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The accumulation of synthetic debris in marine and coastal environments is a consequence of the inten-
sive and continuous release of these highly persistent materials. This study investigates the current status
of marine debris ingestion by sea turtles and seabirds found along the southern Brazilian coast. All green
turtles (n = 34) and 40% of the seabirds (14 of 35) were found to have ingested debris. No correlation was
found between the number of ingested items and turtle’s size or weight. Most items were found in the
intestine. Plastic was the main ingested material. Twelve Procellariiformes (66%), two Sphenisciformes
(22%), but none of the eight Charadriiformes were found to be contaminated. Procellariiformes ingested
the majority of items. Plastic was also the main ingested material. The ingestion of debris by turtles is
probably an increasing problem on southern Brazilian coast. Seabirds feeding by diverse methods are
contaminated, highlighting plastic hazard to these biota.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The accumulation of synthetic debris in marine and coastal
environments is a result of the intensive and continuous release
of these highly persistent materials. Once in the environment, mar-
ine debris can impact significantly on wildlife, for example, via
entanglement and ingestion. During recent decades the ingestion
of marine debris by seabirds, turtles, mammals and fishes has been
widely reported (Balazs, 1985; Ryan, 1987; Laist, 1997). Reports
attributing seabird and sea turtle mortality to debris ingestion
are uncommon (Balazs, 1985; Colabuono et al., 2009), although
complete obstruction of the gastrointestinal tract can lead to an
animal’s death (Bjorndal et al., 1994; Pierce et al., 2004). Sub-lethal
effects, such as partial obstruction of the gastrointestinal tract and
reduction of feeding stimulus, are more likely to be the major
threats in the long-term (Ryan, 1987; Bjorndal et al., 1994; Bjorn-
dal, 1997; Spear et al., 1995; McCauley and Bjorndal, 1999).

The coastal zone of southern Brazil is an important habitat for
resident and seasonal migrant animals. Juvenile green sea turtles
use the area to forage and grow during the austral summer and
spring (Soto and Beheregaray, 1997). Eighty-three species of pela-
gic and coastal seabirds also use these beaches and the surround-
ing area primarily for feeding (Vooren, 1997). Pelagic seabirds
(40% of the 83 species) have a seasonal migratory behaviour and
occur in oceanic and coastal waters in Brazil, while coastal seabirds
ll rights reserved.
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(60%) inhabit shore areas, feeding in the swash zone (Vooren,
1997). Both pelagic and coastal seabird species migrate. Short-dis-
tance migratory seabirds travel to breeding sites along the Brazil-
ian coast, but they are found all year long on the southern
Brazilian coastline. Long-distance migratory seabirds travel be-
tween hemispheres (trans-equatorial migration) or from higher
to lower latitudes during the austral winter (austral migration)
(Vooren, 1997). Thus seabirds arriving at the beaches of southern
Brazil will have had exposure to marine debris from a wide area.

This study describes patterns of marine debris ingestion by
green sea turtles and different orders of seabirds found stranded
at the southern Brazilian coast.

2. Methods

2.1. Study area

These surveys were conducted over 350 km of beaches from
Peixe Lagoon (31�200S) in the southernmost state of Brazil (Rio
Grande do Sul) to the Brazilian border with Uruguay (33�450S)
(Fig. 1). The area has exposed sandy beaches with a northeast–
southwest orientation and is relatively undeveloped, with tourism
activities in some areas during the summer (Esteves et al., 2002).

2.2. Green turtles

A total of 34 green turtles found stranded on the beach between
December 2006 and March 2007 were identified and measured (i.e.
still a problem for the coastal marine biota of southern Brazil?. Mar. Pollut.
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Fig. 1. The study beach between Peixe Lagoon and Chuí River on the Rio Grande do
Sul coast, southern Brazil.
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curved carapace lengths (CCL) and, for fresh samples, weight). Each
gastrointestinal section (oesophagus, stomach and intestine) was
analyzed separately. Items of marine debris were counted,
weighed (P0.01 g), and classified by type (virgin plastic pellet, soft
plastic fragment, hard plastic fragment, straw, fishing line, fishing
rope, polystyrene, fishing net, rubber, latex balloon, foam, charcoal,
cloth, paper, cigarette butt and others) and colour (transparent,
white, black, blue, green, red, yellow, brown and other). Virgin
plastic pellets are the raw plastic material from which larger
molded plastic items are made (Wilber, 1987) and usually occur
in the form of small rounded shapes (2–5 mm) (Costa et al.,
2009). On the other hand, small plastic fragments are the result
of successive degradation processes acting on larger plastic debris
in the environment (Santos et al., 2009). Results for each specific
category were expressed as total number of ingested items,
mean ± SD, percentage and frequency of occurrence (F.O.). The
F.O. denotes the proportion of specimens from a particular group
in which a specific type of item appeared.

It was hypothesized that both the quantities and weight of in-
gested marine debris did not increase with sea turtles’ size and
weight, as has been reported in previously studies (Bjorndal
et al., 1994; Bugoni et al., 2001). In addition, it was expected that
plastics would be prevalent among the ingested items as a conse-
quence of the availability of this type of debris in the environment
(Coe and Rogers, 2000; Ivar do Sul and Costa, 2007).

Data were tested for normality (Kolmogorov–Smirnov test) and
homogeneity of variances (Levene’s test), and, if necessary, log-
transformed. Outlier values were removed before the analyses.
Pearson’s correlation test was performed to establish if quantities
and weights of ingested debris were related to the biometric
Please cite this article in press as: Tourinho, P.S., et al. Is marine debris ingestion
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parameters CCL and weight. Two-way analysis of variance (ANO-
VA) was carried out to evaluate significant differences among spe-
cific categories of items and sections of the gastrointestinal tract.
One-way ANOVA was performed to detect significant differences
among colours of ingested items. If a significant difference was ob-
served, Tukey’s post-hoc test was also applied. Statistical signifi-
cance was set at a probability level of 0.05.
2.3. Seabirds

A total of 35 seabirds were found stranded on the beach be-
tween November 1994 and August 2007. The gastrointestinal tract
sections (oesophagus, proventriculus, gizzard and intestine) were
removed and examined together. Debris items were counted and
classified into specific categories (virgin plastic pellet, plastic frag-
ment, polystyrene, hook, fishing rope, anthropogenic wood and
cloth). At this time, only virgin plastic pellets had their colour re-
corded. Results for each specific category of item were expressed
as total number and mean ± SD of ingested items per bird, and as
a F.O. for each bird group.

It was hypothesized that plastics would be particularly preva-
lent amongst the ingested items, reflecting of marine debris com-
position of the oceans (Ryan, 2008).

The Kruskal–Wallis non-parametric test was used to detect sig-
nificant differences between colours of ingested virgin plastic pel-
lets as the data were not normally distributed. Student’s t-test was
used to detect significant differences between the number of items
ingested by seabirds with trans-equatorial (n = 7) and austral
(n = 7) migratory behaviours.
3. Results and discussion

3.1. Green turtles

Based on the length of carapace (CCL), all green turtles (n = 34)
were juveniles (31.5–56 cm; �x = 40 ± 6 cm) with body weight be-
tween 2.5 and 9 kg (�x = 5 ± 2 kg, n = 17). A total of 1602 items of
marine debris were found: each individual turtle had ingested
between 3 and 134 items (�x = 47 ± 32 cm), individually weighing
between 0.2 and 69 g (�x = 11 ± 13 g).

In this study, all sampled green sea turtles were found to be
contaminated with marine debris. Although the ingestion of debris
has been frequently reported for green turtles (Balazs, 1985; Plot-
kin and Amos, 1990; Bjorndal et al., 1994; Laist, 1997), it has never
been observed to reach 100% of samples as reported here. Studies
that were conducted in adjacent areas of the Brazilian and Uru-
guayan coast have found 60.5% and 74% of stranded juvenile green
turtles with marine debris in their digestive tracts, respectively
(Bugoni et al., 2001; Asaroff et al., 2008). Our findings could indi-
cate that the level of marine debris contamination is increasing.

No significant correlations were found between CCL and the
number (r = 0.32; p = 0.06; n = 34) or weight of items of marine
debris (r = 0.31; p = 0.07). In addition, no significant correlations
between body weight and either the number (r = 0.05; p = 0.84;
n = 17) or weight of marine debris items (r = 0.02; p = 0.40) were
observed. These results corroborate the initial hypothesis that
ingestion rates do not increase with the turtle’s size and weight.
This statement can be explained by their capacity to excrete the
majority of marine debris by defecation (Balazs, 1985), which
was also confirmed by the present data, since the intestine (with
63% of items) was significantly more contaminated than stomach
(34%) and oesophagus (3%) (F = 79.7; p = 0.04 and p = 0.00,
respectively).

Speculation about the sources of ingested debris is difficult
since green turtles are long-distance migratory animals and hence
still a problem for the coastal marine biota of southern Brazil?. Mar. Pollut.
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are exposed to debris throughout their life span. Post-hatchling sea
turtles feed and grow in the pelagic environment where floating
debris accumulates mainly at convergence zones (Carr, 1987).
Moreover, juveniles migrate to neritic habitats, feeding in both pe-
lagic and benthic environments, where floating and benthic marine
debris can also be ingested. Unfortunately, the prevalence of frag-
ments provides no clues as to their origin. Marine debris can be re-
tained in the gastrointestinal tract for months and can thus persist
over multiple life stages (Lutz, 1990). Marine debris sources at the
southern Brazilian coast are primary related to beach users (mostly
during the summer months), harbour and navigation activities, and
runoff from Patos lagoon and Plata River drainage basin (Wetzel
et al., 2004).

Plastics accounted for 71% of the ingested marine debris, fol-
lowed by fishing-related (21%) and miscellaneous items (8%) (Ta-
ble 1). Among plastics, the majority of items were soft and hard
plastic fragments, which together represented 66% of the total
(n = 1602), while other plastics (virgin plastic pellets and straws)
accounted for less than 5%. Amongst the fishing-related items, fish-
ing line was most frequently observed and accounted for 11% of
the total. In fact, ingested soft plastic fragments were significantly
more prevalent than many other categories of items (F = 20.5;
p < 0.05), except hard plastic fragments and fishing line.

The frequency of occurrence (F.O.) of the specific categories of
items also demonstrated the prevalence of soft plastic fragments
ingested by all turtles (n = 34), followed by hard plastic fragments,
fishing line (n = 31), ropes (n = 26), polystyrene (n = 22), rubber
(n = 19) and foam (n = 18). The other categories of items were in-
gested by less than 50% of the turtles (Table 1).

The predominance of plastics has been pointed out in previous
works (Balazs, 1985; Plotkin and Amos, 1990; Bjorndal et al., 1994;
Bugoni et al., 2001; Mascarenhas et al., 2004), as well as in this study.
However, other diverse types of material were also found in the gas-
trointestinal tract of sea turtles (Plotkin and Amos, 1990; Balazs,
1985; Tomas et al., 2002). These results partially corroborate the
hypothesis that more plastic items are ingested because of their
prevalence in marine and coastal environments, which increases
the possibility of interactions between plastics and the marine biota.
The natural foraging behaviour of juveniles also promotes these
interactions, as during this life stage green turtles feed on a wide
Table 1
Frequency of occurrence and categories of ingested items observed in the different section

Categories of items F.O. Sections

n % Oesophagus

Soft plastic 34 100 15
Hard plastic 31 91 19
Pellets 11 32 1
Straw 12 35 0

Plastic 35

Line 31 91 9
Rope 26 76 3
Polystyrene 22 65 2
Net 6 18 0

Fishing-related items 14

Rubber 19 56 1
Balloon 11 32 1
Rubber foam 18 53 1
Charcoal 13 38 0
Cloth 8 24 1
Paper 5 15 0
Cigarette butts 2 6 0
Others 12 35 0

Miscellaneous 4

Total 53
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variety of prey items at the southern Brazilian coast (Bugoni et al.,
2003) and do not discriminate plastic debris (Lutz, 1990).

Regarding colour classification, items ingested were primary
white (33%), followed by transparent (26%), black and blue (11%
each), green (7%), brown (4%), red (3%) and yellow (2%). Other col-
ours represented only 3% of the total. However, no significant dif-
ferences between colours of ingested items were found (F = 1.09,
p = 0.41). In fact, lab experiments have confirmed that items of dif-
ferent colours are ingested by green turtles (Lutz, 1990). These re-
sults indicate that there is no preferential ingestion, at least in
relation to colours of debris, by sea turtles.

On Rio Grande do Sul coast, the prevalence of plastics on the
monitored beaches has already been reported (Wetzel et al.,
2004), supporting the proposed hypothesis. However, in order to
validate the hypothesis, more environmental samplings are neces-
sary to establish patterns related to other variables (i.e. size, types
of plastics and colours) over larger areas of the globe and repre-
senting entire populations of turtles.

Apparently the ingestion of marine debris causes primary sub-
lethal effects rather than death (Bjorndal et al., 1994; Bjorndal,
1997; McCauley and Bjorndal, 1999). This was also found to be true
in this study, since 31 turtles died probably for reasons excluding
marine debris ingestion. Only three green turtles may have died
as a direct consequence of marine debris ingestion. Two specimens
had their intestine completely obstructed by plastics, while the
third swallowed a large plastic stripe which was too long to pass
through the oesophagus causing its blockage. On the other hand,
the sub-lethal effects include reduction in food ingestion and
assimilation, decreasing in growth rates and increasing time for
sexual maturation (Bjorndal, 1997). The last is specially damaging
to juveniles, such as the studied specimens, since it may affect fu-
ture reproductive behaviours. Marine debris ingestion has become
a concern in recent decades due to the potential risks to sea turtles,
resulting even in demographic implications (Bjorndal, 1997).
3.2. Seabirds

Thirty-five specimens of 13 different species from three orders
of seabirds (Procellariiformes, n = 18; Sphenisciformes, n = 9 and
Charadriiformes, n = 8) were sampled (Table 2). Fourteen seabirds
s of the gastrointestinal tract of green turtles (total number and percentage).

Stomach Intestine Total %

225 334 574 36
133 336 488 30

3 43 47 4
5 18 23 1

366 731 1132 71

84 88 181 11
38 70 111 7
16 30 48 3

0 6 6 0

138 194 346 21

10 23 34 2
4 19 24 2
9 14 24 2
4 11 15 1
3 3 7 0
2 1 3 0
0 2 2 0
6 9 15 1

38 82 124 8

542 1007 1602
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Table 2
Incidence and number of debris found in the seabirds related with foraging and migratory behaviour.

Order Species Common name n Incidence of debris % Number of items Foraging behaviour Migration pattern

Procellariiformes Thallasarche melanophoris Black-browed Albatross 2 2 100 3 SSa A
Daption capense Cape Petrel 1 0 0 0 SSa A
Fulmarus glacialoides Southern Fulmar 1 0 0 0 SSa A
Macronectes giganteus Southern Giant Petrel 2 2 100 117 SSa A
Pachytila belcheri Narrow-billed Prion 1 0 0 0 SSa A
Procellaria aequinoctialis White-chinned Petrel 1 1 100 2 SSa A
Puffinus gravis Greater Shearwater 4 3 75 5 SSa T
Puffinus griseus Sooty Shearwater 1 1 100 2 PDa T
Puffinus puffinus Manx Shearwater 5 3 60 13 PPb T
Sub-total 18 12 66 142

Sphenisciformes S. magellanicus Magellanic Penguin 9 2 22 2 PDa A
Sub-total 9 2 22 2

Charadriiformes Larus dominicanus Southern Black-backed Gull 4 0 0 0 SSa A
Larus maculipennis Brown-hooded Gull 3 0 0 0 - S
Sterna trudeaui Snowy-crowned Tern 1 0 0 0 SPc S
Sub-total 8 0 0 0

Total 35 14 40 144

SS: surface seizing; PD: pursuit diving; PP: pursuit plunging; SP: surface plunging; A: austral migration; T: trans-equatorial migration; S: short-distance migration.
a Ryan (1987).
b Griffiths et al. (1982).
c Bugoni and Vooren (2005).
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(40% of total: 12 Procellariiformes and 2 Sphenisciformes) had in-
gested marine debris. Charadriiformes were not found to be con-
taminated with marine debris in this survey.

Seabirds are often considered to be effective monitors of the
health of marine ecosystems (Mallory, 2008). Among them, one
of the most studied groups, the Procellariiformes, seems to provide
reliable information about quantities and types of marine debris in
the oceans. In southern Brazil a recent study carried out during
1994 and 2005 pointed to the occurrence of marine debris in
approximately 38% of the sampled Procellariiformes (Colabuono
et al., 2009). In this study about 66% of the Procellariiformes were
found to be contaminated. This finding reinforces the idea that sea-
birds on the southern Brazilian coast are at great risk.

A total of 144 items of marine debris were identified. Procellar-
iiformes ingested the vast majority (142) of them. One single spec-
imen of Macronectes giganteus had ingested 117 items (81%,
n = 144), the greatest amount within all sampled seabirds, while
the two Spheniscus magellanicus ingested one single item each
(Table 2).

According to the scientific literature, Procellariiformes species
actually have both the highest loads of ingested plastic per bird
and the highest incidence of plastic items (Burger and Gochfeld,
2001; Laist, 1997). This difference has been attributed to the char-
acteristics of the gastrointestinal tract, since the gizzard of Procel-
lariiformes is a distinct organ, separated from the proventriculus
by a narrow, angled isthmus (Furness and Monaghan, 1987; Ryan,
1988). Procellariiformes do not regurgitate plastics, whereas other
species of seabirds may do so (Mallory et al., 2006).

Plastics accounted for 96% of the total marine debris, followed
by fishing-related items (2%), anthropogenic wood (1%) and cloth
(1%). The higher proportion of plastic ingested by seabirds has been
reported elsewhere (Day et al., 1985; Azzarello and Van Vleet,
1987; Laist, 1997). These results partially corroborate the hypoth-
esis that seabirds ingest more plastic because this is the most pre-
valent material found in the oceans (Wilber, 1987; Coe and Rogers,
2000). Among plastics, only fragments (75%) and virgin plastic pel-
lets (25%) were identified.

The F.O. of the specific categories of items ingested by Procellar-
iiformes – Procellariidae (petrels) and Diomedeidae (albatrosses) –
Please cite this article in press as: Tourinho, P.S., et al. Is marine debris ingestion
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and Sphenisciformes (penguins) is shown in Fig. 2a. Plastic frag-
ments were ingested only by petrels (n = 9), which also ingested vir-
gin plastic pellets (n = 6), ropes (n = 1) and anthropogenic wood
(n = 1). The two black-browed albatrosses (Thalassarche melanoph-
oris) ingested a plastic pellet (n = 1), polystyrene (n = 1) and a fishing
hook (n = 1). The two magellanic penguins ingested one anthropo-
genic wood item (n = 1) and a piece of cloth (n = 1) (Fig. 2a).

Regarding colour classification, virgin plastic pellets (n = 35) in-
gested by petrels and albatrosses were white (60%), transparent
(16%), gray, yellow (9% each), black and orange (3% each). Colour
evaluation is important since it has been suggested that seabirds
may confuse virgin plastic pellets with their natural prey (i.e. fish
eggs, algae and others) (Day et al., 1985). Previous works, however,
has not established any patterns related to colours of ingested vir-
gin plastic pellets (Ryan, 1987, 2008; Ivar do Sul and Costa, 2007).
Likewise, in this study no significant differences between ingested
colours (v2 = 6.00, p = 0.30) were detected. These results indicate
that there is no selective preference, at least in relation to colours
of debris, by seabirds.

Concerning the foraging behaviour of seabirds, it has been also
proposed that this may influence marine debris ingestion rates
(Azzarello and Van Vleet, 1987), although many other factors
should also considered (Spear et al., 1995). Here, seabirds which
were contaminated with marine debris are mainly surface-seizing
feeders (Ryan, 1987) (Table 2). Seabirds which feed by this method
are among the most susceptible to ingest floating plastic debris
(Azzarello and Van Vleet, 1987; Ryan, 1987). The other sampled
seabirds which feed by different methods (P. puffinus, P. griseus
and the S. magellanicus) had also ingested marine debris, suggest-
ing that all seabirds are susceptible to plastic pollution.

The migratory pattern of seabirds can also give important infor-
mation related to rates and sources of ingested marine debris. All
the seabirds sampled during this study, which had ingested at least
one item (n = 14), were pelagic long-distance migratory birds
(Table 2). So it is quite reasonable to assume that marine debris
was ingested in other areas of world and open ocean (Moore
et al., 2001; Wilber, 1987). Half of seabirds (n = 7) were trans-equa-
torial migrants (Puffinus genus), and the other half austral migrants
(n = 7) (Table 2). However, no patterns related to the prevalence of
still a problem for the coastal marine biota of southern Brazil?. Mar. Pollut.
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a single type of item were detected (F = 2.32, p = 0.95) comparing
these two groups. In fact, it is known that the South and North
Oceans did not differ qualitatively in relation to the types of items
found (Coe and Rogers, 2000).

The magellanic penguins migrate northwards during austral
winter and are threatened by human activities mainly in coastal
areas (Pütz et al., 2007). In the last decades, even Antarctica habi-
tats became also contaminated by marine debris, a risk for a huge
list of marine endemic species (Van Franeker and Bell, 1988; Ainley
et al., 1990). Although none of the sampled penguins in this study
contained ingested plastics, previous studies have confirmed that
S. magellanicus is also susceptible to plastic debris ingestion (Azev-
edo and Schiller, 1991). In any case, this species has lower inci-
dence of marine debris when compared to Procellariiformes
(Fig. 2b). This pattern can be partially attributed to their foraging
behaviour, but their restricted distribution in the globe and the
lack of consistent studies with penguins species have also to be ta-
ken in consideration.

The Charadriiformes are coastal seabirds which can be found in
the southern Brazilian coast during non-breeding season. Their
ability to regurgitate indigestible items may be one of the reasons
for the absence of ingested marine debris in this study (Azzarello
and Van Vleet, 1987). Other studies with Larus dominicanus have
also reported a lack of ingestion (Ainley et al., 1990) or even low
Please cite this article in press as: Tourinho, P.S., et al. Is marine debris ingestion
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levels of contamination (13%) (Ryan, 1987) for these Charadri-
iformes.

4. Conclusion

All stranded green sea turtles sampled during this study were
contaminated with marine debris. Comparisons among other stud-
ies on adjacent beaches indicated that ingestion of debris by sea
turtles is probably an increasing problem on southern Brazilian
coast. Plastic fragments were prevalent among other ingested
materials and there was no pattern related to colours of ingested
items. The establishment of conclusions related to sea turtles pref-
erential ingestion however, should be based on studies with a big-
ger sample size representing larger areas of the globe. Green turtles
can excrete marine debris by defecation, which probably contrib-
utes to the occurrence of sub-lethal effects rather than deaths.
However, three green turtles have possible died as a direct conse-
quence of marine debris ingestion. Green sea turtles are actually
susceptible to ingest marine debris and should be seen as target
species when management actions and campaigns are considered.

Procellariiformes were most contaminated with marine debris,
as reported elsewhere by several studies. Plastics were also the
most ingested items and this may reflect marine debris composi-
tion in the open ocean. A pattern related to colours of ingested
still a problem for the coastal marine biota of southern Brazil?. Mar. Pollut.

http://dx.doi.org/10.1016/j.marpolbul.2009.10.013


6 P.S. Tourinho et al. / Marine Pollution Bulletin xxx (2009) xxx–xxx

ARTICLE IN PRESS
virgin plastic pellets was not observed and further studies are nec-
essary to clarify this question. Surface-seizing feeding species are
the most contaminated, but seabirds feeding by other methods
are also contaminated, highlighting plastic hazard to these biota.

Finally, the only available method to reduce marine debris
ingestion rates is a significant decrease of their sources and inputs
to the marine and coastal environments. Thus, legal strategies
should be applied to control the generation of human wastes
and, simultaneously, efficient policies to ensure their adequate
final dumping.
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