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Abstract

Oil spillage accidents lead the use of oil dispersants to break oil into small droplets to prevent oil coming ashore.
Meanwhile, recent and rapid drop in surface pH could have devastating consequences to marine environment.
However, their combined effects on marine species have not been experimentally evaluated. This study evaluated
the toxicity of oil dispersant in the shrimp Litopenaeus vannamei under pH 6.5 and 8.5. Healthy post larvae L.
vannamei were exposed to dispersant solution at concentration of 0%, 3%, 6%, 12% and 24% for 72 hours to
determine mortality. Probit analysis was used to determine LCso, while the PAH of dispersant solution was
characterized using GCMS method. The dispersant had negative effects to L. vannamei and that toxicity of
dispersant increased over time and exposure concentration. The 72-h LCso were equivalent to 191.18 mgL* and 553
mgL*for pH 6.5 and 8.5 respectively in which that dispersant is practically non-toxic to the shrimps. However, the
combination of dispersant and lower pH increases the mortality of the shrimp; thus ocean acidification may
increase dispersant accumulation in the L. vannamei tissue via surface contacting.

*Corresponding Author: Muhammad Arif Asadi DX asadi@ub.ac.id

201 | Asadi et al.



J. Bio. Env. Sci. | 2017

Introduction

Oil dispersants are a group of chemicals applied to
break up oil slick from the sea surface and disperse it
into the water column as tiny droplets allowing
microbes to consume the oil (Lessard and DeMarco,
2000). The application of oil dispersants is intended to
prevent oil coming ashore in order to protect the
vulnerable coastal ecosystem. Nonetheless, it does not
reduce the amount of oil but enhances the polycyclic
aromatic hydrocarbons in the water column (Lyons et

al., 2011).

During Deepwater Horizon oil spill on April 20, 2010,
in the Gulf of Mexico, British Petroleum (BP) sprayed
about 2.1 million gallons of dispersants called Corexit
in deep water and at the sea surface in an attempt to
control the spill (Daly et al., 2016). The dispersant
application has raised new concern regarding its
deleterious effects on the marine ecosystem. It is
important to note that dispersants are themselves
unpleasant chemical concoctions which in some cases

are very toxic to organisms.

The dispersants cause synergistic effect on toxicity of
spilled crude oil to exposed organism when applied to
control oil spills (Otitoloju, 2005). In laboratory test to
macrozooplankton such as Strombidum sp,
Spirostrombidium sp, and Eutintinnus pectinis,
dispersant concentration as low as 0.5 uL L'led 100%
mortality to those species (Almeda et al., 2014).
Furthermore, dispersant, Corexit 12510, is slightly
toxic to small crustacean, Artemia and Mysid, which
had LCso value 52 ppm and 65 ppm respectively
(George-Areset al., 1999; Wells et al., 1982).

In the toxicity studies on Atlantic herring (Clupea
harengus) embryos, dispersant alone was toxic but
chemically dispersed oil did not cause synergistic
toxicity to the embryos (Adams et al., 2014). Thus,
marine organisms behave differently in responses to
dispersant and dispersant oil exposure, which are
depend on physiology and behavior of the individual
organisms, and also depend on differences in oil and

dispersant composition (Garr et al., 2014;

Hook and Osborn, 2012; Jiang et al., 2010).

Therefore, there is a need for more research into the
effects of dispersant on marine organism to better
evaluate the impact of using chemical dispersant on
marine ecosystem. In this study, the toxicity of
dispersant on Whiteleg shrimp (L. vannamei) is
evaluated. The shrimps are commonly caught in the
eastern Pacific Ocean and farmed in many countries.
The shrimps are also potentially spreading throughout
South-East Asia estuaries and seas which may release
from aquaculture ponds. In Thailand, the shrimps are
commonly caught in the wild particularly within the
coastal lagoon systems where the shrimps are

commonly farmed (Senanan et al., 2007).

As decapod crustacean, L. vannamei is suitable to be
utilized in ecotoxicological testing not only because of
its commercially important but also its sensitiveness to
chemical and ecologically important (Rand, 1995). L.
vannamei that forms its shells out of calcium
carbonate is also practically suitable for studies of
climate change effects on marine organisms. The
increasing atmospheric carbon dioxide decreases
ocean pH and the level of calcium carbonate
saturation. It decreases the ability of the shrimps to
maintain their external calcium carbonate skeleton
which in turn affects the survival ability of the shrimps
(Orr et al., 2005). Thus, in this current study, we would
like to evaluate the effect of pH on toxicity of

dispersant on L. vannamei.

Materials and methods

L. vannamei and its laboratory acclimation

Healthy early post larvae (PL) (6-7 days old) L.
vannamei shrimps were obtained from a commercial
farm in Paciran, Lamongan, Indonesia. Prior to the
experiment, the shrimps were acclimated in 150 cm x
60 cm aerated tank with natural seawater adjusted to
salinity 20 %o, pH 7.9, and temperature 26 + 0.5°C
until reached late PL stage (14-15 days old). On
toxicological testing of decapod crustacean, adult,
juvenile, and PL life stages have been utilized the most

as they are less difficult to handle than larval and
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megalops stages (Rand, 1995). During the acclimation
period, a quarter of the water was replaced daily and
the shrimps were fed with both brine shrimp and
formulated feed. For the acute toxicity test, the average

weight of the shrimps were between 0.06 and 0.1 gram.

Test chemicals and PAH characterization

IPAC-OCD was used as chemical dispersant produced
and provided by CV. Pratama Abadi Chemical which is
commonly distributed throughout Indonesia. In order
to adjust the pH, HCL and NaOH are used to decrease

and increase pH respectively.

The dispersant solution was prepared by mixing 400
ml of sterilized natural seawater with 2 ml dispersant
liquid. The PAH of dispersant solution was
characterized using Supelco Standard QTM PAH Mix
47930 method with Thermo GCMS Trace 1310 ISQ LT
instrument and Single Quadrupole Mass Spectrometer
(320 °C) detector at Pusat Penelitian Oceanografi —
LIPIL.

Preliminary testing

Preliminary testing was performed to assure adequate
control survival (=80%), and to find range exposure
concentration before conducting the acute toxicity
tests. In triplicate, twelve individuals of 14 days old PL
L. vannamei were exposed to 0%, 5%, 10%, 20%, 40%,
and 80% dispersant solution in 600 mL erlenmeyer
flasks with 500 mL of test solution. The erlenmeyers
were aerated and kept at room temperature, 16 h
light:8 h dark photoperiod. Every 24 h, water quality
(temperature, salinity and pH) was measured,
mortality was assessed, and the test solutions were
renewed. Post larvae mortality was determined at the

end of the 72 h exposure.

Acute toxicity test

Two pH were selected for testing; 6.5 and 8.5. The pH
range alone should not affect the mortality of the
shrimps which could interfere the toxicity test results,
and L. vannamei has 100 % survival rate under the pH
between 5 and 9 (Furtado et al., 2015). The seawater

used in the experiments was filtrated at 0.2 pm (fibre

filter; Millipore, Billerica, MA, USA). The salinity was
kept about 20+1psu which is still within the optimum
salinity range for L. vannamei (Gao et al., 2016).
Standard static 48 h and 72 h acute toxicity tests using
L. vannamei post larvae were conducted following the
methods described by Lee et al., (2013). Briefly,
12shrimps were transferred to each erlenmeyer flask

(s00ml flask).

The flasks were aerated and the shrimps were not fed
during the test periods. The dispersants, which were
taken from dispersant solution stocks, were at
concentration of 0%, 3%, 6%, 12% and 24%. The
experiments were conducted in triplicate which in total
30 erlemenyer flasks were set up. Mortalities of L.
vannamei following 48 h and 72 h exposures were
examined at 6 hour, 12 hour, 24 hour, 36 hour, 48 hour
and 72 hour. LCso values were computed using Finney

probit analysis.

Data analysis

Microsoft Excel was used for mortality data
calculations which are presented as mean + standard
error (SE). Median lethal concentrations (72 h LCso
values) with 95% confidence interval (CI) were
determined using probit analysis with Minitab 17.1.0
(Minitab® Inc.). Data on the toxicity of dispersant
concentration and pH were analyzed using two-way
ANOVA with the number of individual mortality as
dependent variable. It is followed by Tukey HSD test to
each  dispersant

compare the mortality of

concentration.

Result and discussion

PAH Characterization

The dispersant solution stock, which was made by
diluting 5 ml dispersant with 1 L seawater, contained
14.33 mgL ' PAHs. Anthracene was the most dominant
PAHs in the stock (9.5 mgL), followed by Fluorene
and chrysene (2.06 and 1.25 mgL- respectively). In
total, 8 PAHs were extracted and characterized from

dispersant the solution stock (Table 1).
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Table 1. PAHs concentration and characterization from the dispersant solution stock.

PAHs Concentration (mgL™)
Acenaphthylene 0.1425

Acenaphthene 0.8008

Fluorene 2.0612

Anthracene 9.5166

Phenanthrene 0.2321

Fluoranthene 0.2732

Pyrene 0.0582

Chrysene 1.2516

Total PAHs 14.3362

LCso of dispersant in L. vannamet

The dispersant toxicity to L. vannamei increased over
time and exposure concentration which the lower pH
(6.5) had higher number of mortality than that of
higher pH (8.5) (p<0.01). On pH 6.5, dispersant
concentrations of 6% and 12% yielded 66.67% and
94.4% mortality respectively. Meanwhile, on pH 8.5,
dispersant at the same concentrations yielded 41.67%

and 55.56% mortality respectively (Fig.1 and 2).

The LCso value of dispersant on pH 6.5 decreased over

time in which the24-h to 48-h LCso had dropped

radically from 11.98 + 1.23% to 4.63 + 0.65%.
Meanwhile, the 48-h to72-h LCso only decreased
slightly that 72-h LCso was 3.7536 + 0.61 %. There was
a significant difference between LCso values at pH 6.5
and 8.5 on all time exposure (p<0.001) that lower pH
had higher mortality rate and lower LCso value. The
dispersant exposure to L. vannamei on pH 8.5 resulted
much lower 72-h LCso (10.85 + 1.99 %) than that of on
pH 6.5 (3.75 + 0.61 %). However, on pH 8.5, the LCso
were gradually decreasing over time from 18.87 + 2.92
(24-h exposure) to 10.8559 + 1.99 % (72-h exposure)
(Table 2 and 3).

Table 2. LCso value of dispersant under pH 6.5 for L. vannamei.

Replicate LCs0 (95% CI, %)
24h 48 h 72 h
1 10.6891 5.30048 4.19892
(6.04124-16.8641) (1.46287-8.62097) (2.46189-6.19629)
2 12.1252 4.01969 3.05323
(5.94859-23.7008) (0.820212-6.52852 (0.335442-5.03204)
3 13.1368 4.56118 4.00891
(8.82853-20.2473) (-0.893413-8.33701) (-1.91693-7.74993)
Mean + S.D. 11.9837 + 1.23 4.6301 + 0.65 3.7536 £ 0.61
Table 3. LCso value of dispersant under pH 8.5 for L. vannamei.
Replicate LCso (95% CI, %)
24 h 48 h 72 h
1 21.6852 13.8001 11.3575
(15.7545-39-5217) (8.71172-24.2722) (6.45989-19.0828)
2 19.0797 12.5550 12.5550
(13.2333-37.1883) (5.20050-31.8822) (5.20050-31.8822)
3 15.8614 9.86435 8.65543
(11.4832-24.1515) (5.21744-15.8177) (3-38041-14.4005)
Mean £ S.D. 18.8754 + 2.92 12.0732 + 2.01 10.8559 + 1.99
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Discussion

Oil dispersants are mainly used to remedy oil spill
incidents in the marine environment. However, the
dispersant toxicity test to L. Vannamei showed that
dispersant pollution reduced the shrimps’ activity and
ability to keep balance. Thus, the shrimps became
unconscious and even died which were obvious at the

6% concentration onward. The PAHs of dispersant

used in the experiment may accumulate in the
shrimps’ tissue via surface contacting (Jiang et al.,
2010), and disrupt the respiratory cell resulting
osmotic imbalance (Singer et al., 2001). It might due
to the fact that high lipid contents of L. vannamei
(Chen et al., 2014) could easily bounded by the organic
compounds of dispersant in the form of PAHs (Carlset

al., 2016).

Table 4. LCso dispersant (mgL?) and LCso PAH of dispersant (mgL™).

pH LCso dispersant (mgL) LCso PAH of dispersant (mgL)

24h 48 h 72 h 24h 48 h 72 h
6.5 608 + 61 235 + 32 191+ 32 1.72 + 0.17 0.66 + 0.09 0.54 + 0.08
8.5 961 + 148 613 + 102 553 + 101 2.60 + 0.41 1.72 + 0.28 1.55 + 0.28

The dispersant solution stocks used in our experiment
contained 14.33 mgL* PAHs which was mainly in the
form of anthracene (9.5 mgL?). In seawater,
anthracene exists in much lower concentration which
are in general in the pgLrange. In Atlantic Ocean, for
example, anthracene at concentrations of 67 pgL-*were
found in the Atlantic Ocean (Nizzetto et al., 2008).
Furthermore, anthracene concentration of 3.32 mgL*
could inhibit 50% of the growth of Green algae

Tetraselmis chuii (Vieira and Guilhermino, 2012).
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Fig. 1. Mortality rate (%) of L. vannamei over time and

exposure concentration under pH 6.5.

In our experiment, the anthracene LCso might be 0.3
and 1.03 mgL™ for pH 6.5 and 8.5 respectively which
were much lower than that of to T. chuii (Vieira and
Guilhermino, 2012). However, the dispersant was not
contained anthracene alone; there were other PAHs in

the solution which might be more toxic and cause the

synergistic toxicity effects to the anthracene and other
PAHs.
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Fig. 2. Mortality rate (%) of L. vannamei over time

and exposure concentration under pH 8.5.

Based on probit and Minitab analysis, the LCso of
dispersants on pH 6.5 and 8.5 were 3.75 + 0.61% and
10.85 £ 1.9% respectively which were equivalent to
191.18 mgLand 553 mgL. Thus, the dispersant used
IPAC-OCD
dispersant produced by CV. Pratama Abadi, is still

in the experiments, the chemical

practically non-toxic to L. vannamei.

It is based on the US EPA’s LCso aquatic toxicity scale
which categorized toxicant >100 mgL as practically
non-toxic (National Research Council (NRC), 2002).

Furthermore, species have different tolerant range to
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toxicant. In toxicity of COREXIT9500 to copepod, for
example, the 48-h LCso and 96-h LCso of calanoid
copepod Acartia tonsa and adult Eurytemora affinis
were 34 and 5.2 mgL respectively (George-Ares et al.,
1999). In the other hand, harpacticoid copepod,
Tigriopus japonicus, showed much higher LCso level,

518 and 349 mgLfor 48 h and 96 h toxicity test (Lee

et al., 2013).

Even though L. vannamei has 100 % survival rate
under the pH between 5 and 9 (S. Furtado et al., 2015),
the shrimp was more vulnerable and impacted by

dispersant with lower pH.
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Fig. 3. L. vannamei mortality probit curves as function of log concentration of dispersant at both pH (6.5 and 8.5).

The R2 obtained for each pH.

The increasing toxicity of chemical compound on
lower pH have also been reported for Mytilus coruscus
where the combination of nano-TiO-and pH reduction
increases physiological toxicity of the species (Hu et
al., 2017). CO2-induced pH reduction changes the
extracellular acid—base balance of many marine
calcifying organisms that can alter the normal
metabolic process, impacting relevant biological
processes, such as metabolism, growth, fitness, and

calcification (Melzner et al., 2009).

Furthermore, as a crustacean, L. vannamei may
dispose of toxic dispersant by dumping their old
exoskeletons (Bergey and Weis, 2007); therefore,
calcification rate reduction due to lower pH level could
adversely affect L. vannamei to dispose the dispersant
out its tissue. The lower pH also increases dispersant
accumulation in L. vannamei via surface contacting,
leading higher mortality rate of the shrimps (Jiang et

al., 2010).

Conclusion

The results of this study indicate that the dispersant
has adversely affect to L. vannamei and that toxicity of
dispersant increases over time and exposure
concentration. The toxicity of dispersant is higher on
pH 6.5 than that of on pH 8.5. The combination of low
pH level and dispersant leads more mortality rate to
However, the IPAC-OCD

dispersant is still practically non-toxic to the shrimp as

the decapod crustacean.

it has LCso higher than 100 mgL-.
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