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Influence of Water Hardness and Ph on Acute Toxicity
of Hg on Fresh Water Fish Capoeta fusca
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Abstract: The objective of this study was to utilize static test for examining the acute toxicity of Hg to anative
fish, Capoeta fusca, by static bioassay. The acute toxicity of Hg to C. fusca was determined in the three
different water hardness (soft, hard and very hard water) and two different pH (5 and 9). The 96 h LC,, for Hg
at the soft, hard and very hard was found to be 0.118, 0.154 and 0.180 mg/L, respectively, whilethe 96 h LC,,
Hg at the pH 5 and pH 9 was found to be 0.032 and 0.396 mg/L, respectively. Results showed that toxicity of
Hg reduced by increasing water hardness, also by increasing water pH toxicity of Hg decreased. So, Hg is more
toxic in the soft water than in the hard water as well as pH 5 than pH 9.
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INTRODUCTION

Qanat is awater-management system used to provide
areliable supply of water to settlements or for irrigation in
hot, arid and semi-arid climates; the technology is known
to have developed in ancient Persia and then spread to
other cultures [1]. Qanats unique environment for fishes
and comprises an adit which taps the groundwater and
provides a permanent flow. In many districts of the
plateau of Iran, fishes are only observed in Qanats, some
of them have flowed for hundreds of years [2]. Fishesin
Qanats, al over Iran constitute 25 species in Coad's
research, e.i. 40% of the plateau fauna. One of the most
significant fishes in Qanats of the east of Iran is the
Capoeta fusca belonging to the family cypriniod [3].

The contamination of fresh waters with awide range
of pollutants has become a matter of concern over the last
few decades. Among the various toxic pollutants, heavy
metals are particularly severe in their action due to
persistence is biological amplification through the food
chain [4, 5]. Heavy metals have long been recognized as
serious pollutants of the aguatic ecosystem. The heavy
metals that are toxic to many organisms at very low
concentrations and are never beneficial to living beings
aremercury, cadmium and lead [6]. Thetoxicity of mercury
depends greatly on the forms of the mercury compounds
(inorganic and organic). Both inorganic and organic
mercury in waters pose considerable risk to aquatic biota

since mercury in both forms is cumulatively toxic [7].
This element is classified as one of the most toxic metals,
which are introduced into the natural environment by
human interferences [8]. Adequate management of our
environment requires the correct tools which will alow us
to accurately predict the fate and effects of contaminants
within the environment.

The purpose of fish acute toxicity is for decision
whether a certain xenobiotic is dangerous for the aguatic
environment. Acute toxicity tests are short-term tests
designed to measure the effects of toxic agents on aquatic
species during a short period of their life span [9].
Bioassays alow study, under controlled conditions, of
some parameters such as mortality, behavior alterations,
or damage in tissues or cells and can help predicting some
effects of mercury in natural aquatic eco-systems[10].

The purpose of this research is to determine the acute
toxicity of Hg as HgCl, to a native fish, Capoeta fusca,
which has been reported only from the east of Iran, at two
different pH and three hardness levels of water. These
species of fish have been recognized as great important
ones from the genetic conservative point of view.

MATERIALSAND METHODS
Birjand is the center of province of South Khorasan

in the east of Iran. There are no permanent rivers in the
province. However, there are valuable sources of native

Corresponding Author:

Borhan Mansouri, Department of Environmental Sciences, Faculty of Agriculture,

University of Birjand, Birjand, Iran, E-mail: borhanmansouri @yahoo.com.



World J. Fish & Marine Sci., 3 (2): 135-136, 2011

Table 1: Physiochemical properties of test water

Test water

Parameter pH=5 pH=9 Soft water Hard water Very hardwater
Tota hardness (as CaCO3, mg/l) 28515 275+5 50 150 275
pH 5 9 7.5£0.3 7.9£0.3 8.1+0.3
Temperature (°C) 19.1+0.1 18.3+0.1 19.2+0.2 19.2+0.3 19.2+0.2
Dissolved oxygen (mg/l) 6.2+0.1 6.3+0.05 6.4+0.2 6.4+0.05 6.5£0.1
Mg (mg/l) 37.3£t15 37+1 42.3£15 44+1 48.3+2
Nitrite (mg/l) 0.41 0.01 0.03 0.5 0.07
Nitrate (mg/l) 0.04 0.06 0.02 0.01 0.03
Ammonia (mg/l) 0.12 0.11 0.13 0.19 0.14
Table 2: Concentrations of the Hg used in thisinvestigation using Capoeta fusca
Element Soft water Hard water Very hard water

0.032, 0.062, 0.125, 0.25 and 0.5 mg/L 0.062, 0.125, 0.25 and 0.5 mg/L 0.062, 0.125, 0.25, 0.5 and 1 mg/L
HgCl, pH=5 pH=9

0.07, 0.015, 0.031, 0.62 and 0.125 mg/L

0.062, 0.125, 0.25, 0.5 and 0.75 mg/L

fish population in its Qanats. During September and
October 2010, C. fusca [11] belonging to the family
cyprinidae, with average weight + SD of 3.49 £ 0.69 g and
average length of 7.50 £ 0.40 cm were obtained from a
Qanat in Birjand. The fish were transported to the
laboratory in polyethylene bags by water of Qanat. Fishes
was acclimatized for one week to the laboratory
conditionsin pre-cleaned glass aguariums with tap water.
Thereafter, sets of 8 fish specimens (in triplicate) were
exposed randomly to 40 litres of water in the aguarium
system. The exposure timeto Hg (as HgCl,) was 96 hours,
without adding any food. For determination the mortality
limits of Hg aswell as survival experiment, treatments and
replication were considered based upon OECD [12].
Stock solutions (1000 mg/L) were prepared by
dissolving analytical-grade Hg (as HgCl,) in distilled
water. Preliminary tests were carried out to estimate the
minimum lethal and maximum nonlethal concentrations of
Hg (as HgCl,). The initia concentration of Hg (as HgCl,)
added to each aguarium were accurately calculated
(Table 2). The experimental water use in the investigation
consisted of three types of water (soft, hard water and
very hard water; nominal levels of 50, 150 and 275 mg/L as
CaCO,, respectively) and two different pH level (pH 5 and
pH 9). Dissolved oxygen (mg/L), temperature (°C) and pH
were recorded individually in each testing aquarium at
exposure times. Quality of water in the experimental tank
was determined according to standard procedures. Total
hardness, magnesium, nitrite, nitrate and ammonia (mg/L)
were determined before starting the experiments by a
photometer, Palin test 8000 (Table 1). Lethal concentration
for 50% (LCs) values were calculated from the data
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obtained in acute toxicity bioassays, by using the EPA
computer probit analysis program (Version 1.5).

RESULTS AND DISCUSSION

Hg levels can be alternated with different conditions.
Factors influencing Hg levels includes exogenous
(characteristics of the water as oxygen concentration, pH,
hardness, temperature, etc) and endogenous
(characteristic of the individuals or species as habitat,
food preferences, metabolic rate, age, etc), which may
change the state of toxicity of chemical as Hg [9, 13].
Hypoxic  conditions, temperature, enhance and
acidifications generally render the fish more sensitive to
toxication whereas increases in mineral contents (as
hardness) decrease metal toxicity [14, 15].

The percentage mortality of C. fusca for the three
water hardness tests at 96 hours exposure to various
concentrations of Hg is presented in figure 1. In the soft
and hard water with concentration of 0.5 mg/L, the
mortality at 96 hours exposure was 100% (Figure 1la and
b), while in the very hard water at 96 hours exposure no
mortality were observed (Figure 1c). In the very hard
water with concentration of 1 mg/L, the mortality at 96
hours exposure was 100%. Also, the parentage mortality
of C. fusca for the two pH testing water at 96 hours
exposure to various concentration of Hg is presented in
figure 2. In the pH 5 with concentration of 0.125 mg/L, the
mortality at 96 hoursexposure was 100% (Figure 2d), while
in the pH 9 at 96 hours exposure no mortality were
observed (Figure 2b). In the pH 9 with concentration of
0.75 mg/L, the mortality at 96 hours exposure was 100.
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Fig. 1. Percentage mortality of Capoeta fusca after 96 hours exposure to different concentrations of Hg at three different
water hardness.
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Fig. 2. Percentage mortality of Capoeta fusca after 96 hours exposure to different concentrations of Hg at two
different pH.
The LC, values of Hg to the C. fusca were  substantially reduced the toxicity of Hg to 1.3-fold, 1.2-

generated from the mortality data. Comparing the
effects of theHg at three different water hardness and
two pH on the C. fusca, it were observed that Hg a
the soft water and pH 5 was more toxic to the fish with
LC,, vaue of 0.118 and 0.032 mg/L at 96 hours,
respectively (Table 3). The results of the present study
indicated that a 5.5-fold increase in water hardness (from
50 to 275 mg/L as CaCO,) substantially reduced the
toxicity of Hg only a 1.5-fold to C. fusca at 96 hours
exposure. Also, the result of the present study indicated
that increasing pH (from pH=5 to 9) substantially reduced
the toxicity of Hg up to 12-fold to C. fusca at 96 hours
exposure. Kumar and Gupta [16] pointed that a 1.08-fold
increase in hardness (from 270 to 560 mg/L as a CaCO,)
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fold and 1.01-fold to fingerlings of Catla catla, Labeo
rohita and Cirrhinus mirigala, respectively, at 96 hour
exposure. Also, Pyle et al. [17] showed that a 7-fold
increasing water hardness (20 to 140 mg/L as CaCO,)
mainly reduced the toxicity of Ni (up to 5-fold) to larval
fathead minnows (Pimephales promelas) at 96-hours
exposure. The studies of Rathore and Khangarot [15]
showed that by increasing hardness water from 12 to 300,
Hg acute toxicity on Tubifex muller has been reduced. A
report by Khangarot et al. [18] showed that with
increasing pH 5.5-8.5 the acute toxicity to fry of common
carp (Cyprinus carpio) lowered. This reduction of metal
accumulation at high pH aso resulted in a concurrent
reduction of toxicity.
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Table 3: Lethal concentration (L Cs,) whit 95% confidence limit (in parentheses) of Hg estimated by EPA method

LCs, values (mg/L) and 95% confidence limits

Hg 24 hours 48 hours 72 hours 96 hours
Water hardness
Soft 0.195 (0.157-0.245) 0.122 (0.035-0.426) 0.128 (0.102-0.161) 0.118 (0.093-0.149)
Hard 0.226 (0.190-0.269) 0.186 (0.155-0.225) 0.154 (0.129-0.184) 0.154 (0.129-0.185)
Very hard 0.366 (0.138-1.317) 0.256 (0.207-0.339) 0.198 (0.032-0.715) 0.180 (0.19-0.22)
pH
pH=5 0.032 (0.026-0.041) 0.032 (0.026-0.041) 0.032 (0.026-0.041) 0.032 (0.026-0.041)
pH=9 0.453 (0.385-0.535) 0.396 (0.332-0.473) 0.396 (0.332-0.473) 0.396 (0.332-0.473)

Water hardness is well known to attenuate metal
toxicity and is major factor, which influences the toxic
effects of heavy metals on fish [9, 17]. Toxicity of the
metal is usually concerned with impairment of active Ca*
transport in fish by the competitive blockade of epithelia
Ca** channelsin the gill epithelium [19]. Fish are near to
their ionoregulatory threshold and gill structural integrity
is jeopardized due to the lack of available Ca?* in very soft
water. Ambient metals change the place of C&®* from the
negatively charged gill surface owing to structura
damage and areduction in osmotic wholeness [17]. In soft
water, this change of gill tissue is clear by the observed
high toxicity of metals [20]. The results of the study
showed that C. fusca is so to Hg toxicity at soft water.
Metals were more toxic at low hardness, so lowering water
hardness, increases sensitivity of C. fusca to toxicity of
Hg. In the soft water, the LC,, values for Hg at 24, 48 and
72 hours of exposure were 0.195, 0.122 and 0.128 mg/L,
respectively, while in the hard water were 0.226, 0.186 and
0.154 mgl/L, respectively. In the very hard water with the
same period of exposure, the LC,, values were 0.366, 0.256
and 0.198 mg/L, respectively. In the hard water, the LC,,
value at 96 h is the same as 72 h, showing no mortality
occurrence after 72 h.

One of the most important problems with the correct
measurement of the toxicity of metalsto significant testing
species is the controlling of pH through the ecotoxicity
assay. The pH changes can aso happen when using
natural surface waters as test medium, through the
ecotoxicity assay on transportation (because of the loss
of chemical equilibrium when sampling). In the other hand,
as the pH of the environment can affect mucus secretion
or production reduction in the pH may change the mucus,
because of reduction of metal uptake [21]. At low pH,
metals usually found in their most bioavailable form as
divalent cations. In this way ameliorating effect of low pH
was attributed to H* competition with metal ions at gill
surfaces [17]. Also, the results showed that C. fusca react
the same to Hg toxicity at in low-pH water (pH 5) thanin
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high-pH water (pH 9), that may be because of its own acid
toxicity inducing bicarbonate loss in the body fluid [22].
Inthe pH 5, the LC,, values for Hg at 24, 48 and 72 hours
of exposurewere0.032, 0.032 and 0.032 mg/L., respectively,
while in the pH 9 were 0.453, 0.396 and 0.396 mg/L,
respectively. InthepH 5, the LC;, valueat 72 and 48 hiis
the same as 24 h, showing no mortality occurrence after 24
h. This is due to 100% mortality in the first 24 hours
occurred. Also, inthe pH 9, the LC,, valuesfor Hg at 48 h
isthe same as 72 h, showing no mortality occurrence after
48 h. The magjor cause of mortality might be due to
respiratory epithelium damage by oxygen culmination
during the formation of a mucus film over the gills of
fishes[7].

CONCLUSION

The C. fusca (black fish) is a native fish of eastern
Iran. In conclusion, we can conclude that the Hg is more
toxic in the soft water than in the hard water as well as
pH=5 than pH=9 on the C. fusca.

REFERENCES

1. Stiros, S.C., 2006. Accurate measurments with
primitive instruments: the “paradox” in the Qanat
design. J. Archaeol. Sci., 33: 1058-1064.

2. Coad, B.W., 1996. Fishes from the ganats of Iran.
Publicationes Especiales Instituo Espanol de
Oceanografia, 21: 63-79.

3. Omidi, A., S. Mazloomi and H. Farhangfar, 2009.
Preservative effect of Quanta's water to reduce lead
acetate toxicity (LC,, 96) on Capoeta fusca.
J. Fisheries Aquatic Sci., 4: 50-56.

4. Senthil Murugan, S., R. Karuppasamy, K. Poongodi 1
and S. Puvaneswari, 2008. Bioaccumulation pattern of
Zinc in freshwater fish Channa punctatus (Bloch.)
after chronic exposure. Turkish J. Fisheries Aquatic
Sci., 8: 55-59.



10.

11

12.

13.

14.

World J. Fish & Marine Sci., 3 (2): 135-136, 2011

Baldantoni, D., A. Alfani and P.D. Tommasi, 2004.
Assessment of macro and microelement accumulation
capability of two aguatic plants. Environment
Pollution, 130: 49-156.
Shah, S.L. and A. Altindau, 2005. Effects of Heavy
Metal Accumulation on the 96-h LC50 values in
Tench Tinca tinca L., 1758. Turkish J. Veterinary
Anim. Sci., 29: 139-144.
Ebrahimpour, M., M. Mosavisefat and R. Mohabbati,
2010a. Acute toxicity bioassay of mercuric chloride:
An alien fish from ariver. Toxicol. Environ. Chem.,
92: 169-173.
Ishikawa, N.M., M.JT. Ranzani-paiva and
J.V. Lombardi, 2007. Acutetoxicity of mercury (HgCl,)
to Nile tilapia (Oreochromis niloticus). B
Instituo de Pesca, S&o0 Paulo, 33: 99-104.
Ebrahimpour, M., M. Alipour and S. Rakhshah,
2010b. Influence of water hardness on acute toxicity
of copper and zinc on fish. Toxicol. Industrial
Health, 6: 361-365.
Olivera ribeiro, C.A., JR.D. Guimaraes and
W.C. Pfeffer, 1996. Accumulation and
distribution of inorganic mercury in a tropical fish
(Trichomycterus zonatus). Ecotoxicol. Environ.
Safety, 34: 190-195.
Nikolskii, A.M., 1897. Reptiles, amphibians and fishes
collected by N. A. Zarudny in eastern Persia. Ann.
Mus. Zool. Academy Imperial Sci. Stain Petersburg.,
pp: 306-348.
OECD., 1992. OECD guideline for testing of
chemicals. Fish, acute toxicity test, 203: 1-9.
Hedayati, A. and A. Safahieh, 2010. Detection of
mercury chloride acute toxicity in Yelowfin Sea
bream (Acanthopagrus latus). World J. Fish and
Marine Sci., 2: 86-92.
Abdullah, S. and M. Javed, 2006. Studies on acute
toxicity of meatlsto the fish, Catla catla. Pakistan J.
Biol. Sci., 9: 1807-1811.

136

15.

16.

17.

18.

19.

20.

21.

22.

Rathore, R.S. and B.S. Khangarot, 2003. Effects of
water hardness and metal concentration on a fresh
water Tubifex muller. Water Air and Soil Pollution,
142: 341-356.

Kumar, A. and A.K. Gupta, 2006. Acute toxicity of
mercury to the fingerlings of Indian major carps
(catla, rohu and mrigal) in relation to water hardness
and temperature. J. Environ. Biol., 27: 89-92.

Pyle, G.G., SM. Swanson and D.M. Lehmkuhl, 2002.
The influence of water hardness, pH and suspended
solids on nickel toxicity to larval fathead minnows
(Pimephales promelas). Water Air and Soil Pollution,
133: 215-226.

Khangarot, B.S., A. Sehgal and M.K. Bhasin, 1985.
Effects of pH on toxicity of sodium
pentachlorophonate to fry of common carp in soft
water. Archive Hydrobiological, 103: 375-9.

Galvez, F.,, D. Wong and C.M. Wood, 2006.
Cadmium and calcium uptake in isolated
mitochondria-rich cell populations from the gills of
the freshwater rainbow trout. Am. J. Physiol. Regular
Integral Comp. Physial., 291: 170-176.

Hollis, L., L. Muench and R.C. Playle, 1997.
Influence of dissolved organic matter on copper
binding and calcium on cadmium binding by gills of
Rainbow trout. J. Fish Biol., 50: 703-720.
Karthikeyan, S, P. Padaniagppan and S
Sabhanayakam, 2007. Influence of pH and water
hardness upon nickel accumulation in edible fish
Cirrhinus mrigala. J. Environ. Biol., 28: 489-492.
Das, S. and B.K. Sahu, 2005. Interaction of pH with
mercuric chloride toxicity to penaeid prawns from a
tropical estuary, East Coast of India: Enhanced
toxicity at low pH. Chemosphere, 58: 1241-8.



