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ABSTRACT

Daphnia magna is the only (OECD) approved aqudtidy organism to experimentally study the hazardeuel of
the water bodies and therefore to prescribe thedetose of metals. A study is envisaged and ahroigt to
evaluate the toxicity of bimetals namely, Potassiichromate (KCr,O;), Zinc Sulphate (ZnSQ'H,0) and Cupric
Sulphate (CuS£b6H,0) on the cladoceran, Daphnia magna. The toxicis wbserved to find the kg£at known
physico-chemical parameters and at regular intesvaf time (h). Results revealed that at a frequenic4 h
exposure, the L& was found to be 3.5mg/L for potassium dichromdteg/L for zinc sulphate and 4mg/L for
cupric sulphate on Daphnia magna. The exposed Biapinagna were subjected to histopathological gsidising
Transmission Electron Microscopy (TEM) and the ggicams revealed intense deposits of metal (Cr >>P)
around the arterial system which would have beerrégason for mortality of Daphnia magna.
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INTRODUCTION

Daphnia magnas one of the most used bio-indicator organismdfiih water and sediment toxicity bioassays. The
extremely fast growth and high reproductive rated short life cycles associated with daphnia wérpeaceived as
positive features for an ideal test organism. Dahmoult frequently [6] and lack the ability toost Calcium
while moulting, hence their calcium demand is vieigh [12] and the majority of their calcium must é&eracted
from the external medium immediately after moultid®,17]. An inadequate supply of calcium couldetiten
daphnid persistence. The daphnia is a freshwai@ildCeran used worldwide as test organism in aqt@ticity
assays.

The use obDaphnia magnas an experimental animal for such purposes isrgdgeous in many respects.
Daphnids are small, reaching a size of five mmthsd a great many can be reared in a small sp&;&HJL They
have a relatively short life span, which reachesaximum of about two months when they are reare5a€.
Daphnids are easy to culture, requiring only watemtaining bacteria or their equivalent for foodhey can be
grown individually in small bottles or in mass eult in large aquaria. They mature early, givinghbto young
within their first week of life [14]. After theirifst brood, they give rise to new broods every twathree days
throughout the remainder of their lives.
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Zooplankton is one of the most sensitive to toXiernicals, and these organisms occupy the centsiigqroin the
lentic food chain; therefore, they are most commarded in ecotoxicological tests [8]. The cladopsrare an
important link in the aquatic food chain. Daphnil® aquatic organisms also frequently used in tdagical
studies worldwide. The use &faphniaspp as toxicity indicator organisms is well documentedhe literature
because of their fast growth rate, high reprodectates, and short life cycles [1].

Toxicological Aspects of Chromium

Chromium VI is a toxic form of chromium, new toxlogy data indicate that Cr VI may be carcinogemidte
gastrointestinal tract of laboratory animals whegeisted at high doses over their lifetime throughkihg water.
At these very low concentrations (less than 1 ppds)-cancer effects are unlikely [18]. At very hidbses (greater
than 100 ppb) Cr VI can irritate the skin and hisk to the developing fetus. Hexavalent chromignmiore toxic
than the Cr Il form because its oxidizing potehig high and it easily penetrates biological meamas. The
members of the class Branchiopoda and the subddadpcera share a two-valved carapace covering afdbe
body except the appendages. All Cladocerans haumpaired compound eye which is the result of &éfusf two
eyes in the late embryonic development [6].

Toxicological Aspects of Copper

Copper is present in normal human serum (the lignaid of blood) at concentrations of 120-14@YL. Signs of
toxicity will be seen if the copper concentratidees significantly above this range [2,20]. Whempeason is
exposed to copper levels above the essential levetxled for good health, the liver and kidneys pced
metallothionein. Cupric ion is the main toxic forof copper. Cupric ion in water is bound (complexadh
inorganic and organic compounds, which reducesicupn concentrations (and its toxicity) substalfiaTheir
toxicity varied with alkalinity, pH and hardness9[1 The presence of organic chelators generallyedesed the
toxicity of copper to aquatic organisms i.e., EDiieéluced the activity (concentration) of the toxi¢ Gspecies.

Copper in water with higher hardness was geneladly toxic to fish than water with lower hardndéspecies is
not sensitive to pH, toxicity may be greater athieigpH due to diminished competition of Cand H ions at
receptor sites compared to competition at lower[#H9]. As a result, chelated copper compoundskexlower
toxicity to fish and most invertebrates than coppéfate. The high toxicity of copper to algae tesaa ripple effect
throughout the ecosystem and demonstrates thagicttaone part of an ecosystem will affect the enticosystem
[20]. Copper is generally more toxic to organismsfieshwater than in saltwater. One of the readonghis
difference is that freshwater lacks cations, whidmpete with Cti at the biological action sites, thus reducing
copper toxicity.

Toxicological Aspects of Zinc

The toxicity of zinc to aquatic organisms is aftattby factors such as temperature, hardness, pHliaadlved
organic carbon [11]. The toxicity of zinc to tenrgs organisms is similarly dependent upon itsavailability,

which in turn is determined by various factors sastthe speciation of zinc, and the physicochenaicdlbiological
characteristics of the soil. The bioavailable fi@tiof zinc in soil has been calculated to rangenf 1% to 10% of
the total zinc concentration [5]. The total concatibn of an essential element such as zinc, alisnept a good
predictor of its bioavailability or toxicity. Zinis an essential element in the environment. Theipiisy exists for
both a deficiency and excess of this metal. Fa teason it is important that regulatory critewa Zinc, while
protecting against toxicity, are not set so low@sdrive zinc levels into the deficiency area (Eowmental Health
Criteria For Zinc).

EXPERIMENTAL SECTION

Aquatic Toxicity evaluation using the experimental procedure of LCsq

Experimental organisms

The test organismDaphnia magnavas obtained from a fish farm in south-western par€hennai, Tamil Nadu,
India and introduced to 30 L aquariums with de-ghkted tap water, which serves as holding tanksntained at
26°C.

The water temperature and pH were measured regutathe laboratory; the temperature was 25 + C3hd pH

was 7.7+0.4 providing aeration to the tankff young daphnids were withdrawn from the incubaticontainers
with Pasteur pipette and used for testing.
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Experimental procedure

Acute 24h toxicity tests for Cr (2.5, 3.0, 3.5 mg/Cu (2.0, 3.0, 4.0 mg/L ), Zn (2.0, 3.0, 4.0 mgitas taken as
triplicates with control groups under static nhonewal conditions in 400mL of reconstituted water500mL
beaker.

A total of 18 neonates obtained from the origindture were exposed to different concentration€QfZn and Cu.
The containers were slightly aerated without distug the daphnids with air bubbles. The toxicitysvexpressed by
the median lethal concentration, that is, the degaired to kill half of the daphnid members durag4h period of
LCsoexposure. After 24h the livie. magnawere counted, and after gently shaking the glastagwers the ones that
did not move were considered dead.

Histopathological studies using Transmission Electron Microscopy (TEM)

1. Sections of Embedded M aterial

Biological material contains large quantities oftevaSince the TEM works in vacuum, the water ninigstemoved.
To avoid disruption as a result of the loss of wageu preserve the tissue with different fixativ€hese cross-link
molecules with each other and trap them togethestatsle structures. The tissue is then dehydratexciohol or
acetone.

After that, your specimen can be embedded in pléiséit polymerize into a solid hard plastic blo€ke block is cut
into thin sections by a diamond knife in an instemncalled ultra microtome. Each section is only150 nm thick.

The thin sections of your sample is placed on gepgrid and stained with heavy metals. The sliceéssue can
now be studied under the electron beam.

2. Negative Staining of I solated M aterial

The isolated material (can be a solution with bdater a solution with isolated molecules) is sprea a support
grid coated with plastic. A solution of heavy metalt is added. The metal salt solution does nal to the material
but forms a "shadow" around it on the grid. Thecgpen will appear as a negative picture when vigwirin the
TEM.

Statistical analysis
Exposure to the different concentrations was caduwigt in triplicate. LGy (median lethal concentration) values were
calculated by probit analysis.

RESULTSAND DISCUSSION

The toxicity study subjected for three bimetalyatying concentration exposed for 24h resulteddentifying the
lethal as 3.5mg/L for potassium dichromate, 4mgit finc sulphate and 4mg/L for cupric sulphateDaphnia
magna.The control experimental samples did not show ahabioral abnormalities and the mortality waq 1.

Acute toxicity tests indicated chromium at 3.5mdyad a detrimental effect on the survival @f magnawhen
viewed under Transmission Electron Microscopy. Tésults of the toxicity test using potassium dichate are
shown in (Table 1).

Table 1: LCs values of Potassium dichromate observed at a frequency of 2, 4, 8 and 24 h on D.magna

Concentration of Potassium dichromate | Control | 2h | 4h | 8h | 24h
2.5mg/L 18 2 14 | 15 18
3.0mg/L 18 3 14| 15 18
3.5mg/L 18 6 15| 16 18

Table 2: LCs values of Zinc Sulphate observed at a frequency of 2, 4, 8 and 24 h on D.magna

Concentration of Zinc sulphate | Control | 2h | 4h | 8h | 24h
2mg/L 18 2 10| 13 14
3mg/L 18 2| 11] 13] 18
4mg/L 18 3 |13 ] 14| 18
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Zinc is known as an essential metal and takesipanbre than 300 enzymes [3]. However it is sholat zinc may
be toxic at high levels [#pund that 24h Egvalues for ZnS@Qwere between 3.65 and 7.32 mg/L, which is similar
to our findings (Table 2).

Table 3: LCs values of cupric sulphate observed at a frequency of 2, 4, 8 and 24 h on D.magha

Concentration of Cupric sulphate | Control | 2h | 4h | 8h | 24h
2mg/L 18 2 3 3 1C
3mg/L 18 3| 4] 4 15
4mg/L 18 3 4 4 18

Copper does have some effect on the survival faRaphnia magnathe statistical data proves that copper sulfate
solution at the different concentrations used iricilall of theDaphnia magnavere found dead 24 hours later. LC
value of copper fobaphniais given in (Table 3).

Histopathological examination

The maximum concentration at which thaphnia magnawas lethal was subjected to TEM for histopathaabi
examination. The results revealed that metal wasosited on the walls of heart blocking the bloog sy
throughout the body, which could be the reasorit$odeath.

Figure 1: Transmission electron micrographs of the Cladoceran, Daphnia magna (X3000)

A

A - Daphnia magna exposed to Potassium dichromate
N - cell with nucleus ;
V - loss of cytoplasmic density due to the wererdehted, some of them appeared disorganized peesef numerous vacuoles;
D- Deposit of heavy metal as thickenings in theabisnina.
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Figure2: Transmission electron micrographs of the Cladoceran, Daphnia magna (X4000)

B

B — Daphnia magna exposed to Zinc sulphate
N- disorganized nucleus;
V- lysis of cytoplasmic area appeared filamentoudeus;
D- having abnormal changes than normal heterochrimdistribution due to the deposit of heavy metal.

Figure 3: Transmission electron micrographs of the Cladoceran, Daphnia magna (X4000)

C

C — Daphnia magna exposed to Cupric sulphate
N- disorganized nucleus;
V- lysis of cytoplasmic area appeared filamentousleus;
D- having abnormal changes than normal heterochrimgistribution due to the deposit of heavy metal
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