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Abstract
Measurenent of gamna radiatioD using thermoluminescent dosi'neters on three uraniun nill tailings areas and a control area

showed exposure rate-. below ground ,Jepended on the amoun! and type of soil covering. Corering tailings wilh 30 cn of shale

and 60  cm o f  topso i l  reduced ganna rad ia t ion  exposure  be lo rground to  ra tes  s imi la r  to  rhe  cont ro l  a rea .  So i l  cover ing  o f

30  cn  was adequate  to  feduce ganrma rad ia t ion  exposure  ra tes  aboveground lo  background leve ls .  Camna exposure  ra tes  to

smal l  manmals  re re  cor rc la ted  to  n reasurements  be lo {ground near  lhe  sur face .  Camma.ad ia t io r  exposure  to  s lna l l  mamnals

inhab i t ing  uran ;um mi l l  ta i l ings  erceeded s tandards  reconmended fo r  the  ge  c ra l  pub l i c .

The rvaste materials from uranium mill ing
processes (tail ings) contain low amounts of
radioactive materials in the U-238 decay series.
To assess the health risks from these radioactive
materials, it is necessary to determine the
amounts of nuclear waste materials in soils and
vegetation on these sites, and the radiation ex-
posure to fauna, including humans.

Studies have been conducted to evaluate the
levels of radiation exposure to small mammals
(Halford and Markham 1978, Gano 1979) and
waterfowl (Halford et al. l9B2) inhabiting spent
nuclear fuel waste disposal sites. However, these
sites contain nuclear reactor by-products, higher
in radioactivity than uranium mill sites. Infor-
mation pertaining to the radiation received by
small mammals inhabiting uranium mill tailings
sites is lacking. This study compares the levels
of gamma radiation exposure to small mammals
and their environment on uranium mill tail ings
lo  background lpvc ls  on  a  , 'on t ro l  " i te .

Study Area and Methods

The uranium mill tail ings immediately west of
Edgemont, South Dakota were selected for this
study. The mill has been inactive since 1972 and
is scheduled for decommissioning.' Four sites
were selected for study. Sites I and 2 were
uranium mill tail ings covered with 30 cm oftop-
soil, with established vegetation dominated by
crested wheatgrass (Agropyron cristatum\ and
yellow sweetclover ( Melilotus off,cinalis) seedeil
in the fall ofl973 and spring o f 1974, respectively.

lSilver King lfines, Inc., manage-. the site for rhe Tennessee

Site 2 differed from site I in that background
gamma scan counts measured I m aboveground
indicated a higher level of gamma radiation on
the site. Site 3, also uranium mill tail ings, was
covered with 30 cm of shale and 60 cm of top-
soil with the dominant species of vegetation be-
ing crested wheatgrass, western wheatgrass
(Agropyon smithii), and yellow sweetclover all
seeded in 1978. The control site was a pasture
located west of the mill, dominated by crested
wheatgrass, red threeawn (Aristacla longiseta),
and sand dropseed (Sporobolus cryptand,rus).

On each site, a grid of 77 (7 x l l) Sherman
collapsible small mammal l ive-traps (23 x 9 x
8 cm) spaced at 7 m interyals, was established.
Trapping was conducted monthly from June
through September of l98l and April through
September of 1982. The goal was to catch as
many small mammals as possible, attach
dosimeters and recapture these animals at a later
date. Because trapping success was poor on the
control site during rhe first trapping period, an
additional 30 traps were set adjacent to the con-
trol site. All traps lvere baited with rolled oats
mixed with peanut butter and were opened five
consecutive nights at monthly intervals. Animals
captured on all sites were toe-clipped for iden-
t i f i ca t ion  and age.  ser .  ne igh t .  and s lec ies  \4ere
recorded.

During lgBl all animals captuied were anes-
thetized and surgically implanted (subcutane-
ous ly )  rn i th  a  na le rproo f  pa ' "ke l  .on ta in ing  l t ro .
0.32 x 0.32 cm thermoluminescent dosimeters
(TLD'$ (Halford and Markham 1978, Cano
1979). A different technique was used during
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l9B2; TLD's were attached to both ears of the
animals with two Monel metal tags. Each TLD
chip was affixed to the ear tag b,v a piecc of
0.32-cm heat-shrink tubing. The animals were
then released at the capture location. Animals
with TLD's recaptured after 30 or more days had
the old TLD's replaced with new ones and the
animal was released again. No new TLD's were
put on small mammals in September of l98l.

Camma radiation on the sites was measured
by sets of TLD's attached to wooden rods at 80,
60,40, and 20 cm belowground and at 0, 10,20,
40, 60, and B0 cm aboveground. Onc set of TLD's
nas placed at the center of each small mammal
trap grid and one set of TLD's was placed at the
center of each quarter of the small mammal grid.
These TLD's were in the field 30 days. Exposed
TLD's were placed in lead containers rvhile in
the field and during storage.

The TLD's, which had been calibrated with
a Ra-226 source were init ially selected to be
within i l0 percent error due to chip variabil ity
and error associated with the reading. All TLD's
exposed in the field and some TLD's stored in
a lead container in the laboratory were sent for
analysis. Analyses were conducted by Eberline
Laboratories.' Exposure levels of TLD's kept in
the laboratory were subtracted from those ex.
posed in the field to account for irradiation dur-
ing shipping and handling. TLD exposure data
are given in mill iRoentgens per day (mR/day).
Radiation exposure data from these TLD's are
onlv representative of gamma and some high-
energy beta forrns of radiation. Differential
shielding by the techniques used for attaching
TLD's was not of consequence since most gam'
ma radiation easily passes through up to 1.0
inches of iron (U.S. Department of Health,
Education and Welfare 1970).

Radiation exposure data on all treatments
were analyzed separately for aboveground and
belowground in a split-plot design (Steel and Tor-
rie 1960). Sites were considered vhole plot ef-
fects and depths were treated as subplot effects.
Since the interaction of site by depth for the
belowground analysis was significant (P<0.01),

separate one-wav analyses of variance were per-
formcd at each depth. Differences among ex-
posure rates belowground for si tes at cach depth
were evaluated using Dunnett 's T3 method for
non-homogeneous rariances (Dunnett l9B0). Sig-
nif icant dif ferences from the aboveground pro-
cedLlre were evaluated using Tukey's mult iple
compar i : on :  me thud  l t r r  h . 'mogenoou .  r  a r i an rc "
(Steel and Torrie 1960). Radiat ion exposures to
the small  mammals were analyzed by two-waY
analysis of variance for species and sites. Tukey's
method lras used to deterrnine rvhere dif ferences
occurred. Probabil i tv level for al l  tests was
a = 0.05.

Results

The relat ionships of gamma radiat ion estrmates
from TLD's placed in the f ieJd are displayed in
Figure l .  Belowground exposure rates suggest
a decrease in radiat ion exposure as the distance
betrveen tai l ings materials and the TLD's in-
creased. Estimates of gamma radiat ion at the
various heights aboveground were variable. Ex-
posure rates aboveground and belowground on
site 2 remained relat ively constant. Radiat ion
estimates from site 3 and the cootrol si te in-
creased aboveground versus belowground.

Belowground radiat ion rates dif fered sig-
nif icantly among sites, depths, and site by depth
(Tab l "  l ) .  Ana l yse .  o f  r ad ia t i on  p \po5u rc  c - t i -

mates 80 cm belowground indicated that higher
levels occurred on site I  compared to the other
sites. Camma exposure estimates from site 2 were
higher than those from the control si te, but not
dif ferent from estimates from site 3. Site 3 and
the control si te rere not signif icantly dif ferent.
At 60 cm belowground, gamma radiat ion esti-
mates from site I were not different from site
2 estimates; but were greater lhan those from site
3  an t l  t he  con t ro l  s i t e .  Camma rad ia l i on  " s t ima te r

from site 2 were higher than those from the con-
trol si te, but not dif ferent from those from site
3. Site 3 and the control si te were not dif ferent.
Estimates of radiat ion exposure 40 cm below-
ground indicated no dif ferences betryeen site I
and site 2, but si te I  had higher est imates than
did site 3 and the control si te. At 20 cm below.
ground, no stat ist ical dif ferences were found
among the sites.

Abo r  eg round  rad ia l i on  e rpu .u r l  r s l ima le .

were signif icantly higher on site 2 versus sites

'The use oftrade. firm, or corporation nanes in this pulrlica-
t i . ,n is  lor  thc infonnal ion and .on!enieDce of  the reader.
Such use does not  const i tute a.  o| f ic ia l  cndorsedent o.  ap
proral  by the U.S. Deparrrnenr of , {gr icul lure ofany product
or  serv ice to the exclusion of  others which mav be sui table.
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BELOWGROUND related with averaged gamma radiation estimates
measured at ground level. For all species together

was less than the exposure rates measured either
aboveground or belowground.

spreading of topsoil over mill tail ings on site 2

I : I . 
----- r = 0.68, for wesrern harvest mice (Reirirodoz,

| : . . - tomys megalotis) r - 0.50, and for prairie voles
, I (Miirotui ochrogaster) r = 0.86. There were not

S I enough deer mice (Pe romyscus maniculatus) cap-
> | tured to get meaningful correlat ions of exposureE ' l -<i- --r---r--rr\ --'t''. ;%'"i".'"r:r"';:l"T::i:';:Xil,T::.:l"t;tJ;

--------iJr, cm below ground for all species, western harvest

_ _ _ _ _ _:::;;:===j> 
mice and prairie voles, respectively. Mean gam-
ma exposure to the small  mammals on each sitc

Dep| r  ( .n )

Discussion
ABOVEGROUND

Measurements of belowground radiat ion ex-
, ----- posures suggested some differences between sites

a I with supposedly similar soil covering and vegeta-
6 l
: I t ion (site by depth inreraction belowground).
; l
t | 1 . ' .,-.--41 These differences were attributed to the uneven

He !h] (..t study to rates not different from those at the con-
trol si te (background rates) down to B0 cm.

Figure 1. Belowground and aboveground estimates of gam- An evenlv spread soi l  coveringof 30cmover
ma radiarjon fron threc uranium mil l  iai l inssires uranium mii l  Li l ing -rt". iul .  reduced above_s i rh  rop .o i l  Jnd  o r  . hd lp  "o r ,  r i r . g  "nd  a  ,  o r r r " l
sire. plorled values are means, " = ;  

" '" '  ground radiat ion.exposure to levels not dif ferent
lrom background. Schaiger (1974) indicated 6l
cm of soi l  was needed to reduce gamma exposure

1,3, and the control si te (Table l) .  Estimates of to narural background leveJs. Hower.er, the fa,"t
radiat ion exposure among the heighrs above- that these data were highly variable may have
ground were not stat ist ical ly dif ferent. obscured some dif ferences. On other uianium

Small mammals inhabit ing the four sites were mil l  tai l ing sites, gamma counts at I  m above-
exposed to variable levels of radiat ion (Table 2). ground varied between 2.2 mR/dav at Gunnison,
Differences in est imated radiat ion exposure were Colorado, to ?.5 mR/day near Rif le, Colorado,
found among sites, but not among species. Aver- when cove.ed with l5 to 30 cm of soi l .  In this
aged across species, small  mammals on site 2 study, gamma radiat ion measurements for si tes
were exposed to higher levels of radiat ion than I and 2 averaged 4.3 mR/day aboveground. Gam-
on the other three sites (P < 0.001). Radiat ion ma radiat ion counts on uranium mil l  tai l ins sites
received by the individual species averaged with no soi l  covering varied from lT. l  mRidal
across sites were not dif ferent (P = 0.06) which at Tuba City, Arizona, to 31.7 mR/day at Mex-
may have been related to the l imited sample size. ican Hat, Utah (unpublished data, U.S. Dept.
Estimates of radiat ion received by the small  Energy Uranium Mil l  Tai l ings Project 0ff ice,
mammals inhabit ing al l  si tes was posit ively cor- Albuquerque, New Mexico).

'  ̂ \ .  : :  -  - . - . , '
..\ 

- - 
/ 

-^ 
\. versus sire l. Near the center of the grid area

t ' \  o n . i t e  2 .  r h e  r o p  s o i l  d e p r h  * u .  r ,  s f , a l i o *  o ,
l0 cm. Thus, at least some TLD's ar all depths
belowground were in the raw tail ings materials.
Covering the mill tail ings materials wirh 30 cm
of shale and 60 cm of topsoil reduced below-
ground estimates of radiation exposure in this
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T A B L E I ' M e a n : t S l ] r a d i a t i o n e s i i m a t e s ( n R / d a y ) f r o m t h r e e u r a n i u m m i l t r a i l i n g s s i r e s c o v e r e d l i t h t o p s o i l a n d i o r s h a l e
and a control site '

Si te I

30 cn topsoil

Sne 2
30 cm topsoil

Site 3

30 cm shale &

60 cm topsoil

Belowground

80 cln

60 cn

20 cm

10.6 r 0.24

8.6 + 0.9"

?.1 r 0.84

3.3 a 0.5

3.5 a 0.3b

5.3 a 0.6b

5.2 + o.?a,b

5.8 : i  1.4

5.5 i  0.5 '

2.8 a 0.3b'c

2.2 t  o.2b,c

t .6 i  0.2"

1 . 5 : i  0 . 2

3 4  +  0 . 4 "

t .2 i  0.5c

1.0 a 0.2c

1 . 0  i  0 . I b

1.4 : i  0.2

3 ?  E  0 . 5 "

fr",!r-. r.lto.n.a ly .up"rscripts with differenr letters across rows are different (P s 0 05) hased on Dunnett's T3 mcthod for

nonhomogeneous rariances belowground and Tukev's w-procedure aboveground
':No differences were found amorg heighrs aboveground so onlv site means are presenled

T A B L E 2 . G a n m a r a d i a l i o ! ( m e a n a S E ) ] i n m R / d a y r o s n r a l l n a . n m a } s i n h a b i t i n g t h r e e u r a n i u n m i l l t a i l i n g s s i t e s a n d a
control  s i l€ in South Dakota '

Si te I
Species Uranium Mill Tailings

site 2 sile 3

mice 1.49 r 0.49 (8)': 3.12 t 036 (6)

Deer mice 1.26 + 0.40 (8) 051 ( l)

Prair ie voles 0.45 (1) 1.19 ! 164 (4)

1.69 i 0.48 (3) 0.63 (l)

0.s3 :t 0.39 (2)

0.32 :i 0.34 (8) 0.19 a 0.04 (12)

1.32 ! 0.29 ( l?)a 3.2? I0.66(11)b 0.69 i  022(l l)a 0.26 a 0.06 (15)a

2.02 r 0.31 (18)

1.06 a 0.31 ( l  l )

0.87 :t 0.38 (25)

1.30 :i 0.22 (54)

'Means wiih different lellers as superscripts are significantlv diffe'eni al P < 005'

'Number in parenthesis is lhe sample size.

Small nammals in the field received lower

rates of radiation exposure than 1,{ere obsened

aboveground on the study sites. This indicates

that the animals spent at least pafi of the time

in situations where radiation rates were less than

measured on the four sites. Undoubtedly TLD's
placed at ground level in the field received some

gamma radiation from both below- and above

ground. The relationships of 20 cm belowground

and ground level exposure rates to small mam-

mals exposure rates would indicate the primary

source of radiation exposure to small mammals

inhabiting mill tail ing sites was the uranium mill

tail ings. All three mammal species in this study

are active at night and nest on or near the sur-

face (Burt and Grossenheider 1964) and, with the

exception of prair ie voles, are active at nlght

(Leichleitner 1969). Thus, the small  mammals

were not exposed to some ofthe exlernal sources

of radiat ion ( i .e. solar) that were measured with

the stat ionary TLD's at or aboveground. Higher

gamma exposure rates belowground compared

to small  mammals exposure rates indrcates some

degree of attenuation of gamma radial ion from

the mil l  tai l ing by the soi l  covering.

lnformation to compare gamma exposure

rates to small  mammals on other uranium mil l

tai l ing sites is lacking. However, i f  one assumes

148 Rumble



that humans would receive doses similar to the
small  mammals, sorne comparisons can be made.
The U.S. Department of Health, Education and
Welfare (19?0) publ ished a standard that ex-
posure to the general publ ic in uncontrol led areas
not be more than 1.4 mR/day (assuming 1.0 mR
results in 1.0 mil l i rems of absorbed gamma radia-
t ion). Horvever, the Department of Energy (1977)
recommended that 170 mil l i rems per vear should
be  t he  l im i t  f u r  i nd  i r  i dua l s  and  pupu la t i on  g roups
in uncontrol ied areas. This nould be equivalent
to 0.5 mR/day i f  an exposure of 0.5 mR/day
results in an absorbed dose of 0.5 mil l i rem. The
average exposure to small  mammals on tai l ings
covered with 30 cm of soi l  exceeded this l imit,

Lilerature Cited

even after exposures from the control were sub-
tracted as background. The uranium tailings with
30 cm of shale and 60 cm of topsoi l  also had ex-
posure rates that sl ightly exceeded this recom-
meldation. I f  exposure to animals on the con-
trol were subtracted as background, then ex-
posure to small  mammals on the site with 30 cm
of shale and 60 cm of soi l  was below the U.S.
Department of Energy (1977) recommendation.
If  the U.S. Department of Health, l lducation and
Welfare publ ished standard were accepted, the
soi l  covering of at least 30 cm of soi l  adequately
reduced gamma exposure rates to below 1.4
mRi day.
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