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Abstract In this study, the individual and mixed impacts ofheavy metals (cu, cd) and detergent (LAS) on Daphnia
magna. Pollutants acute toxicity (OECD) determination tests were done individually and mixedly on Daphnia, with 5
treatments, on witness and three results were Concentrations limits were determined logarithmically. At last, the achieved
results were calculated with probit Analysis and the Coefficient of correlation and EC (10, 50, and 90) of the pollutants were
determined individually and mixedly. The achieved results of Daphnia magna acute toxicity determination tests and the
amounts of EC (10,50,90) resulted from individual impacts of heavy metals (Cu,Cd) and detergent (LAS) and (LAS +Cd)
mixture and (LAS + Cu) mixture ranged as: Cd (0.14—0.26—0.05) , Cu (0.007— 0,03 - 0,13), LAS (1,7.8,60.6) , LAS + Cd
(0.029 — 0.066 — 0.14) , LAS+Cu (0.003-0.016-0.077) and the achieved permissible limits were 0.026,0.003,0.78,0.006 and
0.0016 Mg/L with the coefficients of correlation ranged as: 88,68,84and 95 percent.
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sea and their color is a function of their location. Some
1. Introduction species from the ground are yellow and Daphnia is more
found in the shallow waters of marginal regions along with
the aquatic plants. The nutrition was done from the plant
gazing and they slide into the mud or into the under layer of
the water and a few species are observed into the deep lakes.
Their color is a function of their location and ground forms
are yellow and can be observed in the red pools and marshes
are seen as brown, green and black colors. Most of species
. . ; are found in large amounts ad play a significant role in the
in order to proQuce more regard}ess of environmental issues. fish farms for feeding the fishes. (Smaeeli, 2000) Cu is one
Due to the env_lronment constramFs a’nd the fundamental role of the metals which easily can be extracted fromthe solution
of _water Whlc},l plays here, it is necessary that  the state and about 83 percent of CU in the sea is in this recent
environmental issues and water pollution should be state. And will be considered as an essential element for

cons idere'd more than this. (Omidi, 1997) creatures and its most concentration is seen in Decapod
Daphnia magna belongs to the category of Arthropoda and crustaceans, Gastropod and Cephalopoda that their

class of Crustacea and sub-class of Phyllopoda and sub respiratory pigment includes Cu. It seems that Cd also

—order O_fCl}?doﬁefla and Daphn;a fam}ly.l . I th because of being along with phosphate will be absorbed by
hMore mt els allow vgaters 0 mzrgma regions a ?‘rng Wllz phytoplankton.Cd has a very long half-life (13-28) and its
tle aquatlf: p antds Cf_l(lil ¢ seelrll an ;S n}ltnltlmn I:f 0n11t ©  amount of accumulation is significant with increasing the
p a:ilt glrlazmg an hs de mtoft ¢ mud or H;t ¢ S;, aile ;yer age of creatures. (Alavi. 2003).
under the water. There are a few species observed m the deep Although, Cd is not an essential element for living beings,
i but due to the wuncertain reasons, phytoplankton
* Corresponding author: h thesi d h b . h
gholami62@yahoo.com (Mansoureh Gholami) photosyn .CSIS .an growt ec‘omes more m the
Published online at http/journal.sapub.org/ije concentrations higher than 100 ppm, it seems that CD, due to
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved accompaniment with phosphate, is absorbed by

According to the distribution of pollutants around the
world and human dependency to the environment for
achieving his food and other needs , a basic survey about the
variety of pollutions specially waters and aquatic livings is
required .

On the other hand, increasing growth o fthe population is
impossible along with the technology industry development
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phytoplankton. The threshold limit of Cd was determined by
the America Committee on Occupational Health
Professionals about 0.1 mg per cubic meter of air and
maximum of 0.1 mg per liter of water and maximum
allowable concentration for aquatic creatures is 1.5
microgram per liter. Todays, the detergents are widely
spread and via the municipal and industrial waste waters are
released into the aquatic and terrestrial environments. In
recent years, the linear Alkyl Benzene Sulfonate (ABS) are
the most important anionic surfactant which were used in the
household cleaning products in America. These materials
caused the wide pollution to be distributed into the aquatic
and terrestrial environment via the municipal and household
waters. The artificial detergents are important due to their
increased usage and aquatic creatures are exposed to the risk
of contamination. These detergents may be decomposed by
certain bacteria , but in the high concentrations ,bacteria may
not be able to play their role , because the high
concentrations of detergents inhibits the action of enzy mes
of bacteria and this enzymes are essential to decompose or
decrease the detergent effect .

Due to the biological decomposition of detergents in the
polluted waters, the concentration of phosphate and minerals
will be increased in the water. The detergents are able to
break the proteins of plasma membrane and causes the heavy
metals to be interred into the cells. Sometimes , the rate of
detergents in an ecosystem may be less than Lc50 obtained in
the laboratory , but the same concentration existed within the
ecosystem may increase the percentage of mortality in the
state of being mixed with the another chemical material.
(Tehrani 2000)

2. Method and Materials

Experiments was done based on the OECD method. In this
project, the acute toxicity of heavy metals (Cu, Cd) and LAS
detergent individually and in the mixed mode was observed
and investigated upon Daphnia magna.
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The experiments about determination of the acute toxicity
were done during 24 h and the physical and chemical factors
such as temperature, water hardness and EC were measured
during the experiments' time period. The number of
concentrations in a logarithmic mode per heavy metal and
detergents were considered 5 treatments and one control in
three replications individually and in a mixed mode.

Mortality rate was recorded at the end of 24 h. The water
type of tape water was bleached one and its size per
treatment was containers (250cc) and 10 Daphnia were kept
within each container. Finally , data fromthe experiments by
method of Probit analysis (Finny,1971) was statistically
analyzed and by obtaining the slope of the regression line
and its equation , Ec 10,Ec50, Ec90 and the threshold limit of
them individually and in a mixed mode were computed. To
calculate the regression line and correlation coefficient of
data was used of Quatro Pro , Statgraphics.

To realize the significant difference between data was
used of Kruskal-Wallis non-parametric test and to
investigate this significant difference was used of Duncan's
mu ltip le range test.

3. Results

The effective concentration of Cd on Daphnia during the
experiments based on OECD and logarithmically was
between 1.58-0.03ppm. The minimum concentration of
Cadmium Chloride which caused to a minimum effect upon
Daphnia equals 0.026 ppm.The effective concentration of Cu
upon Daphnia was experimented and was between 0.25
-0.006 ppm and minimum concentration of Copper which
caused to a minimum effect in Daphnia equals 0.003ppm.
The effective concentration of LAS on Daphnia was
experimented and during it was 1.6-40 ppm.The
concentrations' limit were divided for the variety of
treatments groups and the final experiments was done and
the least concentration of LAS which can cause the least
effect in Daphnia equals 0.78 ppm.

Table 1. the experimental findings from effect of heavy metals test as Cd and Cu and LAS individually and in a mixed mode on Daphnia magna

c trati . ™ on li Bactericidal concentrationsin terms ofmg
oncentration areain e regression line The correlation in 24 hours
Type of pollutant Daphnia magna equation in 24 hours coefficient (1%
treatment (ppm) y=ax +b ¢
ECio ECs ECo
Cd 0.03-1.58 Y=4.6884x+7.6833 88 0.14 026 05
Cu 0.006-0.25 Y=2.0208x+8.0539 68 0.007 0.03 0.13
LAS 1.640 Y=2.7299x+2.9828 84 1 78 60.6
LAS +Cu 1-16 and 0.006-0.25 Y=1.8967x+8.3813 83 0.003 0016 0.077
LAS +Cd 1-16 and 0.03-1.58 Y=3.7021x+9.3623 91 0.029 0.066 0.14
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Figure 1. Cdeffect on Daphnia magna
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Figure 2. Cueffect on Daphnia magna
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Figure 3. Laseffect on Daphnia magna
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Figure 4. Cut Las effect on Daphnia magna
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Figure 5. Last+Cd effect on Daphnia magna

The effective concentration of Cd+ LAS mixture based on
ECs which were individually obtained from pollutants were
experimented and found that are between 0.03-1.58 ppm for
Cd and 1-6 ppm for LAS. The least concentration of
Cadmium Chloride + LAS mixture which caused the least
effect in Daphnia equals 0.0029ppm. The results from the
individual effect of pollutants were tested and known that are
between 0.25-0.006 ppm for Cu and 1-16 ppmfor LAS. The
least concentration of copper sulphate +LAS mixture which
causes the least effect to be observed in Daphnia equals
0.0016ppm. (Table.1). the regression line slope equation was
calculated and EC,y, ECsq and ECyy was determined for
pollutants. (Figs.1, 2, 3, 4, 5).

According to the Kruskal-Wallis nonparametric test which
was done between Cd, Cu and LAS, we observed a
significant statistical difference on Daphnia. (P < 0.05). It
seems that LAS rating mean differs with Cu and Cd.

But on the 99% confidence level between 3 factors
regarding to the effect upon Daphnia, we have not observed a
significant statistical difference there. According to the
Duncan's multiple range test comparing, we have not
observed a significant statistical difference between Cd, Cu
and LAS due to the high standard deviation of LAS. We did
not observed a significant statistical difference regarding the
effect on Daphnia between Cd and Cd+LAS mixture. We
have not observed a significant statistical difference between
Cu and Cu+LAS mixture regarding the effect of Daphnia. (P
< 0.05). Also, we have not observed a significant statistical
difference between Cu and Cu+LAS mixture regarding the
effect on Daphnia.

4. Discussion and Conclusions

The results showed that Cu effect is more on Daphnia than
Cd and LAS, such that the Comparison of EC50 related to
these three pollutants on Daphnia showed that the metal
toxicity is 8x (8 times) more than Cd and 260x (260 times)
more toxic than LAS and is based on the sensitivity of
Daphnia to copper. Folt,C & et al,2004 stated that, the
concentration of Cd which causes to the 5% decrease of
population in Daphnia Pulex during 48h which was about
0.25 ppm and the maximum rate of Cd toxicity in Daphnia
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was about 2.5 ppm and the effective concentration limit of
Cd on Daphnia was 0.03-1.58 ppm. Rand, 1995, declared
about Daphnia Pulex in his studies that the allowed limit rate
for Cd is 0.05 ppm that agrees with the results from this
project. Timothys .J et al 2004 , based on the experiments
which were done upon the 8 generations of Daphnia ( in an
environment contaminated to the phenol ) found that the
sensitivity of Daphnia versus the Cd & Cu is more than the
environment where contains the phenol and the sensitivity
also was observed in the adult egg-containing Daphnia .

So that in the next generations, other born Daphnia, were
smaller than the previous Daphnia.

Rand, 1995, stated that the critical threshold of toxicity for
LAS on sensitive species of aquatic invertebrates was 0.5
ppmand the long termtoxicity threshold was approximately
0.2 ppm. Also , he reported ECs, rate of LAS after 48h for
Daphnia about 1-10ppm .Konar and Mullick , 1991 , stated
that Zinc, Copper, Lead, and Cadmium were added to
Diaptomus Forbesi, its Lc50 is 11ppm, but after adding the
Pamol-j detergent or Hexan-n (petroleum product) ,the
toxicity effect of these metals was intensified and reached to
4ppm.

Also they showed that the heavy metals toxicity rate
exposed to the other pollutants such as detergents will be
increased up to 39.2 %. Therefore, the concentration of a
metal lonely may not be dangerous, but its toxicity
percentage will be increased in the presence of detergents or
other chemical materials.

Leuny and Kwok (2005) expressed some experiments
which were done upon the several species of Woof Coupe
and hard-shell based on the toxicity of Cu and the changes in
temperature and salinity and their effects on their mortality
which showed us that LC50 obtained from their experiments
in Harpacticoidea equals 0.12 ppm in water hardness of 150
and 96h and Temperature of 25 °.

By increasing the salinity and falling the temperature, Cu
toxicity was increased. Piri and Ordag (1993) have tested the
effect of two pollutants (titanium dioxide and
nanoparticles )in a mixed mode on Daphnia and showed that
the toxicity rate of pollutants mixture and mortality rate of
Daphnia in the mixed mode were 3 times in comparison with
the toxicity rate o feach pollutant individually. Generally, the
results obtained from this study based on the heavy metals
effect (Cu, Cd) and LAS on Daphnia showed that Daphnia is
more sensitive than other invertebrates to the pollutants and
sensitive to Cu more than Cd and LAS. EC50 related to this
metal shows us the smaller amount in comparison with EC

and LAS. The pollutants affect the invertebrates' life, their
respiration, reproduction and feeding rate. Also, the results
showed that the toxicity rate of heavy metals and LAS had an
increase about 20% in comparison with the individual e ffect
of Cu and Cd in Daphnia and is consistent with the previous
studies.

REFERENCES

[1] Esmaili Sari, A. 2000. Bacteria, algae, fungi and invertebrates
of Freshwater. Fisheries Research Institute publication.

[2] Omidi, S. 1997. Study of heavy metals in coastal waters of
Bushehr province. Persian Gulf -Bushehr Fisheries Center.

[3] Tehrani, A.2000. LC50 related to the linear anionic deter gent
and Diazinon on a on the Caspian white fish. M aster's thesis,
Noor University of Tarbiat M odarress.

[4] Alavi, N. 2003. The effect of heavy metals such as cadmium,
Lead and Zinc on some green and blue-green algae, M aster's
thesis, Shahid Chamran University of Ahvaz.

[5] Finny, D., 1971. Probit analysis Cambridge, Cambrid ge univ.
press: 1-333.

[6] Folt, ¢ & et al. (2004). Metal tolerance (cadmium) in
Daphnia pulex. Fourth SETAC world congress.

[7] Kwok, KW & Leung, A (2005). Toxicity of antifouliny
biocides to the intertidal (harpacticoidae) copepod tigriopus
Jjaponicus (crustacea, copepoda): effect temperature and
salinity

[8] Mullick, S. & konar, S. K., 1991. Influence of Detergent,
Petroleum product, Pesticides, Nitrogen and phosphate
Fertilizers on the Toxi Behavior of M etals in water.

[9] Organization for Economic Cooperation and Development
(OECD), (1984). Algae growth inhibition test, Test
Guideline No.201.0ECD Guidelines for testing of chemicals.
Paris.

Piri, Z. M. and V. ordag, 1993, Effect of some herbicides
commonly used in Iran on selenastrum capricomutum and
Daphnia magna (MSc. Thesis to the University of
Agricultural Sciences Hungary).

[11] Rand, M. 1995. Fundamental of aquatic toxicology pp.

135-145,17°-188, 3-57

[12] Timothy, J. & et al. (2005). Evolution of cadmium resistance

in Daphnia magna



	1. Introduction
	2. Method and Materials
	3. Results
	4. Discussion and Conclusions

