration lasted less than
230 hoursT;, values were in a range of 5 to 20 minutes. In g4 and 5, the relationship

between the time and the logarithm of the probigbdf occurrence of a lethal effect and
the logarithm of survival of individuals for theads concentrations of ammonium ions are

presented.
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Fig. 5. The dependence of the probability of toaftect P) on the time logarithm of time (Ifj for
Cypris pubera organisms at various concentrations of ammoniuma io

The characteristics of the obtained curves indicdkat the lethal effect is almost
uniform in time from the first to the last organismwhereas the difference in the angle of
inclination of the curves for the concentrationsdisesults from the proportionately longer
intervals between deaths of individuals. All cuniesre a similar character, along with
a decrease in concentration, they move to the ofiie ordinate (the slope accounts are
the same). A characteristic feature of this proigse extend the time of the initial effect
together with a decrease in concentration. Thisgesig the existence of one toxic
mechanism, the development of which is stretchatiériong-term with the decrease of the
toxicant concentration in the environment. The slab the curves at all concentrations
(Fig. 6) indicates only one mechanism after achig\dritical concentration of toxicant in
biosystem. Toxicodynamic parameters of ammoniuns ifhable 3) show that despite
reliable differences, both, for the average suivivae (MLT) and terminal timesT{) for

Cypris pubera organisms in different concentrations of ammoniutmere are slight
differences in the values of initial times of ldtkfect development (Table 3).
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Fig. 6. Dependence of logarithm of survival proligbon time for Cypris pubera organisms at various
concentrations of ammonium ions

Table 3

Basic parameters of the time of toxic effect@ypris pubera in the presence of various concentrations of
ammonium ions

C [g/dm’] Tin [min] T, [min] MLT [min]
5 9 95 50.5+4.1
2.5 5 120 62.5 5.5
1.25 19 172 100 +12
0.625 20 210 111.4 +8.9
0.3125 14 244 136 +17

Dynamics of toxic effects irDaphnia magna caused by copper ions

The assessment of the toxic effect of copper ioms Gypris pubera
in the same concentration range as Bmphnia magna (Figs. 7 and 8) showed other
dependencies over time. The relationship betweenptiobability of the effect and the
logarithm of time (Fig. 7) shows the curves, whitha large extent, maintain similar
shapes with the simultaneous shift in relationh® &xis P) according to the decrease in
concentrations.

The dynamics of copper ion toxicity show (Fig. Batt for concentrations from 0.1 to
0.025 mg/dr the lethal effect occurs rapidly after reachingeatain time of exposure.
Lower concentrations lead to an effect without éaregion and deceleration. The computer
simulation of the time-effect curve showed the pneg of two effects: for higher
concentrations with exponent valne= 0.75, and for lower concentrations with exponent
valuen = 0.2.
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The calculated parameters of the effect (Tabldst) show the difference between the
test species of crustaceans. The lethal effect gn@ypris pubera individuals at these
concentrations of copper ions occurs in a muchtshdime than inDaphnia magna.
However, the beginning time of toxic effects arepgmilar.

Table 4
Basic parameters of the time of toxic effect@ypris pubera in the presence
of various concentrations of copper ions

C [mg/dm?] Tin [min] T, [min] MLT [min]
0.1 24 114 82.1+3.9

0.05 25 307 153 9

0.025 51 320 208.2 +7.5

0.0125 87 1336 453 +24
0.00625 88 3233 669 +92

The use of previously developed models, includivgrmolecular model [15] allows us
to obtain information on alternative changes irspgtem properties due to the irreversible
interaction of toxicant molecules (L) with macromaliles (R) of the organism what gives
a formation of their complexes (RL). Regression hods of calculating based on the
molecular model [15-17] allowed to estimate theesfwold concentrationCf,), below
which there is no toxic effect, “intrinsic toxicitya) of complex “receptor-ligand” RL,
apparent constants of decay of receptor-ligand texep RL Kgy)). Calculated
parameters are presented in Table 5.

Table 5
Parameters of acute ammonium and copper ions c@sopaoxicity for all tested species
Parametr Amonnium ions _ | Copper ions
Daphnia magna
Ci [mg/dnt] 0.14 0.009
o 71.17 423.04
Kapp 10.00 3.9
Cypris pubera
Cy, [mg/dnt] 0.067 0.007
o 926.9 25.37
Kapp 61.72 0.17

Calculation of research data according to the nmasttieal apparatus with molecular
models allows us to compare the process of theeagffitct between studied species, and
the "strength" of the interaction of different toaints among each species separately.

Discussion

The toxic effect is manifested only when the towiceoncentration reaches a certain
threshold value in specific sites of biosystem. Hohievement of this concentration is
strictly dependent on the time of exposure to thécant, but also on the metabolic
processes with which the organism attempts to defiself from the toxic effects,
i.e. slowdown of absorption, acceleration of exorgtmetabolization, deposition in tissues
of lesser importance for survival [18, 19]. Widtran based only ohCs, (median, lethal
concentration) of individuals values, insight irttee toxicity of the tested compound is
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given by studies in which time plays important rakethe toxicant concentration [20, 21].
It should be emphasized that the assumption of msmtkls [15-17] is that concentration of
toxicant in biosystem is directly proportional tts iconcentration in the environment.
This is possible only under conditions of irrevbksj acute effect. This assumptions were
important while choosing a concentration range gz an 100 % lethal effect in studied
groups. This approach minimize the possibility ob-scute and sub-chronic effects [22].
Possibility of observing the development of théa&teffect allows to characterize different
mechanisms of action of ammonium ions on the studisganisms. In daphnia and
ostracods the rate with which the lethal effectstlid toxicant occurred along with
increased concentration of the toxicant has beso higher, but the dynamics of these
effects varied. Concentrations - balance of thecgse after reaching a specified
concentration in the biofase is directed towardsvirsible changes. The dynamics of the
lethal effect of ammonium ions @ypris pubera is proportional to the concentration used.
By comparing the values @, we can conclude that this species is more seasidiiow
concentrations of ammonium thd»aphnia magna. A large difference in the “intrinsic
toxicity” (a) of receptor-ligand complexes between species estggthe influence of
sub-acute effects on the overall dynamic€gbris pibera mortality. A common feature of
the action of ammonium ions on the tested hydradsda the short initial time of the effect,
which may be related to the general mechanism tfraotion of NH" ions in aquatic
organisms which compete with*Kons during membrane transport (both ions have the
same ionic radius) and as a result change in tHaripation of membranes and the
induction of pH changes within the cytoplasm ofiiestory tissue cells [23].

When comparing the dynamics of interaction of cappes on tested species, it can be
noticed that, unlike ammonium ions, very low concations cause a rapid (lethal) effect,
andCy, is almost identical and is within the range ofd¥.009 mg/drh

Conclusions

The proposed dynamic model of an alternative effalttor nothing), combined with
regression analysis of research data, is usefullescribe the functional dynamics of
xenobiotics as well as the basic parametd@rs T, MLT, Cy, Ky in the absence of
information about the exact mechanisms of the amdis interaction with the “biophase” of
organism. Such information give some advantagenifetstanding and predicting the toxic
effects and might be used instead of other, coatsial values such as NOEC or LOEC
[24] or can help to develop models used in toxiggld25-27] by including time as
an equally important determinant of a toxic effect.

The Cypris pubera species is more sensitive to the effects of coppesr tharDaphnia
magna, as evidenced by the average survival time (shdmgeseveral times) and twenty
times smalleK,y, value of toxicant-macromolecules complex.
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