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Abstract Effects of water-borne iron on Indian major carps
spawn were evaluated in the present study. Ferrous sulphate
was used to prepare different test iron concentrations. Mrigal
had the lowest 96 h LCs, value of 0.30 £ 0.06mg L~ while
rohu had the highest value of 0.73 + 0.06mg L™" of iron.
Accumulation of iron in mrigal spawn was highest whereas it
was lowest in catla. Abnormal behaviour and reduced growth
were observed in chronic toxicity. Application factors were
calculated to establish acceptable ranges and safe levels.

Keywords Iron toxicity - Indian Major Carps

Metals are non-biodegradable and are considered as major
environmental pollutants causing cytotoxic, mutagenic and
carcinogenic effects in animals (More et al. 2003). Among
several metals, iron plays an important role in the biology of
living organisms. It forms complexes with molecular oxygen
in hemoglobin and myoglobin, thereby acting as common
oxygen transport proteins in vertebrates. Iron is also used at
the active site of many important redox enzymes dealing
with cellular respiration, oxidation and reduction in plants
and animals. Iron is a vital micronutrient for teleost fish, an
integral component of protein involved in cellular respira-
tion and oxygen transfer, and is essential for certain enzymes
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that drive the body’s chemical reactions and maintains good
health (Bury and Grosell 2003).

Excess iron is toxic and acts as a catalyst in the Fenton
reaction. This generates free radicals which are detrimental
to health (Crichton et al. 2002). A possible mechanism for
dissolved iron toxicity is disruption of sodium balance.
Several pathological changes like fusion of gill lamellae,
separation of the outer epithelial layer, hypertrophy and
necrosis of the lamellar epithelium have been observed in
teleost exposed to excess iron (Peuranen et al. 1994).

The iron content of water in north eastern region of India,
particularly in the state of Tripura is higher than the desirable
level. Maximum desirable limit of iron (as Fe) in drinking
water should be 0.3 mg L™" according to Environmental
Protection Agency, USA (EPA 1986) and Bureau of Indian
Standards (BIS 1991). On the other hand, the maximum total
iron concentration should not exceed 1.0 mg L™" to protect
aquatic systems from detrimental effects of iron (EPA 1986).
The desirable iron concentration for aquaculture practice is
less than 0.01 mg L™" (Meade 1989). The high iron content
of aquaculture water (0.14-3.96 mg L") in different parts
of Tripura has been one of the major reasons for heavy
mortality in the carp hatchery as well in spawn rearing
nursery ponds (Bhattacharya and Saha 1991).

The present communication describes the deleterious
effects of excess water-borne iron on spawn of Indian major
carps (IMCs), catla, Catla catla (Ham.); rohu, Labeo rohita
(Ham.) and mrigal, Chirrhinus mrigala (Ham.). The objec-
tives of the study were to (1) study the acute and chronic
toxicity of water-borne iron on spawns of IMCs; (2) find out
the LCsq values of water-borne iron on spawn of IMCs;
(3) study the bioaccumulation of water-borne iron in the
body of IMCs spawn during toxicity tests; and (4) find out the
application factor (AF) or safe level of iron concentration for
IMCs spawn rearing.
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Materials and Methods

Four days old IMCs spawns (7-8 mm) were collected from
the carp hatchery of College of Fisheries, Lembucherra,
Tripura, India. The spawns were acclimated in glass aquaria
with proper aeration for 48 h. Water were exchanged daily up
to 50% to remove faecal materials. Deep tube well water was
stored in 1,000 L Fibre Reinforced Plastic (FRP) tanks for
preparing different iron concentrations and dilution water.
The stored water was treated with lime (@ 20 mg Lfl) with
vigorous aeration to reduce the iron level. The physiochemical
water parameters like temperature, pH, dissolved oxygen, free
carbon dioxide, electrical conductivity and Fe concentration
of the untreated deep tube well water were 28.5 £ 0.1°C,
6.5 + 0.025,3.09 + 0.05 mg L™, 126.0 + 1.528 pS cm™!
and 10 & 1.02 mg L™ respectively. The iron stock solution
was prepared by dissolving ferrous sulphate heptahydrate
(FeSO,4-7H,0), extra pure AR (SRL, Mumbai with 99.5%
purity) in distilled water. Freshly prepared stock solution was
used to prepare different iron test concentration for the
experiments.

Range finding experiment was conducted (APHA 2005) to
determine the concentration range of iron to be included in
definitive short-term test. An iron (as FeSO,) concentration
series of 0.01, 0.1, 1, 10 and 100 mg L~ ! was used. All the
tests were conducted in triplicate for each concentration with
15 spawns.

Short-term definitive test for 96 h was conducted (APHA
2005) in 1L glass beaker with mild aeration to maintain
optimum dissolved oxygen (DO). A concentration series
between 0.1 and 2 mg L™ was selected for the test. Mor-
tality was recorded in every 6 h interval. No feeding was
done during the experiment. The iron concentration (as
FeSO,) of test water was maintained throughout the exper-
iment by measuring it using atomic absorption spectropho-
tometer, AAS (AAnalyst 200, Perkin-elmer) following the
method described by Saha (2010). Replenishment of the test
water with freshly prepared FeSO,-7H,0 solution was done,
if needed, to maintain the concentration. Various toxic fac-
tors such as ‘no observed effect concentration’ (NOEC),
‘lowest observed effect concentration’ (LOEC), ‘maximum
acceptable toxicant concentration’ (MATC) and ‘application
factor’ (AF) was determined to conduct short term toxicity
test. Lethal concentration, the lowest concentration of a
substance in an environmental medium which kills 100% of
test organisms or species under defined conditions in a def-
inite period of time was determined. For calculation of
MATC and AF following formula were used:

MATC = (LOEC x NOEC)'?
AF = MATC/LCs,

For short-term partial life cycle test, lower concentration
series with around one-third of LCs, value was selected. A
concentration series of 0.1, 0.2, 0.4, 0.6 and 0.8 mg L~ was
used for evaluating the chronic toxicity of iron. The test was
conducted for a period of 7 days with continuous monitoring
of the environmental parameters, feeding habit, growth and
mortality. Alike Short-term definitive test for 96 h, the iron
concentration (as FeSO,) of test water was also maintained
throughout the experiment. The environmental parameters
such as DO, pH, temperature and electrical conductivity
were maintained in normal range. At the end of the test
bioaccumulation of iron was measured by Flame-AAS
(AOAC 2000). In this method whole body of spawns were
dissolved in 0.1 M HNOj after dry ashing and digestion with
6 M HCL.

Test water was collected and analysed for various
environmental parameters such as temperature, pH, DO
and electrical conductivity using a water analyser (Multi
340i/SET). Turbidity, CO,, alkalinity and hardness were
analysed using standard methods (APHA 2005). Iron
concentration was measured by Flame-AAS (Saha 2010).

Statistical analysis of the experimental data was done by
using SPSS-15.0 for Windows (SPSS Inc., Chicago, IL,
USA) and BioStat 2009 Professional 5.8.4 (AnalystSoft
Inc., Vancouver, BC V6H 4E4, Canada) software. One-
way and two-way analysis of variance (ANOVA) was used
for comparison of mean values. Probit analysis was done
for calculation of LCs, values. Exploratory data analysis
was performed using correlation and regression to find out
possible relationship between different parameters. Results
are presented as mean =+ standard deviation or standard
error. Probability levels of 0.05 were used to find out the
significance in all cases. Chi-square (1%) test was done to
analyze the independence between observed and expected
frequencies of mortality.

Results and Discussion

Iron plays a key physiological role in all aspects of animal
life. However, it causes deleterious effects on living organ-
isms at supra-optimal concentrations (Davies 1991; Misra
and Mani 1992). Ferrous iron is considered to be the most
toxic form of iron to aquatic animals, in part; because it is
the most readily bioavailable form under most circumstances
(Ilavazhahan et al. 2010). IMCs are the most important fresh
water fish species cultured in north eastern India and it is
essential to protect them against metal toxicity. Among the
five concentrations of Fe (0.01, 0.1, 1, 10 and 100 mg Lfl)
used, mortalities of spawn were observed in all the
cases except 0.01 mg L™". Hundred percent mortality was
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observed in the iron concentration of 10 mg 1~" and above. 8
From the result of the range finding test a concentration = j a3 aN88N
range between 0.1 and 10 mg L' was selected for the short e e e e e
term—definitive test for all the three IMCs spawns.
Various LCs values and toxic factors of 24, 48, 72 and 8
96 h are presented in Table 1. The LCs is a very widely o = j A A
used measure for all the biological population relating to e ee T e e e
toxicity. It can be described as a concentration of some
toxic material in a medium which can cause death of 50% §
of the population within a definite period of time. The S |1HR =¥y TS
ferric iron is not particularly dangerous to fish, although Tl e Teeers
the soluble iron species may be considerably toxic (Sykora -
et al. 1972). In the present acute toxicity study a significant = pd
(p < 0.05) difference of mortality of spawn was found in g g & # ?ir § E § E f g
different concentrations of iron as compared to that of
control. Hundred percent mortality was observed for all the ©
three species at 2 mg L™' Fe concentration (Fig. 1). The P
96 h LCsq values of Fe for catla, rohu and mrigal spawn SRR Eg8=s2
was 0.59 + 0.07 mg L, 0.73 + 0.06 mg L' and 0.30 + N
0.06 mg L', respectively. ©
Chi-square test did not show any significant difference O 3 o4 — oo w o
between predicted and experimental value obtained during a | S H S22 =ZCz
the determination of LCsq for all IMCs spawn. The results
obtained in this study showed that the toxicity of iron ©
varied significantly among the three fish species. Among o
the three species, rohu was the most iron tolerant species © |2 R25d 32—
followed by catla and mrigal (Table 1). The reason for less
tolerance of mrigal to iron might be due to their inherent 5
susceptibility to iron. As a transition metal, iron atom has ol = I S oA oo
an incomplete d-sub cell. Addition of iron containing Slgla |2 Hzz2 SRR B
compound in water leads to formation of free cations fl‘
(Fe*™) which have high affinity towards other anion. In ? 5
presence of oxygen, Fe*™ can react with hydroxyl radical & = | a j e g o
(OH™) of water to give a precipitate of ferric hydroxide. éb Kl s =533
Iron is readily oxidised by dissolved oxygen to the ferric 5
form in the neutral to slightly acidic pH range (Heath E 8
1995). The most common dissolved inorganic form of iron & = wi ML gT oo
is Fe (OH)3 (Dave 1984). It has been observed that ferric 2 Rl s =cs3s¢<
hydroxide greatly diminishes total biomass of benthic E
organisms and limits fish populations in streams with .é g
survivable pH levels (Koryak et al. 1972). = < g: 285z
Higher concentrations of iron (up to 52.90 mg L™") can % T|- S-dsscss
reduce visibility in the water and cause impaired food per- g
ception to fry and juvenile stages, resulting in prolonged s E -
stress and reduced growth (Smith et al. 1973). After 30 days (;w: 73; fr A H4H38z38848 8
of exposure of mayfly (Leptophlebia marginata) to iron at 2T T odeessS
10, 20 or 50 mg L~ Fe as FeSO, decreased food con- ;
sumption at all the tested concentration was observed % g .§
(Gerhardt 1992). In short-term partial life cycle test of % _ N g
present study a decrease in growth rate was observed in S|é& 9? 7 § 2 o= 8
spawns of IMC’s along with some behavioural changes - E 2 :L 2 £ £ S o
(Table 2). The study showed a negative correlation between =28 E b § g E:j g 8 >
iron concentration and weight of spawn (Table 3). Among Slee”lS 3538 % S 2
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Fig. 1 Comparative mortality against concentration of Fe of catla,
rohu and mrigal spawn. *mortality was significantly (p < 0.05) higher
in all the test concentrations compared to the control for all species

IMCs, growth of mrigal was affected mostly by the iron
concentration followed by rohu and catla. Sykora et al.
(1972) found that brook trout had retarded growth at
12 mg L™" suspended iron and higher, and fish exposed to
levels exceeding 6 mg L™ were more susceptible to injury
and disease.

The accumulation of iron in spawn body was significantly
higher as compared to the control group. Higher amounts of
accumulation of iron were observed in higher concentrations
groups (Fig. 2). However, when all the concentrations and
corresponding accumulations were considered as a whole, a
positive correlation between iron concentration and iron
accumulation was observed in all the spawns. The correla-
tion coefficient values indicated that the iron accumulation
was highest in mrigal followed by rohu and catla (Table 4).

The iron toxicity in IMCs spawns might be due to the
accumulation of iron in different parts of the body, especially
gills of the spawns which might have altered respiration and
osmoregulation, reduced feeding rate and hampered the
growth of fishes and ultimately caused mortality.

From the present study we can conclude that mrigal
spawns were most sensitive to iron toxicity whereas rohu
spawns were most resistant among the three species. The
LCs, value for mrigal was lowest as compared to catla and

Table 3 Correlation between Fe concentration and weight of spawns
during short-term partial life cycle test (n = 18)

Test organism Iron concentration versus spawn weight

Catla spawn —0.867%*
Rohu spawn —0.905**
Mrigal spawn —0.914*

* correlation is significant at the 0.05 level; ** correlation is signif-
icant at the 0.01 level

0.35 —pCatla

Rohu =#—Mrigal

0.25 4

0.15
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0.05

= 1

Control(0.02) 0.1 0.2 04 0.6 0.
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Fig. 2 Iron accumulations in whole body of catla, rohu and mrigal
spawn during short-term partial life cycle test. *¥accumulation of iron
was significantly (p < 0.05) higher in all the test concentration as
compared to control for all species

Table 4 Correlation between iron concentration and iron accumu-
lation of catla, rohu and mrigal spawn during short term partial life
cycle test (n = 18)

Test organism Iron concentration versus iron accumulation

Catla spawn 0.692%
Rohu spawn 0.885%
Mrigal spawn 0.899*

* correlation is significant at the 0.05 level

rohu. Comparatively high amount of iron accumulation
was observed in mrigal compared to rohu and catla.

In short-term partial life cycle test reduction in feeding rate,
behavioural changes and reduced growth was observed.

Table 2 Behavioural and weight change after short-term exposure of iron

Fe (as FeSO,) in mg L' Catla Rohu Mrigal
Behaviour Weight Behaviour Weight Behaviour Weight
(mg) + SD (mg) + SD (mg) + SD

0.1 Normal 1.15 £ 0.022* Normal 1.24 £+ 0.000* Normal 1.18 £ 0.000*
0.2 Normal 1.15 + 0.049* Normal 1.10 £ 0.092* Near Normal 1.17 £ 0.006*
0.4 Near Normal 1.14 + 0.020* Near Normal 1.14 + 0.046* Lethargy 1.15 £ 0.000*
0.6 Lethargy 1.13 £ 0.036* Lethargy 1.15 £ 0.079%* Lethargy 1.10 £ 0.005%*
0.8 Lethargy 1.13 £ 0.015% Lethargy 1.10 £ 0.015% Lethargy 0.96 £ 0.005%*
Control (0.02) Normal 1.162 + 0.065 Normal 1.54 £ 0.034 Normal 1.34 £+ 0.006

* indicates statistically significant differences (p < 0.05) when compared with control
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Finally, the application factor or safe level range of Fe
(as FeSO,) concentrations of water was calculated as
0.12-0.17 mg L™ for IMC spawn rearing.
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