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Abstract

Objective To determine the effects of water hardness on the toxicities of cobalt (Co) and nickel (Ni) to

a freshwater fish, Capoeta fusca.

Methods Toxicity was investigated by static bioassay. Fish were exposed to cobalt (as CoCl,) and nickel
(as NiCl,) for 96 h in waters with two levels of hardness (“hard” and “very hard”, nominally 130 mg/L

and 350 mg/L as CaCOs, respectively).

Results

Water hardness had a significant effect on the acute toxicity of both elements. The 96 h LCs,

values for Co were 91.7 mg/L and 204.8 mg/L in hard and very hard waters, respectively, and for Ni the
96 h LCsq values were 78.0 mg/L and 127.2 mg/L, respectively.

Conclusion The fish were more sensitive to Co and Ni toxicity in hard water than in very hard water;
very hard water protects C. fusca against the toxicity of Co and Ni.
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INTRODUCTION

Qanat is a type of water management
Asystem used to provide a dependable
supply of water to human settlements,
particularly in arid regions. The term is derived from
an ancient Semitic word meaning “to dig”’ and refers
to a system of underground water channels
consisting of vertical shafts connected at their
bottom with a sloping tunnel™. In addition to using
the water for drinking and irrigation, some native
settlements also exploit fishes living in this
ecosystem as a food source.
Aquatic ecosystems are directly or indirectly
affected by the physical and chemical characteristics of
their environment. A number of investigators have

*This study was supported by the University of Birjand, Iran.

reported that the toxic effects of elements, particularly
heavy metals, on freshwater organisms is related to the
hardness of the water™™. Cobalt (Co) is an essential
element for animals because it is a necessary for the
synthesis of vitamin 312[6'11]. It is widely distributed in
rocks, soils, water and vegetation[uﬁ] and is often
found in association with nickel (Ni)[u’”]. High cobalt
concentrations can be found in industrial wastewater,
near to cobalt-mining facilities, and in runoff of
fertilizers used in agriculture[”'lS]. In  higher
concentrations, cobalt is toxic to humans, and to
terrestrial and aquatic animals and plants[u]. Its toxicity
to cells results from inhibition of cellular respiration and
citric acid cycle enzymes[u].

Nickel occurs naturally at low concentrations in
aquatic environments and is widely used in industrial
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and mining operations[16'17]. The majority of nickel

production is used for the creation of nickel alloys,
including stainless steel and nickel cast iron, which are
used in the manufacture of coins, -electrical

equipment, tools, machinery, armaments, and
household utensils™. Nickel compounds are used
also for electroplating, electroforming,

nickel-cadmium alkaline batteries, dye mordants,
catalysts, and electronic equipmentug]. Nickel is often
present in high concentrations in liquid wastes
released directly into the environment without
pre-treatment[m. Like cobalt, nickel is one of the
so-called “essential” metals. Nickel has been
identified as a component in a number of enzymes,
participating in important metabolic reactions,
including hydrogen metabolism and methane
biogenesis“g]. Although nickel is an essential trace
element for living organisms, it is toxic when ingested
in higher quantities. Nickel and nickel compounds are
also well recognized as carcinogens[m].

Heavy metals are among the most stable and
persistent of environmental contaminants because,
unlike many organic pollutants, they cannot be
biologically or chemically degraded or destroyed.
Consequently, these metals represent a serious
worldwide environmental problemuG] Biological
monitoring is increasing in importance in relation to
occupational health and both cobalt and nickel are
among the elements for which monitoring of
exposure by means of urinalysis are possiblem].
Metals such as cobalt and nickel are common water
pollutants in many areas and have been shown to
affect cardioventilatory functions in fish™. Since
toxicity is based on the effect that a toxicant produces
at a target site within an organism, establishing the
relationship between the concentration of the
substance at the target site and the subsequent toxic
effect can provide a tool for predicting toxicity[m.

The objective of this study was to utilize static
testing to examine the acute toxicity of cobalt and
nickel to a native fish, Capoeta fusca, at two levels of
water hardness. C. fusca belongs to the family
Cyprinidae and has been reported only from eastern
Iran”*?! It is one of the most important fishes
inhabiting the Qanats of this regionm] and is
considered to be a valuable species from the
standpoint of conservation of genetic diversity.

MATERIALS AND METHODS

Sampling and Maintenance of Fish

Capoeta fusca (Cyprinidae) were obtained
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from Qanats in Birjand, eastern Iran during June
and July 2009. The means weight and total length
(£SD) of fish used in experiments were 4.95+0.75 g
and 6.40+0.61 cm, respectively. They were
maintained in an aquarium system at 2310.2 °C
with 13 h light: 11 h darkness photoperiod, and
were allowed to adjust to laboratory conditions
for 7 days before experimentation. Sets of 10 fish
(in triplicate) were randomly selected and
exposed to cobalt (as CoCl,) and nickel (as NiCl,)
in 50 L of water for 96 h, under the same
conditions, during July. Fish were fed twice daily
during the acclimation period with commercial
pellets at about 2% of body weight but were not
fed during the experimentation period, as
recommended by Perschbachera and Wurts??,
Pandey et al.”® and Prato et al.’”\. Fish were
considered dead when movement had ceased and
they exhibited no response to gentle stimulation
with a glass rod. Mortalities were recorded at 24,
48, 72, and 96 h of exposure and the dead fish
were removed regularly from the test solutions.
No mortalities were observed in control
exposures of the same duration lacking cobalt or
nickel.

Description of Experiments

Stock solutions (1 000 mg/L) were prepared
by dissolving analytical-grade CoCl, or NiCl,
(Merck) in distilled water. To design a suitable
range of test concentrations, preliminary trials
were conducted to estimate the minimum lethal
and maximum nonlethal concentrations of Co and
Ni. The initial concentrations of Co and Ni in the
test solutions are shown in Table 1. Experimental
waters with two different hardness levels were
used in the investigation: “hard water” with
nominal total hardness 130 mg/L CaCOs;, and
“very hard water” at 350 mg/L CaCO; (water <75
mg/L CaCO; is considered “soft”; 75-120 mg/L
CaCO; is “moderately hard”; 120 and 200 mg/L
CaCO; is “hard”; and >200 mg/L CaCO; is
considered “very hard"m]). For the very hard
water was Birjand tap water; a mixture of distilled
water and tap water was used for the hard water.
Dissolved oxygen (mg/L), temperature (°C) and
pH were recorded individually in each test
aquarium during the exposure periods. Total
hardness, magnesium and nitrite concentrations
(mg/L) were determined before commencing
the experiments, using a Palintest 8 000
photometer(Table 2).
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Table 1. Concentrations of Co and Ni Used in Toxicity
Tests on C. fusca

Element Hard Water Very Hard Water
o 60, 80, 100, 120, 100, 150, 200, 250,
and 140 mg/L and 300 mg/L
Ni 30, 60, 90, 120, 40, 80, 120, 160,
and 150 mg/L and 200 mg/L

Table 2. Physical and Chemical Characteristics of the
Qanat Water and Test Waters

Qanat Very Hard Hard Test
Water Test Water Water

Parameter

Total hardness

(as CaCOs, mg/L) 460 350+3.1 130+2.7

pH 8.3+0.1 7.8+0.2 7.8+0.2
Temperature (°C) 21 23+0.2 23+0.2

Dissolved oxygen (mg/L)  6.610.2 6.310.2 6.310.2
Mg (mg/L ) 2443 33+2 1542
Nitrite (mg/L N) 0.001 0.007 0.006

Statistical Analysis

Median lethal concentration (LCsy) values and
95% confidence limits were calculated from the data
obtained in acute toxicity bioassays using the EPA
probit analysis computer program (Version 1.5).
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RESULTS

Relationship between Water Hardness and

Mortality of C. fusca

Qanat water was harder (460 mg/L CaCOj3) than
either of the test waters (130 mg/L and 350 mg/L
CaCoOs).

In preliminary tests, in which minimum lethal
and maximum nonlethal were accurately calculated,
in the hard water, the probability of cobalt mortality
after 96 h of exposure was 100%, whereas in the
very hard water the probability of cobalt mortality
was only about 35%. For nickel, in the hard water,
the probability of mortality of after 96 h of exposure
was 100% but, in the very hard water, was only
about 80%.

The 96 h percentage mortalities of C. fusca
increased as the concentrations of Co and Ni in the
test solutions were increased (Figures 1 and 2).
Mortalities were higher in the hard water than in the
very hard water treatments, at all concentrations of
both elements. LCsqvalues for Co and Ni to C. fusca
were generated from these mortality data (Table 3).
The 95% confidence limits indicated that the 96 h
LCso values for both cobalt and nickel were
significantly lower in the harder water.

Table 3. Lethal Concentration (LCso with 95% confidence limits in parentheses) of Cobalt and Nickel at Two
Different Water Hardness Levels, Estimated Using the EPA Probit Analysis Computer Program

Exposure Duration

LCso Values (mg/L) and 95% Confidence Limits

24 h 48 h 72h 96 h
Cobal Hard Water 123.9 (118.9-129.4) 112.8 (107.7-118.0) 104.6 (99.3-109.9) 91.7 (86.0-97.1)
obalt
Very Hard Water 255.9 (241.0-274.0) 231.2 (216.6-246.7) 216.8 (202.6-232.0)  204.8 (191.6-217.6)
el Hard 121.3 (66.9-227.0) 95.8 (87.7-103.7) 86.2 (78.5-93.5) 78.0 (70.1-85.1)
Nicke
Very Hard 215.0 (214.0-479.4) 165.5 (142.2-171.5) 139.9(126.8-145.5)  127.2(115.4-138.9)
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Figure 1. Effect of varying the cobalt Figure 2. Effect ofvarying the nickel

concentration on the percentage mortality of
C. fusca after 96 h exposures to the metal at
two different levels of water hardness.

concentration on the percentage mortality of
C. fusca after 96 h exposures to the metal at
two different levels of water hardness.
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Comparison of Co and Ni Toxicities

C. fusca was more sensitive to both Co and Ni in
the hard water than in very hard water treatment,
and their toxicities increased with the duration of
the exposure (Table 3). In the hard water, the LCs
values for Co decreased from 123.9 mg/L after 24 h
exposure to 91.7 mg/L after 96 h, while in the very
hard water LCsq values decreased from 255.9 mg/L at
24 h to 204.8 mg/L at 96 h. The acute toxicities of Ni
to C. fusca after 24 h exposure were approximately
similar to those of Co but Ni toxicity was higher in
the longer exposures. Thus, in the hard water, the
LCso values for Ni decreased from 121.3 mg/L at 24 h
to 78.0 mg/L at 96 h and, in very hard water,
decreased from 215.0 mg/L to 127.2 mg/L.

DISCUSSION

This study examined a basic toxicological
concept, the “dose-response” or
“concentration-response” in which the response of
an organism is proportional to the dose or

concentration of the test substance at the target site.

In many cases, the target site is unknown, or
measurement of the substance at the site is not
possible. Instead, surrogate measures of the target
site concentration have been used™). There are
many scientific fields that use fish as models in
research, including respiratory and cardiovascular
research, cell culture, ecotoxicology, aging,
pharmacological, and genetic studies™. However, to
understand the behavior of individual toxicants
requires knowledge the associated physical and
biochemical conditions™”.

Both Co and Ni were more toxic to C. fusca in
hard water than in the very hard water. A 2.7-fold
increase in water hardness (from 130 mg/L to 350
mg/L CaCOs) reduced the 96 h acute toxicity of Co
about 2.5-fold, and of Ni about 1.5-fold. Javid et al.?!
showed that the 96 h LCsy and lethal concentrations
of Ni were significantly different among three fish
species (Catla catla, Labeo rohita, and Cirrhina
mrigala). C. catla was least sensitive to nickel, with
LCso value of 45.0 mg/L, followed by that of Labeo
rohita and Cirrhina mrigala, with LCsqvalues of 30.1
mg/L and 20.4 mg/L, respectively. Ebrahimpour et
al.BY reported that a 9.5-fold increase in water
hardness (from 40 mg/L to 380 mg/L CaCOs)
substantially reduced the toxicity of Cu (up to
6.5-fold) and Zn (up to 7.5-fold) to Capoeta fusca at
96 hours exposure. They also showed that in water
of hardness 150 mg/L CaCOs, the LCsy for Cu at 96 h

659

exposure was 5.4 mg/L, compared with 7.5 mg/L in
water of hardness 350 mg/L CaCOs. Similarly, the 96
h LCs values for Zn 74.4 mg/L and 102.0 mg/L,
respectively. Clearly, heavy metal toxicities vary
greatly among individual fish species and are highly
dependent on the chemical characteristics of the
environment.

While high levels of water hardness may limit
the growth of fish, softer waters increase the
sensitivity of fish to toxic metals. That is, higher
hardness is beneficial by reducing metal toxicity to
fish®®. Previous studies have shown that the toxic
effects of heavy metals on other aquatic organisms
are also dependent on the water hardness'>****%.
Heavy metal toxicity is lower in hard water because
of competition between the contaminant metal ions
and Ca** and Mg”" ions for uptake sites on the body
surface of organisms[2'4’29]. Thus, water hardness
reduces metal toxicity by saturating gill surface
binding sites with Ca** and Mg”" ions to the exclusion
of toxic metal cations'.

REFERENCES

1. Stiros SC. Accurate measurements with primitive instruments:
the “paradox” in the ganat design. J Archaeol Sci, 2006; 33,
1058-64.

2. Kim AD, Gu MB, Allen HE, et al. Physiochemical sectors
affecting the sensitivity of Ceriodaphnia bulba to copper.
Environ Monit Assess, 2001; 70, 105-16.

3. Markich SJ, King AR, Wilson SP. Non-effect of water hardness
on the accumulation and toxicity of copper in a freshwater
macrophyte (Ceratophyllum demersum): How useful are
hardness-modified copper guidelines for protecting freshwater
biota? Chemosphere, 2006; 65, 1791-800.

4. Pyle GG, Swanson SM, Lehmkuht DM. The influence of water
hardness, pH, and suspended solids on nickel toxicity to larva
fathead minnows (Pimephales promelas). Water Air Soil Poll,
2002; 133, 215-26.

5. Rathor RS and Khangarot BS. Effects of water hardness and
metal concentration on a fresh water Tubifex tubifex muller.
Water Air Soil Poll, 2003; 142, 341-56.

6. Chatterjee J, Chatterjee C. Management of phytotoxicity of
cobalt in tomato by chemical measures. Plant Sci, 2003; 164,
793-801.

7. Horiguchi H, Oguma E, Nomoto S, et al. Acute exposure to
cobalt induces transient methemoglobinuria in rats. Toxicol
Lett, 2004; 151, 459-66.

8. Karovic O, Tonazzini |, Rebola N, et al. Toxic effects of cobalt in
primary cultures of mouse astrocytes: Similarities with hypoxia
and role of HIF-1a . Biochem Pharmacol, 2007; 73, 694-708.

9. Gault N, Sandre C, Poncy JL, et al. Cobalt toxicity: Chemical and
radiological combined effects on HaCaT keratinocyte cell line.
Toxicol In Vitro, 2010; 24, 92-8.

10.Seldén Al, Norberg C, Karlson-Stiber C, Hellstrom-Lindberg C.
Cobalt release from glazed earthenware: Observations in a
case of lead poisoning. Environ Toxicol Pharmacol, 2007;
23,129-31.

11.Tripathi P, Srivastava S. Mechanism to combat cobalt toxicity in
cobalt resistant mutants of Aspergillus nidulans. Indian J



660

Microbiol, 2007; 47, 336-44.

12.Gal G, Hursthouse A, Tatner P, et al. Cobalt and secondary
poisoning in the terrestrial food chain: Data review and
research gaps to support risk assessment. Environ Int, 2008; 34,
821-38.

13.Lock A, De Schamphelaere KAC, Criel P, et al. Development and
validation of an acute biotic ligand model (BLM) predicting
cobalt toxicity in soil to the potworm Enchytraeus albidus. Soil
Biolo Biochem, 2006; 38, 1924-32.

14.Comhaire S, Blust R, Van Ginneken L, et al. Branchial cobalt uptake
in the carp, Cyprinus carpio: Effect of calcium channel blockers and
calcium injection. Fish Physiol Biochem, 1998; 18, 1-13.

15.Majmudar K and Burleson ML. An evaluation of cobalt chloride
as an O,-sensitive chemoreceptor stimulant in channel catfish.
Comp Biochem Phys C, 2006; 142, 136-41.

16.Shakya PR. Nickel adsorption by wild type and nickel resistant
isolate of Chlorella sp. Pak J Anal Environ Chem, 2007; 8,
86-90.

17.0layinka OK, Oyedeji OA, Oyeyiola OA. Removal of chromium
and nickel ions from aqueous solution by adsorption on
modified coconut husk. Afr J Environ Sci Technol, 2009; 3,
286-93.

18.Duda-Chodak A, Blaszczyk U. The impact of nickel on human
health. J Elementol, 2008; 13, 685-96.

19.Gikas P. Single and combined effects of nickel (Ni (ll)) and
cobalt (Co (ll)) ions on activated sludge and on other aerobic
microorganisms: A review. J Hazard Mater, 2008; 159,
187-203.

20.0Ohashi F, Fukui Y, Takada S, et al. Reference values for cobalt,
copper, manganese, and nickel in urine among women of the
general population in Japan. Int Arc Occ Env Hea, 2006; 80,
117-26.

21.Norwood WP, Borgmann U, Dixon DG. Chronic toxicity of
arsenic, cobalt, chromium and manganese to Hyalella azteca in
relation to exposure and bioaccumulation. Environ Pollut, 2007;
147, 262-72.

Biomed Environ Sci, 2011; 24(6): 656-660

22.Coad BW. Systematic biodiversity in the freshwater fishes of
Iran. Ital J Zool, 1998; 65, 101-8.

23.0midi A, Mazlomi S, Farhangfar H. Preservative effect of
Quanats water to reduce lead acetate toxicity (LCsp, 96 h) on
Capoeta fusca. ) Fisheries Aquat Sci, 2009; 4, 50-6.

24.Johari SA, Coad BW, Mazloomi S, et al. Biological and
morphometric characteristics of, Capoeta fusca, a cyprinid fish
living in the ganats of south Khorasan, Iran. Zool Middle East,
2009; 47, 63-70.

25.Perschbacher PW, Wurts WA. Effects of calcium and
magnesium hardness on acute copper toxicity to juvenile
channel catfish Ictalurus punctatus. Aquaculture, 1999; 172,
275-80.

26.Pandey S, Kumar R, Sharma S, et al. Acute toxicity bioassays of
mercuric chloride and malathion on air-breathing fish Channa
punctatus (Bloch). Ecotox Environ Saf, 2005; e 61, 114-20.

27.Prato E, Biandolino F, Scardicchio C. Test for acute toxicity of
copper, cadmium, and mercury in five marine species. Turk J
Zool, 2006; 30, 285-90.

28.Weiner ER. Applications of environmental chemistry: A
practical guide for environmental professionals. 2" ed. Boca
Raton: CRC Press, 2007.

29.Javid A, Javed M, Abdullah S. Nickel bio-accumulation in the
bodies of Catla catla, Labeo rohita and Cirrhina mrigala during
96-hr LCsp exposures. Int J Agr Bio, 2007; 9, 139-42.

30.Maleri RA, Reinecke AJ, Reinecke SA. A comparison of nickel
toxicity to pre-exposed earthworms (Eisenia fetida, oligochaeta)
in two different test substrates. Soil Biol Biochem, 2007; 39,
2849-53.

31.Ebrahimpour M, Alipour H, Rakhshah S. Influence of water
hardness on acute toxicity of copper and zinc on fish. Toxicol
Ind Health, 2010; 26, 361-5.

32.Penttinen S, Kostamo A, Kukkonen JVK. Combined effects of
dissolved organic material and water hardness on toxicity of
cadmium to Daphnia magna. Environ Toxicol Chem, 1998; 17,
2498-503.



