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Abstract. The rapid development of the intensive sea cucumber industry poses the appearance of
potential threats, which makes it necessary to develop safe concentrations of common
disinfectants used in aquaculture for controlling pathogens or infestation of predators. In this
study, the effect of dip immersion and prolonged exposure of disinfectants on sea cucumber was
investigated in order to formulate the optimum treatment concentrations. Acetic acid, formalin-
F™, copper sulphate, methylene blue, trichlorfon, potassium permanganate and dechlorinated
freshwater were used as disinfectants. The effects such as evisceration, skin lesion and mortality
were determined during exposure and post-exposure. The 1-min dip immersion of all chemicals
used in the study was safe for disinfectant treatments and did not show any negative impact on sea
cucumbers. The effect of prolonged exposure varied based on chemical toxicity, chemical
concentration, and duration of exposure. Sea cucumber was less sensitive to acetic acid and
trichlorfon for prolonged treatment and tolerates a wide range of safe concentrations up to 100 mg
I for acetic acid and 4 mg I for trichlorfon. Sea cucumber was more sensitive to prolonged
exposure to formalin, copper sulphate and methylene blue which caused severe effects. The
upper-level concentrations which considered safe and did not show significant effect were 1 mg I
1, 0.05 mg I* and 4 mg I for formalin, copper sulphate and methylene blue respectively.
Potassium permanganate at 2 mg It was very toxic to the sea cucumber. Freshwater bath for 1 and
10 minutes considered safe treatments for sea cucumber and no negative impact was observed.
The study concluded that short dip immersion is a potential treatment for sea cucumber and
considered safe to control the external pathogens and predators. Prolonged treatment with
freshwater, acetic acid and trichlorfon could also be positively considered for sea cucumber
treatment due to low sensitivity. Even though some of the disinfectants used in this study were
toxic, they can be used at lower concentrations.
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1. Introduction

The populations of sea cucumber (Holothuria
scabra) are threatened by the depletion by
artisanal fisheries due to the high price for
human consumption and their precious nature
(Choo, 2008). Therefore, since the first
application of artificial sea cucumber breeding
techniques in the 1980s, attempts have made to
establish and refine the breeding protocols
(Wang et al., 2004). The massive development
and entrenchment of sea cucumber cultivation
have resulted in the emergence of multiple
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diseases, causing significant economic losses
for aquaculture and being one of the
constraints of the industry's sustainable
production (Michael and Kelly 2015).
Furthermore, many parasites such as
protozoans, turbellarians and gastropods
besides to pathogenic bacteria and fungi
emerge in the system when growing the sea
cucumber in outdoor ponds and cause ulcers,
skin erosion, and many diseases that contribute
to high mortality, which can exceed 80
percentage of the yield (Jangoux, 1987, 1990;
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Smith, 1984; Wang et al., 2004). Snails can
attack sea cucumbers causing death with
eviscerated animals. Depending on the severity
of the injury, the healing process might take
one to several weeks (Tresnati et al., 2019).
Evisceration is a type of autotomy performed
by many holothurian echinoderms which
include ejection of the digestive tract and other
internal organs (Emson and Wilkie 1980).
Evisceration was found to be a response to
artificial stimuli  such as body injury,
overcrowding or water pollution (Wilkie,
2001).

Many disinfectant compounds are used
in fish culture ponds to reduce disease-causing
parasites and pathogen bacteria (Jo and
Andrew, 2007). In fish farming, formalin is
used as disinfection to destroy parasites such
as monogeneans and ciliated protozoans or it
may be used for ammonia elimination and
plankton killing at 25-40 ppm (Leal et al.,
2018). On the other hand, potassium
permanganate (KMnOs) at 5 ppm is the most
widely used inorganic compounds globally for
the treatment of external parasites and
bacterial disease which helps the healing of
wounds (Duncan, 1978). Moreover, some
compounds such as methylene Dlue,
trichlorfon and potassium nitrate, etc., are also
used in disinfection and cause considerable
toxicity when their concentrations rise (Claude
and Laurence, 1999; Tonguthai, 2000; Park et
al., 2019). The attack of predators and disease
outbreaks were one of the main issues of sea
cucumber Holothuria scabra production in the
outdoor ponds (Tresnati et al., 2019).

Previous studies discussed the effect of
different chemical disinfectants such as acetic
acid (Forrest et al., 2007; Locke et al., 2009;
Meira-Filho et al., 2017), copper sulphate
(Bambang et al., 1995; Chen and Lin, 2001),
formalin (Speare et al., 1997; Buchmann et al.,
2004; Lamela et al., 2008), methylene blue
(Turnipseed et al., 1997; Park et al., 2019),
potassium permanganate (Duncan, 1978;
Mischke et al., 2014) and trichlorfon (Meyer
1966; Flores-Nava and Vizcarra-Quiroz, 1988)

on aquatic organisms. Therefore, the main
objective of this study was to determine the
safe concentration of different common
disinfectant used in aquaculture on farmed sea
cucumber Holothuria scabra.

2. Material and Methods
2.1 Animal Source and Acclimatization

The experiment was conducted in the
fish farm at the Faculty of Marine Sciences,
King Abdulaziz University, Jeddah, Saudi
Arabia under lab-controlled conditions. Sea
cucumber juveniles (average body weight:
35+5g) were obtained from the National
Agquaculture Group, Saudi Arabia. Animals
were transported in a 300L tub to the
experimental site with filtered (10 microns)
seawater (40 psu salinity, temperature 26°C)
with  oxygen supply. Animals were
acclimatized in a fiberglass tank of 1.9 m
diameter for one-week period (40 psu salinity,
7.9 pH and temperature 29°C). The bottom of
the tank was covered with a substrate of 5 cm
dune sand. Water exchange was carried out
daily at 100% during the acclimatization
period and animals were fed with a compound
diet (14.5% protein, 4.3% lipid, 38% ash and
2395 kcal kg? energy) at the ratio of 2% of
body weight.

2.2 Setup of the Experiment

The effect of seven treatments on sea
cucumber was investigated. Each treatment
was conducted in triplicates using a 250L
fiberglass tank (Fig.1). All buckets were
stocked with four sea cucumbers each with an
average body weight of 35+5g. The treatments
tested in the experiment were Acetic acid
(CH3COOH- 99.8%), Formalin-F™ (37%),
Copper  Sulphate (CuSO4.5H20-  25%),
Methylene blue (Ci1sH18CIN3S.xH20- 85%),
Trichlorfon 2, 2, 2 trichloro-1-
hydroxyethylphosphonate- 94%), Potassium
permanganate (KMnOgs- 97%) and
dechlorinated freshwater. Each chemical
treatment was examined in dip immersion for
a minute of exposure and prolonged exposure
for 48 hours except the freshwater treatment



Effect of Disinfectants on Sea Cucumber Juveniles (Holothuria scabra) in Farming Practices 57

which was conducted for a dip immersion of
one and ten minutes. Animals were starved for
24 hours prior to conducting the treatments
exposure. Upon the completion of each
treatment, survived treated animals from both
dip and prolonged exposure were washed and
transferred to post-exposure observation tanks
of 500L covered with 5cm dune sand for a
period of 168 hours (7 days). Mortality, skin
lesion and evisceration were observed during
the exposure and post-exposure period. No
feeding was given to animals during the
exposure period whereas animals were fed in
recovery post-exposure tanks at the rate of 2%
after 24 hours of transfer. Observations in the
post-exposure tanks were recorded every 24
hours and Dead animals were removed. The
observation factors as mortality, skin lesion
and evisceration were converted to percentage
from the total number of animals in the tank.
The selected chemicals are usually used in the
aquaculture sector for pathogen removal at the
concentrations reported by Noga (2010).
However, higher chemical concentrations were
tested in this study to determine the toxicity on
sea cucumbers.

3. Results

Short dip immersion of studied
treatments showed no mortality, skin lesion
and evisceration on sea cucumber during
exposure period or during the post-exposure
period (Table 1). The results of prolonged
chemical toxicity on sea cucumber showed
various abnormal behaviours during exposure
as a sign of stress such as rolling motion, size
shrinking and at severely affected stage
evisceration of intense and various levels of
skin lesion (light to high) on the dorsal and
ventral side of Sandfish were observed. Acetic
acid did not cause any harmful effect on sea
cucumber up to 75 mg It whereas a noticeable
increase of skin lesion was observed with a
rise of concentrations at 100, 125 and 150 mg
I which recorded 10, 50, 100%, respectively.
Mass mortality of 100% was noticed in sea
cucumber when exposed to 150 mg I acetic
for 48 hours.

The formalin has shown varied toxicity
effects on the sea cucumber. The formalin at 1
mg It was very safe whereas 5 mg I"! showed
100% skin lesion (12 animals) and 50%
evisceration (6 animals). The concentration of
10 and 20 mg I formalin was very toxic and
recorded 100% (12 animals) mortality with 10
mg I at 48 hours and with 20 mg I at 24
hours of exposure. The high concentration of
formalin showed skin burn after 8 hours of
exposure (Fig. 2). Copper sulphate of 0.05 mg
I* did not show any effect on sea cucumber
whereas 0.06 mg I resulted in 50% mortality
during the post-exposure period. Effects on sea
cucumber appeared to increase with a rise of
copper sulphate  concentration.  Copper
sulphate 0.08 mg I showed 25% mortality at
48 hours of exposure and rose to 100% during
the post-exposure period. The concentrations
of 0.1 and 0.2 mg It resulted in 100%
mortality in sea cucumber at 24 and 48 hours,
respectively.

Methylene blue at 2 mg I was safe and
did not show any effect on sea cucumber
whereas 4 mg I"! showed 25% evisceration at
48 hours of exposure without any mortality
during exposure or post-exposure. The
concentrations of 5 and 6 ppm copper sulphate
were highly toxic and showed a severe effect
of skin lesion and evisceration and resulted in
50% and 100% at 48 hours of exposure with 5
and 6 mg I'X. Trichlorfon concentrations at 2, 3
and 4 mg It did not record any mortality
during treatment or post-exposure period. A
slight effect was noticed in 4 mg I} resulted in
11% evisceration during the post-exposure
period whereas potassium permanganate at 2
mg I was very toxic and showed 100%
mortality, skin lesion and evisceration at 48
hours exposure period. Further, the freshwater
treatment bath in 1 and 10 minutes did not
show any effect on sea cucumber health or
survival during exposure or post- treatment.

4. Discussion

The global rapid growth of sea cucumber
intensive farming necessitated to investigate
about the toxicity of some common chemical
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disinfectants and to  develop  safe
concentrations for use to control pathogens or
infestation of predators. Previous studies
reported the outbreak of diseases on sea
cucumbers resulted in significant mortality
such as viral diseases (Yin-Geng et al., 2005;
Wang et al., 2007; Deng et al., 2008), bacterial
diseases (Ma et al., 2006; Deng et al., 2009;
Lu et al.,, 2015; Zhang et al., 2015), fungal
diseases (Yin-Geng et al., 2005) predatory of
copepods and snails (Liu et al., 2002; Tresnati
et al., 2019).

Sea cucumber exposed to chemical
disinfectants showed extreme mortality.
However, the mortality occurred within the
groups exposed to the high concentration and
this could be due to the ability of acclimation
reaction in sea cucumber under the chronic
metal exposure (Li et al., 2016). It was
reported by Tresnati et al. (2019) that the
small skin lesions due to the effect of predators
on sea cucumber Holothuria scabra can be
healed in a week and larger could take longer
period (2-3 weeks) for complete healing
whereas eviscerated sea cucumber was unable
to accumulate the energy needs for
regenerating the internal organs and healing
the body lesions. It was revealed that
eviscerated sandfish Holothuria scabra can
regenerate internal organs after viscera
ejection and the development could take 30
days (Dolmatov et al., 2012).

In the current study, acetic acid for
prolonged bath up to 125 mg I for 48 hours
exposure period was safe for treating the sea
cucumber. Previous studies reported the use of
acetic acid as anti-parasitic using different
protocols of concentrations and exposure time.
Harms (1996) recommend the concentration of
500 mg I for 30 seconds for the elimination
of protozoa. It was concluded by Meira-Filho
(2017) that a bath of glacial acetic acid for one
hour at 238 and 467 mg I is effective against
Ciliophora protozoans and the registered
mortality in exposed fish juveniles Mugil liza
was 0 and 5%, respectively. Another study
reported that acute toxicity (96 hours) in sand

shrimp showed no mortality up to the exposure
of 50 mg I acetic acid and 100% mortality
was recorded at 100 mg It whereas chronic
toxicity (14 days) showed 15% and 100%
mortality in sand shrimp when exposed to 100
mg 1"t and 320 mg I"* acetic acid (Locke et al.,
2009).

The result of the current study indicates
that sea cucumber is sensitive to formalin.
Although dip immersion at 250 mg I for 10
min did not affect the sea cucumber, a high
effect has appeared on sea cucumber when
exposed to formalin for 48 hours resulting in
100% evisceration at exposure of 5 mg It and
100% mortality at 10 mg I, It was revealed
that formalin is used in aquaculture for water
treatment and to Kill the infectious agents as
prophylactic or with therapeutic measure and
found to be highly successful against most
protozoan  parasites and  monogenetic
trematodes (FDA, 1995; Francis-Floyd, 1996;
Shao, 2001; Leal et al, 2018). The
recommended dose of formalin for short dip
treatment is up to 250 mg I for 1-hour bath
(Scott, 1993; Francis Floyd, 1996; Shepherd
and Bromage, 2001). Previous studies on olive
flounder Paralichthys olivaceus fingerlings
registered the lethal concentration (LCso) of
182 mg It at 48 hours and 141 mg I at 96
hours (Jung and Kim 1998). The mean lethal
concentration reported in adult shrimp
Streptocephalus seali was between 15 and 25
mg It (Moss 1978).

Copper sulphate is commonly used in
shrimp ponds for the elimination of
filamentous algae and reducing the abundance
of phytoplankton, and in the fish, culture
ponds, for treatment of protozoan ectoparasites
(Chen and Lin, 2001; Noga, 2010). The dip
immersion as well as the prolonged exposure
at 0.05 mg I for 48 hours of copper sulphate
in the current study did not show any harmful
effect on sea cucumber, whereas higher
concentrations were very toxic to sea
cucumbers and caused 25% and 100%
mortality when exposed to for 48 hours at 0.08
and 0.1 mg I, respectively. It is worth noting
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that to kill parasites, free copper ion levels
must be held between 0.15 and 0.20 ppm
(Noga, 2010). It was reported by Chen and Lin
(2001) that copper sulphate has a greater lethal
effect at lower salinity and the mean lethal
LCso at 48 hours exposure for shrimp juvenile
Penaeus monodon was 6.92 and 13.15 mg I
at salinity 15 and 25 psu, respectively.

The methylene blue is applied in
aquaculture to control protozoan parasites and
could be used as antifungal and to reduce the
incidence of bacterial and water mold infection
(Turnipseed et al., 1997; Noga, 2010). The
doses of dip immersion used in the current
study were safe for sea cucumber. The 48
hours prolonged exposure up to 4 mg It had no
effect on sea cucumber while 50% and 100%
mortality was recorded at the exposure of 5
and 6 mg I, respectively. Noga (2010)
recommend using 1-3 mg It of methylene blue
as prolonged immersion for treatment of
ectoparasite. A previous study on the toxicity
of methylene blue determined the 48 hours
LCso for rainbow trout was 16 ppm (Willford,
1967).

Trichlorfon is wuseful in eradicating
ectoparasites such as trematodes, water lice
and for the elimination of undesirable
zooplanktonic crustaceans such as copepods
(Flores-Nava and Vizcarra-Quiroz, 1988;
Wang et al., 2005). The current study revealed
that sea cucumber can tolerate trichlorfon as
no mortality was detected in dip immersion as

well as 48 hours of prolonged exposure up to 5
mg I"t. The recommended dose of trichlorfon
for dip immersion was between 2 and 5 mg I
and between 0.5 and 1 mg It for marine
organisms (Noga, 2010). The lethal toxicity of
trichlorfon (48 hours LCsp) to fry of
Cichlasoma uwphthalmus Giinther was 23.71
mg I (Flores-Nava and Vizcarra-Quiroz,
1988).

Potassium permanganate is an effective
external  parasiticide  and  bactericide,
particularly, for protozoan parasites and
crustaceans. It is also effective for Trichodina
or Ambiphrya infestations, as well as for
external columnaris infections (Tucker and
Robinson, 1990; Stoskopf, 1993; Noga, 2010).
The current study indicated that dip immersion
at 100 mg I'* caused 10% mortality whereas 48
hours prolonged treatment at 2 mg I resulted
in 100% mortality. Concentration of potassium
permanganate recommended is 100 mg I for
5-10 minutes as dip immersion and 2 mg I"* for
prolonged treatment (Noga, 2010).

The freshwater treatment bath is used for
marine ectoparasites and that can be useful
with the therapy of clinical case of marine
Trichodina, some crustaceans and other
protozoans Monogenea (Langdon, 1992). The
current study showed that freshwater dip had
no negative effects on the sea cucumber.
Further, previously Noga (2010) recommend
the freshwater bath for 3-15 minutes.

Fig. 1. Setup of experimental tanks.
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Fig. 2. Skin burn after 8 hours of 20 ppm formalin exposure.

Table 1. Toxicity of dip immersion (1 minute) of chemical treatments.

Treatment Dosage Observation While exposure Post exposure
(mg 1) (%) 1 minute 168 hours

Mortality 0 0
Formalin -F™™ 250 Skin lesion 0 0
Evisceration 0 0
Mortality 0 0
2 Skin lesion 0 0
Evisceration 0 0
Mortality 0 0
Copper Sulphate 1 Skin lesion 0 0
Evisceration 0 0
Mortality 0 0
0.5 Skin lesion 0 0
Evisceration 0 0
Mortality 0 0
Methylene blue 10 Skin lesion 0 0
Evisceration 0 0
Mortality 0 0
Trichlorfon 2 Skin lesion 0 0
Evisceration 0 0
Potassium permanganate Mqrtallty 10 10
100 Skin lesion 10 10
Evisceration 0 0
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Table 2. Toxicity of prolonged exposure (48 hours) of chemical treatments.

Treatment Dosagle Obsegvation While exposure Post exposure
(mg 1) (%) 24 h
ours 48 hours 168 hours

Mortality 0 0 0
75 Skin lesion 0 0 0
Evisceration 0 0 0
Mortality 0 0 0
100 Skin lesion 0 10 0
. Evisceration 0 0 0
Acetic acid Mortality ) ) 0
125 Skin lesion 0 50 0
Evisceration 0 75 0
Mortality 0 100 -
150 Skin lesion 0 100 -
Evisceration 50 75 -
Mortality 0 0 0
1 Skin lesion 0 0 0
Evisceration 0 0 0
Mortality 0 0 0
5 Skin lesion 0 100 0
- ETM Evisceration 0 50 0
Formalin - Mortality 0 100 -
10 Skin lesion 0 50 -
Evisceration 0 100 -
Mortality 100 - -
20 Skin lesion 80 - -
Evisceration 100 - -

Mortality 0 0 0

0.05 Skin lesion 0 0 0

Evisceration 0 0 0

Mortality 0 0 50

0.06 Skin lesion 0 50 0

Evisceration 0 0 50

Mortality 0 25 100
Copper sulphate 0.08 Skin lesion 0 75 -
Evisceration 0 25 -
Mortality 60 100 -
0.1 Skin lesion 30 70 -
Evisceration 40 100 -
Mortality 100 - -
0.2 Skin lesion 50 - -
Evisceration 100 - -

Mortality 0 0 0

2 Skin lesion 0 0 0

Evisceration 0 0 0

Mortality 0 0 0

4 Skin lesion 0 0 0

Evisceration 0 25 0

Methylene blue Mortality 5 50 0
5 Skin lesion 0 0 25

Evisceration 25 75 0
Mortality 0 100 -
6 Skin lesion 0 50 -
Evisceration 25 100 -

Mortality 0 0 0

2 Skin lesion 0 0 0

Evisceration 0 0 0

Mortality 0 0 0

Trichlorfon 92% 3 Skin lesion 0 0 0
Evisceration 0 0 0

Mortality 0 0 0

4 Skin lesion 0 0 0

Evisceration 0 0 11
Potassium permanganate 2 g/lk?rrlt?élsti{m irl,irl, 11%% i
Evisceration 66 100 -
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5. Conclusion

Short dip immersion is a potential
treatment for sea cucumber and considered
safe to control the external pathogens and
predators as no obvious negative impact was
determined.  Prolonged  treatment  with
freshwater, acetic acid and trichlorfon could
also be positively considered for sea cucumber
treatment due to low sensitivity. Even though
some of the disinfectants used in this study
were toxic, they can be wused at lower
concentrations. It is recommended to develop
higher concentrations for safe short dip
immersion treatment and to determine the
efficacy in eliminating the potential predators
and pathogens.
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