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Abstract

Arsenic in the liver, kidney and muscle of three species of sea turtles, e.g., green tGhtdenja mydas
loggerhead turtlesGaretta carettd and hawksbill turtlesEretmochelys imbricadawere determined using HG-

AAS, followed by arsenic speciation analysis using HPLC-ICP-MS. The order of arsenic concentration in tissues
was muscle> kidney > liver. Unexpectedly, the arsenic concentrations in the hawksbill turtles feeding mainly on
sponges were higher than the two other turtles primarily eating algae and mollusk which accumulate a large amount
of arsenic. Especially, the muscles of the hawksbill turtles contained remarkably high arsenic concentrations av-
eraging 153 mg kgt dry weight with the range of 23.1-205 mg&y(n = 4), even in comparison with the data

from other organisms. The arsenic concentrations in the tissues of the green turtles were significantly decreased
with standard carapace length as an indicator of growth. In arsenic compounds, arsenobetaine was mostly detected
in the tissues of all the turtles. Besides arsenobetaine, a small amount of dimethylarsinic acid was also observed in
the hawksbill turtles.

Introduction tles tend to be carnivorous and hawksbill turtles prefer
sponges (Uchida 1983). High arsenic concentrations
Sea turtles, classified into two families of six gen- are expected in green turtles and loggerhead turtles
era and seven species (Limpes$ al. 1988), are feeding on algae and mollusk which accumulate high
widely distributed in the tropical, sub-tropical and concentrations of arsenic (Phillips 1990; Tareaal.
temperate waters of the world’s oceans. Recent re-1992; Francesconi and Edmonds 1993) For the ar-
ports have documented that sea turtles are of greatsenic speciation in sea animals, there are very few
concern due to marine pollutions by plastic debris, reports about reptiles, especially sea turtles. Only
tar balls, heavy metals and persistent organochlorine one report showed that arsenobetaine dominates along
compounds.Although there is no report about arsenic with arsenocholine and arsenate in the leatherback
intoxication in sea turtles, arsenic distributions would turtle (Dermochelys coriacdafeeding on jellyfishes
vary with species and growth. Sea turtles are carniv- (Edmondset al. 1994). It is anticipated that the differ-
orous regardless of the species when they are youngences in prey items of these turtles affect the arsenic
juvenile soon after ecolosion. For the adult, the species speciation in these animals.
differ from each other in prey items, for instance, Arsenic compounds in sea water are mainly com-
green turtles are apparently algicolous, loggerhead tur- posed of arsenates with some arsenite, methylarsonic
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acid (MMA), and dimethylarsinic acid (DMA) (Ma-  Total arsenic concentration

her & Butler 1988; Cullen & Reimer 1989; Santosa | i i )
et al. 1996), whereas in biota, organoarsenic com- It is generally recognized that certain types of acid

pounds predominate. Marine algae contain arsenic atdi9estions (especially those using only nitric acid) do
1000—50000 times the level in their ambient seawater NOt quantitatively release all the arsenic present in the
(Francesconi & Edmonds 1993). The majority of algal tissues of marine biota, because some organogrsenic
arsenic is present as arsenosugars (arsenic-containing@mpounds cannot be completely decomposed in the
ribosides) which are believed to be biosynthesized by Procedure (Phillips 1990; Francescaetial. 1994).
algae from inorganic arsenic in seawater (Edmonds & 1 N€ temperature of acid digestion process is likely to
Francesconi 1987; Phillips 1990), while arsenobetaine P2y an important role in the total arsenic determina-
is absent. Dimethylated and trimethylated arsenosug- 10N Using a Hydride Generation-Atomic Absorption
ars have been reported in algae, the former being by SPectrometer (HG AAS). Anderson & Isaacs (1995)
far the predominant species (Morita & Shibata 1990). digested the samples at a maximum temperature of
Marine animals contain levels of arsenic comparable 283 K with a temperature controller. Otherwise, the
with algae (Francesconi & Edmonds 1993). Here the Samples were digested by a heating plate at 573 to
major arsenical is arsenobetaine; tetramethylarsonium 623 K (Yasui 1985). These reports suggested that acid
ion, trimethylarsine oxide and arsenic-containing ri- digestion for As determination requires a tempera-
bosides also occur as minor constituents in marine turé higher than 573 K. Thus, we used the Kjeldahl
animals (Francesconi & Edmonds 1993). dlgestlon method Wl_th direct gas burner heating to ob-
In the present study, arsenic in the liver, kidney and {@in temperatures higher than 573 K. Samples (about
muscle of the three species of sea turtles, e.g., greeno'2 g dry weight) were exactly.vv.elgh_ed into a Kjeldahl
turtles Chelonia mydas loggerhead turtlesQaretta flgsk, and then 3 ml of conc. nitric acid was added. The
carettg) and hawksbill turtles Eretmochelys imbri- ~ Mixture was gradually heated on the gas burner. After
catd) were determined using HG-AAS, followed with & vigorous reaction, the mixture was cooled, then 2 mi
arsenic speciation analysis using HPLC-ICP-MS, in of nitric acid, 2 ml of sulfuric acid and 4 ml of perchlo-

order to understand the distribution of arsenic species ¢ acid were added, and heated again on the burner.
in the turtles. The transparent mixture was concentrated to about

1 ml, cooled, and water added for analyzis by HG-
AAS. The procedure prior to a HG-AAS analysis was
the modified method of Kubotat al. (1990). Ten ml

of the digested solution was pre-reduced by addition
of 4 ml hydrogen chloride and 2.5 ml of 10% ascor-
bic acid, then made to 25 ml with water. The mixture
Twenty samples of green turtles (5 males, 13 females solution was analyzed for arsenic by HG-AAS.

and 2 unknown) and 4 samples of hawksbill turtles (3 ~ The accuracy of the procedure was examined using
females and an unknown) were collected at Yaeyamathe certified reference material NIES No.6 Mussel.
Islands in the East China Sea in March and May 1992, The recovery of As in arsenobetaine and the NIES
and 4 samples of loggerhead turtles (2 females and No. 6 sample through the entire procedure was greater
2 unknown) from the north Pacific in May 1990 and than 90%. The detection limit of this method was
March 1992. After dissection, each organ (liver, kid- 0.1 mg g* dry weight.

ney and muscle) was removed, then stored at 253 K o _ )

prior to analysis. The biological data are shown in SPeciation analysis of arsenic

Table 1.

Materials and methods

Samples

The extraction used in this study was the modified
procedure of Shibata & Morita(1992). Fresh samples
(about 0.2 g dry weight) were weighed into the cen-
trifuge tube, then 5 ml of methanol/water (1:1 v/v)
was added. The mixtures were homogenized, soni-
cated for 10 min and centrifuged (samples, 2500 rpm
for 20 min; standard materials, 2000 rpm for 10 min)
to obtain the supernatants. The extraction process was
repeated five times, and the extracts were combined,

Reagents

All the chemicals and solvents were reagent grade or
special grade commercial products. The certified stan-
dard reference material, NIES No.6 (mussel tissue,
Mytilus edulig, was provided by the National Institute
for Environmental Studies, Japan.
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Table 1. Samples in three species of sea turtles.

Sampling Sex Carapace length ~ Width
location (cm) (cm)
Green turtles Chelonia mydas
n=>5 Yaeyama Is male 43 to 80 391t0 63
n=13 Yaeyama Is female 40to 71 34t059
n=2 Yaeyama Is unknown 42,55 36, 41
Loggerhead turtles Caretta caretta
n=2 Tosasimizu female 86, 92 67, 69
n=2 North pacific  unknown 18,21 17,19
Hawksbill turtles Eretmochelys imbricata
n=1 Yaeyama Is. unknown 39 32
n=3 Yaeyama Is. female 381t0 58 37to 47

then evaporated to dryness. The dried residue was0.001 for all cases, U-test). For the three species of
dissolved in 2 ml of water, and filtrated for later turtles, the general order of arsenic concentration in
analysis. the tissues was musclekidney > liver.

Arsenic compounds in the extractants were an- Statistical differences in the hepatic arsenic con-
alyzed by high performance liquid chromatography centrations were observed between the green turtles
(HPLC, Perkin-Elmer, Integral LC System 100) - and loggerhead turtles and between the green turtles
inductively coupled argon plasma mass spectrome- and hawksbill turtles (U-testP < 0.05 for each
ter (ICP-MS, Perkin-Elmer, ELAN5000) (HPLC-ICP- case). In the muscle and kidney, the hawksbill tur-
MS) , with an ODS column GL Science Inc.,Inertsil tles had a significantly greater arsenic level than the
ODS, 4.6 x 250). Table 2 indicates the measuring green turtles and loggerhead turtles (U-tést< 0.05

conditions of each instruments. for each case). These results indicated a remarkably
Figure 1 shows the chromatograms of arsenobe- higher accumulationin muscle of the hawksbill turtles.
taine, DMA, and the extract from the certified ref- The arsenic concentrations in the green turtles in

erence material NIES No. 6. Based on the retention this study were slightly higher or similar to those of the
time, two peaks, (I) and (1), in the NIES No. 6 chro- same species (Aguiret al.1994; Gordoret al.1998).
matogram were identified as arsenobetaine and DMA, The green turtles stranded in south eastern Queens-
respectively. This chromatogram was compared to that land, Australia, had average concentratiaghsSD
obtained by Shibata & Morita (1992), thus expecting (mg kg~! wet weight basis) of 0.2& 0.04 in the liver

that the two rest peaks were identified as arsenosugarsand 0.19+ 0.05 in the kidneyf = 23) (Gordoret al.

(arsenic-containing ribofuranosides). 1998). Arsenic in the species collected in the Hawai-
The data were analyzed using the Statistics Soft- ian Islands were less than 0.6 mg#g(wet weight
ware SPSS/PEVer.3.0J. basis) ¢ = 11), except for one sample (Aguiret al.

1994). For the loggerhead turtles stranded on south-
eastern Queensland, the arsenic concentrations were

Results 0.46+ 0.24 mg kg! (wet weight basis){ = 6) in
. o _ the liver and 0.71+ 0.26 mg kgt (» = 3) in the
Total arsenic concentrations in the tissues kidney. As shown in Table 4, arsenic accumulation in

leatherback turtles other than green turtles and logger-
head turtles has been reported (Davenport & Wrench
1990; Edmondet al. 1994; Godleyet al. 1998). The
arsenic concentrations in the muscle of hawksbill tur-
tles in the present study were apparently higher than
those in the other turtles.

Table 3 shows the average concentrations of arsenic in
the tissues of the green turtles (Chelonia mydas), log-
gerhead turtles (Caretta caretta), and hawksbill turtles
(Eretmochelys imbricata). There were significant dif-
ferences in the total arsenic concentrations of the green
turtles between the muscle and liver, between the mus-
cle and kidney and between the liver and kidn2y<
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Table 2. Operation and measurement condition of HPLC and ICP-MS

HPLC perkin-elmer integral LC System 100

Column GL Science Inc., Inertsil ODS, 4:6250 mm
Buffer 10 mM tetraetylammonium 4.5 mM malonicacid
Flow rate 0.75 ml/s

pH 6.8

Injection 5ul

ICP-MS Perkin-Elmer ELAN 5000

RF power 1000w

Scan mode Graphics

Measured mas 75 miz

Total integration time 800

Table 3. Total arsenic concentrations, standard diviation and ranges (Min-Max) in three species of sea turtles

Arsenic concentration{g/g dry wt.)

Liver Muscle Kidney
Green turtles
Chelonia mydas n=19 1.76+ 0.95 (0.44-5.34) 24.3 13.1 (2.58-74.9) 5.72 2.99 (0.15-9.99)
Loggerhead turtles
Caretta caretta n=4 6.32+ 1.56 (4.24-9.43) 20.6- 13.1 (5.19-45.5) 9.4% 5.37 (4.01-20.2)

Hawkshbill turtles
Eretmochelys imbricata n =4  15.3+ 8.77 (4.94-32.8) 153 65.1 (23.1-205) 28.3 9.82 (8.62—36.6)

Variation of arsenic concentrations with carapace detected at the retention time of 300 s. Judging from
length in green turtles the chromatograms of the certified materials in Fig-
ure 1, this peak was identified as arsenobetaine. The
To date no one has reported the detailed life CyCle same phenomena were observed even in other sam-
of sea turtles and an appropriate age determinationples of each species. In the three species of turtles,
method. Thus, the present study used standard caragrsenobetaine was the most dominant among arsenic
pace length (SCL) as an indicator of the growth stages compounds which can be experimently detected in the
in sea turtles. Figure 2 showed the relationShipS be- present Study_ Another small peak other than arseno-
tween the SCL and total arsenic concentrations in the petaine was detected in the liver and kidney of the
tissues of green turtles. Arsenic in the muscle was hawksbill turtles, and identified as DMA judging from
significantly decreased with SCLP(< 0.005). The  the retention time in the chromatograms of Figure 1.
arsenic concentrations widely varied in the young or This slight DMA peak was also present in the liver
small body, while the range of fluctuation decreased and kidney of the green turtles, while those tissues
with growth. The relationship between arsenic and of the hawksbill turtles had no DMA peak. The peak
SCL can not be determined in the loggerhead turtles \yas never detected in any of the loggerhead turtle tis-

and hawksbill turtles due to the small sample size.  syes as well as in the muscles of the hawksbill turtles.
o _ No other arsenic compounds such as arsenocholine
Speciation of arsenic was detected in any of the samples. If arsenocholine

and arsenites were to exist in the samples, the peaks

Figures 3a, 3b, and 3c show the chromatograms of theshould have appeared at retention times of about 270

arsenical compounds extracted from the tissues of the
three species of turtles. In all cases, a large peak was
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Table 4. Mean arsenic concentrations in muscle and whole body of marine organisms.

Species Parts As conc. References
(ng/g dry wt.)
Reptiles Eretmochelys imbricata muscle 153.00 This study
Chelonia mydas " 24.1 "
Caretta caretta " 20.6 "
Dermochelys coriacea " 14.0 Godley et al. (1998)
" (%) 0.7 Edmonds et al. (1994)
"(*) 0.21 Davendport & Wrench (1990)
Fishes Pleuronectes herzensteini " 36.00 Shinagawa et al. (1983)
Seriola quinqueradiata " 5.0 "
Trachurus trachurus " 25.6 "
Scomber japonicus " 5.4
Cololabis saira " 5.5 "
Sardinops melanosticta " 17.3 "
Protochordata  Halocynthia roretzi " 25.0
Mollusca Batillus cornutus Muscle 15.0
Tapes philippinarum soft tissue 17.5 "
Octopus vulgaris muscle 49.0
Chlorophycaae Codium fragile whole 3.2 Jin (1983)
Chaetomorpha moniligera " 19.0 "
Phaeophyceae Gracilaria verrucosa " 16.3
Grateloupia filicina " 14.3
Rhodophyta Hizikia fusiforme " 61.3 Shinagawa et al. (1983)
" " 110.0 Jin (1983)
Sargassum piluliferum " 110.00 "
Cystophyllum hakodatense " 230.0 "

(*): wet weight basis.

and 285 s, respectively, based on the chromatogram ofother prey items (mollusk and marine algae) for the
Edmond<t al. (1994). turtles (Francesconi & Edmonds 1993). The occur-
rence of the DMA according to the species of turtles
were not explained by the arsenical speciation in their

Discussion prey items, implying a different capacity in the arsenic
metabolisms in the species of turtles. It is expected that
Organic arsenic compounds the metabolism for organic arsenic varied with species

even in several experimental animals (Vahter 1994).
Commonly in the three species of turtles, of all the The present results may indicate another assumption
arsenic compounds, arsenobetaine was predominantlythat DMA binding proteins exist in the liver and kid-
detected and small amount of DMA existed in the ney of the hawksbill turtles and green turtles. Styblo &
liver and kidney of the hawksbill turtles and green Thomas (1997) found that a rat's hepatic cytosolic pro-
turtles. In the leatherback turtle®érmochelys co-  teins combined with DMA. Generally, in mammals,
riaced), arsenobetaine mostly existed in the muscle arsenobetaine and DMA are quickly excluded through
and liver together with arsenocholine and arsenate, the urine from their bodies (Shiomi 1994). However in
but DMA was not detected (Edmones al. 1994).  rats, the rmoval of DMA through the urine was slow
Hanaokaet al. (1999) reported that jellyfish, a pri-  (Lerman & Clarkson 1983; Vahtet al. 1984), due to

mary prey for leatherhead turtleS, had arsenobetaineDMA retention by SH groups on the red blood cells
as the dominant organic form of arsenic, together with (Cullen & Reimer 1989).

tetramethylarsonium ion and arsenocholine as minor
constituents. Arsenobetaine was the dominant form in
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Figure 1. Chromatograms of the extracts of a certified reference of turtles

a certified reference material; NIES No. 6 Mussel, arsenobetaine

and DMA. Column, GL Sciences Inc., Inertsil ODS, 4&®50 mm: As seen in Figure 2, arsenic in the tissues decreased
buffer, 10 mM tetraethylammonium 4.5 mM malonicacid (pH 6.8): with SCL in the green turtles. The negative correla-
flow rate, 0.75 mi/min: Gl was injected. tion between the hepatic arsenic concentrations and

body length was also observed in pilot whal€dd-
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bicephala melaena(Meador et al. 1993). On the with the long retention for arsenobetaine included the
contrary, no age-dependent accumulations of arsenicmuscle in rabbits, but other tissues in rats and mice, al-
are found in the green turtles stranded in Australia though the mechanism of arsenobetaine retention has
(Gordon et al. 1998), in pilot whales around the notyet been determined in rabbits.

Faroe Islands (Julshanet al. 1987; Caurantt al.

1994), and in bowhead whales in Alaska (Kraieal. Species-specific accumulation

1999). The main factors for the arsenical decrease

with growth in the green turtles are anticipated to N Table 4, the arsenic levels in the muscle of logger-
be the difference in the metabolic or feeding rates head turtles and green turtles were similar to those in
between old and young individuals, and the shift in the other marine creatures, whereas that of the hawks-
preferred foods from the young to old individuals. bill turtles was extremely high, similar to the red algae.
Young green turtles primar”y feed on Zoop|ankton’ Genera”y, in marine food webs, arsenic is biocon-
while the mature animals preferab|y eat sea a|gae_ centrated but not biomagnified, and the accumulations
Arsenic dominant compounds were arsenobetaine in Were large in the lower creatures (Lindsay & Sanders
zooplankton and arsenosugars in algae (Francesconi-990; Francesconi & Edmonds 1993; Eisler 1994).
& Edmonds 1993), although the total arsenic level of It is interesting that a relatively higher animal, the
zooplankton is similar to that of algae, regardless of hawksbill turtles had a high arsenic concentration like
the variations in location and species. The absorption the lower creatures. To date, the apparent reason has
rate of arsenobetaine is quite high (Vahteal. 1983; not been grasped for the high arsenic accumulations in
Yamauchiet al. 1986), whereas arsenosugars are less this species. If any, reasons for the phenomeon could
absorbable through the gastrointestinal tract (Shiomi be differences in the arsenic concentration and spe-
etal.1990). Thus, a shiftin the prey items with growth ~ Ciation among the prey items. As shown in Table 4,
may decrease the total arsenic absorption in the bodyarsenic concentration of mollusk, a prey of logger-

of turtle. head turtles, was similar to that of the macroalgae for
greenturtles. Arsenic of two porifera of a prey item for
Arsenic distribution in the tissues hawksbill turtles were 3.2 and 6.8 mgT(nget Welght

(Shiomiet al. 1988), and not extremely higher than the
In general, both organic and inorganic arsenic forms other species. The differences in the element concen-
were accumulated in the liver, kidney, lung and spleen tration among the species can not be explained by the
of mammals (Yamauchi & Fowler 1994). In all three prey’s specific concentrations. Another reason for the
species of turtles, the order of arsenic concentration phenomeon is not the arsenic speciation in the prey
in the tissues was muscle kidney > liver (Table 3). items, because only 15 % of the arsenic compounds in
Godley et al. (1998) similarly reported that arsenic porifera exist as arsenobetaine (Shiaghial, 1988),
in the muscle (14 mg kg* dry weight) was greater  thus not being much absorbed more than those for the
than that in the liver (8.2 mg kg) in a leatherback  others. Alternatively, two assumptions for the large
turtle from British watersi{ = 1). In contrast, the he-  accumulation in the hawksbill turtles were considered.
patic arsenic concentration (0.56 mgRgiry weight) One is that the species may feed on prey which con-
was higher than that (0.21 mg kg in the muscle tained an abnormal amount of arsenic compounds, and
for the same species: (= 1) from the Irish Sea  the hawksbill turtles may have a different in specific
(Davenport & Wrench 1990). The high arsenic ac- metabolism for this element compared to the other
cumulation in the liver or kidney rather than in the turtles.
muscle was also observed in other marine animals,
pilot whales (Julshamat al. 1987; Muiret al. 1988) Toxic influences
and narwhale (Wagemarat al. 1983). Therefore, the
high concentrations in the muscle of the present tur- The present study found a remarkably high accumula-
tles might indicate that the species have a specific tion of arsenic in the hawkshill turtles, and predom-
arsenic metabolism mechanism. In birds and terrestrial inant arsenic species were arsenobetaine and DMA.
animals, the metabolism for inorganic arsenic signif- The turtles are not likely to be affected by these As
icantly varied with species (Aposhian 1997; Vahter compounds, because the toxicities of arsenobetaine
1999), as well as the organic forms (Vahter 1994). and DMA are very low (Kaiset al. 1985; Kaiseet al.
For example, Vahteet al. (1983) found that the tissue  1989). However, a recent study showed that DNA
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damage was induced by free radical species (dimethy-for Scientific Research (No. 12308030) from the Min-
larsenic peroxyl radical and active oxygens) from the istry of Education, Science and Culture, Japan.
DMA metabolites, dimethylarsine and molecular oxy-
gen (Okada & Yamanaka 1994).Therefore, it may be
necessary to investigate the influences of DMA in the References
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