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Abstract:  Plastic ingestion is a problem for seabirds worldwide. In addition to direct health effects such as
obstruction or perforation of the gastrointestinal tract, plastic ingestion can also lead to indirect health effects
through the release of chemicals that may be absorbed and cause systemic and chronic toxicity. Among chemicals
that can be released by plastics are phthalate esters, a group of chemicals widely used as plasticizers or additives to
change the physical characteristics of plastics. In this study, three phthalate esters, dimethyl phthalate (DMP),
dibuthyl phthalate (DBP), and diethylhexyl phthalate (DEHP), were quantified in the uropygial gland of 48
seabirds from 16 species collected ashore in a tropical region, the coast of Espirito Santo, Eastern Brazil.
Including trace levels, DMP was detected in 16 birds (33%) from 10 species, with an average concentration of
0.014 *= 0.005 ng/pl (mean + SD for individuals with concentrations above the practical level of detection of 0.01
ng/l). DBP was detected in 15 birds (31%) from 11 species, with an average concentration of 0.049 = 0.032 ng/pl.
DEHP was detected in 21 birds (44%) from 11 species, with an average concentration of 0.115 = 0.105 ng/pl.
DMP concentration in the uropygial gland was positively associated with the presence, number, and mass of
plastic items in the upper digestive tract. However, no such relationship was noted for DBP nor DEHP, suggesting
the concentration of phthalate compounds in the uropygial gland might not always serve as a reliable proxy for
plastic ingestion. In spite of relatively high frequencies of detection, the low concentrations of phthalates detected
in this study suggest levels of exposure below known toxicity thresholds. Further studies on the potential adverse
effects of phthalate exposure in seabirds are necessary, especially on the reproductive development of embryos
and chicks.

INTRODUCTION intestinal tract,’'*¢37 plastics can also release a
plethora of chemicals such as plasticizers, flame
retardants, polycyclic aromatic hydrocarbons and
organochlorine pesticides that may be absorbed
century, and it has been estimated that as many as by the digestive tract, potentially leading to
90% of all individual seabirds will ingest plastics systemic and chronic toxic effects.5!53435.38

at some point in their life.* In addition to the Phthalates, also known as phthalate esters or
direct effects that ingested plastics may have by dialkyl phthalates, are a group of chemicals widely
causing obstruction or perforation of the gastro- wused as plasticizers, i.e. additives to increase the

Plastic pollution is one of the most pressing
challenges for marine conservation in the 21st
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flexibility, workability, and longevity of plastic
products. More than 3 million tons of phthalates
are used on an annual basis by various indus-
tries.”” Phthalates are predominantly used in the
production of flexible polyvinyl chloride (PVC)
products,>?** and phthalates may make up to 70%
of the PVC polymer mass.'® Pure phthalates are
colorless viscous liquids that are soluble in oil;
they are practically odorless and have a bitter
taste.>?* More than 25 different phthalate com-
pounds are produced and marketed.>** Diethyl-
hexyl phthalate (DEHP) is the most widely
employed plasticizer in PVC, commonly used in
building materials (e.g. flooring tiles, carpets,
caulks, sealants), medical devices (e.g. tubing,
drainage bags), paints, adhesives, adhesive remov-
ers, and toys.'?+?¢ Dibuthyl phthalate (DBP) is
mainly used as an additive in latex adhesives, as a
solvent in dyes, as a plasticizer in cellulose
plastics, in coating of medications, and in a variety
of cosmetics.?’>” Dimethyl phthalate (DMP) is
used in solid rocket propellants, lacquers, safety
glasses, rubber coating agents, molding powders,
insect repellants, and pesticides.?’*® DEHP and
DBP are also widely used as fragrance sol-
Vents.18,19,24

Once absorbed by living organisms, phthalates
are metabolized through hydrolysis, and therefore
are not biomagnified in food chains; as a result,
their detection in higher trophic-level organisms
is a reliable indication of direct exposure to
plastics or other sources.*** Concerns about the
possible adverse effects of phthalate exposure in
humans have been raised since the 1980s, and are
particularly focused on the potential leaching of
these compounds from medical devices (e.g. PVC
containers and tubes used in fluid therapy, hemo-
therapy, dialysis, etc.), toys for infants and tod-
dlers, childcare and cosmetic products, and
plastics used in food processing and packag-
ing.'s1%21.24 Direct contact with phthalates may
cause skin and ocular irritation, but in most cases
the acute toxicity incidence of these compounds is
considered very low.>+?® In contrast, there is
evidence of significant chronic toxicity of these
compounds, especially DEHP, in mammals, in-
cluding reproductive effects in males (testicular
atrophy, decreased testosterone levels and fertil-
ity), carcinogenicity (liver and testicular cancer),
and embryotoxicity (abnormal sexual develop-
ment, especially in males).?"** There is also
concern about the potential adverse effects that
phthalates can have on aquatic animals, especially
when there is contamination of waterbodies by
industrial and commercial wastewater and plastic
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waste products.*® In addition to the effects
documented in mammals, there is evidence that
phthalates can cause a variety of adverse effects
such as oxidative stress, immunotoxicity, thyroid
toxicity, and endocrine disruption in fishes and
aquatic invertebrates.*

Because seabirds can often ingest plastic items
and retain them for extended periods in their
digestive tract, they could be vulnerable to the
adverse effects of chronic exposure to chemicals
leaching from plastics, including phthalates.!s30-*
Furthermore, because phthalates have relatively
short half-lives and generally do not bioaccumu-
late in the long term,*** it has been suggested that
the concentration of these lipophilic compounds
in the uropygial or preen gland oil of seabirds
could serve as a proxy to the presence of plastics
in the gastrointestinal tract.'s If confirmed, this
would make quantifying phthalates in uropygial
gland an invaluable and minimally invasive meth-
od to study plastic ingestion in living wild
seabirds. In addition, it could also be useful for
clinical veterinary purposes to diagnose the
presence of plastics in the gastrointestinal tract
that could be missed through imaging in radiog-
raphy, ultrasonography, or endoscopy.

In a recent study, the authors evaluated the
esophagus and stomach contents of seabirds
collected along the coast of Espirito Santo,
eastern Brazil, and found debris items in 30% of
the examined birds, the majority of which were
plastics (97%).*' In this study, the concentration
of phthalate compounds (DBP, DMP, and DEHP)
in the uropygial gland of a subset of the seabirds
examined previously was determined, and their
relationship to plastic ingestion was investigated.

MATERIALS AND METHODS
Sample collection

The authors examined a subset of the individ-
uals examined in a previous study,*’ comprising
coastal and pelagic birds collected over a 26-mon
period (20 April 2019 to 20 June 2021) along the
coast of Espirito Santo (southeastern Brazil). The
coastline of Espirito Santo state extends approx-
imately 392 km from Riacho Doce stream
(18.35S, 39.67W) to Itabapoana River (21.31S,
40.96W).

Individuals were classified according to their
stranding code:'> 1 (live animal), 2 (fresh carcass),
3 (carcass in moderate decomposition, but organs
basically intact), 4 (carcass in advanced decom-
position), and 5 (mummified or skeletal remains).
Only live birds that died within 5 d of admission
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and moderately preserved carcasses (codes 2 and
3) whose digestive tract and uropygial gland were
intact were further evaluated. Carcasses were
necropsied following standard protocols, and
relevant metadata were recorded (species, age
group, sex, body condition).?® The upper digestive
tract (from the proximal esophagus to the pyloric
sphincter) was removed intact and stored frozen
at —20°C. The entire uropygial gland was dissect-
ed, wrapped in heat-treated aluminum foil, and
then frozen at —20°C. The gland was handled
exclusively with stainless steel instruments, clean
disposable scalpel blades, and nitrile gloves, and
was never touched by plastic or latex items.

Detection and quantification of plastic ingestion

Methods employed to quantify plastic ingestion
were detailed in a previous study.*' The upper
digestive tract was thoroughly washed through a
0.1-mm mesh sieve and retained material was
examined under a stereomicroscope (X7.5 to 35
magnification). Debris items were counted and
total mass of debris for each individual was
measured with a scale (precision + 0.01 g); when
the total mass was lower than 0.01 g, total mass
was inferred as 0.01 divided by the square root of
2 for calculations of mean and standard devia-
tion.*

Detection and quantification of phthalate esters

Phthalate extraction and quantification were
conducted at the Plant Morphogenesis and Bio-
chemistry Laboratory (Federal University of
Santa Catarina, Florianopolis, Brazil) by gas
chromatography with flame ionization detection,
using previously described protocols,'s with mod-
ifications. All glassware used in sample extraction
and analysis was previously washed thrice exten-
sively and sequentially with hexane, dichloro-
methane (DCM), and methanol (Fisher
Chemical, Leicestershire, UK, LE11 5RG and
Honeywell-Riedel-de Haén, Seelze, Germany,
30926) and dried in a flow cabinet to remove
eventual traces of organic contaminants. Further,
the glassware was capped with aluminum foil
previously heat-treated at 450°C, overnight, and
stored in paper boxes to avoid contact with plastic
materials used in laboratory routine practices.
Whole uropygial glands were weighed, cut into
small pieces using a new and clean metal scalpel
blade, and lyophilized over 72 h. The dried
samples were stored at —80°C until phthalate
extraction.

735

Lyophilized samples (approximately 100 mg,
dry weight) were solvent-extracted (DCM, 1:3, v/
v) using an Ultraturrax apparatus (Omni tip™
homogenizing kit, Omni International, Kennesaw,
GA 30144, USA), followed by ultrasound expo-
sure (2.4 GHz, 30 min). The extracts were
collected, vacuum filtered, and concentrated in a
rotary evaporator. Next, minimum amounts of
DCM were added to the dried extract, which was
then transferred to a septum-equipped Teflon-
lined vial (1.5 ml). The organosolvent was re-
moved by nitrogen streaming and the extracts
were stored at —80°C.

The dried extract was solubilized in 1 ml DCM,
and aliquots (1 pl) were injected into a liquid-gas
chromatograph (Shimadzu GC 2014, Kyoto, 604-
8511, Japan) equipped with a manual injector
(225°C), a TG-5MS capillary column (30 m X 0.25
mm X 0.25 pm, Thermo Fisher Scientific, Wal-
tham, MA 02451, USA), and a flame ionization
detector (320°C, 40 ms sampling rate). The GC
column temperature program for phthalate sepa-
ration was set as follows: initial oven temperature
70°C (1 min), increasing at 30°C/min to 120°C,
then at 10°C/min to 285°C (5 min), and finally
increasing at 10°C/min to 310°C (10 min). Nitro-
gen at 30.1 ml/min was used as carrier gas, with a
1:40 split rate. Prior to sample injection, for the
purpose of phthalate concentration calculations,
standard curves were built (0.05 to 10 ng/pl) for
each compound (DMP, DBP, and DEHP) using
analytical chemical standards (Sigma-Aldrich, St.
Louis, MO 68178, USA). Compound identifica-
tion was performed according to their retention
times (min) and confirmed by spiking samples
with the chemical standards of interest (i.e., co-
injections).

The concentrations of phthalates were deter-
mined by averaging the peak area of the analytes,
following three consecutive injections, using GC
Solution 2.31 (Shimadzu) software for processing
chromatograms (baseline correction, peak detec-
tion, and integral area calculation). Considering
the signal-to-noise ratio (S:N = 10) obtained with
the DEHP, DMP, and DBP standard curves, a
practical limit of detection (LOD) threshold at
0.01 ng/pl was calculated, well above the limit of
detection of the instrument, allowing confidence
in the results. Samples where phthalates were
detected, but their levels were below the practical
limit of detection, were classified as “trace levels.”

Because of the eventual presence of phthalates
in the laboratory glassware and environment,
three environmental controls were collected for
analysis. For that, a clean swab was exposed to the
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laboratory ambient conditions (30 s) and trans-
ferred to a capped vial. Environmental controls
were then processed identically to samples and
analyzed in tandem with uropygial gland samples.
No detectable levels of plasticizers were found.

Statistical analyses

Frequency of detection (FD = no. individuals
with detectable nontrace levels + no. individuals
evaluated) and frequency of trace levels (FT = no.
individuals with trace levels =+ no. individuals
evaluated) were calculated for each phthalate
compound. The arithmetic and geometric mean
and standard deviation (SD) of the phthalate
concentration was calculated for all individuals
and also for the subset of individuals with
detectable levels (not including individuals with
trace levels). For individuals with trace levels of
phthalates, the concentration was inferred as the
LOD divided by the square root of 2.* Linear
regression was used to determine whether there
was a correlation between the number of plastic
items and the total mass of plastics ingested by an
individual, and to evaluate whether concentra-
tions of different phthalate compounds were
correlated to one another. Wilcoxon tests were
used to compare the concentrations of phthalate
compounds between individuals with and without
plastic items in their upper digestive tract. Linear
regression was used to evaluate whether the
concentrations of phthalate compounds was cor-
related to the number or total mass of plastic
debris.

RESULTS

Phthalates in the uropygial gland of 48 seabirds
from 16 species were quantified (Table 1). Indi-
vidual details of the sampled specimens and
phthalate quantification results are provided in
Supplementary File S1. Plastics were found in the
upper digestive tract of 12 individuals (25%)
(Table 2); the correlation between an individual’s
number of ingested plastic items and the total
mass of ingested plastics was significant but weak
(P=0.005; R>=0.138; Fig. 1A).

Phthalates were detected in 30 samples (63%)
from 13 species (81%), with concentrations great-
er than 0.01 ng/pl in 25 samples (FD = 52%) from
12 species (75%), and trace levels in 5 samples
(FT = 10%) from 4 species (25%) (Tables 1, 2).
DMP was detected in 16 samples (33%) from 10
species (63%), with concentrations greater than
0.01 ng/pl in 8 samples (17%) from 6 species
(38%), and trace levels in 7 samples (15%) from 6
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species (38%). DBP was detected in 15 samples
(31%) from 11 species (69%), with concentrations
greater than 0.01 ng/pl in 8 samples (17%) from 6
species (33%), and trace levels in 7 samples (15%)
from 6 species (33%). DEHP was detected at
concentrations greater than 0.01 ng/pl in 21
samples (44%) from 11 species (69%); no samples
had trace levels of DEHP. No significant linear
correlation was observed between DMP and DBP
(P=0.778; Fig. 1B), DMP and DEHP (P=0.751;
Fig. 1C), or DBP and DEHP (P =0.430; Fig. 1D).

There was a significant difference in the DMP
concentration between seabirds with and without
ingested plastics (W = 93.5, P < 0.001; Fig. 2A),
but no difference was detected for DBP (W =157,
P =0.089; Fig. 2D) or DEHP concentration (W =
183, P=0.393; Fig. 2G). DMP concentration had
a positive linear correlation with the number of
plastic items (R> = 0.096, P = 0.018; Fig. 2B) and
the total mass of plastics (R?=0.367, P < 0.001;
Fig. 2C). It should be noted, however, that only
three birds examined had an ingested mass of
plastics greater than 0.01 g, hence this linear
correlation is essentially driven by only three data
points: a kelp gull (Larus dominicanus), a great
egret (Ardea alba), and a Cory’s shearwater
(Calonectris borealis). No significant correlations
were found between the number or mass of
ingested plastics and the concentration of DBP
or DEHP (all P > 0.5; Figs. 2E, 2F, 2H, 2I).

DISCUSSION

This is the first study to quantify phthalate
levels in seabirds in a tropical region, and it is the
first to evaluate the presence of these compounds
in the uropygial gland of nonprocellariiform
species. In fact, only two studies have previously
attempted to quantify phthalate compounds in the
uropygial gland oil of seabirds. A study in
Australia's found detectable levels (quantifiable +
trace) of DBP and DEHP in the uropygial gland
oil from all short-tailed shearwaters (Ardenna
tenuirostris; live and dead, n = 16) and all wedge-
tailed shearwaters (Ardenna pacifica; live, n = 8),
with average concentrations of 0.04 = 0.05 ng/pl
for DBP (maximum = 0.20 ng/pl) and 0.06 + 0.06
ng/pl for DEHP (maximum = 0.22 ng/pl). In
contrast, a study in Canada®? did not detect DMP,
DBP, DEHP, nor three other phthalate com-
pounds in the uropygial gland oil from northern
fulmars (Fulmarus glacialis; dead, n = 10). Com-
pared with the findings of the Australian study,'’
DBP was detected in a much smaller proportion
of samples (17% at quantifiable levels and an
additional 15% at trace levels) and with lower
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Table 1.
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Summary of the sample size (N = individuals examined, N, = individuals examined that had plastics in

the upper digestive tract) and number of individuals with detectable levels of phthalate compounds in the
uropygial gland for seabirds collected along the coast of Espirito Santo, Eastern Brazil. Numbers within
brackets represent the number of samples with “trace levels.” DMP, dimethyl phthalate; DBP, dibuthyl

phthalate; DEHP, diethylhexyl phthalate.

Phthalates
Family Species English name Code N N, DMP DBP DEHP >
Haematopodidae Haematopus palliatus American AMOY 1 0 0[1] 1 1 1
oystercatcher
Laridae Anous stolidus Brown noddy BRNO 4 0 O 0 3 3
Larus dominicanus Kelp gull KEGU 1 1 1 0[1] 0 1
Sterna hirundinacea South Americantern SATE 1 0 0 1 1 1
Sterna hirundo Common tern COTE 8 1 0f[1] 3[1] 3 4
Thalasseus acuflavidus Cabot’s tern CATE 10 3 07[3] 0]2] 5 512]
Scolopacidae Arenaria interpres Ruddy turnstone RUTU 1 0 0 0 0 0
Ardeidae Ardea alba Great egret GREG 2 1 1 1 1 1
Nycticorax nycticorax Black-crowned night BCNH 1 0 0 0 0 0
heron
Phaethontidae Phaethon aethereus Red-billed tropicbird RBTR 1 0 O[1] O 0 0[1]
Procellariidae Calonectris borealis Cory’s shearwater COSH 2 2 1 0 [1] 1 2
Procellaria White-chinned WCPE 3 2 0][3] 0[1] 3 3
aequinoctialis petrel
Puffinus puffinus Manx shearwater MASH 7 1 0]2] 1 1 2 [1]
Fregatidae Fregata magnificens ~ Magnificent MAFR 1 0 0 0 0 0
frigatebird
Phalacrocoracidae Nannopterum Neotropic NECO 1 0 O 1 1 1
brasilianus cormorant
Sulidae Sula leucogaster Brown booby BRBO 4 1 0[2] O0[1] 1 1[1]
Total 48 12 37[13] 8[7] 21 25 [5]

concentrations (samples with detectable levels =
0.049 *+ 0.032 ng/pl, maximum = 0.099 ng/pl). Of
note, the LOD of 0.01 ng/pl in this study was
lower than the LOD of 0.02 ng/pl in the study by
Hardesty and colleagues.’* On the other hand,
although DEHP was detected in a smaller pro-
portion of samples (44% at quantifiable levels, no
samples at trace levels), concentrations (0.115 +
0.105 ng/pl, maximum = 0.345 ng/pl) were higher
than those reported in the Australian study.”” In
this study, DMP was detected with a low frequen-
cy (6% at quantifiable levels and 27% at trace
levels), and concentrations were low (samples
with detectable levels = 0.014 0.005 ng/ul,
maximum = 0.020 ng/l). The relative abundance
of these compounds in the samples is therefore
consistent with previous studies, corroborating
that they are relatively widespread throughout
marine ecosystems, especially DEHP.

A few other studies have attempted to detect
phthalate compounds in other tissues of seabirds.
A study on the Aleutian Islands, Alaska,* evalu-
ated the pectoral muscle of 115 seabirds from 10
species and detected DMP in 87% of samples (6.3
+ 15.7 ng/g, maximum = 140.8 ng/g), DBP in 84%
of samples (20.7 = 62.1 ng/g, maximum = 509.6

+

ng/g), and DEHP in 64% of samples (20.5 = 52.6
ng/g, maximum = 398.7 ng/g). A study in Nor-
way'” evaluated 16 eggs from three species of
seabirds, and found detectable levels of DEHP in
81% of eggs (9.7 + 11.0 ng/g, maximum =42.0 ng/
g). Conversely, a study in England' evaluated the
yolk of 13 eggs from European herring gulls
(Larus argentatus), and detected DBP and DEHP
in respectively 23% and 8% of egg yolks. The
results cannot be directly compared with these
studies due to the different types of samples
evaluated, but they confirm that seabirds world-
wide are routinely exposed to phthalate com-
pounds, especially DBP and DEHP.

Plastic ingestion is a widespread problem for
seabirds,** and it has been proposed that plastic
items retained in the digestive tract could be a
source of exposure to phthalates.'®** There is
some evidence that the stomach of seabirds
provides adequate conditions for the leaching of
phthalate compounds from ingested plastics.®??
However, ecological models for seabirds and
other marine organisms suggest that other routes
of exposure such as food and water intake may
play a more significant role in determining
phthalate exposure than the ingestion of plastics.”
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Relationship between the number and mass of ingested plastic items (A) and among the concentration

of different phthalate compounds in the uropygial gland (B, C and D) of seabirds collected along the coast of
Espirito Santo, Eastern Brazil. Shaded areas represent 95% confidence intervals for the regression line. DMP,
dimethyl phthalate; DBP, dibuthyl phthalate; DEHP, diethylhexyl phthalate.

The presence and concentration of phthalates also
varies considerably among different types of
plastic, being highest in flexible PVC products.'6>*
However, PVC products are usually denser than
water and will sink?*® whereas seabird taxa that
frequently ingest plastics (e.g. Procellariiformes)
are more prone to ingest floating debris.*> As a
result, phthalates concentrations might not accu-
rately reflect the ingestion of other plastics that
might not be meaningful sources of phthalates,
such as nylon, polystyrene foam, and polyethylene

bags that are often ingested by seabirds.>*334!
Furthermore, virtually nothing is known about
the species-specific differences in the rates of
leaching, absorption, and metabolization of
phthalates from plastics ingested by seabirds.
Field studies examining the correlation be-
tween phthalate compounds in the uropygial
gland of seabirds and the presence of plastics in
their digestive tract have found mixed results. A
study in Australia'® found a strong correlation
between the concentration of DBP and DEHP in

Downloaded From: https://bioone.org/journals/Journal-of-Zoo-and-Wildlife-Medicine on 25 Jan 2023
Terms of Use: https://bioone.org/terms-of-uselAccess provided by American Association of Zoo Veterinarians



740

JOURNAL OF ZOO AND WILDLIFE MEDICINE

00201 A
__ 0.015;
—
=
~
g .
< 0.0101
=
(=) o
0.0051
0.0001 . e o o LI
01001 D « E o F
L] L] L]
__ 0.0751
—
=
= ) . .
c
— 0.0501
o
=<
=) . . .
: : :
0.025+
. [} .
. l_-_l ) 0
0.000+ e o o ° .\N\.
L] L] L]
G | - H o
0.3 |
L] L] L] L] L]
=
=
% 0.21 $ .
c
: L] o .
I [} o
B ' : .
0.11 . . .
; . ;____/ ;____./
0.0 I ' | ! (] (] ! .
Absent Present 0 2 4 6 8 0 0.04 0.08 0.12

Ingestion of plastics

Number of ingested plastic items

Mass of ingested plastic items (g)

Figure 2. Relationship between the presence (A, D, G), number (B, E, H) and mass (C, F, I) of ingested plastic
items and the concentration of phthalate compounds in the uropygial gland of seabirds collected along the coast
of Espirito Santo, Eastern Brazil. Shaded areas represent 95% confidence intervals for the regression line. DMP,
dimethyl phthalate; DBP, dibuthyl phthalate; DEHP, diethylhexyl phthalate.

uropygial gland oil and the number of plastic
items found in the stomach of dead shearwaters;
however, this result was based on a very small
sample size (n = 8). In contrast, a study in
Canada®* did not detect significant levels of six
phthalate compounds (including DBP and
DEHP) in the uropygial gland oil of dead
northern fulmars, despite some individuals having
up to 100 plastic items in the stomach; yet their
study was also based on a small sample size (n =
10). In this study (n = 48, of which 12 birds had
ingested plastics), the presence, number, and mass
of plastic items in the upper digestive tract of

seabirds was correlated with the uropygial gland
concentration of DMP, but not of DBP nor
DEHP. Notwithstanding, the correlation between
the concentration of DMP in the uropygial gland
and the number or mass of plastic items was
relatively weak (respectively, R> = 0.096 and R?> =
0.367) and was essentially driven by three data
points, and should thus be considered with
caution. Additional studies are therefore needed
to further explore the relationship between the
concentration of phthalates in the uropygial gland
and the quantity and type of plastics ingested by
seabirds. Until this relationship and the routes of
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exposure of seabirds to phthalates are better
understood, the findings of this study and a
previous study®? suggest that interpretation of
the concentration of phthalate compounds in the
uropygial gland as a proxy for plastic ingestion in
seabirds is unwarranted.

Phthalate compounds usually have low acute
toxicity, with acute lethal doses (LDs,) for mam-
mals of phthalate compounds higher than 5,000
mg/kg (oral) or 3,100 mg/kg (dermal).'® Chronic
toxicity can occur at substantially lower concen-
trations, with no-adverse-effect levels of 20 mg/
kg/day for DBP and 5.8 mg/kg/day for DEHP?
The European Food and Safety Authority consid-
ers the tolerable daily intake (i.e. the amount of a
substance that people can ingest daily during their
whole life without any appreciable risk to health)
for DBP and DEHP to be 50 pg/kg.!" The
concentrations detected in the uropygial gland
oil of seabirds in this study and in previous
studies is generally low,'*?? suggesting levels of
exposure below known acute and chronic toxicity
thresholds, and at present there is no evidence of
DMP, DBP, or DEHP having a measurable effect
on the health of seabirds. However, existing
experimental toxicological studies of phthalate
compounds have focused on mammals, and much
less is known about their effects on birds.!'423294
Further studies are therefore warranted on the
potential adverse effects of phthalate exposure in
seabirds, especially on the reproductive develop-
ment of embryos and chicks.!

Plastic pollution is a pervasive threat to marine
organisms and a serious environmental problem
at a global scale. The recent endorsement of an
international, legally binding agreement by 2024
through the United Nations Environment Pro-
gramme (UNEP) to stop this planetary hazard, is
timely (draft resolution UNEP/EA.5/L.23/
Rev.1). As the world works towards prevention,
reduction, and elimination of plastic pollution,
seabirds will remain key sentinels to assess the
effectiveness of actions.
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