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Abstract
The evaluation of sediment quality through biological testing of the aqueous fraction can be applied in
dredging situations and is associated with a small number of confounding factors. The use of test
organisms that are relatively resistant to contaminants is recommended when working with complex
mixtures such as sediments. In this study, the sensitivity of the mysid Mysidopsis juniae to total
ammonia and metals was investigated in acute toxicity laboratory tests and the results were compared to
those obtained in the traditional test with sea urchin embryos and larvae.  The ability of the toxicity
identi�cation and evaluation (TIE) technique, with the use of EDTA and sodium thiosulfate, to indicate the
factors responsible for adverse effects was determined. The results indicate that mysids are almost 5
times more resistant than the sea urchin to unionized ammonia, more sensitive to Cd2+ and Ni2+ and
more resistant to Zn2+ and Pb2+. With the TIE technique and with the use of EDTA as a complexing agent,
a greater resolution was observed in the diagnosis of the presence of the metals Cd2+ and Ni2+, which
could be applied to the aqueous fraction of the sediment.

Introduction
Estuarine sediments and semi-closed marine environments such as inlets are today considered as
sources of contaminants, especially since they are subject to dredging activities (Manap and Voulvoulis,
2016). However, in ecotoxicological tests carried out to evaluate the quality of sediments, problems with
confounding factors, such as unionized ammonia, as well as the use of tests or test organisms of
inadequate sensitivity to the environmental matrix under study, are encountered (Lapota et al., 2000).

Considering that they are sources of contaminants, sediments can not theoretically be evaluated using
inadequately sensitive test organisms or chronic toxicity tests. In general, environments with
predominantly �ne (silt and clay) sediments would naturally present a diverse chemical composition,
characterizing them as complex mixtures, which are frequently cited in the literature (Heinis et al., 2004,
Stojak et al., 2015, Li et al., 2018). This enrichment of �ne sediments is directly correlated with human
occupation and the associated activities, and estuaries are the most impacted environments in the
coastal region.

In Brazil, the CONAMA Resolution 454 (CONAMA, 2012), which establishes guidelines for the evaluation
of degraded material and its disposal, does not consider the use of the aqueous fraction of the sediment
in the ecotoxicological evaluation. The aqueous fraction is widely used in the interpretation of impacts
originating from dredging activities, in addition to allowing greater capacity to eliminate the effects of
confounding factors on the test results. Likewise, information on sediment toxicity is not su�cient to
provide a basis for decision-making in the area of environmental management (USEPA, 2007), and
appropriate techniques, such as toxicity identi�cation and evaluation (TIE), have not been widely applied
in the evaluation of sediments in Brazil (Badaró-Pedroso and Rachid, 2002). In addition, the above-
mentioned resolution does not address dispersion via the plume of sediment associated with the use of
Hooper-type vessels or the analysis of local benthic communities.
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Toxicity tests carried out with sediments have a wide range of characteristics and applications, mainly
when there is interest in a particular contaminant. Tests with total sediment are the most complete, since
they involve the evaluation of the presence of soluble and insoluble contaminants, requiring the use of
benthic test organisms. But this type of assay accumulates a greater number of confounding factors,
such as unionized ammonia and grain size, which are not normally compatible with the test organisms
(Moreira et al., 2019). On the other hand, testing the aqueous fraction of the sediment is more practical
and has a lower number of confounding factors (Lapota et al., 2000). This approach is recommended for
assessing sediments involved in dredging activities, mainly because a wide range of planktonic test
organisms can be used, and it allows an assessment of the sediment plume formed in areas where
dredged sediment is discarded.

In this context, as a proposal for routine use in assessing the sediment quality in estuarine port regions,
which are subject to continuous maintenance dredging activities and sporadically deepening dredging,
this paper reports a comparative study of the sensitivity of mysids in acute toxicity tests in relation to
chronic tests with the sea urchin (Resgalla Jr. et al., 2012). The sensitivity of mysids to total ammonia
and different metals was compared, and the TIE (USEPA, 1996 and 2007, Ho and Burgess, 2009) was
used to allow a more accurate interpretation of the causes of toxicity in these complex mixtures. The
results of this study will also be of interest in the evaluation of marine sediment quality, expanding the
choice of test organisms available, and the importance of analyzing the aqueous fraction of the sediment
is highlighted.

Materials And Methods
Acute tests were carried out with the mysid (Crustacea) Mysidopsis juniae (Silva, 1979) using the
methodology described in the standard NBR/ABNT (2017). The basic procedure involved the cultivation
of adult organisms in 10 L aquariums, fed with enriched Artemia sp naupliu, and juveniles up to 7 days
old were used in the tests.

The toxicity tests carried out on the juveniles with EDTA, sodium thiosulfate, ammonium chloride and the
different metals were performed in 300 mL glass beakers, using 200 mL of test solution and 10 juveniles
per test �ask. Six concentrations and a control (seawater) were prepared for each test substance, with
three replicates. For the metals Hg2+, Cd2+, Ni2+ and Pb2+ standard solutions for atomic absorption
produced by Merck® were used. For the metals and compounds Cu2+, Cr6+, Zn2+, EDTA, sodium
thiosulfate and ammonium chloride, the salts CuSO4.5H2O, K2Cr2O7, ZnSO4.7H2O, C10H14Na2O8.2H2O,

Na2S2O3.5H2O and NH4Cl, were used, respectively, purchased from Merck®.

After determination of the maximum effective concentration (EC100) in the metal sensitivity tests, new
tests were carried out with the same metal concentrations in association with EDTA or sodium
thiosulfate. The maximum concentrations used were 100 mg L-1 for EDTA and 10 mg L-1 for sodium
thiosulfate (based on the results obtained in complexing agent toxicity tests) with a 2-h stabilization
period between preparing the solutions and exposure of the juveniles to the test �asks. In these tests, six
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concentrations of each complexing agent and the control (complexing agent without metals) were
prepared.

The tests were carried out in an incubator at 25 ± 2 °C, with a 12 h light-dark cycle, for 96 h. Every 24 h the
test �asks were examined for the quanti�cation of live juveniles and the removal of dead juveniles, and
Artemia sp naupliu was added as food. The test was validated by the percent effect control with less than
10% (mortality). The salinity and pH were measured at the start and end of the experiments using a
ThermoOrion 162A conductivity meter and a ThermoOrion 370 pH meter, respectively. The salinity and pH
of the tests presented averages of 32.92 (32.35-33.43) and 8.04 (7.99-8.11), respectively. In the test
solutions, changes in pH and salinity were not observed after the addition of EDTA and sodium
thiosulfate.

The median lethal concentration values (LC50) for the metals (expressed on a salt mass basis, i.e., a salt
molar weight basis), EDTA, sodium thiosulfate and ammonium chloride were estimated by the Trimmed
Spearman-Karber method, using the TSK program, version 1.5 (EPA, Cincinnati, Ohio), on the basis of the
percent effect observed (mortality) in the tests.

For the graphic representation of the tests performed, the original data were analyzed applying the Abbott
equation (USEPA, 2002) in order to eliminate the variability between the batches of organisms used for
the different assays, based on the effects observed in the control �asks.

Results
The mysid juveniles of M. juniae showed greater sensitivity to sodium thiosulfate compared to EDTA,
with LC50 values of 28.5 mg L-1 (±2.32) and 277.02 (±6.55), respectively. Based on these results, the

adopted concentrations of the complexing agents in mixture with metals were 100 mg L-1 for EDTA and
10 mg L-1 for sodium thiosulfate (Fig. 1), ensuring the absence of any effect on mysid juveniles. For
ammonium chloride, the test indicated that this organism has a high resistance to ammonia with an LC50

of 63.13 mg L-1 (±10.82) and the concentration of unionized ammonia (NH3 – based on the salinity, pH

and temperature of the test solution) with no effect on mortality was 236 mg L-1.

The sensitivity of M. juniae juveniles to the metals tested is shown in Table 1 and Fig. 2. According to the
LC50 values generated in this study, the species presented greater sensitivity to Hg2+ and Cu2+ and higher

resistance to Pb2+ and Cr6+.

When the tests were performed with lethal concentrations of LC100, representing a 100% effect of the
metals on the organisms, complexed with the addition of different concentrations of EDTA, it was
observed that this complexing agent has the capacity to remove the toxicity of Zn2+ and Cu2+ and to a
lesser extent of Pb2+, Cd2+ and Ni2+ (Fig. 3). When sodium thiosulfate was used as a complexing agent,
only Hg2+ presented a weak reduction in toxicity (Fig. 4). Thus, the complexation capacity of sodium
thiosulfate and its ability to remove toxicity toward M. juniae juveniles was lower compared with EDTA.
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Table 2 shows a summary of the comparison between the results obtained in this study and those
published by Resgalla Jr. et al. (2012) for the complexation of metals in tests with the embryo-larva of the
sea urchin Arbacia lixula.

Discussion
A limiting factor in the evaluation of the quality of sediments from ecotoxicological tests is the presence
of unionized ammonia (NH3), common in sediments with a high content of organic matter. This limitation
is associated with the fact that the toxicity of this form of nitrogen could lead to false results when using
very sensitive test organisms. Embryos and larvae of sea urchins have a high sensitivity to NH3 in a

concentration of 0.050 mg L-1 as a tolerance limit for the development of organisms (NBR/ABNT, 2020
and Máximo et al., 2008). Likewise, sperm used in sea urchin fertilization assays can be twice as
resistant to unionized ammonia (LC50 = 0.169 mg L-1) (Lee et al., 2013). In the present study, the mysid M.

juniae showed a higher resistance to unionized ammonia (LC50 of 0.595 mg L-1 and NOEC of 0.236 mg L-

1), indicating that this is a good test organism for the aqueous fraction of the sediment. However, it was
found to be less resistant than benthic organisms in trials with total sediment, such as the benthic
copepod Nitokra sp (LC50 = 1.7 mg L-1) (Souza et al., 2012).

The results obtained in this study showed that the sensitivity of M. juniae to different metals varies and
ranking based on the 96-h LC50 values showed increasing metal toxicity as follows: chromium < lead <
zinc < nickel < cadmium < copper ≈ mercury. Studies by Lussier et al. (1985) and Verslycke et al. (2003)
with the mysids Mysidopsis bahia and Neomysis integer and by Cherkashin and Blinova (2010)
presented a metal toxicity ranking very similar to that observed in this study, mainly for the high and low
toxicity extremes. Verslycke et al. (2003), however, noted a strong in�uence of salinity on the availability
of metal ions. Few studies on the sensitivity of M. juniae toward metals have been reported, but the
results obtained in this work are comparable with those obtained by Figuerêdo et al. (2016), who obtained
LC50 values of 0.159 mg L-1 for Zn2+ and 0.059 mg L-1 for Ni2+, that is, greater sensitivity in relation to this
study, but in agreement regarding the order of toxicity of the metals.

In relation to the complexation agents, in contrast to a study by Resgalla et al. (2012) on the sea urchin
Arbacia lixula, the mysid M. juniae showed low tolerance to sodium thiosulfate, with an LC50 of 28.5 mg

L-1 (± 2.32) but a high resistance to EDTA (LC50 = 277.02 mg L-1 ± 6.55). Considering that the USEPA
(1996) notes the fundamental importance of metal complexing agents having low toxicity, the e�ciency
of sodium thiosulfate in removing the toxicity of metals can be considered a limiting factor in its use.

Sodium thiosulfate is used in TIE procedures to remove the toxicity of oxidants such as chlorides,
bromides, sul�des and iodides. Thiosulfate can also complex some cationic metals like cadmium, copper,
silver and mercury in freshwater tests, due to its anionic property (SAIC, 2003), but the complexation
capacity is dependent on the concentration of oxidants in the test solution (USEPA, 1991). Despite the
limitation regarding the sodium thiosulfate concentration that can be used, due to the sensitivity of the
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test organism, this reducing agent can be recommended for use in cases of contamination by mercury, as
it achieved a 30 to 43% decrease in the original toxicity for this metal, in agreement with the results
Resgalla Jr. et al. (2012) obtained in the tests with sea urchins (Table 2).

In the case of EDTA, the complexation was not only e�cient for the metals Cu2+ and Zn2+, as observed by
Resgalla Jr. et al. (2012), but also, to a certain extent, for Cd2+ and Ni2+ and Pb2+. These results highlight
that the use of mysids presents a diagnostic advantage, being suitable for a greater diversity of metals in
relation to sea urchin embryo-larva. Burgess et al. (1996), using phase I of the TIE with marine species,
also observed a greater resistance of Mysidopsis bahia to EDTA in relation to sodium thiosulfate as well
as the ability of EDTA to reduce Cu2+ toxicity.

The similarity in the complexing capacity of EDTA and sodium thiosulfate when applied in marine tests
on M. juniae and the sea urchin Arbacia lixula (Resgalla Jr. et al., 2012) highlights the differences in
relation to freshwater tests reported by Burgess et al. (1995) and Hockett and Mount (1996). The
complexation capacity of EDTA with regard to bivalent metals in freshwater is around 1:2.3 (metal:EDTA)
(SAIC, 2003), while in this study the corresponding ratios were 1:25.0 for Cu2+, 1:3.12 for Zn2+ and 1:2.50
for Pb2+. EDTA chelation is dependent on the pH (Holleman and Wiberg, 2001), type of metal, presence of
other binders in solution, metal X EDTA a�nity and, mainly, the availability of Ca2+ and Mg2+ (USEPA
2007), which can compete for active EDTA sites (Hering and Morel, 1989) in salt water.

In general, sediments from coastal port areas, which are commonly subjected to dredging activities, have
high concentrations of metals (Moreira et al., 2017) and there are no reliable protocols for assessing
sediment toxicity (Moreira et al., 2019). In the case of tests using the aqueous fraction of the sediment,
unionized ammonia is considered a confounding factor, limiting the interpretation of the results
(Chapman et al., 2002). This enhances the advantage of the use of mysids in the tests with elutriate
compared to the embryo-larva of sea urchins.

In addition, the sensitivity of M. juniae to the effects of metals observed in this study is consistent with
results reported by Moreira at el. (2019), who classi�ed sediment quality based on assays with this test
organism. Their results tend to be closer to those obtained in tests with total sediment (amphipod and
benthic copepod) than with the sea urchin embryo for both the sediment-water interface and the elutriate.

Mysids are not exclusively planktonic organisms but also bentho-pelagic and they have a strong
association with the bottom and the sediments from coastal environments. They are typical organisms
of estuaries (Day, 1989; Blaxter et al., 1980) and dissipative sandy beaches (Brown and Mclachlan, 1990)
with trophic importance in these environments. Because of this, the use of mysids to assess sediment
quality can be optimized using the sediment-water interface technique (Heijerick et al., 2000) with the
advantage of eliminating barriers between the water column and the sediment (e.g., a mesh) in addition
to the rapid analysis of surviving organisms in acute tests. Nimmo and Hamaker (1982) noted the direct
relationship between the degree of contamination of the sediment and the effect in acute tests on
mysids.
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The objective of this study was not to �nd a substitute for the use of chronic tests of sea urchin embryo-
larva applied to the aqueous fraction of the sediment. Instead, as highlighted by Burton and Johnston
(2010), there is a need for the use of several methods to better characterize the contamination status of
sediments. These studies help to identify species sensitive to stressors present in the sediment, through
the exposure of various species, as well as to better understand the different matrices, such as the solid
and aqueous fractions of the sediments, in addition to considering the connection between the
characteristics of an organism and its response to exposure to contaminants.

The results reported herein indicate that the resistance of the mysid Mysidopsis juniae toward unionized
ammonia is almost 5 times greater than that of sea urchin embryo-larva. This represents an advantage
with regard to its use for assessing the quality of sediments, considering both the aqueous fraction and
the sediment-water interface. The mysid was found to be more sensitive to Cd2+ and Ni2+, more resistant
to Zn2+ and Pb2+ and with similar sensitivity to Hg2+, Cu2+ and Cr6+ when compared to the sea urchin
Arbacia lixula. These differences verify its potential for application in the use of the TIE technique, with
EDTA as a complexing agent, allowing the diagnosis of the presence of the metals Cd2+, Ni2+, Pb2+, Cu2+

and Zn2+ in samples of the aqueous fraction of sediments.
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Tables
Table 1. Values for 96-h lethal concentration (LC50 and LC100) and con�dence interval (CI - 95%) for metal
toxicity toward the mysid Mysidopsis juniae test.

Metal (mg L-1) Hg Cd Cu Cr Zn Ni Pb

LC50, 96 h

(CI)

0.02

(±0.001)

0.22

(±0.05)

0.03

(±0.01)

4.12

(±0.33)

0.33

(±0.03)

0.25

(±0.04)

1.85

(±0.41)

LC100, 96 h 0.05 1.0 0.25 10.0 1.0 1.0 5.0

Table 2. Comparative results of the toxicity removal capacity of EDTA and sodium thiosulfate for the
metals tested in this study and their comparison with the results obtained by Resgalla Jr. et al. (2012).

  Study by

Resgalla Jr. et al. (2012)

(sea urchin Arbacia lixula)

This study

(mysid Mysidopsis juniae)

Toxicity removal by EDTA

None Weak Strong None Weak Strong

Toxicity removal by thiosulfate Strong - - - - - -

Weak Hg - - Hg - -

None Cr

Cd

Ni

- Cu

Zn

Pb

Cr Cd

Ni

Pb

Cu

Zn
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Figures

Figure 1

Dose-response ratios observed in the mysid acute toxicity tests in relation to the complexing agents
sodium thiosulfate and EDTA, and to ammonium chloride.



Page 12/14

Figure 2

Dose-response ratios observed in the mysid acute toxicity tests in relation to the metals Hg2+, Cd2+,
Cu2+, Cr6+, Zn2+, Ni2+ and Pb2+.
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Figure 3

Dose-response ratios observed in the acute toxicity tests with the mysid M. juniae in relation to LC100 (96
h) of the metals associated with the complexing agent EDTA.
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Figure 4

Dose-response ratios observed in the acute toxicity tests with the mysid M. juniae in relation to LC100 (96
h) of the metals associated with the complexing agent sodium thiosulfate.


