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ABSTRACT

MEYERS-SCHONE, L. and B. T. WALTON. 1990. Comparison of
two freshwater turtle species as monitors of
environmental contamination. ORNL/TM-11460.
Oak Ridge National Laboratory, Oak Ridge,
Tennessee. 181 pp.

Two species of turtles that occupy different ecological niches

were compared for their usefulness as monitors of contamination in,. ;, ..,' '.,I
freshwater ecosystems. Trachemvs scrinta (Agassiz) (yellow-bellied

slider) and Chelvdra sernentina (Linnaeus) (common snapping turtle) were

selected for comparison based on species abundance and differences in

food habits and sediment contact. A review of the literature on

contaminants in turtles and results of preliminary surveys conducted at

the field sites, which are included in this study, were used to direct

and focus this research project.

White Oak Lake, a settling basin for low-level radioactive and

nonradioactive contaminants, and Bearden Creek Embayment, an

uncontaminated reference site upriver, were used as study sites in the

investigation of turtles as indicators of chemical contamination.

Turtles were analyzed for concentrations of strontium-go, cesium-137,

cobalt 60, and mercury 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 %r, 137Cs, 6oCo, and mercury were detected in turtles

from White Oak Lake than in turtles from the reference site. In addi-

tion, turtles from White Oak Lake contained a significantly greater

amount of DNA damage than those from the reference site. Although this

suggests greater exposure of White Oak Lake turtles to genotoxic agents,

further studies are needed to establish the cause of the enhanced amount

of single-stranded breaks.

Interspecific comparisons of the turtles from White Oak Lake

indicated that diet may play a significant role in the exposure of

turtles to certain contaminants. No difference was detected between the

concentrations of %r, '37Cs, and %o between the two species.

Xiii



Mercury concentrations in C. sernentina were significantly higher than

in 1. scrinta. No difference was detected in the amount of DNA damage

between z. scrinta and C. sernentina. Although both species were

effective monitors of contaminants in White Oak Lake, C. sernentina (the

carnivorous species) may be of greater value in the detection of

contaminants with high biomagnification potential such as methylmercury.

In addition, less variability detected in the E. sernentina data than in

the z. scrinta data suggests the former species as having greater

uniformity of exposure to the contaminants in White Oak Lake, thereby

favoring the use of C. sernentina as a bioindicator species.

xiv



1. INTRODUCTION

Biological monitoring, defined here as the use of biota for the

detection of chemical contaminants in the environment, can provide

information useful to the control and regulation of toxicants in the

environment. Such information is used to determine the degree of

contamination at a site and can indicate the bioavailability of chemical

contaminants. In addition, the monitoring of contaminants in bjota can

be used to estimate the impact of a contaminant on an indicator species

and on the ecosystem as a whole. Such information can also be used to

evaluate potential risks to humans (e.g., Suter 1989). Essential to

such biological monitoring efforts are the selection of an appropriate

indicator species (National Research Council 1986) and the use of

suitable analytical techniques.

Several taxa have been used to monitor contaminants in aquatic

ecosystems, included among them are fish (e.g., Schmitt et al. 1985>,

aquatic plants (e.g., Ohlendorph 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 biological monitors. Freshwater

turtles have several favorable characteristics that make them useful for

biological monitoring of contaminants. They are often common in ponds,

lakes, and some river systems and several species often occur at the

same site. They are long-lived, and may reach an age of 10 to 50 years

in the wild depending on the species and environmental conditions

(Gibbons 1987). This allows for long-term exposure to contaminants.

Turtles are mobile within ecosystems. Many species may travel distances '

ranging from a few hundred meters to several kilometers during a year.

The fact that turtles are both long-lived and mobile allows ,for-the

integration of exposure over time and space. These attributes are very

important for biomonitoring. In addition, liver, fat, kidney, muscle

and bone, key tissues useful in residue and biochemical Yan.alyses, are

available in large quantities. Important ecological differences also

exist among species. When species feed at different-frophic levels,

useful information may be obtained on the bioavailability and

biomagnification of contaminants. Similarly, the extent of contact wjth

sediments, which is a sink for non-volatile contaminants in slow moving

waters, is highly species specific. A sedentary species would have
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greater contact with the sediment than a pelagic species and, therefore,

would have greater exposure to contaminants that accumulate in sediment.

A variety of chemical contaminants have been reported in turtles (e.g.,

Albers et al. 1986, Olafsson et al. 1983, Scott et al. 1986); however,

the importance of turtle species selection in the monitoring of specific

contaminants has not been addressed. The purpose of this study is

threefold: (1) to compare concentrations of selected contaminants in two

turtle species, (2) to compare the response of each species to a

nonspecific biochemical indicator of contaminant exposure and (3) to

evaluate the influence of food and sediment contact on contaminant

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 with

sediments. The availability of information in the literature on the

accumulation of contaminants 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, metals and

radionuclides by turtles are presented in the literature review

(Section 2) as are investigations on biochemical and histopathological

responses of turtles to chemical and physical stressors. The use of

turtle growth rates as a possible indicator of exposure to contaminants

in the environment is also evaluated. The information from this review

indicated that Trachemvs scrinta (Agassiz) (yellow-bellied slider

turtle, Rmydidae) and Chelvdra sernentina (Linnaeus) (common snapping

turtle, Chelydradae) are species frequently used to monitor chemical

contaminants in freshwater wetlands.

Site reconnaissance data from a contaminated and a reference site

on the Oak Ridge Reservation are presented in Sections 3 and 4.

Preliminary sampling of turtles from the two study sites revealed

x. Scrintg and G. Sernentina as the most frequently trapped species from

both sites. Section 4 also contains data on the distribution and

concentrations of specific contaminants in turtles from the contaminated

site. These data were used to define contaminants and key tissues to be
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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 from the preliminary surveys

(Section 4) showed T. scrinta and C. sernentina as the two species most

appropriate for the purposes of this study. Natural history background

on these species are presented in part A of Section 5.

Based on results from preliminary studies, z. scrinta, a pond

turtle that feeds primarily on vegetation, was compared with

c. Sernentina, a carnivorous species more closely associated with

sediment, to determine their usefulness as indicators of contaminants in

a freshwater ecosystem. These species were collected from a site

containing radioactive and non-radioactive contaminants and frqm_a, ,

reference site. (Site descriptions are in Section 3.) Turtles were

analyzed for tissue residues of strontium-9,0,  cesium-137, cobalt-60, and

mercury, and for DNA damage, a non-specific indicator of exposure to

genotoxic agents (Section 5). In addition, gut analyses were performed

on both species to establish dietary sources of contamination

(Section 5). Comparisons were made,bepeen.  sites and between species in_" .., I ../ d 1 I '. .,.- _,~i ,_
order to evaluate the importance of species selection whe,n turtles are.,,"I ,.< -.1 . _,_.
used to monitor chemical contaminants in.,freshy"ater  environments.\) _< -,,
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2. REVIEW OF TURTLES AS MONITORS OF ENVIRONMENTAL CONTAMINANTS

The utilization of turtles as indicators of environmental

contamination 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 environments or small mammals in

terrestrial environments. This trend coincides with increased public

and governmental concern for the health of the environment. Although

several studies report chemical contaminants in turtles, the majority of

these investigations are surveillance reports on chemical contaminants

within a few individual turtles of various species with no reference

made to contaminant concentrations in the surrounding environment.

Collectively, these studies demonstrate that turtles can accumulate

chlorinated organic compounds, metals, and radionuclides from the

environment. Turtles have proven to be especially useful as biomonitors

of polychlorinated biphenyls (PCBs) (e.g., Stone et al. 1980, Watson et

al. 1985) and strontium-90 (e.g., Holcomb et al. 1971). In general,

affinities of the chemical contaminants for specific tissues in turtles

(e.g., Meeks 1968, Stone et al. 1980) were similar to those reported in

birds and mammals (e.g., Matsumura 1975, Eisler 1986b). There is also

some indication that organochlorine pesticides and PCBs may be

transferred to eggs in utero (e.g., Flickinger and King 1972, Stone et

al. 1980). Also, the detection of chemical contaminants in turtles

collected kilometers away from the nearest point source provides

evidence for the movement of such contaminants through the ecosystem

and, in some instances, indicates the ability of turtles to concentrate

trace amounts of contaminants from the environment (Holcomb et al.

1971). Finally, a few studies have focused on the use of biochemical

parameters and growth rates in turtles as indicators of exposure to

contaminants in the environment (e.g., Bickham et al. 1988). These

studies, however, often present inconclusive results.

Studies of contaminant concentrations in terrestrial, freshwater,

and marine turtles are included in this review. All concentrations

reported in the open literature since 1950 are summarized in APPENDIX A

and are expressed on a wet weight basis unless otherwise noted. Dry
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weight tissue concentrations reported by authors were converted to wet

weight 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 otherwise

noted. Furthermore, all concentrations are presented in standard

international units (i.e., rg/g and Bq/g).

2.1 PESTICIDES

The only group of pesticides that have been measured 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 organochlorine

pesticide concentrations in turtles from 1950 to 1989 as they pertain to

biological monitoring. The pesticides that have been detect@ in _

turtles are dichlorodiphenyltrichloroethane (DDT), aldrin

(1,2,3,4,10,10-hexachloro-l,4,4a,5,8,8a-hex~ydro-l,4-endo-exo-5,8-

dimethananonaphthalene), dieldrin (1,2,3,4,10,10-hexachloro-w-6,7-

epoxy-1,4,4a,5,6,7,8,8a-octahydro-l,4-endo-exo-5,8-

dimethanonaphthalene), endrin (1,2,3,4,10,10-hexchloro-6,7-epoxy-

1,4,4a,5,6,7,8,8a-octahydro-l,4-endo-endo-5,8-dimethanonaphthalene),

heptachlor (1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-

methanoindane), mirex (dodecachlorooctahydro-1,3,3-metheno-2H-

cyclobuta(cd)pentalene), chlordane (1,2,4,5,6,7,8,8-octachloro-

2,3,3a,4,7,7a-hexahydro-4,7-methanoindene),  nonachlor

(1,2,3,4,5,6,7,8,8-nonachlor-2,3,3a,4,7,7a-hexahydro-4,7-methano-lH-

indene), and toxaphene (a mixture of various chlorinated,camphenes).

The most frequently monitored pesticide in turtles has been DDT

and its metabolites (Meeks 1968, Flickenger and King 1972, Hillestad et

al. 1974, Reeves et al. 1977, Punzo et al. 1979, Stone et al. 1980,

Clark and Krynitsky 1980, Clark and Krynitsky 1985, Albers et al. 1986).

As in birds and mammals (Matsumura 1975), DDT in turtles is metabolized.^S.(\ "- ..s-,.v,wlj,*
to dichlorodiphenyldichloroethylene (DDE) and dichlorodiphenyl-

dichloroethane (TDE), with p,p'-DDE as the major metabolite
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(Owen and Wells 1976). The presence of DDT in the freshwater turtles

(Reeves et al. 1977, Punzo et al. 1979, Stone et al. 1980, Albers et al.

1986), sea turtles (McKim and Johnson et al. 1983), and in the eggs of

marine turtles (Hillestad et al. 1974, Clark and Krynitsky 1980, Clark

and Krynitsky 1985) collected since the 1972 ban on the use of DDT in

the United States reveals the persistence and wide-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 compounds. The utilization of fat

reserves results in the redistribution of the pesticide and or its

metabolites. These compounds are eventually eliminated into the urine

and feces (Matsumura 1975) or are transferred to eggs in utero

(Flickinger and King 1972, Holcomb 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). High concentrations are expected in liver because

it is the major site of detoxication for xenobiotics that enter the

body. Organic chemicals that enter the body may be eliminated into

urine in either the original form or as a metabolite of the parent

compound, thus, high concentrations may be found in kidney as well.

Concentrations of DDT and its metabolites in reproductive organs are

usually within the range of concentrations detected in liver and kidney

tissues (Meeks 1968). Both DDT and dieldrin have been detected in the

brains of turtles exposed to these pesticides (Meeks 1968, Pearson et

al. 1973).

Differences in the concentration of an organochlorine pesticide

among species of turtles collected from a common site have been

attributed to differences in food habits. Holcolmb and Parker (1979)

monitored concentrations of mirex in Chrvsemvs scrinta (- Trachemvs

Scrw) and Terranene Carolina (Eastern box turtle) collected from an
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area that received four applications of the pesticide (5% mirex

solution) during a period of eight years. Higher concentrations were.

detected in the more carnivorous T. Carolina than in E. scrinta,

suggesting the biomagnification of mirex. Differences were also

reported in the concentrations of DDE in the eggs of marine turtles

(Clark and Krynitsky 1980). The eggs of Caretta caretta (loggerhead sea

turtle) contained higher concentrations of DDE,than those of Chelonia

mvdas (green sea turtle) collected from the same seashores. If the DDE

in the eggs is assumed to have been transferred as a-metabolitp of DDT

from gravid females, then it is possible that differences &,nDDE..^ I.* _.._ .I.\__j^ ,
concentrations are attributed to differences in the diets of the adult

turtles. Caretta caretta feeds primarily on fish, clams, sponges, and

jellyfish, whereas, C. mvdas feeds primarily on large seaweeds

(Carr 1952). The biomagnification of DDT and its metabolites has also

been reported in other vertebrate taxa (e.g., Woodwell et al. 1967,

Mulhern et al. 1970, Belisle et al. 1972) therefore, the correlation

between carnivory and elevated DDT concentrations in C. caretta is

plausible. Flickinger and King (1972) also attributed a species differ-

ence in aldrin and dieldrin concentrations to the food habits of,thei .L _ x_ r.i.,~.I <'.-. ;., .'
turtles examtned. Higher concentrations of these pesticides in

2. scrinta than in Kinosternonm (yellow mud turtle) were

attributed to the consumption of aldrin-treated rice seed by the

herbivorous x. scrinta. In this instance, the carnivore did not receive

the highest exposure to the pesticide, indicating that direct ingestion

of the contaminant may also serve as a critical route of exposure to

turtles. These studies provide a limited amount of evi~dence, that., :,

dietary preferences may explain differences in contaminant concentration

between turtles.

Interspecific differences have also been noted in the. _.... -. ̂_ . .,
sensitivities of turtles to organochlorine pesticides. Phillips and

Wells (1974) found species differences in the response of adenosine

triphosphatase (ATPase) to DDT. Of the five species studied,

C _seroentina and Tm sninifer (- Tm sniniferus, Eastern spiny--
soft-shell turtle) appeared to be the ,most sensitivespecies  displaying

the greatest inhibition of total ATPase activity at the highest.s. *Ia .-s..,u,i .‘., > I ,..,., i71‘-i
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concentration of DDT used in the in vitro study (53 PM DDT in the

reaction mixture that included tissue homogenate, NaCl, KCl, Na#TP,

MgC12 and 1 mM DDT). Similar effects were observed among the species at

lower concentration (5.3 and 0.53 FM DDT) and were stimulatory at the

lowest concentration in the organs of some species. A similar study was

conducted by Wells et al. (1974) where the effect of dieldrin and aldrin

on ATPase activity in tissues of GraDtemvs peoeranhica (map turtle) was

measured. The degree of inhibition, however, was not as great as that

observed using DDT in the same species (Phillips and Wells 1974),

especially for kidney and liver tissue. Organochlorine pesticides are

generally considered central nervous system (CNS) toxicants. Neither of

these studies, however, measured the effects of the pesticides on brain

tissues. The LD,, for technical grade DDT in rats is approximately 4.7

times greater than that for dieldrin (Murphy 1980), indicating dieldrin

as the more toxic compound in rats. If, as in rats, dieldrin is more

toxic than DDT in turtles, then the inhibition of ATPase activity (which

can result in a decline in the active transport of compounds across

cellular membranes) may not play as critical a role as the effect of

organochlorines on the central nervous system. Additional research is

needed before the physiological and biochemical responses of turtles to

pesticides is understood.

Freshwater turtles are as effective as most vertebrate fauna in

their ability to accumulate organochlorine pesticides, specifically DDT.;

from a contaminated 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

highest concentrations detected among the reptiles, birds, and mammals .

sampled occurred in fat from a Northern water snake (Natrix SiDedon

sioedon, 23.66 &g/g), a Virginia rail (Eallus limicola, 15.96 &g/g), and

a common snapping turtle (C. sernentina, 13.04  rg/g). Two Blanding's

turtles (Emps blandineil) and seven painted turtles (Chvsemvs picta)

contained concentrations lower than that detected in the snapping

turtle. Concentrations detected in fish were generally lower than that

reported in birds and reptiles. Carnivorous species such as the Northern

water snake, Virginia rail and snapping turtle reached their peak

concentrations 13 to 15 months following initial exposure to the DDT.
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This study effectively illustrates the bioaccumulation..and

biomagnification of DDT over time.

2.2 POLYCHLORINATED BIPHENYLS

Turtles appear to be excellent monitors of PCB contamination in

aquatic environments. Polychlorinated biphenyls, like organochlorine

pesticides, concentrate primarily in adipose tissue (Stone et al. 1980,

Helwig and Hora 1983, Watson et al. 1985, Bryan et al. 1987a).

Reproductive organs in turtles from PCB:contam$nated sites, also contain

relatively high concentrations of PCBs compared to other soft tissues

(Bryan et al. 1987a). The highest reported concentration of PCBs in

turtles is 4,530 pg/g in the fat of a C. sernentina collected from a

pond near a liquid waste disposal site (Watson et al. 1985). The

concentration in the fat of this turtle was lo4 times greater than that

in whirligig beetles (Gyrinidae) and 1.7 x lo4 times that detected in

three species of fish, the pumpkinseed sunfish (Lenomis pibbosus),

golden shiner (Noteminonius crvsoleucas), and brown bullhead (Ictalurus

nebulosus). The concentration in turtle muscle, however, was lower than

detected in fat and is only 6.27 times greater than the average PCB

concentration in whole fish. These data suggest that PCBs were

biomagnified in the pond ecosystem. Several other studies have reported

PCB concentrations in the fat .of field-collected turtles that exceed,‘ I. 5, -I.‘r^i  .w,"^, _I_ ! *__', ."i,.~. i, <:. , /
1000 fig/g (Olafsson et al. 1983, Stone et al. 1980, Bryan et al. 1987a).

In comparison with other vertebrates, fish are the only other taxa where

concentrations exceeding 1 mg/g have been detected in species from the

wild (Eisler 1986b). These fish were collected from the Hudson River in

an area of known PCB contamjnatJ.on  (Brown et al. 1985). The ability of

turtles to store high concentrations of,PCBs in their fat without

apparent adverse effects makes this taxa extremely useful for the

biological monitoring of PCBs in freshwater ecosystems.

Polychlorinated biphenyls 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 g. Sernentina collected from the
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Hudson River. Liver and muscle were analyzed from each of these

turtles, however, a fat sample was only analyzed from one turtle.

Although not discussed in the paper, it is possible that fat reserves

were not present in four of the females and, therefore, could not be

analyzed. Female turtles will fast during the nesting season. Such an

activity would result in the mobilization of the stored PCBs that could

alter the ratio of PCB concentrations in different tissues. Muscle

contained 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 from this turtles contained 2.9% of the

concentration detected in the adipose tissue of the female. In

contrast, the remaining four turtles contained muscle concentrations of

10.5% of that detected in liver; and PCB concentrations in eggs exceeded

those reported in muscle by 10 to 64 times. It may be that the

utilization of fat reserves resulted in the mobilization and

preferential deposition of PCBs into the lipid-rich egg yolks. Toxic

forms of PCBs are transferred to the eggs, the majority (95%) of which

is concentrated in yolk (5% is partitioned into albumin and shell)

(Bryan et al. 1987b). Because high concentrations of PCBs can be

transferred to turtle eggs in utero, studies are needed to determine the

concentrations of PCBs that are lethal to the development of turtle eggs

and that may subsequently result in population decline in highly

contaminated areas.

There is some indication that sex differences occur in the ability

of turtles to concentrate PCBs. Albers et al. (1986) reported that

males contained significantly higher concentrations of PCBs than

females. The mean concentration in the fat from C. sernentina was

40.1 sg/g in males and 8.41 fig/g in females. This difference may be due

to the elimination of PCBs into eggs by mature females. If a sex

difference does exist and is due to elimination of PCBs into eggs, the

sampling and analysis of exclusively adult males may result in a more

uniform set of data among the turtles sampled throughout the active

months of the year. In any event, the reproductive status of all

turtles should be noted for comparative purposes.
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2.3 METALS

Heavy metals have been monitored extensively in both terrestrial

and aquatic systems, however, only a few studies have used turtles as

monitors of metal contamination,$n the environment. The metals that

have been measured in either field-collected turtles or turtle eggs are

lead, mercury, cadmium, chromium, copper, zinc, nickel, molybdenum,

iron, cobalt, aluminum, strontium, and barium. The majority of the

information available focuses on residue concentrations and tissue

distributions of these metals with no reference made to contaminant

concentrations in the environment.

Tissue distributions of metals in turtles are similar to those

reported in mammals. 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 lead can be measured in turtles

from samples of carapace and blood that can be obtained without harm to

the animal and are therefore recommended 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 kidney

tissue (Robinson and Wells 1975). Mercury, chromium, nickel and zinc

have been measured in kidney and liver tissues of turtles (Albers et al.

1986, Helwig and Hora 1983, Flickinger and King 1972). These tissues

usually contain the highest concentrations of metals (Hammond and

Beliles 1979) and are generally used in the monitoring of metals in

mammals and birds (Eisler 1985a, 1985b, 1986a, 1987).

Concentrations of copper were found to vary with the sex of the

turtle. Aibers et al. (1986) noted significantly higher concentrations

of the metal in the livers of male E. sernentina than in the females

from the same site. No other metal concentrations were correlated with

the sex of the turtle. The sex related difference reported by Albers et

al. (1986) may be attributed to the elimination 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 measured in the eggs of E. caretta

(Stoneburner et al. 1980, Hillestad et al. 1974). Significantly higher

concentrations of cadmium, copper, and lead were found in egg yolk than
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in albumin (Hillestad et al. 1974). In addition, of the metals analyzed

in the eggs, the highest concentrations were of zinc (25.6 to

28.0 fig/g), iron (24.8 to 26.0 rg/g>, and strontium (23.0 to 25.8 pg/g)

(Stoneburner et al. 1980). The high concentrations of zinc and iron may

be attributed to their requirement as an essential metal. Strontium is

an analog of calcium, and although not an essential element for life, it

may have been, to some 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 metals can

be transferred to eggs in utero. Because E. caretta is protected under

the United States Endangered Species Act, adults cannot be legally

killed to determine metal concentrations of eggs in utero in order to

evaluate the hypothesis of metal transference to eggs. Eggs from

nonendangered freshwater turtles collected in utero should be analyzed

for metals and compared with oviposited eggs to establish the

contribution of the mother to contaminants in eggs.

2.4 RADIONUCLIDES

Radionuclide contaminants, whether in the environment as fallout

products from nuclear weapons testing, as nuclear waste, or used in

isotope tracer studies, have been detected in both freshwater and

terrestrial turtles. A comprehensive review of radionuclides in

reptiles and amphibians has been prepared by Hinton and Scott (in

press). The present review, however, emphasizes radionuclides as they

pertain to the use of turtles as biological monitors of environmental

contamination. The radionuclides that have been detected in turtles are

strontium-go, cesium-137, cobalt-60, strontium-85, zinc-85, and

iodine-131.

Strontium-90 concentrations have been measured in whole turtles

and in shells (Scott et al. 1986, Towns 1987, Holcomb et al. 1971,

Jackson et al. 1974). Dissection and analysis of various tissues

revealed 99% of the whole body concentration of O"Sr was contained in

the shell and bone (Towns 1987). This is expected because strontium is

a chemical analog of calcium and, as such, should occur primarily in

calcified tissues. Elimination rates for 9oSr in T. Scrinta were



seasonal and were highest during the spring breeding season (Scott et

al. 1986). The average yearly biological half-life of OaSr in

2. scrinta is approximately 365 days (Scott et al. 1986). This

information indicates that once a turtle is contaminated-with "Sr,

several years are required before the majority of the radionuclide is

eliminated or decays to another form.

Geographic differences were found in 9oSr concentrations of shells

collected from numerous locations throughout the southeastern United

States and an inverse correlation between size (age) and O"Sr

concentration was detected in TerraDene carolina from Mississippi and

Tennessee (Holcomb et al. 1971). The inverse correlation of age with

%r concentration, is in agreement with that reported in humans (Kulp

1965) and in deer (Farris et al. 1969). Rapid growth and deposition of

calcium, and its chemical analog strontium, into bone and shell of

juvenile turtles may result in higher concentrations of %r in

juveniles than adults. Correlations between age and %r concentration

were not found in T. Carolina collected from two other states or in

other species collected from the region sampled (Holcomb et al. 1971);

however, sample sizes were small (less than six) in the latter studies.

Differences in %r concentrations between species have been

reported and may be related to differences in food,,hab$ts.. A comparison

of %r in the herbivorous Gonherus nolvnhemus (gopher tortoise) to

that in the omnivorous 2. carolina revealed higher concentrationsof

the radionuclide in the former species (Holcomb et al. 1971). Because

higher concentrations of %r.are usually detected in terrestrial plants. ,I
than in non-calcified animal,tissues, the herbivorous species would be

expected to containhigher concentrations of 90Sr than the omnivorous,,

species. A trophic level difference was not observed among the aquatic._ "," \ ,, e I**.% '.i.ii -,,- =,I / lil<l.%..-lT^vI  -Lu*r&,i?
species examined.

Strontium-90 concentrations detected in the shells of turtles ,,__.X ., :‘ ;-
sampled in several areas throughout the southeastern Un&t,ed State.ss,Z,wer,e

found, in many cases, to be equivalent to or to exceed concentrations of

%r in the bones of black-tailed jackrabbits (&~DUS californicus)

collected 32 km north of the yucca Flat Nevada Test Site at Groom ValleyI j_ ,.,. ;L j_,".., z ^. . , ,. i &~,&, ~ .',.::  ~,~'~~'?~~~~~~~"lzJI'~':.  ~w _ " "5
(Holcomb et al. 1971, Jackson et al. 1974). The only known source of
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%r in the turtles' environments was from nuclear fallout. The ability
of turtles to accumulate and apparently concentrate 90Sr from these
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 1. scrinta collected from an area contaminated

with '37Cs revealed that 137Cs was distributed throughout the body,

however, the highest concentration of the radionuclide was in muscle

(Towns 1987). The distribution of '37Cs in turtles is similar to that

reported in mammals (Stribling et al. 1986). Seasonal variations have

been reported in the elimination of 13'Cs from T. scrinta (Scott et al.

1986). Like 90Sr, elimination rates were highest during the spring

through early summer months, which corresponded with the breeding season

and the period of highest metabolic activity of the species (Scott et

al. 1986). The elimination rate of 13'Cs during the spring and summer

months was approximately 7.2 x 10e3 f 4.4 x 10m3 kBq/day (Peters and

Brisbin 1988). Positive correlations exist between the weight of the

turtle and the elimination rate, and between weight and the

concentration of the radionuclide in the turtle (initial body burden)

(Peters and Brisbin 1988). No relationship was found be-tween

elimination rate and the sex of the turtle (Peters and Brisbin 1988)

which is consistent with that reported in birds (Fendley et al. 1977).

Because 137Cs is a chemical analog of potassium and is not concentrated

in hard tissues as is %r, 13'Cs would be expected to have a much faster

elimination rate than '%r and, consequently, a shorter biological half-

life. The biological half-life of '37Cs in 2. scrinta is 64 days (Scott

et al. 1986), several times less than the biological half-life of ?r.

The time required for 1. scrinta to reach an equilibrium radiocesium

concentration with its environment has been calculated to be 320 days

(Peters and Brisbin 1988). A comparison 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 mammals (Jenkins et al. 1969). The longer retention of 13'Cs

in turtles is consistent with the slower metabolic rate in the
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poikilothermic turtles. In general, the biological half-life of 137Cs

is longer in poikilotherms than in homeotherms (Mailhot et al. 1989).

A limited amount of information exists on other radionuclides‘,+n,,,i- .I .b. /,,^ . ..eY?.(  ‘, lii__~,  ,< ‘$;(
turtles. An inverse relationship was reported to exist between the

concentration of 6oCo in an organism and its trophic level. Ophel and

Fraser (1971) compared the concentration of &Co in water (filtered with

a 1.2-rm pore-sized filter, concentration in water based on Bq/ml) to

that in plants, fish, reptiles, and amphibians from a contaminated 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 concentrati,onN$n.water. Although only one turtle was

analyzed, it is apparent that primary producers concentrated %o to a

greater extent than consumers. Turtles, there-fore, may not be the best

taxa to use as an indicator of 6oCo contamination.

Turtles have been shown to concentrate high concentrations of 13'1

into thyroid tissue (Shellabarger et al. 1956, Gibbs et al. 1964). In a

laboratory study, adults were shown to retain a greater amount of the

original dose than did juveniles (Gibbs et al. 1964). Turtles have not

been used to monitor iodine in the environment. Among the vertebrates

that inhabit wetlands, turtles (specifically adult turtles) may prove

most useful in the assessment of radioiodine contamination (.I; Eldridge,

OEUL, personal communication). Turtles are long-lived and have larger

thyroid glands than fish, factors that may facilitate the detection of

the radionuclide. In addition, turtles have greater exposure to

'contaminants in water and sediment than do birds or mammals, which also.*..* .., A>., ,i I _.._ ,.I
supports the use of turtles as monitors of radjoiod+e,cont@nation.,_ i".‘,"..: .;,

2.5 BIOCHEMICAL ANI) HISTOPA~OU)CICAL~RESPONSES.Tq  S%%$!j ,~/
Few turtle studies have been conducted that examine biochemical

and tissue responses to chemical and physical perturbations. Laboratory

studies have shown turtles to be more folerant~to,radjatipn.;,thanmo~,~

vertebrates (Atland et al. 1951, Cosgrove 1965, Cosgrove 1971). Atland

et al. (1951) investigated the effects of whole-body irradiation on

T. carolina with x-ray exposures ranging from 0.129 to 2.58 C/kg
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(500 to 10,000 R). Turtles irradiated with as much as 0.258 C/kg

(1000 R) showed 100% survival for four months, suggesting their ability

to withstand higher acute doses than birds (Abraham 1972) and mammals

(Dunaway et al. 1969). A partial explanation for the higher tolerance

in turtles is probably the shielding effect of the shell which can

reduce the average exposure by 21% (Cosgrove 1965). The low metabolic

rate of turtles compared to mammals may also come into play. =)50

values have been determined for turtles exposed to various intensities

of x-rays. The m50(120) values for three species of turtles were

reported to range from 0.219 (Cosgrove 1965) to 0.267 C/kg (850

to 1035 R) for 1. Carolina, to be slightly less than 0.258 C/kg

(1000 R) for juvenile Chrvsemvs picta eleeans (- z. scriota), and to be

less than 0.206 C/kg (800 R) for juvenile E. seroentina (Cosgrove

1971). The principal effects observed were on blood forming tissues and

reproductive organs (Atland et al. 1951, Cosgrove 1965). Species

differences in responses to radiation indicate that juvenile

C seroentina may be more sensitive to-- radiation than the other two

species thus, s. sernentina may be the turtle species of choice to

detect genotoxic damage caused by radiation.

In a field study, Albers et al. (1986) revealed that blood and

blood plasma characteristics may not be useful indicators of exposure to

chemical contaminants in turtles. Differences in the levels of protein,

albumin, and plasma glucose in E. sernentina may 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 hemoglobin can be attributed to differences in the

salinities of the waters from which the turtles were captured (Albers et

al. 1986). This study places a cautionary note on the interpretation of

results obtained from the use of non-specific biochemical indicators of

stress.

Measurements of the DNA content in 1. scriota collected from

seepage basins containing radioactive and non-radioactive contaminants

and from a reference site proved to be a very useful indicator of

exposure to genotoxic agents in the environment (Bickham et al. 1988).

Bickham et al. (1988) reported the only turtles to contain mosaic DNA
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were four individuals from the contaminated site. A comparison of the

coefficients of variation in DNA of turtles with normal DNA histograms

(non-mosaics) revealed a significant difference between the DNA of

turtles from the contaminated and reference sites. The higher

coefficient of variation in turtles from the seepage basins may have

been caused by mutations (deletions or duplications) in DNA induced by

radiation and or chemical agents (Bickham et al. 1988). In addition, a

positive correlation was detected between the coefficient of variation

and plastron length in male turtles. The investigators proposed that

larger, older turtles may be better indicators of environmentally

induced mutagenic effects than younger turtles or shorter-lived species

due to longer periods of exposure and the accumulat.ion of mutations over,,*
time. The use of flow cytometry in the measurement of DNA content

should be explored further and comparisons made with fish residing in

contaminated waters to determine the sensitivity of turtle DNA to

genotoxic agents.

2.6 TURTLE GROWTH RATES IN RELATION TO CONTAMINATION

Growth rates have been measured in turtles, however, in most

instances, the data are inconclusive and differences in the growth of

individual turtles cannot be attributed exclusively to contaminants in

the environment. Growth rates may vary with age as noted by Gibbons

(1968) and Kiviat (1980) who observed a lower growth rate in adult

C. seroentina compared to juveniles collected from uncontaminated sites.

Differences in growth rates may also be a response to the ingestion of

nutrient deficient food items by turtles from one site (Albers et al.

1986). In addition, the diets of omnivorous species can fluctuate-w$th",

the availability of foods resulting in higher growth rates in turtles,,

with protein-rich diets (Knight and Gibbons 1968, Graham and Perkins

1976). In one study, the growth rates of four T. Carolina collected

from a DDT-contaminated site were measured and compared to the growth_,.
rates of five x. Carolina from a reference site and found to bevery

similar (Stickel 1951). Although it appeared that the aerial

application of DDT (from 1.24 to 2.25 kg/ha) over a four-year period did

not impair the growth of individual turtles, the small sample size of
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four turtles may not have presented a representative view of the entire

population. Because of the inconclusive nature of growth rates as

indicators of contaminant exposure, their use as biomarkers is

discouraged.

2.7 DISCUSSION

A review of the literature on contaminants in turtles revealed

several pertinent points. Both organochlorine pesticides and PCBs

accumulate primarily in adipose tissue (e.g., Meeks 1968, Stone et al.

1980) and are biomagnified through food chains (e.g., Holcolmb and

Parker 1979, Watson et al. 1985). Turtles contain large fat reserves in

which chlorinated organics, especially PCBs, can accumulate at

concentrations often exceeding those reported in mammals and birds and

do so without apparent adverse effects on the turtles themselves (e.g.,

Watson et al. 1985, Olafsson et al. 1983). As such, turtles appear to

be excellent monitors of PCBs and good monitors of organochlorine

pesticides in the environment. There is a limited amount of evidence

that PCB concentrations may be higher in male than in female turtles

(Albers et al. 1986). This may be due to the transference of

chlorinated organics from gravid females to the yolks of their eggs

(e.g., Bryan et al. 1987b, Flickenger and King 1972).

Several metals have been detected in turtles, most of which were

measured in kidney and liver tissues where many metals concentrate

(e.g., Albers et al. 1986). Bone and shell, however, were found to

contain the highest concentrations of lead (Krajicek and Overman 1988).

Sex-related differences in metal 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 metals have

also been detected in sea turtle eggs (Stoneburner et al. 1980,

Hillestad et al. 1974)., indicating that metals may be transferred from

the female to the developing ovarian follicles within her.

The radionuclides O"Sr and 13'Cs have received the greatest amount

of study with regard to the interaction of turtles and radionuclide

contaminants in the environment. Strontium-90 was reported to

accumulate almost 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 O"Sr have been reported in turtles from

several sites with no known history of contamination that exceed those

reported in the bones of mammals collected from a contaminated site

32 km from a nuclear weapons test range (Holcolmb et al. 1971, Jackson

et al. 1974). The high concentrations of O"Sr in turtles suggest this

taxon as an excellent monitor of ?Zr in the environment. Cesium-137,

when present, is distributed throughout the body of a turtle; however,

the highest concentrations occur inmuscle. Cesium-137 has a much

shorter biological half-life in turtles (64 days) than POSr (Scott et

al. 1986). The elimination rates for both radionuclides fluctuate with

seasonal changes in turtle activity (Scott et al. 1986). Turtles are

more resistant to external radiation than mammals and amphibians,

primarily due to the shielding effects of the shell (Cosgrove 1965).

This characteristic also favors the use of turtles as monitors of

environments contaminated with radionuclides.

Few studies have been performed on turtles that examine the

usefulness of biochemical and cellular/tissue parameters as indicators

of exposure to chemical contaminants. Positive responses are often

correlated with factors other than the degree of contamination such as

age, diet, and nutritional status, which render interpretation of the

results difficult. One study (Bickham et al. 1988), however, did

present positive resul,ts .Qn.t~~~_usefulness of a biochemical, indicator on

field collected turtles. A significantly greater amount of ,var&a,ton.,,+n

DNA content was detected in turtles from a sit.e contaminated wi.thA,.,,,
radioactive and nonradioactive contaminants than in the,DEA~.of turtles. . . _
from the reference site. Evidence of aneuploid mosaicism..was,.a&.found

in the DNA of turtles from the contaminated site. These positive

findings encourage the testing of other "biomarkers"  on turtles in the

wild.

Growth has also been measured in turtles,,as, an. ind&catorof~.I
exposure to chemical contaminants (e.g., Albers et al. 1986). Growth

rates have not been shown to, be ,good indicators of ch.emical.,s"~.~es.s= .,

They are variable and differences between populations may be detected

that are caused by factors other than the contaminant, such as the
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availability of protein-rich foods, age, and health of the organism.

For these reasons, growth rates are not recommended as a biomonitoring

index to be used on turtles.

Alternatives exist to using the soft tissues of turtles in order

to monitor the accumulation of certain environmental contaminants in

turtles. Lead and O"Sr concentrate in bone and shell. Samples of

marginal scutes of the carapace can be removed and used to assay for

these contaminants without harming the turtle. A few milliliters of

blood can also be removed from a turtle and analyzed for the activities

of certain enzymes that respond to contaminants (e.g., 6-aminolevulenic

acid dehydrase and acetyl cholinesterase) or to obtain DNA for analysis

of genotoxic damage. In addition, most contaminants detected in adults

are also present in the eggs, albeit at lower concentrations. Although

eggs of most species are not easily located in the field, this

alternative may be useful as in the monitoring of contaminants in the

eggs of endangered sea turtles.

Three species of turtles are frequently to detect contaminants in

the environment. TerraDene Carolina is most often used in terrestrial

investigations. It is omnivorous and thus has exposure to contaminants

that concentrate in plants (e.g., %r) and animal matter (e.g.,

chlorinated organics). With reference to freshwater species, Chelvdra

sernentina has been used primarily to detect PCBs, organochlorine

pesticides, and heavy metals, whereas Trachemvs scripta has been used

primarily in radionuclide investigations. Trachemvs scriota and

C. seroentina have different food and habitat preferences that may

influence their exposure to certain chemical contaminants.

A final comment on the literature focuses on the lack of

comparative information on contaminant concentrations in the water, soil

or sediment, other biota, and turtles. Such information would aid in

assessing the usefulness of turtles as indicators of environmental

contamination and would assist in the determination of the routes by

which turtles are exposed to specific contaminants. Data on the

concentration and availability of chemical contaminants in the

environment can also aid in the interpretation of results obtained from

the use of biochemical and physiological indicators of stress in biota



21

from the site in question. Surveillance data on contaminants in turtles

have much greater significance when concentrations in the abiotic

environment are recorded.
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3. SITE DESCRIPTIONS

3.1 WHITE OAK LAKE

White Oak Lake, a 6.88 ha (Cox et al. in press) eutrophic lake

located on the Department of Energy's Oak Ridge Reservation near

Oak Ridge Tennessee, was utilized as the contaminated study site. The

lake, which has an average depth of 0.64 m (Cox et al. in press), has

been used as a settling basin for low-level radioactive and non-

radioactive waste generated by Oak Ridge National Laboratory (ORNL)

since 1943. Cesium-137, cobalt-60, strontium-go, and tritium contribute

to most of the radioactivity within the lake. Ruthenium-106 and trans-

uranic nuclides are also present in the lake at above background levels.

Selenium-75 was detected in lake 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 sediment concentrations of the predominant

radionuclide contaminants are presented in Table 1. Tritium is found in

highest concentration (10,000 Bq/l) in the lake water followed by

radiostrontium (4.8 Bq/l) (Rogers et al. 1988). Cesium-137 is the

radionuclide of highest concentration in the lake sediment (14,700 Bq/kg

wet weight, samples taken at a depth of 2.5 cm). Mercury is present in

White Oak Lake sediment at between 3 and 5.9 fig/g dry weight (Hoffman et

al. 1984). Elevated levels of polychlorinated biphenyls (PCBs) in the

lake were evidenced by above background concentrations of the organic

contaminant in tissues of fish from White Oak Lake (Southworth 1987).

White Oak Lake supports a variety of wildlife species. The most

abundant fish species within the lake include carp (Cvorinus caroio), '

blue gill sunfish (Lenomis macrochirus), yellow bullhead (Jctalurus

natalis) and gizzard shad (Dorsoma CeDedeanum)  (Ryon et al. 1988).

Common waterfowl that utilize the lake during most of the year are

primarily mallards (Anas platvrhvnchos), American coots (Fulica

americana), wood ducks (& soonsa) and Canada geese (Branta

canadensis). Mammalian species commonly encountered near the shore and

upland from the lake are white-tailed deer (Odocoileus virzinianus),

raccoons (Procvan lotor), muskrats (Ondatra zibethica) and white-footed

mice (Peromvscus  leucoms). With regard to lake vegetation, the
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Table 1. Concentrations of predominant radionuclides in White Oak Lake
: ,- 1 ,, _

UateP Sediment
Radionuclfde Bq/l BgFg

13’cs <0.4 14,700b

6Oco 1.8 4,900b

Total Sr 4 . 8 l,360b

3-l
t

10,000 630c

'Rogers et al. 1988.
bConcentration  based on vet weight for samples

taken at a depth of 2.5 cm, Oakes et aI. 1982.
'Concentration based on dry weight, Blaylock and

Frank 1979.
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dominant emergent plants located along the lake margins and in shallow

areas include sedges (Scirous sp.), cattails (Tvoha latifolia),

smartweed (Polvsonum sp.) and arrowhead (Saeittaria sp.). Floating and

submergent macrophytes are less diverse and abundant than the emergent

plants and are comprised primarily of duckweeds (Lemna minor and

Soirodilla sp.) and water milfoil (Mvrioohvllum sp.), respectively.

3.2 BEARDEN CREEKEMBAYMENT

Bearden Creek embayment, an embayment on Melton Hill Reservoir, is

located 5.23 km from White Oak Lake, was used as the reference site for

this study (Figure 1). There is no documented history of contamination

within or in close proximity to the embayment. Water enters the

embayment via Bearden Creek and the Clinch River. The water level of

Bearden Creek embayment reaches a maximum depth of 1.5 to 2 m and is

indirectly controlled by the Tennessee Valley Authority as it regulates

the flow of the Clinch River. Wildlife common to the marshy embayment

include muskrats, white-tailed deer and raccoons. Wood ducks and

mallards are frequently seen in the area. The vegetation along the

margins of the embayment are similar to those in White Oak Lake. Water

milfoil is the most common submergent aquatic macrophyte.
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Fig. 1. White Oak Lake and Bearden Creek embayment in
relation to Oak Ridge National Laboratory and the Clinch River.
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4. PRELIMINARY SURVEYS

4.1 APPROACH

Initial reconnaissance of the study sites included the trapping of

turtles to determine the species composition and abundance of each

species in White Oak Lake and Bearden Creek embayment. Several

individuals from White Oak Lake and a few from Bearden Creek embayment

were marked and released at the site of capture. The mark and

subsequent recapture of turtles within the site generated information on

the movement of individuals and produced a rough estimate of the

abundance and trapability of each species.

Data on the food habits of three species of White Oak Lake turtles

were collected to determine differences in trophic levels among the

species that inhabit White Oak Lake. These data were acquired by the

examination 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 determine the key tissues to be used for residue

analyses, several turtles were trapped from White Oak Lake and analyzed

for specific contaminants. Liver, muscle, bone, shell, fat and eggs

were removed from these turtles to determine the distributions of

radionuclide contaminants within the bodies of the animals. This was

done to determine the key tissues to be used for residue analysis.

Since PCBs have been reported in fish from White Oak Lake (Southworth

1987), fat was removed from a few turtles to evaluate whether these

organochlorines were contaminants of concern in the turtles.

This study required the selection of a reference site for

comparison with White Oak Lake. Bearden Creek embayment appeared

ecologically suitable, however, no data existed on contaminant

concentrations within the area. Sediment samples were collected from

Bearden Creek embayment to deter-mine the concentrations of gamma

emitting radionuclide contaminants, %r, and mercury in the embayment.

Background concentrations of these contaminants would support the use of

Bearden Creek embayment as a reference site.
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4.2 MATERIALS AND UETRODS

4.2.1 Field Techniques

Turtles were trapped from White Oak Lake (June 4 to September 12,

1985, April 21 to August 14, 1986; April 21 to October 7, 1987, and

April 19 to May 16, 1988) and Bearden Creek embayment (August 1 to

October 2, 1986, June 1 to October 7, 1987, April 14 to September 5,

1988) during seasons of peak turtle activity. No attempts were made to

set traps during winter months, when turtles are inactive. Animals were

captured using hoop nets, 0.625-cm wire-mesh funnel traps, 2.5-cm wire-

mesh box traps (Tomahawk Company, Tomahawk, Wisconsin), and trotlines.

Traps were usually baited with either rainbow trout or beef enclosed in

wire-mesh bait packets. Pork liver, sardines, bluegill sunfish, shad

and watermelon rinds were used on occasion. Commercial fish,at,tractants_. . ‘. ,* ,"
were used during September 1987 and were not found to be useful in

attracting turtles to the trotlines or to the traps. Baited traps were

placed near the shore in water approximately 60 cm deep. Trotlines were

only used in White Oak Lake during the 1986 and 1987 field seasons. Two

to four lines which were strung across the lake were also checked daily.

Turtles were marked for recapture using a method developed by

J. W. Gibbons of Savannah River Ecology Laboratory (Gibbons 1988). Each

marginal scute on the carapace of the turtle was designated by a letter

of the alphabet as shown in Fig. 2. A battery powered hand drill was

used to put a small hole into one or more of the outer scutes. Each

individual of a given species was marked with a unique code (i.e., A,

AV, or AVK). In addition, the pigmented plastron patterns of 2. scriota

and Chrvsemvs 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

supplemental diagnostic information (Gibbons 1986) to positively

identify individuals.

Locations of the recaptured turtles were noted and used to map

turtle movement within the lake. Turtles that were marked and released

during the 1985 and 1986 field seasons and later recaptured were taken
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ORNL-DWG 90-10659

Fig. 2. Outer scutes of a Trachemvs scrPDta carapace (ventral
view) and the letters used to designate them.
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to the laboratory, identified, weighed, and photocopied as appropriate.

These turtles were released at the site of capture.

4.2.2 Turtle Dissection and Sample Preparation

In order to evaluate the exposure of White Oak Lake turtles to

contaminants, seven individuals that were,trapped from the lake and not

designated for mark-recapture study were taken to the laboratory for

chemical and radiological analyses. Turtles were frozen and later

dissected to obtain tissue samples. Samples of bone, muscle, plastron,

carapace, liver, fat, and various internal organs were removed from the

turtles. Carapace and plastron samples were scrubbed with a brush,

scraped with a scalpel, and rinsed with tap water to remove any algae

attached to the shell. The GI tracts of the animals were also removed,

emptied of their contents, and the tissue washed with tap water to

remove any ingested matter. All tissue samples were placed into glass

jars and stored in the freezer for later analysis of radionuclides and

PCBs.

The GI tract contents of several turtles were retained and

examined to determine the diet composition. Stomach and intestinal_..
contents were placed into labeled glass jars containing 70% ethanol.

The contents of the jars were examined under a dissecting microscope and

a record was made of the percent volume of each component in the diet

for each sample.

4.2.3 Sediment Collection and Preparation

Radiochemical and mercury analyses were made on sediment samples

from Bearden Creek embayment to justify the use of the embayment as a

reference site. Three surface grab samples taken on October 7, 1987,

and six surface samples (approximately 5 cm deep) taken on January 31,

1987, were placed into plastic bags and brought back to the laboratory

for processing. The sediment samples were air dried for approximately

one week to remove excess water and then,ovenTdried for two days at/ * .,
100 'C. Dried samples were weighed, sieved through a U.S. Standard

sieve, series No. 20 (840 rm 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 samples and oven-dried sediment samples were screened

for gamma radioactivity using a gamma ray spectrometer (Nuclear Data

Inc. 6620 microprocessor) coupled to an intrinsic germanium-lithium

detector having a relative efficiency of 25% and a resolution of 1.8 kev

for the &Co 1332 photon. Containers of predetermined counting geometry

were filled with either specific tissues or sediment and placed into a

lead encased detector. Samples were counted until error terms of less

than or equal to 10% were obtained. Activities were corrected to the

date of capture for each animal to adjust for the radioactive decay of

the radionuclides.

Sediment samples were analyzed for O"Sr by the ORNL Analytical

Chemistry Division. The procedure used required the leaching 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 barium from the sample. The strontium is

isolated in a powder form that is placed into a planchet and counted for

beta radioactivity.

4.2.5 Polychlorinated Biphenyl Analysis

Fat samples from White Oak Lake turtles were analyzed for PCB

concentrations using a two part procedure. The initial step is the

extraction of PCBs from a 10-g sample of tissue via Soxhlet extraction.

A packed column gas chromatograph with an electron capture detector is

then used to separate and quantify the PCBs. The analysis of tissue

samples for PCBs was performed by the Oak Ridge National Laboratory's

Analytical Chemistry Division.

4.2.6 Mercury Analysis

The oven-dried, sieved sediment samples from Bearden Creek

embayment were analyzed for total mercury by the ORNL Analytical

Chemistry Division. The protocol included digestion of the samples in

nitric and perchloric acids followed by the addition of stannous
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chloride to reduce the mercury. Total inorganic and organic mercury

content was determined by cold vapor atomic absorption spectroscopy.

4.3 RESULTS

4.3.1 Diversity and Abundance of Turtles

White Oak Lake has a high diversity of turtles as evidenced by the

capture of a total of 137 turtles of six species (Table 2). Trachemvs

scrinta (Agassiz) (yellow-bellied slider) was the most abundant species

captured. Twice as many 2. scrinta were captured than Chelvdra

sernentina (Linnaeus) (common snapping turtle), the second most abundant

species. Trachemvs scrinta and E. sernentina comprised 53% and 26% of

the turtles trapped, respectively. Other species in the lake included

m picta (Schnider) (painted turtle), Trionvx sniniferus

sniniferus (Le Sueur) (Eastern spiny softshell), Sternotherus odoratus

(Latreille) (stinkpot), and GraDtemvs peoeranhica (Le Sueur) (map

turtle).

Bearden Creek embayment has a slightly higher diversity of turtles

than White Oak Lake. A total of 247 turtles of 7 species were trapped

from the embayment (Table 3). Trachemvs scriota was once again the most

abundant species and constituted 75% of the total number trapped.

Chelvdra sernentina constituted 9% of the total followed in abundance by

32. s. sniniferus (7%). Species of lesser abundance included S. odoratus

and C. picta. Two species found in Bearden Creek embayment but not,.in

White Oak Lake were Sternotherus minor peltifer (Smith and Glass,

stripe-necked musk turtle) and Chrvsemvs concinna concinna (Le Conte,

river tooter). Musk turtles are notoriously difficult to trap. The S.

-am peltifer caught may have been stimulated to roam more than usual due

to the rapid and extreme decline in the water level during the period of

their capture and were thus more likely to be trapped. The range of

E. G. concinna is not reported to expand into eastern Tennessee. In the

past, this species was sold in pet stores and it is possible that the

individual trapped had been released intq the embayment or adjacent

Clinch River (A. S. Echternacht, University of Tennessee, personal

communication). The fact that E. neoprraDhic@  was captured in White Oak

Lake and not in Bearden Creek embayment may be because E. geonranhica is
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Table 2. Capture frequency of White Oak Lake turtles collected
from 1985 through 1988

Species

DisDosition
Total Not marked

captures Marked Recaptured Killed Released
_..

Trachemys
scripta 73 15 8 24 26

Chelydra
serpentina 35 0 0 16 19

16 8 2 1 5

Trfonyx spiniferus
spiniferus 7 0 0 6 1

Stemothems
odoratus

5 0 0 3 2

Graptenys
geographica 1 0 0 1 0
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Table 3. Capture frequency of Bearden Creek embayment turtles
collected from l?~.~,~.~h~ough 1988

speciss

D&posi,gion
Total

captures I4irQQ Recaptured

Trachemys
scrfpta

Chelydra
serpentha 23

TrionF s~fnfferus
spfniferus 18 0

1

0

14 166

13

2 16

Stemothemsodoratus 12 0 0 4 8

Chryseqys  pfcta 6 1 0 2 3

Stemotherus
minor peltffer 2. 0 0 0 2

chrysemys concfnna .
concfnna 1 0 0 1 0

* / .-. , ‘, ., _.. _ .~ ./*4,. . _ *, ,". ..~.., .".,.., . ,,"
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reported to prefer large, permanent bodies of water, such that lakes are

preferred over ponds (or embayments) (Conant 1975).

4.3.2 Turtle Ranges From Mark-Recapture Data

Both z. scrinta and C. picta were found to be very mobile within

White Oak Lake. The average recapture distance of 2. scrinta was

approximately 125 m within a year (Table 4). Chrvsemvs picta appeared

to be more mobile than 1. scrinta. The recapture distances for two

C. picta were 244 m and 275 m over a 16-month and 6-month period,

respectively (Table 4). Only one of the four z. scrinta that was marked

in Bearden Creek embayment was recaptured. This individual was marked

and released on August 1, 1986, and recaptured less than 3 m away on

October 2 of the same year.

4.3.3 Food Habits of Selected Turtles

The degree of carnivory was evaluated for three species of turtles

that have been reported to consume large proportions of animal matter.

Examination of the gastrointestinal contents of four z. =. sniniferus

revealed the ingestion of primarily fish and crustaceans (88 to 90% by

volume of the diet) by this species (Table 5). The only E. peoeranhica

examined appeared to have fed exclusively on snails (Table 5). The diet

of C. sernentina was not easily discernible from the GI tract contents

of the individual examined. This turtle had a large amount of detritus

and sediment (95%) in its gut with very few identifiable food items

(Table 5). This may indicate that the turtle had fed on carrion and

incidentally ingested large amounts of sediment and detritus in the

process. Parasitic roundworms were often abundant in the GI tracts of

the turtles.

4.3.4 Radionuclides in Turtles

Only three gamma emitting radionuclide contaminants were detected

in the tissues of the turtles (one s. Sernentina and two 2.

s. miferus) captured from White Oak Lake (Tables 6-8). Cesium-137

was detected in greatest concentration followed by &Co and ?e. Of the

tissues examined in these preliminary studies, the highest concentration
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Table 4. Recapture data for White Oak Lake turtles

. Capture Recapture Whole body Change in
Species Sex date distance (m) weight (g) weight (5)

chrys8mys F 5/6/86 139
picta g/10/87 244 NR8

n 8/14/86 - 236
2/26/87 275 251 +15

Trachemys
script* F 6/18/86 197

7/21/86 84 274 +77 .

F g/12/85 NR
7/21/8 <3 140

n g/12/85 NR
7/21/86 213 222

n g/12/85 NR
7/21/86 76 260
g/3/87 267 364 +104
g/11/87 <3 353 -11
g/23/87 <3 NR

I4 6/25/86 404
g/10/87 73 456 +52

1Jeight was not recorded.



Table 5. Gastrointestinal contents of individual turtles collected
from White Oak Lake from June to August 1986

Species Fish Snailrr Crsyfish Insects

Detritus
and

Vegetation sediment

Graptemys
geographica 0 100 0 0 0 0

Chelydra serpentfna 3 1.0 0 0.5 0,s 9s
K

Trionyx spinfferus
spinfferus 0 0 88 10 2 0

Trionyx spinfferus
spfnfferus 0 0 9s 3 1 1

Trlonyx spfnifexw
spfniferus 97 0 0 0 0 3

Trionyx spfniferus
spfnffenm 98 0 0 0 2 0



Species

Table 6. Cesium-137 concentrations in tissues of three turtles
from White Oak Lake

--. .
13?Cs (Ba/ke etwt.)

z.1. E&u3
Carapace Plastron Muscle Bone tract yolks Liver Fat

Chelydra serpentine 173 160 222 124 113 69.3 83.7 14.8

frionyx spiniferus
spiniferus A

Trionyx spinfferus
spiniferus B

70.4 -' 478 161 197 198 267 65.5

48.5 127 252 160 156 96.7 134 33.7

2

'Not analyzed.



Table 7. Cobalt-60 concentrations in tissues of three turtles
.- from White Oak Lake. . . _

species

6oC CBa/kn. weWwt.1
G.I. Egg

Carapace Plastron Hustle Bone tract yolks Liver Fat

Chelydra serpencina

Trfonyx spiniferus
spiniferus A

26.7 21.5 n.dab 5.6 11.1 69.3 83.7 14.8

11.4 -8 5.2 5.6 n.d. 32.6 35.9 n.d.

Trionyx spiniferus
spiniferus B

10.4 20.4 n.d. 11.9 24.4 20.7 38.5 6.7

wQJ

'Not analyzed.

bn.d. - ~3.7 Bq/kg wet weight.

”



Table 8. Selenium-75 concentrations in tissues of three turtles
from White Oak Lake

Species

%e (Ba/ke. wet ut.)
G.I. El%

Carapace Plastron Muscle Bone tract yolks Liver 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

frionyx  spiniferus n.d. n.d. n.d. n.d. n.d. 25.2 18.5 n.d.
spinfferus B

w\o

'n.d. - 4.7 Bq/kg wet weight.

bNot analyzed.
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of 13'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 6oCo was detected in liver. Concentrations of the
radionuclide in the livers of the three turtles ranged from 35.9 to

83.7 Bq/kg (wet weight). Egg yolks from premature eggs within the

turtles contained the largest concentration of 75Se at concentrations of

approximately 25 Bq/kg (wet weight) for each of the turtles examined.

A comparison of the tissue distribution of 13'Cs in the turtles

revealed both similarities and differences between the two species.

Muscle tissue contained the highest concentration of the radionuclide,

this was true for both 1. s. sniniferus and C. sernentina.

Concentrations of 13'Cs in the carapace and plastron of C. sernentina
were approximately 75% of that detected in muscle. Cesium-137 in the

shell (relative to muscle) of 2. 2. sniniferus was lower than that

detected in E. sernentina. In addition, concentrations of the

radionuclide were higher in the plastron than in the carapace of

x. g. sniniferus. This discrepancy is explained by differences in the

composition of the two shell types. In T. s. sniniferus the carapace

contains a greater amount of soft tissue and is much more pliable than

the plastron. In C. sernentina, as in most other freshwater and

terrestrial turtles, the carapace and plastron are hard, bony tissues of

similar consistency and texture. Apparently, 13'Cs has a higher affinity

for calcified shell than for fleshy, noncalcified shell types. The

relative concentration of 13'Cs in bone compared to muscle was 0.56 in

C. sernentina and averaged 0.49 in T. s. sniniferus. No trend was

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 E. sernentina and 0.40 for T. s. soiniferus. The

fraction of 13'Cs detected in the emptied GI tracts was approximately

0.52 in both C. seroentina and 1. s. sniniferus. Fat contained less

than 15% of the 13'Cs reported in muscle for both species analyzed.

Egg yolks from C. sernentina contained 31% of the concentration detected

in muscle. The percentage in the egg yolks of T. s. sniniferus

averaged 40%.
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Most of the 6oCo detected in the tissues of the turtles was/ _ .. . . ‘. ;. 2 -. h>‘l1.2  ,'%~-a!vp~  "I 4""1"**~*zp,<  .._ _ _ ..( )
contained within three~*.bpdy  compartments; the kidney, liver, and egg

yolks (Table 7). Kidney tissue from one 1. =. sainiferus contained

53.3 Bq/kg (wet weight) of @Co; 14.8 Bq/kg (wet weight) greater than

that detected in the liver of the same turtle.^__ ,. I ̂i,. "ICW . _)- _. -," ,, "' Unfortunately, kidneyI‘. >. so ,,, .wde.rri.: _. )*,_""^.  ._ ., .I ,,_ ,_ I
tissue was not removed from the other.,t.urtles  and counted for gamma..i .I. .~ ,..*pF-3 .T+sa-h;ri  ,A, &r;%,l~ . ..s^.% :.. _
radioactivity. Liver was subsequently used as the reference tissue. for

6oCo because it contained-the ge,cpnd_highest concentration of,the- __

radionuclide and was analyzed in each of the three turtles.

Unlike 13'Cs, 6oCo was not uniformly distributed throughout all

tissues. Very little, if any, 6oCo was detected in muscle. ,._ ,.
Concentrations of the radionucl~de,were.m~c~ less in bone than in shelf.

Shell from c. sernentina contained approximately 29% of the

concentration detected in liver, and bone contained only 7%. As was

true for '3'cs, 60Co concentrations differed in the plastron and carapace

of g. s. soiniferus. The fraction of the radjonuclide in\plastron andI.. _ - _.
carapace relative to liver was 0.53 and~,,0,27:,-~Bone from this species,. ."‘ "L1,"‘ee,.,  _,A* - G>,, ‘V *i
contained 24% of that detected in liver. Concentrations of 6oCo in the,,

gastrointestinal tracts varied from 13% of that in liver for C.

sernentina to zero and 63% for the two x. =. suiniferus. This variation

may be explained by differences in the thoroughness of washing the

GI tract. The concentration,-of,.  )&Co in the ingested matter present in,., _,‘~.
the gut prior to cleaning would also be 'reflected in the" concentration

of the radionuclide in the GI tract lining.,.-. ,."_ .l.p~i*.I*,j 1 "tliA .ciF"ew Finally, egg yolks in the

turtles contained a large fraction of 6oCo relatives to that in_ l-iy$r-., _,

The fraction present in the,egg yolks of C. sernentin%.was G.83 compared

to 0.73 in the egg yolks of x. g. sniniferus.

Selenium-75 was concentrated,.in  the egg yolks of both C. sernentina

and x. s. sniniferus (Table 8). Concentrations of.the.,radionuclide inI ."‘1 ..<A_. *,..,,,.\. 7. L_ ‘I I
the egg yolks of the turtles ranged from 24.1 to 27.0 Bq/kg (wet

weight). The liver of one I. 8. sniniferus also contained 75Se 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 samples from

T. scrinta and 2. s. spiniferus collected from White Oak Lake (Table 9).

Concentrations of the PCBs appeared higher in 1. s. sniniferus than in

1. scripta. Fat tissue from a x. scrinta collected from Bearden Creek

embayment on September 1, 1987, was also analyzed for PCBs and found to

contain 0.01 &g/g PCB-1260 (wet weight) and 72 &g/g PCB-1260 (wet

weight). The low concentration of PCB-1254 detected in the 2. scrinta

collected from White Oak Lake on July 27, 1987, and the high

concentration of PCB-1260 in the Bearden Creek embayment turtle were

unexpected. (Above background concentrations have been reported in fish

from White Oak Lake (Southworth 1987), therefore elevated concentrations

were expected in turtles from the lake.) Cross-contamination of the

three 1986 T. s. spiniferus samples with other samples occurred during

the tissue homogenization process (B. Grant, OJWL Analytical Chemistry

Division, personal communication). The possibility therefore exists

that the two 2. scriota samples in question may have also been cross-

contaminated. 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 populations.

4.3.6 Contaminants in Bearden Creek Embayment Sediment

Sediment samples taken from Bearden Creek embayment were found to

contain background concentrations of %r, 13'cs, @Co and mercury

(Appendix B). The concentration of O"Sr in the sediment was less than

or equal to 12.8 Bq/kg (dry weight). Cesium-137 concentrations in the

sediment ranged from non-detectable (cl.85 Bq/kg dry weight) to

4.77 Bq/kg (dry weight). Cobalt-60 was not detected (Cl.85 Bq/kg dry

weight) in any of the six samples analyzed, nor were any other gamma

emitting radionuclide contaminants present. Total inorganic and organic

mercury concentrations in sediment ranged from 0.03 to 1.13 rg/g (dry

weight) with a mean of 0.19 + 0.36 rg/g (dry weight). Only one of nine

samples contained an above background concentration of mercury

(>I. 0 rgm l
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Table 9. Polychlorinated biphenyl concentrations in fat tissue
of turtles from White Oak Lake

Species

Trhmys scrfpta 7/27/87 <O.Ol 49
8/11/W 45 49

Trfonyx spfnffezus g/10/87 82 86
spfnifezus 8/7/86 62 77

8/8/86 45 52
7/21/86 60 72

.( . .,,, ^ ., . _ ,.__
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4.4 DISCUSSION

The sampling of turtles from White Oak Lake and Bearden Creek

embayment revealed the sites as having a high diversity of turtle

species. Based on frequency of capture, the most abundant species in

both areas was T. scriota. This species comprised 53% of the turtles

trapped in White Oak Lake and 75% of the total number of turtles trapped

in Bearden Creek embayment. The second most abundant turtle (based on

trapping frequency) from both sites was C. sernentina. Although much

less abundant than T. scrinta, this species constituted 26% of the

turtles trapped in White Oak Lake and 9% of the turtles trapped in

Bearden Creek embayment. Other species trapped from both sites included

1. s. sniniferus, 2. odoratus and E. picta. Based on abundance alone,

T. scrinta and C. seroentina are excellent candidates for future

ecotoxicological study.

Iwo highly aquatic turtle species, x. scrinta and C. picta, were

found to be very mobile within White Oak Lake, Based on recapture data,

individuals of both species traveled an average distance of over 100 m

within a year. This provided evidence that these species are able to

integrate contaminant exposure over time and space. Because of their

mobility throughout the lake, it is reasonable to use existing data on

average concentrations of contaminants in White Oak Lake water and

sediment as indicators of turtle exposures rather than obtaining data

from the precise point of capture for each animal. The mobility of

2. scrinta throughout White Oak Lake supports the use of this species in

a monitoring investigation.

Data obtained on the food habits of 2. 2. sniniferus and

G geoaranhica  revealed these species as almost exclusively carnivorous..m'
Examination of the GI tract contents of an individual C. sernentina did

not prove conclusive. The consumption of sediment and detritus by this

turtle indicated that it may have fed on carrion. Based on the limited

data obtained on the feeding habits of these species, T. =. soiniferus

may be a useful species to detect contaminants that are biomagnified in

aquatic ecosystems.

One purpose for the collection of preliminary data on turtles from

White Oak Lake and Bearden Creek embayment 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

species selected should meet the-~following criteria: (1) they are-s-a .._" .>.. x.,
abundant in both study sites, (2) one species is primarily herbivorous

and the other primarily carnivorous, and (3) differences .$n specific

habitat types within a given aquatic site would also be useful.

Trachemvs scrinta was the most abundant species in both cite Oak Lake

and Bearden Creek embayment. According to the literature, adults of

this species feed primarily on vegetation (Clark and Gibbons 1969).

Trachemvs scrinta is also a highly aquatic species (Carr 1952, Berry and

Shine 1980). Chelvdra sernentina, on the other hand, was the second

most abundant species collected from the two sites. Although the data._
presented on the feeding habits of E. sernentina were inconclusive,

carnivory in this species is well documented (Carr 1952, Hammer 1969).

This species has been classified as a "bottom-welk;ing  species" because

of its close association with the-sediment (Berry and Shine 1980). For

these reasons, 111. scrinta and E. sernentina were selected as the species

for further study of the influence of food habits and degree of sediment.._ . .
contact on exposure of turtles to contaminants,~.i?,,Whi~~~,~~~:.,~~~e,. ,.

Analysis of tissues from turtles collected from ~+t.e,Oak,,Ike

showed specific tissue affinities for 13'cs, %o and "Se. Of the

tissues examined, 13'Cs was detected in highest concentration in muscle.

This is in agreement with the findings of Towns (1987) who reported

13'Cs concentrations in T. scrinta. Cobalt-60 was -detected in highest

concentration in kidney tissue; however, this is based on only one

turtle. Other than kidney, liver also contained".relatively high. _I -... rX,l.s _,
concentrations of @Co. The distribution of 6oCp An turt$y +_a~. z~9.F. by?
previously reported in the literature.,*  ._,In avian, species, however, the

radlonuclide has been found to concentrate in the pancreas, liver and

kidney (Koning et al. 1984). (Pancreas was not sampled in the turtles. .._ ,.,j.l../,
analyzed herein.) Selenium-75 had a very high affinity for the egg

yolks within the gravid turtles. Published data on the distribution of.,". ._ ,..._I  . .r _ ,, ",,_ ~)_ _ I
this radionuclide in,other<,gpecies  of turtles $a- lacking. It is

suspected, however, that had the turtles not been gravid, %e would
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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 mammals (Smith et al. 1937).

Although the analysis of turtle eggs can serve as an alternative

method for monitoring radionuclide contaminants in the environment

( 13'cs, @Co, and 75Se were all detected in the eggs analyzed), the use

of tissues from adult turtles is recommended. Turtle nests are

difficult to locate and the egg-laying period only encompasses a small

fraction of the year extending from late spring through the summer

months. Adults are active from April through October in Tennessee.

Data presented here on the distribution of gamma-emitting radionuclides

in turtles were useful in the determination of key tissues for residue

analyses. In the study that follows, muscle tissue was used for 13'cs

analysis and liver for @Co analysis (kidney tissue was reserved for

mercury analysis). Unlike 13'Cs and 60Co with long physical half-lives

of 30 and 5 years, respectively, 75Se has a half-life of only 120 days.

Selenium-75 was detected in the White Oak Lake ecosystem during 1986.

The release of the radionuclide ceased in the fall of that year. Due to

the limited release of lsSe and its short physical half-life, this

radionuclide was not designated as a major contaminant in the lake. It

was not expected to be a radionuclide of concern during the 1987 and

1988 field seasons.

Polychlorinated biphenyls were detected in fat samples obtained

from 2. scrinta and 1. g. sniniferus collected from White Oak Lake-: .

Preliminary analysis showed high concentrations of PCBs in turtle fat

(49 to 86 &g/g PCB-1260); however, analytical errors make these values

unreliable. If PCB concentrations in turtle fat are elevated (>2.0 rg/g

wet weight), then steps should be taken to analyze muscle from White Oak

Lake turtles to determine the degree of contamination and potential risk

to humans who ingest the turtle meat.

A survey of contaminants in Bearden Creek embayment revealed the

site as being relatively free of %-, 13'Cs, %o, and mercury.

Sediment samples taken from the site contained only background

concentratLons of each of the above contaminants. Concentrations of

%r, 13'Cs, and mercury in sediment from Bearden Creek embayment were

similar to those reported from noncontaminated sites in the vicinity of
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the Oak Ridge reservation (Hoffman et al. 1984). Cobalt-60, unlike %r

and 13'Cs, is not a product of nuclear fallout. Therefore the fact that

@Co was not detected (< 1.85 Bq/kg) in the sediment samples is not

unexpected. Results presented herein support the use. of Bearc+R_Creek

embayment as a reference site to be compared with White Oak Lake.. I I. I.~mw.***,v I,_ ,_ , 11 "._
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5. TRACHEXYS SCRIPTA AND CHELYDRA SERPENTINA: A COHPARATIVE STUDY

5.1 NATURAL HISTORY

5.1.1 Trachemvs scrinta (Agassiz)

The yellow-bellied slider turtle, Trachemvs scrinta, is a common

turtle of the central and southeastern United States (Conant 1975). The

turtle has a dark olive green to black carapace marked with vertical

yellow bands. The plastron is yellow and marked with dark smudges;

yellow stripes run along the legs and head of the turtle. Adults

average from 12.5 to 20 cm in length (Conant 1975) with females

generally larger than males. Females mature between six to ten years;

males between three to five years (Gibbons et al. 1981). Females reach

sexual maturity at a fixed age, whereas males reach maturity primarily

at a fixed size (Gibbons et al. 1981). Adults follow a Type II

survivorship curve with maximum longevity in the wild estimated at

30 years (Gibbons and Semlitsch 1982).

Trachemvs scrinta utilize a variety of habitats including small

ponds, ditches, marshes, lakes, streams 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 swimmer" because of its highly aquatic nature (Berry and Shine

1980). This species feeds in the water and moves within its habitat

primarily by open-water swimming (Berry and Shine 1980). Trachemvs

scrinta feeds on both plant and animal matter and is therefore

considered omnivorous (Cagle 1969). There is evidence, however, that

juveniles shift from primarily carnivorous to predominantly herbivorous

in the adult stage (Clark and Gibbons 1969). The food habits of this

species are largely explained by the age of the turtle and the type of

food available (Clark and Gibbons 1969, Congdon et al. 1986).

The annual activity cycle of the turtle is regulated primarily by

the water temperature. The species is active within a temperature range

of 1O'C to 35'C (Cagle 1969). At temperatures below 10°C turtles will

hibernate in either mud or aquatic vegetation in shallow water (Neil1

1948). Basking has been found to be an important thermoregulatory
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behavior in 2. scrbta (Crawford et al. 1983). It also aids in the

prevention of external fungal growths and in the removal--of large

ectoparasites (Cagle 1969).

Reproductive behavior and activity levels differ between sexes,

such that males are more active than females in early spring and late

autumn (Morreale et al. 19.84). Females were found to have a more

sedentary life style than males except during the nesting season (April

through July) when females generally move greater distances,th.an  ma$es

(Morreale et al. 1984). Morreale et al. (1984) discovered that during

early spring and late autumn males exhibited both terrestrial and"."<, 1 3
aquatic movements of greater than one kilometer. No aggressive

territoriality has been reported in male 2. scripta (Gibbons et al.

1983).

The egg-laying period of g. scripta extends from April through mid

July (Cagle 1969). During this time, females lay between five to eleven

eggs (Congdon and Gibbons 1983) in each of one to three clutches. (Cagle

1969). Gibbons et al. (1983) reported a reduction in reproductive

output and an increase in emigration rates by females during drought

conditions. Another factor that limits the number of young produced

each year is mammalian predation. Such predators may destroy as many as

90% of the eggs in some nesting areas (Cagle 1969). The young turtles

that do hatch either leave.~the nest in late fall or over winter in theI..--/ ." ,,. .,, ,. ,, ,' :
ground and emerge the following summer (Cagle 1969).

5.1.2 m serventina (Linnaeus)

The common snapping turtle,a sernentina, is the most widely

distributed turtle in North America, ,___,,_I .,<_ . . "~ Their north-south range extends* .i."‘...l._I, (_,. *,. ‘.&,,il,>& _
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,westj _ j ;,
as the Rocky Mountains (Conant 1975). @elvdra sernentina is an

aggressive turtle having a flattened, dark carapace and a comparatively

small yellowish plastron. The turtle is equipped with a powerful jaw

with a strong hook at its tip. The head is very dark in color as are the

legs and tail. The tail is long and has thr,ee rows,of tubercles (Carr,""I ,-. _‘.*"a" *-,-"s,"& ,_ _
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 (Mosimann and Bider 1960, Kiviat 1980).

The sexes are not easily distinguishable in the field. There are no

sexual dimorphisms in shell dimensions or in head width (Mosimann and

Bider 1960). However, the distance from the plastron to the cloaca is

longer in adult males than adult females (Mosimann and Bider 1980). The

maximum longevity of this species in the wild has not been determined.

Galbraith and Brooks (1989) reported 33.6 years as the mean age of 67

nesting females collected in a river system in Ontario, Canada. This

species is suspected as living longer than x. scrinta.

Chelvdra sernentina utilize a variety of different habitats. They
may be found in almost any permanent body of freshwater (Conant 1975)

and may also be found in some brackish water habitats (Kiviat 1980).

The species has a preference for muddy or soft substrates (Carr 1952).

Chelvdra sernentina has been categorized as a "bottom-walking species"

because its primary means of locomotion is by walking and not swimming

(Berry and Shine 1980). With reference to food habits, C. sernentina

utilize small aquatic invertebrates, fish, reptiles, amphibians, birds,

mammals, carrion and aquatic vegetation as food resources (Lagler 1943,

Coulter 1957, Conant 1975). Although often classified as an omnivore,

the majority of the turtle's diet usually consists of animal matter

(Lagler 1943, Coulter 1957, and Congdon et al. 1986). Lagler (1943)

examined the stomachs of 173 C. sernentina collected in Michigan and

found an average of 63.8% of the diet (based on composition by volume)

to be comprised of animal matter (35.3% fish, 19.6% carrion,

7.8% invertebrates and 1.1% other vertebrates).

Like 1. scriota, the activity patterns of C. sernentina are largely

influenced by temperature. Obbard and Brooks (1981) reported

C. sernentina in Ontario, Canada to emerge from winter dormancy in early

May when the water temperature reached 16 "C. This species rarely basks

and spends much of its time buried in sediment in shallow water (Conant

1975). Differences in the thermoregulatory behavior patterns of

E. sernentina and XT. scrinta may explain the differences in water

temperature required to stimulate emergence from winter dormancy.
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Chelvdra sernentina usually hibernate underwater either under a

covering of mud 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). Kiviat

(1980) estimated immature C. sernentina to have a home range of

3.3 ha. Adult males and adult non-.nessting females had home 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 proximity (Kiviat 1980, Obbard and Brooks

1980). Nest site fidelity was observed by Obbard and Brooks (1980) who

determined the mean round-trip distance traveled between the home.,range

and nesting site as 10.6 km. Male-male aggression has been observed and

there is some evidence that males may be territorial (Kiviat 1980).

Movement of E. sernentina within a lake or pond can contribute

substantially to the disruption and resuspension of the sediment.

Kiviat (1980) reported this species as disturbing at least one percent

of the substrate in a bay to a depth of 15 cm by burrowing and from 20

to 25% of the substrate to a depth of 2 to 7 cm by treading, annually.

The breeding season for C. sernentina extends from April through

November in the central and southern regions of North America (Carr

1952), and begins in June and ends in August or September in the

northern United States (Kiviat 1980) and southern Canada (Obbard and

Brooks 1980). The majority of female s. m in the northern

United States and southern Ca@e,nest in June (Hammer 1969, Obbard and.", I, ix. .,
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 (Sniloga& putorius), raccoons (Brocvon

lotor), and mink (Mustela vison) are the major egg predators destroying

as much as 59% of the nests within an area (Hammer 1969).

Chelvdra sernentina is of greater economic importance than perhaps

any other species of turtle in Nor.th,,,.&&c_er,  ,.Theh,species is actively

hunted in some areas and the meat,fro~~~thle._turtles prepared as steaks or> .c-" jl* ._. :.
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 sometimes served at seafood

restaurants.

5.2 MATERIALS AND METHODS

5.2.1 Field Techniques

Trachemvs scrinta was trapped in White Oak Lake from July 23 through

September, 1987, and from Bearden Creek embayment from August 8 through

September 16, 1987. Hoop nets and 0.6-cm wire-mesh funnel traps were

baited with either rainbow trout or pork liver contained in wire

packets. The baited traps were placed in water to a depth of

approximately 60 cm and checked each morning. A total of six male and

six female unmarked z. scrinta were collected from each site and

dissected in the laboratory. Individuals were sacrificed by injecting

2.5 to 7.0 ml of a 10% solution of tricaine methane sulfonate, an

anesthetic, into the neck before decapitation with a table-top cable

cutter.

Chelvdra sernentina was trapped from White Oak Lake from April 20

through May 15, 1988, and from Bearden Creek embayment from April 29

through July 12, 1988. Hoop nets baited with wire packets containing

rainbow trout and beef were placed in water approximately 80 cm deep.

Traps were set and checked daily. Attempts were made to capture six

males and six females from each site; however the goal was not

realized-twelve males were captured from White Oak Lake and six males

and three females were trapped in Bearden Creek embayment. Trapping on

Bearden Creek embayment was extended through September 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 Sample Preparation

Individual T. scrinta and C. sernentina were either dissected

entirely in the laboratory (x. scrinta) or partially in the field and

partially in the laboratory (E. sernentina). Once dead, turtles were

immediately dissected and a section of liver was removed and placed on

ice for DNA analysis. Kidney and muscle samples were removed for
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mercury analysis, and sections of muscle,and liver were retained fori ) _ .s--;4$?y,z'~q q%:*c@+*l.  ~‘~%...,*,+-"+~~ j _ _,
determination of gamma radionuclides. Samples of bone (femur) and

carapace designated for O"Sr analysis were removed from each of the

turtles. Carapace samples were scrubbed with a brush, scraped with a

scalpel, and rinsed with tap water to remove attached algae. Portions

of fat were retained for future PCB analysis. All 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 samples

designated for DNA damage assessment was,begun immediately after

removal.

The gastrointestinal contents of the turtles were retained and-.,_ ,. 1 Mr. ." _,___.,._  ..",,. ;, . . . . . ."LI,. ..l*. ,., "_. "_. ",j
examined to establish the actual food habits of the two species at the

study sites. The stomach and intestinal contents were t-ransferred to. ._.- -,,-,,:.. ' 7
glass jars to which a solution oft 7O%,ethanol was added as a,. .__
preservative. The contents of the jars were examined under. a dissecting

microscope and the percent volume of fish, vegetation, insects,

detritus, and rocks and mud was noted. The mean percent volume. of,

components in the GI tracts of each species from both White Oak Lake and

Bearden Creek embayment was converted to a weighted mean based on the

total volume of GI tract contents examined for ea_ch turtle.

5.2.3 Radionuclide Analysis

Cesium-137 and MCo were measured in frozen muscle and liver,' .,
samples using a germanium-lithium (GeLi) crystal detector coupled to a

gamma ray spectrometer (Nuclear Data Inc. 6620 microprocessor). Prior

to counting, samples were thawed and placed in petri dishes of

predetermined counting geometry. Samples within the petri dishes were

refrozen and later placed into the lead,encase$-detector  to determine-~,..,, _'-- .,ir .m ie*i*q ‘%*.,+ *:, :*p.; XI" L!?' s:*w*:~ ,_
the activities of the gamma-emitting radionuclides present. Samples

were counted for various lengths of time in order tq obtain counting

error terms of less thanor equal to 10%. Samples that had nondetectable(."._.,.. _x_
concentrations (< 3.7 Bq/kg) of 13'Cs and &Co were removed after two

hours of counting time. All concentrations reported were corrected,tq,

the date of capture for each turtle. The limit of detection was.,,-

3.7 x 1O'3 Bq/g.
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Bone and carapace samples were analyzed for ?r by Cerenkov

counting following acid digestion of ashed samples. The actual

radiation measured, the Cerenkov radiation effect, is produced by the

high energy beta particles emitted by ?, a daughter product of 9oSr

(Lauchli 1969, Larsen 1981). Bone and carapace samples were oven dried

for two days at 100°C and then ashed in a muffle furnace at 550°C for

one day. Weights of wet, dried and ashed samples were recorded. Ashed

bone and carapace samples were ground to a fine powder using a mortar

and pestle. Approximately 0.4 g of the ashed sample was digested in

4 M hydrochloric acid (enough to dissolve the sample) then heated to

dryness. The sample was redissolved in 8 M nitric acid and once again

heated to dryness. A few drops of 30% hydrogen peroxide were added to

remove color. The sample was redissolved in approximately 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 volume of

all samples to 20 ml. 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 spectrometer (Model 3002). The

counting efficiency of the detector was determined by counting two 90Sr

standard solutions each time a set of samples was counted. The

concentration of O"Sr in each sample was corrected for the appropriate

counting efficiency which ranged from 48 to 59%. The limit of detection

was 3.7 x lo-* Bq/g.

5.2.4 Mercury Analysis

Frozen samples of kidney and muscle tissues from the turtles were

analyzed for total mercury by the ORNL Analytical Chemistry Division.

The procedure included the digestion of a l-g (wet weight) sample in

nitric and perchloric acids followed by the addition of stannous

chloride to reduce the mercury. Total inorganic and organic mercury was

determined by cold vapor atomic absorption spectroscopy.

5.2.5 DNA Damage Analysis

DNA damage was used as a biochemical indicator of nonspecific

.

exposure to genotoxic agents in the environment. An alkaline unwinding
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technique (designed by Kanter and Schwartz 1982~andmodified by Shugart‘"-rid- ;-d*";)  !*, . _
1988) followed by a spectrofluorometric assay (outlined by Cesarone et

al. 1979 and modified by Shugart 1988) was used to ,measure s.$ngle-

stranded breaks in DNA. _Assessment of DNA damage by quantification of

strand breaks has been tested on different tissue cells and, organisms as

a means of determining damage to the DNA molecule cau.se.d by x-rays

(Ahnstriim and Erixon 1973, Kanter and Sechyartz 1982), and genotoxic" " .** I **c_ .
compounds such as benzo[a]pyrene (Shugart 1988), trichloroethylene

(Nelson and Bull 1988), the polychlorinated biphenyl Aroclor 1254

(Robbiano and Pino 1981), and-mercuric chloride.,(Cantoni  and, Costa

1983). This assay was used to evaluate the integrity of DNA in turtles

exposed to contaminan,tsin ,JJh+te Oak,Lake as compared to that in turtles

from the reference site. This study illustrates one of the.earli.est

attempts to test the DNA alkaline unwind$ng technique on populations

exposed to genotoxic agents in the wild. The protocol outlined below is

from Shugart 1988; modifications, however, were made in.the",calculation

of strand breaks.

The initial step in the analysis of DNA strand,~reaks".~is,,.~he  _.

homogenization of the tissue. All reagents used for the assay were

analytical grade or better. A 500-mg sample of fresh turtle liver was

placed into a ground glass homogenization tube (2 ml). The sample was

kept on ice during the entire homogenization process. A cold (4 'C)

l-ml solution of 1 N ammoniumhydroxide in 0.2% Triton,,,K:,lq~.~was  added; :_
to the glass tube. Six to ten strokes were required to achieve completeI ,. -.;.. ~I%"..,_, ,,,, ,_ ,_ ._, _,_ . ,_
homogenization. The homogenate was trensferred.,to~,*a plastic centrifuge

tube with 2 ml of deionized water.l_)_,~)(r.~.l.xIIIxn..-  *,. _ "*, _, _, , (, 1 _ ,- _..,._"
The sample was further processed (at 4 'C) by extracting the

nucleic acids from the proteins. The extraction process included the

addition of 6 ml of a chloroform/ isoamyl alcohol/phenol solution

(24/l/25 v/v) to the centrifuge tube. The contents of the tube were

mixed by inversion and allowed to stand for 1.5 mjnutes._,,Yhe,-phases were_, ,... i -i-- "" _
separated by placing the centrifuge tube into an ultracqntri@ge at a

setting of 16,000 rpm for 20 minutes at 4'C. Following centrifugation,

the aqueous phase (top layer) was removed 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 column chromatography. The sample

contained within the Epindorph tube was mixed by inversion, and 1.25 ml

was placed onto a Sephadex G-50 column (1 cm internal diameter, 3.5 ml

settled bed volume) equilibrated with G-50 buffer (150 mM sodium

chloride; 10 mM Tris, pH 7.4; 1 mM magnesium chloride; and 0.5 mM EDTA).

The sample was allowed to flow into the column, then 1.25 ml of G-50

buffer was added to the column 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 estimated prior to the determination

of strand breaks. A 25-rl sample of the eluate (or 25 rl of G-50 buffer

for a blank) was placed into a test tube and 100 ~1 of 0.1 N sodium

hydroxide was added to the tube while vortexing. The tubes (sample and

blank) 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

deionized water) was prepared by adding 1 rl of Hoechst dye solution to

3 ml of buffer for every test tube. (The Hoechst dye complexes with

both single-stranded DNA and double-stranded DNA, with greater

enhancement of fluorescence occurring when the dye is bound to double-

stranded DNA.) The dye-buffer solution was left in the dark at room

temperature until use. After the samples had incubated for one hour,

the test tubes were centrifuged at medium speed in a clinical centrifuge

for one minute 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

temperature for 10 to 15 minutes. Fluorescence measurements of the

samples were made using a Perkin-Elmer IS-5 fluorescence

spectrophotometer set at excitation 360 nm and emission 450 nm.

Fluorescence values recorded are measurements of the total DNA content

of the sample (double-stranded DNA converted to single-stranded DNA).

These values were compared to a standard DNA solution prepared from calf
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thymus DNA (from Sigma Chemical Co., St. Louis, MO.) and adjusted to be

within the range of the instrument.

The alkaline unwinding technique consists of three subass,eys, each

performed in triplicate under specific pH and temperature conditions.

In the double-stranded (ds) DNA sub-assay, the DNA is not unwound,or

denatured. The following reagents were added to each test tube; 50 rl

of 0.05 N sodium hydroxide, 50 ~1 of 0.05 N hydrochloric acid, 5 rl of

0.2% sodium dodecyl sulfate (SDS) in 2 mM EDTA (disodium

ethylenediaminetetraacetate) and 3 ml of a potassium phosphate buffer-

Hoechst dye solution (see previous paragraph) while vortexing. A lOO-rl

aliquot of the sample (or 100 ~1 of G-50 buffer for the blank) was added

to the test tube while vortexing. The test tubes were immediately

placed in the dark at room temperature for 15 minutes. ~The,fluo~escence.I x, ._,
was read as described in the previous paragraph.

The alkaline unwound (auw) DNA subassay causes partial unwinding

of the DNA to expose single-stranded breaks. Fragments of single-

stranded DNA are released from between the~breaks, and the DNA is

sheared to produce a combination of single-stranded and double-,str.snded

DNA. Briefly, a 100-&l sample of the DNA (or 100 sl of G-50 buffer for

the blank) was transferred to a test tube. While vortexing, 50 ~1 of

0.05 N sodium hydroxide was added. The sample 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 partial

unwinding of the DNA thereby exposing single-stranded fragments of the

DNA. Following incubation, the test tubes were centrifuged and 50 11 of

0.05 N hydrochloric acid added to the test, tube+s. while vortexing (for '..,I^. ‘.^ eq..,,,‘.f+.@~
3 seconds) to neutralize the solution and stop the unwinding process.

To prevent the DNA from reannealing and clumping, 5 11 of 0.2% SDS in1..1.‘^" .~-~~n-i,. .~~".4%u,"iii
2 mM EDTA was added to each,teat tube and the DNA sheared by forcefully.,.‘ ._. .I-._ ..e.*. c-Cl."*,r  _.a . . . . *:/..>,.^. .:.
passing it through a 20-gauge syringe five times. Completion 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 room temperature for 15 minute~,,,,~n.~,,thg~,

fluorescence read as described earlier.
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The single-stranded (ss) DNA subassay results in completely

denaturing the DNA and recording the fluorescence. A lOO-sl fraction of

the sample (or 100 rcl of the G-50 buffer for the blank) was transferred

to a test tube followed by the addition of 50 ~1 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 minutes. The DNA

is completely 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 samples were then forced

through a 20-gauge syringe five times to shear the DNA. Once sheared,

50 sl of 0.05 N hydrochloric acid was added to each test tube, while

vortexing the sample, to neutralize the base. The fluorescence of the

samples was read following addition of 3 ml of potassium phosphate

buffer-Hoechst dye solution to each test tube and incubation of the

samples as described earlier.

To quantify the fraction of ds DNA present in each sample, the

mean fluorescence values of the three replicates of each subassay (minus

the blanks) were inserted into the following equation (Kanter and

Schwatrz 1982):

F- (auwDNA value - ssDNA value)/(dsDNA value - ssDNA value). (1)

The fraction of ds DNA is related to the number of strand breaks (n) in

the sample of DNA (expressed per alkaline unwinding unit, Kanter and

Schwartz 1982). The relative number of breaks in the DNA of White Oak

Lake 1. scrinta and C. sernentina was determined by using the fraction

of dsDNA in Bearden Creek embayment (BCE) turtles of a given species as

the control and the fraction of dsDNA in the White Oak Lake (WOL)

turtles of the same species as the test population, such that

n - (In FwoL/ln FBcE) - 1. (2)

The single-stranded to double-stranded DNA ratio determined 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 nontrapsfqrmed

data, p < 0.001) between sites for both x. scrinta and E. sementina.

Because this ratio differed, the possibility exists that a cont.am&,na.nt~~~,,

may have bound to the DNA of the turtles from White Oak Lake, thus

altering the experimentally determined ratio. This problem was

corrected for mathematically using a method describedby Kanter and

Schwartz (1982) whereby a new dsDNA fluorescence.value is calculated-, *._.I I_ ---m". "~.- sl.~,.*.‘t,w,t,I_*_ __. ,i_ / ,. j

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", .e*,_,..",_  _ _ " ~__ .I . .; .,.._,. :':' '.' _- (_.
double-stranded DNA $n,,Jhite  Oak bake turtles.I I ,m._ I,I, "I^ ,--."*>itl .*, .‘_i) *.- ,_ ._, <, ,_, ,_ _,_ ,, , ,

5.2.6 Statistical Tests

A variety of statistical tests were used,to evaluate differences. ..-* ". . ,.. -i'%"l;i i, 'I
between and within sample sets. Non-paired Student'$ .t-teSs ._,, we??., .,_

performed on non-transformed and log-transformed data for most @Wand

species comparisons. A Mann-Whitney U-test was used to compare data

sets that were not in the form of a normal distribution. A.one-way

analysis of variance was used to evaluate,intpractions betweenj . . . ..) .~"c.,,.-:^' _( ;-:, ',‘Z
contaminant concentration and turtle weight. A two-way analysis of

variance (ANOVA) was used to test for interactions between the.*..;.  ~.. .L" "i /1 I ,.., *.*/w *. ..*,-A /*
contaminant concentration, the animal's sex, and the site of capture.

Cesium-137 and boCo concentrations in turtles from Bearden Creek,_I _,. "2 I #lrnl. ,, _ .* ,‘ .., ,>I ,"/ .i-'2r,i "r~~,~i.ir  .L,""s%>,. h; - _,( " , ^ 1
embayment were often below the limit of detection (which was set at

3.7 x 10s3 Bq/g for convenience). In order to make comparisons of the

statistical significance of differences in the data, calculated minimum

detectable activity values were used for samples below the limit of

detection. The minimum detectable actiyity is the amount-qf.a,~tivity

that would have to be present in the sample in order for the-detector to" -^_. .-. .^\"_a".- * .,..
measure it.

5.3 RESULTS

5.3.1 Food Xabits, .

Examination of the GI tract co,nte,nts.of,x.  ScriDta from White Oak-cI__. ,
Lake and Bearden Creek embayment showed that the turtles. _, ..,, w .s _,. ; from,tt,e. . . ., two _,_
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sites feed primarily on plant matter (Table 10). Vegetation comprised

93.1 * 7.0% and 86.0 + 59.4% (weighted mean percent volume 2 weighted

standard error of the mean) of the GI tract contents in turtles from

White Oak Lake and Bearden Creek embayment, respectively. Trachemvs

scrinta appeared to be an opportunistic feeder, consuming primarily

vegetation in the water column and at the surface. Evidence of

opportunism included the presence of fruits, seed heads, and algae in

the GI tracts of the turtles. Cicadas (Homoptera: Cicadidae) were the

dominant insect found in the GI tracts of T. scrinta collected from

Bearden Creek embayment. The 17-year cicadas (yaeicicada  sp.) emerged

in mass during the summer of 1987, and a large number of insects were

probably floating on the surface of the water and consumed by both fish

and turtles. Very little detritus and mud were found in the

GI tracts of T. scrinta from either site. Contact with contaminated

sediment via ingestion is expected to be less in this species than in

turtles that are primarily scavengers. Food habits data for individual

T.scriota are listed in APPENDIX C.

Examination of the GI tract contents of E. sernentina confirmed

that the species is omnivorous at both White Oak Lake and Bearden Creek

embayment, 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 GI tracts

of the turtles differed between the two sites. A greater percentage.of

vegetation was ingested by E. seroentina from White Oak Lake (51.3 + 74.7%,

weighted mean percent volume + weighted standard error of the mean) than

by the same species from the reference site (13.6 + 80.9%). The

vegetation present in the GI tracts of G. sernentina from White Oak Lake

was almost exclusively algae, whereas that in the turtles from Bearden

Creek embayment were largely water milfoil (Mvrionhvllum sp.), a

submergent aquatic macrophyte. Field observations indicated that algae

was considerably more abundant in White Oak Lake than in Bearden Creek

embayment. Although water milfoil was present at both sites, it was

more abundant at the reference site. Chelvdra sernentina may have fed

preferentially on algae when it was available. Food habits data for

individual E. gernenta are listed in APPENDIX C.
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Table 10. Gastrointestinal tract contents of Trachemvs scriDta and
Ghelvdra seroentinq from the Oak Ridge reservation

Fish Vegetation Insects
rocks

White Oak Lake
Trachemys script8
Cherydra Serpentin

11 0.1 93.1 0.5 0 6.3 0.0
12 48.1 51.3 0 0 0 0.6

Btarden Creek
embayment
Tr8cheuys scrfpta 12 3.2 86.0 8.8 0 2.0 0 r"
Chelydra serpentfna 9 83.7 13.6 0 0.2 0 2.5

%el&ted mean percent volume.
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A comparison of the food habits of x. scrinta and

c. sernentina showed the former species to be more herbivorous

(Table 10). Trachemvs scrinta from White Oak Lake consumed

approximately 93% vegetation and less than 1% fish, whereas

C. sernentina from the same site ingested 51% vegetation and 48% fish.

The difference is even more striking when the two species from Bearden

Creek embayment are compared (Table 10). At this site, 2. scrinta

ingested approximately 86% vegetation and 3% fish. In contrast,

E. seroentina from the same site consumed 14% vegetation and 84% fish.

Because the diet of C. seroentina consists of a higher proportion of

animal than plant matter, this species is likely to be a better monitor

than z. scrinta for contaminants that are biomagnified through food

chains.

5.3.2 Cesium-137 and Cobalt-60

Cesium-137 and boCo concentrations were greater in 1. scrinta

from White Oak Lake than in those from Bearden Creek embayment

(Tables 11 and 12). No relationship was detected between whole body

weight and radionuclide concentration. In addition, a two-way ANOVA of

these data did not reveal significant differences between males and

females at each site, thus the data for both sexes were pooled at each

site. Statistically significant differences between the two sites were

found in the concentrations of 13'Cs in both muscle and liver (Student's

t-test on log-transformed data using minimum detectable activities for

Bearden Creek embayment samples, p C 0.001) and in the concentration of

6oCo in liver (Student's t-test on nontransformed data using minimum

detectable activity values for Bearden Creek embayment samples,

p < 0.01).

The mean concentration of 13'Cs in muscle tissue of g. scriota

from White Oak Lake was 44.9 + 144 Bq/g, wet weight. Concentrations of

13'Cs in muscle tissues of individual T. scrinta are listed in

APPENDIXD. Two turtles from the lake had 137Cs concentrations that

greatly exceeded those of the remaining 10 turtles. A male turtle

collected on August 11, 1987, had a concentration of 13'Cs in muscle of

502 Bq/g wet weight. Cobalt-60 was not detected (< 3.7 x 10s3 Bq/g) in
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Table 11. Cesiuuki37  in mUSCle tiSSUe of Trachemvs SCriDtq and
Chelpdra SerDentinq from White Oak &ke

1

Species N
lrtCs (Ba wet wt)

Xean f 1 SD Range

Trachemp #crlpta 12 44.9 f 144. 12.4 x 10" to 502
Chelydra serp&tfna 12 39.6 x lo'* f 31.3 x LO-" 20.3 x lb-* to 1.37

'Xeans not significantly different (Student's t-test, p > 0.05).



Table 12. Cesium-137  and cobalt-60 in livers of Trachemvs scrinta
and Chelpdra serDentina  from White Oak Lake

Spech N l*'Cs tBa/n wet wt). %o (Baln wet wt.la

Trachemys  rucrfpt8 12 5.84 f 19.0b 6,03x10-* f 6.q3~10"~

Chefydrs serpentfna  12 17.44x10-2 f l.lOxlO-*b 4.76x10-* f 2.72~10"~

'Hean f 1 standard deviation from the aean.

b*oHeans with the ssme superscript are not significantly different
at p > 0.05 (Student's t-test).

t x
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the muscle of this turtle nor in any of the other.muscle samples from T.

scrinta collected from White,Oak Lake., "%%.\. . : Bone from this in~i.vid~~l  A+?

contained 85Sr (4.44 Bq/g wet weight). Because 85Sr is not known to be

present in White Oak Lake, it is likely that the turtle migrated from

the Old Hydrofracture Pond near Melton Branch; the pond was spiked with* _. .I* . . . . , ", _ .._
85Sr in March 1987 (0. M. Sealand, ORNL, personal communication). The

Old Hydrofracture Pond is located approximately 2.5 km from the point of

capture in White Oak Lake and is the.only known environmental source of
85Sr within the area. A second male turtle col$ecg@ from *it: O& ,,_ .- . 3 8. ,.
Lake on July 27, 1987, contained 33 Bq/g wet weight of 13'Cs in muscle..

Cobalt-60 was not detected (< 3.7 x low3 Bq/g) in the muscle nor-was 85Sr

detected in the bone. A Dixon stat.istical,>test  for- determining' outliers

indicated that the 13'Cs concentration in the muscle of this turtle.was. . . _... "_".~ ,....-  /_"I _/I ,. _
significantly different (p < 0.01) from the concentrations of the.I",."L~u_I~.I^I  ;_l-."""" _ r _ ~ ,,
radionuclide detected in the muscles of the remaining ten turtles.

Although it cannot be proven, this individual probably emigrated from a

settling pond on the reservation containing higher concentrations of

13'Cs than White Oak Lake (e.g., Pond 3513 or Pond.3524). Nonetheless,

these two turtles were not deleted from the data set,, since. they were, in

fact, captured in White Oak Lake and constituted a portion of the sample

of turtles within the lake.

Both"37Cs and @Co were detected in the liver samples of_s. ,- .*;,a*, ji./.
1. scrinta from White Oak~La-~e",,..-~~~~ ,concentrations  of the two--IIIIu-.Y*M.?  St--- .". "__. j..‘ ,_ "_ b'..
radionuclides,were  5.84 f 19.0 Bq/g and 6.03 x lo-' + 6.03 x lC12 Bq/g

(wet weight), respectively. Concentrations of 13'Cs and, 60Co.+indl.$ver,  ,,

tissues were highest in the two turtles of suspect origin.

Concentrations of 13'Cs and &Co in the livers of individual x. scrinta.._. ,I.-._.. . Ir.,^~l ,,.._. L‘" , ..(_, . . I. ., .* ,_;,,, _ _,, "
from White Oak Lake-are listed in APPENDIX 0.-I ,^, -_. me,,. .u..*...  I ..I.*L"., II__ .,* &%" ,:x,i,.ali.r xc ,... ._.I... rr..i..r;.r........,  ., ;_, ..I, _, _ I

Trachemvs scriota collected from Bearden Creek embayment contained

expected background concentrati-ens  (< 3.7 x lo-* Bq/g) of 13'Cs and

%o. Only one of the twelve 2. scriDta from the site had a

concentration of '37Cs that exceeded the detection limit of.e".*..l_l_^_..ms. 2, II."._l,l,h  .,., ~...‘.‘  .._) * I. I ,,
3.7 x 1O-3 Bq/g. This single turtle contained 1.44.x lo.:*. Dq/g (wet

weight) 13'Cs in muscle. Cobalt-60 was not detected (< 3.7 x 1Ce3 Bq/g).
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in any of the muscle samples. Neither radionuclide was detected

(<3.7 x 10e3 Bq/g) in livers of 2. scripta from Bearden Creek embayment.

Muscle samples from C. sernentina collected from White Oak Lake

contained above background concentrations of 137Cs and a significant

difference in the mean 13'Cs concentration was detected between the two

populations (Student's t-test on non-transformed data, p < 0.01). No

interaction was detected between 13'Cs concentration in liver or muscle

and whole body weight. The radionuclide was present in all White Oak

Lake muscle samples at a mean of 39.6 x lo-* ?t 31.3 x lo-* Bq/g, wet

weight. Cesium-137 was not detected (C 3.7 x 10e3 Bq/g) in muscle

samples from C. sernentina collected in Bearden Creek embayment, nor was

6oCo detected (3.7 x 10m3 Bq/g) in any of the muscle samples. Liver

samples from C. sernentina captured in White Oak Lake contained elevated

concentrations (> 3.7 x 10s3 Bq/g) of both 13'Cs and @Co.

Concentrations of 13'Cs in liver ranged from 7.63 x lo-' to

50.3 x lo-* Bq/g (wet weight) with a mean and one standard deviation

from the mean of 17.4 x lo-* f 11.0 x lo-* Bq/g, wet weight. The mean

concentration of 6oCo in the livers of these turtles was 4.76 x

lo-* z!z 2.72 x lo-* Bq/g, wet weight. Cesium-137 and @Co concentrations

detected in individual C. sernentina are listed in APPENDIX D. Neither

13'Cs nor 60Co was detected (< 3.7 x 10m3 Bq/g) in the livers of Bearden

Creek embayment $. sernentina.

Comparisons of T. scrinta and E. sernentina did not reveal

significant differences (Student's t-test and Mann-Whitney U-test on

nontransformed and log-transformed 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 T. scrinta that are

believed to have immigrated to White Oak Lake from other contaminated

sites are removed from each of the comparisons, a difference is seen

between the two species. The difference (Student's t-test on

nontransformed and log-transformed data, p < 0.05 and p < 0.01,

respectively) occurs in the concentration of 13'Cs in liver tissue. No

species difference (Student's t-test on non-transformed and log-

transformed data, p > 0.05) was detected for 13'Cs in muscle or @Co in

liver upon removal of the two outliers.
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5.3.3 Strontium-90

Concentrations of 5+0Sr in the calcified tissues of 1. scriota

were higher in turtles from White Oak Lake than in turtles from Bearden

Creek embayment (Mann-Whitney U-test, p d 0.05). Strontium-90

concentrations in the bone and carapace of x. scrinta from White Oak

Lake ranged from 2.31 to 4.83 x 103.~Bq/g (wet weight) with a mean of

4.26 x lo* + 1.39 x lo3 Bq/g and from 1.65 to 4.07 x lo3 Bq/g (wet

weight) with a mean of 3.66 x lo* k.l.17 x lo3 Bq/g, respectively

(Table 13). As was observed for the 13'Cs -data, a two-way ANOVA did not

indicate a significant difference &n the mean concentration :for.?*males-.- ;w,z:
and females within a given site (p > 0.05). In addition, concentrations

were not influenced by whole body weight in T. scrinta or C. sernentina

from either site. The radionuclide was detected in several turtles from

Bearden Creek embayment. Concentrations of %r in the bones of_ : . .
1. scriDta from this site ranged from nondetectable (<3.7 x lo-* Bq/g)

to 1.04 Bq/g, wet weight. Concentrations in the carapace were similar,

ranging from nondetectable to l.lB.,Bq/g, wet weight. Concentrations of

%r from individual 2. scrinta from both sites are listed in

APPENDIX E.

Strontium-90 concentrations in bone.,and carapace were greater in-." ly.
E. sernentina from White Oak Lake than-in those from the reference site

(Mann-Whitney U-test, p < 0.05). The mean concentration of O"Sr in the

bones of C.~ from White Oak Lake- was 16.5 -z 13.6 Bq/g (wet

weight), several orders of magnitude greater than that detected,in

turtles from Bearden Creek embayment. Only three of the nine

-. semC entina from Bearden Creek embayment contained detectable.

concentrations of O"Sr (> 3.7 x lo-* Bq/g). These three turtles.

averaged 12.4 x lo-* + 6.74 x 10m3 Bq/g (wet weight) of %r in bone.

Strontium-90 in the carapace of C. sernentina from White Oak Lake

averaged 16.6 + 11.7 Bq/g (wet weight). Concentrations of this

radionuclide in S. seroentina from Bearden Creek embayment ranged from

non-detectable (<3.7 x lo-* Bq/g) to 17.7 x lo-* Bq/g, wet weight. A

listing of %r concentrations in individual C. sernentina from both

White Oak Lake and Bearden Creek embayment is provided in APPENDIX E.



Table 13. Strontium-90 in skeletal tissues of Trachemyg scriDta
and Chelpdra serDentina  from White Oak Lake

N
**Sr wn wet wt).

Bone Carapace

Trachemys scrfpt8 12 4.26 x 10' f 1.39 x 103b 3.66 x lo*,& 1.17 x lOso

Chetydra serpentfna 12 16.5 f 13.6b 16.6 f II.70

Wean f 1 standard deviation frotu the aean.

b*CHeans with the same supermxfpt are not significantly different
at p > 0.05 (Student's t-test).



No species differences were found between the O"Sr concentrations..e. ",... (_*A i _ ..,-, _ / __,.. _-__ ".-LI.~--l"--l--*ll.Illi~I-I;-~~'-  ,__ ___. _, ̂ _ ,__
of IT. scrinta and C. sernentina from White Oak Lake (Student's t-test on

non-transformed and log-transformed data, p < 0.05). This finding was

true for the concentrations,,in both-,"bone,and carapace (Table 15). The. ,.., ."
two highest concentrations of 90Sr detected in these turtles were in the

two x. Scriota that were thought to have immigrated to White Oak Lake

from sites of higher radioactivity than the lake. These-turtles

contained approximately 140 and 4,400 Bq/g (wet weight) of O"Sr in their

calcified tissues. The elimination of these two-turtles from theLX."I_IWxID-c ".&li~~iw"6‘z
comparison, however, did not alter the outcome of the species

comparison. Differences were not detected in O"Sr concentration between

C. sernentina and x. scrinta from White Oak Lake (Student's t-test on

non-transformed and,log-transformed data, p > 0105).

5.3.4 Mercury

Total inorganic and organic mercury in kidney and muscle tissues

of T. scrinta from White Oak Lake and Bearden Creek embayment are., .._ >.i ..,,. xx1
summarized in Table 14. Mercury residues in the kidneys of the White

Oak Lake and Bearden Creek embayment x. scrinta averaged

0.64 + 1.11 fig/g and 0.12 +, 0.13 &g/g wet weight, respectively. At both

sites, mean mercury concentrations in muscle were less than 0.1 rg/g wet

weight. Statistical analysis of the data revealed a significant

difference (Student's t-test on log-transformed data, p < 0.01) in.

mercury concentrations between the two populations. This was true for

both kidney and muscle tissues. A two way ANOVA did not show the sex of

the turtle as having any influence on the concentration of mercury

within the turtle. In addition, the concentration of mercury in a

turtle was not dependent upon its weight. Mercury concentrations within

individual T. Scriota are listed in APPENDIX F.

As in T. Scripta, inorganic and organic mercury concentrations in

G. sernentina were significantly higher in the turtles collected from

White Oak Lake than in those collected from Bearden Creek embayment -

(Student's t-test on non-transformed,and  log-transformed data, p < 0.025

and p < 0.01, respectively). This was true for both kidney and muscle

tissues (Table 14). No significant difference was detected between the
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Table 14. Mercury concentrations in tissues of Trachemvs scriDta and
Chelvdra sementina from the Oak Ridge reservation

N
Hn (&n wet wtV

Kidney Hustle

White Oak Lake
Pseudemys scrfpta 12 0.64 +'I llbaL 0.10 f o.l3O*g
Chelydra setrpentfna 12 1.30 ; 1:16d*f 0.34 f 0.28-

Bearden Creek
embayaent
Pseudenys scrip&a 12 0.12 f 0.13b 0.03 o.03c
Chelydra oeqmntina 9 0.17 f o.07d

j:
0.10 f 0.13.

Wean f 1 standard deviation from the mean.

b*c*d*o*%eans 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- te8.t).



71

Species and Site
Relative no. breaks per
alkaline unwinding unit'

Trachemys  scrfpta
White Oak Lake 0.49b. 0.43 12 4.42'

Bearden Creek
embayment 0.88b 0.31 12 1.0

Chelydra  serpentfna
White Oak Lake 0.61c 0.11 12 3.66d

Bear&n 1 reek
embayment 0.89' 0.06 9 1.0

‘In Fd, (WOL)

In F,,, (reference site)

br?(eans with.the se..?uperscript  are significantly different
p < 0.001 (Student's t-t&t).

deem number of breaks not significantly different p > 0.05
(Student’s t-test).
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concentrations of mercury in male versus female turtles from Bearden

Creek embayment. Mean concentrations of mercury in the kidneys of

C. sementina from White Oak Lake and Bearden Creek embayment were

1.30 + 1.16 fig/g and 0.34 + 0.28 fig/g wet weight, respectively. Mercury

concentrations in muscle were below 1 rg/g (wet weight) in turtles
.I

collected from both sites. As indicated by analysis of variance tests,

concentrations were not dependent on the weight or sex of the turtles.

Mercury concentrations in individual C. serpentina are reported in

APPENDIX F.

Higher mercury concentrations were found in kidney and muscle

tissues of E. sernentina than in x. scriDta from White Oak Lake

(Table 14). The difference in kidney tissue was found to be

statistically significant (Student's t-test on log-transformed data,

p < 0.01) as it was for muscle tissue (Student's t-test on non-

transformed and log-transformed data, p < 0.05 and p < 0.01,

respectively). All mean concentrations of mercury were below 1 ag/g

(wet weight) except for that in the kidneys of C. serpentina.

5.3.5 DNA Damage

Examination of the DNA from livers of T. scriDta for single-

stranded breaks revealed differences in the integrity of the DNA from

the two poptilations of turtles (Student's t-test on nontransformed data,

p < 0.001). The mean fraction of double-stranded DNA obtained using the

alkaline unwinding assay was 0.877 for Bearden Creek embayment turtles

and 0.492 for White Oak Lake turtles (Table 15). The DNA of

2. scripta from White Oak Lake contained approximately 4.4 times the

number of breaks detected in the DNA of turtles from Bearden Creek

embayment. Data from the assay for the individual turtles are reported

in APPENDIX G.

A difference in the fraction of double-stranded DNA was also

detected between the contaminated and reference site populations of E.

sementina (Student's t-test on non-transformed data, p C 0.001). The

mean fraction of double-stranded DNA detected under the conditions of

the assay was 0.61 and 0.89 for the White Oak Lake and Bearden Creek

embayment turtles, respectively (Table 15). The DNA from White Oak Lake



73

Y

turtles contained approximately 3.7 times the number,of bre&s detected

in C. seroentina from the reference site. Data taken during the assay..-.e. mm-w .,,a . .._ + ^.... ._ _ ,.
on individual C. seroentina from both site.s are reported in APPENDIX G.

A comparison of the relative number of breaks-.-per alkaline..;.~..."x_ .*-+" ,- "va" *,.,
unwinding unit for T. scrinta and C. seroentina from White Oak Lake

indicated a similar level 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 species.

Both species apparently received higher exposures to genotoxic agents in

White Oak Lake than in Bearden Creek,embayment.

5.4 DISCUSSION

Two species of freshwater turtles that,,_o.ccupy  different ecological

niches were compared for their usefulness as indicators-of chemical"‘,. . . . . . . .i .1,1,1..-  ., .>.. *>Lli?,". a.. WA+, . j \ ,... ._
contamination in aquatic ecosystems. Radionuclide and mercuryej^". ,. ..*s*.
concentrations were monitored in Trachemvs scriota and Chelvdra

seroentina from a contaminated and a non-contaminated reference site. A). . . -_I( _, I I ~.-‘1 ; ~'".
DNA alkaline unwinding 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 with-clll.".l*r_L1-l_l.%. ._I - -. :I. :- : _
differences-in diet and mobility.., " ^ _ i " The influence, of,the degree of

sediment contact on exposure of the turtles to contam.~l?an.~s,".could.~~!qt_be

evaluated by this study.

The abilities of 2. scriota and 5. seroentina to accumulate

chemical contaminants from an aquatic environment were. evidencedby

elevated tissue concentrations,of radionuclides and mercury. Higher '/., . * ^ i x.--z _ .;;: ,. ..,& &" >, :.. *E$yg.. ,., ._
concentrations of O"Sr , 137Cs, 6oCo, and mercury were detected in the

turtles from White Oak Lake than in those from Bear-den Cre,ek,embayment,

the reference site. Cobalt-60 was not detected (3.7 x 10‘3,.Bq/g) in the

turtles from the embayment. Mercury was detected, however, at

concentrations below the background concentration,:of,_L*Bg/g  (Eisler

1987). Cesium-137 and %, fallout products from,nuclear,,wgapons

testing (Langham 1965), were also present in turtles from Bearden Creek-I--. - _. 1_...‘eh.~/",i_j  .w.d-awLI 1, _,,

embayment. Only one turtle, a T. Scrintg, contained a detectable .,amo,+t

of '37Cs and the concentration,of the radionuclide was well below^+._/_, - (_‘,_ --...iL..-X-rxlrr~.u~r: Ra,?a c+%hvab~"_t~r .,.s*" .M~~kp~.*~*.~$‘?,~.  ̂ : 'X y :,pz *,
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3.7 x lo-' Bq/g. Concentrations of 9oSr greater than 3.7 x 10e2 Bq/g were

detected in four 2. scriota and three C. seroentina from the reference

site. Sediment from the site, however, did not contain elevated

concentrations of %r. In 1. scrinta, O"Sr has an average yearly

biological half-life of 365 days (Scott et al. 1986) and approximately

99% of the total %r within an individual animal is contained in the

bone and shell (Towns 1987). Thus, once 90Sr is assimilated, it is

incorporated into bone and shell and eliminated at a very slow rate.

Therefore, the source of the %r in the bones and shells of these

turtles may be attributed to the accumulation and retention of the

fallout product or exposure to ?r contaminated areas elsewhere on the

ORNL reservation.

A comparison of contaminant concentrations between x. scriota

and C. seroentina from White Oak lake indicated both species as

effective monitors of contaminants in the lake. Differences in '37Cs,

%o, and 90Sr concentrations were not statistically significant between

the two species from White Oak Lake. However, less variation was

evident in the C. seroentina data than in the T. scrinta data.I n

addition, radionuclide spectral analysis provided evidence for the

movement of one 2. scrinta from the Old Hydrofracture Pond about 2.5 km

from White Oak Lake, indicating that 1. scriota may be a highly mobile

species. Less variability in the E. seroentina data and evidence of the

movement of one (possibly two) 2. scriota from contaminated sites- .

outside of White Oak Lake, suggest that C. seroentina had a more uniform

exposure to 137cs ) %o, and %r in the lake. Consequently,

C. sernentina may serve as a more useful biological monitor of these

radionuclides than T. scriota.

An interesting difference emerges between the two species when the

two T. scrinta that appear to have immigrated to White Oak Lake from

other contaminated sites on the Oak Ridge reservation are removed from

each of the comparisons. These turtles contained radionuclides and

mercury at concentrations statistically higher than those detected in

the other ten T. sriota. A species difference found upon removal of

the two outliers is in the concentrations of 13'Cs in liver tissue,

concentrations being significantly higher in $. geroentina than in‘
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2. scrinta. No difference was detected, however, for '37Cs in muscle

upon removal of the two outliers. &cording to Vanderploeg et al.1 #;a" *..m
(1975), the primary route of exposure and accumulation of '37Cs in

aquatic organisms is by ingestion. There is also a limited amount of

data indicating biomagnification ofLthe radionusrzzgh aquatic. #.‘ .^ ._*""- i_,w
food chains (Kolehmainen et al. 1966, Spigarelli 1971, Gustafon 1969).

If the biomagnification process is as,sumed..val&j &n--aquatic  systems,

then fish would be expected to contaan.higher concentrations.of.,,,  ,, .137cs

than vegetation collected from the s"a.~~e,,s+te. It 4s possible that

because E. sernentina ingested a greater proportion of fish,.than,did  the

herbivorous 2. m, a greater concentrat‘ion  of 137Cs reached the

liver of the former species.

Cesium-137 concentrations in muscle, which are higher than those

in liver, did not differ significantly between species even upon removal

of the outliers. Cesium-137.i.s an analog of potassium and as such,1 , T-P*
reacts metabolically like potassium (Hobbs and McClellan 198%). Under

steady-state conditions, the concentration of 137Cs in muscle may showl_.‘_ _._-.. i %,. ‘ /I ",\
little variability among closely related species. The average yearly

biological half-life of 137Cs in T. scrinta is 64 days (Scott et al.

1986), indicating the radionuclide as be,ing in a rapidly exchanged

metabolic pool. Peters and Brisbin (1988) estimated the time required

for 2. scrinta to reach an equilibrium concentrgt$on of '~~Cs.during a

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

least six years old for T. scrinta and at least 12 years old for

C e-* s), the concentration of 137Cs in turtles collected from,-.._. . ,," .".C.,
White Oak Lake should have been at equilibrium with theirO.e,nv&,rozent  j,".‘ .*, I..,, " .,;-,
providing the concentration of "'Cs in the lake remained constant_,.~._ ," _^__,._,_ _,, .I x a_ -I-?~~~..,"ir~M~~~ii.~.~~~  &&r?f**~..~\ _I l.:.i?~ -I &., , ,,
during this period. The steady-state concentration .H ~ _._ ". .,,j'37Cs in muscler ." _

of the two species may explain why concentrations of '37Cs in.,mus.c-1s .I

tissue did not differ bepeen species. Because the ,rad_lonuclide will-."-(.*.,.."*  L. ---_ _l".-e,*s I _ .,
reach the liver before.. jt is distributed to other,,d$ssug$, the speciesI._. ".i "._ ,__Q p,Z.,."  ..,. (,, _. "; .i j ,. .I_ \.w ri,
difference in '37Cs concentrations,in liver tissue,is probably

attributed to the ingestion of higher concentrationsof. '?'Cs" by

E. Sernentina.These explanations only hold true, however, if
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‘biomagnification does occur for '37Cs in White Oak Lake and if the '37Cs

in 2. scriota and C. sernentina collected from the lake are at steady-

state equilibrium with the concentration of 13'Cs in the lake.

The lack of difference between the O"Sr concentrations in

T. scrinta and C. sernentina may be due to differences in the routes of

uptake utilized by turtles. Strontium-90 may enter a turtle by two

means--by ingestion and by direct uptake from water. Hinton and Whicker

(1985) administered 85Sr to 1. scrinta via gavage and determined that 40

to 60% of the radioisotope was absorbed by the gastrointestinal tract, a

higher percentage than reported in mammalian species. Jackson et al.

(1974) examined 90Sr concentrations in the shells of turtles from the

southeastern United States and attributed the difference between two

terrestrial species to differences in food habits. Higher
concentrations were in the herbivorous Gonherus nolvnhemus (gopher

tortoise) than in the omnivorous TerraDene Carolina (Eastern box

turtle). These studies provide evidence for the ability of turtles to

assimilate strontium by ingestion. Aquatic species may have an

additional mode of uptake. Fish acquire O"Sr primarily from the water

by direct uptake of the radionuclide across the gill membrane (Gphel and

Judd 1962, Nelson 1966). Dunson (1969) and Dunson and Weymouth (1965)

reported the influx of sodium ions from water across the cloaca1 and

pharyngeal.membranes  of freshwater turtles. The possibility exists for

the uptake of strontium ions across these membranes. A species of

turtle that lives in close contact with radiostrontium contaminated

sediment, such as E. sernentina, may be exposed to higher concentrations

of the radionuclide than a more free-swimming species, such as

T. scrinta, due to the resuspension of O"Sr at the sediment-water

interface. If absorption across the cloaca1 and pharyngial membranes

are the major routes of uptake for 90Sr in freshwater turtles, then a

more sedentary species (e.g., c. Sernentina) should contain higher

concentrations of O"Sr in its tissues. The importance of food habits is

less clear because O"Sr is not biomagnified in aquatic systems and the

assimilation of the radionuclide is highly dependent on the availability

of calcium (Vanderploeg et al. 1975). If most of the ?r acquired by a

turtle is by ingestion of plant material, as it is in terrestrial

4
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species, then an herbivorous species (e.g., T. scrinta) should

contain the higher concentration of the.radionuclide. Because noI... ..l"
significant difference in YGr .concentrat$on was",ldetecteabetween,..'
1. scriota and C. sernentina, the process of %Sr uptake in aquatic

turtles is believed to be a complicated one involving both uptake from- Ix, " .m j" l/i ,__ nu__
food'and uptake from water across . the cloaca1 and perhaps pharyngeal~ .-... ,.~ .,.- ̂_e..a"_*  ‘. ~/i,"",_l
membranes.

As was found for YSr, no difference was detected in the,

concentration of %o in x. scripta and E. Sernentina from White Oak

Lake. Cobalt is contained within the cobalamin (vitaxn;-xn,,,B12) moleculee.m, . . . . . _ .j.l,* -U.IeWYxr**IIXI"^.~.e
which is required by animals for normal.biological function. The metal

is not biomagnified in aquatic systems as evidenced-by the low

absorption efficiency of cobalt from food (approximately 5%) in fish

(Vanderploeg et al. 1975). Algae and submergent macrophytes have among

the highest bioaccumulation factors fqrcobalt,  jn~_freshwater,,ecosystems,,rs_; se_. ,.*I_.. <
(Vanderploeg et al. 1975, Ophel and Fraser 1971). Ophel and Fraser

(1971) examined fish in a pond contaminated with ?Co,and,,found  theIdh, ,dI,^). 1. X1"_ -:,,1 I._
highest concentrations of the radionuclide to be,,in the herbivorous" ~-.-‘-l‘.~x~ #". ,1/ *"a II u‘rz, ," ,___.. y . ,
species. Because XI. scrinta fed almost exclus$*vely on vegetation, this

species would be expected to have had a greater potential for exposure

to @Co than C. sernentina. The fact that E. sernentina also consumed a

large amount of vegetation (approximately 48% by volume in the--White 9ak

Lake population) results in an overlap between trophic levels making it

difficult to evaluate the influence of food habits on the concentrationsI .w*.__ a .,.."*a I_LI .".,, ). .? ,a* ,,_-.,.  ̂*,%."  ,,**.,," -i.,,A,in;rrru.,ul:  * _ .r+: ,:is&&;^ >G. :* *4&r -ia ."i‘W,.: ; ."-A, ,, . , . _ ,: . _
of @Co in the two species of turtles. In addition, if the radionuclide/ ,.._.- _
is as poorly absorbed by the GI tracts of turtles as. it is,,.&n,,f&sh, then

it may be even more unlikely to detect a species difference in &Co,

concentration. Although the absorption efficiency of @Co by direct

uptake from water has not been dete~rm$,ned for turtlesA.. -u .,._*^-,-  s ir,"re~,~ai,..r;is~ it is not

suspected as being a major route of uptake.

Mercury concentrations were significantly higher in C. serOentina

than in x. scrinta from White Oak Lake, a differenc.e that-.$s consistent-,.-a-.. ----."~__//~m*~_, . .
with the differences in the--food hab,itsof the pzot:,species. Chelvdra_ .,A ",
gernentw was found to be more, omnivorqq, than T. Scrinta.$helvdra ‘l., a^ ,
Sernenta ingested (by volume) an average of 52% fish and 48%
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vegetation compared to an average of 0.1% fish and 93% vegetation in x.

scrinta. Inorganic and elemental mercury are converted to methylmercury

by methylating bacteria in sediment, and it is this methylated form that

is biomagnified in aquatic food chains (Boudou and Ribeyre 1983).

According to Eisler (1987), almost all of the mercury accumulated in the

tissues of organisms at the top of an aquatic food chain is in the form

of methylmercury. Because methylmerucry can be biomagnified through the

food chain, a carnivore or omnivore such as C. sementina would be

expected to have higher concentrations of the metal than an herbivore

such as 1. scrinta. Although mercury concentrations in White Oak Lake

C. sementina and x. scriDta exceeded those detected in the same species

from the reference site, the average mercury concentrations in muscle of

the White Oak Lake turtles was less than the 1 rg/g FDA action limit

(FDA 1984). Concentrations of mercury in White Oak Lake sediment ranged

from 3 to 5.9 rg/g (Hoffman et al. 1984). This metal is present in

White Oak Lake at above-background concentrations (> 1.0 rg/g) but

appears to be in a form that is not readily taken up by biota. Albers

et al. (1986) reported similar results where concentrations of mercury

in sediment ranged from 66 to 107 rg/g, but the concentration in

E. sernentina averaged less than 1.30 rg/g in liver and less than

0.60 ag/g (wet weight) in kidney tissue. As in White Oak Lake, the

mercury in the sediment from the Albers et al. (1986) study site did not

appear to be in a biologically available form.

Results of the alkaline unwinding assay indicate that both 1.

scrinta and E. sernentina from White Oak Lake have a higher frequency of

DNA breaks than does the same species from Bearden Creek embayment. No ' '

statistically significant difference was found between the amount of DNA

damage in the two species from White Oak Lake. Although exposure to

genotoxic agents is the probable cause of the observed DNA damage in

White Oak Lake turtles, other environmental stressors can produce

similar effects. Poor nutritional status (e.g., .protein deficient diet)

of White Oak Lake turtles could result in a decline in the synthesis of

enzymes required in DNA repair, and thus a greater amount of DNA damage

would be seen in the turtles from White Oak Lake than in those from the

reference site. Other environmental stressors such as extreme
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temperatures and disease can also weaken the animal and,may result in an

elevated. amount of DNA damage. Because turtles from White Oak Lake did

not appear malnourished, diseased, or in any way unhealthy, contaminants

in the lake are likely the primary causative agents of the DNA damage.

Although physical (radiation, AhnstriSm  and Erixon 1973, Kanter and

Schwartz 1982) and chemical agents (certain forms of mercury, Cantoni

and Costa 1983, and PCBs, Robbiano and Pino 1981) can produce breaks in

DNA, the specific genotoxic agent cannot be establish&from this assay.

The finding of elevated DNA damage in White Oak Lake-turtles does,. . . . ..."./_. .._,._ Aw--"-,*,.
however, suggest that biota in the lake are,exposed to above-background

concentrations of genotoxicants. Also, the lack of difference in DNA/I __ ,. ., ..L
damage between 1. scrinta and C. sernentina from White Oak Lake reveals,

that exposure to genotoxic agents in the lake is nearly equivalent

between the two species. Bickham et al. (1988) also detected DNA damage

*

in turtles occupying seepage basins containing radioactive and

nonradioactive contaminants., Turtles from @e seepage basins contained. ..-....  -i-,"wiM- .* . . >_.a .I.
significantly greater variation in.DNA content in red bloo.dlcells than:c..w.v- . . ,
turtles from the reference site.x . Differences in DNA content,,werej ^1 _: .: 8 .i*_ il .' ":,*...- *z
attributed to mutations produced by low-level radiation and or an

unknown chemical contaminant. -Both studies promote the use of-long-,_ ,l___,,~,,_^~

lived turtles in the detection of genotoxic agents in contaminated

aquatic environments.

Of the two species of freshwater turtles,examiped,in~~,~is,l~,fudy,

C sernentina appears to be a better monitor of.,th.~_cqntaminants-' _ ,.. .l *+-*m&& ,,,;c. ~: *.. /A . i.& , ,
measured. Data obtained on this, species can be compared with-biological

monitoring data on fish and vegetation from White- CakJake.,.The-",  _____

concentration,of '37Cs in the muscle of the piscivorous C. sernentinar-l.....-l.C ..~... _-.> ,_ I___* ,". ,sj .z ._. .*, ;., _ '_ i
averaged 39.6 x lo-' Bq/g (wet weight) and was within th-e range reported

in White Oak, Lake fish. Concentrationq,of '3'Cs~in fillets of eight,.a.^ _ **,. I. .,~ .II/ ,.,_ ,.^""i ,_ _
species of fish from White-Oak Lake ranged from 29.2 x lo-' (warmouth,I.. _ ,. ._,. ._ ," .~. _. . I
&eDOrniS gulosus) to 61.8 x 1o-2 Bq/g wet weight (largemouth bass,

Hicronterus salmoides) (BLaylock and Mohrbacher, unpublished).",W _1- -_. . . ., . . . .._ _
Concentration in muscle were 790 timlee  greater in E. sernentina and 588I I-m- -..- * ./_^ .
to 1233 times greater in White Oak &ake fish than that in White Oak Lake..- .- ._"^ .." (- ,s"*_- ..Aw.v*".m-,*"*. %_.,~SWY ,_,.. *,_ "M-i', .ZVi", Rlr)~~~~~~~~"ii'.~~j,~~.~  b .$$&*&a&*.* u~,.~&,>i2~~~,r. j wi
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water (Filtered water concentration of 0.50 Bq/l measured in the fall of

1987, Mohrbacher, D. A. and B. G. Blaylock, unpublished.).

Concentration factors for macrophytes in White Oak Lake occur over a.
wide range and are dependent upon collection site, species, the part of

the plant analyzed, and the age of the plant. Common cattails (Tvnha

latifolia) collected from the upper end of the lake in 1988 (Mohrbacher,

D. A. and B. G. Blaylock, unpublished) contained 1.24 Bq/g (wet weight)

'37Cs, 2480 times greater than that in filtered lake water. Water

milfoil (Mvrionhvllum sp.) collected from the middle and lower end of

the lake in 1987 (Mohrbacher, D. A. and B. G. Blaylock, unpublished),

however, contained 49.7 x 10m2 Bq/g (wet weight) 13'Cs, 994 times

greater than that detected in filtered lake water. Whether or not

biomagnification of '37Cs occurs in the lake cannot be ascertained from

these data. It would be interesting to determine whether differences

exist in the concentrations of '37Cs in liver tissues of fish species as

appeared to be the case for 1. scrinta and E. sernentina.

Strontium-90 concentrations in S. sernentina were greater than

those measured in fish from White Oak Lake. The mean concentration of

16.5 Bq/g (wet weight) in E. 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 from carp (Cvnrinus carnio) (Blaylock, B. G., and

D. A. Mohrbacher, unpublished). Concentrations in bone were 1500 and

123 times greater than that in lake water (Unfiltered concentration of

11 Bq/l, Blaylock et al. 1987.) for C. sernentina and carp,

respectively. Differences in mode of uptake and bone composition may

account for these differences. Common cattails, Tvuha latifolia,

collected from the upper end of White Oak Lake in 1987 contained

1.12 Bq/g (wet weight) O"Sr (Mohrbacher, D. A. and B. G. Blaylock,

unpublished), a concentration slightly less than that in the bone of

carp. In aquatic systems the calcified tissues of animals may serve as

better indicators of %r contamination than plants.

The concentrations of mercury in G. sernentina and fish from White

Oak Lake were similar. $helpdra pernentina contained 0.17 fig/g (wet

weight) of mercury in muscle, whereas redbreast (&nomis auritus) and

5
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bluegill sunfish (J,enomis macrochirus) contained 0.16 pg/g (wet weight)

of mercury in muscle (Southworth 1987). Mercury partitions largely into

sediment (The concentrations,,$n White Oak Lake water ranges from less- i. .--_ I....  2. --. ^ ,,. . ^ _I,., _I
than 5.0 x 10m5 to 10m4 mg/l (Blasing et al. 1989), whereas

concentrations in sed&ent range from 3 to 5.9 rcg/g (Hoffman et,,al.

1984.) and, therefore, the low concentration of mercury detected in both-ll.l.i‘-.I e.,. "_, a,-.",*
fish and turtles from White ,Cak.Laae~,~support  the hypothesis that mercury

in the lake sediment may be, to a large extent, biologically

unavailable.

Cobalt-60 was only detected in the livers of.the turtles from~ ylaxllI.IcIII-*I"~  I -.*v ,e^.m~llxyz*I*~~.,*.~.~  __; ,\ 1
White Oak Lake and,co.mparable  data are not available on fish from theI ._.- . . . . (S" . _/ :s_- .- . . ,.._
same site. The concentration,Apf %o in E. m liver wasc I .) .__"_ I~IX"1-vI -,._ _ . ., ,. : _
216 times greater than that in filtered,,lake,~~feT (0.220 Bq/l, fall

1987, Mohrbacher, D. A. and B. G. Blaylock, unpublished) indicating that

this radionuclide is con9Lntrated by turtles in White Oak .Lak&-s-
Macrophytes from the lake also accumulate @Co-."M .--‘^,s".""..  .^".I. 2.. ." JatifoliaTvDha

collected in 1987 contained 34.1 x l,0s2 Bq/g (wet weight) @Co, whereas

Mvrionhvllum  sp. collected in 1988 contained 7.4 x,lG.:t Bq/g (wet

weight) %o (Mohrbacher, D. A. and B. G=~,*B&+ylock, unpublished).

Concentration factors for these plants were 155,Q,.and 336, respectively,‘^ _I.~~.l^,i*v,.
and were greater than that for E. sernentina. Other plant species and

livers from fish nee.d to he analyzed for %o before any relationship

between trophic level and concentration-can be drawn.^. ..I(. _._
The data obtained on turtles from Wh~te~,~Gak,Lace served as a~ .,, ,: . .,ll"..l:^,;  , ,,

useful supplement to that reported in fish from,the same_s&t,e,. ,.'$e,,~9$y

contaminant that was detected~,in higher concentration.,& .tur_tles~~,than~~~jn

fish was %r, indicating that turtles may be more useful than fish in

the monitoring of this radionuc.lide.,. _._Both,species of turtles from..Hh$i..e

Oak Lake shqwed,e,vidence  of DNA damage, indicating the presence of. . ._ --..,>,".1. .J e,-d "..il-uh..~~~x-ru,;x~--  _
genotoxic agents in the lake. Pvidence of-DNA damage was also found in. . ._ ,...
sunfish collected from the lake (Adams et al. 1989). Although fish are

usually more abundant and often easier to,,~,.,,$vple than turtles, turtles,- ,, **"j*-*,,m I-.-
specifically s. m, may be better indicators of contaminants_,.,I .I ".+y._I_I/e.A.+._I..e  L ., ,"

with high biomagnification potentials (e.g., PCBs and mercury) due to
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their trophic position and large fat reserves where high concentrations

of chlorinated organic compounds can be stored.

The data presented suggest C. sernentina as a better indicator of

certain contaminants than 1. scrinta, however, advantages and

disadvantages exist in using snapping turtles. Chelvdra sernentina is

larger in size than g. scrinta, so ample quantities of specific tissues

for residue analyses (e.g., fat for PCB analysis) are readily obtained.

Chelvdra sernentina is a more carnivorous species and, therefore, is

expected to contain higher concentrations of contaminants that are

biomagnified through food chains. Analysis for mercury and '37Cs

support this supposition. Overland movement between ponds was greater

in 1. scrinta than in C. sernentina, making the latter species a better

monitor for contaminants within a given pond or lake.

Disadvantages to the use of $. sernentina focus on the sampling

and handling of these animals. Chelvdra sernentina have large home

ranges and are often not as abundant as the smaller pond turtles (e.g.,

Trachemvs and Chrvsemvs). Thus, it may be difficult to capture enough

E. sernentina to constitute a sufficient sample size. Also,

C. sernentina are very aggressive and dangerous to handle. If the pond

or lake is large and sufficient manpower is available for field work,

E. sernentina is recommended because of the large tissue samples and its

trophic position in the ecosystem. Alternatively, XT. scrinta is

preferable in small ponds where a sample size of greater than three

turtles is required. In any case, the characteristics of the site, the

number of animals needed, and the type of contaminant to be monitored

should all be considered in selecting an appropriate monitoring species.

An additional reason for including turtles in biological

monitoring activities is that turtle meat is often utilized as a

supplementary food source and, as such, the presence of contaminants in

muscle tissue is of importance in the evaluation of a human health risk.

Of the contaminants examined in White Oak Lake turtles, only '37Cs was

detected in muscle at above-background concentrations. Mercury

concentrations in muscle were less than 20% of the FDA action limit.

Cobalt-60 was not detected in muscle, and although O”Sr concentrations

were not measured in muscle, concentrations are expected to be low
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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

muscle that may be of a human health concem,are '37Cs, and possibly

PCBs.
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6. SUMMARY

Several criteria, such as species abundance and food habits, must

be considered in the selection of an appropriate indicator species for

the monitoring of contaminants in the environment. The work presented

here compared two species of turtles that occupy different ecological

niches for their usefulness as monitors in contaminated freshwater

ecosystems. Trapping of turtles from the contaminated and reference

site revealed Trachemvs scrinta (Agassiz) and E. sernentina (Linnaeaus)

as the most abundant species at both locations. In addition, a

comprehensive review of the literature on contaminants in turtles

indicated these species as the turtles most frequently used in the

surveillance of contaminants in freshwater environments. Also, natural

history background on 1. scrinta and E. sernentina revealed that the

species differ in their food habits and in their degree of contact with

sediments. For these reasons, T. scrinta and s. sernentina were

selected as the species for comparison as monitors of contaminants in

freshwater ecosystems.

The sites selected for study were White Oak Lake, a settling basin

for low-level radioactive and nonradioactive contaminants, and Bearden

Creek embayment. Data obtained from chemical and radiological analyses

of sedimentsamples from Bearden Creek embayment supported the use of

the embayment as a reference site.

Trachemvs scrinta and E. sernentina were trapped from the

contaminated and reference site and analyzed for concentrations of %r,

'37cs, &Co, and mercury in specific target tissues (Target tissues were

selected based on preliminary studies and information from the

literature.). In addition, liver samples from the turtles were analyzed

for single-stranded DNA breaks, a non-specific indicator of possible

exposure to genotoxic agents in the environment. Significantly higher

concentrations of %r, '37Cs, &Co, and mercury were detected in turtles

from White Oak Lake than in turtles from Bearden Creek embayment.

Furthermore, turtles from White Oak Lake contained a significantly

greater amount of DNA damage than those from the reference site. The

specific genotoxic agent or agents responsible for the enhanced number
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of breaks in the DNA of turtles from the contaminated site was not

determined.

A comparison of 1. scrinta and C. sernentina from White Oak Lake

indicated no difference in the amount of DNA damage between the two

species. Also, no differences were.detected in the concentrations of

%r, '37Cs, and %o between g. scrinta and E. sernentina.

Concentrations of '37Cs in liver tissues, however, were

significantly higher in E. seroentina than in 2. scrinta upon the

removal of two x. scrinta outliers from the comparison. Radiochemical

analyses of these two turtles indicated that they may have immigrated

from more highly contaminated ponds. Removal of the outliers from the

data, however, did not alter the outcome of the other comparisons.,.-. I., ,-,/,, ,-/
Mercury concentrations were significantly higher in C. sernentina than

in x. scrinta. Examination of the gastrointestinal co.nt,en,&s of,.$he

turtles indicated s. sernentina as ingesting a greater amount of animal

matter than 2. scrinta. Differences in the concentrations of mercury,

and to a lesser extent 'T7Cs, may be attributed to differences in the

food habits of the species and the high biomagnification potential of

methyl mercury. Because of the higher trophic position of E. sernentina

and less variability detected in the G. sernentina data than in the

T. scrinta, snapping turtles are recommended as the turtJe.species of

choice in the monitoring of contaminants that are biomagnified through

food chains. Prior to any biological monitoring investigation, however,

the geographic distribution of ~the turtles, relative abundance of the

species, nature.of the contaminant of concern, and available manpowerx ,... ._ .,,.,
should all be coqidered.. _ _
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Table A-1. Pesticide concentrations in field-collected turtles
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Table A.1 (continued)
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Table A.1 (continued)
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Table A. 1 (continued)
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Table A.1 (continued)
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Table A.1 (continued)
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Of rho raptllmr l d
ampblblana  l xulwd,
hl@rt concontratlonr
uoro roportod  ln
l nakor.

Mot detoatod.

Rot dotoetod.

Albern  l t l J. 1916

rutuo ot sl.  1979C☺tolydra  l oqrtln4
:

Tobreco floldr
(rlto  rl). WC
Tobacco flolda
(alto  I?), llc

d.01 uholo  body

2

b

Cfdydr~  l orpontlna Roovw l t aJ. 1977

t ,



. ‘

Table A.1 (continued)

ro~tlclda Spocloo Jacotlon 8.x
Concontrotlon

(pr/g uot uolghr) I’ Oboowotlon Refaronce

Dloldrln (cont.) Cholydra  rotpontlna Hudron Rlvor, Nf N

f

.

Cholydro  sorpontlno Vorlouo  wtoro ln NT I
other tlun the
Mudron Rlvor

I

I

u&n.

chtyssmys  pIeta Agrleulturol  l roo,
boll1 IO

chrysomys  pleto

Klnostomm Flooded rlco flold,
fJ~voscott~ ml

Klnortonmn
tl~v~soaw

Stornochorus
odor&us

Toboeco floldr
(alto 011,  1)(1
tobwoo tloldr
(rlto I)?), a0

Ilro 11.16.  TX

Tohcco f lolda
(alta al). IC
Tobacco f loldo
(rlto s?), NC

t

@.I1 fat
n.d.-0.086  llvor
n.d.-0.034  urcla
17.0 frt
ad. -0.026 llvor
n.6. urch
O.O☺$ l ggr

n.d.eU.1  fat
ad.-0.99  llvor
ml.-0.14  murolo
ad.-2.40 fat

0.06 llvor
n.d.-0.01 murcla

0.074 fat

do.01 who10  body 3

a.01 uholo  body 8

47 uhoia body

0.6 uholo body

a.01 *to body

4.01 uholo  body b Hot dotootod.

\>*
b

('

:

:

4
b
2

:
3

1

Hlgha*t  concontratlon*
datoctod  ln fat
ramptom  ln both semm.

stem et ol. 1910

tll&hmt  concantratlons
dotoctod In fat frum l
mm10 oollootrd  from
lrosndoquolt by (Lake
Ontrrlo)  .

Stone  st oJ. 1990

Sao ChoJydra
swpmtlna.  Pun20  l t
d. 1979.

Punro l t l J. 1979
2:
\o

Not  detected. Rwvos l c l J. 1977

Mot dotoatad.

1 Epoxldotlon  of l ldrln
to dloldrln uy bo l
olou procorr  In
rurtlor.

Fllckfngor  and
Hulhorn 1900

3 Hl~hor  concontratlona
dotoetod  ln t.
rcrlpt4.

Pllcklnpr  and
King  1972

4 Not dotoctod. R~evor et l 1. 197?



Table A.1 (continued)

rort1c1d4 8poe100 Lseatlon SW
Concentration

(r&/s  wt relght) I Obrrnatlon Rofomnca

Ololdrln  (cont.) rraebqs scrlpta

Lndrln

trochsmya  sorlpta Rlco 11.16, TX

C☺toIydra  l orpmtlna Contulwtod
uotlmd, a l ,  WI
Cantulnatod
uotlsnd. s2. NJ

CJtoIydra  sorprt lnr

CJtryswys  plcts

Klnostomon
I Jarorcmw

Srsrnothorus
odoracus

trschsmp 8erJpta

Tobacco floldr
(slto  01). NC
Tobacco floldr
(alto r2), WC

Ioforomo cntlmd,
no

Tobacco flaldr
(alte al). MC
Tobacco flolds
(mlto r2), NC

tobacco flolde
(slto ml), MC
Tobacco f 1.16
(alto al), NC

Iloodod  rice flold,
TX

Tobacco f lalda
(slto al), MC
Tobacco floldm
(alto l il, llc

Tobacco floldr
(rltr ai), NC
tobrcco flolda
(rlto l 2), NC

unkn.

mkn.

t

unkn  .

4.01 who10  6ody 6 Mot  dotoctod.

X00.01  uholo Sody 4 lot datocted.

1.2 who10  body
2.6 unlaid ova

n . d .  fat
n.d. fat
n.d .  fat

Hl6hrr concontr~tlonm
ln 0660 than ln
rdultr.
Contaminant YIO  net
dotocted  in turtlor
fram l lthor slta.

n.d. fat 7
n.d. f a t b

4.01 whole body 2

a.01 who10  body b

Mot detrctod Album et sl. 1986

Not dotoctod.

Not dotactad.

<o.Ol  uholo  body

a.01 nholo  body

Not date&&. Roovor l t al. 1977

Itot dotoctod.

1.1 who10  body 1 Abovo back6round
concrntrotlon
dotretod.

4.01 who10  body 4

Q.01 uholo body b

Ilot dotecmd.

Not datoetrd.

eOo.01  who10  body

<O.OL  whole  body

0

4

lot doroctrd. Rwwa at al. 197;

Not dataatad.

Rawer et l J. 1977

Flicklnger  ind
I(hg 1972

Albrra.  l e a!.
198b

Rwvaa SC al. 1977

Fllcklngor  l d
Jtulharn 1960



.

Table A.1 (continued)

Iortlclda Spoalor Loe~tlon S0a
bncontratlon

(rr/r u@t cnl@w n Cbrwvatlon Rafarmco

lloptachlor Carott l orottd Watlod  UlldlIfo  -0
Wptachlor  l ponldo) Rafup,  FL

lllrox

CRolydm  l orpontlru

Cholydra  8orpaatlau

C☺tolydra l wpentlna

chtysays  p1cca AKrtcultural  arm,
boll1 IO

rstrqsmo cwol JM

frmhayo  l rlpta

Iand troatod ulth
hoptachlor.  CO

Land troatod ulth
hoptachlor,  CA A AL

Contulmtod  votlmd I
r1,llJ t
Contulnotod uotlmnd II
02, al

Ioforonto uotland.
no

Asrlculturol  l roa.
IO

Land treated ulth
hoptmchlor  , CO

ll
t

?
I.

wkn.

I

Iatlonml  Vlldllfo -0
IOfU&O, FL

n.d.-0.006 018s

n.d. fet
n.d. fat
0.2. fat

0.11 for 7
0.03 fat 6

n.d. Iat
n.d.  egga

not moawrod

n.d. fat

not nosurod

172.0 rrholo body

n.d. l O.OOS l gga

Dotoetod ln only 2 Clark and Kynltmky
l ggm . ,198O

Contulaunt  datactad
ln ulam from rho
frorhwor alto.

.

Alborr l c al. 1986

Trace  mounto o f  tha
contulnant uaro
dotoeted  ln both
sofas  .

Albert  st al. 1986

Hoptachlor  l poxldo YU
not detected  ln the
*ampler.

htuo at 41. 1979

Dead  aftor  2
troatunts  of 0.33
k@/b .

hrguaon  19bJ

Contentratlonr  were
hll;hor  ln wukoa  than
turtlon  fra tho alto.

?unxo et al. 1979

Goad  cftor 2.25 k#/b
land troawnt

foryaon  1963

Dord  aftor 279 daya
oftor a 2.29 kg/ha
l ppllcotlon.

Only dotoetod In 1 Clark l d
l S&* Krynlcrky  1900.



Table A.1 (continued)

?ortlclde SpoelmD Locat ion SOX
Conc*ntratlon

(C&/8 WC wl#ht) I Obrorvatlon Roforonca

Nlrr8 (aont.) r0trap0tk0  OO~JM land trortod vlth Usn.
l lrox ovor 7 yoaro, u&n.
nx

2:
unkn.
tmkn.

Z:

traehomp  rerlptr Iand troatod u l t h  u&n.
l lrom ovor 7 yoara,  unkm.
la

Z:
w&n.
. .
. .

Nonachlor

toraphma

CJtelydra  sorpentlna Contamlnatod  uotlond ?I
01.  lu I
Contulnatod  mtlmd I
r2, lu
Reforoncv  mtlmd.  II
M I

Carotta carotta ll~tlonal  Ylldllfo  -*
ROfURO.  n

Cholydra  serpmtlna  Contulrutad  uetland  I(
ml, lu f
Conculnatod  uotland  II
l 2, nl
Rofamnco vvtlmd,  A
IID ?

1.1 llvor
1.7 llvor
1.3 llvor
0.29.llvor
1.4’ unlaid  l ggr
1.b’ unlrld l RRr
2.5’ unlaid 0680
1.4’ unlrld OUR

0.41 llvor
0.19 llvor
O.lb llvor
0.05 llwr
co.01 llwt
1.9’ unlaid  l RRr
2.2’ unlrld illa
0.13’ unlaid rKKr
0.13  unlold l UO
0.04’  unlaid  l UI

1.05 rot
0.39 rot
0.73 fat

0.92 fat
0.46 fat

n.d. 60.009 l UI 9

n.d. fat
n.d. f a t
ad. fat

6

:

n . d .  fat 7
n.d.  fat b

3

:
unkn.
unkn.
ML1\.
unkn.

Contontratlonr  hlg)cor
ln t. carollru  llvorr
than in thoro of r.
8ctJ)ta. Alao  true
for rho l Rga.

Holcomb and ?arker
1919

unkn.
unkn .
unkn.
unkn.
unkn.

6
3
S

7
b

Pomk mrlduo Iovvlo  In
llvmo  of both l pocloa
occurrrd  2.3 yeara
oftor last  trratwnt.
Appllcatlon  4 yooro
oftor lnltlal
treatment had llttla
effect.

Trati and elm forma
dotoetod. Trans laomar
rllRhtly higher
concontratlon. Total
of tho tvo lvomarm
toported  horo. ll~lor
had hQhar
concantratlonr  than
foulor,

Albers 8~ l J. 196b

Ootaetod In only onv Clark and
066. Krynltrky  1980

Conrrlnanc  not
dotoctod ln l nlulr
from contulrutod  and
roforrnco rlcor.

Holcomb and tarkar
1979

E

,



Table A.1 (continued)

Concontratlon
?*st1*1do Spuloo bc8tlon SOX (@‘r/6 wt -b)=) n Oboerv*tlon R~f~rmco

I

Towphono (cont.) I11#matamm tloodad rlao f l o l d ,  t 0.3 uholo body .f Co~tulnanr  pror*nt Fllcklngor  and
ttaroaoau T X Nulhrrn  19X0

Ilnootlmml Mao flold,  TX wdm. n.d. uholo body 3 Contulnant  not Flleklngor  and
f Javuoa~ dotoct*d  ln any  of tho KlnX  1972

turtloa.

trahoqs  scrlpta lie. flald.  TX unkn. n.d. who10  body 2 ’ Cont*mlrunt  not Fllcklngar  l nd
n.d.  unlaid our -4 domecod. King  1972

*Shell  vu rmovod or l rruwd to have baa rmovrd prior to l ~lyrlr  ln al1 OIIOI.
‘#or dotaoted.
WlRht borlo (dry or cnt) mot roportod  by l uthorr.
%oncantrorlon  bared  on dry uol&ht.

E



Table A.2. Polychlorinated biphenyl concentrations in field-collected

turtles

KB;

Conconttatlon
SpNlN Location IN (&q//I  wt wlpt) H Obrorvatlon Raforrnc*

Aroclorr cheJal0  mydor Aoeorulon  Wand - -
1249 L 1254

Aroclorr
1260 b 1254

total

Total

CheJydra  l ~rpantlna Coatwlnatod  wtload I
ml. UI I
Contulnatod  wtlond II
r2, nl
Ilrrorowo  wtlond, I
110 T

cholydm l orpwtlM Uppor4Mwn  aiwt. n
111

0.09 l u yolk8 10

Co.025 uclo 10
19.9 frt . 9
4.025.0.004 urcle 5
3.2 fat
Co.025 muaclo
Co.2 rot

0.071 l ggma

0.001 Durclo
n.d.*O.l33  llvrr

0.0019 usclo
n.d.-0.070  liver

4 0 . 4 1  fat
a.41 fat
17.2. tat

26.0. rot

25.0 rot

3,408  rrt

633 fat

:
1

9

9
0

4
4

:
a

:

1

1

Aroclor 1242 & 1254
wJor  WA
contamlnnnta. H*m
concrntratlon  of both
roportrd.

HlKhor  concontratlonr
ln fot thm uclo.

376 o f  tha .I)&,
ramplad conralned
dotactoblo lwels o f
Kc11  the maan  of vhlch
la rrported.

Clark and
KrynItmky  1990

Hlghor  concontratlonr HcKlm and Johnron
ln llvor  than umclr. 19.3

Sllahtly  hlKh*r WI
concrntr~clofu  In C.
CarotLa.

McKlm and Johnson
1983

Halo  curtlo* from the
brocklrh-vacer  SJ alto
(1) bad tha hl@omt
concentratlona  of KBo
and wro l lplflemaly
kl#w  than  that ln
wler from tho
frorhuator  NN alto (2)
wd the 0 l ice.

Albera  l c al. 1986

Slovatod
comontr~tlofu ln
curtha  from both
8ItN.

Olafason l c a1.
19.3

Thompron  at al.
1974



::
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Table A.2 (continued)

Spoalor Location su
Cenaontratlon

(P&/B wt www w Obrerwtlon R*f*rmco

ChoJldra  l rpwtlna Varlow uatora  in I@7 II
other thrn tho
bdron  Rlvar

t

745 ru 4 Hlfiart  concontretlom StON l t a!. 1910
1.4 liver 4 rapartrd In fat
0.42 wcla 2 conc~ntratlon~ In
240 fat 5 mu&  wro ulthln tha
0.1  llwr 4 FDA llmlt  for l diblo
0.4b mwclo 4 flmh.



I .

Table A.3. Metal concentrations in field-collected turtles

Locat Ion
Concontrrtlon

m/l wt -Ifit) H

krlu

1.23.2.19 .a yolkm  9 6

Souhoru,  OA, AL - -

0.73-2.39 au yolks  9 6

0.01-0.07  l gg yolka  96

0.17’ l U yolks unkn.
0.56.  l lbuln unkn.

0.25 kldnoy
0.10 1lvor
0.10 kldnoy
0.0. 1lv.r
0.09 kldmsy
0.00 llvar

0.01 kldnay
0.01 llvor
0.07 kldnoy

1
?
b

Ima* of man
concmtrotlonr  from 4
l ltor. Hl~hrrc  wm
aonaontr~tlon ln rSSr
tram Cacuvrrol
htiod Srorhoro. n.

Kwgo of wm
concontrotlooa  tram 4
l ltM. HlShomt  moon
eoncontratlon  in l gSa
from Cope  Lookout
National Searhoro, NC.

Ran&a  ol mean
coneontr~tlon~  from 4
s1t.m. Hun
concontrotlonr  rbovo
0.1 &S roportod  ln
l Sg~ from Cwborlond
lalond  Natlonal
Soo#horo.  CA and
Conworal  Notlonol
Somhore.  FL.

Conconrrotlon  in
l lbruln hlghar than In
yolk.

Cd detoctod ln low
concontratlocu  In all
l nlmols . Hl@urt
conc~ntratlona wore In
kldnoy t1aeu.r  of
turtler  from tha NJ
brocklah  vatar altos
(#a.

tbo motel u.s dotoctod
In turtl** from all
*It.*.

Stonoburnar  e t  al.
1980

Stonoburnor l C l l.
1980

Stonoburnor l t al.
19SO

Alboro l t al. 1916

Alborg or al. 1906



Table A.3 (continued)

notd spe100 lacu lon sox
CoNontrrtlon

(rda wt WWt) N abmmrvmtlon Rafarwtca

Cm&l-  (cone.) ChaJydra  morpmtlna  il:r~& 1 lmko n
. I

yrlony8 l p☺nl~~ru8 Rlvor t h a t  roaolvrd I
l ffluant from
pbtlnl lnduatrlbm,
m

Chromlu

Cobolt

Coppmr

Carecca  carratu Hmrlonal Sommhorom.  - -
FL, CA, NC

Chalydra  l rponrlna Contamlruted  uotland N
a, NJ

I
Contulnatod  rotland
02. NJ n

Mrtlo~l  rrorhoror,  -*
n. C A ,  NC

Y

llorlo~l  roomhoroa.  - -
FL. CA,  NC

0.010 N$ClO
0.012 umclo

9.07 k1dn.y
0.19 rwu
lntortlno

0.56-0.60  egg yolkm 96

2.97 kldnoy
0.10 llvor
2.70 kldnoy
0.60 ilvor
1.13 kldnoy
0.36 l l vor

0.93 kldnoy
1.00 l l vor
1.26 kldnoy
1.9? l l vor

0.0.024 l U yolkm

1.73-2.30  l gS yolkm 96

8
4

12
12

:
3
3
8
8

7
1
6
6

96

tot01 rongo  of voluor Holul) nd Norm
Ltom 0.002 to 0.025. 19a1

Of tho tlasuoo
l N1yt.d.
eonc*ntratlonm  won
hIShort In kldnoy and
lovomc  ln rmmll
lntomtln*.

Roblnmon  and Ymllm
1915

Rondo  of moo*
concontrmtlonr from G
l ltmm. Nl~homt  w o n
conconcroclon  raportod
ln l ggm from
Cwborlmnd lolond
Natlonml  Sormhorm,  CA.

Stonoburnmr  at m1.
1900

Hl~hort  conconrrotlonr
dotoerlon ln kldnog
tlrrurr  of turtlor
froll  rho NJ bracklmh
uator rlto.

Alboro l t 41. I966

Soo l bovo, Alborm l t
d. 1916.

Ran~o o f  w o n
concontrmtlonr  from 4
rltor. Law
conc*ncrmtlona
dmtocrod.

Eggm from l ll rltmm
contmlnod l lovatod
coppmr  concontrmtlonm.

Alborm et af. 1966

Stonoburnmr  l r a1.
1960

Sroneburnor •~ al.
1960



Table A.3 (continued)

aot.1 Spoeloo Locot lon sox
Concontrotlon

(rl/S uot uolSht) N Obmorvotlon Roforonco

Copyor  feont  ) Carotra ccrottc Soomhorom, CA. SC --

Iron

hod

Chdydra  8orponrInr  ContuiNtod  wtlmd  N
al. lu

t
ContoalnAcod  uotland
l 2. NJ n

Chmlydra  sarpentlna Roforonco uotlond. I(
Ho

t

Natl0~1 Srrrhoroa,  - -
FL.  M. WC

Cbrorra  ccrcttc NOtloNl Sooohoroo, --
FL. CA. HC

Sooohoros .  CA. SC - -

Cholydro l orpontlno 9b co&ulnstod both
rlvor.  IlO
laor  contulnotod both
up~troom l lto, HO
Non-wntomlnotod both
upmtrou l lto, HO

2.06. 8“ yolk8
6 .Oo olbualn

unkn. Concontrotlon In
unkn. l lbueln hlghor thon In

1.81 k1dn.y
9.72 Ilvor
1.21 ktdNy
5.11 llvor
1.13 kldnoy
2.00 l l vor
0.02 kldnoy
1.20 Ilvor
1.07 kldnoy
1.57 l l vor

24.S.26.0  l g( yolks 96

0.39-0.76 l SS yolkm 96

2.87. 068 yolk*
12 .O* l lhln

13.? corbpoco
5.6 blood
0.4 o~ropoc~
1.1 blood
0.5 corbpsco
0.1 blood

yolk.
Hlghor  concontrotlono
ropcrtmd ln llvor thon
In kldnoy tlmmuom.
Jox-rolotod dlfforonco
dotmctod  ln NJ
btockloh uotor
turtlom, vlth  rho
concontrsclon  dotoctod
In rho llvorr of ulom
l l~nlflcontly  hl6hor
thon thot In tho
Iowlom.

Rongs  of l mon
concontrotlono from 4
l ltom. 5ocond  hIShost
concontrotlon  of tho
Wtdr ono1yx.d
(tn.Fo,Sr).

Rsn~o 0C won
concontrotlono frox  4
rlto#* Hl~hoot  w o n
concontrorlon roportod
ln l gp from Csnovorml
Motlonol  Soomhoro. FL.

unkn. Concontrstlon  In Hlllomtmd  et l f.
unkn. x1buxln hlghor  thon In 19lC

yolk.

unkn. C. sorpontlno l ppsorod
unkn.  to bo l Sood lndlcstor
unkn. l poeloo for Pb. Sholl
unkn. ond blood sorvod  l m
unkn.  usoful non-lothol
unkn. tlsmuo-typo  momplom.

Kro) lcok ond
Ovorun  1916

Nlllmmtmd  l C 01.
1914

Alborm  st 01. 1966

Stonoburnor l t 01.
1960.

Stonoburnor l t o1.
19SO



Table A.3 (continued)

lasd (cont.) Cholydra  8orpatt1m Contulsutod  wotlmd  H 0.19 kidney
01, lu n.d.’ l l vor
Contulnotod  votland t n.d. kldnoy

torropwno  carolha

02. NJ

Rofsronco uot1snd.
tl0

uoodlMbd  arae MN
fb swtlor.  NO

Rofor*nco woodland.
W

n.d. Ilvor
n 0.10 kldnoy

0.12 llvor

n
P

0.01 kldmy
0.01 llvor
0.16 kldnoy
n.6. 11-m

S1.6 hrurrur
64.5 tour
21.6 llvor
24.3 klbuy
6.00 blood
0.15 rkln
0.20 hq

4.51 humus
5.55 frua
2.21 llvor
4.03 kldnay
0.22 blood
n.d. skin
n.d. lung
2.41 hwrum
J.21 tour
0.00 llvar
0.11 kldnby
n.d.-0.15 blood
a.d.-0.16 l kln
n.d.  lung

4
4
4
4
4
4
4

:
1

:
1
1

:
3
3
3
3
I

B a c k g r o u n d Albarr  at 41. 1966
concantratlonr  o f  H6
dotactad  In turtlu
from the contulnated
snd rofrronca  altos.
l o  eonslrtont
rolatlonshlp  botuwn
)I, concontr~tlonr  In
llvor and kldruy
tlrruo~.

6.0 ChoIydra Albarr or a!. 1966
rerpmtlna.  Albrrr  or
~1. 1966.

Hl&rt cone~ntratlons U*rorford  st ~1.
ln bono followed by

E
1911 0

kldnay and llvar.

Ib concontr4tlons  In
llvor, kldnoy rkln.
blood and bona  wro
l 16nlflcantly hl6h.r
ln l nlulr near the
rultor. Pb lWOl#
uaro rlmllar  In llwr
snd kldnay t1amu.r.

Ueruford  at al.
1961



, .

Table A.3 (continued)

lacatlon sor
Concontrotlon

(pg/g Yet wl&t) w Ob~m-vation Roforencm

unkn.

Chelydra  serpontlna  Contulnatad  wtlmd  fl
r1. 111
Contulnatod  uotland ?
l 2, lu

Chelydra  sorpontlna  Rofermco  uotlmd.
no

KlnortmnoJm
fhvorc8n8

Ileo Hold, 7X

0.14-0.4. l U yolkr 96

so.02  fat
0.12 Noclo
0.03 fat
0.21 muoclo
0.03 fat
0.1 mwclm

9
10

i

:

0.55 kldnay 6
1.28 liver 8
0.41 kldrwy 3
1.27 llvor 3
0.39 kldmoy 8
0.60 llvor 6

0.44 kldnoy
0.90 llvot
O.S6  klbnry
0.41 llwr

0.12 uholo  body

O.OI rho10 body’ 2
n.d. unlaid l UI 4

R4np of moan
concontrotlonr  from 4
l ltu. Hlgh~ot
concontratlonr
dotoctod  in l ‘6r from
Canaveral  Natlorul
Seashore,  fL

Hlghort concontratlons
of  H6  dotoetod  Ln the
muaclo  o f  the fau1.m.

Hlghort concantratlona
uere raportod  ln
llvar. Althou@  II&
YN datactad  l n
l adlrnta (0.4-2.40
PPI). Hc
concentratlonr  w*re
rolotlvoly  low In rho
turtlor  .

Ha  detactod  ln l nlula
from tha tafaronce
rttr.

l.ou  eoncontrotlonr  of
HC d&acted  ln both
rpoclor .

Hlahor  concontrarlonr
dotoetod  ln the adulta
than 0~1.

Stonoburnor at aI.
1980

Holvlg  and Hors
1963 .

Alborr  l c a1. 1916
E
t-@

Albora  l c l J. 1986

Pllcklngor  and
Klly 1972

Fllckln~~r  and
Kln&  1972



Table A.3 (continued)

Iotol spoc1.m lacatlon Sex
Concontrotlon

(rr/6 vat volSht) N OboorvatLon ,R~f*rwuo

ltolybdmum C*rotto  carotta

alckol

Stront lum

ZllU?

Cmotta  caratta

Cholydrc  l rpmtlna

Chalydra sorpmtlna

Cwotra  earott

Carotta earotta

Not lono l  Socchorom,  - -
FL. CA,  WC

Wotloncl Sooohcroo.  - -
FL CA.  WC (4 l ltor)

Contulnotod votlmd  N
01. NJ
Contulnctod  uotlcnd  t
r2. nJ

n

Roforonco wtlmd.  II
#ID

P

Wotloncl Soarhoroo. --
FL. CA. NC

Wctloncl  Soaohoroa. - -
FL GA. NC

1.09-6.23 l 6Sr yolkr  96

o-0.)9 l SS YOlkI 96

1.24 kldnoy
0.24 llvor
1.01 kldnoy
0.27 llvor
0.45 kldnoy
0.13 Ilvor

0.35 kldnoy
0.44 llvor
0.43 kldnoy
0.99 llvor

Rondo  of l wn
concontratlon~ from 4
l lt.0. Only l SSr fro*
Cape Lookout  Watlonal
Somhore. NC contalnod
concontrctlonr  groator
than 0.09 &/I.

6 lil6host  . ..I.
8 conconcratlon roportod
3 In kldnoy tlrouro  from
I turtlor  eolloccod from
8 the NJ bracklah vatat
8 l I$** (ai).

Sao abow. Albars  or
al. 1966.

23.9-25.) l &g yolka 96

25.6.2S.0  rug yo lk .  96

Ran60  of man
concontrctlona  from 4
rltoo. Hlghrrt  scan
conconcratlon  reported
ln l SS* from Cancvorcl
Natlonal Soashoro, FL.

Rm6e  of mean
concontr~tIonr  from 4
rltor. Third hl&rt
coneontrctlon  of tho
ootclc  cnolytod.
(Zn,Fo.Sr).

Ran6a  o f  a m
conc*ntratlonn  from 4
sltos. Of the heavy
motclr analyzed,
hl6hrrt  conc~nttatlocw
uora reported for
8lIIC.

Stoneburner  l r aI
1960

Stoneburner  et aI
1980

Alberm  et aI. 1966

Stonaburnmr  #C l f.
1980

,



Table A.3 (continued)

Notbl spec1.r Locstlon SbX
Conc*nctorlon

(pr/‘ uot  uoi6ht) N Ob**rv.clon R*for.nco

211~ (cont.) Corotta  cerotta Ssoohoror.  CA, S C  - - 2 . 0 6 ’  r&g  yolka
6 .O. l lbumln

unkn. Concontr.tlon  Ln tIll1.rt.d  .L . I
unkn. l lburln hl6hor th.n ln 1 9 1 4

yolk.

Ckolydra sorpontlna  Contulnatod  uo t l snd  H
ml. NJ

9.93 kldnoy
5 0 . 4  l l v o r

6 Hl6ho.t concontr.tlon. A1b.r.  or l J. 1966
6 rrmortod ln llvr+.w

-.
---

-Contuln.tod uotlmd I 9.79 kldnoy 3 t1.ru.. Hl6ho.t
#2. NJ 3 9 . 0  l l v o r 3 concontratlono  ln the

I( 10.5 kldnoy 6 llvorr of  u lo turtl.9
30.7 l l vor 6 from the NJ brockloh-

v.t*r *It* (o2).

Alberr  l t .I. I966ChoJydr.  .orponcln.  Rofor.nc.  uotlsn6.  I4
ND

8.10 kidney
2 1 . 1 llvor

7 5 . .  *bow. A1b.r.  et
7 m1. 1966...- -__ _~..

f 9.60 kldnoy 6
2 9 . 3  l l v o r 6

.G
W

%.16ht barIs  (dry or wet)  not roporcsd  by suthors.
‘Not  dametad.
*All  whole  body l .1ya.r 616 not lncludo tho shall.



Table A.4. Radionuclide concentrations in field-collected turtles

R.dlonuclld. sp0e1.0 L.ec.tlon sax
Coneontr*tlon

(‘L/g rat uol‘hr) 6 Ob**rv.tlon 6of*ronco

“‘CA Cholydra rorpntlnr Splkd pond, QI u&n. 2.61’  uholr body. 2

tmeh8my8  rcrlpta S.v.ruuh  Ilvor  Pl.nt both 2 . 1 1  vholm  body
l oop.go b.olnr, UC

3 6

Tr8chmys  rcrlpt8

trachamyw  8crlpt8

Roforoneo  ponds, SC both 0 . 0 0 1 4  uhol.  body

S.v.nnsh  Rlvor ?l.nt  both 9 . 0  uholo body
l orp~go  b.rlno,  SC

rrschomys  rcrlpt8 S.vannsh  Rlvor Wont unkn. 5 . 1 9  vholr  body
roopsgo b.sln,  SC

ymchomy.  8crlpta Contulnaod unkn. 0.71 4101. body
ro*onolr, SC

2 6

15

1

10

I.46  x 1O’Bq “‘CA
.ddod to rho pond.
Turtlso  vats
lmlgr.nrs.

urungs 196)

1nitl.l  total  body
butdon r.port.6  h.r..
So**on*l  v.rl.tlon  In
l llmln*tlon r.t.0  of
“‘CA, Avsrs6o  yrsrly
blolo610.1 h.lf.lIf.
Y . .  6 4  d a y . .

Scott 8~ a1. 1986

Turclor  cont*lnod 10-4
lov.lB of “‘CA.

S c o t t  8C 81. 1986

lnltl.1 tot.1 body
burden rrporcod  hsro.
213.6C3  doy. vs.
dotorm1n.d a .  th .  tlm.
to ranch an
l qulllbrlum ‘“CA
concrntr~tion.
6llrln.tlon  r.ts ~.a
7.2 x  lo-’ f 4 . 4  x
lo-’ kSq/d.y  .

Conc*ntr.tlon*  In
orSsno  .nd tl.surr
war. normslltsd  to
that In murclo.
Corlum  In mu*clo  w.0
tvlcs rh.r  ln other
.ofr t1..u*s. Actu.1
conc*ntr*tlon*  not
rsportod.

lam.  1 9 6 1

S o .  .bovo. Tovns  1 9 6 1 . Tovn. 1917

Y



Table A.4 (continued)

I.dlonuelldo loc.tlon
Cone*ntr.tlon

(‘g/g wet uolght) W ob..n.tlon Rsfor.nco

%o Chslydra  sorp8ntln8

“Sr

Ckslydm rorpontln4

Cholydr.  rorpontlns

Cholydra sorpontlna

chry.omy4  c8nelllll*
ponln*ul.rl*

Uncont.mln.tod
.lt..,  FL

unkn.

Ch~~SO~~S  COfWillIl8 Uncont.mlnstod  sltr. unkn.
.UWM~On8~8 FL

Uncontulnatod  slto. unkn.
fL

Dolrochofy8
rstlcul8rl4

Spiked  pond, OH unkn.

l.ako eontulnatad unkn .
ulth  “Co from l
no.rby dl.por.1  pit,
Ont.rlo,  CAM&

Ueconrulnstod
l t1.s. Ill

unkn .

Uncontulnatod
sit... n
Uncontsmlnstod
.lto.. CA

unkn .

unkn

Untontu1n.t.d  rlto,  unkn.
FL

Untontu1nrt.d  8lto. unkn.
AL

0.94.  uholo  body

34.1 uhol. body
140.4 c.r.p.co
4.1 uhol.  body
l inur  c.r.p*co

0.79* ah.11

0 . 3 ‘  ah.11

1.1. ah.11

0.96’ ah.11

0.04’ ah.11

1.7“  rho11

0.64’ S h e l l

4.71. ah.11

2

:
1

2

2

2

9

3

2

3

1

1.4‘ x 1O’Bq “Co addad
to thr pond. Turtles
vor*  1~1 grant*.
0 .37 Bq/l  In loks
wt*r, tnvorso
rslstlonrhlp  botvosn
conconrr.rlon  l n
orgsn1.m and trophle
Iov*l,

#Sr  dst.ctsd.

Hl6h.r concsntr.tlon
dstoctod ln C.
*crp*ntln*  from CA
altr..

Hlnu. ono lndlvldu.1
col1sct.d  from .noth.r
alto l o.n-0.36 Bq/6.

bv concont rat Ion
dotsctod.

Hl6hor  concontr.tlon
th.n oth.r  Chrysomys.

“St  detected.

Thls  turtle had the
rocond hlghort
concontrotlon of %r
among  . l l  turtlss
l uplod.

Brungs 1967

Ophsl  and Fr...r
1911

Holcomb  .t .I.
1971

Jackson .L .I.
1914

E
WI

Jsckaon et a!.
1 9 1 4

Jsck.on  .t .I.
1914

J.ck.on  WC .I.
1974

J.ck.on  .C .I.
I914

Holcodl 4t al.
1971



Table A.4 (continued)

I.dlonuclldo sp0e1.o lacbtlon 8.x
Coneontrbtlon

(BL/g u.t uol‘hc) N Obrotwtlon R*for*nc*

“Sr (cont.  ) Cophonaa  poIy~ou.

~fttO8tOmStI  bawl
p*lm.Nm

Ilno*t.mon
subtubrum

Ilno.tanon
subrubrum

Uncont.mlnat.6
.lt...  FL
Uncont*mln*tod
l it.., CA
UtiCOntmlMtOd
alto., AL

unkn.

unkn.

unkn.

Unconc*mlnstod
oltss.  FL

unkn.

Uncunt*mln.tod
.1t.s, It1

unkn.

Uncont*mln*tod
l lto.. n
Uncontu1mt.d
rlto~, CA

lmfm.

unkn.

JJsJ8cf8mys  torrspln  Uneooturln.tod  Otto. u&n.
uero8p1Jot~ n

PSUIdq8  florld8nr  Uncontuln*tod  AttO.  WIkII.
bYJ Nl

?08&tdays  f lorJd8tu I)IT::to;~mtod
pmJn.uJ8rJ8

unkn.

4.50‘ ah.11

6.66’ shall

3.57‘ ah.11

0.67‘ ah.11

1.31s l lwll

1.44’ ah*11

1.63’  ah.11

0.02’ Sh.11

1.76’ ah.11

0.03* ah.11

3 .%r dot.ct.d.

B

1

1

Sp.cl.s  vlth th.
hlgh.st  #Sr
conc*ntr*rlon.
Expl*nstlon based on
hbrblvorous dlot of
th. .p.cl...

No corrolstlon  b.tu..n
81~~  .nd #Sr
concmrrbtlon.

H16h.r eonc*ntrbtlons
d*tsctsd  In I.
subrubrum  than 1.
b8url

Lov conc*ncr*rlon
dstoctsd.

Concontrotlon  h1gh.r
th*n In subsp.clor
fr0m CL.

No corrblstlon  bocuwn
slro l nd #Sr
conc.ntr*rlon.

J*ck.on .t .l.
1974

Jackson .C .I.
1914

Holcomb at .I.
1911

J.ck.on  .t l 1.
1914

Jackson or .I.
1974

Holcomb  .t .I.
1911

Holeomb  .t aI.
1971



Table A.4 (continued)

Rodlonuol  Id* SpOClO~ Locat  Ion so1
Concontrotlon

(B& uot volght)  M Oboowotlon Roforonco

%r (cont. ) Stomothorun  minor Uncontomlnotod
mIllor rltor.  fL

Sremorhontr  l Jnor UnconCoaJnocod unkn.
l Jnor alLoB, fL

StomothaN8
odor~tu8

Uncontrmlnatod
l ltom, n
Uncontulnatod
dtom.  Nl

u&n.

unkn.

StwnoChoN8
odoratus

unkn .

Uncontulrutod
l ltoa, fL
Uncontulnatod
rltos, CA

unkn.

unkn.

Uneontulnatbd
l 1t.0, ill
Uneontulnated
l ☺too, TN
Uncontulwtod
BItor.  CA
Uncontulnatod
rltor, AR

unkn.

unkn.

unkn.

unkn.

Uncontulnatod
l ltom, n

unkn.

Sovonnoh Rlvor ?lonc both
roopago baaJaw, SC

0.02=  rho11 2 No corrvlotlon  botvcvn
slto l nd @%r
concmtrotton.

0.04* oh.11 5 law lovolr  dotacted.

0.0)’  l hell

1.0’ rho11

2

1

HIghor concontrotlon Holcorb or. 01.
Jn Nl~~l~oIppl  turtle. 1971

0.06’ rho11

1.21. l hell

B

14

HIghor eoncentroclons
roportod In the CA
populotlon.

1.0’ rho11

1.14’ ah.11

1.4V oh.11

0.73’ shall

Invoroo corrolotlon
botuoon 8Jro l nd %r
concontrotlon In Nl
ana TN populaclonr.

0.7.’ ah.11 2 “Sr dotoctod.

94.2 vholo body 36 Inttlol totol body
burdon roportod hero.
Soo~onol  vorlatlon  In
l llaJmtJon rotor of
%r. Avorogo yoorly
blolo&icol  holf-llfo
YOS IO doyr.

trrchoq8 8crJpta Ioforonco  pondr,  SC both 0.39 uholo body 26 turtloo  contolnod Lou
lovolr of “Sr.

Holcorb  l t a1.
I9?1

Jockson  .t l l.
1974

Jockson  at l l.
1974

NoJcomb  at l J.
1971

Jockoon l t l l.
1974

Scott l t 01. 1906

Scott at 01. 1906



Table A.4 (continued)

Rodlowclldo Spaalae bcrtlon lu
Concontmtlon

(B1/1 mt uol2ht) N Obrow~tlon Ioforonco

"St ( c o n t .  1 trachomyr  #crJpta Savannah Rlvor ?lont  unkn.
l oopqo brrlna,  SC

mehays rcrlpta Contulrutod
toMrvoIr.  S C

. trachaqr  rcrlpta Uncontullutod
rltom.  M

“Sr ChoJydra  l orpontlcu Splkod pond, OJI

“tn ChoJydra  rorpontlnr  Splkod pond, OH

unka.

unkn .

130.7 who10  body 7

1.37 who10 body 10 Soo above,  towns 1987 Towns 198;

0.19. rho11 29
10.4’ rho11 1

No corrolotion  botwoon
rlto and %r
concontrotLon. nolo
contolnod tho hl6hoBt
concontrotlon dotoctod
amon& tho turtlom
auplod.

Holcomb at 01.
1971

9.44.  uholo body

1.97’  uholo body

991 of tho uholo body
concontrotlon wml
l ttrlbutod to *hall
and bono.

1.4) x 10’ Bq %r
ad&d to rho pond.
lurclvr war0
lrl6rontr.

1.40 a 10’ Sq  “2n
oddod to tho pond.
Turclra voro
Lrl~ronta.

townr 1987

Brunp 1961

hunam 196 1

Wadlocuclldo eoncontretlon bmrod on dry uol&ht.
%holo  body lmludor the *hall.
l Radlonuclldo concontratlon bored  on l ahod rho11 uolfit.
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APPENDIX B

CONCENTBATIONS OF CONTAMINANTS

IN BEARDEN CREEK EMBAYMENT SEDIMENT
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c

Table B-1. Concentrations of cesium-137 and strontium-90 in Bearden
Creek embayment sediment

3.59 0.5 + 2.2

3.11 <4

4.1s 4.0 + 8.8

n.d.' c6

n.d. 5.5 4 4.4

4.7 0.2 f 2.4

Wondetectable at < 1.85 Bq/kg.
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Table B.2. Mercury (inorganic and organic) concentrations in
Bearden Creek embayment sediment

Samle Date Samle Number Ho&/e. dry wt)

10/7/87 1 0.04

2 0.038

3 0.037

l/31/89 1 0.08

2 0.04

3 1.13

4 0.26

S 0.03

6 0.07
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APPENDIX C

GASTROINTESTINAL TRACT CONTENTS OF TRACHEMYS SCRIPTA AND

CHELYDRA SERPENTINA FROM THE OAK RIDGE RESERVATION

.





Table C.l. Gastrointestinal tract contents of Trachemvs scriDta
from White Oak Lake

Capture Mud and
date Sex V*’ Vegetation Fish Insects Detritus rocks

7127187
7127187
712 7187
a/11/87
a/12/87
a/17/87
a/27/87
913187
913187
9/3/a7b
9/10/87
9/16/87

n

F

F

n
F
F

n
H
H
n

F
F

73 90.0
100 92.0
7.s 95.0
38 95.0

120 94.s
90 94,s
40 84.5
15 97.0
30 93.0

w-m 0.0

5S 95.0
10 100.0

0.0
<o.s
0.0

CO.5
0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0

2.5
0.0
0.0

0.0
co.5
0.0

CO.5
co.5
1.0
0.0

0.0
0.0

7.5
7.5
5.0
4.s
5 . 0

5.0
15.0

2.5
5.0
0.0
5.0
0.0

0.0
0.0
0.0

0.0
0.0
0.5
0.0

0.0
0.0
0.0

0.0
0.0

.Total volume of GI tract contents in milliliters.
bEmpty GI tract not included in calculation.



Table C.2. Gastrointestinal tract contents of male Trachemvs scriDta
from Bearden Creek embayment

Capture Mud and
date Sex VT. Vegetation Fish Insects Detritus rocks Crayfish

a/31/87 H 30 97.5 0.0 0.5 2.0 0.0 0.0
9/l/87 n 92 24.0 0.0 75.0 1.0 0.0 0.0
9/l/87 F 190 100.0 0.0 0.0 0.0 0.0 0.0
9/l/87 F 103 97.0 0.0 0.s 2.0 0.0 co.5
9/i4/87 H 68 98.0 0.0 1.0 1.0 0.0 0.0
9114187 n 60 98.0 0.0 0.0 2.0 0.0 q.0
9114187 n 204 79.s 0.0 20.0 x0.5 0.0 0.0
9/u/87 n a5 99.0 0.0 0.0 a.5 x0.5 0.0
9/n/87 F 160 87.5 2.9 0.0 10.0 0.0 0.0
g/16/87 F 120 as.5 14.0 0.0 0.5 0.0 0.0
9/17/87 F LOS 94.s 0.0 5.0 0.5 0.0 0.0
9/lala7 F 110 77.0 20.0 0,s 2,s 0 . 0 0 . 0

'Total volume  of 61 tract contents in milliliters.
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Table d.3. Gastrointestinal tract contents of male Chelvdra sementinai -. -- " . ..+.b,. * ". .-T.e.~*-x<,_y , __,,
from White Oak Lake

Capture
date VT'

91 tract CoateDts (* vol-e)
Mud and

Fish Vegetation rocks

4/2o/aa

4129188

4/29/aa

s/l/88

S/4/88

S/6/88

vvaa

S/7/88
s/a/88

5/9/8a

S/14/88

S/14/88

100

120

63

120

10s

c 68

65

4s

113

30

88

90

80
60

so

1s

so

100

60

S

10

100

40

so

20

40

so

as

so
0

40

9s

as

0

60

so

0

0

0

0

0

0

0

0

S

0

0

0

votal volume of Cf tract contents in
milliliters.
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Table C.4. Gastrointestinal tract contents of Chelvdra serpentina from
Bearden Creek embayment

GI tract contents t% volume)
Capture Hud and c
date Sex VT' Vegetation Fish Insects rocks Clams

4/29/aa F 65 0 100 0

s/l/a8 F 80 10 89.9 0.1

s/9/88 F 70 7 93 0

s/lo/a8 n 3s 0 98 0

S/27/88 H 70. 0 96 0

s/30/88 t n as S 80 0

617188 H 60 0 100 0

7/7/88 l4 70 90 10 0

7112188 H 60 1 99 0

0

0

0

2

2

1s

0

0

0

0

0

0

0

2

0

0

0

0

CTotal volume of CI tract contents in nilliters.
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APPENDIXD

CESIUM-137 AND COBALT-60 IN TRACHEMYS SCRIPTA AND

CHELYDRA SERPENTINA FROM WHITE OAR LAKE
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Table D.l. Cesium-137 in muscle tissue of M scriDta
from White Oak Lake

Whole body
Capture wet wt 13'cs
date w Sex (IQ/g, wet W

,‘ . . .., ., .'
7/27/87 989 n 33.0

7/27/87 1,865 F 16.6 x 1o-2

7127187 619 F 38.4 x loe2

8/11/8-r 932 n 5.02 x 102

8/12/87 1,820 F 12.4 x 1O-2

8/17/87 tl 1,687 F 30.0 x 10-2

g/27/87 419 H 41.15 x lo-2

g/3/87 369 H 36.7 x 1O-2

g/3/87 351 H 55.2 x 1o'2

9/3/87 a34 n 32.4 x 10"

9/10/87 2,750 F 38.5 x los2

g/16/87 1,487 F 27.7 x 1O'2
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Table D.2. Cesium-137 and cobalt-60 in liver tissue of
Trachemvs scriDta from White Oak Lake

Capture
date

Whole body
wet wt
(6) Sex "'Cs (Bq/g)' @'Co (W/g)'

7/27/87 989

7127187 1,865

7/27/87 619

8/11/87 932

a/12/07 1,820

g/17/87 1,687

a/27/87 419

g/3/87 369

g/3/87 351

9/3/87 834

9/10/87 2,750

9116187 1,487

n

F

F

n

F

F
n

n

ri

n

F

F

3.10

a.41 x lo-2

11.9 x 10'2

66.1

S.96 x 1O-2

4.63 x 1O-2

12.9 x 10'2

9.41 x 10'2

13.1 x 10'2

5.56 x 1O-2

7.93 x 1o-2

6.11 x 1O-2

19.1 x 10'2

8.75 x 1O-2

4.9 x 10'2

17.2 x lO-2

1.21 x 10'2

2.82 x lO-2

1.65 x 1O-2

1.39 x lo-2

2.9 x 1o-2

3.64. x 10-2

3.86 x 1O-2

4.98 x 1O-2

*Based on wet weight.
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Table D.3. Cesium-137 in muscle $issue,qf male Chelvdra serpentinas, _I. /i, .-^-i.*_ ,a-".
from White Oak Lake

Capture
date

Uhole b o d y
wet wt rs7cs
(kg) (W/g, wet wt)

4120188 6.80 23.6 x 1O-2

4129188 13.6 24.S x 1O-2

4129188 11.1 29.3 x 10'2

S/1/88 9.07 1.37

S/4/88 li.0 28.3 x 1O-2

S/6/88 11.3 38.9 x 1O-2

S/7/88 9.07 32.1 x lO-2

S/7/88 3.86 20.3 x lO-2

S/8/88 11.8 41.7 x 1o-2

S/9/88 0.0s 37.0 x 10'2

S/14/88 8.16 33.7 x 10-f

S/14/88 7.26 28.2 x loo2
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Table D.4. Cesium-137 and cobalt-60 in liver tissue of male
Chelvdra sementina from White Oak Lake

Capture
date

Whole body
wet wt
(kg) "'Cs (Bq/g). "Co (Wg)'

4120188

4129188

4/29/88

S/l/88

S/4/88

s/6/88

S/7/88

sma
s/a/88

S/9/88

S/14/88

S/14/88

6.80

13.6

11.1

9.07

15.0

11.3

9.07

3.86

11.8

8.85

8.16

7.26

19.3 x 10'2 1.74 x 10'2

7.93 x 10'2 7.41 x 10-2

17.6 x loo2 3.89 x 10-2

so.3 x 10'2 11.2 x 10'2

15.6 x loo2 5.67 x loo2

15.2 x loo2 4.26 x 1O-2

17.3 x 10'2 S.67 x 1O'2

7.63 x 1O-2 7.59 x 10'2

Ml x 10'2 s.33 x 10'2

14.5 x 1o-2 2.1 x 10-2

11.4 x 10'2 S.42 x 1O-2

13 x 10'2 1.81 x 1O-2

%ased on wet weight. .
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APPENDIXE

STRONTIUM-90 IN TRACHEMYS SCRIPTA AND CHELYDRA SERPENTINA

FROM THEi OAR RIDGE RESERVATION
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Table E.l. Strontium-90 in bone and carapace of Trachemvs scripta
from White Oak Lake

Capture
date Sex

Whole body
wet wt
w

‘goSr(B ,e. wet wt)
Bone Carapace

7/27/87 M 989 144 142

7/27/87 F 1,865 29.6 42.4

7/27/87 F 619 10.5 12.5

a/11/87 H 932 4,8jO 4,070

g/12/87 F 1,820 2.31 1.6s

8/17/87 F 1,687 14.8 21.4

.g/27/87 n 419 14.s 20.0

9/3/87 n 369 12.6 14.7

9/3/87 H 351 11.4 14.3

g/3/87 n 834 12.5 17.5

g/10/87 F 2,750 16.5 la.5

9/16/87 F 1,487 16.1 17.4
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Table E.2. Strontium-90 in bone and carapace of Trachemvs scriDta
from Bearden Creek embayment

Capture
date Sex

Whole body
wet wt
w

6osr (BsL/p. wet wt)
Bone Carapace

8131187 H 43s

9/l/87 n 412

9/l/87 F 2,865

9/l/87 F a34

g/14/87 M 1,079

g/14/87 n 477

g/14/87 M 1,162

g/15/87 H 746

g/15/87 F 1,312

g/16/87 F 1,350

9/l7/87 F 1,101

9/18/87 F 642

12.0 x 10'2

m

28.0 x loo2

ND

1.04

4.7 x loo2

ND

ND

7.0 x 10'2

ND

5.8 x 1O-2

ND

11.4 x 10'2

ND

ND

ND

1.18

16.0 x 1O'2

ND

ND

ND

ND

ND

4.7 x 10-2

'Not detected at < 3.7 x loo2 Bq/g.
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Table E.3. Strontium-90 in bone and carapace of male Chelvdra
SerDentina from White Oak L&e

Capture
date

Whole body
wet wt
(kg)

"Sr (Ba/e. wet wt)
Bone Carapace

1

4/20/87 6.80 1.70

4/29/87 13.6 41.4

4/29/87 11.1 17.7

S/1/87 9.07 47.2

S/4/87 15.0 10.6

S/6/87 11:s 8.97

S/7/87 9.07 10.4

S/7/87 3.86 13.6

S/8/87 11.8 12.2

S/9/87 8.85 12.2

S/14/87 8.16 11.8

1.32

30.5

22.5

46.0

9.82

12.5

9.73

15.2

13.4

14.5

- 12.8

S/14/87 7.26 9.9s 10.8
c
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Table E.4. Strontium-90 in bone and carapace of Chelvdra serpentina
from Bearden Creek embayment

Capture
date Sex

Whole body
wet wt
(kg)

90sr (Ba,e. wet wt.)
Bone Carapace

4/29/88 F
5/l/88 F

S/9/8 8 F

S/10/88 H

S/27/88 n

S/30/88 M

6/7/88 n

7/7/88 H

7/12/88 n

4.99 ND'

4.54 ND

4.31 17.5 x lo-*

11.6 ND

9.07 ND

10.4 ND

4.99 ND

7.94 15.0 x 10-2

6.80 4.77 x lo-*

ND

ND

8.25 x lo-*

ND

ND

ND

ND

15.0 x lo-*

17.7 x lo-*

'Not detected at C 3.7~10" Bq/g.
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APPENDIXF

MERCURY IN TRACHEMYS SCRIPTA AND CHELYDRA SERPENTINA

FROM THE OAR RIDGE RESERVATION
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Table F.l. Mercury (inorganic and organic) concentrations in tissues
of Trachemvs scrinta from White Oak Lake

Whole body
Capture wet wt Hg
date w Tissue (rg/g. wet wt)

7/27/87 989 Kidney 4.00
Muscle 0.48

7/27/87 1865 Kidney
Muscle

0.15
0.14

7/27/87 6 19 Kidney 0.14
. Muscle 0.04

a/11/87 932 Kidney 1.81
Muscle 0.25

a/12/87 1820 Kidney 0.18
Muscle 0.05

a/17/87 1687 Kidney 0.17
* Muscle 0.03

a/27/87 419 Kidney 0.15
* Muscle 0.04

9/3/8 7 369 Kidney 0.24
Muscle 0.07

g/3/87 351 Kidney 0.27
Muscle 0.05

g/3/87 834 Kidney 0.19
Muscle 0.02

g/10/87 2750 Kidney 0.18
Husc le 0.04

g/16/87 . 1487 Kidney 0.23
Muscle 0.04
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Table F.2. Mercury (inorganic and organic) concentrations in tissues
of Trachemvs scriDta from Bearden Creek embayment

Capture
date

Whole body
wet wt

Cl%) Tissue
Hg

(4%/g # wet wt)

a/31/87 435

9/l/87 412

9/l/87 2865

9/l/87 834

g/14/87 1079

g/14/87 477

g/14/87 1162

g/15/87 746

g/15/87 1312

g/16/87 1350

g/17/87 1101

. g/18/88 - 642

Kidney 0.16
Muscle 0.02

Kidney
Muscle

Kidney 0.36
Muscle 0.10

Kidney
!4uscle

Kidney 0.40
Muscle 0.06

Kidney
Hustle

Kidney
Muscle

Kidney
Hustle

Kidney 0.08
Muscle 0.02

Kidney
Muscle

Kidney
!iuscle

Kidney
Ihscle

0.11
0.04

0.04
0.01

0.05
0.01

0.15
0.02

0.05
0.02

0.04
0.01

0.03
0.01

0.01
o.oq2
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Table F.3. Mercury (inorganic and organic) concentrations in tissues
of male Chelvdra serDentina from White Oak Lake

Capture
date

Whole body
wet wt
(kg) Tissue

b
(rg/g. wet wt)

4/20/88 6.80 Kidney 0.32
Muscle 0.11

4/29/88 13.6 Kidney 1.28
Muscle 0.15

b/29/88 Il.1 Kidney 4.38
. Muscle 0.10

5/l/88 9.07 Kidney
Muscle

1.11
0.10

S/4/88 15.0 Kidney 0.57
Muscle 0.18

1 S/6/88 11.3 Kidney 1.35
Hustle 0 . 3 2

* S/7/88 9.07 Kidney 2.06
Muscle 0.24

S/7/88 3.86 Kidney 0.56
: Muscle 0.11

S/8/88 11.8 Kidney 2.24
tiuscle 0.27

S/9/88 8.85 Kidney 0.25
Muscle 0 . 1 5

S/14/88 8.16 Kidney 0.97
tiuscle 0.12

S/14/88 . 7.26 Kidney 0.51
Hustle 0.17
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Table F.4. Mercury (inorganic and organic) concentrations in tissues
of Chelvdra serpentina from Bearden Creek embayment

Capture
date Sex

Whole body
wet wt
(kg) Tissue

Hg
C&g, wet wt)

4/29/88

5/l/88

S/9/8 8

S/10/88

S/27/88

S/30/88

6/7/88

7/7/88

7/12/88

F

F

F

M

H

M

M

n

M

4.99

4.54

4.31

11.6

9.07

10.4

4.99

7.94

6.80

Kidney 0.16
Muscle 0.07

Kidney 0.19
Muscle 0.06

Kidney 0.28
Muscle 0.06

Kidney 0.24 *
Muscle 0.10

Kidney 0.24
Muscle 0.07

Kidney 1.07
Muscle 0.20

Kidney 0.24
Muscle 0.12

Kidney 0.33
Muscle 0.12

Kidney 0.33
Muscle 0.08
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APPENDIX G

FRACTION OF DOUBLE-STRANDED DNA IN LIVERS OF

TRACHEMYS SCRIPTA AND CHELYDRA SERPENTINA.  .I
FROM THE OAR RIDGE RESERVATION
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Table G.l. Fraction of double-stranded DNA in liver samples from
Trachemvs scriDta collected from Bearden Creek embayment

Capture DNA assav'
date auw ss ds ss/ds DNAb F ds DNA'

8/31/87 668 153 558 0.274 1.0
9/l/87 621 167 583 0.286 1.0
9/l/87 349 71.2 360 0.198 0.96
9/l/87 616 161 623 0.259 0.99

g/14/87 582 165 611 0.271' 0.94
g/14/87 544 176 580 0.304 0.91

g/14/87 620 176 676 0.261 0.89
g/15/87 551 243 637 0.381 0.78
g/15/87 257 93.5 294 0.319 0.82

g/16/87

g/17/8 7

31gd
362

476'
359

171d 514d
143 381 0.354.

24Sd 601d
139 372 0.391.

0.68'

g/18/87 228 100 265 0.379 0.77

_. . ..- ..1 _ _,  -w,_ . . ,̂ _ .I. . ‘_”  .IIII

'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.

‘auw DNA - ss DNA/ds DNA - ss DNA - fraction double-stranded DNA.

dEntire assay repeated twice. (Different ,DNA concen.trations
result in different fluorescence readings.)

‘Mean values from repeated assays
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Table 6.2. Fraction of double-stranded DNA in liver samples from
Trachemvs  gcriota from White Oak hake

Capture DNA assay' Corrected
date auw ss ds ss/ds  DNAb F ds DNA' F ds DNAd

7/27/87 296 130 496 0.263 0.46 0.56

‘!?7,/R7 615 211 687 0.307 0.85 0.85

r/27/07 346 212 621 0.342 0.33 0.28

&I/11/87 228 100 303 0.330 0.63 0.56

E/12/87 682 343 785 0.436 0.77 0.45
a/17/87 384 181 410 0.470 1.0 0.56

607' 324. 601.
a/27/87 298 123 338 0.435' 1.0' 0.56

466 183 458

g/3/07

9/3/87

g/3/27

394. 195e 417.
357 199 368 0.505r

341. 159. 377.
404 206 514 0.417

402. 197. 454.
231 106 245 0.434f

0.9lf

0.76f 0.47

0.85f 0.48

0.40

9/10/87' 365 191 392 0.486 0.86 0.40
9/16/87 275 158 357 0.443 il.59 0.33

'Psrsmetcrs determined from the alkslina unvindlng  assay. suv - alkaline unwound DNA
subasssy. 88 - single-stranded DNA subassay, ds - double-stranded DNA subassay. Vslues
reported are mans.

bSinglc’-stranded  DNA/double-stranded DNA.

‘auv DNA -. ss DNA/ds  DNA - ss DNA - fraction double-stranded DNA.

%orrected  friction ds DNA based on the mean ss/ds DNA value from
rrachemys  scrlpca collected from Bearden Creek eabaFnt.

�Entire l sssy repeated two or three tins. (Dlfferent DNA
concentrations rsrulted  in different fluorescence readings.)

‘Hean values from repeated assays.
.
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Table G.3. Fraciion  of double-stranded DNA in liver sOIDpi8s  from
tilvdra m from Bear&n Creew  embayment

Capture DNA assay'
date auv SS ds ss/ds  DNAb F ds DNA'

4/29/88 669 302 721 0.419 0.89

S/l/88 358 109 421 0.259 0.80

S/9/88 395 82.3 443 0.186 0.87

S/10/88 431 112 464 0.240 0.91

S/27/88 369 104 412 0.253 0.86

S/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

_ __
*Parameters determined from the alkaline unwinding assay.‘

auw - alkaline unvound DNA subassay, $5.9 sitigle--stranded
DNA subassay, ds - double-stranded DNA subassay. Values
reported are means.

bSingle-stranded  DNA/double-stranded DNA.
'auw DNA - ss DNA/ds  DNA - ss DNA - fraction double-stranded DNA.



Table G.4. Fraction of double-stranded DNA in liver samples from
Chelvdra serDentina from White Oak Lake

Capture DNA assay l Corrected
date auw 53 ds ss/ds DNAb F ds DNAc F ds DNAd

4/20/88 383 143 426 0.336 0.85 0.65

4/29/88 423

b/29/88 413

5/l/88 414

5/4/88 352

S/6/88 394

5/J/88 440

5/l/88 379

5/8/88 528

5/9/88 592

5/14/88 429

5/14/88 395

201 455 0.441 0.87 0.43

148 456 0.324 0.86 0.70

184 414 0.388 0.80 0.49

117 387 0.303 0.87 0.78

160 427 0.376 0.88 0.57

158 463 0.341 0.93 0.70

133 419 0.317 0.86 0.73

248 560 0.443 0.90 0.44

228 650 0.351 0.86 0.62

170 460 0.370 0.89 0.60

156 430 0.363 0.87 0.60

--

.Paraaeters  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.

bSlngle-stranded  DNA/double-stranded DNA.

‘auw 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  serpentfna  collected from Bearden Creek embayment.
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