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Influence of water hardness on acute
toxicity of copper and zinc on fish

Mohammad Ebrahimpour, Hosain Alipour and
Solaiman Rakhshah

Abstract
The aim of this study was to utilize static test for examining the acute toxicity of two essential elements, Cu and
Zn, to a native fish, Capoeta fusca, by static bioassay. The acute toxicity of two heavy metals to C. fusca was
determined in the soft, hard and very hard water (40, 150 and 380 mg/L as CaCO3). Results showed that
toxicity of Cu and Zn decreased with increasing water hardness, so that water hardness had a significant
effect on Cu and Zn toxicity on fish. Copper and Zn were more toxic in the soft water than in the hard
water. The 96-hour lethal concentration for 50% (LC50) values for C. fusca were lower in the soft water
compared with the hard and very hard water. The 96-hour LC50 for Cu at the soft, hard and very hard water
was found to be 1.1, 5.4 and 7.5 mg/L, respectively, while the 96-hour LC50 for Zn at the soft, hard and very
hard water was found to be 13.7, 74.4 and 102.9 mg/L, respectively.
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acute toxicity, hard water, heavy metals, mortality, soft water

Introduction

Qanat is a water-management system used to provide a

reliable supply of water to human settlements or for

irrigation in hot, arid and semi-arid climates; the tech-

nology is known to have developed in ancient Persia

and then spread to other cultures. Qanats are up to

3000 years old artificial, sub-horizontal underground

water channels, 5 to 80 km long (Stiros, 2006). The

term Qanat, deriving from an ancient Semitic word

meaning ‘to dig,’ describes an underground water

channel, consisting of vertical shafts connected at their

bottom with a sub-horizontal tunnel (Stiros, 2006).

All heavy metals are potentially harmful to most

organisms at some level of exposure and absorption

(Yilmaz, 2003). Heavy metals including both

essential and non-essential elements have a particular

significance in ecotoxicology, since they are highly

persistent and all have the potential to be toxic to

living organisms (Ebrahimpour and Mushrifa, 2008;

Storelli et al., 2005). All aquatic organisms are

directly and indirectly affected by the physical char-

acteristics of their environment, especially the chem-

ical composition of the water (Gillis et al., 2008).

Aquatic systems reflect perturbations in the environ-

ment; hence fish can often be used to indicate the

health of an aquatic system because chemicals can

be accumulated in fish and can cause harmful effects

(Ezemonye et al., 2008). Discharge of toxic chemicals

into the environment causes adverse effects on

biological systems, ranging from cell to ecosystem

in varying ranges of direct and/or indirect effects

(Ezemonye et al., 2008). The degree of the effect

depends on the type, property dosage, exposure

duration of the chemical (Ezemonye et al., 2008),

alkalinity, hardness, pH (Carvalho and Fernandes,

2006), organic carbon content, redox status (Gillis

et al., 2008) and temperature. Copper and Zn, essen-

tial metals for organisms, may become extremely

toxic for aquatic animals as their concentration in

water increase. The objective of the present investiga-

tion was to utilize static test for examining the acute

toxicity of two essential elements, Cu (as CuCl2) and
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Zn (as ZnSO4), to a native fish, Capoeta fusca, at

three different hardness levels of water.

Materials and methods

Birjand is the capital of South Khorasan province in

the east of Iran. The province has a dry climate with

significant difference between day and night tempera-

tures, with an annual rainfall of 172 mm. During May

and June 2009, Capoeta fusca belonging to the family

Cyprinidae, with average wet weight (+SD) of

1.95(+0.53) g, was collected from Qanat in Birjand.

The fish transported to the laboratory in polythene

bags with Qanat water. Prior to the experiment, the

fish was acclimatized for 1 week to laboratory condi-

tions in pre-cleaned glass aquariums with tap water.

Thereafter, sets of 10-fish specimens (in triplicate)

were exposed randomly to 50 litres of water in the

aquarium system. The exposure time of fish to Cu

(as CuCl2) and Zn (as ZnSO4) was 96 hours, without

adding any food. Mortalities were recorded at 24, 48,

72 and 96 hours of exposure, and the dead fish were

removed regularly from the test solution. A control

was also used for test with three replicates. No mortal-

ity was observed during the experimental period in

controls.

Stock solutions (1000 mg/L) were prepared by

dissolving analytical-grade Cu (as CuCl2) and Zn

(as ZnSO4; from Merck) in distilled water. Prelimi-

nary tests were carried out to estimate the minimum

lethal and maximum nonlethal concentrations of Cu

(as CuCl2) and Zn (as ZnSO4). The initial

concentrations of Cu (as CuCl2) and Zn (as ZnSO4)

added to each aquarium were accurately calculated

(Table 1). The experimental water used in the investi-

gation consisted of three different hardness levels

(soft water, hard water and very hard water; nominal

levels of 40, 150 and 380 mg/L as CaCO3, respec-

tively). Dissolved oxygen (mg/L), temperature (�C)

and pH were recorded individually in each test aqua-

rium at exposure times. Water quality of the experi-

mental tank was determined according to standard

procedures. Total hardness, magnesium, nitrite and

ammonia (mg/L) were determined before starting the

experiments by a photometer, Palintest, 8000.

Lethal concentration for 50% (LC50) values were

calculated from the data obtained in acute toxicity

bioassays, by using the EPA computer probit analysis

program (Version 1.5).

Results and discussion

The purpose of fish acute toxicity is for decision

whether a certain xenobiotic is dangerous for the

aquatic system (Yılmaz et al., 2004). 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 (Ebrahimpour et al.,

2010; Hoffman et al., 2000). The acute toxicity of

Cu and Zn to the Capoeta fusca was evaluated at the

three different water hardness concentrations (40, 150

and 380 mg/L as CaCO3) by static bioassays for

calculating the LC50.

Table 1. Concentrations of the two metals used in this investigation using Capoeta fusca

Element Soft water Hard water Very hard water

CuCl2 0.5, 1, 1.5 and 2 mg/L 1, 2, 4, 8 and 16 mg/L 2, 4, 8, 16 and 32 mg/L
ZnSO4 4, 8, 12, 16 and 20 mg/L 40, 60, 80 and 100 mg/L 60, 80, 100, 120 and 140 mg/L

Table 2. Physiochemical properties of the Qanat water and test water

Parameter
Test water

Qanat water Very hard water Hard water Soft water

Total hardness (as CaCO3, mg/L) 480 380 + 3.2 150 + 2 40 + 1
pH 7.9 + 0.1 7.8 + 0.2 7.8 + 0.2 7.9 + 0.2
Temperature (�C) 21 23 + 0.2 23 + 0.2 23 + 0.2
Dissolved oxygen (mg/L) 6.3 + 0.2 6.5 + 0.2 6.5 + 0.2 6.5 + 0.2
Mg (mg/L) 41 + 2 33 + 2 14 + 2 8.1 + 0.3
Nitrite (mg/L N) 0.004 0.007 0.006 –
Ammonia (mg/L N) 0.22 0.05 0.05 –
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In natural water, the toxicity of heavy metals on

biota can be altered by a number of environmental

factors (pH, water hardness, etc), which may alter the

rate of metabolism of the organisms, and the state of

toxicity of the chemical (Rathor and Khangarot,

2003). The physiochemical properties of the test

water and Qanat water are shown in Table 2. Results

showed that the water hardness concentrations were

much higher in the Qanat water than in the test water.

Heavy metals are more toxic in the soft water than

in the hard water because they are more soluble in the

soft water and it is known that the dissolved forms of

heavy metals are the active toxic agents (Rathor and

Khangarot, 2003). Perschbacher and Wurts (1999)

indicated that there was only a minimal effect of water

hardness on the toxicity of Cu to a catfish (Ictalurus

punctatus), where an increase in hardness from 50

to 400 mg/L (as CaCO3) resulted in only a 1.3-fold

reduction in Cu toxicity. They showed that as calcium

hardness increased, catfish (Ictalurus punctatus)

survival improved significantly from 10% at soft

water (10 mg/L as CaCO3) to 95% at very hard water

(400 mg/L as CaCO3). Straus (2003) indicated that a

7-fold increase in total alkalinities (from 16 to

112 mg/L as a CaCO3) substantially reduced the toxi-

city of Cu (up to 239-fold)) to blue tilapia fingerlings

(Oreochromis aureus) at 96-hour exposure. Molokwu

and Okpokwasili (2002) showed that soft water

(<10 mg/L) and very hard water (>500 mg/L) were

not suitable for African catfish (Clarias gariepinus)

egg incubation and larval rearing. They showed that

all larvae died at soft water (<10 mg/L) and very hard

water (>500 mg/L), and the most larval survival and

growth were observed at water hardness of 60 mg/L

(as CaCO3). The results of this study showed that

water hardness had a significant effect on toxicity of

Cu and Zn to C. fusca. So, the water hardness was a

major factor that influenced the toxic effects of Cu

and Zn on C. fusca. The major findings of the present

study were that the more the water hardness, the less

sensitivity of the fish to toxicity of Cu and Zn, so that

water hardness less than 20 mg/L were not suitable for

Figure 1. Percentage mortality of Capoeta fusca after
96 hours exposure to different concentrations of zinc at
three different water hardness.

Figure 2. Percentage mortality of Capoeta fusca after 96
hours exposure to different concentrations of Cu at three
different water hardness.
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survival of C. fusca. These results are consistent with

those of previous studies using freshwater biota,

where metal toxicity was found to decrease with

increasing water hardness.

The percentage mortality of C. fusca for the three

water hardness tests at 96 hours exposure to various

concentrations of Zn is presented in Figure 1. In the

soft water with concentrations of 20 mg/L, the mortal-

ity at 96 hours exposure was 100% (Figure 1a), while

in the hard water and very hard water at 96 hours

exposure no mortality were observed (Figure 1b and

c). In the hard water with concentrations of 100 mg/

L, the mortality at 96 hours exposure was 100%, while

in the very hard water at 96 hours, mortality was 40%.

The percentage mortality of C. fusca for the three

water hardness tests at 96 hours exposure to various

concentrations of Cu is presented in Figure 2. In the

soft water with concentrations of 2 mg/L, the mortal-

ity at 96 hours exposure was 100% (Figure 2a), while

in the hard water, the mortality at 96 hours was 16%,

and in the very hard water at 96 hours exposure, no

mortality were observed (Figure 2b and c). In the hard

water with concentrations of 16 mg/L, the mortality at

96 hours exposure was 100%, while in the very hard

water, the mortality at 96 hours was 77%.

The LC50 values of Cu and Zn to the C. fusca were

generated from the mortality data. Exposure to Cu and

Zn at three different hardness produced a varying

LC50 levels for the fish exposed (Table 3). Comparing

the effects of the two metals at three different water

hardness on C. fusca, it was observed that Cu at the

soft water was more toxic to the fish with LC50 value

of 1.1 mg/L, while Zn at the very hard water was less

toxic with LC50 value of 102.9 mg/L. Results of the

present study indicated that a 9.5-fold increase in

water hardness (from 40 to 380 mg/L as CaCO3)

substantially reduced the toxicity of Cu (up to

6.5-fold) and Zn (up to 7.5-fold) to C. fusca at 96 hours

exposure.

It is well recognized that most heavy metals

become less toxic in the hard water. Water hardness

can change the toxic effect of heavy metals on aquatic

organisms (Kim et al., 2001). Water hardness is

known to affect metal toxicity to fish (Pyle et al.,

2002). Generally in fresh water, as water hardness

increases, heavy metal toxicity decreases due to com-

petition between metal ions and Ca2þ and Mg2þ ions

for the uptake sites of organisms (Javid et al., 2007;

Kim et al., 2001; Pyle et al., 2002). Metals are gener-

ally on an order of magnitude more toxic in soft water

than in hard water. In the natural environment, Ca and

Mg are present at much higher concentrations than the

heavy metals. Therefore, by competing with heavy

metals and blocking their access to aquatic organisms,

Ca and Mg levels are important considerations with

respect to the toxic effects of heavy metals upon biota

in aquatic systems (Kim et al., 2001). Passive fluxes

of metal ions across the gill membrane increase as the

calcium concentration decreases. The uptake of cal-

cium and magnesium ions by the cell membrane

causes it to stabilize, and this reduces its permeability

to metal ions (Kim et al., 2001; Penttinen et al., 1998).

Water hardness reduces metal toxicity by saturating

gill surface binding sites with Ca2þ to the exclusion

of metal cations (Pyle et al., 2002). Results of the

present study showed that C. fusca is so sensitive to

Cu and Zn toxicity at soft water. Metals were more

toxic at low hardness, so the less the water hardness,

the more sensitivity of the fish to toxicity of Cu and

Zn. In the soft water, the LC50 values for Cu at 24,

48 and 72 hours of exposure were 1.5, 1.3 and

1.2 mg/L, respectively, while in the very hard water

were 15.1, 9.6 and 8.7 mg/L, respectively. However,

in the hard water with the same period of exposure,

Table 3. Lethal concentration (LC50) with 95% confidence limit (in parentheses) of Cu and Zn estimated by EPA method

LC50 values (mg/L) and 95% confidence limits

Water hardness 24 hours 48 hours 72 hours 96 hours

Copper
Soft 1.5 (1.3–1.7) 1.3 (1.2–1.7) 1.2 (1.0–1.3) 1.1 (0.9–1.2)
Hard 13.4 (10.4–20.1) 8.1 (6.4–10.9) 6.3 (5.0–8.1) 5.4 (2.3–14.9)
Very hard 15.1 (11.3–21.4) 9.6 (7.7–12.0) 8.7 (7.0-10.6) 7.5 (6.2–9.1)

Zinc
Soft 18.5 (16.7–21.8) 16.0 (14.7–17.7) 15.0 (13.7–16.5) 13.7 (7.0–22.3)
Hard 93.9 (87.5–104.6) 84.6 (78.7–91.8) 79.2 (73.5–85.6) 74.4 (69.6–78.9)
Very hard 112.8 (106.7–119.6) 106.9 (101.4–112.6) 105.6 (99.7–111.6) 102.9 (97.5–108.2)
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the LC50 values were 13.4, 8.1 and 6.3 mg/L,

respectively. In the soft water, the LC50 values for

Zn at 24, 48 and 72 hours of exposure were 18.5,

16.0 and 15.0 mg/L, respectively, while in the very

hard water were 112.8, 106.9 and 105.6 mg/L, respec-

tively. However, in the hard water with the same

period of exposure, the LC50 values were 93.9, 84.6

and 79.2 mg/L, respectively.
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