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RADIO~'"UCLIDE CO~!t\J.'\UNAJ.'\'T ANALYSIS OF SMALL 

1\IIA!.~IALSAT AREAG. TECHl\1:CALAREA54.199i 

(with cumulative summary 1994-1997) 

by 

Kathryn D .. Bennett. James. R. Bi::g..;. and P.R. Fresquez 

ABSTRACT 

In 199'i. small mammals wc:n sampled at four locations at Area G. Technicll Area 54. 
a controlldte within the proJ)O:'ed Are:l G expansion ana. and a background site on 
Frijoles )I .:sa. Tb~ purpose of the s:ampJin;: "':IS to (1) identify radionuclides that are 
present within rodent tiliSues. :at waste burial sites. (2) compare tbe amount or 
r:ldlonudlde upbkt by sm:aJI m:amm:als :at W3Ste burial sites to a control site. and {3) 
identify the prim:lry mode or cunt:lmin:ation to sm:all mammals. either through sur! ace 
cont:lct or in~estionf'Ulb:al:alion. naree composite-samples of approximately five animrus 
p6's:mlplewen collected at e:ach site. Pelts and c:arc:asses of each animal were separated 
:and analyzed inde~ndendy. Samples were an:llyzcd for 141Am. "Sr. n•Pu. :U'PtJ. total 
TJ',. 0 "Cs..and 3JI. Bi::herlc:vds orrot:al U and mes were detected in pell'C as compared 
to the Cll'ClSSe5o or sm:Ul mammals. and '"Sr was found to be higher in c:arc:asses. 
Conc:eo~ntioM or other mCtSund ndJonudldes in c:arcasses were not found to be 
sbti.'idcdly different (p < O.OS) from that measured in pelts. However. pelts ~ener:llly 
had hi~cr concentrations dlao carcass~ indica tin:: surface cont:lminadon m:zy be 
tbeprimary conbminalion mode. Low s:~mplc:o~izi.'S in tobl numberof:JDimals c:1pturcd 
durin:: ~r; pn.ovented sbdstic:ai :analysis to compare sire to ~ite to all but four sitt."!!. 
Mr.m cont.-.!ntr:ation:s. or:.1Am.. 23'Pu. U<tpu. and 'H in small mammal carcnsses •were 

· found to be statistically ::re:ster at the transuranic: (TRU} waste pad #Z.. In addition. 
me:m conccntr:ations or toc:al U. ;z..• Am. and 'H ln pelts of ~mall mnmmaJs were .:also 
sl:ltistiOJJygre:aaer. The Control Site and B:u:kgroundSite consistendy had the lowest 
mc:1n conc~:ntratfons ofradionuclid~. Ye:.rto year comparison or mean radio nuclide 
concentr.nfons wa." conducted where suffident sample sb:e exisrc..-d. We found :.•Am. 
l:IIIPD .. ~'Pu. and 'H me:m concentr.ations in c:src:asses to be statistically grc:ater in 1997 
than previous years atTRU waste pad #2.. However. mean concentrations o£1:t1Cs in 
smaU m:am.mal can:::1s~ wen: hi~ber at the TRU waste pad #2 und' Pi~ 17 and 18 
dur'.n;: 1996. 

I 



L'iTRODUCTIO~ 

A solid. low-level T:ldio:1ctive v.r:lStc dispos:ll f~cility b:l.'\ been Opcr.ltin& :lt A.rcl G. Tcclmic::U A."''::l (TA) s.; 3t 

Los Alamos N':ttia~l uboratory since I 957 ::md h:ts been used to cfu:pose or v:lrious w:L.~ including 

tritium w:t,1e and tr:ut'>ur:m.ic: (TRU) W:l'\tc. The ccllc:ction And ~ysis of sm:~ll ~ 3l TA-S-1.Ar..:::l 

G. was in1tiatcd in 1990: :1 s part of the: Eo.lunced Environment:ll A::mu.:tl Sur.·c:ill:mcc progr.un at Arc:1 G 

by the Environmot. Safety, :md H.::Uth Division in col~bor:ltion v.ith the Solid W~'>le ~~gcmcnt 

Group. The prosr:un is intended to provide d:.lt:l to ~din meeting requirements ofDOE Order $+00.1. 

which specifies mor.itorins of o:isting opcr:1tions ~t r:1d.io:~ctive w:lSte buri:U sites. 

We selected six sites for small mammal tr:lpping. The sites were corrcl:~.teci with V&:l,~on s:mrpli:ng sites 

(Fresquez c:t :tl. 199i)(Figure 1. T:~.ble 1 ): tritium shafts {Site 1 ). :u:tive \\.'!lSte pits (Site 3). TRU ~ p3d 

Jt~ (Site 5). Pits 17 :~.nd 18 (Site 7). control site :~t the .-\ro G cxp;msion :tte:1 (Site 8). md ~ ~grotmd 

site nortbc:~St of the &ndelier ~tion:U Y.onumc:nt c:ntt:mce (Site 9). Dt:rins the 1997 S:~mptil:s. we 

~dopted the site tU.-n.ing convention usee! for the vegc:t:1tion s:nnpling for the sm:ill m:un::nl sites. ~t :ill 

sites h:lve been tr:lpped throughout the s:u:npling yCU'S. Sites S :md 7 were tr:J:pped in !994. I995. I996. 

:md 1997. SiteS w:t." tr.lp;::>ed in 199.:. 1996. l.nd 1997. Vic t:r:tppc:d Site 9 in 1995 :llld 1997. Thi..-;. is the 

second yC~r of tr.lpping :tt Site 1 :md Site 3. A d~.iled dc:saiption of methods used to t:r:l?. collect. md 

:uulyze rodents is given in Bis.gs ct :U. (1995) and Bennett et ~ (1996). This report provides n::sultsof 

1997 l':4--nplms :md ~ cumul~tivc: sutn:n:1rY from 1 ~97 • 
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Figure!. Site/sample loc:1tions of soil and vegetation :Lt Area G. Site #S is looted farther west 
:md Site #9 is located f~er south than what is shown here. Refer to Table I to correlate 
vegt:t:ltion s:unpting sites to small mammal sampling ~ites. 



Table 1. A Correlation of Small :\bmmal Sam,elin:; Sites to V~ebtfon Samplinl.! Sites 
1994 - 1996 Small :vtrunmal 1997 Small 1994 :1nd 1995 1996 :1nct 1997 Veg. 
Snmplins Site Number ~:urunnl · Veg. Sampling S:unpling Site Number 

I 
Smnplin; :Site Number (Fresquez et al. 1997 :1nd 
Site Number ; (Fresquez et al. 1998) 

1996 :md 1997) 
~--------- r-:s=----- ...;;s-.·.;.b _____ ~-:::s~ • ..,6 ______ _ 
~ 7 7 
Control Site (Site 3) ~ 8 
B::~ck-ound ( S1tc 4) 9 9 9 

~-:....-';.o;;..;~-"'~~~;.....;~-- ~=------·-,.------~,.--------
1 

Tnt1um Shott.. 1 · 1 1 
Open Acuve P1L~ 1-:3=---- . 3 3 

~----------------- ~--------------------

RESULTS OF 199i SAMPL£"C 
S.O«ies Comacsjtion 

Deer mouse (Pl!romyscus maniculams) wn.<: the predomin:mt small m:uruilJl species cprurcci at Site S ;md 

Site 7. Hruve~•t mi.ze (R~ithrodonromys mega/otis) were also captured nt SiteS :md Site 7 but in lessa 

numbers than deer mice. One pocket gopher (Thomomys spp.) w:lS cpturcd ::1t SiteS :1nd one brush 

mouse (Pl!romyscus boy/it) was cptured at Site 7. Collection of stn:1ll mmu:nal samples W:l.'> attempted ott 

the Open Active Pits in the west portion of Aro G :md at the Tritium Slufts Ioc::1ted ~ons the south edge 

of Area G. Tr:1pping succ~s wa.c; very low at both !OCOltions. One deer mou.c;e. brush mous~ :me pinyon 

mouse (Peromy.'lcus trud1) were the only srrmll mammals captured ~und :be Open Active Pits (Site 3) 

and the Tritium S~afts (Site 1 ). Pinyon mouse w~s the predomin:u:t mull Ill:lil'ml3l opturcd. :1t Site 8 

(Control Site) ~d Site 9 (B:1ckground Site). Deer mouse and h:lrvc:st mouse were: :Uso C<lptmcd :tt SiteS 

ru1d Site 9. In ~ddition. brush mouse w:ts c:lpturct! at Site 9. but cot at Site 8. 

I>ensity Esim:m:s 
Site i had the highest density of :mim.als followed by SiteS (Table .2). Site 3 lwi the low:st dcn:s:it:y. The 

dcnslty of the tr:lpping :l."'ea for Sites S :md i i." b:lSed on :1 lOO.m by lOO.m srid with :m ~tion.:U :5-c: 

boundary strip to help account f~Jr ~ .. being Cr:lwn into the grid by the b.Ut. Therefore the tot:J.l. 

effective trapping~ is approxinutely 121 b.l. Bee:luse of the low c;pture r.:ucs :tt Site 8 :md Site 9. 

c:~pture d:lu from :111 three grids were pooled to c:stim.:ne d~ity. Since three srids were pooled forcc:h 
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-Jo . 

8 
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·.· .... · 

T:~ble::.. Rodent Den."iity Estimate or Area G (Sites 1. 3. 5. an.d 7). Control Site 
(SireS). Background Site (Site 9) 

I SITE 1 DAY ~0. OF CAPTURES NO. OF TRAPS 
1 ~ 100 

2 I 100 
3 0 100 
4. 0 100 

Olo;."i.SITY (# liDimaL'I/bll) ~ .. .... se•O.l 
~/. CONFIDE."iCE L.owcr 95% L.amar• 5.0 Upper 9:S% l..amat • 5.4 
1:\t'TERVAL 

SJTE:3 DAY I ~0. OF CAPTURES NO. OF TRAPS 
I 100 

D~::ilTY (II ani~l:Ub:a) 

2 
I~ 

100 
J 100 
4 I o jwu 

" llc•O.l -9S'Y• CONJt"IO£."iCt:: Lower 95% 1..1m1t • Z.l UppC' 95% L.amlt • 2.3 

DAY 1\0. OF CAPTURES NO.OJo'TRAJ~ 

L 7 JOO - - ~ 
3 L 300 
4 L 100 

D£."iSlTY t" animaJSib:&) 10.2 .sc•OA-
95~. CONFU>E."iC& Lowcr9~% l..amat·,~ Upper~~% l.Jmtt • 10.9 
L'n:R·.r Al. 
Sl"l'E.7 DAY NO. Ol' C\P'I'URI::S NO. Of• TRAPS 

l () 100 

- 4 l\iO 

J r lOU 
14 ,) lVO 

DL"'=>H~ l~' lUUIDlll!Jil:a) 1!11.() :~e•4.0 

!.i:)ul• «..U1 --- l...QWC:: !ll::l~'" unut- L L.u i.ippcr ':f::l/o J..umt- .J-.J 

INTERVAL 
=>UL8. JJ,\. \: l'tU. OJo <.:AYT U KJ:;:S ;o.o. Ot1Rt\J':J 

l ,J oJW 

- - .JUU 

,) I .J\JU - 0 .JUV 

Ut-"'.:>U k '-"4liUDIOIL'wO.IlJ '·' ~-v.() 

~':t.\.V~.t- .. - ..... _,. wwcr :1;no i .• mu~- o.;, 1,;ppcr :.-. :'o ,,.urul• ~.u 
1:\'TERVAL 
,:)lU,.Y Ut\.k .... u. vI' \,..,U' ' 1..1 Kt..:) .'loU, VI' !KIU'.;) 

L - JUU 

- - .JUV 

,J - .JVV .. - JUU 
Ut;.."'.:>U l. ~If .U .... :;~ :..: .6 1.')1 

~w~ :1;)'/o I..UlUL• 4.,4. t..ppcr Y:no umtt• o.o 

s 



site to estimate density. the totl.l effective tr:lpping :u-e:1 is !tpproxim:ltely 100m by 100m multiplied by 

three grids plus a S·m boundary strip for e:tch of the three grids. Therefore. the totll effective tr:1ppi:lg 

.,. -s 
8 
• 

• 
are:t is 3.63 ha. Table 2 gives the number of :minuL-. per bect:u'e oi e:1Ch site s:unplcd ~tcr :u!jl:lstmcnt far 5 

the to~l effective trapping arca. 

S~cies Wtichtc; CBjomass) 

The aver.1ge weigbt of :tll species combined and a biom~s estimate (:wcr:1ge weight ... density) Wet"C' 

c:~.lculated for each site tr:lpped (Table 3). Site 7 bad the grc:1test biomass with Site 3 h:lving the Slmllcst. 

Table 3. Avcrn::c Wci;:hts.. Densiti~ and Bioma§s Estimates for Are:l G (Sites ~3. s. 
and 7). the Control Site (Site 8). :and Back 
Sample Location Ave!:lge Weight 

( l!l':Ul'l.<;) 

Site 1 :!4.9 (se • 4.26) 
Site 3 .:!8.0 (se• 9.00) 

Site 5 20.8 (se • 2.77) 
Site 7 18.47 (sc: • ·tOil 
Site 8 20.76 (se • 2.7i) 
Site C) ~2.~~ fse,. ~.1 ~) 

l}adjonucljd<: Annlysjs 

!!l'ound Site (Sit~ 9) 

Density Estimate 
(#/ba) 

s.: .,., --
1 O.Rti 

~~~/ 
4-.Q 

Biomass Estimate 
( l!l"ar.l.c;/ba) 

129 
62 

2:26 
362 
160 

[t12 

A summary of radionuclide :malysi.~ on pelt and ~c:l.<;S lkUllplcs is given in Table: 4. Only the m:tjor 

isotopes of concern nrc summarized. St:1tistic:1l1y different mean c:ooccntr:ltions oftot:ll U (t·tc:st. t • 

-4.5918, p • 0.0005) and mcs (t-tcs~ t ... -3.Zll1., p • 0.0074) were dcrected betWeen pelt:md c:lrt:1SS 

small mammal samples with pelts showing the higher conccntr:ltiocs. A sjgni fie:u1t difference w:~..; :Uso 

detected in the: mc:m cooccntr:ltion of'M~Sr between c:ucsses :md pelts (t·tcst. t • 5.3483. p • 0.0001 ). 

Carcasses had the higher conccntr:ltion a..; expected. Me:m c:oncentrntioo of other r:ld.ioouc:lidcs ill <=U'~ 

casses were not fout1d to be stttistically different (alpha • 0.05) from wt me:lSUI'ed in pelts. To funhc:r 

analyze dat:l. a General Linear Model (01-'¥1) was u:;ed to determine if the mc::m r:1dionuclide cooceotr:l· 
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tions in c:rc:a.-.ses and pelts wcrc: cliffc:rc:nt between sites. and Dunc:m's multiple r:mge test ~!Rl') w:lS 

used to show where the differences occurred. However, bec:J.use o!"low s:unple sizes. only Sites S. 7. S. 

:md 9 were included in the 1997 site .lllalysis. T~le S provides 01 SlJ.ID,I1'W)' of the sutistiCil :mcl.ys.is.. 

Mc::m concentr.ltior.s of:J'Pu. :3•Pu. ;.I Am. :md 1H in SU"~l mamnul ~wen: found to be Sbtisti· 

ca!ly grc:1tc:r ~t SiteS than at Sites 7. S. :md 9. L"'' addition. pelt<> were 01lso found to l:t:l.ve .:s. stltistic1lly 

g:re:uc:r mean concentr:ltion oftobl U. :u1Am. :md 1H at SiteS. 

TableS. Summ:ary of the CL.'\I :&nd )m'f Cor :\-lean R:&dionncl.ide Con«ntr.ltions in 
Sm.:1U ).l:lmmal Pelt .:s.nd C.:s.ro~s S:lmple~ betw~ Sius 
R.:ldionuc:lide I C.lrc:l.o;s 1-P:=-'e~lt~---~---:-~~-
Total u I ~s (f• 1.9-+. p,. o~li7) s cr- .;.;.91. p- o.oool) 

. SiteS>i>S>9 
.... Aln Is (f- :!5.17. p- o.0004) s c:-·4.40, p .. o.().;li') 

Siu: 5 > i. S. 9 Site 5 > 7. S. 9 
s (f•lS.6l. p- 0.0010) 'l~ (f• 3.95.p- 0.0533) 
SiteS>i.S.9 _ 

-''Pu s <i· 1 7.17. p- o.ooi3) I ~s (f• 4.oz. p • o.ost3) 
Site 5 > 'i. S. 9 

"'Sr :-;s (fa: 0.6.'\, p,.. 0.5903) ~S (f• 3.15._p• 0.0864) 
'"'"Cs ~$ (f• O.SJ.. ~ .. O.b~l) ~$ (f• 0.~6. p • 0.49~0) 

-rH ~~ cr- 31".3s. p -:.-o.ooo2)- t-s (f- 4.10, p .. o.0464) 
---- ___ jSitc_?>7,S~_L ___ Site5>i.S.9 
~s- ~o r-'ltl:."tloJ ditfc:renc:e dc:t~cc!; s - St:lnStlC:l.l dit'ferenc:c de"~ 
Sites with~ comr:l:l sc-p:u-:.tion wc:rc not Ciffe:c:m from cch other. 

Species Crunpo.;jtjon 

Monitoring species COl"DJ'OSitioo over time m;1y provide i.nform:rtion about cb:ulgcs in the sm.:ill m.:unm:U 

community th:lt could be rcl:lted to 0pa:1tions occurring at Art::l G. 'Xo 1.:J.rse diffce1ccs in species 

composition were o~ed fro:n a coop:uison ofye:lr·tQ.ycar data from Sites S :md 7 from 1994-- 1996 

(Figure 2). However, in 1997 two additional species were optured at Sire 5 (pocket gopher md ~·est 

mouse). and one new species w.15 cptured at Site i (brush mouse). The control :tnd backgrcnmd sites 

(Site S and Site 9) h:1d simil:u- species composition over the ~1 four yc:u"S with some minor ch:lngc:s Yc::lr 

to yc:1r. The captures of two :uiditio!kll spec1es (bru..;b mouse. pocket mou.~) occwred in 199S at the 

Control Site :md brush mouse was again caprured at that site in 1997. The very s:nall opture r:ne at Site 
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--------------------------------------------------------------

1 and Site 3 prevented a year-to-year comparison. 

Density nod Bjpmwss Estjmj!tes 

Monitoring dcn.o;ity and biom~ss over time C:l."'l :~.!so provide information :IS to cb:Ulges in the small m:un-

mal community that coulc:i be rel:tted to operations occurring at Arc:a G. Tn addition. this infol"m:ltion is 

needed for ecological risk models. Dc:n.'iity cstim~tions were made for each yc:ar of s.unpling using 

Leslie's regression method (Seber 198:!.). Confidence interVals wac Cllculatec! :1t 95% usiD.g the gencr:ll 

method (ScbeT 19S~). Biomass estimates were estimated for e:1ch y~ of sampling by multiplying the 

density estimate by the me:m wcisht The biom!lSS is. a product of two r:mc!om v.uiables: therefore we 

selected Goodrr.an·s estimator for~ance (Goodman 1960). We c:Uc:ul:lted cvn!idence interv:Usof9S11/o. 

There :ll'C only slight clunges in :he density (Figure 3) :md biorms.c; (Figure 4) of~ m:m1mls. at c:1Ch 

of the s:unpled sites from yc:u' to yc::u-. However. the density :md biom:lSS of~~ rci:l.:cins 

greater from year to year at the Aro G sampling lcx:ations compared to the Control Site or '&ckgroand 

Site. 

M.Qo.Radjoaucljde CQncentr:ltions frr Cilrct!.:x:> 

We U.'ied a GLM :md ~to test for SbtistiCll diffc::renccs in ::nc::m conCOltr.ltion of'r:tdionuclidcs :n the 

sites between yc:u'S. Bee use of insufficient sample s:ize. Sites 5, 7. :md 8 were the only sites c\•::ll~tcd.. 

Some mean radionuclide coneentr:ttions in ~ rn:unm:U Q%'QSS were foand to be st:Uistic:::1lly ctiffe:n:nt 

(alph:l • 0.05) between years at the s:une site:. At Site 5. we found c:trQS.S me:m co~Ot:S oi-'" Am. 

:J"Pu_ n%. and 1H to be mti!t"tic:tlly groter in l99i th:m previous yc::u"S (T~le 6). Howevc::4 1r.Cs w:tr. 

bighc:tt at Site 5 in 1996. and Site i concentt:ltions were higher in 1996 :md 1995 compared to 199i ;u:d 

1994. F!gure 5 shows gmphic:tl plots of mc::m :r.ldlonuclidc conCCIItr.ltions by ycr :n C1Ch site. 
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T:tble 6. Summ:try of CL.'\II :and MR.T (or Me:1n Radio nuclide Concentrations in 
C21'C:1SsesofSm:tiJ M:tmmalsarEach Site Between Yc:ars 
R:ulionuclide SiteS 
Totll U NS 
.... Am s (p ... 0.0219) 

1997> 1996. 1995. 1994 
-'"Pu. s (p- 0.0:!91) 

1997 > 1996.1995.1994 
-''Pu. S (p • O.OZSS) 

1997> 1996. 1995. 1994-
l"·cs. s (p • 0.00:!8) 

1996> 1997,1995. 1994 

s (p- 0.0004) 

! Site 7 i Site 8 
~:N~S~------------:~N~~~----------

;NS 'NS 
! 

1--N~S~.-------------:NS 

!NS jNS 
I I 
-=-~~=~---: s (p- 0.0334) is (p- 0.01 i7) 
i 1996.1995> 1997. i 1996> 1997,1995. 
l 1994 : 1994 
.~.~~-----------
lNS 
I 

'• 
I• 

tltlS~Cil diui:renc:c detected. 
E· 1997> 1996. t99S. 1994 

:stcll dlr.tc:n:nce<le-..cetCtl;..~- ~ 
Y =:s with a ~rnma scptlmtion ~not different from cnch other. 
• • Insufficient d:1tr. to pc:rfonn an~ysis. 

MeM Radiopuclide Concs:ntljltions jOe Pelts 

At Site-s. 241Am. 23SPu. 239Pu.. :md 3H mean concentr.ltions showed a sbnrp rise in 1997 compared to 

the previous. yc:u'S. (Figure 6). However. samples sizes were tOO small to test for-statistical differences. 

All ather me:m. radionucli<!e co:tcr:n:ratians were simil:ll' to previous years. :md in some cases, 1997 

· · concc:ntrations were lower than previous years. In addition. pelts tended to have overall higher conccntra· 

· tions- than Carcasses indicating surface: contunination m:iy be a primary contunination mode:. More dam 

:are required to perform 1Urtbcr analysis. 
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