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Abstract Biofloc technology (BFT) has been used to rear white shrimp, Litopenaeus

vannamei. In this culturing system, the absence of aeration causes a rapid drop in dissolved

oxygen levels, and hydrogen peroxide (H2O2) can be used as an emergency source of

oxygen. This study aimed to determine the lethal concentration and safe level of H2O2

applied as a source of oxygen for juvenile white shrimp L. vannamei in a BFT system.

Juveniles (1.39 ± 0.37 g) were exposed for 2 h to different concentrations of H2O2 [29

(100), 58 (200), 116 (400), 174 (600), 232 (800), 290 (1,000) and 348 (1,200) lL H2O2/L

(ppm H2O2-29 %/L)] in addition to a control group without addition of H2O2, and the

survival rates were monitored for 96 h. The LC50 values and 95 % confidence intervals at

24, 48, 72 and 96 h were 235.5 (207–268), 199.1 (172–229), 171.1 (146–198) and 143.3

(120–170) lL H2O2/L, respectively. The safe level was 14.3 lL H2O2/L, and the highest

concentration with survival rates similar to the control group (NOAEC) was 29 lL H2O2/

L. In these concentrations, H2O2 can be used as a safe source of oxygen for L. vannamei

reared in BFT systems.

Keywords Biofloc � Dissolved oxygen � Hydrogen peroxide � Litopenaeus

vannamei � Toxicity

Introduction

Biofloc technology (BFT) refers to the rearing of aquatic organisms in high stocking

densities without water renewal, using strong aeration and predominantly aerobic and

heterotrophic biota that form microbial flocs (bacteria, protozoa, rotifers and microalgae,

among others) (Avnimelech 2007). This system maintains the water quality and also
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produces an additional food source for the farmed organisms (De Schryver et al. 2008).

The absence of aeration in Litopenaeus vannamei ponds with BFT systems critically

reduces the levels of dissolved oxygen (DO) in approximately 30 min (Vinatea et al.

2009). As stated by Lima et al. (2012), adding hydrogen peroxide (H2O2) at 5 ppm pro-

motes an effective increase in DO levels, although this effect lasts for a short time (2–3 h).

In the natural environment, the H2O2 half-life varies from a few minutes (eutrophic

environments) to several days (oligotrophic environments) (Herut et al. 1998). This process

is accelerated by the presence of organic matter in the water column, light intensity,

temperature, enzymes (catalase) and metals (iron and manganese), among other factors

(Taylor and Ross 1988; Pedersen et al. 2006; Burridge et al. 2010). In addition, H2O2 is

considered environmentally friendly because it decomposes into water and oxygen gas.

The process of hypoxia and reoxygenation results in high levels of reactive oxygen

species and promotes oxidative stress in white shrimp (Zenteno-Savı́n et al. 2006). An

increase in DO levels (hyperoxia) also induces oxidative stress in aquatic vertebrate and

invertebrate organisms (Lushchak 2011). The effects of lethal concentrations of H2O2 have

mainly been reported in fish (Arndt and Wagner 1997; Avendaño-Herrera et al. 2006;

Roque et al. 2010) and a few crustaceans (Abele-Oeschger et al. 1997). This study aimed to

determine the lethal concentration and the safe level of H2O2 during the culture of juvenile

white shrimp L. vannamei in BFT systems. The results of this study allow researchers and

shrimp producers working with BFT systems to use H2O2 as a safe source of oxygen.

Materials and methods

Post-larvae of L. vannamei (PL20) were reared in April 2012 at the Marine Aquaculture

Station hatchery, Federal University of Rio Grande, Southern Brazil. Subsequently, they

were stocked in nursery tanks (1,500 PL/m2) with BFT systems. Juveniles shrimp

(1.39 ± 0.37 g) was acclimated for 48 h to the experimental conditions to reduce the stress

from handling. The shrimp was fed twice per day with commercial feed (Guabi�, 38 %

crude protein and 8 % ether extract), and the feeding amount was set at 8 % of the total

biomass of each experimental unit. The photoperiod was set at 12 L:12D with a luminous

intensity of 500 lux and temperature of 28 �C.

The experiment was performed in 4-L plastic tanks (effective volume = 3 L) filled with

sea water (salinity 32 % and alkalinity 125 mg CaCO3/L) and 534 mg/L of bioflocs from

the shrimp culture tank, with air diffusers to maintain aeration. The experimental system

was static without water renewal, and feeding was suspended during the test. The trial

consisted of 3 shrimps per experimental unit (tank) (1 juvenile/L), 15 tanks per treatment

(n = 45 shrimp/treatment) and eight treatments (n = 360 juveniles). The treatments

included different concentrations of H2O2 [29 (100), 58 (200), 116 (400), 174 (600), 232

(800), 290 (1,000) and 348 (1,200) lL H2O2/L (ppm H2O2-29 %/L)] and a control group

(without addition of H2O2).

The concentration of H2O2 (29 % H2O2, Synth, Brazil) was equivalent to 100 % of

H2O2, and the dosages were nominal. After the acclimatization period, the aeration was

interrupted until the DO levels reached 2.5 mg/L (approximately 30 min), simulating a

power failure. Hydrogen peroxide was applied, and after 2 h of exposure, the aeration was

re-established in each test unit. The shrimp behavior was recorded for 12 h after the

exposure to H2O2, and mortality was verified every 24 h. Animals were considered dead

when they were still and did not respond to mechanical stimuli with a glass cane (Lin and

Chen 2003) and were immediately removed from the tank.
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Temperature, pH and oxygen levels were measured daily in the morning and afternoon

with a pH meter (model 100, Yellow Springs Instruments, USA) and oximeter (model 55,

YSI). The salinity was checked at the beginning and end of the test with an optical

refractometer (Atago, Japan). The concentrations of total ammonia nitrogen (TAN)

(NH3 ? NH4
?) and nitrite (N–NO2

-) were measured daily, according to UNESCO (1983)

and Bendschneider and Robinson (1952), respectively.

Cumulative mortality at 24, 48, 72 and 96 h was used to estimate the median lethal

concentrations (LC50) using the software code for the Trimmed–Spearman–Karber method

(Hamilton et al. 1977). The safe level was calculated using the 0.1 factor suggested by

Sprague (1971). The NOAEC or the highest concentration with survival rates similar to the

control group (EPA 2002) was calculated by comparing the number of survivors in each

treatment at the end of the test. The data were subjected to analyses of variance (one-way

ANOVA) followed by Tukey’s test (p \ 0.05).

Results

The water quality was negatively affected by the increasing H2O2 concentrations. The total

ammonia nitrogen level significantly differed (p \ 0.05) among the control, 29 lL H2O2/L

treatment and the other treatments. The mean nitrite concentrations were significantly

lower (p \ 0.05) in the treatment with 29 lL H2O2/L, followed by the 58 lL H2O2/L,

control, 116, 174, 232, 290 and 348 lL H2O2/L treatments. No significant differences

(p [ 0.05) related to salinity, temperature, DO or pH were observed among the treatments.

The water quality parameters are presented in Table 1.

After 2 h of exposure to H2O2, the DO concentration was 6 mg/L in the control

treatment and 13 mg/L in the treatment with 29 lL H2O2/L, and it exceeded the oximeter

detection limit of 20 mg/L in the other treatments. Gas bubbles were observed on all of the

tank walls of the treatments with 174, 232, 290 and 348 lL H2O2/L before aeration was

reactivated (Fig. 1a). The shrimp in these treatments behaved differently from in the

control, including erratic swimming and loss of balance. Small bubbles appeared between

the carapace and muscle of individuals from the treatments with 290 and 348 lL H2O2/L.

Table 1 Water quality parameters (mean ± SD) measured during a 96 h test with different concentrations
of H2O2 in tanks with juveniles L. vannamei

lL H2O2/L Salinity
(%)

Temperature
(�C)

DO (mg/L) pH TA-N (mg/L) NO2
-–N (mg/L)

0 32.5 ± 0.5 26.5 ± 1.0 6.1 ± 0.4 8.0 ± 0.2 0.14 ± 0.1a 0.15 ± 0.03a

29 32.3 ± 0.3 26.3 ± 1.4 5.9 ± 0.3 8.0 ± 0.2 0.42 ± 0.3ab 0.08 ± 0.03b

58 32.5 ± 0.5 26.8 ± 1.2 6.0 ± 0.2 8.0 ± 0.1 0.58 ± 0.4b 0.12 ± 0.09ab

116 32.4 ± 0.6 26.5 ± 0.9 6.0 ± 0.3 8.1 ± 0.1 1.72 ± 1.2c 0.18 ± 0.05a

174 32.6 ± 0.3 26.6 ± 1.1 6.1 ± 0.4 8.1 ± 0.1 1.55 ± 0.9c 0.18 ± 0.06a

232 32.6 ± 0.5 26.3 ± 1.0 6.3 ± 0.2 8.1 ± 0.1 1.80 ± 1.3c 0.15 ± 0.03a

290 32.4 ± 0.6 26.7 ± 1.0 6.3 ± 0.3 8.0 ± 0.2 1.65 ± 1.0c 0.21 ± 0.06a

348 32.0 ± 0.0 26.0 ± 0.0 6.2 ± 0.1 8.2 ± 0.0 1.82 ± 1.1c 0.20 ± 0.05a

Different letters after the values in each column indicate a significant difference (p \ 0.05) according one-
way ANOVA followed by Tukey’s test

DO dissolved oxygen; TA-N total ammonium nitrogen; NO2
-–N nitrite
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After 48 h of exposure, melanization was observed in the carapace and gills of the shrimp

exposed to 116, 174, 232 and 290 lL H2O2/L (Fig. 1b). One hundred percent mortality

was observed in the treatment with 348 lL H2O2/L after 16 h of the experiment, while the

treatment with 290 lL H2O2/L showed 53.38 % mortality in the first 24 h. Survival rates

over the 96 h of the experiment are shown in Fig. 2. The LC50-96 h was 143.3 lL H2O2/L

equivalent to 493 ppm (with a 95 % confidence interval of 120–170 lL H2O2/L). The

values of LC50 at 24, 48, 72 and 96 h are shown in Table 2. The safe level was

14.3 lL H2O2/L, approximately 50 % of the largest applied dose that caused no mortality

(NOAEC), which was 29 lL H2O2/L.

Discussion

The water quality parameters remained within the range considered adequate for the

development of juveniles L. vannamei (Ponce-Palafox et al. 1997; Van Wyk and Scarpa

1999; Lin and Chen 2001, 2003). Although the TAN levels rose with increasing

Fig. 1 a Gas bubbles and erratic swimming were observed on all of the tank walls in the treatments with
174, 232, 290 and 348 lL H2O2/L before aeration was reactivated. b Melanization observed in the carapace
and gills of the shrimp exposed to 116, 174, 232 and 290 lL H2O2/L
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concentrations of H2O2, they did not affect the survival of the shrimp (Lin and Chen 2001).

However, H2O2 may have negatively impacted the microorganisms. According to Sch-

wartz et al. (2000), removal of ammonia in a biofilter is reduced by 80 % with doses of

100 mg H2O2/L in fish recirculation systems. The nitrite concentrations were significantly

reduced (p \ 0.05) in the treatment with 29 lL H2O2/L.

Pedersen and Pedersen (2012) verified that the bacterial communities that colonize

biofilters may not collapse completely depending on the amount of organic matter present

in the biofilter and the dosage of H2O2 that is applied to the system. Therefore, the high

TAN levels in the treatments with higher doses of H2O2 were due to the excreta of shrimp

and the toxic effect on microorganisms from the bioflocs (heterotrophic nitrifying bacteria

and protozoa, rotifers and microalgae, among others).

H2O2 is a neutral molecule that passes easily through cell membranes by diffusion.

Within the cells, reactions catalyzed by transition metals or other cellular reducers release

hydroxyl (H2O2 þ e� ! OH� þ OH�), which can induce peroxidation of lipids and

membrane proteins at elevated concentrations, generating a transmembrane ion-transport

disorder that affects cellular integrity (Abele-Oeschger et al. 1997). The decomposition of

H2O2 into water and oxygen gas (2H2O2ðaqÞ ! 2H2OðlÞ þ O2ðgÞ) can be accelerated or

slowed by several processes. Pedersen et al. (2006) observed that the oxygen release

occurred immediately and showed a peak after 1 h, a prolonged release period when

compared to the decomposition of H2O2. The DO levels in the present study were above

the oximeter detection limit (20 mg/L) after 2 h of exposure, except in the control group

and the treatment with 29 lL H2O2/L. These data are corroborated by those of Pedersen
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Fig. 2 Survival (mean ± SD) during a 96 h test after 2 h of exposure to different levels of H2O2

Table 2 Median LC50 of H2O2 given to juvenile white shrimp L. vannamei. The data in brackets represent
the 95 % confidence interval

Time (h) LC50 H2O2 (lL/L)

24 235.5 (207–268)a

48 199.1 (172–229)ab

72 171.1 (146–198)bc

96 143.3 (120–170)c

Values followed by different letters significantly differed (p \ 0.05) based on a one-way ANOVA followed
by Tukey’s test
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et al. (2006), who observed an increase from 99 to 128 % saturation in systems with low

organic matter and from 93 to 140 % in those high levels of organic matter.

The transition from hypoxia to hyperoxia (reoxygenation) in L. vannamei was marked

by significant changes in the activity of antioxidant enzymes (catalase, superoxide dis-

mutase and glutathione peroxidase) in the muscle and hepatopancreas (Parrilla-Taylor and

Zenteno-Savı́n 2011). Li et al. (2006) reported that the consumption of DO in juvenile

Fenneropenaeus chinensis was significantly higher under hyperoxic conditions (10–18 mg/

L). Supersaturation reduced the enzyme activity of superoxide dismutase and hemolysin

but increased the activity of peroxidase. Abele-Oeschger et al. (1997) exposed Crangon

crangon to 20 lM H2O2/L for 5 h and verified a reduction in the metabolic rate of 26 % in

the animal and 60 % in the exposed muscle as well as a significant decrease in the

intracellular pH. Therefore, the shrimp exposed to the process of reoxygenation and the

hyperoxic conditions generated by the decomposition of H2O2 and release of oxygen in this

study may have been damaged by oxidative stress and metabolic changes.

Dicentrarchus labrax juveniles exposed to 50 lL H2O2/L for 1 h showed significant

changes in plasma ions, such as sodium, magnesium and calcium. These changes can

represent a disorder in acid–base equilibrium, the transport of oxygen or the transport of

ions, and these combined changes may cause a modification in the exchange of gases in the

gills (Roque et al. 2010). Scophthalmus maximus exposed for 30 min to 240 and

480 lL H2O2/L showed signs of stress, such as increased ventilation rate, erratic swim-

ming and escape from the tank (Avendaño-Herrera et al. 2006). The erratic swimming, loss

of balance and small bubbles between the carapace and the muscle observed in the shrimp

exposed to levels of 174, 232, 290 and 348 lL H2O2/L are similar to those described by

Lightner et al. (1974). These authors described gas-bubble disease in juvenile Penaeus

aztecus, which was caused by the supersaturation of dissolved gases in the water.

Data concerning the lethal concentration of H2O2 for shrimp are scarce. According to

Reichwaldt et al. (2012), the LC50 of H2O2 for two zooplankton species (Moina spp. and

Daphnia carinata) after 48 h of exposure were 2.0 and 5.6 mg H2O2/L, respectively, while the

NOAEC was 1.5 and 3.0 mg H2O2/L, respectively. Arndt and Wagner (1997) exposed On-

corhynchus clarkii and Oncorhynchus mykiss for 2 h to concentrations from 0 to 540 lL H2O2/

L and found an LC50 of 189–280 lL H2O2/L. An LC50 at 96 h of 143.3 (120–170) lL H2O2/L

was obtained for juvenile L. vannamei, which are more resistant to H2O2 than zooplankton

species (Moina spp. and D. carinata) and less resistant than juvenile rainbow trout.

Hydrogen peroxide at concentrations below -29 lL/L (NOAEC) and at the safe level

of 14.3 lL H2O2/L can be applied as a source of oxygen for L. vannamei reared with

bioflocs without causing mortality of the shrimp or negative impacts on the water quality.

However, new studies should assess oxidative stress and the long-term effects of H2O2 on

shrimp and bioflocs.
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