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Abstract

The effects of short-term toxicity of total ammonia nitrogen (TAN) and nitrite were
estimated in juveniles of Litopenaeus vannamei under laboratory conditions. In the
first experiment, L. vannamei juveniles were exposed to different concentrations
of ammonia (0, 5, 10, 15, 20, 30, and 40 mg of TAN L) or nitrite (0, 5, 10, 20,
30, 40, and 50 mg of NO2-N L!), using the static renewal method at a salinity of
20 ppt and pH 8.2. The survival rates of juveniles significantly decreased when
exposed to increased concentrations of ammonia or nitrite during the 96 h
bioassays. The 24, 48, 72, and 96 h LCso values of TAN in juveniles were 45.5,
30.1, 13.8, and 6.3 mg L, respectively, while the LCso values of NO2™-N at 24, 48,
72, and 96 h were 37.6, 16.7, 8.8, and 4.8 mg L, respectively. Experiment 2
evaluated the tolerance of L. vannamei juveniles at various salinities (5, 10, 15,
and 20 ppt) under a high concentration of ammonia or nitrite (5 mg L!). Results
showed that the survival rates of L. vannamei at 5 ppt and 10 ppt were significantly
lower than those at 20 ppt after 72 h and 96 h of exposure.

* Corresponding author: Doan Xuan Diep, diep.dx@vlu.edu.vn



2 Tuetal., 2022

Introduction

The whiteleg shrimp, Litopenaeus vannamei (Boone, 1931), has become an important
commercial species for the aquaculture industry worldwide, especially in Vietham. With the
rapid development of the culture of marine shrimp in low salinity waters since 2000, Vietnam’s
total whiteleg shrimp production was 632.3 thousand tons in 2020 (Directorate of Fisheries,
2021). Due to increasing export production, intensive and super-intensive systems have been
commonly applied in Vietnam. However, these culture systems, where shrimp will be cultured
at a relatively high rearing density, are usually related to the degradation of water quality in
the culturing environment (Cobo et al., 2012). The accumulation of nitrogen compounds,
especially ammonia and nitrite, is an important limiting factor in intensive shrimp farming
ponds. In the natural environment, total ammonia nitrogen (TAN) exists in two forms:
unionized ammonia (NHs3) and ionized ammonia (NH4*) (Wajsbrot et al., 1993), with different
proportions, depending on pH, temperature, and to a lesser extent salinity (Randall & Tsui,
2002). In addition, the unionized form of ammonia is extremely toxic to shrimp because of its
ability to gain entry through cell membranes (Emerson et al., 2011; Waikhom et al., 2018).
Of the nitrogenous compounds, ammonia and its intermediate product of nitrification, nitrite,
are more commonly toxic to shrimp compared with nitrate (Cobo et al., 2012). However, some
studies have revealed that the tolerances of shrimp to ammonia and nitrite are reduced in low
salinity environments (Schuler et al., 2010; Romano & Zeng, 2013; Ramirez-Rochin et al.,
2017; Valencia-Castafieda et al., 2018; Nudalo et al., 2020). During the rearing period, the
high levels of ammonia and nitrite that are caused by the increase in the concentration of
nitrogen compounds from nitrogenous products like feces production, excessive feeding and
mineralization of organic detritus may deteriorate water quality, resulting in high mortality
and low growth rate in penaeid shrimp (Valencia-Castafieda et al., 2020). Moreover, ammonia
and nitrite could injure the gill tissue of shrimp and affect their oxygen transport, causing
retarded mortality and growth (Racotta & Hernandez-Herrera, 2000; Barbieri et al., 2016;
Campos et al., 2015; Lin & Chen, 2003). In the intensive culture systems, the concentrations
of TAN and NO2-N can reach 46.1 mg L* (0.87 mg L NH3-N) and 50 mg L, respectively
(Ciji et al., 2019; Kathyayani et al., 2019). However, Cobo et al. (2012) and Wajsbrot et al.
(1993) reported that the sensitivity of the organism to a toxic substance may also vary
according to its developmental stages and health status.

Several studies have been conducted to determine the short-term (acute) toxicity of
ammonia and nitrite in different life stages of penaeid shrimp, P. monodon postlarvae and
juveniles (Chen & Chin, 1988; Chen & Chen, 1992), P. semisulcatus juveniles (Wajsbrot et
al., 1990), Metapenaeus ensis juveniles (Nan & Chen, 1991), P. chinensis (Lin et al., 1993),
P. paulensis (Ostrensky & Wasielesky, 1995), P. setiferus postlarvae (Alcaraz et al., 1997), L.
vannamei larvae (Magalldon Barajas et al., 2006; Pan et al., 2007; Cobo et al., 2012);
Fenneropenaeus chinensis (Xue et al., 2017). Although data on the acute effects of ammonia
and nitrite on whiteleg shrimp are widely available, researchers have reported median lethal
concentrations for ammonia and nitrite in whiteleg shrimp depending on size, age,
environmental factors, and time of exposure (Kir & Kumlu, 2006; Cobo et al., 2012; Waikhom
et al., 2018; Valencia-Castafeda et al., 2018). Therefore, the objective of this study was to
evaluate the effects of short-term ammonia and nitrite exposure on the survival of L. vannamei
juveniles in low salinity waters under laboratory conditions.

The Israeli Journal of Aquaculture —Bamidgeh ¢ ISSN 0792-156X * 1JA.74.2022.1717880



Toxicity of ammonia and nitrite on the whiteleg shrimp 3

Materials and Methods

Experimental animals

Juvenile shrimp of L. vannamei were provided by a private hatchery located in Can Tho,
Vietnam. Shrimp were acclimated in 500 | tanks with a salinity level of (20 ppt) and constant
aeration for 15 days before the start of the experiments. Water quality parameters were
maintained at 29.5+0.4°C temperature, 8.26+0.07 of pH, and 5.13+0.47 mg L of dissolved
oxygen (DO). Fifty percent of the water in each tank was exchanged daily. During the
acclimatization process, shrimp were fed three times a day with commercial feed (40% crude
protein, 6% crude lipid, and 5% crude fiber, Charoen Pokphand Group Co. Ltd., Vietnam). The
survival rate of shrimp during acclimation was 95%.

Experimental design

In experiment 1, the effects of elevated ammonia or nitrite levels on the survival of shrimp
at a constant salinity of 20 ppt were studied. Ammonia and nitrite stock solutions were
prepared by dissolving 9.552 g of NH4Cl (2500 mg L' total ammonia nitrogen (TAN)),
12.321 g of NaNO2 (2500 mg L nitrogen as nitrite (NO2™-N) in 1000 mL of distilled water,
respectively. The selected TAN and NO2"-N nominal concentrations for single exposure were
0, 5, 10, 20, 30, and 40 mg of TAN L!; and O, 5, 10, 20, 30, 40, and 50 mg of NO2"-N L.
Each treatment was conducted in four replicates. Groups of 20 acclimated juveniles (£0.22 g
wet weight) were randomly selected from the stocking tanks and transferred to the 20 L tanks
containing 10 L of the test solution. During the experimental period, each tank was provided
with continuous aeration, and water quality parameters included temperature at 28.5 to
29.1°C, pH 8.0 to 8.2, and DO at 5.1 to 6.0 mg L~. Nominal concentrations of TAN and nitrite
were determined every 24 h according to standard colorimetric methods (APHA, 2017). Dead
shrimp were immediately removed from the test tanks and each test solution was renewed
(100%) every 24 h. The survival of shrimp was checked every 12 hours during the 96-h
exposure. Shrimp in all treatments were not fed during the experiments.

Total ammonia nitrogen or nitrite concentration in intensive shrimp ponds is high and often
exceeds 5 mg L™t (Boyd 2001), thus this concentration was chosen as a target standard for
experiment 2. This experiment was conducted to evaluate the effects of different salinities (5,
10, 15, and 20 ppt) at a high level of TAN or nitrite (5 mg L) on the survival of shrimp.
Different salinity levels were prepared by diluting high saline water (92 ppt) that was collected
and transported from solar saltpans with dechlorinated tap water. Salinity was gradually
decreased by 2 ppt per day until the desired salinity levels (5, 10, and 15 ppt) were reached.
Each treatment was carried out in four replicates. Therefore, 80 juveniles were used in each
treatment. During the experiment, continuous aeration was supplied, and the range of
temperature, pH, and DO values were 28.6-29.0°C, 8.1-8.2, and 5.5-5.9 mg L}, respectively.
The survival rate of shrimp was determined as described in experiment 1.

Statistical analysis

The lethal median concentrations (LCso) values of TAN, NO2—N, and their 95% confidence
limits were calculated by the Probit method (Finney, 1971; Valencia-Castafieda et al., 2018).
The safe levels were estimated by multiplying the 96-h LCso value by a factor of 0.05 (Boyd &
Tucker, 1998). For un-ionized ammonia (NHs-N) LCso values, concentrations were presented
as mg L of TAN and NHs-N which was calculated according to the equations proposed by
(Soderberg & Meade, 1991), based on a temperature of 29°C and pH of 8.2. Differences in
the mean survival of shrimp among treatments were evaluated using a one-way analysis of
variance (ANOVA). A Tukey test was then applied to identify significant differences between
treatments. All statistical significance tests were at the p < 0.05 level. The SPSS software
(version 22.0) was used for the statistical analysis.

The Israeli Journal of Aquaculture —Bamidgeh ¢ ISSN 0792-156X * 1JA.74.2022.1717880



4 Tuetal., 2022

Results

Effects of total ammonia or nitrite at varying levels

Water quality parameters including temperature, pH, and dissolved oxygen were
maintained within desired ranges for shrimp survival and growth (Law, 1988; Wyban et al.,
1995; Nonwachai et al., 2011). The actual concentrations of ammonia and nitrite in the
experiments were within 5% of the nominal concentrations, which is an acceptable difference
for toxicity testing (Buikema et al., 1982).

The survival of L. vannamei juveniles exposed to different concentrations of TAN at each
24 h interval is presented in Figure 1. The higher the concentration of nitrite the shrimp were
exposed to, the higher the mortality was observed. During the first 24 h, the survival rates
for the control (0 mg L), 5, 10, 20, 30, and 40 mg L* TAN were 100+0.0%, 95.0+2.0%,
85.0+3.5%, 72.5+£1.4%, 63.8+4.3%, and 63.8+4.3%, respectively. The survival rates of
shrimp in 30 and 40 mg L! TAN were significantly lower compared to those in the control, 5,
10, and 20 mg L TAN, following 48 h and 72 h of exposure. A 100% mortality rate was
observed in 30 and 40 mg L* TAN after 96 h of exposure.
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Figure 1 Survival of juveniles of L. vannamei exposed to different concentrations of TAN (mg L)
at24 h,48 h, 72 h,and 96 h

[Data are shown as mean + SE (n = 4). Different letters above the bars indicate significant differences among
TAN concentrations at each 24 h of exposure (p < 0.05)]

As for the nitrite toxicity test, the average survival values were negatively correlated with
increasing levels of TAN (p > 0.05). More specifically, the survival of shrimp in the 40 mg L!
NO2-N was lowest and showed significant differences compared to other treatments when
exposed for 24 h (Figure 2). After 48 h, there was a 100% mortality rate in the doses of 30,
40, and 50 mg L NO2-N, as well as in the doses of 10 and 20 mg L NO>-N after 72 h.
However, no deaths of individuals were recorded in the control group during the 96-h
exposure, ensuring that the observed effects were due to the action of NO2™-N.
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Figure 2 Survival of juveniles of L. vannamei exposed to different concentrations of NO,-N (mg L) at
24 h, 48 h, 72 h, and 96 h
[Data are shown as mean + SE (n = 4). Different letters above the bars indicate significant differences among NOz-
N concentrations at each 24 h of exposure (p < 0.05)]

The LCso values of TAN, NH3-N, and NO2-N and their 95% confidence intervals at different
exposure times for L. vannamei juveniles are shown in Table 1. The LCso values of TAN and
NHs-N declined sharply after 48 h of exposure. The LCso values at 24, 48, 72, and 96 h of TAN
for L. vannamei juveniles were 45.5, 30.1, 13.8, and 6.3 mg L!, respectively, while the LCso
values of NH3-N at 24, 48, 72, and 96 h were 3.93, 2.59, 1.19, and 0.55 mg L. The LCso
values of NO2™-N at 24, 48, 72, and 96 h were 37.6, 16.7, 8.8, and 4.8 mg L, respectively.

Table 1 LCso values of NO2-N, TAN, and NH3-N (mg L) at 24, 48, 72 and 96 h of exposure to L.
vannamei juveniles at a salinity of 20 ppt.

Time (h) LCso of TAN (mg L?) LCso of NH3-N (mg L) LCso of NO2-N (mg L?)
24 45.5 (33.9-103.9) 3.93 (2.93-8.97) 37.6 (31.0-52.1)
48 30.1 (22.8-45.2) 2.59 (1.97-3.89) 16.7 (11.3-21.4)
72 13.8 (3.5-22.0) 1.19 (0.31-1.89) 8.8 (4.1-12.0)

96 6.3 (2.1-8.6) 0.55 (0.19-0.74) 4.8 (2.3-6.0)

The 95% confidence intervals are shown within parentheses.
Effects of a high ammonia or nitrite concentration at varying salinities

The survival rates of shrimp were positively correlated with salinity levels at 5 mg L™* TAN,
and significant differences among treatments were recorded from 48 h until the end of the
experiment (Table 2). The survival rates of shrimp at 5 ppt were significantly lower compared
to those at 15 and 20 ppt. There were no significant differences in survival rates between 5
and 10 ppt or between 15 and 20 ppt during the 96-h exposure. No significant differences
were found among all treatments during the first 24 h of exposure.
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Table 2 Survival of juveniles of L. vannamei exposed to combined different levels of salinity and a
concentration of TAN (5 mg L!) after each 24 h exposure.

Salinity (ppt) Survival rate (%)

24 h 48 h 72 h 96 h
5 ppt 90.0+2.92 72.5+£2.5P 50.0+2.0b 26.3+3.1°¢
10 ppt 92.5+3.22 76.3+2.4° 52.5+3.2b 28.8+2.4b¢
15 ppt 93.8+2.42 91.3+3.82 70.0£2.02 38.8+2.43
20 ppt (control) 93.8+2.42 90.0+3.52 68.8+3.12 42.5+3.2°

Values shown are mean + SE. Mean values within a column followed by the same letters show that there is no
significant difference among the groups (p > 0.05).

The survival rate of shrimp exposed to 5 mg L' NO2"-N at different salinity levels is shown
in Table 3. No significant difference was observed among all treatments during the first 48 h
of exposure (p > 0.05). After 72 h of exposure, the survival rate was negatively correlated
with salinity at a concentration of 5 mg L't NO2"-N and significant differences were recorded
among treatments (p <0.05). Following 96 h of exposure, the survival rates for the control
(20 ppt), 15 ppt, 10 ppt, and 5 ppt were 43.8+3.1%, 45.0+2.0%, 33.8%+2.4%, and
27.5+2.5%, respectively.

Table 3 Survival of juveniles of L. vannamei exposed to combined different levels of salinity and a
concentration of NO,-N (5 mg L!) after each 24 h exposure.

Salinity (ppt) Survival rate (%)

24 h 48 h 72 h 96 h
5 ppt 88.8+2.42 61.3+2.42 40.0+£3.5P 27.5+2.5¢
10 ppt 87.5+2.52 70.0+3.52 45.0+2.0P 33.8+2.4¢bc
15 ppt 90.0+2.92 70.0+2.02 58.8+3.12 45.0+2.02°
20 ppt (control) 91.3+3.82 71.3+2.42 60.0+3.52 43.8+3.1°

Values shown are mean + SE. Mean values within a column followed by the same letters show that there is no
significant difference among the groups (p > 0.05).

Discussion

Ammonia and nitrite are the main nitrogenous products caused by shrimp excreta and
metabolic waste and organic detritus. High concentration of nitrogen compounds could affect
physiological processes, resulting in a low specific growth rate and even mortality of shrimp
(de Campos et al., 2015). The results of this study show that the toxicity of ammonia and
nitrite to L. vannamei juveniles increased with exposure time. As for the ammonia test, the
survival of L. vannamei juveniles was reduced sharply with increasing the levels of ammonia
concentration and exposure time, but the survival rate in the control group was 100% for 96 h
of exposure. TAN treatments (0, 5, 10, 20, 30, and 40 mg L) showed the survival of 100%,
90%, 85%, 78%, 69%, and 45%, respectively after 24 h of exposure, which indicated that
TAN has a significant role in built-up toxicity, leading to mortality of shrimp. Similar results
have been reported in other penaeid shrimps subjected to ammonia toxicity, including the Sao
Paulo shrimp Penaeus paulensis (Ostrensky & Wasielesky, 1995), white shrimp P. setiferus
(Alcaraz et al., 1999), green tiger prawn P. semisulcatus (Kir & Kumlu, 2006), white shrimp
L. schmitti (Barbieri, 2010), and the pink-shrimp Farfantepenaeus paulensis (Miranda-Filho et
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al., 2009) and F. brasiliensis (de Campos et al., 2015). Han et al. (2017) reported that high
levels of ammonia could prevent the synthesis and excretion of digestive enzymes in the
hepatopancreas, leading to decreased metabolic energy for survival. In addition, the toxicity
of a specific substance to aquatic organisms can vary between species and can change with
water salinity, temperature, pH, dissolved oxygen levels, and the size of the organism (Lin &
Chen, 2003). In the present study, the survival rate of shrimp tends to decrease with reducing
salinity levels under the same ammonia concentration (5 mg L) exposure, suggesting that
the tolerance of whiteleg shrimp to ammonia is dependent on the levels of salinity. This
observation is similar to the report of Barbieri (2010), where the higher mortality of L. schmitti
is typically observed at lower salinity when shrimp are exposed to the same concentration of
ammonia. A possible explanation could be due to the higher uptake of ammonia at low salinity
levels (Kir & Oz, 2015).

The nitrite toxicity experiments conducted on L. vannamei juveniles in the present study
showed that the survival of shrimp was related to concentration, exposure time, and salinity.
For example, after 24 h of exposure, the survival of shrimp decreased from 90 to 10% when
the concentrations of nitrite increased from 5 to 50 mg L at the same salinity level (20 ppt).
In addition, the survival of L. vannamei juveniles to nitrite decreased sharply after 72 and 96
h as compared to 24 h of exposure, and 100% mortality was recorded in nitrite from 20 to 50
mg L. This finding suggests that the nitrite level is the main factor that causes mortality in
shrimp. The results are in agreement with those reported by Barbieri et al. (2016), where L.
schmitti juveniles exposed to high nitrite levels (10-80 mg L) showed higher mortality
compared to the control. Moreover, this study also found a lower survival rate in L. vannamei
juveniles when exposed to low salinity levels under the same nitrite concentration. Our finding
is similar to the results of other studies on shrimp, such as pink shrimp F. brasiliensis (de
Campos et al., 2015) and white shrimp L. schmitti (Barbieri et al., 2016). A possible
explanation could be that nitrite and chloride ions compete for the same transport site at the
HCOs/Cl- exchanger on the apical side of the gill cells (Sowers et al., 2004; Romano & Zeng,
2013). Furthermore, high nitrite accumulation could reduce the amount of oxygen available
for metabolism and lead to hypoxia and significant mortality (Barbieri et al., 2014). In the
present study, the LCso values (24, 48, 72, and 96 h) of nitrite in juveniles of L. vannamei
were lower than that of total ammonia at a salinity of 20 ppt, suggesting that nitrite is more
toxic than ammonia. This finding is similar to the report of Valencia-Castafieda et al. (2018)
wherein the acute toxicity of nitrite in L. vannamei postlarvae to salinities of 1 and 3 ppt is
greater than that of ammonia, and that its toxicity increases with decreasing salinity. Based
on the 96-h values and an empirical application factor of 0.05 (Boyd & Tucker, 1998), the safe
levels for rearing juveniles of L. vannamei (0.22 g) at 20 ppt salinity were estimated to be
0.32 mg L for total ammonia, 0.03 mg/L for NH3-N and 0.24 mg L™ for nitrite.

In conclusion, our results suggest that L. vannamei juvenile is more resistant to ammonia
than nitrite toxicity. At low salinity, both ammonia and nitrite showed greater toxicity to L.
vannamei, which also caused a decrease in survival. The results obtained in this study provide
baseline information for future studies and will help shrimp farmers manage their culture
systems.

Acknowledgments
The authors sincerely thank Van Lang University, Vietnam for funding this research. In

addition, we would like to thank our colleagues at the College of Aquaculture and Fisheries,
Can Tho University, Vietnam, for their support during the undertaking of this study.

The Israeli Journal of Aquaculture —Bamidgeh ¢ ISSN 0792-156X * 1JA.74.2022.1717880



8 Tuetal., 2022

References

Alcaraz, G. C., & Carnegas, C. (1997). Temperature tolerance of Penaeus setiferus post larvae exposed
to ammonia and nitrite. Aquatic Toxicology, 39, 345-353. https://doi.org/10.1016/S0166-
445X(96)00852-1

Alcaraz, G., Chiappa-Carrara, X., Espinoza, V., & Vanegas, C. (1999). Acute toxicity of ammonia and
nitrite to white shrimp Penaeus setiferus postlarvae. J. World Aquacult. Soc., 30, 90-97.
https://doi.org/10.1111/j.1749-7345.1999.tb00321.x

APHA (2017). Standard methods for the examination of water and wastewater, 23™ edition. American
Public Health Association 800 I Street, NW, Washington DC, 1546p.

Barbieri, E. (2010). Acute toxicity of ammonia in white shrimp (Litopenaeus schmitti) (Burkenroad, 1936,
Crustacea) at different salinity levels. Aquaculture, 306(1-4), 329-333.
https://doi.org/10.1016/j.aquaculture.2010.06.009

Barbieri, E., Bondioli, A. C. V., de Melo, C. B., & Henriques, M. B. (2016). Nitrite toxicity to Litopenaeus
schmitti (Burkenroad, 1936, Crustacea) at different salinity levels. Aquaculture Research, 47(4),
1260-1268. https://doi.org/10.1111/are.12583

Barbieri, E., Bondioli, A. C. V., Melo, C. B., Henriques, M. B. (2014). Nitrite toxicity to Litopenaeus
schmitti (Burkenroad, 1936, Crustacea) at different salinity levels. Aquaculture Research, 1-9.
https://doi.org/10.1111/are.12583

Boyd, C. E., & Tucker, C. S. (1998). Pond Aquaculture Water Quality Management. Kluwer Academic
Publishers, Boston, Massachusetts, USA, 711 p.

Boyd, C. E. (2001). Water quality standards: total ammonia nitrogen. The Advocate, 4(4), 84-85.

Buikema, A. L., Niederlehner, B. R., & Cairns, J. Jr. (1982). Biological monitoring, part IV toxicity testing.
Water Res., 16, 239-262. https://doi.org/10.1016/0043-1354(82)90188-9

Campos, B., Poersh, L., & Wasielesky, W. (2015). The chronic toxicity of ammonia, nitrite and nitrate on
juvenile Farfantepenaeus Brasiliensis (Crustacea: Decapoda). Bol. do Inst. Pesca Sao Paulo, 41,
261-269.

Chen, J. C., & Chen, S. F. (1992). Effects of nitrite on growth and molting of Penaeus monodon juveniles.
Comp. Biochem. Physiol., 101C: 453-458. https://doi.org/10.1016/0742-8413(92)90069-]

Chen, J. C., & Chin, T. S. (1988). Joint action of ammonia and nitrite on tiger prawn Penaeus monodon
postlarvae. J. World Aquacult. Soc., 19, 143-148. https://doi.org/10.1111/j.1749-
7345.1988.tb00942.x

Ciji, A., & Akhtar, M. S. (2019). Nitrite implications and its management strategies in aquaculture: a
review. Reviews in Aquaculture, 1-31. https://doi.org/10.1111/raq.12354

Cobo, M. D. L., Sonnenholzner, S., Wille, M., & Sorgeloos, P. (2012). Ammonia tolerance of Litopenaeus
vannamei (Boone) larvae. Aquaculture Research, 1-6. https://doi.org/10.1111/j.1365-
2109.2012.03248.x

de Campos, B. R., Furtado, P. S., Dincao, F., Poersch, L., & Wasielesky, W. (2015). The chronic toxicity
of ammonia, nitrite and nitrate on juvenile Farfantepenaeus brasiliensis (Crustacea:Decapoda).
Boletim do Instituto de Pesca Sao Paulo, 41(2), 261-269.

Directorate of Fisheries (2021). Fishery Production in 2020 Continues to Maintain Growth. Retrieved from
https://tongcucthuysan.gov.vn/en-us/vietnam-fisheries/doc-tin/015764/2021-04-19/fishery-
production-in-2020-continues-to-maintain-growth.

Emerson, K., Russo, R. C., Lund, R. E., & Thurston, R. V. (2011). Aqueous ammonia equilibrium
calculations: effect of pH and temperature. J. Fish. Res. Board Can., 32, 2379-2383.
https://doi.org/10.1139/f75-274

Finney, D. J. (1971). Probit Analysis, 3rd edition. Cambridge University Press, Cambridge. 272p.

Kathyayani, S. A., Poornima, M., Sukumaran, S., Nagavel, A., & Muralidhar, M. (2019). Effect of
ammonia stress on immune variables of Pacific white shrimp Penaeus vannamei under varying
levels of pH and susceptibility to white spot syndrome virus. Ecotoxicology and Environmental
Safety, 184, 109626. https://doi.org/10.1016/j.ecoenv.2019.109626

Kir, M., & Kumlu, M. (2006). Acute toxicity of ammonia to Penaeus semisulcatus postlarvae in relation
to salinity. J. World Aquacult. Soc., 37, 231-235. https://doi.org/10.1111/j.1749-
7345.2006.00033.x

Kir, M., & Oz, O. (2015). Effects of salinity on acute toxicity of ammonia and oxygen consumption rates
in common prawn, Palaemon serratus (Pennat, 1777). Journal of the World Aquaculture Society,
46, 76-82.

The Israeli Journal of Aquaculture —Bamidgeh ¢ ISSN 0792-156X * 1JA.74.2022.1717880



Toxicity of ammonia and nitrite on the whiteleg shrimp 9

Law, A. T. (1988). Water quality requirements for Penaeus monodon culture. Proceedings of the Seminar
on Marine Prawn Farming in Malaysia, 5% March 1988. Malaysia Fisheries Society, Serdang,
Malaysia.

Lin, H., Thuet, P., Trilles, J. P., Mounet-Guillaume, R., & Charmantier, G. (1993). Effects of ammonia on
survival and osmoregulation of various developmental stages of the shrimp Penaeus japonicus.
Marine Biology, 17591-17598.

Lin, Y. C., & Chen, J. C. (2003). Acute toxicity of nitrite on Litopenaeus vannamei (Boone) juveniles at
different salinity levels. Aquaculture, 224, 193-201. https://doi.org/10.1016/S0044-
8486(03)00220-5

Han, S., Wang, B., Wang, M., Liu, Q., Zhao, M., & Wang, L. (2017). Effects of ammonia and nitrite
accumulation on the survival and growth performance of white shrimp Litopenaeus vannamei.
Invertebrate Survival Journal, 14, 221-232. https://doi.org/10.25431/1824-307X/isj.v14i1.221-
232

Magallén Barajas, F. J., Servin Villegas, R., Portillo Clark, G., & Lopez-Moreno, B. (2006). Litopenaeus
vannamei (Boone) post-larval survival related to age, temperature, pH and ammonium
concentration. Aquacult. Res., 37, 492-499. https://doi.org/10.1111/j.1365-
2109.2006.01455.x

Miranda-filho, K. C., Pinho, G. L. L., Wasielesky, W., & Bianchini, A. (2009). Long-term ammonia toxicity
to the pink-shrimp Farfantepenaeus paulensis. Comparative Biochemistry and Physiology C,
150(3), 377-382. https://doi.org/: 10.1016/j.cbpc.2009.06.001

Nan, F., & Chen, J. C. (1991). Lethal effect of ammonia to juvenile Metapenaeus ensis. J. Fish. Soc.
Taiwan, 18, 41-46.

Nonwachai, T., Purivirojku, W., Chuchird, N., & Limsuwan, C. (2011). Effects of dissolved oxygen levels
on growth, survival, and immune response of juvenile Pacific white shrimp Litopeneaus
vannamei. Kasetsart University Fisheries Research Bulletin, 35 (3).

Nudalo, A.G., Tumbokon, B.L.M. and Serrano Jr, A.E., (2020). Benfotiamine counteracts the negative
effects of a high dietary carbohydrate on growth and ammonia toxicity resistance in post larval
Penaeus monodon. The Israeli Journal of Aquaculture-Bamidge, 74, 1-10.
https://doi.org/10.46989/001c.19032

Ostrensky, A., & Wasielesky, Jr. W. (1995). Acute toxicity of ammonia to various life stages of the Sao
Paulo shrimp, Penaeus paulensis Perez-Farfante, 1967. Aquaculture, 132, 339-347.
https://doi.org/10.1016/0044-8486(94)00343-M

Pan, L. Q., Zhang, L. J., & Liu, H. Y. (2007). Effects of salinity and pH on ion-transport enzyme activities,
survival and growth of Litopenaeus vannamei post larvae. Aquaculture, 273, 711-720.
https://doi.org/10.1016/j.aquaculture.2007.07.218

Racotta, I. S., & Hernandez-Herrera, R. (2000). Metabolic responses of the white shrimp, Penaeus
vannamei, to ambient ammonia. Comp. Biochem. Physiol., 125, 437-443.
https://doi.org/10.1016/5S1095-6433(00)00171-9

Ramirez-Rochin, J., Frias-Espericueta, M. G., Fierro-Safiudo, J. F., AlarconSilva, S. G., Fregoso-Lépez,
M. G., & Pdez-Osuna, F. (2017). Acute toxicity of nitrite on white shrimp Litopenaeus vannamei
(Boone) juveniles in low-salinity water. Aquac. Res., 48, 2337-2343.
https://doi.org/10.1111/are.13069

Randall, D. J., & Tsui, T. K. N. (2002). Ammonia toxicity in fish. Marine Pollution Bulletin, 45(1-12), 17-
23. https://doi.org/10.1016/S0025-326X(02)00227-8

Romano, N., & Zeng, C. (2013). Toxic effects of ammonia, nitrite, and nitrate to decapods crustaceans:
a review on factors influencing their toxicity, physiological consequences, and coping
mechanism. Reviews in Fisheries Science, 21, 1-21.
https://doi.org/10.1080/10641262.2012.753404

Schuler, D. J., Boardman, G. D., Kuhn, D. D., & Flick, G. J. (2010). Acute toxicity of ammonia and nitrite
to Pacific white shrimp, Litopenaeus vannamei, at low salinities. J. World Aquac. Soc., 41, 438-
446. https://doi.org/10.1111/j.1749-7345.2010.00385.x

Soderberg, M. W., & Meade, J. W. (1991). The effect of ionic strength on unionized ammonia
concentration. Progr. Fish Cult., 53, 118-120. https://doi.org/10.1577/1548-
8640(1991)053<0118:TEOISO>2.3.CO;2

Sowers, A. D., Young, S. P., Isely, J. J., Browdy, C. L., & Tomasso, J. R. (2004). Nitrite toxicity to
Litopenaeus vannamei in water containing low concentrations of sea salt or mixed salts. J. World
Aquac. Soc., 35, 445-451. https://doi.org/10.1111/j.1749-7345.2004.tb00109.x

The Israeli Journal of Aquaculture —Bamidgeh ¢ ISSN 0792-156X * 1JA.74.2022.1717880



10 Tuetal, 2022

Valencia-Castaneda, G., Frias-Espericueta, M. G., Vanegas-Perez, R. C, Chavez-Sanchezd, M. C., & Paez-
Osuna, F. (2020). Physiological changes in the hemolymph of juvenile shrimp Litopenaeus
vannamei to sublethal nitrite and nitrate stress in low-salinity waters. Environmental Toxicology
and Pharmacology, 80, 103472. https://doi.org/10.1016/j.etap.2020.103472

Valencia-Castaneda, G., Frias-Espericueta, M. G., Vanegas-Pérez, R. C., Pérez-Ramirez, G. A,
Chavez-Sanchez, M. C., & Paez-Osuna, F. (2018). Acute toxicity of ammonia, nitrite and nitrate
to shrimp Litopenaeus vannamei postlarvae in low-salinity water. Bulletin of Environmental
Contamination and Toxicology, 101, 229-234. https://doi.org/10.1007/s00128-018-2355-z

Waikhom, S., Aanand, S., Rajeswari, C., Padmavathy, P., & George, R. (2018). Ammonia and nitrite
toxicity to Pacific white-leg shrimp Litopenaeus vannamei. International Journal of Applied
Research, 4(7), 182-189.

Wajsbrot, N., Gasith, A., Krom, M. D., & Samocha, T. M. (1990). Effect of dissolved oxygen and the molt
stage on the acute toxicity of ammonia to juvenile green tiger prawn Penaeus semisulcutus.
Environ. Toxicol. Chem., 9, 497-504. https://doi.org/10.1002/etc.5620090413

Wajsbrot, N., Gasith, A., Diamant, A., & Popper, D. M. (1993). Chronic toxicity of ammonia to juvenile
gilthead seabream Sparus aurata and related histopathological effects. J. Fish Biol., 42, 321-
328. https://doi.org/10.1111/j.1095-8649.1993.tb00336.x

Wyban, J., Walsh, W. A., & Godin, D. M. (1995). Temperature effect on growth, feeding rate and feed
conversion of the Pacific white shrimp (Penaeus vannamei). Aquaculture, 138, 267-279.
https://doi.org/10.1016/0044-8486(95)00032-1

Xue, S., Wei, 1., Li, J., Geng, X., & Sun, J. (2017). Effects of total ammonia, temperature and salinity on
the mortality and viral replication of WSSV-infected Chinese shrimp (Fenneropenaeus chinensis).
Aquaculture Research, 48, 236-245. https://doi.org/10.1111/are. 12877

The Israeli Journal of Aquaculture —Bamidgeh ¢ ISSN 0792-156X * 1JA.74.2022.1717880



