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'S CONTAMINATIOl1 OF HHlT:~ O .. tUi: c:sEl!X 
~Tl'.H .l.ll'IVE 1-1ASTES ~"()M CI..lllTON LA:OONA~ , ---...... 

On April 26, 1944 en e:ma1.nat1on ~ made of the e.ctive wste disp6ofl.l 
!!!I;y!Jtsm at Clinton Laboratories. This emmination lnoluded IZAD UAy or 
t.he mud along the aides and on the bottou of 'White Oak Ci"9f!jk~ '!'I.he i1S.t0rial 
'!.me found to be quite at:rongly active at a ntmber of po1ntl!i:1, !Uld rn!'JQsU'i."&bly~· 
t<lctiYe at -the ~llth of th9 creek 'lfhel"6 it empties into -,he Cl.ineh lU.Vl!!ll'~ 
Tb1e situation had arieen as a ~esult of the diocharga of act1~ ~aa 
:tn.to the creek atsrt1ng March 6th, 19~·4.. The fact tbatth11!l a1gbt Cai.186 

an 8.ndegirable condition if continued 'a&.8 the reBl!Jon vb1 studi<!l1lJ of ths 
~lt1!a:tlon, of ",hieh this 13 a. part, were undertaken .. 

'rhe SMlplss wro collected f'raIl the top 0 .. , ClI. of the mud on th<!l el!"$O!t 
'bottOlJl end sides at points indice.too. on the m.p.. T".I18 aamples V'-!Jl'3 po,ml!0d 
through a 100 ~@!Ih si8W» and the C~8 ineluaioM discardM.. Tt~ t~otal 
@.ct:t"ll"ity 1m.IJ d~ta1'fl11ned on suitable s11quots. 'l~ ssts of se.mpl&8 WSN 
taken.. The i1:n.,-' on April 26, 1944 snd -;;'he eecond f1~ days la'~er" 1>uring 
this p8rlod no actiVity Vl!I.B d11!oharged into the CI'St)i:o The da.ta. 8l'9 1)1"9-
llJented in Table I. For cClI!iIIpI'I.t'il!:cm., lIIDUlU'8?'iJ!mts 'l.'Jll!lde July 4, 1944 b,. 
P" to Rise11tlcher tU"6 included" 

~L'.I1!18l": 8011 

S:Sl!plas A, B, D, .11!, and F, 118re I!lapyed for l'5dioaot1ve c01'lI!t1tuente as 
follow",: frO!l ~0350 gra to 5,,000 g'!l! of 9011, depending upon ita aoti'V1ty 
\."88 treated vith a mirl'Ur8 of HI' and ~S04" 50 i1l!88 each of bari'llll and 
'5tront1'U!D..I' and 10 age each of :z1reonium, eolUll!l.M.um, l"".ltheni'Ulll, -tellur1\D14 
ces1ua, le.nthanm, ;rttritlll and ceri"l1'm uers added and "',he m1:lI:t~ tm8 
E"Vll po:ratoo to drJlleslS 0 

The residue vas :?ussd mth ir2C0:3.. '!'he :fuetJd mAS ~-e.B ·tabn up 1n. 'f.1B.t0r 

~d the 1nsolubl18 ·1Dwria.l im8 c$Dtr1i'uged out and vssh8ld" The c~1ned 
,s.upernatant liquid and '!Mshtngs vere neutral.l~8d with Rel and treated with 
JiF. The x'esulting fluoride prse1pitato '!iBa c8ntrj,:fi'\gGd out and set aside .. 
'l'h~ eUpernatant liquid ~n discarded '" 

~'hel reBidue from. the oarbonate t'us1on ".I&ft tl"@stGd"dth Rel IliIl'ld '·~hen lI&I1e 
basic vith carbonate-free NR40B? 1~e ~rcxid8 precipitate Vb8 oentri­
fuge~ out and c~blned with fluoridG pr~cipitata desoribed ab0V0o !hg 
superna.tant liquid 'liaS trea.ted vith {NB4 )2CO, reagent for the aep8l'8t1OD 
of barlUl1. and strontium. as csrbonates4 . 

. The combined iVB40R :precipitate and fluoride precipitate vas digest" v1th 
BF and the resulting inrsolub10 fluorIdes \!'I9ret OOll8l"8tEtd out 8Dd sf!lt rm14. 
for the rara-ol:lJ:"th s-nslYBie. The 1m' filtrate 'I!nl.S treated with H~S and the 
pncipitat& o'f 'tolluriUiB and t'uthaniW'll 'l<ml'e El:epers:ted out aDd disea.rded" 
~-h'!l f1.1trate "lJSS fllilWd with li2S04 dilut~d a.nd l!!!ede Msic vith ImJ.,0B:. fte 
?eeult:1ng precipitate was fuBed vitll ~C~" The residue 118.8 'hraasht iDto 
sO:u.t1on "I:rl.th lli" i"o11~ 01' :rumng vith 112'-~4" Z1reonl- vas :precip1tat. 
es the phosphate in 'th~ :prel!ltmce of 20~ H2SO4 end ~02" The eoluabiUII in 
th9 ,~O, filtrate ~a purif1sd by preoipit3tion with CBlO~. 

: ~ 
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The l."Qn) Elarth 'fraction was fumed nth H2SO4 and them precipItated asnin 
fiS t.he fluoride.. CariUi'll 'lmS Stlparated by means of the iodate method" '.rhe 
YTrr fractIon ~8 ~elp1tatGd as hydroxides f~ the iodste f11t~·&te~ 

Since it 'Ws not praot1os1 to isolate c8s1a, rutheniUll and taU'ln"im 
~ th& same aggple used for the ab~e elemental the8e three alamBnt~ 
'l'ft'il"a detel"3iined on tl. separate 8ample" 

Holdback CM"rlWB ~N added l'!iM tha ;;smpl0 fused nth Yf.f!J.2CO,,, Tlt'I!P 
:f11tl"ate 1"roa th* carbcmst<31 fusion VI!lIJ slI.tt!i"at3d With Hel end KaCl 
'molD1tat~ dlec8!'ded.. The filtrate ±"reD. tha· Hel "treatRent vas Dade 
baaic-vlth (l'm4)~~ and the fUtrat@ Gft.:pol'8ted to dl"J'llsea aud 19n1tad .. 
The r111181due val!) taD» 1!p in ~O I.md the celli'IDll precipitated by :f'tming 
v1th HClO~" 

The halon rsaldu was digest3d "!11 th :B:F. The Bl!' filtrate lJ8.8 ti'Oat.8d 
wi1ih ¥ and the '(;ellur1a and ruthenium pngoipitatfJd.. TaUur1tm '!I&a 

laol.l'!l.ted by reduct:1on to '~he metlll with S02. RuthenltD ~ ilSolutad b~r 
d!et111atlon ~th HCIO~" 

All isolated eamp:les tfl!IrG '!Q81ghad and the activities c0rl'8ct0d for per­
cent reCOT4')Z':;1.. The act1v1t1<.9s, oorrected to 0 filter thlcm8ge, a.ro 
preBElDtad in '.rabla II .. 

tf-6 Solution 

lliquotg Ye~ ~ :i"rom each til f1vs, wll agitated" tll1"lle gallcln 
SmRplee of w-6. The r.dx®d tmlIIPle 'WaS c~ntrifu.ssd and the clear 1"11trato 
and small precipi-liate MIoI8.18d £t9pan!ta~" The _thad ot ul!IIa1ins waG 
t9Bsent1ally similar to that desor1bri. above" The l'I!)sulte at 0 ·tlt1c~68 
are g1~n in Tabla IIq The w-6 prec1~itat6 acti~tiG8 are baaed on the 
alIlount of :p1"l8cip1tate !rca 1 cc of w-6 solution. 

Produot Assay -
The :f11t1'3te s:r.il :pmclpltatEP :fro'4 w-6 staraga tank 'W"G.& treated ·t11th 
l1ydro.x;ylmUne hydrochlor:!da and the product precipitated as the J~lnoride 
w:ith BF, after add1ng 5 ~o lantharlV1Jl as ClllTiOZ"4 The fluor1d.u prea1 ... 
l>itate VRJ!I diesolwd in concentrated mt03, 6iluted and rsp"c1pii.ated .M 
ab0V94 This muI !"3p&atsd tbree more 'i~imes ar..d 'thf' :final precipitate 
tl"aust8r'~d '1;0 a. Pt dil!lh and eou.nted. 

Soll saaplellj A and B lIere f"I:aaed -rith I'JllttiD cs:t'bonata; the 'B81t USI!!! ta.ir.em. 
up in l.tel.tar tmd aoid:U'1()(!" 5 ~ 1a:ntMnlBTl mtS sdded and the mi::rtur3 
tr'ttated ri th aqua ftlg18 0 The eem.p1ea '¥Y'l&r8 c:sntrtf'used and the ?0sdd 118 

0%t!'f!loted Vith hot RC1.'Wl l"{tgia. Tho r~9idue 1\1!}f't l"'rcm the third tl"'eB.t!l.9nt 
",-as f'omut to bs alpbG. inaetlw. The ccmb:ilI::wd filtrates were {l)Taptll"ated to 
a ~ vol'iml.9 ~ ~e basic ,.11th :maOR :md heated to boi1ing~ '.!'h~ rG'!lulting 
pNcipitat.a vas centr1:f"*J.S$d, wehfJd and talmll up in Hel. i!'he fluo.rtde ':mJIJ 

J)rsei:pUa:Ged and pur1:f1ed as the \l~6 aaes;y" T'!l8 t'Si!Jults :for both w-6 tmd th~ 
soIl Samp~~8 are given in ~ble II. 
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D1ec'W'Jsion 

'!be datrl :1n Table ! 3h~ that fission products IU"a f1:'l:M on sotle ot 'the 
'Gyp8 ocour:r1ng 810f.lg mrttg Os.k CNek.. This finding 1m in ha.l'!iOIIy with thtJ 
mO'im :f:lcts concerning the f1xa.t.1an. of cations on clays,) 

Clsy p&~ic16e for th~ most part are alumino.a111cata crystnls ot tho 
layer lJ\t.t1ce 'type. l1'r0lit the york of Pauling it haa heen possible to 
rcrm.u:l.a~ee Idssl1:tvd atruetures for tho !:n:"inc1pl~ clay minerals in vhich 
the unit, packagas are buiU~ u.p of !9UperimpOBed sheeta of s111c8. tstruhedrn 
and alumina cctahf.t1lra.. In na;ture the clay mntiI'!Ul!J very often ditfm.-
!r0lB th\!'J ideal atructUNFlJ arJ a. result of :lst'l2Ol"'pho'W!l l!Iubst1tut1one. tlit 
alUlllin'UlH. for l!Iillcen in the silica tatrah~dl'!!., and tha 8ubat.1tut1cn of 
Iron, ~e81uR, ~tc., for slWll1nUllll in thfJ !J.lUllll1na ootahedraQ ThI9i ideal 
'3truetu:ms for the princIple ch,. !'id.n0rals a.:re electl"!ea.ll;y nf)utre.l~ The 
o1.&y or.ratale in vh1ch iaoeorphol!s. l!lubstitut1~ hI!\."" tabu place UCI 
nElg!lt~. "(j'\,ly charged" Thua generally "'"he t~1a;y plAtalC'rta behs"5'8 ae large 
anion!:!! and are acCC8lpm!li6'tl. by cations which are held to the pa.rtic;le b;y 
electro-nU.ent bonda. In 80ih ths amomlt of cations :rsqui~ for .,It!let~u.l 
ne't1t:t"al:tty may V't!!.ry frail 1 to 100 mlllequ11'8lents pGr 100 sma of soil" 

FCJr t!oa't cations t.he binding fores l)etwlJn the 1009 and the cla,. l~'tICl& 
l's sufflc:i.ently weak to admit of ion exchange. That ie, 0&1:.109 l:ald on 
t,he Burfac8 of the particles rm.y exche.ngt!) for catton!) in thi3 I!nlI"l'c~lmdins 
ae·lut1on. The ~xtent of the a.xchanga is u4!ltermined 'b:y the :t'elath'8 binding 
forcee between the exchanging 10ns and th.e :particle.. E'Ichm1S" 8XlJ9%'il1!IntB 
1dth aOl'1t'lIJ.or111onit1c clays show 1ncl"(!J8s:lng binding :L"orca with il!1c:reas1n43 
~t,CIlKic tl'U1ght and chargeo Sinco the i'1sCJion product.!'i: a:re of relat1'VlJly 
~jgb atomic wight snd Zlomt of them polY"mlent, I!ll:ohan~ aO.aorpt.1()n I!hould 
p.la,. :!L1.1 i!ll.pOrtant p&rt j.n the :f1:mtion of those element!!'l benaving &I!I catIons" 

./.\n add1",r,1onal :p3lenCl1l!rerJlJ!., characteristic Clf' cla,. colloids, also 1i.'I1lEit 1::.'8 CO.!l­

s1d®red. tnl'i!lD. :poa1t1vely charged colloida ~ mixed vith n3gat1"'~,ly 
chtU'SSd c1e.;y particles, mutual t'loccula:tlon -7 occur with the eubseqUitnt 
I9Gtt11l!lt! out of the. 8l.lBpeDiied materiu.L 138C8.W!l0 the d!scharge li~.U0r8 tmi 
the craok are allc!l.l1ne (pB 8 .. :;) certain .,t the fission :products Y,iJI;..'3' 'M 
i7.1It1a.U.y 'PNBel!t 308 insoluble particles, J;08Setsa:1ng !i .ll0aitlTe charg@., 
11' the :r11'lslon. products are prec1pits;ted, exchange _,. "ocur in t!.§I, 
depending upon sol.ub11itj :p:r-cducto, bond -:.-:'orce8!' etc. :b:per1l\!18ntfl l!.l'8 

pl:lIlm8d to c1et8l"B1ne vhether ~ not auch n process OOC'll"l'. 

Tbe n1at1,",17 1'lJ-.1l amount of activit.y romu in the 'tratf;Jl° phase lay be 
due to ineOl:1'!'plete fl:mt1on of' the cationl!:! by thfl clay$' the presence of' 
collo1dli.l B011 :particles in the "II8tar; ·,r the fact that ao;ft8 of tIl9 i'iaal::m 
productl!! may be b9hartng as anions .. 

The data in Tab10 ! indicate i;lm:t the ae'i;iv!ty per gram. of ,~oil d4~cr~.fJ 
:m.p1dly v! th iner'0&81ng o.1steco frail '(';h", e8ttllug Main!!" Sinc" th'll 
<:ict1v1t;r is eloll:'lsly a8SOC' at,8d nth the cJl.ay, it e..cc1l/l.!lUlater. vhe:t"(~v8r clay 
ae C\Tll1ll.:!tS8 .. 



on the other l1a:Dd,l' this prcoess results in a dilution of the e.cth'lt~ 
,,1th in0rt cla,.~ This "dIlution would, of course, inC1"33S$ '!11th dletanoe 
frO'fii the ssttling ba81i'lS. HO'V8'ftr, the noted decrease nth distanco of 
the activity per gr8Il of clay is QUO not 001,. to dilution vlth inert clay!, 
1mt alao to decay owing to the appreoil1b18 tble of tr8.tlSport. It should 
'be poInted out tlzt the mucl-flatl1l occurring a.long the str&8Dl nth lOW' 
specifio activities may n9~rthele8H cODBtltute 1arga accumulat10ns 
of owraU. actIvity" 

It 1s dlttlcult to mab 8. dl::rect oou;puo1son between the B8lIp1ea co1.lactad 
b,. the authors (Jt/26/4J¥. tmd 5/1/44) fUld thou colleoted b:r Elaenacher 
(7/4/44) because the Belt-abBorptlon dlf'ferB 80 greatly" Since JiOst of 
the beta activity 1s faIrly soft (1 .. 8" zr and Cb),881t-absorptlon 10 a 
paraaount factor.. Taking this into conaideratlon; the decrease in tlCt:Jrtty 
doeanot appear to be M great 8S would be expected on the ba!l1a of decay 
and dIlution w1th inert cla7. 

An asa&y of both w .. 6 et01'l!lg8 solution Md 1"1_ 190il maaplsa (i'aba II) 
"hOVlll that ·zirconiu. end eolUllblU1il coutitute 80. 85~ of th& total 
a:ot1v1t,.. This 1., in e88t9nt1al ~'ftt v1tb tbe l"88U1ta X'ep0rte6. by./ 
:Ma.rtens. for the w .. 6 discharge solution, vhen CDl."J!"8Ctl0D8 are lII!lde far the 
d1t:f'arenceB in filtor thicknoaaea.. Tho chMlt1cal wa.ate2ll are neutralized 
:nth NI!I.2C~ to pll8 before ].'I81eu. to the sto~ t~ W ... , (Uld W-6.For '. 
(,ten da;ya preTioua to the collection of the fint aaaplel!J, the VIUItGII were i 

treated with 500 pounds of Cac~ per dR.Y in w.6" Tb.is treataent Affect-d 

~6 .. 

the remoVRl of a large traction of the actiVity on the resulting precipitateo 
The supernatant fluid in w-6 l!1UJ lad off' to be iII.1xed vith cooll118 vater and 
emptied into the settling basins~ 'i!he mixture of the liquor vith ('!oolblg 
vater produced an additional precipitate which accumulated noticeably on 
the bottom of the basins and on the bottOll ot the ditch leading to lIh1te 
Oak creek. 

An 811J&a;1 of the suspension in the Bottling basins a:rtl9r centrIfugation 
revealed that the bulk: of the aetl'Vity was associated vith t.he p,rec:lpitatoc 
'1'h1s f'111d1ng ahO'l'm that the decontamination ot the vaters released to the 
CZ'oek could bet accOllpllshed by the 18fflcient removal of fJuapended mnttero 

Tho supernatant liquid trOll w-6 con:tainm aubatBntiBl. a'llounts of tlslJion 
prodUcts wh1ch are not ordinarily :pl"eflW't in e.llt8l1ne :fl1trat81!1 such u 
thG :f'8:l'e earths, :drconima and colUlllb1U111.. EYideqtl;v the p:recip1tatlon or 
Bose o£ theBe el.e1ll!8nta in the prel!ltmc6' of 1!-, P04, cO; etc" results in 
the tOl"ll8t1on of h1~ dispersed particles. An addlt1cmal factor 1I8.Y' 
be the f'01"I1B.t1on of soluble cC!I1PlexEUJn 

. The Na~0'J - Cac-~treat_nt 1e endently quite eftllci;l"fe in .NIlOnug 
l)ari UII ani! stronti 'Wllc On the basia of data presented b:v w. Q.. SlId tl1 con­
cerning the coup08it1on of "In!U4t.ee entering w-6, the relat1't"\'9 conten~~ of 
th888 elementra in the w-6 d1ecba.rge solution had baen loverad consi(lorabl,. Q 

Possibly the insolubility of tho carbonates ar~ the presence ot tracos of 
". barlUi11 and strcmt:hDl. in the Cac~ e.re :responsible tor this .. 

\ 
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Aa prenoUI!Jly ~1ntad out, not all oleunte are fixed. by 90110 te, tho 
eew8d$gree.. 13 r1lD, 3trontlum, ami eecU.1DI ar$ fixed by fJo11 pa.::10101&8 
and hald b1 moderately' straDg :tarc8tJo Bscent etud1eu!I vith the rure Gartbe 
and thorium lnd1e&te that theBe U'S "V'fi7 readIly fixed b1 quota atroog 
bonding :foroeB and us dlffioult to excl»mge o:l't oven by prolODgfild 
leaching vith e18ctrolytes~ 

'lhe exchange propertIes ot zirconlur.a and colU!!llblum. 'WOUld be dependent 
upon their mods of oocurnmce, L"~ free ions, charged oxida." etc. The 
at1!lm holds true 'fOr produot. A'I;. pIlos dealt nth here, both ruth«miua eli 
talluriU'..lB ara present for the most part no anions and as such vould not 
be f1::red by claY'_ 

-':f .. 
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DIstance /-lvc/gram s011 foo/ce uat@l' 
4/26/44 571/44 7/4/44- ____ ~}'261n-in miles 

0 

4065 

,,13 

01. 

.15 

023 

.50 

.66 

088 

1.37 

~"oo 

2.19 

2.59 

2.,65 

1.95 '.57 
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Counts /mn/cc 
w-6 w .. 6 

Countr;/mn/f!7I1o 1101.1 --
lUemmt Filtrate Mt. A B D ! "!! 

Bat'Sr 8,.. .. 0 26.8 1.15%104 242 :;60 61,,2 l7 .. 4 
,,271> 3~67'f, ~94~ ~~ .88~ .. ~ l.)~~ 
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i 
25,,6~ 33 .. 3~ 36<>1~ ZT~7. 3409~ 32.61 34~~ 

166 9~95U04 4lOO 5280 ! Ce 1470 943 172 
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