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a b s t r a c t

Light-stick is a light attractor used in longline fishing which is often dumped or lost into the ocean after
used, becoming a potential pollutant to marine organisms. In the present study, toxicity was evaluated
by exposing Artemia to light-stick contents. The effects were observed on the survival of nauplii and
hatchability of cysts. The LC50 was 0.063 mL L−1 after 24 h of exposure, whilst hatchability was 100%
vailable online 19 August 2008
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reduced after 48 h of exposure to 0.8 mL L−1. The results showed that its content can be toxic to marine
organisms, especially under low dilution conditions or direct contact.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Pelagic longline fishing involves a single main fishing line with
housands of individually hooked lines branching off from the main
ine (Bigelow et al., 2006). This fishing method is widely used in
very ocean basin and commonly targets tunas, swordfish and dol-
hin fish (Boggs and Ito, 1993). A common practice in longline
sheries is to attach glowing light-sticks to the branch lines above
he hooks, in order to attract fish (Witzell, 1999). A recent analysis
f Hawaiian swordfish longline fisheries revealed that the average
ongline was 74.5 km long, contained 397 light-sticks (Bigelow et
l., 2006). Thus, a large number of light-sticks are used in at least
ome fisheries. However, these devices are often found as litter in
oastshores since it can be either dumped or accidentally lost in the
ceans after its use (Ivar do Sul et al., 2007; Santos et al., in press).

The light-stick attractor is a commercially available product
hich produces a long-lasting light of various colors by mixing

wo different chemical solutions (Ermoshkin et al., 2006). The light
s produced when the internal ampoule containing the activa-
or solution is broken and the two solutions react. The activator

olution into the glass ampoule contains hydrogen peroxide in
imethyl phthalate solvent (1,2-benzenedicarboxylic acid dimethyl
ster). The second solution contains bis(2-carbopentyloxy-3,5,6-
richlorophenyl) oxalate (oxalic acid bis(2,4,6-trichlorophenyl)

∗ Corresponding author. Tel.: +55 53 3233 6738; fax: +55 53 3233 6601.
E-mail address: gilberto@pq.cnpq.br (G. Fillmann).
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ster) and a dye solution in a dibutyl phthalate solvent (1,2-
enzenedicarboxylic acid dibutyl ester) (Pedersen et al., 2003).

Studies involving light-stick are often intended to evaluate its
fficiency to attract fish (Hazin et al., 2005). It is worth mention-
ng a study regarding accidental catches of turtles when they are
nadvertently attracted by luminosity (Wang et al., 2007). Although
ome evidence of skin toxicity (such as erythemas and presence
f vesicles) has been found in Wistar rats exposed to light-stick
ontent (Ivar do Sul et al., 2007), there is not any published data
valuating the potential harm or toxicity of light-stick contents to
arine organisms.
Therefore, on the basis of the toxicity previously verified to skins

f rats and considering the high number of light-sticks used in
ongline fishing, light-sticks may be considered a type of marine
ollutant which needs further investigations about its toxicity. Con-
idering light-stick content as a new type of marine pollutant, the
resent investigation reports the first results on light-stick toxicity
o a marine species. The brine shrimp Artemia sp. has been cho-
en due to its relevant geographical distribution and often used in
cotoxicological tests.

. Materials and methods

Experimental tests were conducted at the “Universidade Federal do Rio Grande”,

outhern Brazil. Larvae of brine shrimp, Artemia sp., were hatched from cysts (INVE)
nd 48-h-old larvae only were used for the tests.

Light-sticks used in the experiments were collected at “Costa dos Coqueiros”
eaches (northeast Brazil, ∼12◦S), region where was found 2000 devices in the
5-km-long shoreline (January 2005; Ivar do Sul et al., 2007). Light-stick contents
tilized consisted of used light-sticks exposed to the environment for an unknown

http://www.sciencedirect.com/science/journal/13826689
http://www.elsevier.com/locate/etap
mailto:gilberto@pq.cnpq.br
dx.doi.org/10.1016/j.etap.2008.08.001
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eriod of time, which might changes their original chemical composition. For each
est, the contents of four orange light-stick tubes (the most frequent type found on
he sampled beaches) were pooled and soon after mixed for 2 h with filtered saltwa-
er (salinity 25) to achieve the exposure concentrations. Organisms and cysts were
eparately exposed to the same solution of orange light-stick contents. No content
omposition analyses were performed in this study.

Toxicity experiment with Artemia larvae was performed in a multiwell plate (12
ells). Each well was filled with 250 �L of solution. Experimental design consisted

n exposing larvae to six different concentrations of the main toxicant solution (four
eplicates) and to uncontaminated saltwater (control; six replicates). The multiwell
lates were placed in the incubator for 24 h at 20 ◦C and a 12C/12D photoperiod.
fter the incubation was completed, the number of dead Artemia was counted and

he percentage of mortality was calculated. The response parameter established for
cute toxicity of light-stick content to larvae of Artemia was the lethal concentration
or half of the tested organisms after 24 h of exposure (24 h; LC50). This parame-
er was determined by the Trimmed Spearman–Karber method (Hamilton et al.,
977).

The second experiment evaluated the effect of light-stick content on cyst hatch-
bility. It was similar to toxicity test with larvae, where one cyst was placed in each
ell. Test was performed with eight replicates for each of six exposure concen-

rations. After 48 h of incubation, the number of successfully hatched cyst (SHC)
nd non-successfully hatched cyst (NSHC) for each light-stick concentration was
ounted and the percentage of mortality was calculated. A SHC was defined as alive
arvae after incubation. NSHC were separated in three groups: (1) non-hatched cyst,
2) partially hatched cyst, and (3) dead after hatched.

Data of SHC were expressed as mean ± 1 S.E. (˛ = 0.05). Significant differences
etween mean values of each light-stick concentration were assessed by one-way
on-parametric analysis of variance (Kruskal–Wallis ANOVA).

. Results and discussion

Estimated 24 h; LC50 for nauplii exposed to light-stick content
as 0.063 (0.053–0.077 mL L−1) (Fig. 1), while the LOEC (lowest
bserved effect concentration) was 0.04 mL L−1. Light-stick toxicity
an be partially explained by evaluating the toxicity of its individual
hemical compounds. Hydrogen peroxide (H2O2), for example, is an
mportant component of the light-stick solution (around 30%), and
t is known as a reactive oxygen species, ROS (Storey, 1996). While

2O2 per se is relatively harmless, Fenton’s reactions can result in
ighly reactive ROS, such as hydroxyl radical and a hydroxyl anion,
hich are involved in numerous types of damage to cellular macro-
olecules (Storey, 1996). Several studies report the toxicity of H2O2

xposure to micro- or macro-organisms (Vallyathan, 1994; Barnes
t al., 1996; Buyuksonmez et al., 1998; Gaikowski et al., 1999).

owever, the most comparable with the present investigation is
study with larvae of Artemia salina (Gavand et al., 2007). This

pecies presented mortality of about 30% when exposed to H2O2
olution (100 ppm) for 20 min, demonstrating the toxic capacity of
his chemical to Artemia.

ig. 1. Toxicity of light-stick content to Artemia sp.: % of mortality in each tested
oncentration and calculated 24 h; LC50. Data are expressed as mean ± S.E. (n = 6).
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ig. 2. Percentage of non-successfully hatched cyst (% NSHC) and the specific effect
non-hatched cyst, partially hatched cyst and dead after hatched) in each tested
oncentration of light-stick content. Data are expressed as mean (n = 8).

Another potential responsible for light-stick toxicity is phtha-
ate, the solvent present in the light-stick solution, since phthalate
sters (dibutyl and dimethyl phthalate) were also shown to be toxic
o cysts of A. salina (Sugawara, 1974).

The effect of light-stick content on cyst hatchability resulted in
LOEC of 0.2 mL L−1 (Fig. 2). Regardless the robustness of cysts of
rtemia, with a hard capsule covering a thick membrane, this cap-
ule is likely to be susceptible either to oxidizing properties of H2O2
r to effects from phthalate ester exposure, or both.

The second solution in the light-stick tube is a mixture of oxalic
cid bis ester, responsible by chemiluminescence and the orange
ye solution. To date there is not any investigation about toxicity of
oth compounds.

In the present study, NSHC were separated in three groups:
1) non-hatched cyst, (2) partially hatched cyst, and (3) dead
fter hatched. The intention was to indicate the toxicant action of
ight-stick content on hatchability, which could result in a phys-
cal and/or chemical effect on the cyst. For example, a physical
ffect could be the adherence of light-stick solution onto the cyst
urface, which could block hatching. A chemical effect would be
bserved whether the solution passes through the capsule and
ventually killing the organism before hatching. Alternatively, a
hemical action directly on the hatched organism is a possibility,
n which it hatches but the organism dies due to exposure to the
ompounds.

Considering all tested concentrations, most of the effect of light-
tick content solutions caused a non-hatched cyst effect followed
y partially hatched cyst and dead after hatched (Fig. 2). It sug-
ests a possible combination of physical and/or chemical effect on
yst surface, in which light-stick contents blocked a successfully
atch action. However, at the highest tested concentrations (0.8
nd 1.6 mL L−1) the toxicity to organisms was as important as to
ysts, with enough chemical effect to kill the organisms during and
fter the hatching process.

In conclusion, the results of the present study indicate that
ight-stick content is toxic to Artemia sp. The effects were not only
bserved on the survival of nauplii, but also on the hatchability
f cysts. Based on the findings of the present study and the

omplementary study of Ivar do Sul et al., 2007, it is suggested that
ight-stick content is potentially harmful to the marine environ-

ent. However, it must be taken in consideration that light-stick
ontent is very unstable in environmental conditions and it is
ikely that none of these compounds might be present on their
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riginal form after some hours/days of exposure. Nevertheless,
urther studies regarding toxicity of light-stick (both new and used
evices) to different organisms are needed, as well as chemical
nalyses of light-stick content to confirm its composition. More-
ver, the toxicity of each compound of the light-stick should be
valuated for a better understanding of light-stick toxicity towards
arine organisms, as well as the estimate lifetime of the light-stick

efore its content will impact receiving water.
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