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ABSTRACT

MEYERS- SCHONE, L. and B. T. WALTON. 1990. Conparison of
two freshwater turtle species as nonitors of
environnental contamination. ORNL/TM-11460.

Cak Ridge National Laboratory, Cak Ridge
Tennessee. 181 pp.

Two species of turtles that occupy different ecol ogical niches
were conpared for their usefulness as nonitors of contamnation in
freshwater ecosystens. Trachenvs seripta (Agassiz) (yellowbellied
slider) and Chelvdra sernentina (Linnaeus) (common snapping turtle) were
selected for conparison based on species abundance and differences in
food habits and sedinent contact. A review of the literature on
contamnants in turtles and results of prelimnary surveys conducted at
the field sites, which are included in this study, were used to direct
and focus this research project.

Wiite Cak Lake, a settling basin for |lowlevel radioactive and
nonradi oactive contam nants, and Bearden Creek Enbaynent, an
uncont am nated reference site upriver, were used as study sites in the
investigation of turtles as indicators of chem cal contanm nation.
Turtles were analyzed for concentrations of strontiumgo, cesium 137,
cobalt 60, and nercury in specific target tissues, and for single-
stranded DNA breaks, a non-specific indicator of possible exposure to
genotoxic agents in the environment. Significantly higher
concentrations of ®sr, *cs, ®co, and mercury were detected in turtles
fromWite Oak Lake than in turtles fromthe reference site. In addi-
tion, turtles from Wite Cak Lake contained a significantly greater
anount of DNA damage than those fromthe reference site. A though this
suggests greater exposure of Wite Oak Lake turtles to genotoxic agents,
further studies are needed to establish the cause of the enhanced amount
of single-stranded breaks.

Interspecific conparisons of the turtles from Wite Cak Lake
indicated that diet may play a significant role in the exposure of
turtles to certain contamnants. No difference was detected between the
concentrations of sr, ¥cs, and ®co between the two speci es.

xiii



Mercury concentrations in ¢.

in I.scrinta. No difference was detected in the anount of DNA damage
between T. scrinta and C. sernentina. Although both species were

effective nonitors of contamnants in Wite Oak Lake, €. sernentina (the
carnivorous species) may be of greater value in the detection of

sernentina were significantly higher than

contam nants with high bionmagnification potential such as methylnercury.
In addition, less variability detected in the €. sernentina data than in
the T. scrinta data suggests the fornmer species as having greater
uniformty of exposure to the contamnants in Wite OGak Lake, thereby

favoring the use of ¢. sernentina as a bioindicator species

xiv



1. I NTRODUCTI ON

Bi ol ogi cal monitoring, defined here as the use of biota for the
detection of chemcal contaminants in the environment, can provide
information useful to the control and regul ation of toxicants in the
environment.  Such information is used to deternine the degree of
contam nation at a site and can indicate the bioavailability of chenica
contam nants. In addition, the monitoring of contam nants in bjota can
be used to estimate the inpact of a contam nant on an indicator species
and on the ecosystemas a whole. Such information can also be used to
eval uate potential risks to humans (e.g., Suter 1989). Essential to
such biological monitoring efforts are the selection of an appropriate
i ndi cator species (National Research Council 1986) and the use of
sui tabl e anal ytical techniques.

Several taxa have been used to monitor contaninants in aquatic
ecosystens, included anong themare fish (e.g., Schmtt et al. 1985),
aquatic plants (e.g., Chlendorph et al. 1986) and invertebrates (e.g.
Huckabee et al. 1979), and turtles (e.g., Albers et al. 1986). This
study focuses on the use of turtles as bhiological nmonitors. Freshwater
turtles have several favorable characteristics that make them useful for
bi ol ogi cal nonitoring of contamnants. They are often comon in ponds,
| akes, and some river systems and several species often occur at the
sane site. They are long-lived, and may reach an age of 10 to 50 years
in the wild depending on the species and environnental conditions
(G bbons 1987). This allows for long-term exposure to contam nants
Turtles are nobile within ecosystens. Many species may travel distances
ranging froma few hundred neters to several kilometers during a year.
The fact that turtles are both long-lived and nmobile allows for the
integration of exposure over tine and space. These attributes are very
important for biomonitoring. In addition, liver, fat, kidney, nuscle
and bone, key tissues useful in residue and biochenical analyses, are
avai lable in large quantities. Inportant ecological differences also
exi st among species. \Wen species feed at different-frophic |evels,
useful information may be obtained on the bioavailability and
bi omagni fication of contamnants. Simlarly, the extent of contact wjth
sediments, which is a sink for non-volatile contam nants in slow moving
waters, is highly species specific. A sedentary species would have



greater contact with the sediment than a pelagic species and, therefore,
woul d have greater exposure to contamnants that accunulate in sedinent.
A variety of chemcal contam nants have been reported in turtles (e.g.
Albers et al. 1986, Oafsson et al. 1983, Scott et al. 1986); however
the inportance of turtle species selection in the nonitoring of specific
contam nants has not been addressed. The purpose of this study is
threefold: (1) to conpare concentrations of selected contam nants in two
turtle species, (2) to conpare the response of each species to a
nonspeci fic biochem cal indicator of contam nant exposure and (3) to
eval uate the influence of food and sedinment contact on contam nant
exposure.

Selection of the two species was based on several criteria. The
species were to occupy different ecological niches, that is, occupy
different trophic levels and differ in the degree of contact wth
sediments. The availability of information in the literature on the
accunul ation of contamnants by these species was a criterion for
selection. Finally, the species selected had to be abundant in the
study sites and readily trappable.

Studies on the uptake of pesticides, PCBs, netals and
radionuclides by turtles are presented in the literature review
(Section 2) as are investigations on biochem cal and histopathol ogi ca
responses of turtles to chemcal and physical stressors. The use of
turtle growth rates as a possible indicator of exposure to contam nants
in the environment is also evaluated. The information fromthis review
indicated that Trachenvs scrinta (Agassiz) (yellowbellied slider
turtle, Rnydidae) and Chelvdra sernentina (Linnaeus) (common snapping
turtle, Chelydradae) are species frequently used to nonitor chem ca

contam nants in freshwater wetlands.

Site reconnai ssance data froma contamnated and a reference site
on the Gak Ridge Reservation are presented in Sections 3 and 4.
Prelimnary sanpling of turtles fromthe two study sites reveal ed
T. scripta and C. serpentina as the nost frequently trapped species from
both sites. Section 4 also contains data on the distribution and
concentrations of specific contamnants in turtles from the contam nated
site. These data were used to define contam nants and key tissues to be



used for residue analysis. Data on the food habits of three species of
turtles were collected (Section 4) and used to focus the study on two
species that occupy different trophic levels. [Information both from the
literature review (Section 2) and fromthe prelimnary surveys
(Section 4) showed I. scrinta and C. sernentina as the two species nost
appropriate for the purposes of this study. Natural history background
on these species are presented in part A of Section 5.

Based on results fromprelimnary studies, I. scrinta, a pond
turtle that feeds primarily on vegetation, was conpared with
C. serpentina, a carnivorous species nore closely associated with
sedinent, to determne their usefulness as indicators of contam nants in
a freshwater ecosystem These species were collected froma site
containing radioactive and non-radioactive contam nants and from a
reference site. (Site descriptions are in Section 3.) Turtles were
anal yzed for tissue residues of strontium-90, cesium 137, cobalt-60, and
mercury, and for DNA damage, a non-specific indicator of exposure to
genotoxi c agents (Section 5). In addition, gut analyses were perforned
on both species to establish dietary sources of contam nation
(Section 5).  Conparisons were made between sites and between species in
order to evaluate the inportance of species selection when turtles are
used to nonitor chemical contam nants in freshwater environments.



2. REVIEW OF TURTLES AS MONI TORS OF ENVI RONVENTAL CONTAM NANTS

The utilization of turtles as indicators of environnenta
contamnation is not a novel idea. Turtles have been used increasingly
as bioindicators during the last ten years, yet they have not been used
as extensively as fish in aquatic environnents or small manmmals in
terrestrial environments. This trend coincides with increased public
and governmental concern for the health of the environment. Al though
several studies report chemcal contamnants in turtles, the majority of
these investigations are surveillance reports on chemcal contam nants
within a few individual turtles of various species with no reference
made to contam nant concentrations in the surrounding environnent.

Col l ectively, these studies denmonstrate that turtles can accumul ate
chlorinated organic conpounds, metals, and radionuclides fromthe
environment. Turtles have proven to be especially useful as biomonitors
of polychlorinated bi phenyls (PCBs) (e.g., Stone et al. 1980, Watson et
al. 1985) and strontium90 (e.g., Holcomb et al. 1971). In general
affinities of the chemcal contamnants for specific tissues in turtles
(e.g., Meeks 1968, Stone et al. 1980) were simlar to those reported in
birds and marmals (e.g., Matsunura 1975, Eisler 1986b). There is al so
sone indication that organochlorine pesticides and PCBs nmay be
transferred to eggs in utero (e.g., Flickinger and King 1972, Stone et
al. 1980). Aso, the detection of chemcal contamnants in turtles
collected kilometers away from the nearest point source provides
evidence for the novement of such contam nants through the ecosystem
and, in sone instances, indicates the ability of turtles to concentrate
trace anmounts of contam nants from the environnent (Holconb et al

1971). Finally, a few studies have focused on the use of biochem cal
paraneters and growth rates in turtles as indicators of exposure to
contamnants in the environnent (e.g., Bickhamet al. 1988). These
studi es, however, often present inconclusive results.

Studies of contam nant concentrations in terrestrial, freshwater,
and narine turtles are included in this review Al concentrations
reported in the open literature since 1950 are summarized in APPENDI X A
and are expressed on a wet weight basis unless otherwise noted. Dry



wei ght tissue concentrations reported by authors were converted to wet
wei ght concentrations using conversion factors presented by Meeks
(1968). Dry weight concentrations in egg yolks of Caretta caretta were
converted to wet weight concentrations using a conversion factor
obtained from a summary of weights in Ewert (1979). Concentrations
reported in whole body and egg do not include shell unless otherw se
noted. Furthermore, all concentrations are presented in standard
international units (i.e., sg/g and Bq/g).

2.1 PESTI Cl DES

The only group of pesticides that have been neasured in field
collected turtles is the organochlorine pesticides. A review of
pesticides in reptiles was published by Hall in 1980. The present
review, however, is restricted to data published on organochl orine
pesticide concentrations in turtles from 1950 to 1989 as they pertain to
bi ol ogi cal monitoring. The pesticides that have been detected in
turtles are dichlorodiphenyltrichloroethane (DDT), aldrin
(1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo-ex0-5,8-
di met hananonapht hal ene), dieldrin(1,2,3,4,10,10-hexachloro-gxo-6,7-
epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-ex0-5,8-
di net hanonapht hal ene), endrin(1,2,3,4,10,10-hexchloro-6,7-epoxy-
1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-endo-5,8-dimethanonaphthalene),
hept achl or ¢(1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-
met hanoi ndane), m rex (dodecachlorooctahydro-1,3,3-metheno-2H-
cycl obut a( cd) pent al ene), chl ordane(1,2,4,5,6,7,8,8-octachloro-
2,3,3a,4,7,7a-hexahydro-4,7-methanoindene), nonachl or
1,2,3,4,5,6,7,8,8-nonachlor-2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-
i ndene), and toxaphene (a m xture of various chlorinated camphenes).

The nost frequently nonitored pesticide in turtles has been DDT
and its netabolites (Meeks 1968, Flickenger and King 1972, Hllestad et
al. 1974, Reeves et al. 1977, Punzo et al. 1979, Stone et al. 1980,
Cark and Krynitsky 1980, Cark and Krynitsky 1985, Al bers et al. 1986).
As in birds and mammal s (Mat surmura 1975), DDT in turtles is metabolized
t o di chl orodi phenyl di chl or oet hyl ene (DDE) and dichlorodiphenyl-
di chl oroethane (TDE), with p,p’-DDE as the major netabolite



(Onen and Wells 1976). The presence of DDT in the freshwater turtles
(Reeves et al. 1977, Punzo et al. 1979, Stone et al. 1980, A bers et al.
1986), sea turtles (McKim and Johnson et al. 1983), and in the eggs of
marine turtles (Hllestad et al. 1974, Oark and Krynitsky 1980, dark
and Krynitsky 1985) collected since the 1972 ban on the use of DDT in
the United States reveals the persistence and w de-spread distribution
of the pesticide in the environment.

In turtles, as with other vertebrate taxa, organo-chlorine
pesticides have great affinity for tissues high in lipid content (Meeks
1968, Stone et al. 1980, Pearson et al. 1973). The partitioning and
subsequent storage of pesticides in adipose tissues can protect a turtle
against the toxic chlorinated organic conpounds. The utilization of fat
reserves results in the redistribution of the pesticide and or its
met abolites. These conpounds are eventually elimnated into the urine
and feces (Matsunura 1975) or are transferred to eggs in utero
(Fl'ickinger and King 1972, Hol conb and Parker 1979, Punzo et al. 1979,
Stone et al. 1980). Liver and kidney in turtles tend to contain
concentrations of these pesticides that are lower than that detected in
fat, but higher than that detected in other soft tissues (Meeks 1968,
Pearson et al. 1973). H gh concentrations are expected in |iver because
it is the major site of detoxication for xenobiotics that enter the
body. Oganic chemcals that enter the body may be elimnated into
urine in either the original formor as a netabolite of the parent
conpound, thus, high concentrations may be found in kidney as well.
Concentrations of DDT and its netabolites in reproductive organs are
usual Iy within the range of concentrations detected in |iver and kidney
tissues (Meeks 1968). Both DDT and dieldrin have been detected in the
brains of turtles exposed to these pesticides (Meks 1968, Pearson et
al. 1973).

Differences in the concentration of an organochlorine pesticide
among species of turtles collected froma comon site have been
attributed to differences in food habits. Holcolnb and Parker (1979)
nmonitored concentrations of mrex in Chrvsenvs scrinta (= Irachemys

scripta) and Terrapene Carolina (Eastern box turtle) collected froman



area that received four applications of the pesticide (5% mrex

sol ution) during a period of eight years. H gher concentrations were.
detected in the nmore carnivorous I. Carolina than in €. scrinta
suggesting the biomagnification of nirex. Differences were also
reported in the concentrations of DDE in the eggs of marine turtles
(Aark and Krynitsky 1980). The eggs of Caretta caretta (| oggerhead sea
turtle) contained higher concentrations of DDE than those of Chelonia
mvdas (green sea turtle) collected fromthe same seashores. |f the DDE
inthe eggs is assuned to have been transferred as a metabolite of DDT
fromgravid females, then it is possible that differences in DDE
concentrations are attributed to differences in the diets of the adult
turtles. Caretta caretta feeds primarily on fish, clams, sponges, and
jellyfish, whereas, ¢. nvdas feeds primarily on |arge seaweeds

(Carr 1952). The biomagnification of DDT and its netabolites has also
been reported in other vertebrate taxa (e.g., Woodwell et al. 1967,

Mul hern et al. 1970, Belisle et al. 1972) therefore, the correlation

bet ween carnivory and el evat ed DDT concentrations in €. caretta is
plausible. Flickinger and King (1972) also attributed a species differ-
ence in aldrin and dieldrin concentrations to the food habits of the
turtl es examined. Higher concentrations of these pesticides in

T. scrinta than in Kinosternon flavescens (yellownud turtle) were
attributed to the consunption of aldrin-treated rice seed by the

herbi vorous T. scrinta. In this instance, the carnivore did not receive
the highest exposure to the pesticide, indicating that direct ingestion
of the contam nant may al so serve as a critical route of exposure to
turtles. These studies provide a limted amount of evidence that.,
dietary preferences may explain differences in contam nant concentration
between turtles.

Interspecific differences have al so been noted in the
sensitivities of turtles to organochlorine pesticides. Phillips and
Wells (1974) found species differences in the response of adenosine
tri phosphatase (ATPase) to DDT. O the five species studied,

C serpentina and Trionyx spinifer (= Trjonyx spiniferus, Eastern spiny
soft-shell turtle) appeared to be the most sensitive species di spl ayi ng
the greatest inhibition of total ATPase activity at the highest



concentration of DDT used in the in vitro study (53 «M DDT in the
reaction mxture that included tissue honpgenate, NaCl, KCl, Na,ATP,
MgCl, and 1 mM DDT). Sinilar effects were observed among the species at
| ower concentration (5.3 and 0.53 xM DDT) and were stinulatory at the

| owest concentration in the organs of sone species. A simlar study was
conducted by Wlls et al. (1974) where the effect of dieldrin and aldrin
on ATPase activity in tissues of Graptemvs geographica (map turtle) was
nmeasured.  The degree of inhibition, however, was not as great as that
observed using DDT in the same species (Phillips and Vells 1974),
especially for kidney and |iver tissue. Organochlorine pesticides are
general |y considered central nervous system (CNS) toxicants. Neither of
these studi es, however, measured the effects of the pesticides on brain
tissues. The LDgy for technical grade DDT in rats is approximtely 4.7
times greater than that for dieldrin (Mrphy 1980), indicating dieldrin
as the nore toxic compound in rats. [f, as in rats, dieldrin is nore
toxic than DDT in turtles, then the inhibition of ATPase activity (which
can result in a decline in the active transport of conpounds across

cel lular menbranes) may not play as critical a role as the effect of
organochl orines on the central nervous system Additional research is
needed before the physiol ogical and biochem cal responses of turtles to
pesticides is understood.

Freshwater turtles are as effective as nost vertebrate fauna in
their ability to accunul ate organochl orine pesticides, specifically DDT,:
froma contam nated wetland. Meeks (1968) treated a 1.61 ha marsh with
0.22 kg of DDT/ha and reported that during the 15-month study the
hi ghest concentrations detected anong the reptiles, birds, and mamal s
sanpl ed occurred in fat froma Northern water snake (Natrix sipedon
sioedon, 23.66 gg/g), a Virginia rail (Rallus |imcola, 15.96 gg/g), and
a common snapping turtle (€. sernentina, 13.04 ug/g). Two Blanding's
turtles (Enps blandingii) and seven painted turtles (Chvsenvs picta)
contained concentrations [ower than that detected in the snapping
turtle. Concentrations detected in fish were generally |ower than that
reported in birds and reptiles. Carnivorous species such as the Northern
wat er snake, Virginia rail and snapping turtle reached their peak
concentrations 13 to 15 nonths following initial exposure to the DDT.




This study effectively illustrates the bioaccumulation and
bi omagni fication of DDT over tinme.

2.2 POLYCHLORI NATED BI PHENYLS

Turtles appear to be excellent nonitors of PCB contanmination in
aquatic environnents. Polychlorinated biphenyls, |ike organochlorine
pesticides, concentrate primarily in adipose tissue (Stone et al. 1980,
Helwi g and Hora 1983, Watson et al. 1985, Bryan et al. 1987a).
Reproductive organs in turtles from PCB-contaminated sites, also contain
relatively high concentrations of PCBs conpared to other soft tissues
(Bryan et al. 1987a). The highest reported concentration of PCBs in
turtles is 4,530 xg/g in the fat of a €. sernentina collected froma
pond near a liquid waste disposal site (Watson et al. 1985). The
concentration in the fat of this turtle was 10* tines greater than that
in whirligig beetles (Gyrinidae) and 1.7 x 10* tines that detected in
three species of fish, the punpkinseed sunfish (Lepomis pibbosus),

gol den shiner (Notem nonius crvsoleucas), and brown bul | head (lctal urus
nebul osus). The concentration in turtle nuscle, however, was |ower than

detected in fat and is only 6.27 tinmes greater than the average PCB
concentration in whole fish. These data suggest that PCBs were

bi omagnified in the pond ecosystem Several other studies have reported
PCB concentrations in the fat of field-collected turtles that exceed
1000 wg/g (O afsson et al. 1983, Stone et al. 1980, Bryan et al. 1987a).
In conparison with other vertebrates, fish are the only other taxa where
concentrations exceeding 1 mg/g have been detected in species fromthe
Wi | d (Eisler 1986b). These fish were collected fromthe Hudson River in
an area of known PCB contamination (Brown et al. 1985). The ability of
turtles to store high concentrations of PCBs in their fat wthout
apparent adverse effects nmakes this taxa extremely useful for the

bi ol ogi cal monitoring of PCBs in freshwater ecosystens.

Pol ychl orinated bi phenyls can be transferred from a gravid turtle
to her eggs in utero (Stone et al. 1980). Concentrations in the eggs
appear to be dependent on whether fat reserves are present in the gravid
females. Stone et al. (1980) reported PCB concentrations in the eggs
and tissues of five gravid €. serpentina collected fromthe
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Hudson River. Liver and nuscle were analyzed from each of these

turtles, however, a fat sanple was only analyzed fromone turtle.

Al though not discussed in the paper, it is possible that fat reserves
were not present in four of the fenmales and, therefore, could not be
anal yzed. Female turtles will fast during the nesting season. Such an
activity would result in the nobilization of the stored PCBs that coul d
alter the ratio of PCB concentrations in different tissues. Miscle
contai ned 60.8% of the concentration detected in the liver of the turtle
that had fat and the concentration in the eggs slightly exceeded that
detected in muscle. The eggs fromthis turtles contained 2.9% of the
concentration detected in the adipose tissue of the female. In

contrast, the remaining four turtles contained nuscle concentrations of
10. 5% of that detected in liver; and PCB concentrations in eggs exceeded
those reported in nuscle by 10 to 64 tines. It may be that the
utilization of fat reserves resulted in the nobilization and
preferential deposition of PCBs into the lipid-rich egg yolks. Toxic
fornms of PCBs are transferred to the eggs, the majority (95% of which
is concentrated in yolk (5% is partitioned into al bumn and shell)

(Bryan et al. 1987b). Because high concentrations of PCBs can be
transferred to turtle eggs in utero, studies are needed to deternmine the
concentrations of PCBs that are lethal to the devel opnent of turtle eggs
and that may subsequently result in population decline in highly

contam nated areas.

There is some indication that sex differences occur in the ability
of turtles to concentrate PCBs. Al bers et al. (1986) reported that
mal es contained significantly higher concentrations of PCBs than
females. The nean concentration in the fat from €. sernentina was
40.1 ug/g in nales and 8.41 ug/g in females. This difference may be due
to the elimnation of PCBs into eggs by mature females. |If a sex
difference does exist and is due to elinmnation of PCBs into eggs, the
sanpling and analysis of exclusively adult males may result in a nore
uni form set of data among the turtles sanpled throughout the active
months of the year. In any event, the reproductive status of all
turtles should be noted for conparative purposes.
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2.3 METALS

Heavy netals have been nonitored extensively in both terrestria
and aquatic systems, however, only a few studies have used turtles as
nonitors of metal contamination in the environnent. The metals that
have been neasured in either field-collected turtles or turtle eggs are
| ead, nercury, cadm um chromum copper, zinc, nickel, nolybdenum
iron, cobalt, aluminum strontium and barium The mgjority of the
information available focuses on residue concentrations and tissue
distributions of these netals with no reference made to contam nant
concentrations in the environnent.

Tissue distributions of netals in turtles are simlar to those
reported in manmals. Bone and shell contain the highest concentrations
of lead, followed by liver and kidney tissues (Beresford et al. 1981,
Krajicek and Overman 1988). Exposure to |ead can be measured in turtles
from sanpl es of carapace and bl ood that can be obtained w thout harmto
the animal and are therefore recomrended as tissues to be used for
routine monitoring of lead (Krajicek and Overman 1988). Among the soft
tissues, highest concentrations of cadmium were detected in Kkidney
ti ssue (Robinson and Wells 1975). Mercury, chromum nickel and zinc
have been neasured in kidney and liver tissues of turtles (Al bers et al.
1986, Helwig and Hora 1983, Flickinger and King 1972). These tissues
usual ly contain the highest concentrations of metals (Hamond and
Beliles 1979) and are generally used in the monitoring of netals in
mammal s and birds (Eisler 1985a, 1985b, 1986a, 1987).

Concentrations of copper were found to vary with the sex of the
turtle. A bers et al. (1986) noted significantly higher concentrations
of the netal in the livers of nale €. sernentina than in the fenal es
fromthe same site. No other netal comeentrations were correlated with
the sex of the turtle. The sex related difference reported by Al bers et
al. (1986) nmay be attributed to the elimnation of copper by gravid
females into their eggs or differences in exposure due to activity
patterns or feeding habits that may vary during the breeding season.

Several metals have been neasured in the eggs of ¢. caretta
(Stoneburner et al. 1980, Hillestad et al. 1974). Significantly higher
concentrations of cadm um copper, and |ead were found in egg yolk than
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inalbumn (HIllestad et al. 1974). In addition, of the nmetals anal yzed
in the eggs, the highest concentrations were of zinc (25.6 to

28.0 ug/g), iron (24.8 to 26.0 ug/g), and strontium (23.0 to 25.8 ug/g)
(Stoneburner et al. 1980). The high concentrations of zinc and iron may
be attributed to their requirenment as an essential metal. Strontium is
an anal og of calcium and although not an essential element for life, it
may have been, to sone extent, transferred to the egg in place of
calcium Because the eggs were collected in nests, concentrations
detected in the eggs do not provide conclusive evidence that netals can
be transferred to eggs in utero. Because €. caretta is protected under
the United States Endangered Species Act, adults cannot be legally
killed to determine netal concentrations of eggs in utero in order to
eval uate the hypothesis of metal transference to eggs. [Eggs from
nonendangered freshwater turtles collected in utero should be analyzed
for nmetals and conpared with oviposited eggs to establish the

contribution of the mother to contaminants in eggs.

2.4 RADI ONUCLI DES

Radi onucl i de contam nants, whether in the environnent as fall out
products from nucl ear weapons testing, as nuclear waste, or used in
i sotope tracer studies, have been detected in both freshwater and
terrestrial turtles. A conprehensive review of radionuclides in
reptiles and anphibians has been prepared by Hinton and Scott (in
press). The present review, however, enphasizes radionuclides as they
pertain to the use of turtles as biological nmonitors of environnental
contanmination. The radionuclides that have been detected in turtles are
strontiumgo, cesium 137, cobalt-60, strontium85, zinc-85, and
I odi ne-131.

Strontium 90 concentrations have been neasured in whole turtles
and in shells (Scott et al. 1986, Towns 1987, Holconb et al. 1971,
Jackson et al. 1974). Dissection and analysis of various tissues
reveal ed 99% of the whole body concentration of ®sr was contained in
the shell and bone (Towns 1987). This is expected because strontiumis
a chemcal analog of calciumand, as such, should occur primarily in
calcified tissues. Elimnation rates for ®¥sr in I. scripta were
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seasonal and were highest during the spring breeding season (Scott et
al. 1986). The average yearly biological half-life of ®sr in

T. scrinta is approximtely 365 days (Scott et al. 1986). This
information indicates that once a turtle is contamnated-with "Sr,
several years are required before the majority of the radionuclide is
elimnated or decays to another form

Ceographic differences were found in Psr concentrations of shells
col l ected from nunerous |ocations throughout the southeastern United
States and an inverse correlation between size (age) and Psx
concentration was detected in Terrapene carolina from M ssissippi and
Tennessee (Holconb et al. 1971). The inverse correlation of age with
%sr concentration, is in agreement with that reported in humans (Kul p
1965) and in deer (Farris et al. 1969). Rapid growth and deposition of
calcium and its chenmical analog strontium into bone and shell of
juvenile turtles may result in higher concentrations of Psr in
juveniles than adults. Correlations between age and %sr concentration
were not found in T. Carolina collected fromtw other states or in
ot her species collected fromthe region sanpled (Hol conb et al. 1971);
however, sanple sizes were small (less than six) in the latter studies.

Differences in ®sr concentrations between speci es have been
reported and may be related to differences in food habits. A conparison
of %sr in the herbivorous olvphemus (gopher tortoise) to
that in the omivorous I. carolina reveal ed hi gher concentrati onsof
the radionuclide in the fornmer species (Holconb et al. 1971). Because
hi gher concentrations of 905]:‘\;41'53 usual |y detected in terrestrial plants
than in non-calcified animal tissues, the herbivorous species would be
expected to containhi gher concentrations of sr than the omi vorous,
species. A trophic |evel difference was not observed anong the aquatic
speci es exani ned.

Strontium 90 concentrations detected in the shells of turtles _
sanpl ed in several areas throughout the southeastern United States were
found, in many cases, to be equivalent to or to exceed concentrations of
%sr in the bones of black-tailed j ackrabbits (Lepus californicus)
col lected 32 kmnorth of the Yucca Flat Nevada Test Site at G.oom Valley
(Hol comb et al. 1971, Jackson et al. 1974). The only known source of
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®sr in the turtles' environments was from nuclear fallout. The abi lity
of turtles to accunulate and apparently concentrate ®sr fromthese
areas suggests that the shells of turtles may be very useful in the
detection of this radionuclide in the environment.

Cesium 137 has also been studied in turtles (Brungs 1967, Scott et
al. 1986, Peters 1986, Towns 1987, Peters and Brisbin 1988). Analysis
of various tissues from T. scrinta collected from an area contaninated
with ¥7cs reveal ed that 37Cs was distributed t hroughout the body,
however, the highest concentration of the radionuclide was in nuscle
(Towns 1987). The distribution of ™cs in turtles is simlar to that
reported in mammals (Stribling et al. 1986). Seasonal variations have
been reported in the elimnation of "cs fromT. scrinta (Scott et al.
1986). Like g elimnation rates were hi ghest during the spring
through early sumrer nonths, which corresponded with the breeding season
and the period of highest netabolic activity of the species (Scott et
al. 1986). The elinmnation rate of ™cs duri ng the spring and sumer
mont hs was approximately 7.2 x 10™ + 4.4 x 10™ kBq/day (Peters and
Brisbin 1988). Positive correlations exist between the weight of the
turtle and the elimnation rate, and between weight and the
concentration of the radionuclide in the turtle (initial body burden)
(Peters and Brishin 1988). No relationship was found be-tween
elimnation rate and the sex of the turtle (Peters and Brisbin 1988)
which is consistent with that reported in birds (Fendley et al. 1977).
Because ™’cs is a chenmical anal og of potassium and is not concentrated
in hard tissues as is "°sr, "7cs would be expected to have a nuch faster
elimnation rate than ®sr and, consequent |y, a shorter biological half-
life. The biological half-life of ®esin T.scrinta is 64 days (Scott
et al. 1986), several times |less than the biological half-life of sy,
The time required for I. scrinta to reach an equilibrium radi ocesium
concentration with its environment has been calculated to be 320 days
(Peters and Brishin 1988). A conparison of the biological half-life of
37cs in turtles to that in several other taxa revealed that it was
greater than that for birds (Fendley et al. 1977, Halford et al. 1983)
and wild mammal s (Jenkins et al. 1969). The |onger retention of ¥es
inturtles is consistent with the slower netabolic rate in the
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poi kil othermic turtles. In general, the biological half-life of ¥es
is longer in poikilotherns than in honmeotherns (Mailhot et al. 1989).
ides in
turtles. An inverse relationship was reported to exist between the

Alinted amount of information exists on other radis

concentration of %co in an organismand its trophic |l evel. Ophel and
Fraser (1971) conpared the concentration of 0¢o in water (filtered with
a 1.2-um pore-sized filter, concentration in water based on Bgq/ml) to
that in plants, fish, reptiles, and anphibians froma contaninated pond.
Concentration factors in-aquatic plants relative to water ranged from
270 to 2,790, whereas, concentrations in whole fish exceeded those in
water by 9 to 130 times, and that in a whole C. seroentina was 90 times
as great as the concentration in water. Although only one turtle was
anal yzed, it is apparent that primary producers concentrated %o to a
greater extent than consuners. Turtles, there-fore, may not be the best

taxa to use as an indicator of *co contanmination.

Turtles have been shown to concentrate high concentrations of 131
into thyroid tissue (Shellabarger et al. 1956, G bbs et al. 1964). In a
| aboratory study, adults were shown to retain a greater amount of the
original dose than did juveniles (Gbbs et al. 1964). Turtles have not
been used to monitor iodine in the environnent. Anmong the vertebrates
that inhabit wetlands, turtles (specifically adult turtles) nmay prove
most useful in the assessment of radioiodine contamination (J. Eldridge,
ORNL, personal communication). Turtles are long-lived and have |arger
thyroid glands than fish, factors that may facilitate the detection of
the radionuclide. |In addition, turtles have greater exposure to
contaninants in water and sedi nent than do birds or mammals, which al so
supports the use of turtles as nonitors of radioiodine contamination.

2.5 Bl OCHEM CAL AND HISTOPATHOLOGICAL RESPONSES TO STRESS

Few turtle studies have been conducted that exam ne biochenical
and tissue responses to chenical and physical perturbations. Laboratory
studi es have shown turtles to be nore tolerant to radiation than most
vertebrates (Atland et al. 1951, Cosgrove 1965, Cosgrove 1971). Atland
et al. (1951) investigated the effects of whol e-body irradiation on
T. carolina with x-ray exposures ranging fromO0.129 to 2.58 C kg



16

(500 to 10,000 R). Turtles irradiated with as much as 0.258 C kg
(1000 R) showed 100% survival for four nonths, suggesting their ability
to withstand higher acute doses than birds (Abraham 1972) and manmmal s
(Dunaway et al. 1969). A partial explanation for the higher tolerance
inturtles is probably the shielding effect of the shell which can
reduce the average exposure by 21% (Cosgrove 1965). The |ow netabolic
rate of turtles conpared to mammals may also come into play. LbDg,
val ues have been determned for turtles exposed to various intensities
of x-rays. The LDgg. 45, Val ues for three species of turtles were
reported to range from 0.219 (Cosgrove 1965) to 0.267 C kg (850
to 1035 R) for T. Carolina, to be slightly less than 0.258 C kg
(1000 R) for juvenile Chrvsenvs picta eleeans (= I. scriota), and to be
| ess than 0.206 C/ kg (800 R) for juvenile g. seroentina (Cosgrove
1971).  The principal effects observed were on blood fornming tissues and
reproductive organs (Atland et al. 1951, Cosgrove 1965). Species
differences in responses to radiation indicate that juvenile
C seroentina nmay be nore sensitive to radiation than the other two
species thus, ¢. sernentina may be the turtle species of choice to
det ect genotoxi c damage caused by radiation.

In a field study, Albers et al. (1986) revealed that blood and
bl ood plasnma characteristics may not be useful indicators of exposure to
chenmical contaminants in turtles. Differences in the levels of protein
albumn, and plasma glucose in €. sernentina my be attributed to
differences in age and plasma glucose levels may be elevated by the
stress of collection and handling. In addition, variations in the
concentration of henoglobin can be attributed to differences in the
salinities of the waters fromwhich the turtles were captured (Al bers et
al. 1986). This study places a cautionary note on the interpretation of
results obtained fromthe use of non-specific biochem cal indicators of
stress

Measurenents of the DNA content in T. scriota collected from
seepage basins containing radioactive and non-radioactive contam nants
and froma reference site proved to be a very useful indicator of
exposure to genotoxic agents in the environnent (Bickhamet al. 1988).

Bi ckham et al. (1988) reported the only turtles to contain nosaic DNA
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were four individuals fromthe contaninated site. A conparison of the
coefficients of variation in DNA of turtles with normal DNA histograns
(non-nosai cs) revealed a significant difference between the DNA of
turtles fromthe contaninated and reference sites. The higher
coefficient of variation in turtles fromthe seepage basins may have
been caused by nutations (deletions or duplications) in DNA induced by
radiation and or chenical agents (Bickhamet al. 1988). In addition, a
positive correlation was detected between the coefficient of variation
and plastron length in male turtles. The investigators proposed that
|arger, older turtles nmay be better indicators of environmentally

i nduced nutagenic effects than younger turtles or shorter-lived species
due to |l onger periods of exposure and the accumulation of mutations over
tine. The use of flow cytonetry in the neasurement of DNA content
shoul d be explored further and comparisons made with fish residing in
contam nated waters to determne the sensitivity of turtle DNA to
genotoxi ¢ agents.

2.6 TURTLE GROWTH RATES | N RELATI ON TO CONTAM NATI ON

Gowh rates have been measured in turtles, however, in nost
instances, the data are inconclusive and differences in the growth of
individual turtles cannot be attributed exclusively to contamnants in
the environnent. Gowh rates may vary with age as noted by G bbons
(1968) and Kiviat (1980) who observed a lower growth rate in adult
C. serpentina conpared to juveniles collected fromuncontam nated sites.
Differences in growth rates nmay also be a response to the ingestion of
nutrient deficient food itens by turtles fromone site (A bers et al.
1986). In addition, the diets of omivorous species can fluctuate with
the availability of foods resulting in higher growh rates in turtles,,
with protein-rich diets (Knight and G bbons 1968, G aham and Perki ns
1976). In one study, the growth rates of four I. Carolina collected
froma DDT-contam nated site were neasured and conpared to the growh
rates of five T. Carolina froma reference site and found to be very
simlar (Stickel 1951). Although it appeared that the aerial
application of DDT (from1l.24 to 2.25 kg/ha) overa four-year period did
not inpair the growth of individual turtles, the small sanple size of
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four turtles may not have presented a representative view of the entire
popul ation. Because of the inconclusive nature of growth rates as
indicators of contam nant exposure, their use as biomarkers is

di scour aged.

2.7 DI SCUSSI ON

A review of the literature on contamnants in turtles reveal ed
several pertinent points. Both organochlorine pesticides and PCBs
accunul ate prinarily in adipose tissue (e.g., Meeks 1968, Stone et al.
1980) and are biomagnified through food chains (e.g., Holcolnb and
Parker 1979, Watson et al. 1985). Turtles contain large fat reserves in
whi ch chlorinated organics, especially PCBs, can accunul ate at
concentrations often exceeding those reported in mamals and birds and
do so without apparent adverse effects on the turtles thenselves (e.g.,
Watson et al. 1985, Oafsson et al. 1983). As such, turtles appear to
be excellent monitors of PCBs and good monitors of organochlorine
pesticides in the environnent. There is a linited amount of evidence
that PCB concentrations may be higher in nale than in female turtles
(Albers et al. 1986). This may be due to the transference of
chlorinated organics fromgravid females to the yolks of their eggs
(e.g., Bryan et al. 1987b, Flickenger and King 1972).

Several netals have been detected in turtles, nost of which were
measured in kidney and liver tissues where many netals concentrate
(e.g., Albers et al. 1986). Bone and shell, however, were found to
contain the highest concentrations of |ead (Krajicek and Overman 1988).
Sex-related differences in nmetal concentrations were detected on
occasion (e.g., copper), but were not observed in all cases for a given
metal (Albers et al. 1986). Non-essential and essential netals have
al so been detected in sea turtle eggs (Stoneburner et al. 1980,
Hillestad et al. 1974)., indicating that netals may be transferred from
the female to the devel oping ovarian follicles within her.

The radi onuclides ®sr and Cs have received the great est anount
of study with regard to the interaction of turtles and radionuclide
contam nants in the environnment. Strontium90 was reported to
accunul ate al most exclusively in bone and shell (Towns 1987) and, thus
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its long biological half-life of approximately one year was not
unexpected. Concentrations of %sr have been reported in turtles from
several sites with no known history of contamnation that exceed those
reported in the bones of mammals collected froma contamnated site

32 km from a nucl ear weapons test range (Holcolnmb et al. 1971, Jackson
et al. 1974). The high concentrations of Psr in turtles suggest this
taxon as an excellent nonitor of *sr in the environment.  Cesium 137,
when present, is distributed throughout the body of a turtle; however,
t he highest concentrations occur in muscle. Cesium 137 has a nuch
shorter biological half-life in turtles (64 days) than Psr (Scott et
al. 1986). The elimnation rates for both radionuclides fluctuate with
seasonal changes in turtle activity (Scott et al. 1986). Turtles are
nmore resistant to external radiation than manmals and anphi bi ans,
primarily due to the shielding effects of the shell (Cosgrove 1965).
This characteristic also favors the use of turtles as monitors of

envi ronments contam nated wi th radionuclides.

Few studi es have been perforned on turtles that examne the
useful ness of biochemcal and cellular/tissue paraneters as indicators
of exposure to chemcal contamnants. Positive responses are often
correlated with factors other than the degree of contam nation such as
age, diet, and nutritional status, which render interpretation of the
results difficult. One study (Bickhamet al. 1988), however, did
present positive results on the usefulness of a biochenical, indicator on
field collected turtles. Asignificantly greater amount of wvariation in
DNA content was detected in turtles froma site contam nated with
radi oactive and nonradi oactive contanminants than in the DNA of turtles
fromthe reference site. Evidence of aneupl oi d mosaicism was also found
in the DNA of turtles fromthe contam nated site. These positive
findi ngs encourage the testing of other "biomarkers®™ on turtles in the
wild.

G ow h has al so been neasured in turtles as an. indicator of
exposure to chemcal contamnants (e.g., Albers et al. 1986). Gowh
rates have not been shown to, be good indicators of chemical stress.
They are variable and differences between popul ations nay be detected
that are caused by factors other than the contam nant, such as the
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availability of protein-rich foods, age, and health of the organism
For these reasons, growh rates are not reconmended as a biononitoring
index to be used on turtles.

Alternatives exist to using the soft tissues of turtles in order
to nonitor the accumul ation of certain environmental contanminants in

turtles. Lead and ®sr concentrate in bone and shell. Sanples of
mar gi nal scutes of the carapace can be renmoved and used to assay for
these contamnants without harmng the turtle. A fewmlliliters of

bl ood can also be renmoved froma turtle and anal yzed for the activities
of certain enzynes that respond to contanminants (e.g., é-aminolevulenic
aci d dehydrase and acetyl cholinesterase) or to obtain DNA for analysis
of genotoxic damage. In addition, npbst contanminants detected in adults
are also present in the eggs, albeit at |ower concentrations. Al though
eggs of most species are not easily located in the field, this
alternative may be useful as in the nmonitoring of contam nants in the
eggs of endangered sea turtles.

Three species of turtles are frequently to detect contanminants in
the environnent. Terrapene Carolina is nost often used in terrestria
investigations. It is omivorous and thus has exposure to contam nants
that concentrate in plants (e.g., %sr) and animal matter (e.qg.
chl orinat ed organics). Wth reference to freshwater species, Chelvdra
sernentina has been used primarily to detect PCBs, organochlorine
pesticides, and heavy netals, whereas Irachenvs seripta has been used
primarily in radionuclide investigations. Trachenvs scriota and
C. seroentina have different food and habitat preferences that may
influence their exposure to certain chem cal contam nants

A final conment on the literature focuses on the lack of
conparative information on contanminant concentrations in the water, soi
or sediment, other biota, and turtles. Such information would aid in
assessing the usefulness of turtles as indicators of environnenta
contam nation and would assist in the deternmination of the routes by
which turtles are exposed to specific contamnants. Data on the
concentration and availability of chemical contamnants in the
environment can also aid in the interpretation of results obtained from
the use of biochem cal and physiol ogical indicators of stress in biota
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fromthe site in question. Surveillance data on contamnants in turtles
have nmuch greater significance when concentrations in the abiotic
envi ronment are recorded.
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3. SITE DESCRI PTI ONS

3.1 WVH TE QAK LAKE
Wite Cak Lake, a 6.88 ha (Cox et al. in press) eutrophic |ake
| ocated on the Departnent of Energy's Oak Ridge Reservation near
Cak R dge Tennessee, was utilized as the contami nated study site. The
| ake, which has an average depth of 0.64 m (Cox et al. in press), has
been used as a settling basin for |owlevel radioactive and non-
radi oactive waste generated by Oak Ridge National Laboratory (ORNL)
since 1943. Cesium 137, cobalt-60, strontiumgo, and tritium contribute
to most of the radioactivity within the |ake. Ruthenium 106 and trans-
uranic nuclides are also present in the |ake at above background |evels.
Selenium 75 was detected in |ake water during 1986 (Blaylock, B. G and
M L. Frank, unpublished) and was not present in the lake prior to or
after 1986. \Water and sedinent concentrations of the predom nant
radi onucl i de contam nants are presented in Table 1. Tritiumis found in
hi ghest concentration (10,000 Bq/1) in the |ake water followed by
radi ostrontium (4.8 Bq/1) (Rogers et al. 1988). Cesium137 is the
radi onuclide of highest concentration in the |ake sedinent (14,700 Bq/kg
wet weight, sanples taken at a depth of 2.5 cm). Mercury is present in
Wite Cak Lake sedinment at between 3 and 5.9 xg/g dry weight (Hoffman et
al. 1984). Elevated |levels of polychlorinated bi phenyls (PCBs) in the
| ake were evidenced by above background concentrations of the organic
contamnant in tissues of fish from Wite Oak Lake (Southworth 1987).
Wiite Oak Lake supports a variety of wildlife species. The nost
abundant fish species within the |ake include carp_(Cvorinus caroio),
blue gill sunfish (Lepomis macrochirus), yellow bullhead (Ictalurus
natalis) and gi zzard shad (Dorsona cepedeanum) (Ryon et al. 1988).
Common waterfow that utilize the |ake during most of the year are
primarily mallards (Anas platvrhvnchos), Anerican coots (Fulica
anericana), wood ducks (Aix soonsa) and Canada geese (Branta
canadensis).  Manmal i an species conmonly encountered near the shore and
upl and fromthe | ake are white-tailed deer (Qdocoileus virginianus),
raccoons (Procyan lotor), nuskrats (Ondatra zibethica) and white-footed

m ce (Peromyscus leucopus). Wth regard to | ake vegetation, the
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Table 1. Concentrations of predom nant radionuclides in Wite Cak Lake

Water* Sedi ment

Radi onucl f de Bq/1 Bq/kg
1376 <0.4 14,700
89¢co 1.8 4,900°
Total Sr 4.8 1,360
3 ’ 10, 000 630°

'Rogers et al. 1988.

bConcentration based on wet wei ght for sanpl es
taken at a depth of 2.5 cm QCakes et al. 1982.

"Concentration based on dry weight, Blaylock and

Frank 1979.
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dom nant energent plants located along the |ake margins and in shallow
areas include sedges (Scirous sp.), cattails (Typhalatifolia),

smart weed (Pelvgonum sp.) and arrowhead (Saeittaria sp.). Floating and
submer gent nmacrophytes are |ess diverse and abundant than the energent
plants and are conprised primarily of duckweeds (Lemma ninor and
Spirodilla sp.) and water mlfoil (Myriophyllum Sp.), respectively.

3. 2 BEARDEN CREEKEMBAYMENT

Bearden Creek enbaynent, an enbaynment on Melton H Il Reservoir, is
| ocated 5.23 km from Wite Oak Lake, was used as the reference site for
this study (Figure 1). There is no docunented history of contanination
within or in close proximty to the enbaynent. \ater enters the
enbaynent via Bearden Creek and the dinch River. The water |evel of
Bearden Creek enbaynent reaches a maxi mum depth of 1.5 to 2 mand is
indirectly controlled by the Tennessee Valley Authority as it regulates
the flow of the dinch River. WIldlife common to the marshy enbaynent
include nuskrats, white-tailed deer and raccoons. Wod ducks and
mal lards are frequently seen in the area. The vegetation along the
margi ns of the enmbaynent are simlar to those in Wite Cak Lake. \ater
mlfoil is the nmpst conmon submergent aquatic macrophyte.
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4, PRELI M NARY SURVEYS

4.1 APPROACH

Initial reconnaissance of the study sites included the trapping of
turtles to determne the species conposition and abundance of each
species in Wite Cak Lake and Bearden Creek enbayment. Severa
individuals fromWite Cak Lake and a few from Bearden Creek enmbaynent
were marked and rel eased at the site of capture. The mark and
subsequent recapture of turtles within the site generated information on
the movenent of individuals and produced a rough estimte of the
abundance and trapability of each speci es.

Data on the food habits of three species of Wite Cak Lake turtles
were collected to determne differences in trophic |evels anong the
species that inhabit Wite Oak Lake. These data were acquired by the
exanmi nation of the gastrointestinal tract contents of sacrificed
turtles. A criterion in the selection of the two species for study was
that one be an herbivore and the other a carnivore. These survey
studies were used to focus the study on two such species.

In order to determne the key tissues to be used for residue
anal yses, several turtles were trapped from Wite OGak Lake and anal yzed
for specific contam nants. Liver, muscle, bone, shell, fat and eggs
were renoved from these turtles to deternmine the distributions of
radi onuclide contaminants within the bodies of the animals. This was
done to determne the key tissues to be used for residue analysis.
Since PCBs have been reported in fish fromWite Cak Lake (Southworth
1987), fat was renoved froma few turtles to evaluate whether these
organochlorines were contamnants of concern in the turtles

This study required the selection of a reference site for
conparison with Wite Oak Lake. Bearden Creek enbayment appeared
ecol ogi cally suitable, however, no data existed on contam nant
concentrations within the area. Sedinent sanples were collected from
Bearden Creek enbayment to deter-mine the concentrations of gamm
em tting radionuclide contam nants, Psr, and mercury in the enbaynent.
Background concentrations of these contamnants would support the use of
Bearden Oreek enmbayment as a reference site
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4.2 NMATERI ALS AND METHODS
4.2.1 Field Techniques

Turtles were trapped from Wite Cak Lake (June 4 to Septenber 12,
1985, April 21 to August 14, 1986, April 21 to Cctober 7, 1987, and
April 19 to May 16, 1988) and Bearden Creek embayment (August 1 to
Cct ober 2, 1986, June 1 to QOctober 7, 1987, April 14 to Septenber 5,
1988) during seasons of peak turtle activity. No attenpts were nmade to
set traps during winter nonths, when turtles are inactive. Aninals were
captured using hoop nets, 0.625-cm wire-mesh funnel traps, 2.5-cm wire-
mesh box traps (Tomahawk Conpany, Tomahawk, Wsconsin), and trotlines.
Traps were usually baited with either rainbow trout or beef enclosed in
wi re-nesh bait packets. Pork liver, sardines, bluegill sunfish, shad
and watermelon rinds were used on occasion. Commercial fish attractants
were used during Septenmber 1987 and were not found to be useful in
attracting turtles to the trotlines or to the traps. Baited traps were
pl aced near the shore in water approximately 60 cm deep. Trotlines were
only used in Wite Oak Lake during the 1986 and 1987 field seasons. Two
to four lines which were strung across the |ake were also checked daily.

Turtles were marked for recapture using a method devel oped by
J. W Gbbons of Savannah River Ecology Laboratory (G bbons 1988). Each
mar gi nal scute on the carapace of the turtle was designated by a letter
of the al phabet as shown in Fig. 2. A battery powered hand drill was
used to put a snmall hole into one or nore of the outer scutes. Each
i ndividual of a given species was narked with a unique code (i.e., A
AV, or AVK). In addition, the pigmented plastron patterns of I. scriota
and Chrvsenvs picta were photocopied (by placing turtles on a clear
sheet of plastic over the glass plate of a photocopying machine and.
covering the turtle with a towel to block out the light) to obtain
suppl emental diagnostic information (G bbons 1986) to positively
i dentify individuals.

Locations of the recaptured turtles were noted and used to map
turtle novenent within the lake. Turtles that were marked and rel eased
during the 1985 and 1986 field seasons and |ater recaptured were taken
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ORNL- DWG 90- 10659

Fig. 2. CQuter scutes of a I;ggl_negwﬁﬁ scripta carapace (ventral
view) and the letters used to designate t hem
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to the laboratory, identified, weighed, and photocopi ed as appropriate.
These turtles were released at the site of capture.

4.2.2 Turtle Dissection and Sanpl e Preparation

In order to evaluate the exposure of Wite Cak Lake turtles to
contam nants, seven individuals that were trapped fromthe | ake and not
designated for mark-recapture study were taken to the |aboratory for
chem cal and radiological analyses. Turtles were frozen and |ater
di ssected to obtain tissue sanples. Sanples of bone, nuscle, plastron
carapace, liver, fat, and various internal organs were removed fromthe
turtles. Carapace and plastron sanples were scrubbed with a brush,
scraped with a scalpel, and rinsed with tap water to renove any al gae
attached to the shell. The G tracts of the animals were also renmoved
enptied of their contents, and the tissue washed with tap water to
remove any ingested matter. Al tissue sanples were placed into glass
jars and stored in the freezer for later analysis of radionuclides and
PCBs.

The @ tract contents of several turtles were retained and
exanined to determne the diet conposition. Stomach and intestina
contents were placed into |labeled glass jars containing 70% et hanol
The contents of the jars were exam ned under a dissecting mcroscope and
a record was made of the percent volume of each conponent in the diet
for each sanple.

4.2.3 Sedinment Collection and Preparation

Radi ochenical and mercury anal yses were made on sedi nent sanples
from Bearden Creek enmbayment to justify the use of the embayment as a
reference site. Three surface grab sanples taken on Cctober 7, 1987
and six surface sanples (approximately 5 cm deep) taken on January 31,
1987, were placed into plastic bags and brought back to the |aboratory
for processing. The sedinent sanples were air dried for approximtely
one week to renove excess water and then oven-dried for two days at
100 °c. Dried sanples were weighed, sieved through a U S. Standard
sieve, series No. 20 (840 mm openings), reweighed, and stored in either
glass vials or plastic petri dishes for subsequent residue analyses.
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4.2.4 Radionuclide Analysis

Frozen tissue sanples and oven-dried sediment sanples were screened
for gamma radioactivity using a gamma ray spectroneter (Nuclear Data
Inc. 6620 m croprocessor) coupled to an intrinsic germanium|ithium
detector having a relative efficiency of 25% and a resolution of 1.8 kev
for the ®co 1332 photon. Containers of predeternined counting geonetry
were filled with either specific tissues or sediment and placed into a
| ead encased detector. Sanples were counted until error terns of |ess
than or equal to 10% were obtained. Activities were corrected to the
date of capture for each aninmal to adjust for the radioactive decay of
the radionuclides.

Sedi ment sanpl es were anal yzed for Psyr by the ORNL Anal ytica
Chem stry Division. The procedure used required the |eaching and
digestion of the sample in nitric acid followed by the addition of a
strontium carrier solution. Several steps follow that result in the
removal of iron, radium and bariumfromthe sanple. The strontiumis
isolated in a powder formthat is placed into a planchet and counted for
beta radioactivity.

4.2.5 Polychlorinated Bi phenyl Analysis

Fat samples from Wite Gak Lake turtles were analyzed for PCB
concentrations using a two part procedure. The initial step is the
extraction of PCBs froma 10-g sanple of tissue via Soxhlet extraction.
A packed col um gas chromatograph With an el ectron capture detector is
then used to separate and quantify the PcBs. The analysis of tissue
samples for PCBs was performed by the OCak Ridge National Laboratory's
Anal ytical chemistry Di vi Sion.

4.2.6 Mercury Anal ysi s

The oven-dried, sieved sedinent sanmples from Bearden Creek
embaynent were anal yzed for total mercury by the ORNL Anal ytica
Chem stry Division. The protocol included digestion of the sanples in
nitric and perchloric acids followed by the addition of stannous
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chloride to reduce the nercury. Total inorganic and organic nercury
content was determned by cold vapor atom c absorption spectroscopy.

4.3 RESULTS
4.3.1 Diversity and Abundance of Turtles

Wiite Oak Lake has a high diversity of turtles as evidenced by the
capture of a total of 137 turtles of six species (Table 2). Irachenvs
scrinta (Agassiz) (yellowbellied slider) was the nost abundant species
captured. Twice as many I. scrinta were captured than Chelvdra
sernentina (Linnaeus) (conmon snapping turtle), the second nost abundant
species. Irachenvs scrinta and ¢. sernentina conprised 53% and 26% of
the turtles trapped, respectively. Qher species in the |ake included

Chrysemys picta (Schnider) (painted turtle), Trionvx sniniferus
sniniferus (Le Sueur) (Eastern spiny softshell), Sternotherus odoratus

(Latreille) (stinkpot), and Graptemys geographica (Le Sueur) (nmap
turtle).

Bearden Creek enbayment has a slightly higher diversity of turtles
than Wiite OCak Lake. A total of 247 turtles of 7 species were trapped
from the enbayment (Table 3). Trachenvs scriota was once again the nost
abundant species and constituted 75% of the total nunber trapped.
Chelvdra serpentina constituted 9% of the total followed in abundance by
T. s. sniniferus (7%. Species of |esser abundance included S. odoratus
and C. picta, Two species found in Bearden Creek enbaynent but not-in
Wiite Cak Lake were Sternotherus minor peltifer (Smth and @ ass,
stripe-necked musk turtle) and Chrysemys concinna concinna (Le Conte,
river cooter)., Misk turtles are notoriously difficult to trap. The S.
m peltifer caught may have been stimulated to roam nore than usual due
to the rapid and extreme decline in the water level during the period of
their capture and were thus nore likely to be trapped. The range of
€. ¢. concinna is not reported to expand into eastern Tennessee. 1Inthe
past, this species was sold in pet stores and it is possible that the
i ndi vidual trapped had been released intq the enbaynent or adjacent
Ainch Rver (A S Echternacht, University of Tennessee, personal
comuni cation). The fact that G. geographica was captured in Wite Cak
Lake and not in Bearden Creek enbayment may be because G. geonranhica is
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Table 2. Capture frequency of Wite Oak Lake turtles collected
from 1985 through 1988

Disposition
Tot al Not narked

Speci es captures  Marked Recaptured Killed Rel eased
Trachemys

scripta 73 15 8 24 26
Chelydra

serpentina 35 0 0 16 19
Chrysemys

picta 16 8 2 1 5
Trionyx spiniferus

spiniferus 7 0 0 6 1
Stemothems 5 0 0 3 2

odoratus
Graptemys

geographica 1 0 0 1 0
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Table 3. Capture frequency of Bearden Creek embaynent turtles
coll ected from1986 through 1988

Disposition
Tot al —Not marked

Species captures Marked Recaptured Killed Released
Trachemys

scripta 185 4 1 14 166
Chelydra

serpentina 23 0 0 10 13

.

Trionyx spiniferus

spiniferus 18 0 0 2 16
St g g 12 0 0 4 :
Chrysemys pfcta 6 1 0 9 3
Sternotherus :

minor peltffer 2 0 0 0 2

Chrysemys concinna .
concfnna 1 0 0 1 0
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reported to prefer large, permanent bodies of water, such that |akes are
preferred over ponds (or enbaynents) (Conant 1975).

4.3.2 Turtle Ranges From Mark-Recapture Data

Both T. scrinta and ¢. picta were found to be very nobile within
Wiite OCak Lake. The average recapture distance of T. scrinta was
approxi mately 125 mwithin a year (Table 4). Chrvsenvs picta appeared
to be nmore nobile than I. scrinta. The recapture distances for two
C. picta were 244 mand 275 mover a 16-nonth and 6-nonth period,
respectively (Table 4). Only one of the four T. scrinta that was narked
in Bearden Oreek enmbayment was recaptured. This individual was narked
and rel eased on August 1, 1986, and recaptured less than 3 m away on

Cct ober 2 of the same year.

4.3.3 Food Habits of Selected Turtles

The degree of carnivory was eval uated for three species of turtles
that have been reported to consume |arge proportions of animal matter.
Exam nation of the gastrointestinal contents of four T. s. sniniferus
reveal ed the ingestion of primarily fish and crustaceans (88 to 90% by
vol une of the diet) by this species (Table 5). The only G. geographica
exani ned appeared to have fed exclusively on snails (Table 5). The diet
of €. sernentina was not easily discernible fromthe G tract contents
of the individual examned. This turtle had a large amount of detritus
and sedinent (959 in its gut with very few identifiable food itens
(Table 5). This may indicate that the turtle had fed on carrion and
incidentally ingested |large anounts of sediment and detritus in the
process. Parasitic roundworns were often abundant in the @ tracts of

the turtles.

4.3.4 Radionuclides in Turtles

Only three gamma emitting radionuclide contaminants were detected
inthe tissues of the turtles (one €. serpentina and two IT.
s. spiniferus) captured from Wite Oak Lake (Tables 6-8). Cesium 137
was detected in greatest concentration followed by ¢co and Pse. O the
tissues examned in these prelinmnary studies, the highest concentration
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Table 4. Recapture data for Wite Cak Lake turtles

Capture Recapture Whol e body Change in
Speci es Sex date di stance (m) weight (g) weight (g)
Chrysemys F 5/6/86 139
picta 9/10/87 244 NR*
M 8/14/86 ' 236
2/26/87 275 251 +15
Trachemys
scripte F 6/18/86 197
7/21/86 84 274 +77
F 9/12/85 NR
7/21/8 <3 140
M 9/12/85 NR
7/21/86 213 222
M 9/12/85 NR
7/21/86 76 260
9/3/87 267 364 +104
9/11/87 <3 353 -11
9/23/87 <3 NR
M 6/25/86 404
9/10/87 73 456 +52

*Weight was not recorded.



Tabl e 5.

Gastrointestinal c

ontents of

i ndi vi dua
fromWite Cak Lake from June to August 1986

turtles collected

Gl tract contents (% volume)
Detritus
. , . _ ~and
Speci es Fi sh Snails Crayfish | nsects Vegetation  sediment
Graptemys
geographica 0 100 0 0 0 0
Chelydra serpentfna 3 1.0 0 0.5 0.5 9s
Trionyx spinfferus
spinfferus 0 0 88 10 2 0
Trionyx spinfferus
spiniferus 0 0 9s 3 1 1
Trionyx spiniferus
spfniferus 97 0 0 0 0 3
Trionyx spfniferus
spiniferus 98 0 0 0 2 0

9¢



Tabl e 6.

Cesi um 137 concentrations in tissues of three turtles

fromWite Cak Lake

19%¢s (Bas/kg wet® wt,)

. G.I1. Egg

Speci es Carapace Pl astron Muscle Bone tract  yolks Li ver Fat

Chelydra serpentine 173 160 222 124 113 69. 3 83.7 14. 8

Trionyx spini ferus 70. 4 — 478 161 197 198 267 65.5
spiniferus A

Trionyx spinfferus 48.5 127 252 160 156 96. 7 134 33.7

spiniferus B

"Not anal yzed.

LE



Tabl e 7.

Cobal t-60 concentrations in tissues of three turtles
from Wiite Oak Lake

80c (Bq/kg, wetewt,)

Gl. Egg
speci es Car apace Pl astron Muscle Bone tract  yolks Li ver Fat
Chel ydra serpencina 26.7 21.5 n.d.®> 56 11.1 69. 3 83.7 14.8
Trionyx spiniferus 11. 4 - 5.2 5.6 n.d. 32.6 35.9 n.d.
spiniferus A
Trionyx spiniferus 10.4 20. 4 n. d. 11.9 24. 4 20.7 38.5 6.7

spiniferus B

*Not anal yzed.

bn.d. = <3.7 Bq/kg wet weight.

8¢



Table 8. Selenium75 concentrations in tissues of three turtles
from Wite Cak Lake

735se (Ba/kg, Wet wt,)

Gl. Egg
Speci es Car apace Pl astron Miscle Bone tract  yolks Li ver Fat
Chelydra serpentina n. d. n.d. n.d. n.d. n.d. .27.0 n. d. n.d.
Trionyx spinfferus n.d. b n.d. n.d. n.d. 24.1 n. d. n. d.
spiniferus A
Trionyx spiniferus n. d. n. d. n.d. n.d. n.d. 25.2 18.5 n.d.

spinfferus B

*n.d. = <3.7 Bq/kg wet wei ght.
bNot anal yzed.

6t



40
of ¥cs was present in muscle tissue where concentrations ranged from
222 to 478 Bq/kg (wet weight) for the three turtles. The highest
concentration of ®Co was detected in liver. Concentrations of the
radi onuclide in the livers of the three turtles ranged from35.9 to
83.7 Bq/kg (wet weight). Egg yolks from premature eggs within the
turtles contained the largest concentration of ™se at concentrations of
approxi mtely 25 Bq/kg (wet weight) for each of the turtles exam ned.

A conparison of the tissue distribution of 37¢cs in the turtles
reveal ed both simlarities and differences between the two speci es.
Miscl e tissue contained the highest concentration of the radionuclide,
this was true for both T. s. sniniferus and ¢. sernentina.
Concentrations of ™7csin the car apace and plastron of €. sernentina
were approxi mately 75% of that detected in nuscle. Cesium137 in the
shell (relative to nuscle) of I.s. sniniferus was |ower than that
detected in ¢. sernentina. In addition, concentrations of the
radi onuclide were higher in the plastron than in the carapace of
T. s.sniniferus. This discrepancy is explained by differences in the
conmposition of the two shell types. In T. s. sniniferus the carapace
contains a greater anount of soft tissue and is nuch nore pliable than
the plastron. In ¢. sernentina, as in nost other freshwater and
terrestrial turtles, the carapace and plastron are hard, bony tissues of
simlar consistency and texture. Apparently, 'cs has a higher affinity
for calcified shell than for fleshy, noncalcified shell types. The
relative concentration of ™cs in bone conpared to nmuscle was 0.56 in

s. sniniferus. No trend was

C. sernentina and averaged 0.49 in T.
observed between the concentrations of the radionuclide in bone and
plastron. Cesium 137 was detected in all soft tissues analyzed

(Table 6). Concentrations of the radionuclide in liver relative to
muscle were 0.38 for ¢. sernentina and 0.40 for T. s. soiniferus. The
fraction of ™cs detected in the emptied G tracts was approxinmately
0.52 in both €. sercentina and I. s. sniniferus. Fat contained |ess
than 15% of the s reported in muscle for both species anal yzed.

Egg yol ks from ¢. sernentina contained 31% of the concentration detected
in nuscle. The percentage in the egg yolks of I. s. sniniferus

averaged 40%
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Mst of the ®Co detected in the tissues of the turtles was =
contained within three body conpartnents; the kidney, |iver, and egg
yolks (Table 7). Kidney tissue fromone IT. s. sainiferus contained
53. 3 Bq/kg (wet weight) of 0¢o; 14.8 Bq/kg (wet weight) greater than
that detected in the liver of the same turtle. Unfortunately, Kidney

tissue was not removed fromthe other turtles and counted for gamma

radioactivity. Liver was subsequently used as the reference tissue. for
%00 because it contained-the second highest concentrati on of the
radi onucl i de and was anal yzed in each of the three turtles.

Unl i ke ®7cs, ®®co was not uniformy distributed throughout al
tissues. Very little, if any, ®®co was detected in muscle. ,
Concentrations of the radionuclide were much |ess in bone than in shelf.
Shell from ¢. sernentina contained approximately 29% of the
concentration detected in liver, and bone contained only 7% As was
true for ™cs, 60Co concentrations differed in the pl astron and carapace
of T.s. soiniferus. The fraction of the radjonuclide in plastron and
carapace relative to liver was 0.53 and 0.27. Bone fromthis species
contai ned 24% of that detected in Iiver. Concentrations of %co in the,,
gastrointestinal tracts varied from13%of that in liver for C.
sernentina to zero and 63% for the two I. s. suiniferus This variation
may be explained by differences in the thoroughness of washing the
G tract. The concentration of %o in the ingested nmatter present in
the gut prior to cleaning would also be 'reflected in the concentration
of the radionuclide in the G tract lining. Finally, egg yolks in the
turtles contained a large fraction of 80co relative to that in liver.
The fraction present in the egg yol ks of C. serpentina was G 83 conpared
to 0.73 in the egg yolks of T. s. sniniferus,

Sel eni um 75 was concentrated in the egg yol ks of both €. sernentina
and T. g. sniniferus (Table 8). Concentrations of the radionuclide in
the egg yolks of the turtles ranged from 24.1 to 27.0 Bq/kg (wet
weight). The liver of one I. s.sniniferus also contained Pse at a
concentration of 18.5 Bq/kg (wet weight). No other tissues were found
to contain the radionuclide.
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4.3.5 Polychlorinated Biphenyls in Turtle Fat
Both PCB-1254 and PCB-1260 were detected in fat sanmples from
T. scrinta and I. s. spiniferus collected from Wite Cak Lake (Table 9).

Concentrations of the PCBs appeared higher in T. s. spiniferus than in
T. scripta. Fat tissue froma T. scrinta collected fromBearden Creek
enbayment on Septenber 1, 1987, was al so anal yzed for PCBs and found to
contain 0.01 pg/g PCB-1260 (wet weight) and 72 zg/g PCB-1260 (wet
weight). The low concentration of PCB-1254 detected in the T. scrinta
collected fromWite Cak Lake on July 27, 1987, and the high
concentration of PCB-1260 in the Bearden Creek enbayment turtle were
unexpected. (Above background concentrations have been reported in fish
from Wite Cak Lake (Southworth 1987), therefore el evated concentrations
were expected in turtles fromthe lake.) Cross-contanination of the
three 1986 I. s.
the tissue honogenization process (B. Gant, ORNL Analytical Chemstry
Di vi sion, personal communication). The possibility therefore exists
that the two T. scriota sanples in question nay have al so been cross-
contam nated.  These data are not adequate to speculate on the relative
concentrations of PCBs at the two sites or on differences in

PCB concentrations in the resident turtle popul ations.

spiniferus sanples with other sanples occurred during

4.3.6 Contanminants in Bearden Creek Enbaynent Sedi nent

Sedi nent sanpl es taken from Bearden Creek embayment were found to
contai n background concentrations of Psr, ¥cs, *co and mer cury
(Appendix B). The concentration of 9sr in the sedinent was |ess than
or equal to 12.8 Bq/kg (dry weight). Cesium 137 concentrations in the
sedi ment ranged from non-detectabl e (<1.85 Bq/kg dry weight) to
4.77 Bq/kg (dry weight). Cobalt-60 was not detected (C .85 Bq/kg dry
weight) in any of the six sanples analyzed, nor were any other gamm
emtting radionuclide contam nants present. Total inorganic and organic
mercury concentrations in sedinent ranged from0.03 to 1.13 wg/g (dry
weight) with a mean of 0.19 + 0.36 »g/g (dry weight). Only one of nine
sanpl es contained an above background concentration of mercury

(>1.0xg/g).
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Table 9. Polychlorinated biphenyl concentrations in fat tissue
of turtles fromWite Cak Lake

T

S

Date of —PCB (ug/g wet wt) ____

Speci es capture - PCB-1254 PCB-1260
Trachemys scrfpta 7/21/87 <0.01 49
8/11/87 45 49
Trionyx spiniferus 9/10/87 82 86
spiniferus 8/1/86 62 77
8/8/86 45 52

7/21/86 60 72

ezl
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4.4 DI SCUSSI ON

The sanpling of turtles from Wite Cak Lake and Bearden O eek
enbayment revealed the sites as having a high diversity of turtle
species. Based on frequency of capture, the nost abundant species in
both areas was I. scriota. This species conprised 53% of the turtles
trapped in Wite Oak Lake and 75% of the total nunber of turtles trapped
I n Bearden Creek enmbaynment. The second nost abundant turtle (based on
trappi ng frequency) fromboth sites was ¢. sernentina. Al though much
| ess abundant than T. scrinta, this species constituted 26% of the
turtles trapped in Wite Cak Lake and 9% of the turtles trapped in
Bearden Creek embaynent. Qther species trapped from both sites included
T.s.sniniferus, s.odoratus and C. picta. Based on abundance al one
T. scrinta and ¢. seroentina are excellent candidates for future
ecot oxi col ogi cal study.

Iwo highly aquatic turtle species, T. scrinta and ¢. picta, were
found to be very nobile within Wiite Cak Lake, Based on recapture data,
i ndi vidual s of both species traveled an average distance of over 100 m
within a year. This provided evidence that these species are able to
integrate contam nant exposure over time and space. Because of their
mobi ity throughout the lake, it is reasonable to use existing data on
average concentrations of contamnants in Wite Oak Lake water and
sedinent as indicators of turtle exposures rather than obtaining data
from the precise point of capture for each aninal. The mobility of
T. scrinta throughout Wiite Oak Lake supports the use of this species in
a nonitoring investigation.

Dat a obtai ned on the food habits of I. s. sniniferus and
G.geographica reveal ed these speci es as al nost excl usively carnivorous
Exam nation of the G tract contents of an individual €. sernentina did
not prove conclusive. The consunption of sediment and detritus by this
turtle indicated that it may have fed on carrion. Based on the linmted
data obtained on the feeding habits of these species, I. s. soiniferus
may be a useful species to detect contam nants that are biomagnified in
aquatic ecosystens.

One purpose for the collection of prelimnary data on turtles from

Wiite Oak Lake and Bearden Creek enbaynent was to obtain information
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that would aid in focusing the study on two species of turtles that
occupy different ecological niches within the aquatic sites. The
speci es sel ected shoul d meet the following criteria: (1) they are
abundant in both study sites, (2) one species is prinarily herbivorous
and the other primarily carnivorous, and (3) differences in specific
habitat types within a given aquatic site would also be useful.
Trachenvs scrinta was the nost abundant species in both White Cak Lake
and Bearden Creek enbaynent. According to the literature, adults of
this species feed primarily on vegetation (Cark and G bbons 1969).
Trachenvs scrinta is also a highly aquatic species (Carr 1952, Berry and
Shine 1980). (Chelvdra sernentina, on the other hand, was the second
nost abundant species collected fromthe two sites. Although the data
presented on the feeding habits of €. sernentina were inconclusive,
carnivory in this species is well docunmented (Carr 1952, Hammer 1969).
This species has been classified as a "bottom-walking speci es” because
of its close association with the-sediment (Berry and Shine 1980). For
these reasons, I. scrinta and C. sernentina were selected as the species
for further study of the influence of food habits and degree of sedinent
contact on exposure of turtles to contaminants in White Oak Lake.

Anal ysis of tissues fromturtles collected fromWhite Oak Lake
showed specific tissue affinities for 137

cs, ¥o and "Se. O the
tissues exam ned, 37cs was detected in hi ghest concentration in muscle.
This is in agreement with the findings of Towns (1987) who reported
37cs concentrations in T. scrinta. Cobalt-60 was detected in hi ghest
concentration in kidney tissue; however, this is based on only one

turtle. Qher than kidney, liver al so contained relatively hi gh
concentrations of %co. The distribution of §°c_9 in turtles has not been
previously reported in the literature. |n avian species, however, the
radlonuclide nas been found to concentrate in the pancreas, liver and

ki dney (Koning et al. 1984). (Pancreas was not_sanpled in the turtles
anal yzed herein.) Selenium?75 had a very high affinity for the egg

yol ks within the gravid turtles. Published data on the distribution of
this radionuclide in other species of turtles is lacking. Itis
suspected, however, that had the turtles not been gravid, se woul d
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have been concentrated in the liver and kidneys of the turtles as it is
in birds (Leonzio et al. 1986) and nmanmals (Smith et al. 1937).

Al though the analysis of turtle eggs can serve as an alternative
method for nonitoring radionuclide contamnants in the environnent
(1370s, 89co, and ™Se were all detected in the eggs anal yzed), the use
of tissues fromadult turtles is recormended. Turtle nests are
difficult to locate and the egg-laying period only enconpasses a snal
fraction of the year extending fromlate spring through the summer
months. Adults are active from April through Cctober in Tennessee
Data presented here on the distribution of gamma-enitting radionuclides
inturtles were useful in the deternmination of key tissues for residue

137cs

analyses. In the study that follows, muscle tissue was used for
anal ysis and liver for co analysis (kidney tissue was reserved for
mercury analysis). Unlike ™ cs and ®Co with long physical hal f-1ives

of 30 and 5 years, respectively, "se has a half-life of only 120 days.
Sel enium 75 was detected in the Wite Oak Lake ecosystem during 1986.

The release of the radionuclide ceased in the fall of that year. Due to
the linited release of se and its short physical half-life, this

radi onuclide was not designated as a mgjor contamnant in the lake. It
was not expected to be a radionuclide of concern during the 1987 and
1988 field seasons.

Pol ychl orinated biphenyls were detected in fat sanples obtained
fromT. scrinta and T. s. sniniferus collected from Wite Oak Lake-:
Prelimnary analysis showed high concentrations of PCBs in turtle fat
(49 to 86 ug/g PCB-1260); however, analytical errors make these val ues
unreliable. If PCB concentrations in turtle fat are elevated (>2.0 ug/g
wet weight), then steps should be taken to analyze nuscle from Wite GCak
Lake turtles to deternmine the degree of contanmination and potential risk
to humans who ingest the turtle neat.

A survey of contaminants in Bearden Creek enmbayment reveal ed the
site as being relatively free of Psr, ¥es, %o, and mercury.

Sedi nent sanpl es taken fromthe site contained only background
concentrations of each of the above contam nants. Concentrations of
°°Sr. 137Cs, and nmercury in sediment fromBearden Creek enbaynent were

simlar to those reported from noncontam nated sites in the vicinity of
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the Cak Ridge reservation (Hoffman et al. 1984). Cobal t-60, unlike Psr
and *7cs, is not a product of nuclear fallout. Therefore the fact that
%0co was not detected (< 1.85 Bq/kg) in the sedinent sanples is not
unexpected. Results presented herein support the use. of Bearden Creek
embaynent as a reference site to be conpared with Wite Gak Lake.
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5. TRACHEMYS SCRIPTA AND CHELYDRA SERPENTI| NA: A COMPARATIVE STUDY

5.1 NATURAL H STORY
5.1.1 Trachenvs scrinta (Agassiz)

The yellowbellied slider turtle, Trachenvs scrinta, is a conmon
turtle of the central and southeastern United States (Conant 1975). The
turtle has a dark olive green to black carapace marked with vertica

yel I ow bands. The plastron is yellow and marked with dark snudges;
yellow stripes run along the legs and head of the turtle. Adults
average from12.5 to 20 cmin length (Conant 1975) with fenal es
general ly larger than males. Fenales mature between six to ten years;
mal es between three to five years (G bbons et al. 1981). Fenales reach
sexual maturity at a fixed age, whereas nales reach maturity primarily
at a fixed size (Gbbons et al. 1981). Adults follow a Type |
survivorship curve with nmaxi num longevity in the wild estimted at

30 years (G bbons and Semitsch 1982).

Trachenvs scrinta utilize a variety of habitats including smal
ponds, ditches, marshes, |akes, streans and rivers (Carr 1952, Cagle
1969, Conant 1975). They prefer shallow, still waters and are often the
most abundant turtle species in such habitats (Cagle 1969, Congdon et
al. 1986). This species has been classified into the category of
"aquatic sw nmer" because of its highly aquatic nature (Berry and Shine
1980). This species feeds in the water and noves within its habitat
primarily by open-water swimming (Berry and Shine 1980). Trachenvs
scrinta feeds on both plant and aninal matter and is therefore
consi dered omivorous (Cagle 1969). There is evidence, however, that
juveniles shift from primarily carnivorous to predoni nantly herbivorous
in the adult stage (Cark and G bbons 1969). The food habits of this
species are largely explained by the age of the turtle and the type of
food available (Cark and G bbons 1969, Congdon et al. 1986).

The annual activity cycle of the turtle is regulated prinarily by
the water tenperature. The species is active within a tenperature range
of 10°C to 35°C (Cagle 1969). At tenperatures below 10°C turtles wll
hibernate in either nud or aquatic vegetation in shallow water (Neill
1948). Basking has been found to be an inportant thernoregul atory
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behavior in I.scripta (Crawford et al. 1983). It also aids in the
prevention of external fungal growhs and in the removal of | arge
ectoparasites (Cagle 1969).

Reproductive behavior and activity levels differ between sexes,
such that males are nore active than fenales in early spring and |ate
autum (Morreale et al. 19.84). Females were found to have a nore
sedentary life style than males except during the nesting season (Apri
t hrough July) when femal es generally nove greater distances than males
(Mrreale et al. 1984). Mrreale et al. (1984) discovered that during
early spring and |ate autum nales exhibited both terrestrial and
aquatic novenents of greater than one kilometer. No aggressive
territoriality has been reported in male I. scripta (G bbons et al
1983).

The egg-laying period of I. scriota extends fromApril through md
July (Cagle 1969). During this time, fenales lay between five to eleven
eggs (Congdon and G bbons 1983) in each of one tothree clutches (Cagle
1969). G bbons et al. (1983) reported a reduction in reproductive
output and an increase in emgration rates by females during drought
conditions. Another factor that limts the nunber of young produced
each year is manmalian predation. Such predators may destroy as many as
90% of t he eggs in sonme nesting areas (Cagle 1969). The young turtles
that do hatch either leave the nest in late fall or over winter in the
ground and emerge the follow ng sumrer (Cagle 1969).

5.1.2 chelydra serventina (Linnaeus)

The common snapping turtle, Chelydrasernentina, is the most wdely
distributed turtle in North America, Their north-south range extends
from southern Canada to the Gulf of Mexico (Conant 1975). They occur
all along the eastern coast of the United States and extend as far west
as the Rocky Mount ai ns (Conant 1975). Chelvdra serpentina i S an
aggressive turtle having a flattened, dark carapace and a conparatively
smal| yellow sh plastron. The turtle is equipped with a powerful jaw
with a strong hook aetits tip. The head is very dark in color as arethe
legs and tail. The tail is long and has three rows of tubercles (Carr
1952). The adult turtle is large, having a carapace length of between
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20 to 30 cm(Conant 1975). The adults weigh between 4.5 to 16 kg and
may reach a weight of 39 kg in captivity (Conant 1975). Males are
generally larger than females (Msimnn and Bider 1960, Kiviat 1980).
The sexes are not easily distinguishable in the field. There are no
sexual dimorphisnms in shell dimensions or in head width (Msinmnn and
Bi der 1960). However, the distance fromthe plastron to the cloaca is
longer in adult nmales than adult fenales (Msimnn and Bider 1980). The
maxi num [ ongevity of this species in the wild has not been determ ned.
Gal braith and Brooks (1989) reported 33.6 years as the mean age of 67
nesting females collected in a river systemin Ontario, Canada. This
species is suspected as living longer than T. scrinta
Chelvdra sernentina utilize a variety of different habitats. They
may be found in alnost any pernanent body of freshwater (Conant 1975)
and may al so be found in sonme brackish water habitats (Kiviat 1980).
The species has a preference for nmuddy or soft substrates (Carr 1952).
Chelvdra sernentina has been categorized as a "bottomwal ki ng species”
because its primary means of |oconotion is by walking and not sw nm ng
(Berry and Shine 1980). Wth reference to food habits, €. sernentina
utilize small aquatic invertebrates, fish, reptiles, anphibians, birds,
mammal s, carrion and aquatic vegetation as food resources (Lagler 1943,
Coul ter 1957, Comant 1975). Although often classified as an omivore,
the mpjority of the turtle's diet usually consists of aninmal matter
(Lagler 1943, Coulter 1957, and Congdon et al. 1986). Lagler (1943)
exam ned the stomachs of 173 ¢. sernentina collected in Mchigan and
found an average of 63.8% of the diet (based on conposition by vol ume)
to be conprised of animal nmatter (35.3%fish, 19.6% carrion
7.8% invertebrates and 1.1% other vertebrates).
Like T. scriota, the activity patterns of C.
i nfluenced by tenperature. (Cbbard and Brooks (1981) reported
C. sernentina in Ontario, Canada to emerge fromw nter dornmancy in early
May when the water tenperature reached 16 "C. This species rarely basks
and spends much ofits time buried in sedinment in shallow water (Conant
1975). Differences in the thernoregul atory behavior patterns of
C. sernentina and I. scripta may explain the differences in water
tenperature required to stinulate energence from w nter dornancy.

sernentina are largely
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Chelvdra sernentina usually hibernate underwater either under a
covering of nud or plant debris with several individuals congregated in
one area (Carr 1952).

The size of the species' home range depends on the characteristics
of the habitat, and the age and sex of the turtle (Kiviat 1980). Kivi at
(1980) estimated immture C. sernentina to have a home range of
3.3 ha. Adult males and adult non-nesting femal es had horme ranges of
8.9 ha and 7.2 ha, respectively. Nesting females are reported to wander
a great deal out of their home-range even though suitable nesting sites
may have been within close proxinmty (Kiviat 1980, Cobard and Brooks
1980). Nest site fidelity was observed by Cobard and Brooks (1980) who
determined the nean round-trip distance travel ed between the home range
and nesting site as 10.6 km Mal e-mal e aggression has been observed and
there is sone evidence that nmales may be territorial (Kiviat 1980).
Movenent of ¢. sernentina within a |ake or pond can contribute
substantially to the disruption and resuspension of the sedinent.

Kiviat (1980) reported this species as disturbing at |east one percent
of the substrate in a bay to a depth of 15 cm by burrowi ng and from 20
to 25% of the substrate to a depth of 2 to 7 cmby treading, annually.

The breeding season for C. rpentina extends from April through
Novenber in the central and southern regions of North Anerica (Carr
1952), and begins in June and ends in August or Septenber in the
northern United States (Kiviat 1980) and southern Canada (Obbard and
Brooks 1980). The nmajority of fenale C. serpentina in the northern
United States and sout hern Canada nest in June (Hammer 1969, Cbbard and
Brooks 1981, respectively) and lay an average of 25 eggs per clutch
(Carr 1952). The incubation period for the eggs is between 91 and

125 days (Hammer 1969). Skunks (Spilogale putorius), raccoons (Procyon
lotor), and mnk (Mustela vison) are the major egg predators destroying
as nmuch as 59% of the nests within an area (Hammer 1969).

Chelvdra sernentina is of greater econonic inportance than perhaps
any other species of turtle in North America. The species is actively
hunted in sone areas and the meat from the turtles prepared as steaks or

gt = Nt

used in soups or stews. Snapping turtle soup can be purchased by the
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can in some grocery stores, and it is sonetines served at seafood
restaurants.

5.2 MATERI ALS AND METHODS
5.2.1 Field Techni ques

Trachenvs scrinta was trapped in Wite Oak Lake from July 23 through
Septenber, 1987, and from Bearden Creek enbaynent from August 8 through
Septenber 16, 1987. Hoop nets and 0.6-cm wire-nesh funnel traps were
baited with either rainbow trout or pork liver contained in wre
packets. The baited traps were placed in water to a depth of
approxi mately 60 cm and checked each norning. A total of six nale and
six female unmarked T. scrinta were collected from each site and
dissected in the laboratory. Individuals were sacrificed by injecting
2.5to 7.0 M of a 10% solution of tricaine nethane sulfonate, an
anesthetic, into the neck before decapitation with a table-top cable
cutter.

Chelvdra sernentina was trapped from Wite Cak Lake from April 20
through May 15, 1988, and from Bearden Creek enbaynent from April 29
through July 12, 1988. Hoop nets baited with wire packets containing
rai nbow trout and beef were placed in water approximtely 80 cm deep.
Traps were set and checked daily. Attenpts were nade to capture six
mal es and six females fromeach site; however the goal was not
real i zed-twelve males were captured from Wite Cak Lake and six mnales
and three females were trapped in Bearden Creek enbayment. Trapping on
Bearden Creek enmbaynent was extended through Septenber 2, 1988, but no
C. sernentina were captured during this period. Captured €. sernentina
were either decapitated or shot in the head using a 357 revolver with
0.38 caliber wadcutters.

5.2.2 Turtle Dissection and Sanple Preparation

Individual I. scrinta and €. sernentina were either dissected
entirely in the laboratory (T. scrinta) or partially in the field and
partially in the laboratory (€. sernentina). Once dead, turtles were
i mredi ately dissected and a section of |iver was removed and placed on
ice for DNA analysis. Kidney and nuscle sanples were removed for
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mercury analysis, and sections of muscle and liver werg retained for

determination of gamma radionuclides. Samples of bone (fenur) and
carapace designated for Psr anal ysis were renoved from each of the
turtles. Carapace sanples were scrubbed with a brush, scraped with a
scalpel, and rinsed with tap water to remove attached al gae. Portions
of fat were retained for future PCB analysis. Al tissues, except the
liver sample retained for DNA damage analysis, were placed in glass jars
and stored in a, freezer for later _analyses. Analysis of liver sanples
designated for DNA damage assessment was begun imediately after

renoval .

The gastrointestinal contents of the turtles were_ retained and
exam ned to establish the actual food habits of the two species at the
study sites. The stomach and intestinal contents were transferred to
glass jars to which a solution of 70% ethanol was added as a
preservative. The contents of the jars were exam ned under. a dissecting
m croscope and the percent volune of fish, vegetation, insects,
detritus, and rocks and nud was noted. The mean percent vol ume. of,
conponents in the G tracts of each species fromboth Wite Cak Lake and
Bearden Creek embayment was converted to a weighted mean based on the
total volume of G tract contents examned for each turtle.

5. 2.3 Radionuclide Analysis

Cesium 137 and *°co were neasured in frozen nuscl e and |iver
sanples using a germani umlithium (GeLi) crystal detector coupled to a
ganma ray spectrometer (Nuclear Data Inc. 6620 m croprocessor). Prior
to counting, sanples were thawed and placed in petri dishes of
predeterm ned counting geonetry. Sanples within the petri dishes were
refrozen and later placed into the lead encased detector to determpe-~,
the activities of the ganma-enitting radionuclides present. Sanples
were counted for various lengths of time in order toobtain counting
error terms of |ess than or equal to 10% Sanples that had nondetectable
concentrations (< 3.7 Bg/kg) of “'cs and *%o were renoved after two
hours of counting tine. Al concentrations reported were corrected to
the date ofcapture for each turtle. The limt of detection was

3.7 x 10” Bq/g.
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Bone and carapace sanples were analyzed for %sr by Cerenkov
counting follow ng acid digestion of ashed sanples. The actua
radi ati on neasured, the Cerenkov radiation effect, is produced by the
hi gh energy beta particles emtted by Ny, a daught er product of D5y
(Lauchli 1969, Larsen 1981). Bone and carapace sanples were oven dried
for two days at 100°C and then ashed in a nuffle furnace at 550°C for
one day. Weights of wet, dried and ashed sanples were recorded. Ashed
bone and carapace sanples were ground to a fine powder using a nortar
and pestle. Approximately 0.4 g of the ashed sanple was digested in
4 M hydrochloric acid (enough to dissolve the sample) then heated to
dryness. The sanple was redissolved in 8 Mnitric acid and once again
heated to dryness. A few drops of 30% hydrogen peroxi de were added to
renove color. The sanple was redissolved in approximtely 10 drops of
4 M hydrochloric acid and transferred quantitatively to a 20-ml plastic
scintillation vial. Deionized water was added to make up the vol une of
all sanples to 20 m. Blanks contained deionized water and 10 drops of
4 M hydrochloric acid. The vials were counted for Cerenkov radiation in
a Packard Tri-Carb scintillation spectroneter (Mdel 3002). The
counting efficiency of the detector was determned by counting two
standard solutions each tine a set of sanples was counted. The
concentration of %sr in each sanpl e was corrected for the appropriate
counting efficiency which ranged from48 to 59% The linit of detection
was 3.7 x 107 Bq/g.

er

5.2.4 Mercury Analysis

Frozen sanples of kidney and nuscle tissues fromthe turtles were
anal yzed for total mercury by the ORNL Analytical Chem stry Division.
The procedure included the digestion of a I-g (wet weight) sanple in
nitric and perchloric acids followed by the addition of stannous
chloride to reduce the mercury. Total inorganic and organic nercury was
determ ned by cold vapor atom c absorption spectroscopy.

5.2.5 DNA Damage Anal ysis
DNA damage was used as a biochem cal indicator of nonspecific
exposure to genotoxic agents in the environnent. An alkaline unw nding
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t echni que (designed by Kanter and Schwartz 1982 and modified by Shugart
1988) followed by a spectrofluoronmetric assay (outlined by Cesarone et
al . 1979 and nodi fied by Shugart 1988) was used t0 measure single-
stranded breaks in DNA. Assessment of DNA damage by quantification of
strand breaks has been tested on different tissue cells and, organisns as
a means of determning damage to the DNA nol ecul e caused by x-rays
(Ahnstrém and Erixon 1973, Kanter and Schwartz 1982), and genot oxi c
compounds such as benzo[a]pyrene (Shugart 1988), trichl oroet hyl ene
(Nel son and Bull 1988), the polychlorinated biphenyl Aroclor 1254
( Robbi ano and Pino 1981), and-nercuric chloride (Cantoni and, Costa
1983). This assay was used to evaluate the integrity of DNA in turtles
exposed to0 contaminants in White Oak Lake as conpared to that in turtles
fromthe reference site This study illustrates one of the earliest
attenpts to test the DNA al kal i ne unwinding techni que on popul ations
exposed to genotoxic agents in the wild. The protocol outlined belowis
from Shugart 1988; nodifications, however, were nade in the calculation
of strand breaks.

The initial step in the analysis of DNA strand breaks is the
honogeni zation of the tissue. All reagents used for the assay were
anal ytical grade or better. A 500-mg sanple of fresh turtle liver was
placed into a ground glass honogenization tube (2 m). The sanple was
kept on ice during the entire honogenization process. A cold (4 'Q
| -m solution of 1 N ammoni unhydroxide in 0.2% Triton X-100 was added
to the glass tube. Six to ten strokes were required to achieve conplete
honogeni zation.  The honogenate was transferred to a plastic centrifuge
tube with 2 nl of deionized water. o

The sanple was further processed (at 4 'C) by extracting the
nucleic acids fromthe proteins. The extraction process included the
addition of 6 m of a chloroform isoanyl alcohol/phenol solution
(24/1/25 v/v) to the centrifuge tube. The contents of the tube were
m xed by inversion and allowed to stand for 15 minutes. The phases were
separated by placing the centrifuge tube into an ultracentrifuge at a
setting of 16,000 rpmfor 20 minutes at 4°C. Following centrifugation,
t he aqueous phase (top layer) was renoved with a pipet and transferred
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to an Epindorph vial. Vials were stored in a refrigerator at 4°C for up
to a month.

The DNA was isolated by colum chronatography. The sanple
contained within the Epindorph tube was mxed by inversion, and 1.25 ni
was placed onto a Sephadex G50 colum (1 cminternal dianeter, 3.5 n
settled bed volunme) equilibrated with G50 buffer (150 mM sodi um
chloride; 10 mM Tris, pH 7.4; 1 mM nmagnesium chloride; and 0.5 mM EDTA).
The sanple was allowed to flowinto the colum, then 1.25 m of G50
buffer was added to the colum and the eluate produced by this addition
was collected in an Epindorph vial. The eluate containing the DNA was
stored in a refrigerator at 4 °c for no longer than 10 days. The
concentration of DNA collected was estinmated prior to the determ nation
of strand breaks. A 25-x1 sanple of the eluate (or 25 g1 of G 50 buffer
for a blank) was placed into a test tube and 100 1 of 0.1 N sodium
hydroxi de was added to the tube while vortexing. The tubes (sanple and
bl ank) were capped and placed into a test tube heating block set at
80 °c for one hour. A 0.2 M potassium phosphate buffer and Hoechst dye
solution (Hoechst dye 33258, from Polyscience, Inc., 1 mg/ml of
dei oni zed water) was prepared by adding 1 g1 of Hoechst dye solution to
3 m of buffer for every test tube. (The Hoechst dye conplexes with
both single-stranded DNA and doubl e-stranded DNA, with greater
enhancenent of fluorescence occurring when the dye is bound to double-
stranded DNA.) The dye-buffer solution was left in the dark at room
tenperature until use. After the sanples had incubated for one hour,
the test tubes were centrifuged at nedium speed in a clinical centrifuge
for one mnute to concentrate all liquid into the bottom of the tubes.
Once this was done, 3 ml of the dye-buffer solution was added to each
test tube while vortexing. The test tubes were left in the dark at room
tenperature for 10 to 15 mnutes. Fluorescence measurements of the
sanpl es were nade using a Perkin-Elmer IS5 fluorescence
spectrophotometer set at excitation 360 nm and em ssion 450 nm
Fl uorescence values recorded are neasurements of the total DNA content
of the sanple (double-stranded DNA converted to single-stranded DNA).
These values were conmpared to a standard DNA solution prepared from cal f
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thymus DNA (from Sigma Chenical Co., St. Louis, MJ) and adjusted to be
within the range of the instrument.

The al kal i ne unwi ndi ng techni que consists of three subassays, each
perfornmed in triplicate under specific pH and tenperature conditions
In the doubl e-stranded (ds) DNA sub-assay, the DNA is not unwound or
denatured. The followi ng reagents were added to each test tube; 50 gl
of 0.05 N sodi um hydroxide, 50 g1 of 0.05 N hydrochloric acid, 5 ul of
0. 2% sodi um dodecyl sulfate (SDS) in 2 mM EDTA (disodium
et hyl enedi am netetraacetate) and 3 ml of a potassium phosphate buffer-
Hoechst dye solution (see previous paragraph) while vortexing. A 100-xl1
aliquot of the sanple (or 100 #1 of G50 buffer for the blank) was added
to the test tube while vortexing. The test tubes were immediately
placed in the dark at roomtenperature for 15 mnutes. The fluorescence
was read as described in the previous paragraph.

The al kal i ne unwound (auw) DNA subassay causes partial unw nding
of the DNA to expose single-stranded breaks. Fragments of single-
stranded DNA are rel eased from bet ween the breaks, and the DNA i s
sheared to produce a conbi nation of single-stranded and double-stranded
DNA.  Briefly, a 100-x1 sanple of the DNA (or 100 #1 of G50 buffer for
the blank) was transferred to a test tube. Wiile vortexing, 50 &1 of
0.05 N sodi um hydroxi de was added. The sanpl e was vortexed for
3 seconds. The test tubes were capped and incubated in a test tube
heating block at 38 °C for 30 minutes. This step results in the partia
unwi nding of the DNA thereby exposing single-stranded fragments of the
DNA.  Fol lowi ng incubation, the test tubes were centrifuged and 50 g1 of
0.05 N hydrochl oric acid added to the test, tubes while vortexing (for
3 seconds) to neutralize the solution and stop the unw nding process.

To prevent the DNA from reannealing and clunping, 5 sl of 0.2% SDS in

2 mM EDTA was added to each test tube and the DNA sheared by forcefully
passing it through a 20-gauge syringe five times. Conpletion of this
step was followed by the addition of 3 ml of the 'phosphate buffer-
Hoechst dye solution to each test tube while vortexing. The test tubes
were left in the dark at roomtenperature for 15 minutes and the
fluorescence read as described earlier.
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The singl e-stranded (ss) DNA subassay results in conpletely
denaturing the DNA and recording the fluorescence. A 100-xl fraction of
the sanple (or 100 g1 of the G50 buffer for the blank) was transferred
to a test tube followed by the addition of 50 g1 of 0.05 N sodium
hydroxide (while vortexing). The test tubes were then capped and
incubated in a test tube heating block at 85 °C for 75 mnutes. The DNA
is conmpletely unwound and denatured in this step. After the incubation
period, the test tubes were centrifuged and 5 #1 of 2% SDS in 2 mM EDTA
were added to the test tubes. Each of the sanples were then forced
through a 20-gauge syringe five tinmes to shear the DNA. Once sheared,
50 ¢l of 0.05 N hydrochloric acid was added to each test tube, while
vortexing the sanple, to neutralize the base. The fluorescence of the
sanples was read followi ng addition of 3 m of potassium phosphate
buf f er - Hoechst dye solution to each test tube and incubation of the
sanpl es as described earlier.

To quantify the fraction of ds DNA present in each sanple, the
mean fluorescence values of the three replicates of each subassay (m nus
the blanks) were inserted into the follow ng equation (Kanter and
Schwatrz 1982):

F = (auwDNA val ue - ssDNA val ue)/ (dsDNA val ue - ssDNA value). (1)

The fraction of ds DNA is related to the nunber of strand breaks (n) in
the sanple of DNA (expressed per alkaline unwinding unit, Kanter and
Schwartz 1982). The relative nunber of breaks in the DNA of Wite Cak
Lake I. scripta and C. serpentina was deternmined by using the fraction
of dsDNA in Bearden Creek enbayment (BCE) turtles of a given species as
the control and the fraction of dsDNA in the Wite CGak Lake (W)
turtles of the same species as the test population, such that

N = (In Fy /In Fg.) - 1. (2)
The single-stranded to doubl e-stranded DNA ratio deternmined by

this assay is both organ and species specific (based on the uniqueness
of DNA for a given species and the binding specificity of the dye to DNA).
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This ratio differed significantly (Student's t-test on nontransformed
data, p < 0.001) between sites for both I.scrinta and C. serpentina.
Because this ratio differed, the possibility exists that a contaminant
may have bound to the DNA of the turtles from Wite Cak Lake, thus
altering the experinentally deternmined ratio. This problem was
corrected for mathematically using a method described by Kanter and
Schwartz (1982) whereby a new dsDNA fluorescence value js._calculated . .
based on the ssDNA/dsDNA ratio of the control population and the ssDNA
fluorescence value of the experimental population. The corrected
fluorescence values were used in the calculation of the fraction of
doubl e-stranded DNA in White Cak bake turtles. = = ,
5.2.6 Statistical Tests

A variety of statistical testswere used to evaluate differences
between and within sanple sets. Non-pairedStudent’s t-tests were
performed on non-transformed and |og-transforned data for nost site and
speci es conparisons. A Mann-Wiitney U-test was used to conpare data
sets that were not in the formof a normal distribution. A one-way
anal ysi s of variance was used to evaluate interactio:

bet ween
contam nant concentration and turtle weight. A two-way analysis of
vari ance (ANOVA) was used to test for interactions between the
contam nant concentration, the animal's sex, and the site of capture.
Cesi um 137 and *Go concentrations_in turtles fromBearden Creek

enbaynent were often below the limt of detection (which was set at

3.7 x 107 Bq/g for convenience). In order to make conparisons of the
statistical significance of differences in the data, calculated nninum
detectable activity values were used for sanples below the limt of
detection. The m ni mumdet ect abl e activity i s t he amount of activity
that woul d have to be present in the sanple in order for the-detector. to
measure it.

5.3 RESULTS
5.3.1 Food Habits .

Exanination of the G tract contents of I. scripta from Wite Cak
Lake and Bearden Creek enbaynent showed that the turtles from the two
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sites feed primarily on plant nmatter (Table 10). Vegetation conprised
93.1 * 7.0% and 86.0 + 59.4% (wei ghted nean percent volume * weighted
standard error of the mean) of the G tract contents in turtles from
Wiite Cak Lake and Bearden Creek enbayment, respectively. Trachenvs
scrinta appeared to be an opportunistic feeder, consumng primrily
vegetation in the water colum and at the surface. Evidence of
opportuni smincluded the presence of fruits, seed heads, and algae in
the G tracts of the turtles. G cadas (Homoptera: G cadidae) were the
domnant insect found in the G tracts of T. scrinta collected from
Bearden C(reek enbaynent. The 17-year ci cadas (Magicicada Sp.) energed
in mass during the summer of 1987, and a |arge nunber of insects were
probably floating on the surface of the water and consumed by both fish
and turtles. Very little detritus and nud were found in the

@ tracts of T. scrinta fromeither site. Contact with contani nated
sediment via ingestion is expected to be less in this species than in
turtles that are prinmarily scavengers. Food habits data for individual
T.scripta are listed in APPENDI X C.

Exam nation of the G tract contents of €. sernentina confirmed
that the species is omivorous at both Wite Cak Lake and Bearden Creek
enbayment, however, the relative contribution of plants and animals to
the diet differed between sites (Table 10). The percentage (weighted
mean percent volume) of fish and of vegetation present in the G tracts
of the turtles differed between the two sites. A greater percentage of
vegetation was ingested by ¢. seroentina fromWite Cak Lake (51.3 % 74.7%,
wei ghted nean percent volume * weighted standard error of the nmean) than
by the same species fromthe reference site (13.6 % 80.9% . The
vegetation present in the G tracts of €. sernentina from Wite Oak Lake
was al nost exclusively algae, whereas that in the turtles fromBearden
Creek enbaynent were largely water mlfoil (Murionhvllumsp.), a
subnergent aquatic macrophyte. Field observations indicated that algae
was considerably nore abundant in Wite Cak Lake than in Bearden Creek
enbaynment.  Although water mlfoil was present at both sites, it was
more abundant at the reference site. Chelydra Sernentina may have fed
preferentially on al gae when it was avail able. Food habits data for
individual €. serpentina are |isted in APPENDI X C.




Table 10. Gastrointestinal tract contents of Irachemys sexripta and
Chelydra gerpentina fromt he Qak R dge reservation

~ Gl tract contents (% volume)®
N Fi sh Vegetation Insects Clams Detritus Mud and
rocks

whiteOak Lake

Trachemys script8 11 0.1 93.1 0.5 0 6.3 0.0

Chelydra serpentina 12 48.1 51.3 0 0 0 0.6
Btarden Creek

embayment

Trachemys scripta 12 3.2 86.0 8.8 0 2.0 0

Chelydra serpentina 9 83.7 13.6 0 0.2 0 2.5

*Yeighted mean percent vol une.

19
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A conmparison of the food habits of T. scrinta and
C. serpentina showed the former species to be nore herbivorous
(Table 10). Trachenvs scrinta from Wite QGak Lake consuned
approxi mately 93% vegetation and |ess than 1% fish, whereas
C. sernentina fromthe sane site ingested 51% vegetation and 48% fi sh.
The difference is even nore striking when the two species from Bearden
Creek enbayment are conpared (Table 10). At this site, T. scrinta
i ngested approximately 86% vegetation and 3% fish. In contrast,
C. seroentina fromthe sane site consumed 14% vegetation and 84% fi sh.
Because the diet of ¢. seroentina consists of a higher proportion of
animal than plant matter, this species is likely tobe a better nonitor
than I. scrinta for contamnants that are biomagnified through food

chai ns.

5.3.2 Cesium 137 and Cobal t-60

Cesi um 137 and ®co concentrations were greater in T. scrinta
fromWite Oak Lake than in those from Bearden Creek enbaynent
(Tables 11 and 12). No relationship was detected between whol e body
wei ght and radionuclide concentration. In addition, a two-way ANOVA of
these data did not reveal significant differences between males and
femal es at each site, thus the data for both sexes were pool ed at each
site. Statistically significant differences between the two sites were

found in the concentrations of 7

Cs in both muscle and liver (Student's
t-test on log-transforned data using mnimm detectable activities for
Bearden Creek enbaynent sanples, p < 0.001) and in the concentration of
%o in liver (Student's t-test on nontransfornmed data using m ni mum
detectable activity values for Bearden Creek enbayment sanples,

p < 0.01).

The mean concentration of s in nuscle tissue of T. scripta
fromWite Oak Lake was 44.9 * 144 Bq/g, Wet weight. Concentrations of
B7cs in nuscle tissues of individual T.scrinta are listed in
APPENDI XD. Two turtles fromthe |ake had ¥¢s concentrations that
greatly exceeded those ofthe remaining 10 turtles. A male turtle
col lected on August 11, 1987, had a concentration of ¥7cs in nuscle of

502 Bq/g wet weight. Cobalt-60 was not detected (< 3.7 X 1073 Bq/g) in



Table 11. Cesium-137 in muscle tissue of Jrachemys scripta and
Chelydra sexrpentina fromWite Cak Lake

L

137
Speci es N Mean ¢ 1 SD Range

Trachemys scripta 12 44.9 ¢ 144 12.4 x 1072 to 502
Chelydra serpentina 12 39.6 x 1072 4 31.3 x 1072 20.3 x 1072 to 1.37

*Means Not significantly different (Student's t-test, p > 0.05).

€9



Table 12. Cesium-137 and cobalt-60 in |ivers of Trachemys scripta
and Chel pdra serpentina fromWite Cak Lake

Species N 137Cs (Ba/e Vet wt)® ®0co (Bg/g Vel wt,)*
[}
Trachemys scripta 12 5.84 +19.0° 6.03%x10°% + 6.03x10°2

b
Chelydra serpentina 12 17. 44x10- 2 £1.10x10°2 4.76x1072 + 2.72x102

*Mean + 1 standard deviation fromthe mean.

b.°Means Wi th t he same Superscript are not significantly different
at p>0.05 (Student's t-test).

%9



the nuscle of this turtle nor in any of the other muscle samples from I.
scrinta collected fromWhite Oak Lake. Bone from this individual also
cont ai ned ®Sr (4.44 Bq/g wet weight). Because 8sr is not known to be
present in Wiite Cak Lake, it is likely that the turtle mgrated from
the O d Hydrofracture Pond near Melton_Branch; the pond was spiked with
8sr in March 1987 (0. M Sealand, ORNL, personal communication). The
QO d Hydrofracture Pond is located approxinmately 2.5 km from the point of
capture in Wiite Oak Lake and is the only known environmental source of
8¢ within the area. A second nul e turtle collected fromWhite Oak
Lake on July 27, 1987, contained 33 Bq/g wet wei ght of 1:"7Cs in nuscle..
Cobal t-60 was not detected (< 3.7 x 10~ Bq/g) in the nuscl e nor was Ssr
detected in the bone. AD xon statistical test for determning outliers
indicated that the "cs concentration in the nuscle of this turtle. was
significantly different (p < 0.01) fromthe concentrations.of the. .
radi onuclide detected in the nuscles of the remaining ten turtles.
Al though it cannot be proven, this individual probably enmigrated froma
settling pond on the reservation containing higher concentrations of
37¢s than Wite Oak Lake (e.g., Pond 3513 or Pond.3524). Nonethel ess,
these two turtles were not deleted fromthe data set,, since they were, in
fact, captured in Wite Cak Lake and constituted a portion of the sanple
of turtles within the |ake.

oth ¥7cs and ®co were detected in the liver sanples of
T.scrinta fromWite Oak Lake. Mean concentrations of the two _
radionuclides were 5. 84 * 19.0 Bq/g and 6. 03 x 102 + 6.03 X 10 Bq/g
(wet weight), respectively. Concentrations of 137,6; and, Coinliver )
tissues were highest in the two turtles of suspect origin.
Concentrations of *cs and ®coin the livers of indi vidual I.scrinta
fromWite OCak Lake-are listed in APPENDIX D. o

Trachemys scripta collected from Bearden Creek enbayment cont ai ned
expect ed background concentrations (< 3.7 X 1072 Bq/g) of ¥7¢s and
80co. Only one of the twel ve T. scripta fromthe site had a
concentration of 7

Cs that exceeded the detection Iimt of o
3.7 x 107 Bq/g. This single turtle contained 1.44.x 10° -2 Bq/g (wet
wei ght) 37cs in nuscle. Cobalt-60 was not detected (< 3. 7 x 107 Bq/g)
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in any of the nuscle sanples. Neither radionuclide was detected
(<3.7 x 107 Bq/g) in livers of T. sceripta fromBearden Creek enbaynent.

Miscl e samples from €. sernentina collected from Wite Oak Lake
contai ned above background concentrations of '3cs and a significant
difference in the mean 7cs concentration was detected between the two
popul ations (Student's t-test on non-transformed data, p < 0.01). No
interaction was detected between ™cs concentration in liver or muscle
and whol e body weight. The radionuclide was present in all Wite Qak
Lake nuscle sanples at a mean of 39.6 x 1072 + 31.3 x 1072 Bq/g, Wet
wei ght.  Cesium 137 was not detected (< 3.7 X 1073 Bq/g) i n nuscle
sanples from C. sernentina collected in Bearden Oreek enbaynent, nor was
o det ect ed (3.7 x 1073 Bq/g) in any of the nuscle sanples. Liver
sanples from €. sernentina captured in Wite Oak Lake contained el evated
concentrations (> 3.7 X 1073 Bq/g) of Dboth 37¢s and *co.

Concentrations of ™cs in liver ranged from7.63 x 107 to

50.3 x 1072 Bq/g (wet weight) with a nean and one standard deviation
fromthe nean of 17.4 x 102 + 11.0 x 1072 Bq/g, Wet weight. The mean
concentration of ®co in the livers of these turtles was 4.76 x

102 + 2.72 x 1072 Bq/g, wet weight. Cesium 137 and 80co concentrations
detected in individual €. sernentina are listed in APPENDIX D. Neither
B37cs nor ®co was det ect ed (< 3.7 x 1073 Bq/g) in the |ivers of Bearden
Creek enbayment €. sernentina.

Conparisons of T. scrinta and ¢. sernentina did not reveal
significant differences (Student's t-test and Mann-Witney U-test on
nontransformed and |og-transforned data for both species, p < 0.05) in
the concentrations of the radionuclides between the two species of
turtles (Tables 11 and 12). If, however, the two I. scrinta that are
believed to have immgrated to Wite OCak Lake from other contam nated
sites are removed from each of the conparisons, a difference is seen
between the two species. The difference (Student's t-test on
nontransfornmed and | og-transforned data, p < 0.05 and p < 0.01,
respectively) occurs in the concentration of ¥7cs in liver tissue. No
species difference (Student's t-test on non-transformed and log-
transformed data, p > 0.05) was detected for ¥7cs in nuscle or %co in
l'iver upon renoval of the two outliers.
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5.3.3 Strontium90

Concentrations of Sr in the calcified tissues of I. scriota
were higher in turtles fromWite Qak Lake than in turtles from Bearden
Creek embayment (Mann-Witney U-test, p s 0.05). Strontium 90
concentrations in the bone and carapace of T. scrinta from Wite Cak
Lake ranged from2.31 to 4.83 x 1034;"Bq/g (wet weight) with a nean of
4.26 x 10% + 1.39 x 10° Bq/g and from 1.65 to 4.07 x 10° Bq/g (wet
weight) with a mean of 3.66 x 10% + 1.17 X 10° Bq/g, respectively
(Table 13). As was observed for the ¥es data, a t wo-way ANOVA di d not
indicate a significant difference in the mean concentration for males
and females within a given site (p > 0.05). In addition, concentrations
were not influenced by whole body weight in I. scrinta or C. sernentina
from either site. The radionuclide was detected in several turtles from
Bearden Cr eek enbaynment. Concentrations of *sr in the bones of
T. scripta fromthis site ranged from nondetectable (<3.7 x 1072 Bq/g)
to 1.04 Bq/g, wet weight. Concentrations in the carapace were simlar,
rangi ng fromnondetectable to 1.18 Bq/g, wet weight. Concentrations of
e from i ndivi dual T. scrinta fromboth sites are listed in
APPENDI X E.

Strontium 90 concentrations_in bone and carapace were greater in
Cc. sernentina from Wite Cak Lake than-in those fromthe reference site
(Mann-Whitney U-test, p < 0.05). The mean concentration of Psr in the
bones of C. serpentina fromWite Oak Lake was 16.5 % 13.6 Bq/g (wet
wei ght), several orders of nagnitude greater than that detected in
turtles from Bearden Creek enbaynent. Only three of the nine
C. sexrpentina from Bearden Creek enbaynent contained detectable.
concentrations of ®sr (> 3.7 x 10-2 Bg/g). These three turtles.
averaged 12.4 x 1072 + 6.74 x 10 Bq/g (wet weight) of ®sr in bone.
Strontium90 in the carapace of €. sernentina from Wite Cak Lake
averaged 16.6 * 11.7 Bq/g (wet weight). Concentrations of this
radi onuclide in ¢. seroentina fromBearden Creek enbaynment ranged from
non- det ect abl e (<3.7 x 1072 Bq/g) to17.7 X 1072 Bg/g, wet weight. A
l'isting of %sr concentrations in individual . sernentina from both
Wiite Cak Lake and Bearden Creek embayment is provided in APPENDI X E.



Table 13. Strontium 90 in skeletal tissues of Trachemys scripta
and Chelydra serpentina from Wite Cak Lake

— 3¢ (Ba/g Vet wt)*
Species N Bone Carapace

b
Trachemys Scrfpt8 12 4.26 x 10* £ 1.39 x 103 3.66 X 1023 1. 17 X 10%°

Chelydra serpentina 12 16.5 £ 13.6° 16.6 & 11.7¢

*Mean + 1 standard deviation from t he mean.

b.cMeans Wi th the same superscript are not significantly different
at p>0.05 (Student's t-test).

89
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of T. scrinta and €. sernentina from Wite OCak Lake (Student's t-test on
non-transfornmed and |og-transforned data, p < 0.05). This finding was
true for the concentrations in both bone and carapace (Table 15). The
two highest concentrations of %sr detected in these turtles were in the
two T. scripta that were thought to have immigrated to Wite OGak Lake
fromsites of higher radioactivity than the [ake. These-turtles
contained approximately 140 and 4,400 Bgq/g (wet weight) of o
calcified tissues. The elimnation of these two-turtles from.the
conparison, however, did not alter the outcome of the species
conparison. Differences were not detected in Psr concentration between
C. sernentina and I. scrinta from Wite Oak Lake (Student's t-test on
non-transfornmed and log-transformed data, p > 0‘.05).

No species differences were found between the "sr .concentrations

Sr in their

5.3.4 Mercury

Total inorganic and organic mercury in kidney and nuscle tissues
of T. scrinta fromWite Cak Lake and Bearden Creek enbayment are
summarized in Table 14. Mercury residues in the kidneys of the Wite
QGak Lake and Bearden Creek embayment I. scrinta averaged
0.64 £ 1.11 ug/g and 0.12 * 0.13 wg/g Wet weight, respectively. At both
sites, mean mercury concentrations in nuscle were less than 0.1 sg/g wet
weight. Statistical analysis of the data revealed a significant
difference (Student's t-test on |og-transformed data, p < 0.01) in-
mercury concentrations between the two popul ations. This was true for
both kidney and nuscle tissues. A two way ANOVA did not show the sex of
the turtle as having any influence on the concentration of nercury
within the turtle. In addition, the concentration of nercury in a
turtle was not dependent upon its weight. Mercury concentrations wthin
individual T. scripta are |listed in APPENDI X F.

As in I. scripta, inorganic and organic mercury concentrations in
C. serpentina were significantly higher in the turtles collected from
Wi te Oak Lake than in those collected fromBearden Creek enbaynment -
(Student's t-test on non-transformed and | og-transfornmed data, p < 0.025
and p < 0.01, respectively). This was true for both kidney and nuscle
tissues (Table 14). No significant difference was detected between the
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Table 14. Mercury concentrations in tissues of Trachemys scriota and
Chel vdra serpentina fromthe Cak Ridge reservation

He (ug/g vet wt)®
Species N Ki dney Muscle

Wiite Cak Lake

Pseudemys seripta 12 0.64 # 1.11b.2 0.10 + 0.13¢:8

Chelydra serpentina 12 1.30 &£ 1.16%¢ 0.34 + 0.28°8
Bearden Cr eek

embayment

Pseudemys scripta 12 0.12 + 0.13% 0.03 £ 0.03¢

Chelydra serpentina 9 0.17 & 0.07¢ 0.10 # 0.13.

*Mean # 1 standard deviation fromthe mean.

b.c.d.e.fMegng With the same superscript are significantly
different at-p < 0.01 (Student's t-test).

Weans significantly different at p < 0.05 (Student's
t-test).
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Table 15. Fraction of double-stranded DNA in liver samples of

w and Chelydra serpentina from

the bak Ridge reservation

= B e e e B = R e B R C S e

Rel ative no. breaks per
Species and Site Mean  SE N al kal i ne unwi nding unit’

Trachemys scrfpta

White Cak Lake 0.49®*. 0.43 12 4,424
Bearden Cr eek
embayment o.88® 0.31 12 1.0
dra
Chofydza sarpentfna o e 011 12 3.66°
Bear &n 5 reek
enbayment 0.89' 0. 06 9 1.0

*ln F,, (WOL)

1n Fy4, (referencesite)

b.°Means with the same superscriptare significantlydifferent
p< 0.001 (Student's t-té&t).

Yean number of breaks not significantly differentp > 0.05
(Student’s t-test).
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concentrations of mercury in male versus fenmale turtles from Bearden
Creek enbaynent. Mean concentrations of mercury in the kidneys of
C. serpentina from Wite Oak Lake and Bearden O eek enbaynent were
1.30 £ 1.16 wg/g and 0.34 * 0.28 wg/g Wet weight, respectively. Mercury
concentrations in nuscle were below 1 ug/g (Wet weight) in turtles
col lected fromboth sites. As indicated by anal ysis of variance tests,
concentrations were not dependent on the weight or sex of the turtles.
Mercury concentrations in individual €. serpentina are reported in
APPENDI X F.

H gher nercury concentrations were found in kidney and muscle
tissues of C. serpentina than in I. scripta fromWite Cak Lake
(Table 14). The difference in kidney tissue was found to be
statistically significant (Student's t-test on |og-transforned data,
p <0.01) as it was for nuscle tissue (Student's t-test on non-
transformed and |og-transformed data, p < 0.05 and p < 0.01,
respectively). Al mean concentrations of mercury were below 1 xg/g
(wet weight) except for that in the kidneys of €. serpentina.

5. 3.5 DNA Damage

Exam nation of the DNA fromlivers of T. scripta for single-
stranded breaks revealed differences in the integrity of the DNA from
the two populations of turtles (Student's t-test on nontransformed data,
p < 0.001). The nean fraction of double-stranded DNA obtained using the
al kal i ne unwi nding assay was 0.877 for Bearden Creek enmbaynment turtles
and 0.492 for Wite Oak Lake turtles (Tabl e 15). The DNA of
T. seripta fromWite Qak Lake contai ned approximately 4.4 tines the
number of breaks detected in the DNA of turtles from Bearden O eek
enbaynment. Data from the assay for the individual turtles are reported
in APPENDI X G

A difference in the fraction of double-stranded DNA was al so
detected between the contam nated and reference site populations of g.
serpentina (Student's t-test on non-transformed data, p <0.001). The
mean fraction of double-stranded DNA detected under the conditions of
the assay was 0.61 and 0.89 for the Wite Cak Lake and Bearden Creek

enbayment turtles, respectively (Table 15). The DNA from Wite Oak Lake
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turtles contained approximtely 3.7 tines the number of breaks det ect ed

in C. seroentina fromthe reference site. Data taken during the assay

on individual ¢. seroentina fromboth sites are reported in APPENDI X G
A conparison of the relative nunber. of_breaks per al kaline.

st )

unwi nding unit for I. scrinta and C. seroentina from Wite Cak Lake
indicated a simlar |evel of DNA damage in the two species (Table 15).
No statistically significant difference ( Student's t-test on
nontransformed data, p > 0.05) was detected between the two speci es.
Both species apparently received higher exposures to genotoxic agents in

Wi t e Cak Lake than i n Bearden Creek embayment.

5.4 DI SCUSSI ON
Two species of freshwater turtles that _occupy different ecol ogical
niches were conpared for their usefulness_as _indicators-of chemcal =
contam nation in aquatic ecosystens. Radionuclide and_mercury
concentrations were monitored in Irachenvs scriota and Chelvdra
seroentina from a contamnated and a non-contam nated reference site. A
DNA al kal i ne unwi nding assay that measures breaks in single-stranded DNA
was used as an indication of exposure to genotoxic agents in the
environment. Species differences within sites _were_ consistent wth
differences-in diet and mobility. The influence, of,the degree of
sedi ment contact on exposure of the turtles to contaminants could not be
eval uated by this study.
The abilities of T. scriota and €. seroentina to accumul ate
chem cal contam nants froman aquatic environnent were. evidenced by
el evated tissue concentrations of radionuclides and nercury. H gher
concentrations of %sr, ¥
turtles fromWite Cak Lake than in those from Bear-den Creek embayment,
the reference site. Cobalt-60 was not detected (3.7 X 10'3“Bvq/g) inthe
turtles fromthe enbaynment. Mercury was detected, however, at
concentrations bel ow t he background concentration of 1 wg/g (Eisler
1987).  Cesium 137 and sy, fal | out product s from nuclear weapons
testing (Langham 1965), were al so present in turtles fromBearden Creek
embaynent. Only one turtle, a I. scripta, contained a detectable amount
of ¥¢s and the concentration of the radionuclide was.

s AR

cs, %o, and mercury were detected in the

R . 5 i R AR
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3.7 x 1072 Bq/g. Concentrations of *sr greater than 3.7 x 1072 Bq/g Were
detected in four T. scriota and three ¢. seroentina fromthe reference
site. Sedinment fromthe site, however, did not contain elevated
concentrations of ®sr. In I.scrinta. *sr has an average yearly
biological half-life of 365 days (Scott et al. 1986) and approximtely
99% of the total *sr within an individual animal is contained in the
bone and shell (Towns 1987). Thus, once Psr is assinilated, it is

i ncorporated into bone and shell and elimnated at a very slow rate.
Therefore, the source of the ®sr in the bones and shells of these
turtles may be attributed to the accunulation and retention of the
fallout product or exposure to ®sr contaminated areas el sewhere on the
ORN\L reservation.

A conparison of contam nant concentrations between T. scriota
and ¢. sercentina from Wite Oak |ake indicated both species as
effective nonitors of contanminants in the lake. Differences in ®cs,
o, and S concentrations were not statisti cally significant between
the two species fromWite OCak Lake. However, |ess variation was
evident in the €. seroentina data than in the T. $crinta data. n
addi tion, radionuclide spectral analysis provided evidence for the
movenent of one T. scrinta fromthe AOd Hydrofracture Pond about 2.5 km
fromWite Oak Lake, indicating that T. scriota may be a highly nobile
species. Less variability in the €. seroentina data and evidence of the
movenent of one (possibly two) I. scriota fromcontam nated sites-
outside of Wite Cak Lake, suggest that €. seroentina had a more uniform
exposure to ¥7cs, %o, and Psr in the | ake. Consequent | y,

C. sernentina may serve as a nore useful biological monitor of these
radi onuclides than T. scriota.

An interesting difference energes between the two species when the
two T. scrinta that appear to have inmgrated to Wiite Cak Lake from
other contamnated sites on the Cak Ridge reservation are removed from
each of the conparisons. These turtles contained radionuclides and
mercury at concentrations statistically higher than those detected in
the other ten I. scripta. A species difference found upon renoval of

the two outliers is in the concentrations of '

Cs in liver tissue,
concentrations being significantly higher in ¢. gerpentina than in'
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37cs in muscl e

T.scrinta. No difference was detected, however, for
upon renoval of the two outliers. According to Vanderploeg et al.
(1975), the primary route of exposure and accunul ation of ¥7cs in
aquatic organisns is by ingestion. There is also a limted anount of
data indicating biomagnification of the radionuclide through aquatic
food chains (Kol ehmainen et al. 1966, Spigarelli 1971, CGustafon 1969).

If the bionmagnification process is assumed valid in aquatic systens,
then fish would be expected to contain higher concentratiox}gjizggff .
than vegetation collected fromthe same site. It is possible that
because ¢. sernentina ingested a greater proportion of fish than did the
her bi vorous I. scxipta, a greater concentration of 376s reached t he
liver of the former species.

Cesi um 137 concentrations in muscle, which are higher than those

inliver, did not differ significantly between species even upon renoval
of the outliers. Cesium-137 is an anal og of potassiumand as such,
reacts netabolically |ike potassium (Hobbs and McC el lan 1980). Under
steady-state conditions, the concentration of 137

Cs in nuscle may show
little variability anong closely related species. The average yearly
bi ol ogical half-life of ™csin T. scrinta is 64 days (Scott et al.
1986), i ndicating the radionuclide as being in a rapidly exchanged

met abolic pool. Peters and Brishin (1988) estimated the time required
for I. scrinta to reach an equilibriumconcentration of 137CS during g
chronic period of exposure to be between 213 to 643, days. Because all
turtles used in the present study were greater than two years old (at
| east six years old for I. scrinta and at |east 12 years old for

C. serpentina), the concentration of s in turtles coll ected from-

Wiite Cak Lake should have been at equilibriumw th their environment

providing the concentration of *Gs in the |ake remained constant. . ..

during this period. The steady-state concentration ‘g,ijcysm i_n _nuscle |
of the two species may explain why concentrations of B¢ in muscle
tissue did not differ between species. Because the radionuclide will .
reach the liver before.. it is distributed to other tissues, the species
difference in ®cs concentrations in |iver tissue is probably
attributed to the ingestion of higher concentrationsof. 1"'7Cs by

Cc. seimeqtiwapl anations only hold true, however, if
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* bi omagni fication does occur for s in Wite Cak Lake and if the ¥cs
inT. scriota and €. sernentina collected fromthe | ake are at steady-
state equilibriumwith the concentration of gcs in the |ake.

The lack of difference between the ®sr concentrations in
T. scrinta and ¢. sernentina may be due to differences in the routes of
uptake utilized by turtles. Strontium90 may enter a turtle by two
means--by ingestion and by direct uptake fromwater. Hinton and Whicker
(1985) admnistered 8sr to T. scrinta via gavage and determned that 40
to 60% of the radioi sotope was absorbed by the gastrointestinal tract, a
hi gher percentage than reported in mamalian species. Jackson etal .
(1974) exam ned %sr concentrations in the shells of turtles fromthe
sout heastern United States and attributed the difference between two
terrestrial species to differences in food habits. H gher
concentrations were in the herbivorous Gonherus polyphemus (gopher
tortoise) than in the omivorous Terravene Carolina (Eastern box
turtle). These studies provide evidence for the ability of turtles to
assimlate strontium by ingestion. Aquatic species nay have an
addi tional node of uptake. Fish acquire Hsr primarily fromthe water
by direct uptake of the radionuclide across the gill nenbrane (Ophel and
Judd 1962, Nelson 1966). Dunson (1969) and Dunson and WWynout h (1965)
reported the influx ofsodiumions fromwater across the cloacal and
pharyngeal membranes Of freshwater turtles. The possibility exists for
the uptake of strontiumions across these nembranes. A species of
turtle that lives in close contact with radiostrontium contan nated
sediment, such as C. serpnentina, may be exposed to higher concentrations
of the radionuclide than a nore free-sw nmng species, such as
T. scrinta, due to the resuspension of Psr at the sediment-vater
interface. |f absorption across the cloacal and pharyngial nenbranes
are the major routes of uptake for 9sr in freshwater turtles, then a
more sedentary species (e.g., €. serpentina) shoul d contain higher
concentrations of ®srinits tissues. The i nportance of food habits is
less clear because %sr is not bi omagnified in aquatic systens and the
assimlation of the radionuclide is highly dependent on the availability
of calcium (Vanderploeg et al. 1975). If nost of the Psr acquired by a
turtle is by ingestion of plant material, as it is in terrestrial
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species, then an herbivorous species (e.g., I.scrinta) should
contain the higher concentration of the radionuclide. Because no
significant difference in %0
T. scriota and €. serpnentina, the process of sy upt ake in aquatic

turtles is believed to be a_conplicated one involving both uptake from

Sr concentration was detected between

food' and uptake from water across. the _cloacal and perhaps pharyngeal
menbr anes.

As was found for 9951:, no difference was detected in the,
concentration of %o in T. scripta and C. serpentina from Wite Oak
Lake. Cobalt is contained within the cobalamn (vitamin B,,) nolecul e
which is required by animals for normal biological function. The netal
is not biomagnified in aquatic systens as evidenced-by the |ow
absorption efficiency of cobalt fromfood (approximtely 5% in fish
(Vanderpl oeg etal . 1975). Al gae and submergent macrophytes have anong
t he hi ghest bioaccunul ation factors for cobalt in freshwater ecosystems
(Vanderploeg et al. 1975, Ophel and Fraser 1971). Ophel and Fraser
(1971) exam ned fish in a pond contam nated with wCoandfogndt he. . ..
hi ghest concentrations of the radionuclide to be in_the herbivorous .
species. Because T. scrinta fed al nost exclusively on vegetation, this

species would be expected to have had a greater potential for exposure
to %co than C.sernentina. The fact that ¢. sernentina also consumed a
| arge amount of vegetation (approximately 48%by volune in the White Oak
Lake population) results in an overlap between trophic |evels making it
difficult to evaluate the influence of food habits on the concentrations
of %o in the two species of turtles. In addition, if the radi onucl i de
is as poorly absorbed by the G tracts of turtles as it is in fish, then
it may be even nore unlikely to detect a species difference in $0¢o.
concentration. Al though the absorption efficiency of o by direct

upt ake fromwater has not been determined for tuctles, it is not
suspected as being a major route of uptake.

Mercury concentrations were significantly higher in €. serpentina
than in T. scripta fromWite Oak Lake, a difference that is consistent
with the differences in the food habits of the two species. gchelvdra
Chelydrapa was found to be nore, omnivorous than I. scripta.
serpentina ingested (by volume) an average of 52%fish and 48%



78

vegetation conmpared to an average of 0.1% fish and 93% vegetation in T.
scrinta. Inorganic and el emental mercury are converted to nethyl mercury
by nethylating bacteria in sedinent, and it is this nethylated form that
I's biomagnified in aquatic food chains (Boudou and Ri beyre 1983).
According to Eisler (1987), alnost all of the mercury accunulated in the
tissues of organisns at the top of an aquatic food chain is in the form
of nethylnercury. Because nethyl nerucry can be biomagnified through the
food chain, a carnivore or omivore such as €. serpentina woul d be

expected to have higher concentrations of the netal than an herbivore

C. senentina and T. scripta exceeded those detected in the same species
fromthe reference site, the average mercury concentrations in nuscle of
the Wite Oak Lake turtles was less than the 1 ug/g FDA action limt
(FDA 1984). Concentrations of nercury in Wite Cak Lake sedinent ranged
from3 to 5.9 ug/g (Hoffrman et al. 1984). This netal is present in
Wite Cak Lake at above-background concentrations (> 1.0 xg/g) but
appears to be in a formthat is not readily taken up by biota. Al bers
et al. (1986) reported simlar results where concentrations of mercury
in sedinment ranged from66 to 107 sg/g, but the concentration in

C. sernentina averaged less than 1.30 ug/g in liver and less than

0.60 zg/g (wet weight) in kidney tissue. As in Wite Oak Lake, the
mercury in the sediment fromthe A bers et al. (1986) study site did not

such as T. scrinta. Athough nercury concentrations in Wite Cak Lake

appear to be in a biologically available form

Results of the alkaline unw nding assay indicate that both T.
scrinta and ¢. sernentina from Wite Cak Lake have a higher frequency of
DNA breaks than does the sanme speci es fromBearden Creek enbayment. No
statistically significant difference was found between the amount of DNA
damage in the two species from Wite Cak Lake. Al though exposure to
genotoxi ¢ agents is the probable cause of the observed DNA damage in
Wite OCak Lake turtles, other environmental stressors can produce
simlar effects. Poor nutritional status (e.g., ‘protein deficient diet)
of Wiite Oak Lake turtles could result in a decline in the synthesis of
enzynmes required in DNA repair, and thus a greater anount of DNA danage
woul d be seen in the turtles fromWite Oak Lake than in those fromthe

reference site. CQher environmental stressors such as extrene
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temperatures and disease can al so weaken the animal and may result in an
el evated. amount of DNA damage. Because turtles from Wite Cak Lake did
not appear mal nourished, diseased, or in any way unhealthy, contaninants
in the lake are likely the primary causative agents of the DNA damage.

Al though physical (radiation, Ahnstrém and Erixon 1973, Kanter and
Schwartz 1982) and chenical agents (certain forms of nercury, Cantoni
and Costa 1983, and PCBs, Robbi ano and Pino 1981) can produce breaks in
DNA, the specific genotoxic agent cannot be establish& rom this assay.
The finding of elevated DNA damage in Wite QGak Lake-turtles. does,
however, suggest that biota in the lake are exposed t 0 above-background
concentrations of genotoxicants. Aso, the lack of difference in DNA
damage between T. scrinta and €. sernentina from Wite Cak Lake reveal s
that exposure to genotoxic agents in the |ake is nearly equival ent
between the two species. Bickhametal. (1988) also detected DNA damage
in turtles occupying seepage basins containing radioactive and

nonradi oactive contam nants., Turtles from the seepage basins contained
significantly greater variation in DNA content in red blood cells than
turtles fromthe reference site. Differences in DNA content were
attributed to mutations produced by lowlevel radiation and or an
unknown chenical contam nant. Both studies promote the use of-1ong-
lived turtles in the detection of genotoxic agents in contan nated
aquatic environnents.

C.sernentina appears to be a better nonitor of the contaminants L

measured. Data obtained on this species can be conpared wth- b|olog|cm
nonitoring data on fish and vegetation fromWhite Oak Lake. The .

concentration of *'Cs in the nuscle of the piscivorous €. sernentina
averaged 39.6 x 1072 Bq/g (wet weight) and was within the range reported
in Wite Cak, Lake fish. Concentratigns}of137Cs infillets of eight
species of fish fromwhite Oak Lake ranged from29.2 x 107 (warnout h,
Lepomis gul osus) to 61.8 x 10" Bq/g wet weight (largemouth bass,
Micropterus sal noi des) (Blaylock and Mbhrbacher, unpublished).
Concentration in muscle were 790 timesgreater in €. serpentina and 588
to 1233 times greater in Wite Oak Lake fish than that jn Wiite Oak Lake
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water (Filtered water concentration of 0.50 Bq/1 neasured in the fall of
1987, Mohrbacher, D. A and B. G Blaylock, unpublished.).

Concentration factors for macrophytes in Wite Oak Lake occur over a

wi de range and are dependent upon col I ection site, species, the part of
the plant analyzed, and the age of the plant. Common cattails (Typha
latifolia) collected fromthe upper end of the lake in 1988 (Mhrbacher,
D. A and B. G Blaylock, unpublished) contained 1.24 Bq/g (wet weight)
137Cs, 2480 times greater than that in filtered |ake water. \ater
mlfoil (Myriophyllum Sp.) collected fromthe mddle and | ower end of
the |ake in 1987 (Mbhrbacher, D. A and B. G Blaylock, unpublished),
however, contained 49.7 x 102 Bq/g (wet wei ght) cs, 994 tines
greater than that detected in filtered |ake water. Wether or not

bi omagni fication of 37cs occurs in the lake cannot be ascertained from
these data. It would be interesting to determ ne whether differences

f s in liver tissues of fish species as

exist in the concentrations o
appeared tobe the case for T. scrinta and €. sernentina.

Strontium 90 concentrations in €. sernentina were greater than
those neasured in fish fromWite OCak Lake. The mean concentration of
16.5 Bq/g (wet weight) in €. sernentina bone was greater than the
4.8 Bq/g (air-dried weight) detected in channel catfish (Ictalurus
punctatus) bone (Southworth 1988) and the 1.35 Bq/g (wet weight)
measured in bone fromcarp (Cyprinus carnio) (Blaylock, B. G, and
D. A Mbhrbacher, unpublished). Concentrations in bone were 1500 and
123 times greater than that in lake water (Unfiltered concentration of
11 Bq/1, Blaylock et al. 1987.) for ¢. sernentina and carp,
respectively. Differences in node of uptake and bone composition may
account for these differences. Comon cattails, Typha |atifolia,
collected fromthe upper end of Wite Oak Lake in 1987 contai ned
1.12 Bq/g (wet weight) D5y (Mohrbacher, D. A and B. G Bl ayl ock,
unpubl i shed), a concentration slightly less than that in the bone of
carp. In aquatic systens the calcified tissues of animals may serve as
better indicators of ®sr contanination than pl ants.

The concentrations of nercury in €. sernentina and fish from Wite
Cak Lake were simlar. Chelydra serpentina contained 0.17 sg/g (wet
wei ght) of mercury in nuscle, whereas redbreast (lLepomis auritus) and
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bl uegi || sunfish (Lepomis macrochirus) contained 0.16 #g/g (wet wei ght)
of nmercury in nuscle (Southworth 1987). Mercury partitions largely into
sedi ment (The concentrations in White Qak Lake water ranges fromless
than 5.0 x 10 to 10 mg/1 (Bl asing et al. 1989), wher eas
concentrations in sediment range from3 to 5.9 sg/g (Hof f man et al.
1984.) and, therefore, the low concentration of mnercury detected in both
fish and turtles fromWhite Oak Lake support the hypothesis that nercury
in the |ake sedinent may be, to a large extent, biologically
unavai | abl e.

Cobal t-60 was only detected in the livers of the turtles_from.
Wi te Oak Lake and comparable data are not available on fish fromthe
sane site. The concentration of ®Co in G. serpentina |jver was

216 times greater than that in filtered lake water (0.220 Bq/1, fall
1987, Mohrbacher, D. A and B. G Blaylock, unpublished) indicating that
this radionuclide is concentrated by turtles in Wite Oak Lake,.
Macrophytes from the |ake al so accunulmaktmewéggqlh_wlzpb.a;gl_i_a_
collected in 1987 contained 34.1 x 1\0'»2 Bq/g (wet weight) "°Co, wher eas
Myriophvllum sp. collected in 1988 contained 7.4 x. lg,f,?_ Bq/g (wet

wei ght) 80¢co (Mohrbacher, D. A and B. G. Blaylock, unpublished).
Concentration factors for these plants were 1550 and 336, respectively,
and were greater than that for €. sernentina, Oher plant species and

livers fromfish need to he anal yzed for 8¢o hefore any relationship

bet ween trophic | evel and concentration-can be drawn.
The data obtained on turtles fromWhite Oak Lake served as a

contam nant that was detected in higher concentration., & turtles than in
fish was ®sr, i ndi cati ng that turtles may be nore useful than £ish in

the nonitoring of this radionuclide. Both species of turtles from White
Cek Lake showed evidence of DNA damage, indicating the presence of
genotoxic agents in the |ake. Evidence of DNA damage was al so found in
sunfish collected fromthe lake (Adans et al. 1989). A though fish are
usual Iy rmore abundant and often easj.er .to sample than turtles, turtles,
specifically €. serpentina, may be better indicators of contamnants. . ..

with high bionagnification potentials (e.g., PCBs and mercury) due to
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their trophic position and |arge fat reserves where high concentrations
of chlorinated organic conpounds can be stored.
The data presented suggest €. sernentina as a better indicator of

certain contamnants than T. scrinta, however, advantages and

di sadvant ages exist in using snapping turtles. Chelvdra sernentina is

larger in size than T. scrinta, so anple quantities of specific tissues

for residue analyses (e.g., fat for PCB analysis) are readily obtained.
Chelvdra sernentina is a nore carnivorous species and, therefore, is
expected to contain higher concentrations of contam nants that are

bi omagni fied through food chains. Analysis for mercury and s
support this supposition. Overland novenment between ponds was greater
in IT.scrinta than in ¢. sernentina, making the latter species a better
monitor for contam nants within a given pond or |ake.

Di sadvantages to the use of C. sernentina focus on the sanpling
and handling of these aninmals. Chelvdra sernentina have |arge home
ranges and are often not as abundant as the smaller pond turtles (e.g.,
Trachenvs and Chrvsenvs). Thus, it may be difficult to capture enough
€. sernentina to constitute a sufficient sanple size. Al so,
€. sernentina are very aggressive and dangerous to handle. [|f the pond
or lake is large and sufficient manpower is available for field work,

€. sernentina is recomended because of the large tissue sanples and its

trophic position in the ecosystem Alternatively, T. scrinta is
preferable in small ponds where a sanple size of greater than three
turtles is required. In any case, the characteristics of the site, the
nunber of aninmals needed, and the type of contam nant to be nonitored
shoul d all be considered in selecting an appropriate nonitoring species.
An additional reason for including turtles in biologica
monitoring activities is that turtle matis often utilized as a
suppl enentary food source and, as such, the presence of contam nants in
muscle tissue is of inportance in the evaluation of a human health risk.
O the contam nants examned in Wite Cak Lake turtles, only 37¢cs was
detected in nuscle at above-background concentrations. Mercury
concentrations in nuscle were |ess than 20% of the FDA action limt.
Cobal t-60 was not detected in nuscle, and although %S¢ concentrati ons

were not neasured in nuscle, concentrations are expected to be |ow
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because the radionuclide has a stronger affinity for calcified tissues,
such as bone and shell. Therefore, the only contaminants in turtle
muscl e that may be of a human health concern are **’cs, and possibly
PCBs.
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6. SUMVARY

Several criteria, such as species abundance and food habits, nust
be considered in the selection of an appropriate indicator species for
the nonitoring of contamnants in the environnent. The work presented
here conpared two species of turtles that occupy different ecol ogical
niches for their usefulness as monitors in contamnated freshwater
ecosystens.  Trapping of turtles fromthe contam nated and reference
site revealed Trachenvs scrinta (Agassiz) and €. sernentina (Linnaeaus)
as the nost abundant species at both |ocations. |In addition, a
conprehensive review of the literature on contamnants in turtles

i ndi cated these species as the turtles nost frequently used in the
surveillance of contamnants in freshwater environments. Al so, natural
history background on T. scrinta and €. sernentina revealed that the
species differ in their food habits and in their degree of contact wth
sedi ment s. For these reasons, T. scrinta and €. sernentina were
selected as the species for conparison as nmonitors of contamnants in
freshwat er ecosystens.

The sites selected for study were Wiite Oak Lake, a settling basin
for lowlevel radioactive and nonradioactive contam nants, and Bearden
Creek enbaynment. Data obtained from chem cal and radiol ogi cal anal yses
of sedi ment sanpl es from Bearden Creek enbaynent supported the use of
the enbayment as a reference site

Trachenvs scrinta and ¢. sernentina were trapped fromthe
contam nated and reference site and analyzed for concentrations of sy,
37¢s, %co, and nercury in specific target tissues (Target tissues were
sel ected based on prelimnary studies and information from the
literature.). In addition, liver sanples fromthe turtles were anal yzed
for single-stranded DNA breaks, a non-specific indicator of possible
exposure to genotoxic agents in the environment. Significantly higher
concentrations of 9°Sr, 137Cs, 60Co, and mercury were detected in turtles
fromWite Cak Lake than in turtles from Bearden Creek enbaynent.
Furthermore, turtles from Wite Oak Lake contained a significantly
greater anount of DNA damage than those fromthe reference site. The

specific genotoxic agent or agents responsible for the enhanced number

a
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of breaks in the DNA of turtles fromthe contam nated site was not
det erm ned.

A conparison of I. scrinta and €. sernentina from Wite Cak Lake
indicated no difference in the amount of DNA danage between the two
species. Also, no differences were detected in the concentrations of
sy, 37cs, and *®co between T. scrinta and C. sernentina.
Concentrations of cs in liver tissues, however, were
significantly higher in ¢. serocentina than in I. scrinta upon the
removal of two T. scrinta outliers fromthe conparison. Radiochem cal
anal yses of these two turtles indicated that they may have inm grated
fromnore highly contaninated ponds. Renoval of the outliers fromthe
data, however, did not alter the outcone of the other conparisons.
Mercury concentrations were significantly higher in C. sernentina than
in T.scrinta, Examination of the gastrointestinal contents of the
turtles indicated C. sernentina as ingesting a greater amount of animal
matter than I. scrinta. Differences in the concentrations of nercury,
and to a |esser extent 17?7gs. may be attributed to differences in the
food habits of the species and the high bionagnification potential of
met hyl nmercury. Because of the higher trophic position of C. sernentina
and less variability detected in the €. sernentina data than in the
T. scrinta, snapping turtles are recormended as the turtle species of
choice in the monitoring of contanminants that are biomagnified through
food chains. Prior to any biological nonitoring investigation, however,
the geographic distribution of the turtles, relative abundance of the
speci es, nature of the contaninant of concern, and available manpower
shoul d al | be considered.
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Table A.1. Pesticide concentrations in field-collected turtles
Comrnttotlon
Pesticide Species Locatfon Sex (pg/g rot weight) N Observation Reference
-
Aldrin Kinosternon Flooded ctlce fleld, P 4.00 vhole body* 1 Elevated concentration Flickinger and
flavescens X detected. Nulhern 1980
Kinosternon Klco field, TX unkn. n.d.* uholo body 3 Contamfnant not Flickinger and
flavescens detected, King 1972
Trachemys scripta Rice tleld, TX unkn . 4.9 uholo body 2 Concencrations higher Flickinger and
.. 0.2 unlatd eggs*® 4 than (n K. flavescens. King 1972
lowver concentrations
detected in eggs than
in adults.
Chlordane Chelydra serpentina Contasinated wetland N 1.30 fat 8 Trans, cis, and oxy Albers et al. 1986
1, N 0.52 tat 3 form8 weasured oxy-
Contaminated wetland P 0.91 tat 8 chlordane was cho
2, N predoatnant form,
Relerence wetland, M 1.21 rot 1 concentrations
no 1.09 fat 6 reported hers. Males
generally had higher
concentrations than
the females.
Caretts caretta National Wildlife ne. - AT WZ 9 Trace amounts present Clark and
Refuge, FL in 2 eggs. Krynitsky 1980
DDT and metabolites Carects carecta Cast Coast, FL unkn, n.d.-0.040 suscle 9 Trace mounts McKim and Johnson
n.4.-0.051 liver ] detected. 1983
Caretts caretta National Wildlife .. 0.047 oggs 9 DDE in © |l eggs with Clark and
Refuge, FL tho moan reported Krynltrky 1990
here. DOT was
detected in 2 eggs
(n.4.-0.048).
Caretta caretta Natfenal Vildlice .o 0.099 egge 3¢ DDE meassured. DOR Clark and

Refuge, FL

eoncentrations did ot
decline ducing
{ncubation.

Krynltrky 1983
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Table A 1 (continued)

Pesticide

Species

Locat lon Sex

Concentration
(ng/g wet weight) ]

Observation

Reference

DDT snd metabolites
(cont. )

Carettas carsttas

Chelonlia mydes

Chelonla aydas

Chelonla mydas

Chelyded OOO¢ORS

Chalydra ©®

Chelydra ©®

Chelydre serpencina Agricultural area,
(]

Ssashores, CA, $C .o

cut Coast, FL unkn.

National Wildlite

Refuge, FL

Ascension Island - -

Contaminated wetland M
1, | 4
Contaminated wetland M
»2, N

Reference wetland, N
no

rponclw Hudson River, WY n

rpmtlna Various vaters In NY M

other than Hudsen
River

-

0.050-0. J03° egx

yolks

n.4. suscle 4
n.d. liver [}
n.d,-0,042 eggs 2

n.d.-0.009 agg yolks 10

0.02 fat
0.06 fat
1.49 fet

0.26 fet
0.01 fat

o~

n.d, -57.5 fat
n.d.-17.4 liver
n.d,-0.26 auscle
0.47 liver

0.17 muscle
<0.180 n

B ARAR e
N =

n.d.-81.3 fat
n.4.-3.58 llver
0.033 suscle
4.43 fat

0.29 liver
0.016 muscle

ww N A DA

n.4. fat
n.d.unlaide gg 1

unkn,

Total of ODT, DDE, and
TDE reported.

Not detected at <
0.005 ug/g.

DDT detected In 1 egg
(reported here). DDR
® Irodetectedin10® gg
at 0.005. DDEhigher

In C. caretta than C.

mydas.

DDE detected In 7
(Y

DDT, DDE, and TDE
measured. DDE was the
only form detected
{(values reported here
In all turtles). TDE
et 0.1 ppm was
detected In turtles
from N site 02.

DDR measured with
highest concentrations
reported In fat.

Highest DDE
concentration vas In a
sale collected from
Irondequoit gay.

DDE not detected In C.
serpentina

Hillestad et al.
1974

HcKim and Johnson
1983

Clark and
Krynitaky 1960

Thomapson et al.
1974

Albers et ol. 1986

Stone et al. 1980

Stone et sl. 1980

Punzo et al. 1919
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Table A 1 (continued)

Concentration
Pesticide Specles Location Sax {(ng/g vwet waight) N Observation Reference
R
ODT and metabolites Chelydra serpentina Tobacco flelds unkn. 0.31 whole body 2 DDT, TDE, and DDE were Reeves 061 al1.1877
(cont ) (site »l), NC measurad in all
samples. DDE was the
only metabolite at e
concentration greater
than 0.04 ppm. Only
DR concentrations
tobacco floldr unka. 0.16 vhole body L are reported horo.
(stte @ 2 NC There was no apparent
@ lte or species
difference.
Chelydra serpentina DDT radiolabeled " 0.1 brain 1 DDT residue Meeks 1968
marsh, OH 1.1 liver 1 concentrations were
0.3 kidnay 1 highest in fac. C .
n.d. hesrt 1 ® rpmtlna contained
13.0 tat 1 the greatest amount of
0.2 lung 1 DDT compared to K.
2.2 testes 1 blandingtt and C.
0.1 muscle 1 plcea.
0.2 blood 1
0.2 spleen 1
0.2 pancreas 1
0.2 000 1
0.1 shell 1
Chrysemys plcta Tobacco flelds unkn. 0.43 wvhole body 3 See Chelydra Reaves et Al. 1877
(site #1), RC serpentina, Reeves et
Tobaceo flelds unkn . 7.61 whole body 3 al. 1977.

(sice #2), NC
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Table A 1 (continued)

Pestictde

Species

Locetion Sex

Concentration
(ng/8 wot waight)

Observation

Reference

DOTe ndmetabelites
(cont.)

Chrysemys plcta

Chrysemys plota

DOT rediolabeled N
warsh, OH

unkn.

Agricultuceal area, M
10

.2’ testes
.4,0,2 muscle
0.1 blood
n.4.0 ploan
0.2 shell
n.d4, drain
0.3 llvor
0.2 kidney
n.d. heat
3.2 fat

0.1 lung

0.1 ovary
0.1 muscle
0.2 blood

0.1 spleen
n.4, pancreas
0.3 eye

0.1 shell
n.d. brain
0.2 liver
n.d. kidney
n.d. heare
1.0 fat
n.d.-0.1 lung
n.4. muscle
n.d.-0.1 blood
n.4. rploon
n.d, pancreas
n.d. shell

0.018 fat

BRI N) BB ABIIN N AP NS PO D Pt o s Putd Pus o St Putt P o et Pt s P P P B D W

—_—

See Chelydra
® rpmtina. Neeks
1968.

Trace smount of DDE
detected.

Meeks 1968

Pungzo et al. 1979
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Table A 1 (continued)

Concontrotlon
Pesticlde Species Location Sox (ng/g wet weight) N Obssrvation Reference
PDT and setabolites fays blendingll D0T radiolebeled N n.4. drain 1 See Chelydra Meeks 1968
(cont.) warsh,OH 0.9 liver 1 serpentina, Mesks
0.4 kidney 1 1968.
0.1 hoort 1
3.8 tot 1
0.1 lungs 1
1.3¢ testes 1
n.d. suscle 1
0.2 blood 1
n.d. spleen 1
0.1 pancreas 1
0.1 shell 1
P 0.3 brain 1
0.9 liver 1
0.2 kidney 1
0.1 heart 1
4.p fat 1
02. lung 1
0.1 suscle 1
0.3 ovar 1
0.1 musele 1
0.6 shell 1
Kinosternon Rice fleld, TX unkn, 1.2 whele body 3 Hiigher concentrations Flickinger and
flavescens detected in K. King 1972
flavescens than T.
scripta.
Stermnotherus Tobacco fields unkn. 0.36 vhole body & See Chelydra Reeves et al. 1977
odoratus (site #l), RC serpentina, Reeves et
Tobacco fielde 0.19 whols body b al. 1972,
(stte 02). NC
Terrspens carolins Forest ares treated both not messured 86 No difference in Stickel 1951
carolina with DOT, MD population size was

detected. Growth of 4
juventile turtles from
Reference forest, NO both not measurad 82 the DDT ares sppear
’ normal.
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Table A 1 (continued)

Concentration
Pesticide Species Location Sox {pg/g vat weight) N Observation Raference
DDT and metabolites Trachemys scripta Qice fleld, TX unkn. co.1 whele body % Higher concentrations Flickinger and
(cont.) 0.2unlatld ® aa 4 dotoctod in the eggs. King 1972
frcchéqn seripta Tobacco fields unkn. 0.12 wvhole body 7 S«e Chelydra Reeves o tal.1977
(slce® ) NC serpentina, Resvas ©
Tobacco £ lolds unkn, 0.71 whele body & al. 1977.
(site #2), NC
Dleldrin Cacetta caretta Netional Wilditlfe -- n.4.-0.0280,,,5 9 Trace smounts datected Clark and
Refuge, L in 4 eggs. Krynitsky 1980
Caretta caretts Seashords, CA, S C -~ Trace - 0.0564° egg unkn. trace smsounts Hillestad et al.
yolks detected. 1974
Chelydra serpentine Contaminated wetland N n.d. fat s Trace amounts detected Albers @ cal.1986
", B | 4 n.d, fat 3 in sales fros tho
Contaninated wetland N g.05 fat ] freshvater NJ site.
02. v
Chelydra serpentina Reference wetland, N 0.02 tat ? Trace amounts detected Alberse (O J.1986
ND r n.d. fot b in® alesonly.
Chelydra ©® oqrtind Age lout tural szea, F n.d, fae | Of the teptiles ® d Punzo et al. 1979
10 ae nd. 0 U 1 swphibians ® xulwd,
highest concentrations
were reported in
Onakes,
Chelydra® orpontina Tobacce [lelds unkn <0.01 vhele body 2 Not detected. Reeves © t al.1977
(sfte wi), NC
Tobacco fields unkn <0.01 whole body 6 Not detected,

(slite #2), NC
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Table A 1 (continued)

Concentration
Pesticide Species Locatton Sex (sg/g vet weight) r Observation Reference
Dleldrin (cont.) Chelydra serpentina Hudson Rlvor, NY n 8.41 fat % Highest concentrations Stone et al. 1980
n.d.-0.086 llvor H detected in fat
n.d,-0,034 suscle 6 sasples in both sexes.
r 17.0 fat 1
n.d. -0.026 llvor 3
n.d. suscle 2
. 0.0330 %0 é
Chelydrs serpentina Various waters in NY M n.d.-M.1 fat 4 Highest concentrations Stone et al. 1980
other than che n.d.-0.99 llvor 4 detected In fat from o
Hudeon River n.d,-0,16 suscle 2 male collected from
r n.4.-2,40 :at S Irondequoit Bay (Lake
0.06 llvor 3 Ontarfo).
n.d.-0.01 wmuscle 3
Chryseays picts Agricultural® roo, M 0.074 fat 1 Ses Chelydra Punzoe ¢ O [ 1979
bellt 10 serpentina,Punzoe ¢
al. 1979.
Chrysemys pleta Tobacce ffelds unkn. do.01 whele body 3 Not detected, Reevese 1) © J.1977
(alto #1), nG
Tebacoe flelda unkn,  <0.01 vhole body 8  Net dstected.
(site #2), RO
Kinostermnon Flooded tice field, F 47 whole body 1 Epoxidation of ® ldrin Flickinger and
£lavescens ™ to dieldrin may bo o Mulhern 1980
slov process in
turtles.
Kinosternon Rice fleld, TX unkn. 0.6 uholo body 3 Higher concentratfons Flickinger and
£lavescens detected In T. King 1972
secipta.
Stermotherus Tobacco £ 1elds unkn. <0,01 whole body 4 Not dotoctod. Reeves et ® 1.1977
odoratus (site #1), NC
Tobacco f 1elds unkn. 4.01 whole body ¢ Not detected.

(site #2),6 NC
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Table A 1 (continued)

Peaticide

Specien

Location

Concentration

(mg/g wet weight)

Observation

Reference

Oteldrtin (cont.)

fndrin

Trachemys scripta

Trachemys scripta

Chelydra ® orpmtina

Chelydra serpent ina

Chelydra serpentina

Chrysemys picta

Kinostemon
flavescens

Sternotherus
odoratus

Trachemys scripta

Tobacco floldr
(site w#l), NC
Tobacco floldr
(alto #2), WC

Rice field, TX

Contsminated
wetland, al, W
Contamfnated
wetland, #2, NJ

Reference wetland,

no

Tobacco fields
(site #1), NC
Tobacco fields
(site #2), NC

tobacco flelds
(site #l), KC
Tobacco £ 1.16
(alto #2), NC

flooded rlice fleld,
TX

Tobacco £ telds
(site #1), NC
Tobacco flelds
(alto ® il, NC

Tobacco floldr
(aite »l), NC
Tobacco {lelds
(site® 2) NC

unkn .

<0.01 whole Body
<0.01 uholo Body
1.2 whele body
2.6 unlald eggs
n.d. fat

n.4, fat
n.d. tee

n.d, fat
n.d, fat

<0.01 whole body

a.01 whole body

<0.01 vhole body
a.01 whole body

1.1 whole body
<0.01 whole body
€0.01 uholo body

<0,01 whole body
<0,01 whole body

- w e "N -

N~

Not dotoctod.

lot detected,

Higher concentrations
in eggs than in
adults.

Contaminant was net

detected in turtles
from ® |Ithorsite.

Rot detected

Not dotoctod.

Not detected.

Not detected.
Mot dotoctod.
Above background
concantration
detected.

Mot detected.

Not detected.

Tot dstected.

Not detected,

Rawer e¢ @ J 1977

Flickinger and
King 1972

Albers,e cal.
1988

Albers ec al. 1986

Reeves et al. 1977

Resves o ¢ al. 1977

Flickingere d
Mulhern 1960

Reeves et al. 1977

Reeves et al. 1977
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Table A 1 (continued)

Concentration
Pesticide Species Locatien Sox (ng/g vet weight) n Observation Reference
Neptachler Caretta ® orotid National WVildlife -- n.4.-0,006 ogge 9 Detected in only 2 Clark and Kynitsky
(Neptachler® ponldo) Refuge, FL (Y 1980
Chelydra ® orpontiru Contaminated wetland N n.é. fat s Contaainant detected Albers ®  a1.1986
ol, r n.d. tet 3 in males from the
Contulnotod wetland M 0.2. fat [ freshwater alto.
02, W
Chelydra serpentina Reference wetland, N 0.11 for 7 Trace amounts of the Albers et al. 1986
no r 0.03 fat 6 contasinant were
detected in both
sexes.
Chelydra ©® wpentina Agricultural® roa. P n.d, fat 1 Heptachloxr ® poxidowas Punzo et al. 1979
10 .e n.d. eggs 1 not dstected in the
samples.
Chelydra serpentina Land treated with unkn. not sessured 1 Dead after 2 Ferguson 1963
heptachlor, CO treatments of 0.33
kg/ha.
Chrysemys pleta Agricultural area, N n.d. tat 1 Concentrations wvere Punzo et al. 1979
belll 10 highet in snakes than
turtles fra tho site.
Terrapene carol Ina  Land treated vith unkn. not messured 1 Dead sfter 2.25 kg/ha Ferguson 1963
heptachlor, CO land treatment
Trachemys® ripta lLand treated ulth unkn, 172.0 whele body 1 Dead after 279 days Rosene ot al. 1961
heptachlor, GA & AL after a 2.29 kg/ha
®  pplicotlon.
Rirex Caretta caretta Nacional Wildlife -. nd 0 0 S ] Only dstected in 1 Clark @ 2

Refugs, FL

(i

Krynitsky 1980.
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Table A 1 (continued)

Concentration
Pesticide Specles Locatlon Sex (ng/g wet welight) N Observation Reference
[ J
Nirex (cont.) Torrapene caroline lLand treated with unkn. 1.1 llvor 6 Concentrations higher Holcomb and Parker
® Irox over 7 yestrs, unkn. 1.7 llvor 3 in T. carolina livers 1919
LY unkn, 1.3 llvor 1 than in thoro of T.
unkn. 0.29 1ver 3 scripts. Also true
unkn. 1.4’ unlald ® ggr unkn. for tho @ Rga.
unkn, 1.64unlrid® RRr unkn.
unkn, 2.5’ unlaid eggs unkp,
unkn, 1.4° unlatd egge unkn.
Trachemys seripta land treated ulth unkn. 0.41 llvor 2 Peak rasidue levels in Holcomb and Parker
® Irom ovor 7 years, unkn. 0.19 llvor 3 1ivers of both ® pocloa 1979
n unkn. 0.16 llvor 4 oceurred 2.3 years
unkn. 0.05 ttver b after last treatment.
unkn. c0.01 tiver ¢ Application 4 years
.. 1.9unlaid® RRr unkn. sfter tnitfal
2.2” unlaid aggs unkn. trestment had lictle
0.15¢ unlsld eggs unkn. sffect.
-- 0.1¢%unlatde UO unkn,
.o 0.04unleid® Ul unkn.
Nonachlor Chelydra serpentins Contaminated uotlond M 1.05 fat 6 Trads and cis forms Albersec ® ] 196b
ol, N r 0.39 fat 3 detected. Trans isomer
Contasinated wetland N 0.73 fat ] slightly higher
"2, concentration, Total
Reference wetland, M 0.92 fat 7 of tho tvo isomers
np 4 0.46 fat ¢ reported horo. Males
had higher
concentrations than
fenales.
Caretta caretta National Wilditife -. nd, D00 0 8D 9 Detected in only one Clark and
Refuge, FL ogg. Krynitsky 1980
Toxaphene Chelydra serpentina Contaminated wetland M n.d. fat 6 Contaminant not Albers ec al. 1986
el, N r n.d. fat 3 detected in ® nlulr
Contasinated wetland M a.d. fat [} from econtaminated and
(VA 1] reference sites.
Reference wetland, A n.d. fat ?
nD r n.d. fat [

AN
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Table A 1 (continued)
Concentration
Pesticide Species Location Sox (ng/g wot weight) ] Observation Reference
' -
Toxaphens (cont.) Kinostesrnon Plooded rice flold, 0.3 uholo body 1 Contasinant present Flickinger and
£1avescens TX Nulhern 1980
Zinoscernon Rlce field, TX unkn, n.4. vhole body 3 Contaainant not Flickinger and
£lavescens detected in any of tho King 1972
turtles,
Tracheays scripta Rice fleld, TX unkn. n.d. whole body 2 Contasinant not Flickinger® nd
n.d, unlaid eggs -4 detected. King 1972

*Shellwas removed [T ©® rruwd to have been removad prior to & nalysiainallcases,
SNot detected,

*Weight borlo (dry or wet) mot reported by ® uthorr.

“Concentration based on dry weight.
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Table A 2. Polychlorinated biphenyl concentrations in field-collected

turtles
. Concentration
PChe Species Location Sex (sg/8 vet welight) N Observation Reference
Aroclors Chelonia mydss Ascension Island - - 0470 0 ¢ B0 10  Avoclor 1242 & 1254 Thompson st al.
1248 & 1254 snajor ICB 1974
contasinsnts. Mean
concentration of both
reported.
Aroclors Chelydra serpentina $ vivers and 1 lake N Co0.025 muscle 10 Higher concentrations Helwig and Horae
1260 & 1254 site, HN 199 frt . 9 tn fot thsn muscle. 198)
r <0.023-0.086 muscle 5
3.2 fst H
unkn. Co0.025 suscle 2
<0.2 fat 1
Aroclor 1260 Caretts caretta Natfonal Wildlife . D47EE ¢ WS 9 37y of the egge Clark and
Refuge, FL sampled contained Keyniesky 1990
detectabls lavels of
PChs the mesn of which
ts reported,
Total Caretta ceretts Last Coast, FL . unkn. 0.001 wuscle 9 Higher concentrations McKim and Johnson
n.d..0,13) liver [} fn liver than wuscle. 19.3
Total Caretta caretts Cast Coasc, FL unkn. 0.0019 suscle 4 Slightly higher PCB HcKim and Johnson
n.4.-0.070 1liver 4 concentrations In C. 1983
caretta,
Total Chelydrss erpentina Contsminated wetland K 40.41 fat s Male turtles from the Albers o c #l.1986
o, r a.41 fat 3 brackish-vater NJ sfite
Contaminated wtiond M 17.2. tat s (1) bad the highest
"2, 8 concentrations of PCBe
Reference wetland, N 26.00 .- ? and vere @ Iplflemaly
no r 23.48 fet ) higher than that in
males from tho
freshwater MN site (2)
and che MD @  jce.
Total Chelydra © [1000+40¢§ Upper:Hudaon River, M 3,608 fat 1 Elevated Olafssone cal.
» concentrations {n 19.3
turtles from both
Lake Ontarlo " 633 fat | sites.

VAN
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Table A 2 (continued)

Concentration
’]Chs Speciles Locatlon Sox (mg/g vot welght) N Observation Reference
Totsl Chelydra® (JC1¢¢OMIS Varicuswatersini¥d 745 fat 4 Highest concentrations Stone o tal.1910
other thrn tho 1.4 Yver 4 reported In fat
Hudson River 0.42 muscle 2 concentrations in
r 240 fat 3 muscle vers wvithin the
0.1 liver 4 FDAlimie X000 @ diblo
0.46 muscle 4 fish.

*Shell was temoved er assumed te have been removed prior to analysis in all cases.
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Table A 3. Metal concentrations in field-collected turtles
Concentration
Reta! Specles Location Sex (ng/8 wot welight) N Observation Referencs
Aluatinua Caretta caretts National Ssashores, -- 1.23-2.1% ogg yolks 9 6 Range of mean Stoneburner et al.
L, CA, NC concentrations from 4 1980
o ltor. Highest mean
concentration In egge
tram Cansveral
National Sesshore, FL.
Bartum Caretta caretts NHational Seashores, -- 0.73-2.39 egg yolks 96 Range of mean Stonsburnere : 0 |,
FL, GA, NC concentrations from 4 1980
¢ W< Highest mean
concentrationin® gSa
from Cspe Lookout
National Seashore, NC.
Csdnius Caretts caretts Netional Seashores, .- 0.01.0.07 o goyolks 96 Range of mean Stonoburnor ¢ tal.

Caretta caretta

Chelydra serpentina

Chelydrs serpentina

FL, CA, NC

Seashores, GA, AL -

Contasinated wetland M
ol, J
r

Contaminated wetland M
2, NJ
-

Reference wetland, M
"o
4

0.17 ® U yolks
0.56¢* o |buln

0.25 kldnoy
0.10 liver
0.10 kldnoy
0.08 liver
0.09 kidney
0.00 1fver

0.01 kidney
0.01 tiver
0.07 Kkldnoy

unkn.

[ R X" RN N _J

O~~~

concentrations from 4
sites. Hun
concentrations sbove
0.1 pg/g reported In
e« ggs from Cusberland
I1sland National
Seashore, CA and
Canaveral National
Seashore, FL.

Concentration in

. ® lbruln higher than in

yolk.

Cd detected In low
concentrations In all
o nlmols . Highest
concentrations were in
kldnoy tissues of
turtles from the NJ
brackish water altos
(#2).

The metal vas detected
in turtles from all
sites.

1980

L1T

Hillestad et al.
1974

Albers o t g, 1986

Albers ot al. 1986



Table A 3 (continued)

fetal

Specles

Locat lon Sex

Concentration
(pg/g wat weight) N

Observation

Refarence

Cadatum (cone.)

Chrontus

Cobolt

Copper

Chelydra serpentina $ viver & 1 lake "

Trionyz spiniferus

Caretta carretta

Chelydrs ©

Chelydra serpentina

Caretta caretta

Caretta caretta

sice, MN r

River that teceived ¥
o ffluant from

plating industries,

™

Nationel Seashores, - -
FL, CA, NC

rponrina Conteminated wetland M

#l,NJ

r
Contaninated wetland
2. NJ "

Reference vetland, M
]
: 1 4

Metionsl seashores, --
FL, CA NC

Nactional seashores, - -
FL. GA, NC

0.010 muscle [}
0.012 umclo 4
9.07 kidney 12
0.19 sasl} 12
intestine

0.36-0.60 ogg yolkm 96

2.97 kldnoy L}
0.10 llvor (]
2.70 kidney 3
0.60 Yiver 3
1.13 kldnoy s
0.36 llvor [ ]
0.93 Kkldnoy 7
1.00 Ilvor 7
1.26 kldnoy 6
1.97 llvor 6

0.0.0240 Uyolkm 96

1.73-2.300 gSyolkm 96

tot01 range of voluor
from 0.002 to 0.025.

Of tho tissues

® Niytd.
concantrations were
highest In kldnoy and
lovest in small
intestine.

Range of mean
concontrmtlonr from &
0 ltmm. Highest won
concentration reported
{n® gomfrom
Cumberland Islend
National Seashore, CA.

Highest conconrrotlonr
dotoerlon in kidnay
tissues of turtlor
from rho NJ brackish
vater site.

S00 ® bovo, Alberse t
al. 1916.

Range of won
concentrations from &
sites, Llow
concentrations
detected.

Eggs from o Il sites
contained ® lovatod
copper concontrmtlonm.

Helwig nd Norm
1981

Robinson and UWells
1915

Stoneburner et ol.
1900

Alboro ® tal.198¢

Alborm et al. 1966

Stoneburner ® ral.
1960

Sroneburnor st al.
1960

8TT
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Table A 3 (continued)
Concontrotion
Metal Spoeloo Locat lon Sex (ng/g wet vaight) N Observation Roforonco

Copper (cont )

Iron

Laad

Caretta caretts

Soomhorom, CA. SC --

Chelydra serpentins Contsainated wetland N

Chelydra serpentina

Caretta carette

Carettes caretta

Caretta caretta

Chelydra ® orpontlno Pb contaminated

",
r
Contasinated vetland
¢ LN "
Reference wetland, M
Ho
F
Nationsl Seashores, - -
FL. A, WC
Nstional Sooohoroo, -
FL, CA. NC
Sooohoros. GA, SC --
both

river, MO

Lees contulnotod both

upstreaa O o, HO

Non-wntomlnotod both

upmtrou ® Ito, HO

2.08* ogg yolks unkn.
6 .0% albusin unkn.

1.81 kidney
9.72 liver
1.21 kidney
$.17 llvor
1.273 kldnoy
2.00 llvor
0.02 kldnoy
1.20 liver
1.07 kldnoy
1.57 llvor

PN N BRWSED

24.8-26.0 ® g( yolks 96

0.39.0.76 ® SS yolkm 96

2.87° ogg yolks unkn.
12.0°® |hin unkn.

13.7 corbpoco
5.6 blood
0.4 carapace
1.1 blood
0.5 carapacs
0.1 blood

Concontrotlon In

® |bueln higher thon in
yolk.

Higher concontrotlono
reported in llvor thon
in kldnoy tlmmuom.
Jox-rolotod difference
detected in NJ
btockloh water
turtlom, with rho
concentration detected
In rho llvorr of males
@ tgnificantlyhigher
thon thot In tho
Towlom.

Range of ¢ mon
concontrotlono from 4
0 itom. Second highest
concentration of tho
setals snalyzed
(2n,Fe,81).

Range of won
concontrotlono from 4
sites, Highest won
concontrorlon teported
in® gp from Canaveral
Hational Soomhoro. FL.

Concentration In
albuain higher thon In
yolk.

unkn. C. serpentins ® ppsorod
unkn. to bo e good indicator
unkn. ® poeloo for Pb. Sholl
unkn. ond blood served ¢ m
unkn. usoful non-lothol
unkn. tissus-typs samples.

Hillestade CO1.
1974

Albers st 01. 1986

Stonoburnor ¢ t 01.
1960.

Stonoburnor ¢ tal.
1980

Hillestadet® f,
1974

Krajicek ond
Overman 1988
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Table A 3 (continued)

Concentratfon
Netal Specien Location Sex (pg/s wet weighe) N Observation Reference
tasd (cont.) Chelydra serpentina Contaminated wetland M 0.19 kidney s Background Albers ec al. 1986
N n.d.® llvor s concentrations of Hg
Contaninated wetland F n.d. kldnoy ) detected in turtles
#2.NJ n.d. llver 3 from the contaminated
] 0.10 kldnoy ] and reference sites.
0.12 llvor ] lo consistent
relationship betveen
P> concentrations in
Ilvor and kidney
tissues.
Chelydra serpentina Reference wetland, M 0.01 kidney ! Ses Chelydra Albers ot a!l. 1966
MD 0.01 Ilvor 7 serpentina, Albers et
F 0.16 kldnoy 6 al. 1966.
n.d. ltver 6
Terrspene caroline Woodiand ares near M S1.6 humerus 4 Highest concentrations Serssford et al.
P seetler, NO 64.5 femur 4 in bono followed by 1981
21.6 llvor 4 kidney and liver.
24.3 kidney 4
6.00 blood 4
0.35 rkin 4
0.20 lung 4
Terrapene carolina Reference woodland. M 4.51 humerus 1 Pb concentrations in Beresford et al.
W 5.55 femus 1 llvor, kldnoy skin, 1961
2.21 liver 1 blood snd bone were
4.03 kidney 1 @  i6nlificantly higher
0.22 blood 1 in ® nlulr near the
n.d. skin 1 smelter. Pb levels
n.d. Tung 1 ware similar in liver
r 2.41 humerus ) and kidney tissues.
3.21 femur 3
0.00 liver 3
0.11 kidney 3
n.d.-0.15 blood 3
a.d.-0.16 ® Kkin 3
n.d, lung 3

0C1



Table A 3 (continued)

Concentration
Netal Specles location Sex (ug/g wat weight) N Observation Reference
Nercury Caretta caretta National Seashores, -- 0.14-0.480 Uyolks 96 Range of mean Stoneburner et al.
FL, CA, NC concentrations from 4 1980
¢ W Highest
concentrations
detected in ® “6r from
Canaversl National
Seashore, FL.
Chelydra serpentina 5 tiver & | lake N £0.02 fat 9 Highest concentrations Helwig and Hora
sites, MN 0.12 wuscle 10 of Hg datected in the 1963
r 0.03 fat - suscle o f the femsles.
0.21 muscle S
unkn. 0.03 fat 1
0.1 muscle 2
Chelydra serpencins Contasinated wetlend N 0.55 kidney 6 Highest concentrations Albers o c al.1916
[ 1 V] 1.28 liver [ ] vere reported in
Contaninated wetland F 0.41 kidney 3 Liver. Although Hg
o 2N 1.27 llvor 3 was detected In
| 0.39 kidney ] ® adirnta (0.4-2.80
0.60 llvor 6 ppm), Mg
concentrations were
relatively low in the
turtles.
Chelydra serpantina Reference wetland, M 0.44 kidney 7 Hg detected in ® nlula Alberse cO® J.198¢6
0.90 1tver ? from the reference
r 0.36 kidney 6 site.
0.41 Liver 6
Kinosternon Rice Hold, 7X unkn, 0.12 whele body 3 Low concentrations of Flickinger and
f lavescens HG detected in both King 1972
specles.
Tracheays scripta Rice fleld, IX unkn, 0.08 whole body’ 2 Higher concentrations Flickinger and
- n.d. unlaid ® Ul & detected in the sdults King 1972

than eggs.
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Table A 3 (continued)

Mecal

Location Sex

Concentration
(ug/g wet welight) N

Observation

.Reference

Nolybdenum

Nickel

Stront fus

Tine

Caretta caretta

Caretta carstta

Chelydra © rpmtina

Chelydra serpentina

Caretts caretts

Caretta csretta

Notlonol Seashores, --
FL. GA, WC

Natfonal Seashores, - -
FL GA, NC (& ® Itor)

Contulnotod wetland M
#l,NJ
Contaminated wetland ¥
"2, N

n

Reference wetland, N
MD
¥

Wotloncl Seashores, --
FL, CA. NC

National Seashores, - -
FL, GA, NC

1.09-6.230 6Sryolks 96

0-0.790 SSyolks 96

1.24 kidnoy
0.24 llvor
1.01 kldnoy
0.27 llvor
0.45 kldnoy
0.13 ltver

W wwo e

0.35 kldnoy
0.44 llvor
0.43 kldnoy
0.99 llvor

RO~

23.9-25.8 0 &g yolks 96

23.6-28.0 egg yolk. 96

Range of mesn
concentrations from 4
ritoo. Highest mesn
concentration reported
tn® SS*from Canaverasl
National Seashore, FL.

Range of o +m
concentrations from 4
¢ W70 Only ® SSrfrom
Cape Lookout National
Seashore, NC contsained
concentrations greater
then 0.09 wpg/g.

fiighest . ean
conconcratlon roportod
in kidnoy tissues from
turtles eolloccod from
the NJ brackish vater
0 [§+(w2).

Ses above, Albars et
al. 1966.

Range of mean
concentrations from 4
sites. Third highest
concentration of tho
metals analyzed.
{Zn,Fe,Sr).

Renge of am
concentrations from 4
sites. Of the heavy
metals analyzed,
highest concentrations
were reported for
tine,

Stoneburner o ral
1960

Stoneburner et al
1980

Albers et al. 1986

Albers et 1. 1966

Stoneburner ot al.
1980

Stoneburneret ® f.
1980

[AA¢



Table A 3 (continued)

Concentration
Metal Species Location Sex {(ug/g wat weight) N Observation Reference
ne (cont.) Caretta caretta Seashores, CA, S C - - 2.06° egg yolks unkn. Concentration in Hillestad et .1
6.0*® Ibumin unkn. ® lburin higher than in 1914
yolk.
Chelydrs serpentina Contssinated uotlsnd M 9.93 Kkldnoy 6 Highest concentratlions Albersec ® J. 1966
o1 NI 50.4 llvor 6 reported in liver
Contaminated wetland F 9.79 kldnoy 3 tissue. Highest
"2, N 39.0 llvor 3 concentrations in the
n 10.5 kidnoy 6 llvers of ulo turtles
30.7 llvor 6 from the NJ brackish-
vater site (#2).
Chelydrs serpentina Reference wetland, N 8.80 kidney ? 5.. above, Albers et Albers o t al.1986
MD 21.1 llvor ? al. 1966,
f 9.60 kidnoy 6
283 llvor 6

“elght basis (dry or wet) not reported by authors.
*Not destected.
*All vhole body @ .lya.r did not include tho shell.
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Table A 4.

Radi onucl i de concentrations in field-collected turtles

Radlonuclide

Species

Location sax

Concentration
(Bg/g vet wveight)

Observation

Reference

ey

Chelydrs serpentina

Trachemys scripta

Trachemys scripta

Treachemys scriptas

Tracheamys scripts

Trachemys scripta

Spiked pond, OM unkn,

Savannah River Plant both
® 00p.go basins, SC

Reference ponds, SC both

Savannah Rlvor Plant both
s eepage basine,SC

Savannsh River Plant unkn.
seepage basin, SC

Contaminated unkn,

ressrvolr, SC

2.41* whole body.

2.11 vhole body

0.0014 whole body

9.0 vhole body

5.1 vhole body

0.71 whole body

36

26

15

10

1.48 x 10%q Y¥eCs
.ddod to rho pond.
Turtles vers
fmmigrants,

Inicial total body

butden reported here.
Seasonal variation In
® llmin*tlon rates of
¢y, Average yearly
bl010610.1 helf-1ite

Y.. 64 day..

Tutrtles contsined low

levels of “‘CA.

Inittial tot.1 body

burden reported here.

213-64) doy. vs.

deternined a. th. time

to ranch an
® qulllbrlum **'Cs
concentration.

Elimination rate wvas

7.2x 10744 .4 x
10°? kBq/day .

Concentrations in

organs .nd tissues
vere normalfized to
that in msuscle.

Cesium In muscle wvas

tvice that tn other

soft tissues, Actusl

concentrations not
rsportod.

So. above, Towns 1861.

Brungs 1967

Scotr ot al. 1986

Scott et al. 1986

Peters snd Brisbin
1988
Patars 1986

Towns 1861

Towns 1987

721
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Table A4 (continued)
Concentration
Radienucltide Species location Sex (9g/g wet welighe) N Observatton Reference
o Chelydra serpentina Spiked pond, OH unkn, 0.94* vhole body 2 1.4 x 10°8q “Co added Brungs 1967
to thr pond. Turtles
vere lami grant*.
Chelydra serpentina Lake conteminated unkn. 34.1 uhol. body 1 0.37 3q/1 in lake Ophel and Fraser
vith *Co from o 140.4 cavapace 1 vater. Inverse 1911
nearby dispossl pit, 4.1 whole body 1 relationship between
Ontario, Canada ® inuscarapace concentration In
organism and trophic
level,
sy Chelydra serpentinsg Uncontaminated unkn . 0.79* ah.11 2 9Sr detected. Holcomb et al.
® tls. Ml 1971
Chelydra serpentina Uncontulnatod unkn. 0.3° ah.11 2 Higher concentration Jackson et al.
sites, FL dstoctod in C. 1974
Uncontaminated unkn 1.1. ah.11 2 serpent Ina from CA
sites, CA sites.
Chryseays concinne Uncontasinated unkn. 0.96’ ah.11 9 Hinus ono individual Jackson et al.
peninsularis sites, FL collected from another 1914
site ® 0.n-0.368q/g.
Chryseamys concinna Uncontaminated site, unkn. 0.04’ ah.11 3 Low concont rat lon Jackson et al.
suvanniensis FL detected. 1974
Chrysemys nelsoni Uncontasinated site, unkn, 1.7% shell 2 Higher concentration Jackson et al.
TL th.n other Chrysemys. 1974
Delrochelys Uncontasinated site, unkn. 0.64°* Shell 3 ¥5¢ detected. Jackson et al.
recicularia FL 1974
Copherus polyphemus Uncontaminsted aite, unkn. 4.77° ah.11 1 This turtle had the Holcomb et &l

AL

rocond highest
concontrotion of *sr
among .11 turtles

®  uplod.

1971

LTAS



Table A 4 (continued)

Concentration
Radionuclide Species Location 8.x (Bg/g wet veight) Observation Reference
®sr (cont. ) Copherus polypheamus Uncontaminated unkn. 4.50° ah.11 Species vith th. Jackson et al.

sites, FL highest *®sr 1974

Uncontaminated unkn. 6.66° shell concentration.

® jt., CA Explsnsation based on

Uncontaainated unkn, 3.57° ah.11 herbivorous diot of

alto., AL th. specfes.
Kinosternon bauri Uncontssinated unkn. 0.67¢ ah.11 gy detected, Jackson et al.
palmarus sites, FL 1914
Kinosternon Uncuntaminated unkn, 1.31°0 wil No correlation betveen Holcomb et .l.
subrubrua sites, Mi size and ®sr 1911

concentration.

Kinostermon Uncontaminated unkn. 1.44° shell H16h.r concentrations Jacksonet® 1.
subrubrus e lto.. FL detected In K. 1914

Uncontasinated unkn. 1.63* ah.11 subrubrus than K.

sites, CA baurl
Nalaclemys terrspin Uncontaminated site, unkn. 0.02° shell Low concentration Jackson et .l
macrospllota FL detected. 1974
Pseudemys floridana Uncontaminated site, unkn. 1.76* ah.11 Concentration higher Holcomb et al.
hoyi 1 than In subspscies 1911

from CL.

Paeudenys f loridana Uncontssinated unkn, 0.0)* ah.11 No correlation betveen Holcomb et al.

peninsularis

sites. FL

slze® nd%sr
concentration.

1971

9¢T
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Table A 4 (continued)
Concentration
Redionuciide Species Location Sex (8g/g wet weight) N Observation Reference
®sr (cont. ) Sternotherus minor Uncontsainsted unkn . 0.02° shell 2 No correlation betveen Holcoabe tal.
alnor sites, FL size O nd™sr 1971
concentration.
Scermotherus® Jnor Uncontsainated unkn. 0.04* oh.11 5 Lov levels detected. Jacksonet® |,
o Juor sices, FL 1974
Stermotherus Unconteminated unkn. 0.05%0 nhell 2 Higher concontrotion Holcomb et sl.
odoratus 0 04005 FL Jn Nississippl turtle, 1971
Uncontulnatod unkn. 1.0’ shell 1
sites, N1
Scernotherus Uncontaminated unkn. 0.06’ rho11 8 Higher concentrations Jacksonet ® |,
odoratus ® Itoa, FL roportod In the CA 1974
Uncontulnatod unkn, 1.21%0 hell 14 populotion.
sites, CA
Terrapene caroline Uncontaminsted unkn. 1.0’ shell n Invoroo corrolotlon Holcomsbet® J.
(NNl )} botuoon size ® nd **Sr 1971
Uncontaainated unkn, 1.14° shell 1 concontrotion in Ml
0 OV00= ™M and TN populations.
Uncontasinaced unkn. 1.48° oh.11 7
sttes, CA
Uncontulnatod unkn, 0.73’ shell 3
sites AR
Terrapene caroline Uncontulnatod unkn. 0.78° shell 2 %3r dotoctod. Jacksone to 1.
® |Itom, FL 1974
Trachemys scripta Sovonnoh River Plant both 94.2 vholo body 36 Initial totol body Scott e tO01.1986
seepage bastns, SC burdon roportod here.
Seasonal variation in
® llaJmtJon rotor of
¥se. Avorogo yearly
- biological half-1ife
was 165 days.
Trachemys scripta  Reference ponds, SC both 0.39 uholo body 26  Turctles contolnod lowv Scott et 01. 1986

lovolr of *Sr.

Lt



Table A 4 (continued)

Concentration
Radionuclide fpecies Location Sox (Bg/g wet waight) N Obssrvation Reference
®ge (cont. ) Trachemys scripta Savannah River Plsnt unkn. 130.7 whole body 1 991 of tho uholo body Towns 1987
® eepage basine,SC concontrotlon was
® ttrlbutod to shell
and bono.
Trachemys scripts  Contaminated unkn 1.37 whole body 10 Soo above, Towns 1987 Towns 1987
reserveir, S C
. Trachemys scripts  Uncontaminated unkn. 0.19* rholl 29 No eerrelation botwoon Holcomb et 01.
sites, n 10.4° shetl 1 size and %S¢ 1911
concentration. Male
contolnod tho highest
concontrotlon detected
among tho turtles
sampled.
g Chelydra ® orpontlcu Splkod pond, OH unkn.  $9.44* uholo body 2 1.48 x 10’ 8q *s¢ Brungs 1967
added to the pond.
Turtles vere
femigrante.
“2n Chelydras serpentina Splkod pond, OH unkn . 2.07* uholo body 2 1.40 x 10! 8q ¥2n Brungs 196

oddod to tho pond.
Turtles were
{amigrants.

*Radionuclide concentrstion based on dry weight.

hole body includes the shell,

® Radlonucllido concentration based on ® ahod rholl weight.

8¢CT
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APPENDI X B
CONCENTBATI ONS OF CONTAM NANTS
| N BEARDEN CREEK EMBAYMENT SEDI MENT
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Table B.1. Concentrations of cesium 137 and strontium90 in Bearden
Creek enbaynent sedi nent

2¢s (Ba/kg. dry wt) Sr (Ba/kg. dry wt)
3.59 0.5 + 2.2
3.11 <4
4.1s 4.0 ¢+ 8.8
n.d.* < 6
n.d. 5.5+ 4.4
4.7 0.2 £ 2.4

Wondet ect abl e at< 1.85 Bq/kg.
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Table B.2.  Mercury (inorganic and organic) concentrations in
Bearden Creek embaynent sedi nent

Sample Date _________ Sawple Nugber  Heg(ug/g, drv_wt)
10/7/87 1 0. 04

2 0.038

3 0. 037
1/31/89 .08

.04
.13
26
.03
07

(=2 TEN9» N ~ N S T NG R Y
© O O -, O O
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APPENDI X C
GASTRO NTESTI NAL TRACT CONTENTS OF .TRACHEMYS_SCRIPTA AND
CHEL YDRA SERPENTI NA FROM THE OAK RI DGE RESERVATI ON






Table C.I. Gastrointestinal tract contents of Trachenvs scripta
from Wite Cak Lake

Capture Gl tract contents (% voluge) —

date Sex Vg* \Vegetation Fi sh I nsect s Detritus rocks
7/21/87 M 73 90.0 0.0 2.5 7.5 0.0
7/21/87 F 100 92.0 <0.5S 0.0 7.5 0.0
1/21/87 F 7.8 95.0 0.0 0.0 5.0 0.0
8/11/87 M 8 95.0 C0.5 0.0 4.s 0.0
8/12/87 F 120 94.s 0.0 0.5 5 . 0 00
8/17/87 F 90 94,5 0.0 0.0 5.0 0.5
8/27/87 M 40 84.5 0.0 C0.5 15.0 0.0
9/3/87 M 15 97.0 0.0 0.5 2.5 0.0
9/3/87 M 30 93.0 0.0 1.0 5.0 0.0
9/3/87° M 0.0 0.0 0.0 0.0 0.0
9/10/87 F 55 95.0 0.0 0.0 5.0 0.0
9/16/87 F 10 100.0 0.0 0.0 0.0 0.0

*Total Vol ume of G tract contents in mlliliters.

bempty G tract not included in cal culation.

GeT



Table C 2. Gastrointestinal tract contents of mal e Fachemrs—scrinta
from Bearden Creek enbaynent

Capture Gl tract contents (% volume) r——
date Sex Vy* \Vegetation Fish | nsects Detritus rocks Crayfish

8/31/87 M 30 97.5 0.0 0.5 2.0 0.0 0.0
9/1/817 M 92 24.0 0.0 75.0 1.0 0.0 0.0
9/1/87 F 190 100.0 0.0 0.0 0.0 0.0 0.0
9/1/87 F 103 97.0 0.0 0.5 2.0 0.0 <0.5
9/14/87 M 68 98.0 0.0 1.0 1.0 0.0 0.0
9/14/87 M 60 98.0 0.0 0.0 2.0 0.0 0.0
9/14/87 M 204 79.s 0.0 20.0 <0.5 0.0 0.0
9/15/87 M 85 99.0 0.0 0.0 <0.5 <0.5 0.0
9/15/87 F 160  87.5 2.9 0.0 10.0 0.0 0.0
9/16/87 F 120 as. 5 14.0 0.0 0.5 0.0 0.0
9/17/87 F LGS 94.s 0.0 5.0 0.5 0.0 0.0
9/18/87 F 110 77.0 20.0 0.5 2.5 0.0 0.0

"Tot al volumeoiGl tract contents in milliliters.

9¢T
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Table d.3. Gastrointestinal. tract contents of nale Chelvdra serpentina
fromWite Cak Lake

Gl tract copntents (% volume)
Capture Mud and
dat e vyt Fish  Vegetation rocks
4/20/88 100 80 20 0
4/29/88 120 60 40 0
4/29/88 63 S0 SO 0
5/1/88 120 1s as 0
5/4/88 105 o) SO 0
S/6/88 + 68 100 0 0
5/7/88 65 60 40 0
5/7/88 4s S 9s 0
5/8/88 113 10 as S
5/9/88 30 100 0 0
5/14/88 88 40 60 0
5/14/88 90 o) o) 0

*Total vol une of GI tract contents in
mlliliters.
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Table C 4. Gastrointestinal tract contents of Chelvdra serpentina from
Bearden Creek enbaynent

@ tract contents (s vol une)

Capture Mud and
date Sex  Vg* Vegetation  Fish I nsect's rocks G ans

4/29/88 F 65 0 100 0 0 0
5/1/88 F 80 10 89.9 0.1 0 0
5/9/88 F 70 7 93 0 0 0
5/10/88 M 3s 0 98 0 2 0
S/ 27/ 88 M 70 0 96 0 2 2
5/30/88 + M as S 80 0 1s 0
6/7/88 M 60 0 100 0 0 0
7/7/88 M 70 90 10 0 0
7/12/88 M 60 1 99 0 0

*Total volume of GI tract contents in nilliters.
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APPENDI XD
CESI UM 137 AND COBALT-60 | N TRACHEMYS SCRIPTA AND
CHELYDRA SERPENTI NA FROM WH TE OAR LAKE
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Table D.I. Cesium137 in nuscle tissue of -Trachemys-scripta
fromWite Oak Lake

Wol e body

Capture vet wt 137¢cg
date () Sex (Bq/g, wet wt)
7/27/87 989 M 33.0
7/27/87 1, 865 F 16.6 x 1072
7/27/87 619 F 38.4 x 1072
8/11/87 932 M 5.02 x 102
8/12/87 1,820 F 12.4 x 1072
8/17/87 1,687 F 30.0 x 1072
8,/27/87 419 M 41.5 x 1072
9/3/87 369 M 36.7 x 1072
9/3/87 351 M 55.2 x 1072
9/3/87 a34 M 32.4 x 10"
9/10/87 2,750 F 38.5 x 1072
9/16/87 1, 487 F 27.7 x 1072




Table D. 2.
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Cesium 137 and cobalt-60 in liver tissue of
Trachenvs scripta fromWite Cak Lake

Wol e body

Capture wet wt

date (g) Sex 137¢s (Bq/g)* %°Co (Bq/g)*
7/27/87 989 M 3.10 19.1 x 1072
7/27/87 1, 865 F a.41 x10-2 8.75 x 1072
7/27/87 619 F 11.9 x 1072 4.9 x 1072
8/11/87 932 M 66. 1 17.2 x 1072
8/12/87 1,820 F S.96 x 1072 1.21 x 1072
8/17/87 1, 687 F 4.63 x 1072 2.82 x 1072
8/27/87 419 X 12.9 x 1072 1.65 x 1072
9/3/87 369 M 9.41 x 1072 1.39 x 1072
9/3/87 3s1 M 13.1 x 1072 2.9 x 1072
9/3/87 834 M 5.56 x 1072 3.64. x1072
9/10/87 2,750 F 7.93 x 1072 3.86 x 1072
9/16/87 1, 487 F 6.11 x 1072 4.98 x 1072

*Based on wet wei ght.
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Table D.3. Cesium 137 in nuscle tissue of mal e Chelvdra serpentina
fromWite Cak Lake

Whole b o d vy

Capture wet wt N7g
dat e (kg) (Bq/g, wet wt)

4/20/88 6. 80 23.6 x 1072
4/29/88 13.6 24.S x 1072
4/29/88 11.1 29.3 x 107
5/1/88 9.07 1. 37

S/ 4/ 88 15.0 28.3 x 1072
S/ 6/ 88 11.3 38.9 x 107
S/'7/ 88 9.07 32.1 x 1072
5/7/88 3. 86 20.3 x 1072
5/8/88 11.8 41.7 x 1072
5/9/88 8.85 37.0 x 1072
5/14/88 8.16 33.7 x 10-f

S/ 14/ 88 7.26 28.2 x 1072




144

Table D.4. Cesium 137 and cobalt-60 in liver tissue of male
| vdra serpentina fromWite Oak Lake
Wol e body
Capture wet w
date (kg) 1¥cs (Bq/g)* %Co (Bq/g)*
4/20/88 6. 80 19.3 x 1072 1.74 x 1072
4/29/88 13.6 7.93 x 102 7.41 x 1072
4/29/88 11.1 17.6 x 1072 3.89 x1072
5/1/88 9. 07 s0.3 x 1072 11.2 x 1072
S/4/88 15.0 15.6 x 102 5.67 x 1072
5/6/88 11.3 15.2 x 1072 4,26 x 1072
5/7/88 9. 07 17.3 x 1072 S.67 x 1072
$/7/88 3.86 7.63 x 1072 7.59 x 1072
5/8/88 11.8 19.1 x 102 s.33 x 1072
S/9/88 8.85 14.5 x 1072 2.1 x 1072
5/14/88 8.16 11.4 x 1072 S. 42 x 1072
5/14/88 7.26 13 x 1072 1.81 x 1072

*Based onwet wei ght.
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APPENDI XE

STRONTI UM 90 | N TRACHEMYS SCRIPTA AND .CHEL YDRA SFRPENTI NA
FROM THE OAR RI DGE RESERVATI ON
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Table E.l. Strontium90 in bone and carapace of Irachenvs scripta
fromWite Cak Lake

Wol e body
Capture wet w %0Sr(B ' g, wet wt)
date Sex (8) Bone Car apace

7/21/87 M 989 144 142
7/27/87 F 1, 865 29.6 42. 4
7/27/87 F 619 10.5 12.5
8/11/87 M 932 4,830 4,070
8/12/87 F 1,820 2.31 1.65
8/17/87 F 1,687 14. 8 21. 4
8/27/87 M 419 14.5 20.0
9/3/87 M 369 12.6 14. 7
9/3/87 M 351 11.4 14.3
9/3/87 M 834 12.5 17.5
9/10/87 F 2, 750 16.5 18.5
9/16/87 F 1,487 16.1 17. 4
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Table E.2.  Strontium90 in bone and carapace of Irachenvs seripta
fromBearden Creek enbaynent

Wol e body

Capt ure wet wt sy (Bg/g. wet wt)

date Sex (g Bone Car apace
8/31/87 M 43s 12.0 x 1072 11.4 x 1072
9/1/87 M 412 ND* ND
9/1/87 F 2, 865 28.0 x 1072 ND
9/1/87 F a34 ND ND
9/14/87 M 1,079 1.04 1.18
9/14/87 M 477 4.7 x 1072 16.0 x 1072
9/14/87 M 1,162 ND ND
9/15/87 M 746 ND ND
9/15/87 F 1,312 7.0 x 1072 ND
9/16/87 F 1, 350 ND ND
9/17/87 F 1,101 5.8 x 1072 ND
9/18/87 F 642 ND 4.7 x 1072

*Not detected at < 3.7 x 1072 Bq/g.
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Table E.3.  Strontium90 in bone and carapace of mal e Chelvdra
serpentina from Wii t € 0ak Lake -
Wol e body
Capture wet wt sr (Bg/eg, wet wt)
date (kg) Bone Car apace
4/20/87 6. 80 1.70 1.32
4/29/87 13.6 41.4 30.5
4/29/87 11.1 17.7 22.5
5/1/87 9.07 47.2 46.0
S/ 4/ 87 15.0 10. 6 9.82
S/ 6/ 87 11.3 8.97 12.5
5/7/87 9.07 10.4 9.73
SI'7/87 3. 86 13.6 15.2
5/8/87 11.8 12.2 13.4
S/9/ 87 8.85 12.2 14.5
5/14/87 8.16 11.8 12.8
5/14/87 7.26 9.9s 10. 8
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Table E.4. Strontium90 in bone and carapace of Chelvdra serpentina
fromBearden Creek enbaynent

Wol e body
Capture wet wt %9Sr (Bg/g., wet wt.)
date Sex (kg) Bone Car apace
4/29/88 F 4.99 ND ND
5/1/88 F 4.54 ND ND
5/9/88 F 4.31 17.5 x 1072 8.25 x 1072
5/10/88 M 11.6 ND ND
5/27/88 M 9.07 ND ND
5/30/88 M 10. 4 ND ND
6/7/88 M 4.99 ND ND
7/1/88 M 7.94 15.0 x 1072 15.0 x 1072
7/12/88 M 6. 80 4.77 x 1072 17.7 x 1072

'Not detected at c3.7x10°2 Bq/g.
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APPENDIX F

MERCURY | N TRACHEMYS SCRIPTA AND CHELYDRA SFRPENTI NA
FROM THE OAR RI DGE RESERVATI ON
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Table F.I.  Mercury (inorganic and organic) concentrations in tissues
of Trachenvs scrinta from Wite Cak Lake

Wol e body
Capture wet wt Hg
date (8) Ti ssue (ug/g, wet wt)
7/27/87 989 Ki dney 4.00
Miscl e 0.48
7/27/87 1865 Ki dney 0.15
Muscl e 0.14
7/27/87 619 Ki dney 0.14
Muscl e 0.04
8/11/87 932 Ki dney 1.81
Muscl e 0.25
8/12/87 1820 Ki dney 0.18
Miscl e 0.05
8/17/87 1687 Ki dney 0.17
Muscl e 0.03
8/27/87 419 Ki dney 0.15
Muscl e 0.04
9/3/87 369 Ki dney 0.24
Muscl e 0.07
9/3/87 351 Ki dney 0.27
Miscl e 0.05
9/3/87 834 Ki dney 0.19
Miscl e 0.02
9/10/87 2750 Ki dney 0.18
Muscl| e 0. 04
9/16/87 . 1487 Ki dney 0.23
Muscl e 0.04
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Table F.2.  Mercury (inorganic and organic) concentrations in tissues
of Trachenvs scripta fromBearden Creek enbayment

Whol e body
Capture wet w Hg
date () Ti ssue (ug/g, Wet wt)
8/31/87 435 Ki dney 0.16
Miscl e 0.02
9/1/87 412 Ki dney 0.11
Miscl e 0.04
9/1/87 2865 Ki dney 0.36
Muscle 0.10
9/1/87 834 Ki dney 0. 04
Muscle 0.01
9/14/87 1079 Ki dney 0.40
Miscl e 0.06
9/14/87 477 Ki dney 0.05
Muscle 0.01
9/14/87 1162 Ki dney 0.15
Muscl e 0.02
9/15/87 746 Ki dney 0.05
Muscle 0.02
9/15/87 1312 Ki dney 0.08
Miscl e 0.02
9/16/87 1350 Ki dney 0.04
Miscl e 0.01
9/17/87 1101 Ki dney 0.03
Muscle 0.01
9/18/88 642 Ki dney 0.01
Muscle 0.002
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Table F.3. Mercury (inorganic and organic) concentrations in tissues
of mal e Chel vdra serpentina from Wite Cak Lake

Wol e body
Capture wet wt Hg
date (kg) Ti ssue (pg/g, wet wt)
4/20/88 6. 80 Ki dney 0.32
Muscl e 0.11
4/29/88 13.6 Ki dney 1.28
Muscl e 0.15
4/29/88 .1 Ki dney 4.38
Muscl e 0.10
5/1/88 9.07 Ki dney 1.11
Muscl e 0.10
5/4/88 15.0 Ki dney 0. 57
Muscl e 0.18
5/6/88 11.3 Ki dney 1.35
Muscle 0 3 2
5/7/88 9.07 Ki dney 2.06
Muscl e 0.24
5/7/88 3.86 Ki dney 0.56
: Muscle 0.11
5/8/88 11.8 Ki dney 2.24
tiuscle 0.27
5/9/88 8.85 Ki dney 0.25
Muscle 0. 15
S/14/88 8.16 Ki dney 0.97
Muscle 0.12
5/14/88 . 7.26 Ki dney 0.51
Muscle 0.17
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Table F.4. Mercury (inorganic and organic) concentrations in tissues
of Chelvdra serpentina from Bearden Creek enmbayment

Wol e body
Capture wet wt Hg
date Sex (kg) Ti ssue (pg/g, wet wt)
4/29/88 F 4.99 Ki dney 0.16
Miscl e 0. 07
5/1/88 F 4.54 Ki dney 0.19
Miscl e 0. 06
5/9/88 F 4.31 Ki dney 0.28
Miscl e 0.06
5/10/88 M 11. 6 Ki dney 0.24
Miscl e 0.10
5/27/88 M 9.07 Ki dney 0.24
Miscl e 0.07
5/30/88 M 10. 4 Ki dney 1.07
Miscl e 0.20
6/7/88 M 4.99 Ki dney 0.24
Miscl e 0.12
7/7/88 M 7.94 Ki dney 0.33
Miscl e 0.12
7/12/88 M 6. 80 Ki dney 0.33
Miscl e 0.08
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APPENDI X G
FRACTI ON OF DOUBLE- STRANDED DNA I N LI VERS OF

TRACHEMYS SCRIPTA AND CHELYDRA SERPENTI| NA
FROM THE OAR RI DGE RESERVATI ON
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Table GI. Fraction of double-stranded DNA in liver sanples from
Trachenvs seripta col |l ected fromBearden Creek enbayment

Capture DNA assavy®
date auw sS ds ss/ds DNA® F ds DNa®

8/31/87 668 153 558 0.274 1.0
9/1/87 621 167 583 0. 286 1.0
9/1/87 349 7.2 360 0. 198 0.96
9/1/87 616 161 623 0. 259 0. 99
9/14/87 582 165 611 0. 271" 0.94
9/14/87 544 176 580 0. 304 0.91
9/14/87 620 176 676 0.261 0. 89
9/15/87 551 243 637 0. 381 0.78
9/15/87 257 93.5 204 0.319 0. 82
9/16/87 gégd iZ;d %g?d 0.354° 0. 68
9/17/87 g;gd ig;d 2‘7’21‘ 0.391. 0.80°
9/18/87 228 100 265 0. 379 0.77

"Parameters determned fromthe al kaline unw nding assay.
auw = al kal i ne unwound DNA subassay. ss = single-stranded
DNA subassay, ds = doubl e-stranded DNA subassay. Val ues
reported are means.

bsingle-stranded DNA doubl e-stranded DNA.
cauw DNA - ss DNA/ds DNA - ss DNA = fraction doubl e-stranded DNA

dEntire assay repeated twice. (Different DNAconcentrations
result in different fluorescence readings.)

‘Mean val ues from repeated assays
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Table 6.2. Fraction of double-stranded DNA in liver sanples from
Trachemys gcriota fromWhite OGak hake

Capture DNA assay* Corrected
date auw ss ds ss/ds DNAP F ds DNAS F ds DNAY
7/27/87 296 130 496 0.263 0. 46 0.56
1027187 615 211 687 0.307 0.85 0.85
7/21/87 346 212 621 0.342 0.33 0.28
8/11/87 228 100 303 0. 330 0.63 0.56
8/12/87 682 343 785 0.436 0.77 0. 45
8/17/87 384 181 410 0. 470 1.0 0.56
607" 3240 601°
8/27/87 298 123 338 0. 435' 1.0 0.56
466 183 458
9/3/87 gg?' igg° g;g' 0.505¢ 0.91¢ 0. 40
9/3/87 oa ;gg' éi:' 0.417 0.76¢ 0. 47
* * L]
9/3/27 lz'gf igg ‘52'5‘ 0.4341 0.85¢f 0. 48
9/10/87 365 191 392 0. 486 0. 86 0. 40
9/16/87 275 158 357 0. 443 il.59 0.33

*parameters det er mi ned fromt he alkaline unwinding assay. suv = alkaline unwound DNA

subassay, ss = Single-stranded DNA subassay, ds = double-stranded DNA subassay. Values
reported are mans.

®Single-stranded DNA/double-stranded DNA.
cauw DNA -  ss DNA/ds DNA - ss DNA ~ fraction doubl e-stranded DNA.

SCorrected fraction ds DNA based on the mean ss/ds DNA value fr om
Trachemys scripcacol | ect ed fr omBearden Cr eck embayment.

O NN, @ sssyrepeatedtwo or three times. (Different DNA
concentrations resulted in different f| uOr escence readings.)

fMean val ues from repeated assays.
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Table G3. Fraction of double-stranded DNA in |iver samplesfrom
Chelvdra serpentipna from Bear & Creex enbaynent

Capture DNA assav®
date auv ss ds ss/ds DNAP F ds DNA®

4/29/88 669 302 721 0.419 0.89
5/1/88 358 109 421 0.259 0.80
5/9/88 395 82.3 443 0.186 0.87
5/10/88 431 112 464 0.240 0.91
5/27/88 369 104 412 0.253 0.86
5/30/88 634 231 716 0.323 0.83
6/7/88 551 220 568 0.387 0.95
7/7/88 537 108 530 0.204 1.0
7/12/88 414 114 440 0.259 0.92

*Paraneters determined from the alkaline unwnding assay.’
auw = al kal i ne unvound DNA subassay, ss = single-stranded
DNA subassay, ds = double-stranded DNA subassay. Val ues
reported are means.
bSingle-stranded DNA/ doubl e- st randed DNA.
cauw DNA - ss DNA/ds DNA - ss DNA = fraction double-stranded DNA



Table G4. Fraction of double-stranded DNA in |iver sanples from
Chel vdr a serpentina fromWite Cak Lake

Capture DNA agsay® Corrected
date auw ss ds ss/ds DNAP F ds DNA® F ds pNa¢
4/20/88 383 143 426 0.336 .85 .65
4/29/88 423 201 455 0.441 .87 g.43
4/29/88 413 148 456 0.324 .86 g.70
5/1/88 414 184 414 .388 0.80 g.49
5/4/88 352 117 387 0.303 .87 g.78
5/6/88 394 160 427 #.376 0.88 .57
5/7/88 449 158 463 0.341 .93 g.70
5/1/88 379 133 419 g.317 .86 g.73
5/8/88 528 248 560 0.443 .90 .44
5/9/88 592 228 650 0.351 0.86 0.62
S/14/88 429 179 460 0.370 .89 0.60
5/14/88 395 156 430 0.363 g.87 .60

‘Parameters determined from the alkaline unwinding assay. auw = alkaline
unwound DNA subassay, ss = single-stranded DNA subassay, ds « double-stranded DNA
subassay. Values reported are means.

bSingle-stranded DNA/double-stranded DNA.
tauw DNA - ss DNA/ds DNA - ss DNA -~ fraction double-stranded DNA.

dCorrected fraction ds DNA based on the mean ss/ds DNA value from
Chelydra serpentina collected from Bearden Creek embayment.

91
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