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Abstract

The experiment was conducted in order to
determine the short term (96h) total ammonia
tolerance level of four freshwater fish species to
prevent their accidental mortality caused by
ammonia toxicity. Fingerling (8+0.5g) of Catla catla,
Labeo bata, Cyprinus carpio and Oreochromis
mossambica were exposed to 5, 10, 15, 20, 25, 30
and 40mg/l concentration of total ammonia.
Mortality of fishes was recorded at 12h interval in
different treatments. Results obtained from the
study revealed that 50% mortality of Catla catla,
Labeo bata, Cyprinus carpio and Oreochromis
mossambica was observed in 15, 10, 25 and 30mg/I
respectively. It, therefore, can be concluded that
LCso were 15, 10, 25 and 30 mg/l in Catla catla,
Labeo bata, Cyprinus carpio and Oreochromis
mossambica, respectively and which also clearly
indicated that total ammonia tolerance level was
maximum in Oreochromis mossambica which
followed by Cyprinus carpio Catla catla and Labeo
bata. Because of the accumulation of ammonia was
lower in tilapia and higher in bata due to different
enzymatic activity in its metabolic conversion
process.
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1. Introduction

Ammonia has been described as one of the most
significant limiting factors for growth and survival of
aquatic living resources among water quality criteria
[1,2]. It is produced from different nitrogenous
organic matters and inorganic compounds by
bacterial decomposition as well as chemical
transformation, which further converts into nitrite
and nitrate compounds by own balancing system to
reduce ammonia level in different aquatic
environment. It is a well known aquatic pollutant and
toxin of fish and it is also produced as an end-
product of nitrogenous metabolism. Ammonia and
urea are the two major end-products of nitrogen
metabolism in fish [3]. Most teleost fish are
ammoniotelic and excrete ammonia as their
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principal waste product. Wood proposed that
ammonia represents 92% and urea 8% of the N,
excretion produced in carp (Cyprinus carpio) [4].
The two forms of ammonia in the environment are
unionized and ionized ammonia, and unionized
ammonia is toxic to fish because it can easily diffuse
across gill membranes. Every aquatic life has a
specific tolerance level of ammonia concentration.
Knowing the concentration of ammonia that limit
growth and impair respiration is useful for
aquaculture management and may assist in the
maximization of production [5]. A multiple increase
of ammonia levels in water resulting in an imbalance
within the aquatic environment of the ponds which
affects badly on fish growth, exhibits crucial
diagnostic sign for fish disease and causes severe
mortality when concentration increased. It was
found that slower growth of silver perch in ponds
was associated with concentrations of un-ionized
ammonia up to 0.65 mg/l. In most cases, due to
significant increase of ammonia levels in the blood
and consequently in ammonia autointoxication [6],
toxic gill necrosis in carp [7] and haematological and
enzymatic changes in Cirrhinus mrigal [8]. Besides
these, ammonia toxicity causes sudden severe
mortality during the rearing period of fingerling in the
tank. In order to prevent accidental mortality by
ammonia toxicity, the present study has been
attempted to determine the short term tolerance
level of ammonia for four freshwater fish species:
Catla catla, Labeo bata, Cyprinus carpio and
Oreochromis mossambica.

2. Materials and Methods

Experiment was conducted wusing different
concentration of ammonia in glass aquarium to
determine the short term (96 h) total ammonia
tolerance level of four freshwater fish species.
Ninety six glass aquariums (10 |) filled with tap water
(pH 7.6, DO 3.1 alkalinity 190 mg/l and temperature
29.8°C) and grouped into four batches and each
batch provided with anhydrous NH,Cl (dried at
100°C) to make the concentration of 5, 10, 15, 20,
25, 30 and 40 mg/ ammonia and one control (C) in
triplicate.

Water temperature and pH ranged from 28.5 to
31.75°C 7.6 to 8.1, respectively in all treatments
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during the period of experimentation. The mean
salinity of water was 0.47 ppt. The concentration of
dissolved O, and CO, varied between 2.5 to 3 mg/!
and 1.8 to 2.1 mg/l. The concentration of nitrite-N
and nitrate-N ranged from 0.005 — 0.07 mg/l, and
0.01 — 0.03 mgl/l, respectively.

Disease free healthy fingerlings (8 + 0.5 g) of
catla (Catla catla), bata (Labeo bata), common carp
(Cyprinus carpio) and Tilapia (Oreochromis
mossambica) were procured from a local hatchery,
acclimatized for one month and introduced @ 10
fishes/ aquarium in each treatment. Fish collection
and preparation procedure was followed according
to methods described by APHA [9].

Fish mortality was recorded at 12 h interval in
different treatments. Water samples were collected
from each of the treatment at fixed hour of the day
(10.00 h) for examination of physico-chemical
parameters (temperature, pH, CO,, dissolved O,,
nitrite-N, nitrate-N and NaCl) at every 24 hours
following the standard method APHA [9].

LCso of total ammonia for fishes were analyzed
by best fit regression using EXCEL statistical
package.

3. Results
3.1 Fish mortality

Catla started mortality from 15 mg/l and LCs, was
found in the 15 mg/l at 96 h No mortality was found
in control, 5, 10 mg/l, whereas 70% mortality was
observed in 20 mg/l and 100% fishes were died at
30 and 40 mg/l within 36 and 48 h period of the
experimentation.

Bata started mortality from 10 mg/l did not
showed mortality, whereas 70 and 80% mortality
were found at 15 and 20 mg/l treatment but no

Catla
Tilapia
Log. (Common carp)

*
(o]

= = = .Log. (Catla)

Electronic Journal of Biology, 2006, Vol. 2(3): 39-41

fishes were survived at 25, 30 and 40 mg/l within 24
to 36 h.

No mortality was encountered in control, 5 and 10
mg/l, whereas 15 mg/l started mortality from 84 h in
common carp. Lethal concentration 50 (LCso) was
found at 25 mg/I showing 50% mortality of fish within
96 h. 100% mortality was showed in 40 mg/l within
48 h.

In tilapia, mortality was started at 25 mg/I from 72
h and lethal concentration was at 30 mg/l showing
the 50% mortality of fish at 72 h period of
examination. Mortality was not found in control, 5,
10, 15 and 20 mg/l, whereas 40 mg/l showed the
100% mortality.

3.2 Behavior of fishes

No remarkable behavioural changes of fish were
noticed when exposed to different concentration of
ammonia nitrogen. The fishes exposed in control
and lower concentration was very much active and
behaves normally throughout the study. The
opercular movement of fishes was reduced and later
lethargic movements with frequent surfacing were
noticed in higher ammonia concentration.

4. Discussion

Results obtained from the study demonstrated that a
distinct difference in total ammonia tolerance of four
freshwater fish species. LCsq were 15, 10, 25 and 30
mg/l in catla, bata, common carp and tilapia,
respectively which clearly indicated that ammonia
tolerance level was maximum in tilapia which
followed by common carp, catla and bata,
respectively (Figure 1). Das et al. opined that the
LCso of total ammonia-nitrogen was 11.8 mg/l in
Cirrhinus mrigala [8].

Bata A Common carp
- = L 0g. (Bata)
— = -Log. (Tilapia)

15
10 1 __...Jl_.-,,-:—---————'-"'Ja
s | @ e — R T
£ 5
>
c 0
>
= 5 ! 0 ) 25 D
= Concentration of Ammonia (mg/I)
E -10 .= Catla y = 4.3146Ln(x) + 2.2029
2 ’ R2 = (.9454
w -15 A . 7~ Bata y = 6.428Ln?x? -1.6688
’ 2 —
20 1, Common y:g,ﬁgé@n?;)’;-&gw
carp R?=10.9161
-25 Tilapia y =15.613Ln(x) - 21.781
R2=0.8675
-30

Figure 1. Relationship between fish mortality and ammonia concentrations showing the LCso of four freshwater fish

species employed
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Despite the LCsq, from the critical observation of
fish mortality data, it was obvious that effects of
ammonia toxicity on bata started from 10 mg/l, on
catla and common carp started from 15 mg/l and on
tilapia started from 25 mg/I (Figure 1). Therefore, it
may be concluded that the toxicity resistance ability
was maximum in tilapia and minimum in bata.
Though the ammonia toxicity on both catla and
common carp showed in 15 mg/l but former one
started from 48 h and later one started from 72 h.
Due to the fact of period variation in ammonia
toxicity of both fishes, it clearly indicated that toxicity
resistance ability of common carp was more than
that of catla.

The ammonia concentration in the blood plasma
is increased from 5 to 10 times [10,11]. From this
proposition, therefore, it may be implied from the
study that blood ammonia level was high in the
higher ammonia concentration due to accumulation.
Total ammonia nitrogen accumulation in plasma
was dependent on ambient ammonia
concentrations [12]. High ammonia concentration
causes respiratory problem, behavioral and
physiological changes and can acts as a stressor on
fish which ultimately resulting in mortalities due to
acute toxicity. Reduced opercular movement and
later lethargic movements with frequent surfacing of
fishes were also due to severe respiratory stress
due to ammonia toxicity in higher ammonia
concentration.

Accumulated ammonia induced the activity of the
enzymes of the ornithine-urea cycle for its metabolic
conversion to urea which helped the freshwater fish
to avoid toxaemia and to tolerate high
concentrations of ammonia in the ambient medium
[13]. The process of metabolic conversion differs in
four fish species possibly for different enzymatic
activity which resulting in the variation of
accumulated ammonia concentration in tissue that
leading to variation in LCsy. From this, it may be
clearly concluded that the accumulation of ammonia
was lower in tilapia and higher in bata showed LCs
30 and 10 mg/l, respectively. Further study is
needed to quantify the enzymatic activity and urea
level under different concentration of ammonia in
different fish species.
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