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INTRODUCTION
Initially plutonium appears not to be a significant environmental hdzard
due to its low solubility and its few penetrating radiations. Existing know-
ledge of plutonium cycling in terrestrial ecosystems makes it difficult to
answer questions pertaining to the hazards of long-term buildup, availabilitf,.
transéort mecha;isms, and inhalation>(Wh74).
Numerable studies have been reéorted in the past 15 years that have

examined the physiological and toxicological properties of 239py, (Je72; Fob62;

Co62; Babl; La59). Although radioecological studies investigating the biological

availability of plutonium contamination to indigenous species of plantsAand
animals have also been reported (Wh75; Ha72; Ro70; Pa68; Pé64; 0163), insuffi-

cient data are available to predict the fate and effects of this element in

highly mobile carnivores in a terrestrial environment. , MASFER
. ' o ! |

1Present address: Savannah River Ecology Laboratorf, Drawer E, Aiken, SC 29801.
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-For abproximately four years studies have been underway at the Energy
Research and Development Administration's (ERDA) Rocky Flats plantij détermiﬁel'
con£émination patterns and concentrations of plutonium in the biota (Wh75; |
Wh74) . Coﬁtamination of the Rocky Flat§ environs has resulted from at least
three incidents, a September 1957 fife (Ex71), a May 1969 fire (MafO),and
leaking barrels containing plutoﬂium—laden cuttihg oill. The latter incident

was cbnsidercd by far the méjor sourée of the plutonium contaminaéion (Kr?O).

This study was conducted to. determine whether snake tissues of the area contained

‘detéctable amounts of 239Pu and, if so, at what concentrations.. .

.MATERIALS AND METHODS

The Rocky Flats installation, located approximately 12 km (7.5 mi) northwest
of Denver, Colorado, consists of habitat describéd as disturbed grassland. The
study area covered approximately 21 ha and is immediately downwina from -the area
previously used for storage‘of barrels holding plutonium-laden cutting oil.
This particular area was selected for several reasons: reésonably high‘sdil
plutonium concentrationé, (> 2000 mCi/kmz), a relatively undistﬁrbed vegetative
community, continuing work onAsmall mammal populationg, the presence qf-several'

snake species, and the accessibility of area (Wh75) .

Eastern yellow-bellied racers (Coluber constrictor flaviventris, n=3),

bullsnakes (Pituophis melanoleucus sayi, n=2), and prairie rattlesnakes

239

(Crotalus viridis viridis, n=3) were collected for Pu biocassay of three

tissues. Snakes were captured using drift fences terminating in funnel trabs
and by opportunistic sampling. Lung (including trachea), liver, and.bbne
(vertebrae) samples were taken from each of the nine spécimen§ collected af
Rocky Flats.

Lungs were selected as a tissue of interest.gécause of theif propeﬁsity

to become contaminated through inhalation of resuspended soil particles



containing Pu. Previou; work has suggested inhalation to be the principal
potential route of entry of Pu into the body (La59). The snake's respiratory
apparatus is comprised of a number of parts, the most important of which may

be the glottis. This tube'projects from the snake's mouth while prey is

ingested, enabling the snake to breath and eat simultaneously. White the snake
is feeding, the glottis is in close proximity to the food (e.g., adjadcent to
pelage of small mammals) increasing the possibility of the snake ihhaling

239Pu particles.
Expérimental data’sugéest that for PuO, particles probably about oné
percent of the originally inhaled amount is absorbed through thé lung and into
- the bloodstream with deposition primarily in bone and liver (Ca47;'Ba58; La59;'
Bé6l;'Je72). Bone is usually éonsidered thé critical oréan.sinée it accumulates
the majority of Pu and retains it‘essentially throughout an individual's life-
time (La59; Pe64; Je72). 'In fact, slower entry of Pu into the blbodstream .
(e.g., via absorption from the gastrointestinal tract and lﬁngs) may give‘
greéter depbsition in bone and less in liver (Cad7).
Pu assay was performed by LFE Environmental Analysis Labératories wﬁose

procedure consisted of ashing, total dissolution, electrodeposition, and alpha B

spectrometry (We75; We7l). Minimum detectable activity was 0.04 dpm/sample.

RESULTS
Concentrations (dpm/g) in tissues from the nine snakes collected at
Rocky Flafs are presented in Table 1. In 20 of 27 tissues sampled the activity
was < 0.1 dpm/g, and in no case did the concentration of any fissue analyzed
exceed 1.0 dpm/g. .No significant correlations were found between the distance
the snake was caught from the presumed source of Pu contamination and the

concentrations in the liver (r < 0.1, df = 7) or bone (r < 0.01, d4f = 7).
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There was no detectable activity in eight of nine lung samples. Activities.
iﬁ the liver samples rangea from 0.0i to 0.44 dpm/g, while skeletal sample
activities ranged from nondetectable (calculated. as minimum detectable acﬁivity)
to 0.56 dpm/g. Liver samples from each of two bullsﬁakes caught approximately
96 km (60 mi) north of the Rocky Flats site sho&ed no detectable amounts of
239y, Although racers appearéd to exhibit greate? liver and bone concentrations-
than did either the bullsnakes or the rattlesnakes, a Krugka]:ﬂiallis
test showed no statistically significant difference between species with.respectA
to either liver burdens (T = 3.28; n = 2,3,4; o = 0.102) or bone coﬁcentrations
(T = 1.40; n = 2,3,4; a = 0.102) (Con7l). This particular nonparametric test _
was performed because of the non-normal distribution suggested by the snake
tissue concentrations. |

" Coefficients of variation (C.v.) of 156 percent and 176 percent (i.e.,
1.56 and 1.76) were calculated for liver and bone tissues, respectively.' Thié
:represents some of the lowest variability within biotic components of this

study area at Rocky Flats (Wh74).

DISCUSSIbN

Snakes captured in the Rocky Flats area show detectable concentrations
of 239Pu, primarily in the liver and bone tissues. No detectablelactivity was
observéd in the majority of the lung samples. Lungs haQe been considerea
important in assegsing the biological hazards of 239Pu in the environment
because of the chance of particle retention and absérption following inhalation
(Ro72). The fate of inhaled Puozb(probably the prédominant chemical form ofA
environmental plutonium) may be affected by any 6f several variables, the most
important of which<Seen:Ato be particle size; A reduction in particle sizg

has been shown to result in a corresponding reduction. in deposition. It is

generally accepted that larger Pu particles, when deposited, are probably




cleared from the lungs and resgiratdry tracﬁ'more readily tﬁén smaller particles’
(Bab62) . Therefore, the fact that eight of the nine‘lung samples‘
showed no detectable amounts of 2399u may be explained either by the reduced
‘deposition of Pu particles in the lungs (corresponding to a smaller pafticie
size) or by fhe clearance of larger Pu particles that have beeﬁ depbsited.. A
third conceivable explanation of the non—detectable‘lung burdens may be thé small‘
mass of each lung sémple. Present analytical procedures generally>§uggest
compositing samples, especially those of low mass, to reduce the possibility
of drawing erroneous conclusions  (We7l; We75). However, financial constraints
restricted the sample siée and, therefore) samples were ﬁreated individuallyA
rather than as a compositejin this study. |

‘Regardless of' the concentrations, 17 of the 18 liver and bone samples
showed detectable amocunts of 239Pu. There are several ways that c§ntamination

of internal tissues. can result. Absorption'of 239

Pu through the gut wall into
the bloodstream is one possibility, however it is generallyAbelieved‘that this

is not a major route of internal contamination. Gradual translocation of

239PuO2 has been observed from the lungs to other tissues, principally skeleton,

muscle, liver, and spleen. Maximum translocation appears to be'pérticle size
dependent, increasing as smaller diameter particles are inhaled and depositea_
(Ba6l; Ba62). The lack of any significant-correlation between distahce from
the pfesumed source of contamination and 23%u concentrations in the li&er or
"bone may be partly due to the transiency of certain Species of sﬁakes. Low
tissue concentrations may also be explained by the extensive movement patterns
of some snakes (St47; Bar69; Hi69; Fi7l). . Small mammals which are important
prey. species of snakes, occupy smaller home ranges and exhibit higher tissue
concentrations than snakes captured on the same siFe (T. Winsor, pers; comm.).'

Conversely, snakes, a very mobile predatory group with broader home ranges,
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show some of the lowest 239_Pu Eissue concentrations of any Rocky Flats'biota
analyzed. Assuming that snakes do not feed exclusively in the more highly
contaminated area of Rocky Flats, we would expect to see lower tissué concen-
trationsi This phenomenon of decreasing tissue concenfrntions with increasing ‘
trophic position (i.e., biodiminution) may simply result fiom greater movement
of animals oncupying ﬁpper trophic ievels.

Due to the'high degree of-variability‘in-the data{ interpretation of the
tissue concentrations is comnlicated. Despite the fact that the coefficients
of variation (C.V.) of snake_tissues are reiatively small when éompared to
those of other biological components of the same area, C.V.'s of 156 pexcent and
176.percent show considé;able variabiiity within each tissue and shnuid not be
regardéd as insignificant. |

From this preliminary data it appears that snakes are not an important

23%u. . Insufficient'data'ekists to draw

organism in the redistribution of
valid conclusions concerning the mechanisms involved in the uptake of 239py

by snakes. Further emphasis must be given to uptake and transport of transuranic

~nuclides from contaminated areas by vagile species to determine whether transient

organisms constitute a major hazard in the redistribution of radionuclides in

man's -environment.
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Table 1. Mean 239

collected at Rocky Flats.

3

Pu activities (+ standard deviation) in tissues of nine snakes

Tissue (dpm/g) Mean (all.
Species Lung Liver ‘Bone "~ tissues)
Eastern yellow- : < 0.07 0.12 + 0.03 0.01 + 0.01 < 0.07"
bellied racer . -
(Coluber constrictor =~ = < 0.11 0.25 + 0.05 0.34 + 0.05 < 0.23
flaviventris) ' .
< 0.15 0.44 + 0.08 0.56 + 0.07 < 0.38
mean : . < 0.11 0.27 0.30 < 0.23
Bullsnake (Pituophis < 0.02 0.03 + 0.02 0.05 + 0.01 - < 0.03 °
melanoleucus sayi) »
< 0.03 0.03 + 0.02 0.06 + 0.01 < 0.04
mean ‘ < 0.02 0.03 0.05 < 0.03
Prairie rattlesnake 0.19 + 0.09.-  0.31 + 0.03 0.05 + 0.02 .  0.18
(Crotalus viridis : S i :
© viridis) : < 0.05 0.01 + 0.00 0.04 + 0.02 < 0.03
< 0.02 0.02 + 0.01 <0.01 < 0.02
< 0.07 0.03 + 0.02 0.03 + 0.02 < 0.04
mean : < 0.08 0.09 < 0.04 < 0.07
Tissue means (all samples) < 0.07 0.13 < 0.13 < 0.11




