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to or(.o:.·. 

c:mnot b:; h'.Jx·~ • 

• Aq ~~-·. ~-~·~a~.---·,o·.1. ·,,~~ ·J~~J~~lv -1~~~~- ~1.~i·~~+~.~ +·1~~ :1- - - .. ·'"'"~ ,. - 4~ - .... u ...- a. _.._'"'"-.~ 4 ~"~ •.,, ... .., ....... l..i., ...,_ -U 

( 

in my ignorari.ce ccolczic:il ii1 n~:i.:l.!:t."·o. 

( 
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Zn 

tl1~t 

All c:Z t~.l(') 

wiro in cut that t~o30 nico .... ~ ... ·~ 1.i ........ ...... 

bsincr fed food frcn 2 

c~ttla, and I t~licvo 

their. I:iiCO • I ~zzur::.o tbi~ :fo.11:; ~.n tho field of c~o3.o~y, b~'lt 

but a f~.i;:-ly \-;idc-::;p::-cr!.d lo":':-lcvcl cnnta ':'lin~t:lon. I thin!~ ! 

hns a :few ennounco~1·.:mts to :r.:.:ilie. 

projoct at the University o1 C~li1orni~, and ha ic p~o~ably 

ti10 very first person to cat i.nvoh.tcd in t110 ccolc3ical ir.1,:i-

,..,-.-- 1...., ,..· .. u ....... --' .... _,.. __ 



c 
oi in 

ar0a and in the c~vlro~~~nt. 

Stutes. ~hie h~s b3on clnsnificd ~~ to tho last ton rainutc3. 

( 

studyin?; :fir::; t tho ".t'rinity n.1~0~. This in in r;,:m !.:o.:::ico. It 

\"le stE.rtod ,;Ii th the p::..~cblo:-:i of fi~~din3 out \i'lmt :tall-

m:!.t 1'.":l.S, v.1rn .. t it r:d:;~1t h~vo done t·::o years nftol' th~ cloto:!:1. t3.on. 

A li ttlc bit o:Z history on t>i~: l:h~n they Gid h:i.vo 

tha cloton:t. tion, tho bc:;t c::ti::1atos \'iYro thnt t:10 clonJ, :for 

'Ih3 fal 1-cut, if th::rc "::::i.s any at ~11, Y . .'01,ltl ].n~o'ba:Jly r;o t:>0::!3-

( 



( 

( 

( 

to do 

and 

sl1cet. 

just h~tl a p:-.:;iv:.lew !.n 

.. ~ .. ,~ .. 
~ ..... :... ... 

novo 1, 1En-i, 

In tho early <l~!-~D, it was one nol:ld 

"10:::!:' 

'Ihis u~p illi.:str"-'i:c::; thn.t v;o clid 1fa:.d. 'l'his (ind:tc:i.-

tin~) is t'.bout lCO rd.l·);:i f.rc::1 (?;:~'O'.~nd zo::oo. 'i'he lcnals of ac-

W13 sp3!1t 1:0.:;t of tl:c tir::o ir;. closo, ns it \·:::1·0, th:i :fh·st third, 



if you ulll, and tlllt> ( .; '11 ,·! C'' ··--~YI''') • "" .a.. .. '-'·~ '-"' '· ,.,.. .... _, ,~ .._., 

( 

Tl!iS 

( 

( 

vo:.:y goncra.l, J.o·.v-lovcl n~::t, nntl then \i3 run into thiz {indi-

tbi~ bryin~ n so-c~llad hot spot. 

This '.:J:lS ".'i~~::::. t they fo"..1:1d r.1m.·c m.· lo.os charactm.~icnlly 

dis t2nca on but vo::.·y 71'.!c:i !o-;1er t11~!l 'Jh:: t. 5.s in clo::w. 

m~re or less stopp3d. It -;;:.mt up to i tc !n:.dtnr.:'1 el<:.nrn. tio!l und 

are particles. Uo hnd actually collcot~d ~articles that n~o c 



:from 10~:7 tm t~.l J.0CO. Do :fo.r., ;·;~ c::-.rmot G<:1..Y that th~:"o h~:i 

( 
'-· 

~nci ··-~~ i·"'·"·:--~ i ~ . .,.. c'·c · - .. ... .1........ v. J ... _,_ .... \..,.J ' t.. • 

prai1•ic f ii.'03, anci so fo1~th. l?irst of all, \':a noticed thn:'c 

t a.ccu~mla ted. The sZtnc1 h!'td d1•iitcd. · 'Tl!is \:·:!s an idcnl collect-

( 

Thcx~ \ms no nct:\.v~ ... ty oh'3e:rvable in the ani1:::i1£1 hsro. \~·a fotmd 

truci;;:s cnly up in thin nroa (in~icatir:3). '1'111.o :~:::; \·1n::.t tipp~d 

us off to tho distance effect thn t \'!a have ce~n, ju:;t rccautly, 

in th0 lnst scr:1.C:3 in i;ev2..<la, enphn~iz5.ng. 

Dr. Lindberg and nya o 1 f, ?!orv:.an :F:.·ei1ch, Itn.r l :Herc.10 

We are p~~ticul~rly interested in ths clcvolop~~nt of 

the cloud and its ndjn.cont ch·ift ovo::i th9 lan~c.:i.pe i0.nd hov1 this 

( 
li~e us well us tho ~nic~ls. 



( 

it is l:no~:.r:.'l <13 tho ij.3zio11 clo:.id. 

( 

( 

has bean ccno~ated. 

A co111~-non :S:igul'::? i:h?.t has bocn c.rJOd ior the dust colu::m 

here, if you l~ave the fircb2.ll ~:n-::.c:;.·.:;ect soil su:..·::acc, ycu \·Jill 

atcd. In turn, this :ts \;~1.:-. t co:iWZ do·;r..i in the c1.J.s tn.ncos th:l t 

'Ihia Vlill 

off and drift ,.Ji t}1 tha \"Jil!c1:> t~1a t <.u·o p ... ·oscut n. t SO, 000 to •.:o, 00:) 



( 

out, 

This tima, ~3 trio~ a <lifferont moth~d of air s~2plinz. 

c 

of the:n· pe!' s tn. tion, and ,·;e h~.d ·;;.::. ter in ono, !~ .... '\ol:i.n:l te iH 

nnoth~:-, thioJ.?..te 5..11 n t:l:ird, a buifo~· ~oluti~:m, 7.6 in tl::.o 

so;;:s ~·.deli tion:!.l p:i .. c.blc:!':.S cc;-?:in~ in th:: t ·we co ~lot m:~~~n.·:; t:.r:.d. 

l~ore, :l t 20 miles, then 57 miles, a:id tho rc:;ul ts obt::.inBd u·t: 

l".!O miles, ar.d the tenth r.ol'r.,~l A.C. E::tory, u::-; '"'3 c~ll it, ·;:c 

hnva 87 par ccr~t of the sol1.:.bil:. t7 o::: t'h.o l::.a:t-e~'ial t1:.::it ·;':...:> 

collc~tcd directly ire~ t~o ni~ nt ~0 miles. At 57 mile~, ye~ 



(· 

on the soil scr~~c~ and th~ zc~o to fiv~ micron si~0 iroill ~ho 

soil, ~3 h~vo ~n cnti~~ly di~io~o~t s~ory. This is 15.0 ve~~u3 

At 1·10 l;!ilc3, cont r'-z1c! 13.7. 

chcc!;. this, and VI3 h.:1.ve e::,.::rlr.:.:mtG i ~-
~ · 

Incidentally, to chc~ hou roc0ntly this data is, ou~ 

( 
this J:riday, so w~ hav~ h~<l no C:-w.i1co to cv:!.lu.:l.te thi.:; nu tc:ria.l. 

by a posslblo reaction ~ith the soil in holdin3 tho diffc~cnce 

bot..-:een th3se two; in cthc:;:o T:onls, fi:~in~ it so it is not ~.vail-

able Ly our solubility stu~ioz. 

In tho l<~cora tc'l":7, in ord~r to answ~r these Pl"v!Jlem.s 

that l:e observG in th~ :field, w-a h:l.va a group, and W3 h~?.Vu cle-

cic1oc1 to divide it arbi t:~.irily b8c .. :w.se of tho n:::.turo of tho 

p1•ohlom.s into a soil pl..1nts s0cti,111, a r:~tabolic hi:;tory soc-

tion, aud then t:~ hr.-·~o c-::ir biolo3icn.l fi-:;l<l Sl.u.r,.•.ay s~cticn. 

( 
"--- thn.t ii we stu<l~, this pr0'blcT'l fr..:in1 th·~ s~rr.:3 poi:it of -ricw t:mt 



I 
( 

ic.11-=:n~ t 

~~ ..... ~ n":1 -; ...,, 
:.LAd·'·'-._ -·•·" 

-{•',')-!.:-........ ...:,,;_) 

to:p~:.;. · 

a definito clay typ~. 

st:rontiur1 '\7as tha Oii1y o:ie \:';) hnd to w<:J1·~·y abm~t ini·:;~.ally. So, 



ll 

cl~ssi~y this pl~nt~ 

( hav0 tho 

mo:r.·e U".lUVD..i:!.:!.hlc the Dtrontium bGco::-::.:::.s. 

tl~o SU.:'.JSn.irf!.S, 

aga:t11, \7e :found that t~1·3 s~sso..fr~s pG:.·ni t toi.:i the (;!'C2. tcs t ~ccu;;:u-

'( 

plain this, but I thin~ it ouific03 for tho ~o~ont to say that· 

'l'h3 of feet o:Z stl·o:11tiun itzcl:f--in oti!~!'" ,·:ol·~s, the 

effect of stu~!c ztrontiu.,-:i--if t1a plot activity accur:mlatod in 

the b.2.rloy crop "i.'Srm.i.:; inc:"c!:ionts of stable strontitrr.1 and l:oep-

1113 tho activity in the soil constant in each intC::!.'V~l hel"C 'l:i th 

r.3spoct to stable, ,-m find th::i.t the cu::ml:ition cQ-?i:> tnis--:.'..t 

inci'0ases a::; you incro~-...sc t~1~ c~:rrlc1·. !f r:o sub.3 ti tute c:-.!.citrn 

for this, t.·a get this so:.:t of a pictux~ (i:cdic~tir.13) So, nm1 



on 

c 

I 

( 
cnntllcs to ~GJ-foot candlo~, you notico that t~~ phcsph~t0 

1 ~n sur.o h~ h::i.s ~ lot r:or0 to toll i:Z you jt•:;;t n.s~ 

him. 

nnounts tc sl!o:J tho l"evcr:;od cui·ve.:> o~ not? 

Eo, it \7='..S not ~n c:~p:;1~2:-.:::nt <lone 0~1 



( 

i 

t 

( 

soil. 

th2;. t it 

effects it will h~vo n~ it rG~2i~o in tha coil ~lth Pespsct to 

ch111ge:i.ble • 

. With 1:~te:r treat1:!011t, you t:::J:o n soil ~mtl run th:;;•ou::;h 

&:tmolmt of anrnoniu .. '1l ~~:~::.<::~·~;:;; the dif:f<...n~~mce o:Z tho ty:o by this 

trsn.tm:mt . .. , ... 
_;.:, 

to the plant root. 

the plar.t. 

OZ' iz not n.vail:-.blc 



.L ·-· 

( 

'':ill---

( 

( 
don~tttion ~1ich is involved in tho ior~~ticn of ~~in. ln the 

Dli. LP.Jtsc:I: 

\'le did this by r:rJchanic:-..1 civv:.·, 

not strictly soil :-1cJ.ence:, it do3s co~~o iu·i:o tho p:lctur0 n.3 !~1· 

as \«'e are con.cornod b'.)c::i.u:;G it <lc3n rcl~i t~ to the p:irticJ.o si~r.;.; 

( 
that v.'43 found on tht? clry 



c 

( 

( 

• 2 pJ. :.:.:; 

'\' "~-.J\r'\~ .... 
.:-..L~,,J,.f.,~:......·!~. 

?~is is on ~lo nir iiltor? 

No. 

to the cf~cct oi uptaka en p~c~p~~to~, etc.? 

roots only. 

1:1.ghts? 

., . 
:. .. '..; . 



bo involved. 

( 
D:;:\.. Llr.-~ ""!"Yj • ~w:i...-·L ... ~ • .~ ··-

_!. l. 

( 

lminCT r;crnc~·~lly thon~ht of ns a err..ss, a root c:::-op, and thut 

all. 'I'hat is the kind of b.::..sis fo.::.· selection th:lt ~.·~ r1:i<le. It 

c::.·op also en to:.•::Jd :i.nto it, but p:..•cjo:d!:~ntly it \7Z'.S tho ido.a o~ 

of a~ricultural inter~st. 

( 
A lot of ~o~~ has to-



( 

tl:~t th9 :.::m.~voys pointod out th~t ~~.ll-m1t clid exist. Sc::::m1tlly, 

th;:it fall-out y;as c~tcusivc, It ro~chcd ~s inr ns, at le~st, lCO 

r~d:i.o:::.ctive ma ti;;,rial T-:<l.S r.1-etr!.boli~od by 111.-.nts ~~1d anh.:::tls, anc.1, 

thi:-.~l'..lly, there 'i:as zo::?:J :tntlic1 ti on that tho n.vZ'!.1lnbili ty of 

... -

·-
and anir: .. i.ls, and in 19!;0, that zu~-vcy incaca tcd thn.t th.ex~ Y;~s 

th:i.G 3.1:1.0unt of cont~:nin~tio:n that h2.d incrc:tsctl. '!hose \"-:;):.,"'.:) vc17 

10\"1 lovals. 



( 

sit0 not u3cd p~ior to 195J. In lJGl, ·;:·:3 h~<l tho f:irat 

( 

v:ork to enable us to inter;.:n.·et cu:- fiold tlat~. 'Ito ge.:no~nl 

level of thiz valley in h3ro in ~bc~t ~,coo foot. ?hero is 

is on a slopo. 'fhi:=; gr~dually goes up tor..'.J.:mt 5,000 • 'ihe5o 

thc3o ~ountain r~n~~s. 

p~~dcnin~ntly air drop3 1 and 



( 

( 

tho \'ii.1ich \:3 

t.. ,..._ •.• ,.. 
l:.v-.. - • 

intm ... .;;octing t:;:-ansscct:;, E-nd alon:; th~:s;o ti·.:l.nzDoc"i:s ,.,,.a plotted 

In -~his vall·.Jy to th:? r..o~th, th0 pr-;Jt'lon:ln:.nt ~~s:Joci-

Thcr~ i::; tho atroplc:;. foli.:i. that tolc:-a t~s h~~v~· coil antl o~cu~~~s 

ch.·y =i.!'o~ • A troplc:.: c~:mosconso io sn.lt 

bush w:1ich ton<ls to cccur 12r,> h;)~·3 rno~o on e.10 rcc:~y slop~a. As 

you got up into tho couata:ln i•an:;0:>, you b~3in to rl.?.n into a:.•ta-

m~cia, the sD..ge encl th~ piny on .pine ~nd th~ jun:ipG:r. lie h:::.vt:l a 

erc~t variety of hnbitats, and thay arc quite nh2~ply tlciin~d. 

will occul' on this side of tho lin~ 2.nd this si<1c of tho lina. 

It is a geed pln.co for ccolo3ic~l stu<l:tc::>. 

Thero a:ra joh".l:l trc~s~ yuc3~::a follin.ge. At the pre-

sent ti29, th~y are only icund en tho b~sc o~ tho hicn tl~sort 

i·an3os to receive no::;.othin3 1~~!:0 ci:;ht to ton incl:~s of 1·.:dnfall 



( 

( 

of tl~is situntion ~:id learn ns much 

CO f:J.T to 

, ••. ":.'l. 
1.,, ...... 

"t ~ .... ') l<t l"'\•7 ....... ·4· ... ~ .. _._ ............ 

~bout a~t~bolis~ 



n cloud and th:ls n:itcri~l d:~iitin:; out 

( 

pc:.:d .. tod. This typ:> o:f ob:::::orvn.tion su.:;130:;tn thn.t t!:.o n.va~.1-

ability oi the;:.:;o bo:::1b l"::z:V:.1u-::;::; li:ay v~1·y w.:tth dis tn.nce. 

Follouin3 the tc3t so~ics in 105Z, ~o h~d an olf 

it v:"1s intlica tctl by i·cziclu:.l cont~!Jinri.tion a yc:i.~ la tar. In 

'V13 \'la~e aiJle to find out w~1n.t tllo a1"ca of gre2to3t contar.lination 

( 
to pick up thio rrttliation. In c~ch oi those lo~::ili tics y,·c ni3~1.t 

ti~y .to gr£?.r>h it to sor.lc e:~tent. 

At :fou:- miles, at n.bout 12, eo and l·:O railcs, \'lO 

tool: snnplc:s o:f the su;:f:icc soll of the p:."edc;:;iinnnt spocic.s of 

plants and of tha na tiva 2nir:~als, concontratin:::: on the jn.c!: 

rabbit and i.:anc;aroo r<!t. \fa ~:~ro able to sa.npl~ p:. .. ctty cu~h 

s~.mil:ir environr.:•::mto. Tho l .. csidual contamination on the soil 

ch.·opp=d vory sharply with d:!stnnco at fo:~r ruJ.1,-:;s, which is 

actu~lly within the provin~ Ground itsel!--in iact, on tho 

e<l~e of so:m9 of tho t!l.i-aet ~roa. Th\3 cont~mination ·w1s 20 

microcu:~:ics par square :foot. At 12 t1ilc~ out, 1 t \7as d~".':n to· 

t'.bout G.G mic::rccu~ics p~1 .. squ:i.~o ioot. lncitl::;intally, this 12 



( 

rJid-li:c.J. Xn this en.so, \'::3 fou:1tl th:!.t th0 :::n1z·:Znco contr~ninn.tio~1 

i 
\ 

( 
activity covcn.·13d bJ a sc:unro fcot o~ coil, ·r:c find tho tot~l C.~-.-........ 

tm:iination is vc1~y sir;1ilr.n.". Xn a caltiv:.l·i;cd £di:~'.:t.tion, this •;;a:; 

roots. 

one, ch'l"y;:;n.ntho::m:n, uhich iz a cc.:.1r,H:.si to, fm: :mother, nnd 

tho 10'".JCl of conto,rJ:hD. t~.on--·this is not to tho so..1119 soil lmt 

just to ~how tho 1·cJ.ativD slo)e3--tho activity '>'l?..s, at tho t;1cst, 

( 



c 
i 

.. 

( 

tlu ... o~::;hou.t tl!c E2.~:ic n~:.:m. P..s a rn t to:;.. o1 f~ct, thcro is a t~n­

d0ncy fol• :l.t t.., :1.nc2~.r;:!.~:e in dis·i:zmco fo:;.-- tctn.l bo<.1y 'bu::dens. 

has a ve:.·y lon3 li~o, nml \7'0 c~tn u:::;o it u3 a trE.co~ ins toad of 

in tho p~1·nist 13nco of t~'is co:atn.miil£?.tion in t.ny p~rt:lcular on-

v :h•onm~n t • 

Wo I:no·~1 thn. t st1·ontiun is nlso p::ian:i.•ily c1:;:pc43:1.tod 

in the bon:J. 

If \":a o:.~ru:sss tho activity in the ani:n:i.lo, instc~d 

of 111 toi·~r.:.3 of tct~~l bo1y burden, but rather in torm!3 of st1·on-

tiun :-:e!' CTfilm o~ bon.a, \·:a C0:'.:13 nci~.~s a fi:::;ul·e so:nethinz li1:s 

thir:.: (ch:lll: clc=.onstrn.tion). Thero n.ro thc:;e c.t:mvcroio~ factol·s. 

You cr.n soo that 4 7 i~ not much in tm ... ::3 o:Z a mic:r.ocu1•ie, 

which is so:-1~..-;ho::·e around the body bm:·dens por::Jissiblo o:f hi..t.-:mns, 

but 1 t io still ve1·y c!ctec·i:.~blc. At GO uilos out, tho cont:i:::.in-

it r0ach!)S abcut 170, 1 co:fL'li to incr:.~:;o ol tl~.stanco. 



I 
O:Z 

(_ 

follo-::ling tl1is lnst. hoY1 f~r out this rcla-

tlo:-i. c• i-. ... ~1-""".\ .... , .... ___ ,o..J 

that is n~t di~tributotl in this nanne= but is dist~ibuted rathor 

( 
p11•ticlo si:;es t1hich will tend to h:; c:~1·1·icrJ :Zu3.·tb.8r and tcntl 

that this relationship holcl3. 

It ia not cnou::;h to go out in an a:i.'o;:i and Gay this 

is ho-:1 ncch v.ctivi t:,r is there. It hns to bo interpr~tcc r:s to 

·what it· mo~ns or t1hy it is there. So:.:.1:rtiD03 \':~1y it is thm.·e is 

scn~t!r.iss cnuiol" t!~un v;hn t it r;::Jans. 

At UCLA, v:a have r.:01·e o:· loss bro?.:on oui .. t."Jor!~ cbwn 

into the ph~mo::3nolc~y oi \".'n~t ari:> tho :.Lucto::;.·z o:f di:ffel"'ent 

fall-out· distribution'.3 ~;:-iich ::lrc th3 thin.;s Dr. Lr_!"son has ju.st 

clisc11;;scd, and the:;:i '\"faa t is t~18 biolo3icn.l si::;nilic.:inco of it. 

Ve hr:'..ve to h:lva tha t"::o bi ts of da tn. :ln ordcl" to CTOt a pl"0~3r 



c 

( 
for nny p~rticul~r sp3ci~z ~nd this· co~3tnnt hns bD~n called a 

bono retention f~ctm.•. "ihis ic a bit p;.0 c:..-:2. tire::, lle m ... e still 

Xi \iO 

these n.nin:?.1s cat, and th:m t1oto:.."ri!lna th3 ot.:i.bl~ stontiu:r;i nnd 

st~blc c:i.lciu::.1 in thc~.1· ~:Jn:;;:;, w~ c0:::0 O'..lt wi t~1 a bonG i~cri:cmt:tcn 

other •;:or~:.S, tlio 'bm.13 rotcn t~.on fac: to:-.· io:r th~ ti:1.i to rat, the 

Fo1• tho \';hit3 !'at, X b:)liovc ].t c=i.:.:is cut to .22; 

th3 field, the valu3 co3cs out to .19 for th~ jnc~ rabbit. I~ 



.. .. ) 

c 

In cc~1clts:'...on, y;a could S[;.J t!'l!lt 0:1r e:f:i:o:::ts in the 

<!id it get there, ";7i'l~rt nro th~ :fo.ct~:.rs that govo::."n c.listrihutioa? 

Third, '\711n. t is tho bi olc3ic:il sicni·:iicanco? .And, foui~th, i1 it 

( is biclozic~lly si:;n:.i.fic~mt, \;l1!l.t c:-.n '\';.3 do ab~rnt tho contn.:ain-

been and \"Jlll co:ntinu-:> to b~. 

DU, Dv":Elt.1.:l: D::t. Li:::ulba::-:; 's pip3r is now op:m :fo:r 

di~ct...:;sion. 

fol'" thin s tu.dy, ho·:r c!o you co this? l!o..-1 m;.:ch r:i..::i. tcrial do you 

ln the en.so of th3 

on 



! 
\ 

( 

( 

fili.ir:z th;:, 

I ~:ould s~y 

good correlation. 

Whnt eviCsncc ~o ycu hnve? 

Field th::i. t I clou.t'>t !mva S i!2•::!1::3. 

D::t. 



( 

/ 
r 

( 

ur:-r'"'l.i r:"·:·~ ~.-·"'r .•~n-. • 
........ -..,,1 •• ~ ..t.:..~.J ... ..__ ...... _ . .,..,,.;,. 

bo 

c::; an o:::anple. In o~~ 

sc::ticn hero W,;) pr.t in a [':;0-io:,,t cr:td, ~00 1c3t on a ol:!.tlo, 



c 

( 



.... ·. 

,~' :. 

~ '"'>11 ""' - - "'":::. ~:i,..1'""-" ·_i '_!.<". ·~-= .... ·:-··i;·~:~i:._"), I J0
-l' .. -~.;- t~ -~~"-•~ .. ~·\ C,::lr,._,·!· o· .. ~ {·"'.<.'"} ~s :,rou nl"~~ \',~ ~ .. ~•.;_,_:;_ '.J. ~ .,., ·-~ - ~--- _ ~... ·-· - ._, -- ., ... _ 

( 

It is vo~y ~ifficult to pie~ uv a ~n<lin~ion effect 

. . 
S'"Cll.J.y • 

c 
th:l:J 

·has b'.Jcn c10:110. lt hn.s n 

":ould h::ve 

a tim::3 inc ·~or. 



D-, ... 

( 
"-

I.cbculd lita to as~ 1i~st i~ I ~~ cor-

has not ba3n relccssd? 

D~. !CLAUS {?): 3~:J::ci ~ic.1.ll:i· no. 

( 
prasentatio~ without it, it ~oultl to b3ttar. 

thin~s of that sort. 

triancular in sh~ps. It is fnirly l~r~a, cbout 2G0 ~c~es in 

size, and is of an nvcr~~a elov~tion of about seven feat. 

Tho p~r:l.ctl of thG p:::;:;ont cttdy •;::·l!ch is 



( 

c 

treas nrc found o~ the isl~nd. 

In >.-11n l""''t;"'llr\<•("'-t1~ ... r... t'1~ .. 1 ...... r.'.~ir1 i. .... ,.:(1 ... ~.r-:~ ..;("""I l"'"'J;r,...f'""'""')"~~ c·11r.r-1,... ...... .:;,, !:.Jw."-'0t.J.:.J--~'.l.~, ...,.,,. "·--- - -- _,,L..#' -..:.> .... :.;;,:,/~:.:..::.::.~· .. ,: .• __ .~ .. :> 

? ? ? 

? 
those C~:OVJ isoJ.n.tod pln.n.ts Cl~ [;l'.'OUp.S Of plnnto GU~h US triu.:.:1photr: 

? 
l..'l.'1 t ted n:i..'oas oi plants ~re usc.~11y iotm<l on dis-

o::.: in sand aro~s end oa~3cially in dinturbod 2rens 

grou~d, covers the r.roa to such a do::;r-:;;::; that you c8.nnot v.·:llk 

The third nroa contnina 2 b8nch m~~noli~. ln betTiaan 

c;c::.3s. Saver~l oan-r::i,;.'3 structt1rcs hnve alt.e~od tho rHltive con-

ditions o~ tho island--~i~9lnn3 lnncin3 ztrip3, concrete flo~rs 

for t~mpol":J.17 builtlin:;s, tronchos, ron.~s, etc. All of the co-

cc:mut trees v1m.'e bulldozed off. 

The rats, for th3 raost part, live in the crnsslantl 

~reas and, to a lesser d~31'GC, in tho br1.~sh aro!l. 'I'hc3e r~ ts 

bclonz to n group ~1lch su9poaedly, originally, migrated fro~ 

tho C.-:;ileb0s, in !re~ th9 ::~.:r:aiinn l3ln.nc1s. This np~cies tenc:s 

to bro:\.k up into insulnr o:· atoll Gro11:;3. The f:i.ct that th~ grol'.:1 

coo:;; broa!~ cp is intlic~-~~:1 by the fact that tho:r.e ~r~ ~ t 102st 



( 

? 
• c~·"'"(.,~- o·l' tl1~. b!"'-~·-·.··'·· ..... ;;.~_ .:l.i ": ....... ... ·..:.--:..·) • __ ., ~ • -- ~ 

~ ... 
4:..L 

( 

' :S:rcr.1 l~ to GO por hour, nnd since lGO fo8t squ:i.ro only co-.rcrs 

about n s:l;.:ty-fiith of tho aron occupied ~Y th~ colony, the 

\":OUld bO about 1, 000 to 4, C:;Q f.3r hou~ ri.'bO"JO g1·o~md c.1m.•:1n~ th~ 

d:.iyt:!.r.io. Jutl~in3 fro::i tho ovidonco of fc-:;ding, th01~a aro r.::-..ny 

direct observations o:l this. 

·' Since 1, 000 t0 ~. 00D ";'JO.ul<l b:; n.1Jo·Jc th~ surf::ce of the 

r;i·ou~:.d durin3 tho c1~yti:~:~, I y;o:.1ld h~zm:.'d a cuoss 

be ons tire9s or ~ore in t~o total colony. 



( 

? 

c 
p~riotl of those rntc. 

tho gestation p~~iod is app=c~i~atoly 21 dayB. Since \"Je l~n·:r:;; 

nnn.t durin:; tho suw.:~::;:rtir~~. Contrn.:..'y to th~ co::1di tions for i:~or~ 

1·odon ts in populn. t:lon'..1 ntt'.:1ied for ccolo:;:lc:il :roa.sons, this h~s 

( 
' 



( 

::o have in 

but since thcra ~-~"en' t any ~ .. 2. ts on th3 is !.:::.nd tho!',;, thcro is 

( 

inlnnt1n cot.1ld get into th~ isJ.2Hd, and this is by beat t:.·avel, 

Doa ts poriotlical ly doc!~ Ol" l~!1d n t tl:o is lnnd, o;nd it is con-

co!vn..blc t~1:::..t rats could co~3 in on th::: boatn, no~:13vor, since 

tha rn t :ls l"a tu::; o::c.el1onco, a field r~ t, t:J h~vc n~vcr seen 

one on n.ny of t~10 boats, I do not think th!tt th~ iield rut is 

clencc that tho old 1:orld l'":i. ts co:;;!? in on tho sl1:lf..3 tJi th th3 sup-

plic.3 :::.nd cquip:13nt from tha Sto.. tcs, a:id thcr.J T:ould bo o. ch~ncc 

( 



nnd tho f~at th~t ~3 have not 0~0n nn ol<l u~~l<l rat on the io-

lund, indicntc3 to E~ th~t ii it h~s occur~cd, it hno o~ly 

~~s not p~ssiblo. 

I~ GOnoral, tha atudy of the e~fccts of nltorin3 tbe 

into thro3 p3rts. This is the effect of p=alinin~~y· cc~struction 

thc~selvo3 nnd ths effects oi t~c p?olimine~y construction in 

'IhG co~s tr .. wt:lon ph2.'.3·'.JS t!1at ai:foct t!J.3 plant p~.;m-

l~tion cl th;) 
? 

( 

that type, ra~tted gro~ing takes pl~co. The buildin3 of trenchG~ 

and d:U::cs ancl bounds and moL'nds tln·o:15hout the island also h:::i.D 

an effect upon the plant co~Jlunitic.3. l'!i1or0 th::y are b11il t on 

the edges o~ ar~m;ln.nd, the cr.?.ssla!!d typ3 o:Z e:nviro:1r:~~nt ta~os 

over in the tr·snchcs nr!d in tho f.!OU!lc:s. \'Jh8re they nro built on 

tha EK'.3e of the rJat area, tho mat t~~=cs ovor on tho mound. The 

n~n-r.J.1c1e strn~tui·os, incltdin3 trcnch~s, c1il;;c3, bu:;1~or::;--th:i t 

reason that this has ari c~fcct, this rat u3u3lly buil<ls its 

next in the flat grzissland :)..rea an<l bu1·~0·;,-.1 into the ground at a 

naxinum of 24 inch~s. 



( 

ior tl~is 

u:..n.1:-tl!y 'lmcovc:rod. 

(· 

mn toly o:i.~ht :\nchos :ln di~::1~to::-. I c1o not l:no-.7 the full 1Gn3th 

e:ca as hl3h as 15 o:.• 20 r~ ts in cn3 bun::·or. Uo·::eve::o, th~ total 

nmibei'" of rats is fni;:ly l:!.:~li td:i vlith rol'.lt~.cn to th:) size of 

th~ cnti:re colony. 



(_ 

' 

( I thin~ anot~ar gro~t fac~cr in t~3 ~~ility oi th0au 

r~ ts . co not hr;.vo ~ tom:::n:.cy to m1gr~ tc as lo!l~ a;:; th-J fc-::d supply 

but in t~;o oth:Jr races of th~ s::-.na SiJG~iGs tl:oy fou:itl t!1at w:t th-

in tho fi:cst th1·ce v:::c!~ tho r2..ts did not r.'l:!~p .. ·at~ iurth::r th:in 

GO antl ovo~ a ten-~aa~ P-,r·~ .-.,, t'1'.-,-;-~ ,.~~ ·i ...,,...,_.. 1'1~ ,.. ... '"'t"' 0"'7 ....,,,. '"' - -vU _.. -:I u_ .... .a...".,,, _ -4..~.:.. ..... "-; "v- ~ .. 

c!~.utanco o:Z 200 feet. 'IhiD ,-;.?..s in n so-called evon distribution 

of pl::mts. Thor~ •;:o:;.·a.u' t cvst:ructi:c:; clovico:; in the w.:i.y. 

that afiectod the l':'..ts c1y ba clivid8d into :tive g:.·o;.ip3--th1t of 

thcr~al rndi~tion, initi~l nu~l02r r~<li~ticn, Dhcc~, v~tc~, nnu 



( 

rndiatio~. In c3uy in3tnnc~~, the bar~s ~arc to the bona~. 

suhjcctc~ to cre~tor r~diation th~n th~t inaicato1 from tho 
. 

'( gan::.;a r:::.d:i.r~ t:lon thn t I j:.z::;t np~3:::c of, ~n<l this -.~·1s ch.1,~ to tho 

to~rontial r~ins that follo~otl; 

Tho initial nuclc~r r~diation as cont=~stod to the 

r~:;idu~l r~din.tion is thn.t of r;-n.r.r::1~ rad:l:ltion put out by tho 

deto:i~ tim1, ~13 fi~ure, ui thin the :ti1~st minute, ""1 thm.1:;h this 

iz not act'.l!llly tlir3 c::i.ss but it is n. convonio:::1t r::~thcd o:f 

fw:·rn.rating the l".:)Sidu.~11 iro:i tho ir:rrmdintc, and then tha othor 

iEmodinte nu~lenr r~jintion is tb1t of noutronc. Soma detcna-

ticns in addition to civing lethal <lo3es of rozidual rndintion 

a loo cbl:tv~r lothr1.l tlo3.3s of th3 :l;-::i;:::xlia to g~=:on. r.o.<lintio:l. 

Tto3o 1ncli7idu~l~ nbova gro~nd ~t tho tisg o1 Goto~ntion, in 

so:-.1si inst~n:;c:;, ~~tl li ttl'J or no chnnc'.) 0:1 scrvival sinco, to 



( 
i.11 

Within th·3 

of 

( 
by vh:lch 

to the ot.h:rs. 

Tho concc~t~~tio~ of isoto;J~ occu7~od in co~3 pl~nts. So:-.~3 of 



s h:ndpo~.n t • 

( 

'I'h3 

( 

clc~m, Ylith no c!irt o:- rosith..1...--.l n.4t~ri~l. 'fhoy c;ot tldn fi·cm 

npp:!2rod to clcr:.n th~r.solv~s CO:ltinunl1y. 
? 

Those isoto:)o:; foi:ncl in the r.fr:.in include i·aro o:::c;:;, 

isotcp::;s. 

F1·0~ the o:;:;c~:v~t:lo:13 .,-;o n.J.co in ti:o iiold, th9 po:~u-

la tion has boon o:::pcsoc i· :;~~~::. tcJly to r·.!::::l'..."l ts o:f initial r:i~~::.::i. tio~1 



( 

tic~ in tho ov8~-~ll pli2~ility of but :1 

In t~o othGr cp3cic3 1 it ruis 10 p3r collt, and in tho other in-

'ti~s fonr, in this c:.:!.s~; in t1::o oi:.h;;;:-:.• clc::oJ.y rol~to<l races, 

th3 

ratio <loc3 not vary f::'on a r:o-r)n l?.tio, ~nc1 e::copt fo:~ those 

( 
individu~ls ta:~an shortly a~te~ d3to~ation, all individuals 

e~nLlinetl by our p309le h~va appsarod to ba in Good physical con-

cli tion, ~nd wa jud::;e<l the pl~ycic::1l C0:!.1dltion b] th'.3 con<li t:to:n 

of the fur nnd cyc3, length-wci~ht ratio, fat deposition and 

th0 activity of the aninal • 

. In addition to this, the mciin colony has, as of now, 

actc2lly boan con tim.!'.11ly e:~p~.nc1i~:;. Tl:.oy a::.1 e bagin:n:1.n:; to 

thin1;: this effect is clue to the popi1l::tio:1 p!'"r;:;::;suro in tho p:·c-

sent colony are:l '\"Jith a rc-:!u.ced ~mount of iood; althou::;h a c;oodly 

a:count of fat was found in tl:c rats, th?.ro ''J~s no ir:st:::mce w:1oro 

normal. It boils do:m to th:J fact that rou cannot find 2.ny effect 



( 

Eo, ill 

( 
DR. CDU-:1: 

~ad ~ very favor~blc ccolc3ic~l sit~~tion. 

not to b3 o~poctod unlc:;s yciu h::ul a nnclo'J!J oi ind:!.."'Jitlu'.lJ.'::>, no 

( 



c 

conc:itie1. 

-. 
\'J-a r0~l;lzo ·t;l!~lt. Th:::t 1:or1ul:~t:lon :l..s iJ .. r:c .. ~~2..ti:~1~ all tI10 tiT.-::;a. 

( 

As near n.s I can toll, the busl1 n::;.·,::a ls the n.r..al nrea t :?fo:•a 

DR. BlLL!::Gs: 

o.rca. 

DR. B!LL'.'U~113. !n othor '°;ords, their cu~csssion to alo::t~ 

( 



-_ .... 

( 

!:::;lando 

'.,..., ~· ,....,_ '\iJ.11 in • 

tl1oy do, 

tell n. little b~.t 

DH. 

( 

oquipiJ:itl, I think. 

\ 

The fi:·st 

T11e second roason 



( 

th~re nnd tho lc~istic:-.1 pm:ot of it j.s v~ry go-od. Th.,:, 'fo,::;d is 

oxc~llont. Tho~c nrc iin3 placc3 to li7c cut tco~o fo~ about 

n. doll~r ~1-:c.l a hn.lf n cb.y. ~'i~i tc to tho Divisio11 of Diolo3y and 

clc::.r::i.nce p::c:.:odu!"c:>, and so forth, to r;ct. yo~ to G~ c:.:t ti~2::.·o. 

We do not ch~:rc;~ anythi113 fo1 .. yoa to \1\):l'k nt tho lnb~n.·n. tory. 

(_ It is absolutely fros. 

At the p:·c.scmt t:lr.1~, n~· -. Tiia.tt, of thg University o:r 

in it, \7ri to to t1S and \70 \7ill so:nd you d~trdls on it. 

(A shoi•t recess \'J.1S tal;cn.) 

Univorsi ty of VbG~1in3tcn, LabDratory of Applied l'ishcTlc:;. 

DR. EELD: I am not Goh:.~ to be r..blc to discuss nny of tho 

zpeciiic l~vels o1 activity, soma o! the ~p~cific isotor,~s th~t 

h:!vo boen in-vol vo<l. in ;, ::zo of our •;;or!t a :t Eni ".'Jstok in the p:;.z: t 

yc:i.r, bu·i. wl1a t I want ~o try to do :ls give you tho h·o::id pictt!~ . .-3 

of ,·:h:i t v;e ~re doin:;, tho ::i.ro:1.s of study th.?. t \';'9 arG hi tt:!.~:; nnd 



c 
mn.kinz uso of the. fact thn.t tho are;.!. is contn.:-:iiuatocl with r~.dio-

to \':hic!1 particulur plants and :..i.n:l:-:1:..ls conconti~u to th·3 l':).~io-

act1:ally bo::;;n m·:itQ.bolized .and •.:;hi.ch ::i.s con t::.il~0d in tho tis!:iu~s, 

/ 

( AGsoc:i.u~~cd "\7:t th thz.se o1Jjc:c~:i7'2S 1 v:3 also '7:ould like to 

dctornin~ the i!.11i;,etl:lat9 scu::.~cc 01 .. tho sou.:i:cc~; of the radio-

nctivi ty to th3 variot'ls 01'"an:nis:.:.s; thn.t is, ~=0 thoy gott1.nr; 

the nmtorinl from \'Jl'a t they e.!'.. t, or rJ.re thoy getting it di~nctly 

i:r.o:n the \r.l tor. 

As far a:; tho 1i::;h nrc concorno'~ :lnd r.iost o! the inve::to-

bi·:i.tcs, the ril.::.tter o:f getting it from tho ,,·ate!.• is pi•obnbly of 

importan-co only <lnri::.ig the vc:.·y short p:.n::1otl ai'tc1· the initial 

cont:4min~tion. 

Anot:1ci· objoo::t:lvo is to dcternino ·wh~t the i·edistribut!on 

o:r the r~dioa~t~.vi ty ~-s as ti!!!e eo:is by in tho lo.r;con. · 

l 



( 

I 
I 

( 

of \'Ji th 

antl th.a ir!r.10<liatcly su~·:;.. .. oi:.nclinr; l'Ccf. 'Ih~.s islnnd hes an a.rec! 

of about 15 ~c~c~, and tho uidth o1 tho r2of in this cnti~e 

· ·would 1:1.;1~(3 to dia.r;ran brioi'ly on ·che b:',.ncl:boartl the bro2.tl zo:J.o~ 

that W3 finO. in this E.:::.~cr~. It hQ.s be::m fo::tu:n2.to :;201~ t:.::: in t1~at 

th:!.s ls a good area as :r~u' ns pl·o:dn:i. ty to the tc:; t si ·~e, ~nd 

also hore \la h:ivc :repr3::;ontod 11."J:Ti:: o:f t!:o r.njor l:lio zon~s that 

are fcm1d in t;i~ A toll. This is not trus :kn·. any g:t von noction 

of rcGf in the Atoll. 

£'irot of all, wa will start nt th::: sc:i nud at tho i·cof. 

b3licve D:-. Odu.':1, this afternoon, \7!11 chow n photo,1i"n.1:>i1. At 

this lip, we hil.ve th:.1 so--c~~lled Li thoth~:1hin.n Ri<l:;D. Th·:i Uid30 

is not too pro::linont in this nroa, but it C:oiirii tely is d~.s-

tincuinhablo as a very sli~ht ris 1.J. Tho Li thoth::!.:.1binn ~:ld:;o 



I 
( nml cor.:'3n t ~1 t :t :::i:i • 

area. 

l:l. ttlo avnilablc c::..·.:3"Jic:;. 

( 

(indicating) with t!:e l~3ln. ti vi ty qui to !:.igh. 

wido, TJO ~un into a boulder ~~oa. Thi3 boulder are1 is raised 

ga:icral l'CZ'f so that it is e=-:po:3ed 

\ 

at V'3!'Y lof-T tid~. i'l~ h?.vo r.ot m.:i.d:) a;:::.31 s t'l.:1:!.c.3 in this a1·~a. 

cult to get to, and it is r.ot a pa~tict?.larly :r:l ch D.rna fi~o1J. our 

point of v~ew. 

Just insida, bo~n c~llcd a co~al 

zona. I • 2 tt. ') , 



: .. i'J 

of fish. 

( 
t:1d0 is not too 10":1. You h~vo 1.'.::rco sc!1ools of :Llsl.l r;o:1n3 ovol"' 

that flat, cvo:n sc;:i·3tin::;s \7hen ti1e ti(:o is so lm11 tho f:lns oi 

c.'!t15 t not a 

it gr2..dos doi;m i!1 to y;l1~ t llr:.s b::;o::1 call cu a boat p'.1ssa3'C, inter-

!n so~e ~roas, you get 

c 
:fish here, [!.nd on o~c2sio11 ·wo !:::.ve ~oon large m.:.:::1~:;:-::::rs o:f frii 

hanging in this crea. 

To sa vc space here, I nr;i r;oinr; to drns: in an is land. 

Re la ti Ve ly s poakin3, this would be a much grc:i tm:- c1is t~ncc, sa!l, 

the dis ta.nee :fro::.i . tho Is lm1d to this "O~nt {~~~~c"+i~~) -·ould tJ· -" ...... __ {,..,,."' •·u \., 

b~ around 1,000 to 1500 fest, and tl:e total d:tstr:.ncc he~e 

tliles. 

In choo::>in3 ou~ sitc3 fo~c- collccJ.:io:;~s, it is not p~·4!.ct:!.cnl, 

especially when you h2.ve to eot into m ... e~ v:"11ore yo!l cannot st:i.y 

vo:ry lon3, to atte:1pt to got o:.rt to all of those va:::lo:.!S =-~o:i9:.;, 

so ~:e hava dono the nc:::t best thin~--".;:3 hz....vo chc:::::c::\ for our 



Gl 

c t , . .., ·:· .... __ \> .... 

i 

( 
in cbpth . r::.:i1"'cp.n, ~ntl then 

sor.wtir.1$s th0y a1·c off !;02!e distance, indicn. ti11g tho old sho::.·a-

lino of tho Inland. 

.,~ h~-~ c~,1~~~"~~~~) ""..:...1 '"._,,-.o .......... _,.... .... ""- ...... ...,, I 



( 

c 

th3n in tho inverto~ratcs ~nd then in the fish. 01.wiotl::lly 1 to 

r:minJ.y to th-3 :£c~1ins h!1.bi t of th'3 or:1c:;. ... 

you \'Jill ::;eo this ~ftor.ncon and to:no:'.."1·0-:1 th::tt this tios il1 very 

J 



( 

re 

tlYJ11 

skin. 

./-~, .... 
......... J 

i11clutlin3 tho ::calc.:> 1 ~r:d tLeu f:ilKllly in tho nu.::cl~. 

,.,~ ....... ··- ~ 

Tl.:.cy nlso 

in 

tho·Gu~1dG ·~!1=-~::. .. c i:J t~:ta u~tc~'icil n.lJ. t~b.::."·Ot~_gl1 i:11c stt: .. :~nco ni .. o::. o·~ ,. 

tllC s~;id. 

e:mmple, such as :Zt:~:ot::1, t!ti::> s;::.all \';'hi-te nnail, :E~c~s o:i. these 

lGvcl of radioactivity. Tihilo otu• da t:i still h::>.;~ n. long \':ay to 

go ~ ... n analys1s, th1l ln::;t r;:. .. 0:1.~1 ca::::c in lrc::. the iioltl just 102.st 

rt.on th. 



c 

( 

da~initoly nttri~ut~blo to rn<llntlo~. 

o:Z tl10 islnn~:S 

... ...... , .. ~., 
\,(,,,..." ... ~· 

the pl:111i:r:;, 

We fin.cl that \d thin a few cl:-.!7;:; a.:ac:: t~-:.s shot that stu;.1ps 0:2 

Dtl.~dy islend ,·.ras actu:ill;r_ i:mch lo3s ti1~n it \'7'.:..S ir:.r.ocliately 

befc~o tho shot. This r:.:i.s _ c~ue to tl10 :t:'.ct that i:r-~ had so~.10 



( 
:i.~1c!10::: a 

-~:.·"~ .... 
.; ~·-·- to 

( 
facilitic3, nt the ncrt~ end oi tto ato!l to t3 able to do 

sine~ h ... i.vc 'these sto:;;..·:;..3 

st o:::r.z • 

l::uod~\Jd ou·i.:. Also, in this sas'J ~ro;):.., ~11 of tho co1·~:i.1, cl=::·.:3, 



( 

viom to tho 

( 

( 

fro~ rc~aininG portio~~ of tho old colo~7. 

of tho co~lc~cin~. 

hc.?.u3 o:t n..chriporn., cocc1lab:.•a, end so on. 

but you can:1ot tle:)3lld on b"l..mys o::. .. anyth:1.n3 o:f tl~=i. t oo::t't st~yin::; 

1.n pl~cc. 
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( 

tco. 

( 

h~s :r.,:,c:;ntly returned fl~C:i".1 a to~xr of tho J?=..cific, and I thinl: 

pcssibly this will tie in D.. little bi·;; \'Ji.th ti'ds v:m:l:. 

DJ.. DU:mJl.~l: Th~r..l: you ve17 r.mch, D!". Ibld. r..:;,foro hi3 

i~adio-chc::iistry rel:). t~~ to thnso thin:;z, to :.:;~:1 a little sc:::o-

thing a~:>out th9 rn.d:tc:.ctl1Ji ty l:;vols relat9tl 't-o this nro.J.. 



( 

( 

th;l t cvo;:i ~3 la to :t3 n. yoJ.r a::tvl" tl!o ;:,st t~ia.t there y;ould bo 



L:J 

( 

( 

On the return trip frcm ToI.:yo to S:1.n Francisco, v1a could 

not iollo·.'1 this sar.is pro3ram, but w:-1 did tal:e sur:inc0 sa:n;ilcs 

evei·y f ou1· ho1J.~·s on tha i·otcxn j ournoy. Ra th er re::narl~ably, wa 

fcnnd tho levels of activity c'.lbout in tho i·~n:;o which '\'J:l c:'-

p:;ctod. I \'lould sny thot :in nv~:·:l~e activ:t ty ni:;ht b~ in th~ 

tions p~:r rJinutc p;:,r liter of wnte1·. It is of intcr~ot to note 

that thin CC:1!'.J~l"C3 "tJith 600 clisintc3rations p;r minute due to 

potas3iua--l ~o~n tho norn:il pot~snium in sc~ v~ter--so t~c 

incronsa in level is not vory recarkable, but it is dafinite. 

You soo, you hn.ve your north c~D.:i to:-i~l cur::ont co:'1h13 in, 



( 

( 

c 

Japanese current to the State~ ~n~ tho oquatcrial countc~ 

cui·rent cc:-:!ln:; b:lc:.: in ti.d.s <l:!.~·::i::.;tio:::1 ( :i.:11.cl:'..c8."1.i~1c) • lli thin 

of the order oi 10 or 15 <lisi~to3ratio~s por Minute par liter ~nd 

nbout the saog activity 2s you ~~uld iind in n liter o~ oca 

water. 

lle do not have rn.u· Y101·:: 0~1 f:lsh l~y any i13ans. That iz ju::;t 

r;ettinz c tn.rtod out tho:"o and tlli3 pl'{r;.7Gd to bs a poor finili~1z 

ezpadition. This was not n fishln3 vo:::;s~l. '!his \ms ~- Coast 

Gvard cutter. We did n!?.l:::~ so::.:e sto;:; at n tolls end collected 

sam!)lcs, lar[;cly thay ara b::dnCT worked over by tha Applied 

Fisheries Laboratory. 

There is no cvidancs for any p~rticular he~vy con=a~tration~. 

It is possible, of cou::so, thn t \l:JJ m~y h:wo missed :::;omathi113 in 

this sort of thing. You cannot covo1· ev·~r-;; S!!U3.•':'.} nilc cf the 

Pacific Ocean, but n.p92.:L .. :Jntly thei·e is a ver~, "':idcspread contn.m:l.n'." 

tion. 

On the return trip, v;3 w31 .. a v;::ill p~st tho Ifa."G.1.iian !slnn~::: 

before we began to fc3l that tho c.~t5.vi ty i·:r:s rs::i.lly c1o..,·;n to 



Gl 

c 

Xi you ta~a a 

( 
not do rmch P..nd you "iJ .. 11 aot a f::..i~ly niue fzi.llo:if '7i th a 

10303riphic ~~ctivi ty, nnd you c~t ~.m.·t o:t a t~il 1 and t!1is is 

dovm at e VCl"Y lm"J nctivity •;;l:oro ycu v:oul<l eat one of th;;;sc 

In othc1· \'10:-cls, I believe tl!-~::.·c is sc::i.a nct:lvi ty b~t".'l.:!::m 

It is 

600 r.12tcrs. B~low 600 m3tc1·s c1ovm--~.ncl tho:-.--a nre scve1·~1 ca.::;cs 

of scverrd bott1c3--thc n.ctivi ty \1as ne31i:;iblo, but 600 natc:i:.s 

was tl3finitcly belo~ th9 thGToocline. 

FRO:! TllE Ii'LOO?.: !t 



( n •..:., 

c 

I do not thin~-; \73 \7Dul<l li!~e t!1a t. 

you pie:: t:l> nny co::::als? 

( 
the OCOQn? 

I \';ould oay th~ r0~ctions ck> not follm11 tho 

books too \Yell. We r~n into n 11t~I:!b0:;.• o1 thin:;s that lool~:;d 

FP..O~! ·nm E'Lt-02: Y-ih:i t sort of t:;n901•a tu~·~s did you find? 

tho boi lei~ 01· condenser in t:1l:e y;n tor. ~!any time::; it \7n.s l'lm:i:lin~ 

FRO:i TH~ !'i...CCJ.: 

-here, and if I follo-:--;;.;d the t1·,:'..Vcl0:.·~ atlv:l.c;'] and t~~·~ tho nvcr:i.:;"3 

clopt~ o:f tho oco:ln ~nd t~:;:o \';~2:).t ha~ t::~n i·olo'.1.scd, don •t you 

cot ,.::Joy too nmch activity h~ro? Iln.vc ye~ {1.on·'3 tho b:ic~= 



GZ 

en.lee la t:l.cr:.'.J '? 

( 

Th8.nl:;: yen vc·z·y such, b::>th o :.t yo:.1. 

l will yield to Dre D~1lcy. 

~ort. They nro eoin3 to diocn3n tho dist~ibution in tho 

( 
D:1. D'UDIBY: 

haven't demo nnyth:i.113 tl10.t ! m.l tal~:i!13 ncout hm.'"'o. I j\Dt 

\·,·o nro t~1l·-·n~ on t"J."""' ~ .. ,~ .... joc-'"· o·"r th.-._ o':-' .... _-.,_~~;~·;~ion o-"~ }•, ..... _...,~.~ ~ i;l. ,.:.!, '-5 • '~""' :'.;;) ._.:;.; , "' ... ..-:.: ;__-,·.;:,,,. • ~~ - "'~·•'-' 

distnnco3 from tho te3t site in order to develop clc3o-in 

problems. 

I am going to e~'.lphasis·..: tl1·::i e:?.sto:;,,•11 h::ilf of th0 United St::lt·~3 

YJhel .. 0 'WO h~ve ci~:.: te ti, b:l t cf C"-l. ta ~n<l v11lich is in th~ di:::>tnnco 

ran:;cs \7i th which I nt'l conc·9l'n:Jtl. 



G.1!. 
~ 

f ro~;1 tlws e obso:.. .. va tion;:; 

( 
nnd then D~. Dunnin3 is r;oin3 to ct~P!Jly r;;o:;uo ol the conto:::~t horc, 

rad:tn. tion levels t1:1ic!1 c:ro ionnd and also tho lev;JlG of radin.-

hazard i~~l~c~tioa. 

Thc:ro :::.ro i::nny v~riotie:s oi rad:l.::1.tion hazard includin~ th0 

oxtorn:i..l radi:.:?..tion ::i~th b~ta ai:.d cn.:-.Em, a!1d tho pcssibilitios 

of t!ptn!:e of indivic.~nal isotop:::s, inco1 .. ~orn.tion into the body 

and rnclia tio:1 :f:;:c:n YJi thin. Tho:ro is obviously not tine in 

fiftcon ninutca to eo into all of those in dat~il, co I nm 

goin3 to uelect two or tllr00 ,·;ilich ,-,,~ consicbr the r.1ozt important 

t and I will spond ray tiEe on tr.o::;o. 

Ob3:3rva tions h:'..VC bGou rr-3..G.S by our ?Je"\/ Yorl: 09ora tions 

Office on the a~ount3 of raclio:i.ctl>.1 0 fn.llout in tho eastern part 

of the United 3tates nn,:1 olscr1hcn."'O :h·o:n wi1ich it is possible to 

doto~ninG roughly tho external gai".ill1a and b3ta radiation v1hich 

are found in cnvirc~nants ns a fuuction of ti~a durin~ the last 

f e•;1 ye~rs . 

The dose levels have, of course, fluctuat~d with the 

'\:.'eapons test, and i ar.i not goin3 to try to co into cotail on 

that. They have put out ~n ~.rticlo in Scien'=·:J a fe11 l.e~:~s a:;o, 

and yo~·can got raora cotails thore. 

calcul~ta that tha ordsr of rnaznituds of tho b3ta radiation dose 



( 

of r.~gni tnde cf the 

total of O.l r~d, total dc3o to dnto. 

It is 

throushout tho cont:ln~tc:i." an av0l"~.3a oi about 0:10 rad tot~l c1o:>o. 

Dl". Dunn:l.n3 Tiill sp~~k co:1:;3.it1~r~bly r::o:r:c on the ma ttor of 

I \-:o-ald li!:~ 

c;ar~a r.:i.di~ t ~.on. I n.."'l r;o:i.ri:; to tal!:: about t1'.o r:::i.<.ac~ctive st:'on-

!t :ts p:;::sibl~ 

I' 



( 
I \·Jill try 

cti11 cot scr.:.otbin3 cut o:: th8:::i. 

this 

c 

water nt thG sm~a ti~:1'.3 in Cl:d.cnc;o, a v.::i.lt'!3 oi O.·~--ju3t cno 

Soil in th3t aron, 353 disint03rntiona p3r ninutc por squ2r~ 

tions par ninuto p~~ square. 

Anothor \'i:.lY o1 o::-:~n·ossin~ it is i:.1 term oi tho r~ tio o:Z 

r;trontl\u:i activity to nvailn.blc c~lcirn:1 i11 th:> noi1. J..s !'-D1-1 h:lVD 

h3~rd, thc:~l"e ;.::; a cc1·1·oln.t:l.on, ~nd l \7:1.11 i"::>:r!: '1i th th::i t 5.n tr.~ 

out,;:;equ:mt pn.rt of th-3 ci1~:i.n. 

tho ~.nO'!..mt of "'~n:> ::-.v[!.1.1~.ble c:ilci~::i in tho soil, it y;or::s o".lt ~ t 



( 

( l ;,-r,·--, ~ 
'-"'".. J ... .:;.,.. 

tlil~~--1. <! Sunshill~ u~i ts. 

Fin~ll~.t, \'JO rad sc::io ln!.:.1:i.n bon::s :lr-. Chic~:;o--:m nvez-n.;:;e 

valuo of 0 .13, '"1i th 113 f:>!:.:::1oto:13 r::m:;i:n~ :fro.:n 0. 04 to 0. 8. 

f::ou~:oce o:i hu.~n r~ to:ri~l. l'io hnvc ro:ison to 1:~15.cvc thn. t ='-

chain here in detail, but I ~n not coin3 to h~vo nu~h t!n~. 

I r · 
\..i ,.· 



G" '<.) 

( 

no~e (injic~tin~) t~a vo3ot~tion ia hi~h~? than tto soil, 

The 

tion o:i thi::; no:i--is p~rt o:i t2:3 r',c-t:lv:lty v~ic~1 '\'h"'.8 on th::i ve3;?.-

:( tc. tio:.i h:J.1 11ot co:-::.c !ro:ll tho ooi 1 nnd roo·~s, but r<:.. th9:i." fro::i 

d:ll,~ct retention on tho lo::i.vo3--not [Scttins into th·3 zoil--oo 

On tho hu:-.nn bonQS, the activity is l~r:1 l;ocaus0 th0 fetu.sos 

have part;.o.lly :filtc:::..·ou thl"ou:::;l1 tho nntbc::, who::o:i.s \'Ii.th a gro:1-

ing chiltl it 't'Joult1 b:> lo·r;er. Az Dr. Lind1X:ll"'G ra9ntionc~, a 

'1'her0 is one fuxt~.ior !3tcp (chnl~: t1~~mnstration) i:uile on 

stable stronth.1!.l to ratio in bone. 

( .,, ,,~ ·""!''!' 1-:.i.·· ,, 'Y') 
A--\..l.J ill-.........,.,. -.....-> 

bno::i in c:ds tonco o inc3 tho bo:;inni~~:; of t:l::a--1. G unit::, ,..,·:1:tc:1 

I uill not <lofinc for you nou, O.~ to 3.5, 50 n~asu=o~~nto c, 



G·".' 
·' 

( 

Stutos. Tho =atio c.f <lisc~inination haro is by a f~ctor of 15 

soi 1 to b~iW • yon 

spurious cor~al~tion b3c~u~s tho relntio~~hip b3t~san tho 

th9 005.!.--thG b:):10S ~X'O 10·;1 bnt t·-~ '.!.'-• 

'( 

I \'Jill s~y one ,,·ord nou a'C::il1t th0 situ.ation \lith rnclio-

active iodine. We ure ju;:;t this test so:d.c.:;--T3.'L">CT--n~Idng 

oeasure:nents on the racl.ioElctive iodin;;1 contc.::1inat~lo:u a~air:. in 

CO\'l thyroid:3 and h\!D.an thyroi~'.3. l!hilo thoy h::wc not co::m f!'ou 

tho sn.me a1•0:\, the fi3u:r.::; have sho'.'.'il th.at tho corr3 la tio::i is 

rather uni:Zol·n, ":1hic~1 is not too bn.d. 

·--vc::y rou311ly, these i:Lc;n.i".:::3 ~!'o qui tc ro::;;il ::md they r.:»:; :for 

April of 1955, and not ~11 of the data nro in o~ cvaluatz1--
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70 

in tho r~~~e of lCDO 

t:.lon? 

DR. D1JDIEY: 

it i::-: cert'1:1.nly in3::::;tion rn thor than in'.hri..l~~ticn th:i t p:•otlucc:3 

tho contm:iin~tic:i in r.:~.n and in anirml::;. 

FRO::l T1I3 FLCO:l: 

four-th o:Z tho strontiun t!1n.t r;:its into th0 fc:itl \"lill get into 

the soil '":ill cot into t~1'3 b:>no o:Z th'J sc.r::s m1i:::al? 

\:'hat l~ss. 

nn. DJ:TIL~I: 

r.-,...·-'!·~­'-'"" ........ _ .. 



( 

I ' -

h~.S r~:i.lly Gi·;on 'jOU th3 h-:;n.rt Oi tb.is • 

I -;.-J.n t to 

feel :it is essont~.n.l th[t.t \"i.:J G~t u fc11 c:.Z tho f2.cts r.md into:~-

p:rota tic.ms b~foro tho puiJ1:1c. 

1'.s I ao thi·o-~i3h this, I h:.:>93 ycu ·nill forc;:lvv na if I 

As nn i11trotluct~.on, ~s you ~11 l~ncw, C.urin3 tho p:ist 

c!ocade tho ~;orlch7ido poB. ticn.1 oi tu~ ti.on h2.s tmc~ it cbliS.'.l to::y 

tcstin3 and dcv~lop~ent. The roJ?aso oi oillio~3 of tons of 

eni:3r3y tozeth~r with uillions o~ ton::; of n.ctivity must bs 

Om.4 nu~lcar p:ro31·~.!n io r.'kl.n~~ tory ~o:- th~ r;ccu.ri ty o:f om ... count\,: 



'l2 

Vlhat n.ro our p:-oblor::.::; on tl':.:;:>o tc::;ts? O:io thnt X \'Jill l~;rwo to 

ecological as~3ct. 

effects, ·r:3 uro co.:1c0::."ncd \Ji th t1:.o in:1ivldm:i.ls; th0~:-o~oi~o, it 

(· scr:to~IB ch:i.nccs in tho blco1 pictt:1,3. /~'!:lout 100 ro~mtr;on wot~l:1 

gaoma. There is also tto b0ta p2•0'.ulc:-1. I:f the n.chin.11 fall-out 

r.mto:::."ial cc~0s in contact \7i th t:1n s1::ln uncl rem:\inn in contact, 

it co~ld produce hiGh cno~3h dc3~~c to produce a typical r~dia-

and also n:itiv0s in tho sp:i.'in~ of 105~. 

Concerned ·.-Ji th th~ m~tm.·nal raclia tio:a is tha gonotics ·ahic~ 

is sonathinr;; ~;a cannot c;ct into too dooply h3:i"e. Azain, b:;..•iefly, 

l. 

.i . 
\ 



< 

trd!dn~ ~bout. 

( 

in ecnotic rata. 

ace cunt f.01· so:-.10 ten 01" t\·:~nty po2·ccnt of the r.luta tion. 

for t'hc;:;o nu:nn~:rs, th:; ai .. i t~1:r.3tic co::-:~0;:; out that this mi3ht 

Sup;::c::;a wa cont:tnu~ O'.ll'' te:>tin3 prc:;r:ira every yo~u.·. \'ilmt 

every yoa:r, that is e;:;_uivalcnt to tl10 Gl"O:'..t~st fall-ot\t \'.':l have 

th:'Lz v::iy. 



( mut3 t:lon l'2. te. 

I:f so, thon, tl12.s ir.cxoase ,-.'ould m~an in-

in,:ofi:nit0ly at as-h:!zh a rn.te ~sin th"3 past. 

Alr;o, \'Je r'2ight r:::mtion in to:':;:-;1S of c:~tcrnal tho • • • 

activity that i':i.lls en th.:: grm.E1tl, an:! u t the t:lm:i o:f so::1:;1 of 

e:_1..•03s f:lssion 2ctivi ty on the r;: .. ound, and you ".7ou1d iinc1 \'Ji thin 

the guirn.ary ran!je hnlf a nil lion nic1~o~a1"ie3 at the time o:f 

:fa.11-ol!t. If yo!l :folJ.o~.'1 one of the ••• o:i: the :f:n.11-out pattOJ .... n, 

out to t.O or 50 r.iilo3, you might find sce::etbing J.i~o 10, 000. 

Then, r;o:tng out to, sn.y, n:i.·ou.n1 tho test Gita, 200 r,i:l.le:3, 

rou3hly, on ai·ound thore, not counting this ~ctual path of 

fall-out, yo:l drop o:f:f to sc:icthi:ilG lil::.G 10 r,1ic1·ocu!·iea p3r 

foot. Then, at tit1c of iall-out in th~ country, there mir:;ht bs 

so:ne snn.11 fr~ction oi mic!'o::u2·ics p0r :foot. 

In Cincinnati in the spring of 1353, i·t 'W<lS cstl.natc:l to 

be ~.bout half a mic~·o~µrio. At Broo:;:l1n.von, it was C3tioatcd to 

ba al::out a tenth of a n1:lcrocurie. 'I'ho30 m.ob3:. .. s do not hnvo a 

grc;;>.. t c!e.11 o:i I!'.3anin.r; e::c~::it in try in~ to rol.:!.te tho:n an·:.l cc1::3 u:) 

\?ith data. You ha-;c to GO to th:.3 indiviau:ll .isotc,3S to uot t~10 

m3J.uin~, at loast for this G'~Onl) h~rc. 



( 

( 

Dr.::iloy. 

·. ""'· ~ ·-·-. 

. To try to cot n li ttlo r.~:::i.ni113 into tho;se m .. :.:.:wers, I n~d·:> 

Th:1.s, so, and this, so. 

What is even a n~::.o <iii-ficul t c:::.t1~:.r>oJ.::..tion t!l:it Yi~ 

attc:1l)tcd is an cstir.::i.te of ho·J1 t.mc11 ctrontiu::.i-'JO in tho ::-Jo:lJ. 

exists so that if one ,-;3~·s to sutsict off the ~::>il cntiTcls.• o~.r.:::r 

a p3riod o:f yo:i:-3, thGy '.i'Ould b-:.1:1.ld up a r.1:?.:dr.:u:-.1. • 

l: thinl: you reco~ni~a this p:.i."ob!.o:n is inh~::.~cntly V\::'!.7 di:Z:lci..tl t. 



( 

c~ll it \"fan tov.::1· ye~. \7ill, tho u:..·:i. tl!:.-.:3tic cc~i:.~3 out l:U:o so 

\VO r.li3ht lead up to, bGC::t1.".:sO this is a pro'!.Jlcz:i of b1.!ilc.1-up since 

Johnson has a ha.lf-li::o of t".·13nty yos.r8, ~ss1:::1ln~ W:J h:i.ve a 

( 

out so (indica tin.:;) and :::o, Tli t:h the b::.so of this co~parison he:1.·3 

(indicating). I rop~at that those ara ve~y difficult esti~3tions 

to rr..a~e, and this ~~1010 businoss nnd th'3:Se n~ab:lrs hGra could b~ 

lCTJ by a factor o:~ 2. I th:!.nl: it cloo::::i give a li ttlc po:rsp~ctivo 

as to whn. t has hn.pp~nod n.r..d t1I1at niGi.\t pro0ably happ:m, or por-

With rc3p3ct to tha icJina p!ctur3, that has alr~ady b23n 
\ __ 



c 

oi:;zm.-vc<l. 

( 
D, .. -. 

data are oven less fil'll. 'Ih:3 h:i.c;host one that wa have eotton 

on record ho1·0 no\'7 is for sc:.n3 pon21la livin3 cut m:ound t!:c 

ro:!d.i.ng they actually :found tl:?ro \·,-:::.s duo to contanin::t tion OT 

actu~lly cor:iing :fror!l ti10 thyro:.i.u, 1:•ut if you r.cco21t thnt all 

of the activity m::xi.r;U!'o<l did cc::1o f:..·o:n t:10 t!ly1·o!cl, then tho 

p:iople out thera h:id o. n::i.:~in1.1~ ucse r:::. to of ~ .. bout 3 raill11"'cp_:; 

p~r cby. 'I'his \J~::; in tho r.lic1dlo of April o:Z J.055. 



( 
soc that ny iiitoon ni~~to3 ~~o up. 

o:f quoz::::t:lo::s. JL.st 

Fl~O:J TJ.::S l:tLC~::~: , .... '"'., -l.· ,, ~ .. , ... ..., \'i"I~ ",,:) tL3 t:~si:-J of the co::.:_u:::·iocn? 

Dit. DlEEH::G: A t~l 0:28 n.11~1 0 'I:lli:J \"o .1.S on tl2~ c.:!l:...,:l.c l~~:J :t:1 • 

lilly (~:1.d yo:i cc~.:pai.'O it \'Ji th ra.d:l tLn.? 

Yo~ !:no.,1 y;hy X did. It is a cc:a:::.on cc.:::::~r:l~on. 

( 
D3. om.>;1: (lm:.ui.1:1.blo) 

DR. D1LnillJG: 

'l'his i~ b~sed on t:b.·e ly o:.i \733.p:::ns tcs tin3. 

tm.ny "\V;Ja~:s b~do!"c I get t1lis s to1·y put to3oth3~, and l hav:3 n:>t 

a ttompted to go fu:.. .. thol~. 

D:t. DUi~!P:J.l: D::. I1ol"3:J.n, cl id you h:ivo a co:-Lnon t on that 

qu~stion? 

DR. l:OB.GA!l: 

DR • Du-:·Tl~\~1: lln.sn 't there so~o~hin3 ir,lJliod i.n th.:i <:.UC;LJ tio~ 

D~. ODU:!: 



't ~) 

( 

tlw.t th3 

• 

I \;·ould lil:e to point 0~1t in th::; cnc:J o:r 

c· 
clcsctl eye lo, sc2::3 i~~ bound to f}.')t O'.lt. Nev~r.th3lcss, t!:.oI"o is 

110 rc1son to fcol th::l t any n.y.-]'.):."'~;::ic.blo ir:.c:ror..:.30 in the stont:lx:.J1 

level no~d.s to take pl::l.co; 

If it do~s, 

DR. CDU:l: Th~n, thcr3 ~~uld bo s~ortor life--

~o, I thin~ it in cho~icnl procossinz and 

k0oping tho ac.tivit~7 contained 01· else clisr,31':'.JiJ:;Z in such m:~as--

? 
in n~·ens othtJ:: t'h::i.n th~ bi:i.s f ielc!. 

I 
Ii not, I 

\ 
\7n.1:.t to than:; t;10 csc;:::yis ts for bo:i.n:; zo c:t.:<:cful to stic!i; to th3 



~llottoc1 t:h~~. 

( 

(Tho C0nvcnticn rsccssotl ~t 12:30 o'clock to rcconvGno 

D.t 1 . 11. ,, r• ' c 1 c .. ~ . c··~ -:- ti '"' C' r- n ""l> (.
1 " "7 ) ..... u _;1 - ~·::. ..... .. ..... c.oi" ~---·- _"j ••"'.; • 

I 

( 



Gl 

( • • 

• • 

th:ls 

( 
r:.c.s t of tho tall'.3. 

o~· D::. H~ld 's 

Af tor tho ~a~tins clo3os this 

• • 

D~. EC>.3S: 



h:ll.1, bi! t ho 

c 

( 

the monotony. 

All rly p1ctn:.·cs h~vc 1;.,:;()11 c lc:u."cd, We did not go nc~r 

these bor.1:1s, zo r;c c::-..n sho·;; Y.·~1n. t is th:;ro. 

in the ~re~ c0ncrally 1:;:n;::i-.-r~1 cs tho S:i.r..1 :·:i11. Ecolo~ic~lly, of 

fJhould n.::;iply cqun.lly to bot::i pl~.C·.:'3. 



c 

( 

co::.-;r:~on 

atc:nic ~.nsto.1!.ation. 

... "'\ 
,,~ 

p:::otoph1::;:r.1, ~nd you. cz:n r;o boyon:1 tlmt, but \"i:J \7ill not cl:; so 

Yie hav~ col ls, ·r:-:J then \':a 

thin~in3 at thnt point. 

'\
.,...,. ...... find cut th0 c:f~c~t c:"l the orr:;~nis;:~s, ~ntl ii 

tionn.11y, ,-,.c tnlk ~bout populutim:s, ~nd th2n '"'O ta1~; ah~ut 

cor.muni tios 01· biotic cot:.:-.mni tic3, a.ncl then v:3 tn.11~ about 

cco3ystc11s, o~ whatever y.:>".l \/ant to c:i.11 it, and so;ne of thc:;c 

the nourosphGl .. a. 

of co::-.:iu:-ii ties and ecc:;yst-:i~~s. .\io a::o coth itmctio:~~l inv.:::sti-



( 
n:lqt~G.3. 

( 
for 

~··_ .... ~ .. 1·.;n,., u, '"'?~d "'0·""'1 .~JV_.~ .. .._ ;.;> !,' -... • ""' -,;~ e 

'Ih~ t is o:i~ point I \/OUltl l:l~o to rx.t!;c. Unless \':3 h::;.ve 

In th~t s~n~g, it is di~c~trl-



c 

tc.!:lay. 

( thin:;. 

level. 

man Y1ho is 

individual 

unc! so on. 



c 

f indin~ o~t tho no~~2l functio~ as ' 
.. ,.,, 
·~ 

c-

I yill_bricfly ~anticn 
• 

have the nuclear tcstin3 coin~ en in th=i t :t~."0::1, this is n!.1 i::".a:i.l 

systo:!:lS 'in tho field. 

\ .. ,..,.."'n ··1 ... ~,·."'!nt to r. .......... ·'"'·:::::tc"-·· .. , , .• - ... -·~t ,., .. ~-·1 - d·' {"-"-·•---'- ---~o"'"''-...,.""' .. ""' l", - ... .11 ••• -_: ., .,,,,; ~. :;..;.:..L ~- :!. -~" 6..:0 J. .... J.t.:• ~!.J, .. "' ;.t.:,.: ;_;_ ... \,"'_. .. ~ 



8'l 

( 

instc;;~d 0£ goi~:::; to tho noz-tn c:~d o:: th~~ =.toll, o::.!::o thm:o, ...-:3 

'i:h~ro. l-, .. ~ ,.,~ .. -~-~- ......... .J ....... ..., 

·( 

wo:o.·!-: is iu p:ro:m, nnct it '.'Jill t:;, c:r'.; sh~:·t!.y, t11-J ccolc3ic:i.l , 



,. ·' ........ _, 

r\ "'"'"'i ,.... .; ~ 
\..WJ.- ....... L-.J.,._., J 

( 

in thr'.t r.::o:t, 

( 011 

bo bal~ncod. 

( ·' ·1-i~ _,,., ···~ ·1-·) ~· ...... t.;._ ,. -.1. ;._.. • 



( 

( 

( ~·~•,·i C:"l -:·-in~'.·) .-............ _ _, "'···-~-., 

in so ~-my pounds o"l ..-~"l '-"~,--_..,, 
"',-,_:.,...,.,._, __ ..,.J 

(indicating) situ~ticn. 

Cl'"a.toz-. '\T~a t. do you h:ivo? 

'·i ·1··1-1 c .... -:··i ~ .. ,., , __ .... - -· ,.,.. __ ".) 1'\ '"',-' ,., .. ,,. ....... ~ ~-:.. 

~., .... .,,,,..,. (1• ,, .-,·l C'"' ·i-.; ,,,.._,) "O,""~ ... ·~~., ~~~ ....... ;_ ~ .s. ... '...J..... , ... ~ .., ____ ...., • ... ....... ... .. ~ ...... ----

You C:3U~.:1 



( 

( 

( 

cli<le 0:1 this. 

cf ess~yinz totnl functio~s 

h:i·t.'c in1ic2-tod 

... • .. ~ ..... 'l 
~·-·~-~ 

s t:~uc tut"·~: 



91 

( 

(Sl:i.tb) 0 11·'-
~ ... 

ccolosiuts ~ill co ou~ t~~~o. 

( 

rcaf. From hore to here (indicati~g) is on9 solid sheet of 

o~gnnis~n . lt is m1a solid ch3ot o:f alr;us in diffo::."cmt £01":..~.s. 

YOi.l cn.n pie!-;: up a chun!~ ~ of rc:;Jf or co~:~l nnd squ~czc the 

chloroph!rl out o:f it, nnd you cor,:e out with the sane 01·d8l~ oi 

t!:t[p.i tuuc, so it is u. bi3 Dh3ct of lctt~1~0 with all of these 

aui!1als feec'ling 0~1 it. It is g~o~ins ra9i<lly and tho anira1ls 

~ro eating it rapidly. 

(Slide) 'This sh!'.:J":.TI tho rost o~ the :·cef from that 1·id3a. 

get back into d~GP3.l" '~'3. to.z"--i t \7ill sh.::i-.·1 u9 in tho r.o::t colo:.· 



c o:i::1u.n i ty :1.s i ·t :i.s 

t1'1n.11 tho re(;~. 

( 
in it. This is th.3 so-cz-~llc~ 

oquip~ent. 'l'his is th~ shi~ l:utrwn as SS r:~·c~h1ction. It c:m.sists 

bottles, each one :foi· a chomlc:i.1 i:1cnsu.1.,3::n~r:t, o::;n;3n and so o:i, 

thi:r:.::; out, t·:>-;1 it out, and wa have rl~iv0n in th~ ro~f ~r.1 

\'..':> tic it up ~r .. d ".TO ~;or~: from t~ds flo::-t. You c~ not h~vo to 

( n:mts. 

(Slic!o) 'Ihis sho-::z a li ttlc bott'.)r t:1~ tY:o :flo~ts ".V:i..th t·::0 



S3 

:t ccul<l h~vo to~n n little 

( it 

cm:~l, tho::.•o is 

nnd is tscd. 

c 
., + ... u, k'lh·on 

you: grind U? the n!':.::11, it ~s :rull of c:.:.J.o::cphyl. Evo.:.J th9 

~nic~ls in tho c~ral roof nro p~o~uclns food nnd evorythin= is 

full of nla:i.o. 

(!ndicntin~) B~~e is the blu3 co~al. Xt 

they aro doii2Z ecolvJic::.lly. Ani;::J.ls ho1"~, at least runy of t:.1 :n, 



c co~:·al. lio;:; [-:, C·.)::~ -'~:!...n:; O!l 

On o-::.0J.c3ic c:.·ol:.n-:-1, y;.3 

t~nt b3cn1=e th~y c~a ~1kin~ iood n=d they nr3 n=c~3s~ry fo~ tho 
) 

the other one dice. 

on th~t. 

( v.t ~11. 

for t:i1at is tlu~t ·the al::;~o ~l"O actu:i11y ~ot :Ln co:it:i.ct \!itll tho 

nut1 .. icnts with the su::i~lco lnyar ~nd, t~:3:;..,~ioro, a lot of tl!o 

thin~s in tlw \"la tor nro not gottin3 co·.-;11. It is not b:;iinz 

ci~cu1ated, and not hittin3 hera. 

yo~ \1.:l ll scs th:31'a aro no s icnz oi tho 0:.1 trJ~ layo;.• tt t c.11 • 

. 
Let n3 call yc·ui"' ~t .. c,;)ation to t-;·;o 02' three oi tho stato:-::·~nts 



( 

( 

:J5 

011 tho i·eof, if you ns::n .. ~.13 th?~t th:~t l·~·ttuce is tile limiting 

r,u.st have r.:orc alr;ao bcc:i.u::::;e it has Eo:.·c ou:?:>:fac:;s, b1~t it c1c~s 

not. If you t~ke U1e crt:s ty typ~, th~y \7i 11 cc~~ out th3 SZ'..r.!9. 

The branci1in3 pnrt is a p~rt of tho ~nir.:.:il p~rt bec:i.uso the 

ani1~al part is ab lo to c;at noro. The ocean a~ound th3 co~al 

rcof is VOl"~~ low ia pi·o~uctivity, about ons, o:..:.o-tYJontioth in 

fo'.)d p::otluction. 

'We h:i.ve h~re oue of th0 1110.st e::ci tinr; thin:;s I cnn th:..n:: 

~nd tho cnly '.;;;.y it s t'.:ys th~ t ":'I;:?.y--i t de:;)::; not let :i.nytbi:i:; s~. 

This clcse nsoo.::i~ tio:n 1:.3-t.,·:ocn pl::i.n t3 antl nui~n.ln :facil~. t~1 tcs th:~· 



( 

We a:..•o \7orkinr:; \?i th old ficlc:S. ~.!r. Esrde has some :tniorr:::i.ticn 

on S~v~nn:J.h Hive:-, tlJ.:) typo of ll:-.J.bi ·c.~ ts, t'.nd so on, nnd you c:tn 

intcrostcd. We invite PO·:>r;lo to s~v~nnn.h IliV2l' \'!J!O ~re intCl.'estc 

thin~s w3 \';ould not h:;.ve bcon able to (.1o \1ithout them. If '""3 

''Jn.ut a fox census, \T:l get a man v::10 hr--• .s had cxp·:n ... ie~~co ,.,i th 

< 
f6:~es. 

Hei·c is the a toll. The \:ork rGpoz-tsd on p:r:c-v·ious ly too!~ 

plnca U!' horc (indicatinz). The \"Jincl is h~ro. Tho zon~.tion is 

a li ttlo diiic:-cnt. It '1rlll va:-y arom~tl this n toll, acco~·tl:1.n3 

to the p:-evailing wind dir;3ction, the str.:m3th of the cu1·ront 

and thi123s of that sort. This ~-s v,1hero the lsb.'.>1·a to:i;•y is loca tcd 

nnd tbis is on rcrry Isl~nd. The f~cilit~.os that ,."~ro montion'.)d 

are e,.:ccllent, th~ :f.'.)od is '\"JOndor~ul, and s1nce I li~:r.:? to o.a t, 

we really had n wonderful t-li,._~e c;mt there. I never sari suc:1 

fo::>d. They kee1:> pilin3" steal~ on a. r.lilo hi=:;hr 

(Slide) This rcof h~~3 is tho o:no ,-;o picl:.o{l boc~l!.SO it -.;·:=i~ 



to ;_ t 

( 

Ue don't h~vo this 

( 
At ronl high tido, you cnn st~y o~t th2rc. 

'.I'his is collcctc.:1 at ncv-;;,~·~1 r.io:i.nts on t!t~ rec!. 'l'hore is not 

much Ol'[;:lnic 

all so~c lc;::;s hare. 'l'!loso 

S:::.:::J.~1 is st:~r:::.·-,d up on that 



c tll0 reef. 

We r.r.d.o v0:::y ca:;;cful 

qt~a<lra ts jl.'.::l t us ·a pln:n t ccolc:;is t '~'ou~.d us_e •. This is t!J~J ridze. 

Those co:::nls. i7ct:1co lot of coral on thut 

zo~1e o:f co:."'r-.. 1. Th!;:; i:.J 1:h~ t the co1~n1 looks li!:e. '!his is y;:-ia t 

\7G cons idc:r: 17!C3t cnll that, 

and th~s is nn ecolc3ic~l thi~g no~, but it has an inyortnnce 

in all o:t th:~r.:. it refars to nctually 

is u:nimal. t·c did t!-:~t in v~~1·:tms ways, v:h:l.ch I v1ill not ;zo 

' 
( into at this tina, but t~o ii~~l ~csult is th~t the coral is 

the· zone and. . ~::hich a:rc the s:-~'211 cGlls in the co~:-~l 

onclod0~.n i tsol:f. 'Ihc ~:..me is t1"ue in h;,·::.~:co. This is the most 

oxci tin;; part.. 'l'his is th~ stuff th~t rnus t be r.m.nufacturin3 i:101·e 

food. 

This is fo~ ODO particul~r cor~l of th0 reai and this is 

io:i:' tho \Jhol~ l~oci. This is ths !r.·h~<l o:f pyrauid \"/S cot \1hOn 

\Je add \:12J al~l.. o:.f these thins:.;, and this inclucl;)s the co:rnl, the 



( thin is 

a lot of otbor poo?l~ to GOt t~c s~~c tur&o~~r r~tio in ot~o~ 

( ! kno~ it ~culd b~ snti~~ly ~ifiarcnt for a non-

the 11.on·-stablo cor:::::u!li ty, yen \'::mld h:lv~ l:;:;::; of a Gt,:1.;:.din:; c1·0~ 

'I'llis is on the z~m~ p:isc th~t l sent around. This is tho 

r..szur.:1ing, as \IC scr:~~t:i.r.l"S do, that ?..11 photo-~ynt!!o:.ds zt~1·ts 

out y;ith gluccza. Thi~ is 01:.:.:- c11::.·~J0. ?h:!.z i3 or~~ ti:ln.t s~::-zent 

loo::;:; to bo co1:.s iC.~;)=-:~bly 

more pro::h.lctiv-9 than hi3. ·Alco, v::; .hav~ n. ccod n:iny r::ore points 

on th::?.t. 

(_ 
'i'tis 



c 

~ntl O!'l.C up 

( D:?. ;30SS: 

G:mc •s urotl.l.o::.:, 'l'u:in, m::i.~o a lot oi .. i:h.;) bo:,rs out thu~a nccr~irv 

cl-' , ' . ... 11 t . b ., hi of' • ..... • "'' • • • • . :.i..u.n ., "o - you co r:m~n a. ou.:; s ..;:l.Vnnna11 ;.~iv .ar ,,o;;.·~, •;1.u.cn 

\'le c:i·e vo!'y much int·:n:~stcd in, but X b;:ili0vo it is \'l~ll dccu-

mantcd in ~he pr0ss. 

as they cc~;io out, and t~1~t y1J.ll fill you !n on t~~'i.t si:io of it. 

Dr.. II:ELDZ: 

radioactivity--

(_ 
D:? • CD1J'..l : in 



10:!. 

( 

rcnf? 

( 'I1l1oi1 .. full 

there !s an abstr~ct o~ t~~t if nny~ody i3 interested in that. 

FRO:.! 'IHE l":.iCOJ.: 

l hn.vc :i sli.~b 0~1 t!l=. t. 'Jhey vo.ry \'.lith tho co1·~:-: 

\'\.'hose r;J.:clotons t>..re vo-r··.l po:.'°:JUZ, ~-~tl they co 2 o:~ 3 inch:Js, c.n~l 

cnrr7in3 oi these b~nd~ is.th2t 

the nuti-ioui:s nrc b:;in:; uG0d up ~nd they coll~ct again. 

get i:i::lnt:::r. 

l 
< 

DR. D!LLill'G3: \ 



i~l 

( ~~a littlo layor of 

nicht it b~lnnces. !i you put pl~stic b~:~ over th9 ~o~d, 

( In 

comnunit1e::;, it t.::.l;os five-to-one r~tio to ri~:~e. • 

ins to:~e of 

Xi anybody thinl:s th;;:i:e is miything \":ro:ag- wi ti1 tr.a t--I think it 

cc:;'\:n C750. 

:FRC~.1 'iTIZ FLOOR: 

stmli3ht ·uid you hr:.v3? 

l th.au ! c:t:a. 



( 

( 

tl:a 

-~o 

· .. ~-·"""" i 1 .... ';J ,..,. -~,_) 

~~ .,.... .. _. 
\.'V V.;. 

r;hoY.'S you that it b.:..s to b~ th:::. t •;:.·.y. 

D~. ODu..J: 

to a 

in 

T~V.)~·e is not 



( 

i;.:.-to cont~ct '\'Ji th th3 cni::::>id3. 

D:t. OTYi.n!: 

active. !11 otho~ ":::n ... ls, it is six eo:\t:hs since tl~o l~st test 

out thcr~, so 2.11 of th3 sl1m.'t-livotl r.:~t:i."woli tes arc gon3, so 

1~ not 'boi:i~ used, so 1 to m9, yon ho:Jo n cinching nr~tna:mt. 

DR. BOSS: Ruth Patrick :f1°on th'.) 

o:f hoT t?..l!:. 



J.0: 

( o:t tl~is 

uny ~olotc~ious e~ie~t du~ to hoavy o~~n~ic lo~d, to~icity or 

Tho ~a6ioQctivi~y studies. 

' 

( 

diDCt'!:JS br).o:f ly. 

no·.1, tho purpose of P21·t ! \7~3 to cst:?.bllsh a bn.se11.nc 

fer the nqu~tic life in t~o niv0r. 

laid the· groat.:;st e~il;>n:i.sis on th'.:::>e io::r.:s th~t lived in s~1allow 

f:::>.r O!" are to1~ched, for it is thc.s·3 o~·;:;~niGrtiS that hnvo to t~~=-·~ 

CZ c::.11, oi COU:'SO, !>l~n!:t·;;:m. 

otruot~~o of the pop~lation, yo~ n~o able to Got an ido~ of 



( 

i 

( 

n.ny c0•::.clt.-.sion you ,.,...,r1"'.~ , ................ ... 

and Neitlor, v1:10 to~k a • • 

t h·1c• 
.. --.::..J 

, r ~ 

J._v-." 

li~o3 o~ ovi(on~~ thnt yo~ hnve 

Fro~ OU? S0~3 350 

see. They usod a sq~a.:rc foot rn::.:::.~:?101~ vk.ich they haC. doveJ.op~d. 

Th:;}y conclt".cted tho:::;0 st~d:l.Cl.3 on i.nsocts. 'Ih0y found th3. t to act 

s::implca, and a stn. tis tic.illy rel:in.olo m::.:n1J3l' as to nn::lb~:rs o::': 

individu~ls too~ nt le~st 70 sn~plc3. They wora wo~~in~ on n 

uniform.riffle, ~nd you cnn ~all sea inn collection strc~D the 



( 

' c· 

( 
"-.. 

I 
I 

at~tistically roli~b!0. 

ccmtl:l..tion oi C:J. 

,, 
ecc:Jyst0:1 oi •,7}lich D:-..0 • C~h::-a h:-.s 1~.:-c~~:rtl:; nz:i~·l::.o. 

ns pcssiblc. 

it entc~s the oce2n, an area of nogli3ible g~uGicnt. 

algae. 

A tot:':l of 22J sr.:~ci~s u;J::o ickmtifiod. 'Iho la:r~'81· nu:.1"0:::1~ o:f 



( 

( 

( 

su~voys, TIO round oi 23 

at. Stn:'d.oa 6. 

r .. .,. ....... .,. r,.-i 
•.J~_.;- ............. .,_, .. ·J 

\
.,.., r.• 
,1. .... .;;, 

sp~cioa to fill thoao niches, nn1 tb?sa n!ch~s ~~o all filled 

and, thsroforc, fro~ EO~son to Gc~s~~, aaothor vill got in ~nd 

out, and the tot::?.1 nu:-:1":J~r o1 s1x=;c~.c3 will stny rc!.1a:i:1:2.bly con-· 

stant. 

In the lo...-1~~· vertebr~tos, ·wo f~:mnd th::t tho nivol' -.:-13 

zone and tho fact th~t i:!~3t o:Z the b:Jtl is o;;.ntl. Thoce of yo~ 

fill:J its channel ~nc1 th:i.t :tn strr:.:1.t co;.:~·s2s o1 th;3 !Uv~~·, if 



lCJ 

( 

p:lctm.""13 goe:; ( i ·11·, -~{ .. ,... J. ·i,.., "') })" .... '. oi,.&,.:. ,,,_ c.,_,...J._., ~V.J..llt to h~ro; you~ c~r~ont 

.. 

( silt J.c;::d, e:!.d you do ~ct ntn:,o:;:-s o1 \:·::i:.·r.:s. That ia the richc.st 

10~;:0~ invel"tob:r=i. to form \",•.i.o l'Oln t:tvcly limited. 

As in the prota~oa, v;2 got o::ily 13 c~:ioci~s p::re3ent cl:u:.~ing 

all fo~r oo~sons. 

find thnt in Station 1, fer all zcaso~~. 

had lG; Stn tion 3, 2·~; St:i. tio:n 5, 20; Station 6, 15. If w0 

\'.linter 58 S!=<)c.ics and in th3 s1)1·i~~ 59 sp3cios, snc11ing the 



( 

ally is ~h3 G~~ss of this Rivar and th~ rn2jority oi our insocto 

( 

of course, they b3con3 ndults at va~yi~3 times, it is natural 

that they ~::>uld add. to thin nur.:bc:r th::i. t y;-3-:..•3 iotmd only cluri~g 

Lil:e,:Jise, at c2::tnia se=.so::.1s, i!15Cc ts are a:~trcraely sr;1all 

is difficult. Also, E~ny of the~ hi~ernata under stonea and 

oi the year. ~he aver13e at St~tion 1 was 39; St~tion 3, ~7; 

Statioil 5, 52; St~tio2 G, 19. Tihen ~a consider tb~ cu~v2ys as 



to t110 fC!ct tl::u t 

c 

ol 

fish l:l!n:1• tad, 'Ihis is 

linito<l to u~:'o th:::.n c:r..c t1hic11 is typic~'..lly ion:~d in t!~is 

( 
the result that ~1th this continu~l f~llin~, it uo~ld ba 

only ono. su::vey. This :i.s p:.·o1)'.liJly d:::3 to sevcr:!.l facto::·5--

tho Sn.vann~h Rivo1,, it is difficult to n.1·:;.:i.:ys ca·::ch tha sr;~cicz;. 

.. . . 
:i..J..~.fl. :tr,,.cto:rs 

tl:o ' . . 
.&.~.!.nc.:; 



( 

( 

I 
\ 

b~soc1 011 t:l~e :1u:~:;:.:.~ oi sp.Jcic::3. It is also b~sed on 

tot2l c0ant and · HoJ..1i1~n.~m typ3 ccu:.r::;. ?h~.s \73 c.o not D3liovc 

in thi~ ~re~ :ind thi;.;'1 h'.:'...s a vc;.."y p::':>lcu::id effect upnn tl:o 

b~ctc:.~5.n.l content of tho P.ivor, and c.d:h~n: paoplc h.nvo fmmd this 

to bo tl.'t:.O ~lso. 

In co11cludin3, Ti.:: concl~F.J.C!d iro;.! th~::Jo otudiss th::i. t the 



( 

( 

~-~ ~ q ,_,,.~,-.. '"""\;'"" ...-j r/"'I ~ 
L ... :...,,J &..-; '-- -'"'-'._.....-J..;,..J 

'""' •"'< -.y\ ::..; ........ __ ......... 

gi."oupa, ncvort!1oloss, the:.--a still r8~1?.ir.:.3 this reli1 t:lve 

Since tho.:;o bas::)lin3 r:tu:1i::s 

other survey. 'Ihis ~;:~s r.!:J.ds l::i.st st: .:.::or a::t:.)r Cl:i:·l;:G Hill Dam 

lmd b.:3on in oporation for so:-,:3 t:l.!.'.'3. 'I'h:i.s \7~5 to dote:rmi~;~ 

~~sthcr Cl~r~c liill Dnn ~~d inilu~~cod c~ca~ly th~ ntructu=~ 

or the nqu:i.tic po:,ul:'-.tions :h;. the Ri vor. t•c found O::it so::13 va17 



11( 

( 

( 
St~tio~ G, p1~ticula~ly, and St~ticn 

pilin::;s nnd these shallo•,7 ·~va ter ar.::as n.ra between th~so pilin:;s. 

Fccdin~ on this ~1g~3 ~r;; r.uny invortcb~atcs and s:::~ll 

ind:\vitlua.ls of n!.~ac p:.i.::ticularly have c~i:1D up ~!la, in tu.1"n, as 

0 ·""1"' ·:"-V-....... __ 



( 
tivity. 

caddiz fly in t~e ni7er. 

( 

c1o you use c1ia tc::es to s:ni.sur0 tl-:.e aqn:: tic st1·ucturo oi n riv~n·? 11 

The re~so:n is th?. t \:O h:ivc :m.J.c1e qai to a nm:1c3:" of i·:l.vor su:~vcys. 

At ths University of Pe:msylv.?.ni~, 0:-20 of th~ Pxofcsso::&. .. s, D1·. 

Stra,·;brid;;e, too~ this d:-_ ta-·-a t le:i.st, oo:::o of it--n.nd nn2.lyzc~1 

tile beh~viol"' oi tho tot~l m:..::ib3rs o:f di2.tc:1a i11sccts ~nd :'.'isl1 

to sea how they b3h:ivcd, mid he fon:r.d tl~at th~1·e 't.'.:l.S c. vnry 

high coofficiont o:i c~:..·:;. .. ~l.'.2. ti on .bot•,7:;on tl;.o t;'.)irnviors in s:p::cic3 



( 

c 
this 

This flci ts b::::low th~ ·.-;::.to~, ~ma this v.;ii.n (i:!d.icatin3) is 

po.::t:111 jclJ.~1, und th0J:'Ofo:co, tr.:iy c.~n stic}: to tho slic'~. C~co 

a ci~tc:::~ dies, it slt..:.f:fs o~f so you sot th;::! livi:r .. s, gro:dn3 



( 

( 

th~ • • 

"ro-.. -r•7• ,,, ..... ·~r·-- c::--· .~.· ~ .. -..!.· -_·_._,~ .. ~ :t 'L! \.:-..- ..... ::..~.JJ ..:.~.:- :._. - _ • ...: 

~--, _, --~ ~-­...:. .;....,..-.,_.._,,_,' 

h~s ~zs11 tc;:;tod. 

es the truncated ~or~~l distri~~~ion. 

ii 

c2ll 

. " ;,;.:,.: 

Tho ci..~:·v.) 

Th:::~-.;3 !"-3..th:::..1.tical to.sts 

:/~U a fit, It will net ci~a ~~u ~uito 

no::t•t;:i.l cu:rve will, Also, I voultl li~3 t~ s~y th~t Dr. G. 3vo!i~ 



( 

tl~e 

cf npoc:l.c:s, n.nd, thl.!'3, by cG.lc~la ... .::~.1:::; :iirst by countin~~ n.nd 

( then by c~lc~latinl th3 

River. Frcra thin one, 

const~:mt th~y rc:~ain. This i~ c:ic :f:t·c~ ou: .. Staticn No·. l and 

sir:1:.:lnr. 

Hero you h~.vo cno :;?c::.· .1-1:r1:•:1..l lJ:.::t)-July 185-1, :>.n:l this is 

07or ho~c o~i3in~lly in tho ~intorti~a. 



( 
In tho c~se of TI~c~o you have n bit of nn o~~anic lc~<l, 

you [:;et & la~:;thcmina; o:r the tail. In oth3r y;~~·ds, you cot ~ 

11 lli.lb 3 :.· o.Z nnd not nny too lnrzc n 

paA' ticul<:!.rJ.y o~G~-;.nic pollntion, i;_; to ;;:ak.:; a fer: Gpcci8:3 lJ3co::1e 

You \'Jill see h·:;re that on om:: o:r tlwso \7hich is in the 

( four-rnilo c~es~, a pollutant went.into th~t stra2~, and this 

in the ,-,.a tcr, and them by chanzes •:..nd tl10;.·1, o~ co:.;2·sc, vm are 

not rolying entirsly o~ thnt, but W3 ara going in asain t~is 

sur-£.1cr. to check tho Riv'3r, We do have a continuous r.:othod o:f 

Now, as to ·the tB:~1:_Jcra ture tcs t that y;e have den a, our 

a otren.IJ could ntan<.l nnd y0t remain no:~r12.l. At onco, 'W3 

realized fro::i our e:;:p'.):r:'..:..;.-:mts that in a r.::. tural envi:::-01r:1~:mt 

you :must thin~.;. of or>timu:i t~:;~iJoratu:·cs been.use of co:-;1!'lica tion 

liv0 in the labor~tory, This is clearly illust~ated by the ~~ct 



( 

until t10. 

/( t'h.;~.,~'" .. ___ .. ~ 

n r~or!.22.l area. 

y;hich tb·:J fish cculd. lc~p o;.•01· a r;rn.dual clim::i. tiZC\. tion. Vle 

found that \7~ U3C.:i. ~lumncl c::~ tf:.i.sh. We used a· pin p:;,~c~1 ii t, 

ture by very graC:'1.:i.J. accu::.:!ul:::.tion, cot1.ltl wi tb3tn.11d 33 clo3;;.1 .J3S. 

for '10 Cn.y3, n.nd then rrJ pcrc':)nt mr:vi v::-.1 ~ t 50 C1.~ys. 



! .. ' 
'-'~ 

( 

most sen:::dtiv0 o:t all, l:ec::.tSc tl~:J p:l:n p8rch is n.n inl:.n..bi t2.nt oi 

At 30.G, \'13 got 5 cl~~ys, 1'.ntl 90 

f::csh \'r.l tor :£:lsh. 

{ tooI~ a fish irc:n 

a given tc::ips:.."n turo ~1~d then s u.:~dcn ly :;..·~i;:;ed it to a much hi3h~n; 

a.nee with the riorl~ of J.i'ryo and DuC.3roff in this relationship. 

'l'ho thi:.·d type of test \-:a did ·w:J.s to shoe!;. them and then 

keep thon at the hi:;h sho~~: to:r::p01·a tu:caz, and this w::ts .s:!.ni!a!" 

to the one v1he: .. o \'Jc shocl~~d thC!.:l and rotu.~11ed them. to tha o;.·i~in[:. 

This te:nparuture p:.·~blc:1 is ono o:f t1:o rrr3at$.st on~s thD-t :f;:i.c-;)s 

us in our rivers with our o:~pam.1in3, sh=ill -;:e say, use of atc:-_!i".; 

enarzy. 



_!. ... _ 

( 

h;;;.vc~ to h'..'.vo cold Yi:!. t;:i:~ to c-Lirn.:.ln. to t:ic:::l, so Y.'~ tcliovo that 

Y!lll . C3 

( 
it is inpo~t~nt and ~ lot o1 rc~c~rc~ h~s t~an Gon3 o~ it. 

mi. o:um1: 

rcli~~ility on tho b~sis o~ ~3i~~t. In tho ~~rk th~t yo~ ~ro 

Uhcn you consid3r th~ entir~ situ1tio~, you ~culd not nec~3sa~il~ 

o.ppl~: sor.!e of thJ.s to i1:.::~ct~. Insects n::.y go do"':;n but s ~:::~th:.n::; 

o1z3 night co~e up. 

lESS :PATRIC:~: ! thinl~ \7~ should stn.ticticaJ.ly to3t :.nd 

sae. 

DR. CDU:.I: 

UISS PNI'RICX: 'l'h·a ir.:..::.~diatc cl!"nin:t::;-3 of th:i t ri vcr i::J all 



( n.1. r.1~::.n 

land. 

D~. 

( the re~~ coul<l so3 

t1:"'.Y lool: at thc;a. 

(A short r~ce3s ~~s 

D;t. EOSS: 

here. 

( 

\ 

it 

-1-.,,•-.-,Yl ) 
"'~ ..... -·..;..;.. 

····~ ·i .. ,, ........ .. ... .,._,..__,._..._, . 

in 

~- ~·, ..'"\,.-· .-. 
t_._ ....... • .J ....... 



( 
ticn, ti:.:~;:; t:!o 

100 

(· nctivity \;.::.sto, 

In ad di ·t:lon, 

th~ cc:ni::.; out 

is 

t -j,-- ... ..,~ 
_ ..... -.,.j 

I ~ill try to l~y 

-.·~~~·!·I':'\ 
..... ~.....;> """"' =i.nd 

~. "-- · .. 

.• .. , 
,.!... ... J. 

~re li~ely to ~ot 

.,,~ .... : -..... ..... ._ .... __ , __ ·~ 



( 

( 

to tl!O "i ··-·~ ..-.::-1 ~ ... 
• ! . ..,.. .. _~ •• 

n•'­
Cw I. this p~rticulnr ~uint; 

!t 

is tG!l to 

of sm.~vcys 

~-'-·l', ""n-.1'0""'~ t1·-.·,..,"'.l ,-.•1·'"' ... "' ·~t l··i141('~ U'J ""ld J···~t •- U t.• .. •._/ L ......... ..-4 ,..h, '-...,...,~, .J. _,.!I.~ •"' ""'.w- ·--:J ~ ' ...,..., .-. .._...._.) 

.!.. ~ _; -
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( 

in 

o=~chanzor. 

r::::tn.ls, 

.... ,,."l"'"'I .. ., .. •. 
~ ......... _!.., 

fissiona~lo c~tori~ls cl~~ult ~~~ch 

·.1:1.11. 

tl:oy 

.'.',..,_,... 1 ----1 

•'· ·,',,. .J ....... _' ' 

4~ 1·~-~ (i~~ 1·c~t4n~) 1)"q~ 
--· -~----- -~A.,.l. ·- _, .. ._.... .. -- .. ,. 

..-• -i ~ - -· -. 'I!:.is n~t 



( 

o~ :i.t, 2-::l 

I 

( 

op:m volc~-:.21.ic m::..ss 

( 

\___ 



pr.::s~~1t ilJ., 

-1.• • 
'"';_ t2.:"3 .! ..... ,,,..~ --..... " ~ 

.J. l. - ..:.· t.,.,... ._... ... ~ 

In cu? p~~ticu!~r stu1i~s, ~a b3!iav~ t~~t ~s need to find 

systo~, this little ~nivc~oo ~o~s. 

I 

c1ur:1p it ii~Jr.:·:!diately into .t!:l~ 1•.ivo:r .::y:-.;t~~'.1 nnc1 fo:i:~:-_;.Jt c.bjut it. 

po-;-;or. 



( 

r~dintio~ yo~ ~ot in tho~c cacc~? Tia ~now it ta~3~ ton to th0 

( 

roq~ircd to interfo~o a<lva~~sly Tiitb t~~ir function in t~1s foctl 

of about 100. 
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c:r ..... ~ ... Lt,.. .. 

.... .;. .. .....;.. . .3 

s:n:mt, 

r:ore. 

C .-1 ..... ., 
.... ~t ....... i 0 

I ~ill outlin9 it. 



... ) ... ' "--•.' •• o; 't' ~ .' 
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c to s1.o'!.l1d 

to cxtlin::;. 

ph:i.so 0:::3, 

to all Yi'.3 

lCf;.701 

to 
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I 
' S.:\TUI8AY t~O~r!NG s:sss1o:r 

• • • The S:i tu::cby :?\o::nin3 S~ssion convc11cd at 

nine o'cloch, Dr. Paul B. Po~rson, prc3itliug ••• 

DR. PEAnscm: C"":3ntlr:;:-.~:::m, slmll w;, cone to o=dor. 

of his p:lpO~ is 0:i3colo~ic:i.l Studios of White Oak L::i.l:IJ. " 

• • 

DR. ImU:.J!OIB: 'l'l-rnl"0 h:is bo:Jn a lot o:f ho:l.;iin~ aud 

hawin3 in th3 litm.:·atm .. ·c·b:?.ck ~ml ios>tll wit~1 rCS!J3Ct to tho 

validity of o:::i.king a population cstin.ate and nn~~ing recapture. 

I think fro!:l the cn:po:-ionco ho:re at Uhi te O=ik Lake and el:3owhm.•e, 

it docs r;ive you coed qu~litative in:i:m.?!:1:i.tion uni!or cost circu..":1-. 

stancer;, but the qun.nt~ tive da t~ I:!~t bo acci...U!lulatGtl in ve-::y 

special w.:iys, dopendin3 upon tl!'J l:ir..1 o:r :fi:Jh you ar\3 dsnling 

with antl dc:;~mding upon the tol·rain ,.ii th v1hich you are c10alin3. 

lihen l spc!l.k o:? tb.3 terrain, I spo:i!t of th3 bottcn 

and White Oak L:U:e W3.S pi"otty nuch sor:iothin3 like these (indic:i-

tine) all over the botton. 'I'he1~3 T;ere sticl;:s and brush. 'I'he 

layo1' TJas not cloa:;.~ed at all. ft..s th3 trees died, they fell over, 

and it ~:as really -- I ~oultln't say sinple to set a net o~ do any 

sanding, or anyt~1ir..3 li!:a that, in th·a L~l:c but aft~r \'m gathor-

ed all of this info~n1tion, the problcn c~~a up of preparing 

so~o l:ind of :final report. We tried to got cverythin3 :into one 

report. It was ~itten up in three parts. 'Ibis io a little noto 



C. 

( 

l 

l:.>l. 

we lm.ndetl the t.:::.c, ontJ part o::: th:i t introduction boin3 on bot!?.ny, 

on3 pal .. t lir:moloJy :?.nd O::le p:!.l"t vc~--tcb:r::i. to;:;. tl3 includad all 

of the oth9r ve:l.'"tcb:.·atGs includod in the La:.te o:::copt the m.'d:i.nsr~~ 

bi~tls. 'Ue clid l!Ot clo ~nything on those, bocau~e 't13 did not h~.ve 

tho tin3 o~ the pooplc. 

'7e did a li ttlc ·.-:o:..~!:, ho;-:avc:l"', on n::iphibi~m:;, 1·cptilo3, 

mt>s tly turtles, o:f 't':hich thora is an abu..ritl:1.nca at Tr.ai te Cal: Lake. 

We aloo d:i.d so20 '\701"1~ on \la tol• fowl w~lic11 is being continue<l, ar.d 

'°"·o clicl qui to a bit on fish bscauze th1t is o;1hat -r:s y;snt thors for 

in tho fir::>t place 1 

Sono oi th~ ~osults I cnn civc you, I thln~, arc pretty 

good cvid~nce th:it tha l'"adiation ncct::L!ulated to ·unich tho fioh 

't.'Ol"G e::po:;ed in l'ihi te OaI; L~·~e shc·,1ed thcra W.:;)l"e hal9mful effects. 

In the first place, ~ro~ the best of ou~ inrol~ation which we 

could get f!'C!l oth~r Tonnezseg Vallo:.r l:'.!.!;:03, the fish grew nt 

a rate of about 25 to 30 paxcent mo~a olowly than those in the 

surroundin~ la~os. 

·Furthe~o~e, those sp~cics of fish h~d a life sp~n 

of 30 to ~O p$rcent, which u~s a shorter life. We must ke3p in 

mind that Vlhi te O!lk Lako \V=ts ouch ~ore fert:!.lo than ths othor 

l~kcs, so the fish ~robably should h~va gro!m faster althcu~h 

tboy may not have liv9d lon30:r, b::;·::auso there i:::~ sona qucnticn 

as to whether a fast-livin~ fish uill live as lonz as a slc~-­

living fish, and so on, and I boliova there is sone truth in th~t. 

By tho sa.~a tokan, finh th~t gro~ -- real fish -- cet lar~a in 



a silo:rt ti~o, nnd tho:,r aro tha 0~1cs that v;a e;o11a icl::ir the ~as t-

livin~ iish. 'I'h3 onos th:l.t r0~ch the s:-.ns ralative sizs in a 

( 
matter of n ys~r lo~~or a~s pretty m~ch o1 n slow-livinci fi~h. 

These fish ~1·cw mo:ro slo-;1ly and ~lso clid not liva as lon3, ~!hich 

is c;ocd ci:;;:"cl';.::r:;ta.ntial evi::~'-'lnoo to mo. E[l.Soj upo:a the a!::ount oi 

rad~_n.tio:n tnc~7 rccoivcd, thore <;l.;?.S good circ..:;:;:3tantinl evid~nc3 

of cl3let::irioU3 effects :fro'.:''1 tho 1·adi::i:i:ion. I do not baliovo that 

the <lelete~:ious e~fccts could have bo:::in tr:lced to c~1enic:il \':aste 

dumpsd into tho Lnl·:o. S~:nobody vlill r>::o~nbly a:Jk that quc:;tion, 

and they \"1:111 pz>ob::.bly 'G~nt to I:now y,·:11 l do not boliovc it. ·w011, 

we ~:are thc1~0. u~u:illy, vlh~n any thin::; li!:g th:l t ,·,,.:is du:lpod in a 

( 

( 
laka, it Vm.2 not du:J.,od in in nny qu~ntiti~. It was not a 

c1rib~le that y;oulcl co~a in all o1 the ti=3. SO:!!)bocly wo~ld holtl 

the plug 2nd \'Ja mi3ht have GCr.lethin~ CJ:::'.13 c!o-;m th1t creak that 

t.tas poisonou:;. We had sovc:-al minor l:ill!l in tha u'pe:." ln~:a dua 

to thinga like th~t ~~ich uo t=~ccd out as boing d~3 to th~t. 

· I do not boliovo that th3 disap,o:::..r:ince of sor.i3 of th~ 

fish ~rom th~ population \.3.S a di::cct rc3ul t oi thos3 l:ills. I 

do not bolicve 1 t v.:is tm-bidi ty b,~cn.u.se the Lll~::e w:is tu1"bid as 

we were thcro ,- ant! it ~·:l.dtmlly cleared u~' and p:roccodad to 

ei1uloe the nl'"ea. 

Based upon our porml:i tion otutlics, ~a found th-e blac!t 

crappie , the blu~:;ill, th:> ln.rgs r.1ou"!:h b:in;::;, th3 c:irp, th:: sh~d 
( 

a!ld th~ bullhead ~oro aoi~3 ~hat wa ni~ht call re.:i.sonably ~~11. 



Thoy mri.intainc:l tho:l.1• po:pulo. ti~:ms :frc:i yo:i.:i.'" to yo:-.r antl scZ'..!3on to 

( 
they seon~tl to b2 groTiin3 m~re slo~ly nnd not living as lon~ • 

. In th~ •a:ii te ho!"so and cr,i,,p~io , wa had pretty geed 

populat:1ow.:; of both o1 tho:;;o \'::1m1 \73 \"JZmt in tb.:JlY: in lSCO. Yi1!cn 

TJ3 l:illcd tho l~:~s in 1J53, wo cot 37 xc:l ho:,,:;o o-u.t o:f tho l~l:e 

missed n S.:i~h o:.• t;-;o b~c~u:;o •,-;-a h:tndlod 2DO, OCO. Wo choc~rnd 

all oi tl:c:;e fish :for :m'.lr2G \111ici1 ,-:v h::-..d g:l.v~n the~ in popt?lation 

stu.C.y so tll=i.t wa could cot so:1s icle~ of the co::pletoness of our 

( study. That i::;, f ron the r.:..'1.r~otl f!~h, TI3 got SOJ13 idea o! tho 
( 

tot:i.1 pic!:up ths job. c:n 

holr.':S truo fc:r nll of tho fish but carp, b:)c:xu:::;e the C:!.i•p had 

sotl::> kind o:f a disease. We c1o not l:no-:7 vfa:l t it "t'las. l1o tr,.ed 

to isolato co~othin3 f~cm th3 ulcorntion and ~e cculdn't, and ~o 

didn't have time no:!" facilit:lc-a to follo'";J this thing up li!:o ·w3 

should h~ve, bec~:u.so ti::ie ...-:as e:-a'Wing to a clc3e and i:10 jm;t 

couldn't work beyond tho first of July. So, ~o had to close 

up shop. These c:::.rp h:!.d so:ue kind o:? n di:::;cas3. The u1c~r 

v.rould form :lS u hole in th2 sc:ile antl then it viould inv~cle th~ 

s~in nnd tho nuscle tis3u~ rig~t on do~;n to tho bone. At ti~os, 

you c'Ould pick up a carp out of th~ not. Re "t'Jould still be aliv~ 
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( 
' 

( 

most of 

.......... .,-. -. ... .:.,..,\.;.; 

the dar.1 Lnd tl .. ey p~t the .f5.E:h :l..n::;:.C.c. 'That i;,; an icenl h::.bitr.t 

foi· rn~ny of. the £.u~,'.i..7~ tilil'.!~.·:r:.~ \J;d.c!:; ccun1• in tho 1~:ttts !l2.1~ 
\ 

Resm:•1oi::..·, nr .. c: j l'.!> t c:rJ\,"!'d~'."';:!.'t:!t!!~ thcro 
'\ \ 
a\ma.11 t~ir..nor.:::: 1 ,,.~ eot there in 195-G' 
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I 
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aitol" tha ln.::c \7:.::.S inpound:;d, c~rt~:!.nly ":Ji thin s :Jv0n years ~.itm." 

it v~s iopouudod -- bocn.se th9y just spot-tcstod ths thinz \'J1lon 

I 
I 

I think th~y t:.aro th:::"e in Octob:;r oi 1043, but l an 

not sui·c q1n.t they did any of tbi:J there a.t t'h:it tina. 

Ba~:;cd o~'l t~1e figures that l h:.vc fro::J the Ilc:i.l th Physics 

Divisio:.1, ths iis11 in Uhi to Cak L:tl~e c=.ch recaived f:ro:l cmtcrn:;:i.l 

good !i:;tn.·a th2.t :c8:ins h~ got the o-:.1uivalcnt of one rcontg.;.:m o~ 

radia tio:n f1•0Ji exte:r11:J.l ra-:.1ia ticn. In atltli ti oil to that, based 

on our uo:..·~~ on tho accu:nul:!. tio:n. of :·:.:.c.1io'.:1.ct5.v:l. ty in the tissus, 

(_ 

( 
1852 carried a';Jout one r.iicrocm .. "io of st1·onti'l.J.Jl in:Jids tha tony. 

In nddi ticn to that' there \7.:.S the Cw3.11 a.mount o:f l .. :ldioactivi ty 

The point I want to ni~1-;o is that these fish wal."O 

carrying a total body burden o1 no~e th~n a uicrocurie and, at 

the same tirae, they were gcttin3 con3t~nt low-level radiation 

to the c::tcnt of about 1.1 rep per w.aek clurin~ their li:feti::i~e, 

so if thsy would be raal consorvat!vo and say the internal 

l radiation, !lhich I have no vr::.y of o.J:i.surinrr and I a.ti just 

guossinz, if wa ware to t~~o that and s~y th~t that ~ras tc~ ti~ss 

:,tha e:{ternal r:?.di:i. t:lon, I ,,.:>uld say that is :l. fair guess. (Ch::l.l:: 

oet!cmrtr:i.tio:i) Say this is ten ti~~es tll::..t (intlicati:J.g); that ,·;o'.11 



ba rep3 p~n· yo~r Ol'° 50-:! p~r yc:!r :f~o::.l the e:;:ternul s tu:f £ --

500-l\ :fro::n th3 internal. Thel~e is a p::r>3tty good close ;·;~on yon 

( consiuc:r th2 f:lsh livacl to b:i n'bot:.t t".7>) y~:!rs old. I do r:.ot 

think this is rm e:tl1o:r1J:i. tnut f:lGUre, bnt if '~·e get to th3 p~int 

whci:e uo Cl!t :t t in t·1:ro, u9 h:i.ve 7'f/j to a tho'U3and hours oveT a 

li ic span, '7tdch is a prntty r;·::-od dose, t>.ntl I thinl~ that is 

b0cause the iish, to grow nore slo-r1ly -- I Udnk it is w~1:-..t 

shortened thci~ life sp~n ~nd I an not at all nure but uhat it 

Thei .. e is one ot!:cr thing I would like to s2y ba::ore 

I quit. If all of you have copies of this, I Y:ould lil:e to have 

you open to p:ige 39, bGcn.use ha1·e ~e b:i.vo thic picturo o:Z t~o 

( seasonal accUJ;1ulatio~ of ra<lioactive r:uterl~ls in the fish. That 

is a story p::;:-otty n::ch in i t3el::Z in th~ t r;he:n we iil".st started 

out in the fall o:Z 1950, '\=l·O found th::.t the iish r;e:·e carrying 

a reasonable anount o:f radioactivity in the tissu23. 

The follouing su.:Eier, thay bud doubled or tripled 

and in.~adiatoly wa thouzht hare uas a the1"ll1l ~ni~al and it 

would change its metabolic r2.te ns the tcmpe:rature of the 

environment changes, so let us see iZ he dc~s not have a seaoonal 

I , variation in the acclli:lulation of radiation 7u.at~rials. We cut up 

three black crappies and three b1~03illo each Vi~e:t :fr9m late in 

Aueust o:f 1951 uutil ea:."ly in '"t!le su:rinP-. _, of 1953. I c'lo not 

,. 
\. 

rc::iembar what tha dates wa:;.~e, but it v:as so:mstime in Febru::i.ry O!" 



16't 

J.~ai•ch that y:.J stop~sd. In that, \13 tco::; tho33 individual c-:ru~1tEJ 

c 
aver~3es by a movln3 ~vo~~~e o~ five to smooth o~t the curve3, 

and u~ ~ot cu:::vos th(). t t!.:-!.'C sho·:m in tl!.::i.. t boo::. 

(Xndicatin3) Thls is il.pril <:~nd this is Cctobe:r:. lie 

son3thin::; l:l::o that -- it :;."e::.ch:;s a hizh of 80 dcc;1·ees an<l then 

of around 55 dc3:r083, tho radio~ctiv:l ty o:i tl:.o fish is runnin3 

ab:;1ut 3, OOJ counts per n:!nute ;ar eram. As soon as the tcnpo~·a-

I 

t 
tm-c gets to 55 d8~:-c::.:;, tI1in thi~3 st~l·ts to risa v~rl'Y gr~uu~l1y 

· (ir:.dicn. tin3) , and it Y!ill triple i tsalf by the ti1:ie it gets up 

hero to th~ na::imu:n te:1p3A.""a ture fro:\ 3, OJO to 9, ocn. Th:;.:::e 

figures do not mean c,nythi:J.g, so th3ro is no point in co1)~,d:ng 

the::i do~m, c:~c~pt that this triples '\7hilo this do,os not evon 

double itself. As soon ns it reach~s this peak of greatest 

_ tulgnitude in the oiddlo of the surJ:1ar, TJhen the tempsratm:e is 

at its po:tk, and you r.ms t re:::o:z:1!Jer this is on~ year, thon the _ 

thin:: broa!~s o:ff -very sh:z.rply an.d com9.3 clown and ti.al:.es this 

sort of a·curve on the far sitl~. 

Mo·wr, the CjUOstion al~i:s~s, why is 1 t th::i. t this fis::i 

does not c~ntinus to accu::iul~to radio~ctivity at a tcmparatura 

'fJhich is sho·,7n to be opti1J.11.:1 o~ near optin'..1:1 during tho c:..rly 



I 
ph:.·t o:f tho 00n.son, l::ut it ju:zt cfuits nccm.~ulat:!.n:; ro.-t!io~ctivity 

( 
the \1into:..· at ~ lo·;: lovcl. It is r.r; gu~3D thri.t at th:ts tl;co 

fin:t do not b:l·l ·:J so gcod !11 At:3ust, but yet thoy c1o in Jun:>. Tha:i:r.;.:: 

So far ll.S l l:!lO":l, it is th~ o:ily fish t:t:;. t CZ!.n c~t rid. of ~tron-

( The physiolc:;y o:f th:it :fish to=~~ is a trer..~nJous 

p~oblco in itself. Tho~o aro a ccod ~~n~ ways, but I ~on't 

dincnss any of thorn. I tho11~ht nbout it a cco.d coal, but it 

t:ould taka a lot of controlled e::p::rinor..t~ a."ld you wo-.ild hnvJJ to 

ha.vc a p:~x~tty co~:l phy::aiolc3i::Jt and you y:ould h'.lve to loo!: at the 

bon~. 

Dafo:-e I quit, I \/.ill ruantion jl:.3t a v:crd about the 

mte:r fo't'll in that Yi3 :Zo~d that \tater fowl in 'White Oa!: ~!:o 

tho br~~t m-uscl.:::> a.r..d ~:oulcl pxob::ibly nlzo be tri-pilosp~1::i.tc. 

Thcza ~To p~i~~rly botton foodcrs. Th~y carry a totnl 

body bu:r:dca o:f 5 to S nic!.'ootu-ics. I tbin:: t:e had ons up to 



( 

Th~n1: you. 

d~.sm.:~szion. 

( D::l. ODU".J: Uhy \-;ouJ.dD,'t Y·Ol.•,:;· C.cclint3 in r:idio:l.ctivity-~ 

( why clitln •t tho fish stop r;~o...-1ins? 

I can't stic!:. ~:t neck out that f~u~ 1 

DR. m:m:.1: Thi::; slo".1-d~r,'ll in zromh will nlo7 tl.o":il'l 

the ~otabolis~. 

DR. P3A'13C':i: Uo, I thin!: thm.·o is n;:ch b:)ttcr cvidencs. 

Vfo knuw thn.t :fish b~co~~ leth:.r:;ic whon tho to:r.ipor3.t1~.~v ri;;~s. 

'l'ho f:!.3h~.n3 ia no sood in tha mi<ldlo o:l: Auzus t. I do not believe 

they r.mto.bolize the stui:f. Tho fact that th~1,o is slu:ff oii, ___ _ 

if they Got rid of t~e r~dio st=onti:.mi --

DR. OD'LJ":I: You aro po3tulati~3 so;~':)thing you clon't l::loi7. 



l'/J 

Da. J3ILL!!;G3: \!;l-~h resp-Get to this 35-::i..cre 18.~0, you 

p~i:nt out tl!::. t thi~ is 33, 000 :2:1:::::11 p;::)l" aero, 01· 1, CJO IJ::>'l.:.nds oi 

( fish for every acre. l should t:.1in:i'.: thi:: \"'!Oald C.:'..!:.,3 it c1:j.d0nt 

D:l. !.23, but ho k110-;;;3 no:l'e ~bout 

this thin3 th2n I do. 

am on~ the fish of ~'fJ.J.1 tc C=i.k L:.l:e nJ.y h=.vc rc.::ml tee! :fro::i 07or-

That is on:::i o:C th.030 thin,:s th~t X do ~0-1; ~:;::;e ..-1:lth that ! o:tid.. 

I said th~t tu~ ye~~s ~go. 

( DR. D!LLIITGS.: O!l p.a:;c 23, the socond pnrn:;r~p:i here, 

you said: 1eirhU3, r-ri th th~ m..:ce:Y'.:ion o:Z t~:a f o:r~sho:rte:no·j li:f o 

span, and parl1aps the slo-.-:~r Grm:th rnte, th2 fisl1 population 

of l~hi te Oa!;: k'1.ke is to b~ believed c::;scnti;:i.lly tho sru:io as tlla t 

o:Z an;,r co:ip:irablc body of 1;"!a to:!" in tha re.:;ioll. 

Do you Y~nt to coil~~nt on that as of a year ago? 

DR. ~tr..lliOLZ: I said that a yaat"' ago. That is not 

true in the su-:ronary. Thj.s is 2n nbst!'n.ct, This is not ye~ 

preliminary report. This !s tho abstrz-.ct o:t the big report that 

Su.m sent you. It is an n.bstr3.ct of this repo:."'t, It is about 3·l 

pa3es long. 

(_ I said a lot of thin~rs in this -- six and a half pounc3 



( 

( 

chilled C::? th~~o. -- th~ t \':~:; c~.id ·'!;'Ji thout 1' .. ~::.rin2 a c:-:.~ce to 

!co!: nt cny litc:.--;::i.tm ... $, Th:? .. ~:::c u~ntcd thi~ r8IJO~t \?ithin thr00 

too~~ about si:~ o:. .. ni::r;; r:.ont!l-:; to <l~ it ar!tl get th~~ stuff n.11 

co:.~i1c~1. t·;e h::i.d r.ot o;;en c.:>:1~1ilcd G.:it:! i11 lJ 53. l did not h:..ve 

a cll.:lnco to loo:: ct r!ny litO:!.':!.tu.l"o. I r.uy have gon3 o:Zf h:llf-

D:t. L'-OSS: D~n't yoa thin!: the 11,000 conditioned 

DR. DOSS: l l:;no-rr \73 iind unythin3 li~:o that n. t all 

in Wisconsin. Tie opon u:l the fish:ln~ z.3:izon and let tha p~o,le 

ta1:a t;h~tcvor t!1ey c:in got boco.n:;o you si1.lply c!o not c;ot the 

gro71th of fi:::;h. 

DR, PEAR.so:r: '.i'hi::; is t!1r~ :f:l.!:;hinr; neazon. Eow ncout 

th~t, D~. CuTtis? 

·DR. !m~J:~or.z: O! that 11,C~O :fish, GO pc:rcsnt of tho:.i 

are cizard sh~d nbout four inch~s lon3. 

DR. P=:A.~so:-r: 'Ih3y still have to c~t. 

- DR. KR1r..illOLZ: Thay c:i.n only c::·.t as tmch food as tllo1'a 

is. Vlhen th~ food is th~ra, tho lo.1:3 is trcnontlously fertile. 

The population will supply itself t1i th thi3 food th~t is tl:~rc. 

Tha population TJO:o't got rui7thii'!3 bi~.:;ar. 

DR. ODWI: You should not cr~t as hish a r;rowth r~to 
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in a couthorn c:p3cics C C.::lp:ll"C :1 Wl th YJ:ila i; yon '\:DUltl GCt in t!10 

nol"tll. 

( MISS PATD.:LC~~: In 1:1z10 with that line o:i thin:~in3, ·r;3 

too:~ chn.111101 b~:.£'.i~ fro:a Pcnnsylvr~nia nnd G~orcria nnd to.stod th~.:n 

n l~l;::o pz'otlucc!} ::!.bo:i.t 300 po~1cls poA" nc:::-o, this :ls very nice 

b:Jc:>..u.::e this is trout ~:::i. ter. Tho cl::GGic3l c:::~::rnplc of tro::inndou.s 

rn tc::. go up on the o:.. .. do:" oi 1, ODO or 1500 pa1~ nc1,e ~1hsra you get 

a short cycl~. I -v1ould say your 1;000 pvtmds is re.ally phcnonin1L 
(-

D!?. !{RtJ:,::roLZ: t!c got th3. t in o:-i.!ina!'y Illinois la!;es. 

DR. CDl.m: Eut you ceal Ylith trout. 

FE.OM TIIB FL-003: I arJ s:iyin3 3CO pount'!s of trout 

DR. ODU:l: 'i'hat is equ:ll to t1-0:.1 a than a thousand pounds 

of c~rp. 

· .FP.O:.I THZ ]'LC03: With resp.~ct to this toxicity, I hope 

you \,On 't be unh::ippy if ! take e:;{ceptio:::i to the stntcm~nt t'.:lat 

the chsmical to:;;ici ty he::..1 e i:my bo a rca.1 :factor. I thin!: tt.3ra 

? 

to:dci ty than ~a wm.1lcl norrlllly e~p:Jct frc::i rad~a tion d~ga -~ --

not really too groat in o~~dars of ri""'"l.gnitt!dc. 



tho ZJl,CCO f!sh, 32-1,CCO o:r 

( 
inches 

v:o:l:;l1t. 

{ 

19·~::> in eroY1th. D:.·. &o.:3ter :found th:.it ·nl:.cn C:i:o~nvillc tro'!!t 



I 
( 

lOD,000; l:f you i.·=i.d:i.~ to 1, COO oi t.il:i.t po:;ul~tion ;-ri th a lCCD-~, 

c~r: cvc~~11 clfcct. 

to 

c1o~es. 

:rm.:.nd. 

I thin:: i:I ¥CU ziva Q. :t:\nh e!JO-~ or cco-n o:f r:!.d:!.ntio:n 

( 

I will go nlo:J3 with "··hat Dr. Dunninr; 

Fno:.1 THE ~Lcoa: I thi~ this is possibly and C3~t~inly 

so~~tbin3 that concoiv~bly could bo. 
~ 

ro::n2l·::s th:?.t hv.v~o bo9n o!::sez·v-3d in ot11o:r po::mlatior..!3 who~e t!loi•.:? 

is a contim.:!in3' co::~:;~ th:J. t i3 pic~~.d up :i.;1d thc:·o docis not saol:l 

t~ l:o any ldnd of con:;;:l:.~~blo d~naga. 

D3.. I:nill.::UOLZ: Tb.at is truo, but I eo not !:now th:i t 

(.__ a11yono e~c h~ eve~ stueicd a popula:i:.ica tlhich has bean 0::9os~d 



l'liJ 

( 

pon~tr~tirm is not V0".t;J cr1·'3at ·with bot:;.., bi.lt it in a very 

.it. 

Fnm:I TliB Fl.-00?.: Is it pc:;siblc to r~:3 r.::w.suros im ... 

ste:rili ty and sp::lrr:i? 

( 

FUO:l TH3 FLOOR: It i.:.;;;a:r.s to tl:) tll:-..t '7ould bo a rat'hor 

DP.. KRu:Z-!OLZ: '\Tna t I Y:ould li::{3 to see done, and l 

a shot o:Z strontiurl U!' to a nic:rocul·ic in tha skeleton, am.1 

then s3,g '\'.fan.t tho fccm::.dity of the thin,; ..-."".:l:s, hon it \"/:!S co~p:l:ro1 

I wou!d lik~ V3~7 nuc~ to 

zca tbt. All I ru::i dcin3 is ~ucssin3 on th~ b.azis o1 circu:J-

stantial evidence. 

quic~ reno7al of stronti't.l:l frc~ the s~~oloton, aro you positive 



r;s 

( 

I in th~ sI;;oloton? 

( FRO?J Til.:1 FLCO:l: 

SU.TU.mo.::-, so I w:t.s inclined to be ju.st a littlo sm.:.picious. Pc·.:::zibl!' 
. 

pal."t of this appa1~~mt re::=.oval o:f stz-ontiu_1 nizht bs tha lc:3s 

DR. Kmr..mor.z: B=i.~cd on our r~dio cho:aical analy3 is, 

1 t wr.s not. This v:~ stronti:m. Thoro \1as vory li ttlo lD. Tle 

figurc1 it in cquilibri1~~. 

FRO!l TH: FLOOR: So:!:> of these sr.wpton:.3 -- l don't I:.n·o-a 

ln.ko is loaded ·with co l~.:::.;:,rus • 

D:-t. KRU:!HOLZ: !'ls &i<ln' t find any. 



( 

FLQ03: 

this mirsht ba a p1·o:dsi:11:; lc2.d. 

( D:a. Kr.U:-TI:m..z: 'Ih::..t is \:ll~t I t:ould lil:s to sc;:-,. That 

l thi::1~ it is one c.•:! the 

hottest tilings \'1!3 c.ncovo::otl. 

· FP.07.l 'l'ln FLCO~: 

sc~ rosearch on a To!!no.3se3 lat;~. h:i.v:b.3 ~ bo:n.·:l.113 on cnnc~r. 

DR. PEJ\R30ii: 

loyal fishcrr.1an de,::on<li:n3 on ·;;h.=. t gco..}1·~r.h:lce!.l ar~n they co~'3 

think \7e should find out how tho 1ishi:n:; i~ in the lTortlr,·;-23 t, 

and W3 ~1111 no\'t cn.11 on Dr. ::'o~to:- to disct:..:;n :::;ona o:f th::.::;2 

problo::s and alzo you n:!.s~t i11cl~do a little on n. t;:):iic e:c.i:~:nr 



nctivi tic-:;. 

D:~. FOS'I':::l: llo h3.v3 tho Colu::ibia r.:lvol'" out in tho 

( 

(Slide) Th::i Col~-:i~ia Rive~, b:;c~.:m.;3 it is cold nnd 

G~ch thing-:; as tho l':i.c:i.~ic saluon. ':i:'h9 salr:on nt tbc pro3out 

( 

the into:--Coll."i:11da Rivor. Uc,:;t o:f tho Chinoo~, w!lich are the 

princi~al fiGh in th~t area, utiliz~ tha Sna.l:e Rivar, uhich is 
- . 

on th3 n..'1in b:rari.c!"l. In acldi tj.~n to th:.30 co~orcially v:i.lua~la 

of blo.c~ bass, sr:nll oo-utll b::.cs, and vihito :fi!3h. These ara 

inportant locally. Thoy a~~ entirely diifcrant in tel~ o! a 

problem of tha so.l:ion. Tho Cn.lnon al·e bo~n in th3 n1•oas and 

mi~rate out to the ccc1n at ~n ca~ly 0.33 and do not co~e b~c~ 

until tho7 are ntlult3. 

Tha othor g:l.!!3 !ish ui th 11hich wo nra c.:>ncel'"ned sp~nd 
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tho entire yea:r in the p~rticulnr r.r.;;!1, so they 2.l'C e:::p:.:>scd to 

tho~c co:i~\i t:lons in a transient IJ:tnner, but in a continuous, 
( i 

I chrcnic typ3 of expo~uro. 

r 
' . 'l'he fact that ,;m b~vo un ato::iic energy plant settin3 

I 
rclatio:1s r:.:;p.::;cts 1 you mir;ht s:?.y, in tent-3 o:t any dopraciation 

oi tho ~nl1~10n c1o<:m.s trcam in spi to ct the feet th~ t tho sal:rr:on 

populatio:ls lmvc been goin3 clo":mhill io:r the last 50 yen1•s and 

his lcl:cs and he L1.1Y f!U:lcl::ly j ~J!' to the lal:e since ue do not 

kno;-1 Euell ~bout the ato:nic cno:rr;y plant, and this nust be ~;hat 

( 
is c1aplct:1nz; th'3 sup9l7, so \JS must know tho e:f:fact o:f the river 

so th.at \'lf) can pl:·opsi•ly eval"U.a.t3 this so:z-t o:l thin~. 

Tho lay::.n.n, L3ain, is co:'"lco:rnGd with tha end product. 

He ~rants to lmo·.-1 ~;hat happ:mod to the sal:.10n or his spo~t fish,· 

antl he is probn.bly not concer..1od ·with tho biolc3ical facto1'"s 

that go into producing this end p::-otluct. As biologists, ~e a.re 

intc1·csted in the t1i1ole schei:.a o1 things. V1e lmo-w that tba fish 

do not have to bs affected directly; th~t if we eliminate tbo 

food w-Cb that the fish may be elimin~tGd 01• ch:!.ngs so::r.o ecolc;ic::.1 

factor, wa knoc~~ tile te:npaxa tura out o:f an o;itinUr.l soma thing of 

this sort, that the effect could bs indi~oct. 

· The fact th:i.t \:a b:i.vo an ato:Jic cnarJy plant there 

also brin3s up pronlc=s in h~~arc!3 uith re~~cct to hu:mn boinzs. 



c 

( 

( 

ltO 

in the onvi1"ons of tho lb.nio::c.1 Works. Vle havo paoplc wD.o are 

catching fish and catin3 iizh. TT0 want to ba sure thv.t the :fish 

they do catch ancl eat arG not cspaci~11y contamin:!.ted, and W3 

want to avoid any po:ss.iblc hn.z:ird to :r:un. 

Also, co:nc9ivn.bly, ·ua mir;ht think of anoth~n." b:lz=i:rd 

there. I:f the r:ivoz- Plnnl:ton co~cent:ra tcd the 1·;idion.ctivi ty 

matc~ials ~ro~ the uatcr, it ni~ht be concnivable that so~~one's 

drin!:in3 ua tei· ui::;ht b~ a li ttlo ~.:n·o hizhly cont:;i::1inatcd thm1 

otharr1isa, but i:f you think about tho p.roblc::i for n mo:nant 1 

. you have to realize if you st.:i:i.~t out with a r;iven n.ctivi ty in a 

quart of \Jater, even th~~~h you aro pic~i~s up tbs o:rganis:cs, 

you a1 .. e not goin3 to have any ~ore activity in th.is qun.rt oi 

· ~iter thnn yo~ st~rtod uith. 

O~ pi-o~~;:raa, as far as the aqua tic biolo~y is conce~nec. 

-- one is plant control, to ~s::'..Sure tho ~=ounts of radioactivity 

present in theso variou3 forrra and relate that perhaps to a 

hu:i~n hazard and-also the hazard of the orz~nisms themselves. 

While we are doin3 this, san9lin3 t!ar..y s~3cios over certain 

periods, it also gives us an opp~rtunity to pull out a sootl <leal 

of the ecolo3ical rel2.tionships '\'Jhich are involved. In other 

t10rds, this ossont:i.ally is a lon3, lar~s-scale labora toxy- typs- -

o:f function. 

Our area includo3 not the entire Colu:.ibia Rivar ~atcr3ho: 



!mml vo1, ~nd thio io 

c I 

'fha Colll::!bin Iliver, in spite of its larse size, bns marvcloU3 

charn.cteristics o:f a I!lou:itain st:r•:?Jarn, more so than it do~s oi 

( 
a slcr:1 r..:ovin3 rivor. l t!1ini:;: the c1ific::r.·ence batw·3.3n this and 

the ·Savannnh :aivor th:it '\'!a heard about ycste;:-day is about as 

different as you ca~ find. I have not seen the Snv~nnah, but 
.. 

fro~ the description I have heard, it witst bo co:wiu0rably 

different. The ty!)as of bottoJl :fol"r:.s that \JS have to deal with 

are the swift water aountain forr.s, lots of nay flies, lots of 

snails, sparse Plan~~ton population in a rapidly :flm-..ing T•'a ter 

otrea~, as you would e:~pect, nnd so forth. 

The sourc2 of our raeio:lctiva ruterinls in tne Colll:!lbia 

River originates in the re:'.ctor and this p:)r'i1:J.ps rscalls sc::e ,of 

the thin:;s tba t Dr. Pe:irco mentioned ycsterd~y. A typ:tcal re:icto::..• 

area pulls water out o:f th-J River, pulls it thrcu:;h a \'.i:itcr 



proce3sin~ plant in or<lor to purify it ~nd ~nke it a littlo 

( 
the ldnds of isotop:;s· thn. t \7o..J h~va ~23n t~l!:i~3 ab:mt u9 to ntr.1 

antl tho ld.n::b oi :i::;otoy,;c;:3 e.1'.l t y;.3 r:~t C'1.".t o:f tl1i~ far sidG of 

p1·0JJ.::.cts, the re;;ul ts of spli ttin3 ux-nnit~-n a tc:-:.s and af tGl~ 

cnv:iroi;.:.~·:m.ts. 

an ~.rea fron fisr;ion p::..•oduct::;, too. 'I'h3 :h:~l clo:13nts i!l t'he 

( uran:lun out of th::so fu:Jl elor1cnts, no fish ~nd p::.·oducts into 

cool. 

The kinds of ra~io i~otop~s which ue get result fro~ 

minal'"als ·wiiich are p:..·cs~nt in· tho \-;~ter, to bz.:;in -;1ith, £.nd 

as these L1inc1·n.ls go th:L"OU!";h the pile, they aro bo:ibarded by 

the neutro~s and bcco~~ radio~ctivo b~cau~e of th~ neut~on 

ac ti va tion. 'rhis is tha s~?n9 soi·t o:f a p!'OC'33S as Dr. ?>ioT3an, 

I suspect, would hava at the 0:)..1~ Uitl:;~ 't'Jh~1·0 th:.ly ::i.r0 pr.educing 

SO!!lO sort of isoto!)~ -- t~~il'~3 E:io~e mate:-lal, putt in~ it in a 

pil3, rntlintin3 it for a ti~9 nnd pullin3 it out, nnd it protlu=os 

m~terials in this manner. As the ~~tcrial co~os cut, it c~~tains 
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By allo•;Jil13 this 

1:11 te~io.l to clcc.:ly for a short p~n·icd o:i: ti~ns en a rct0n ti on 

bas~.s, much o:i thi:.:.; is c'lissip:>.tctl b3:fo:;:.:") it is nctt:;:i1J.y dis-

ch::~rced bac~.: into the Col·n:-Jbin. Rive::.·. 

'Hi th rcsp:::ct to aqu~tic biolc:;y, th~ Diolo~y Section 

at Uanfol'd h~!j bcon concorncd \:dth ·~7n.'.l·~; this n2. tcr:l~l n..'1.y c!o 

back in 19~5. ~·1e have e.. lr .. borri. tory i;1~d.ch in located in o:::ia of 

tile prodi:ct:ion arc:i.s ~nu en-:; o:f tho "\i~y:; in Yihich '."JZJ study th03e 

effects is to cssontio.lly plu:; this 1a;;o:.·~to:-'y into the li20. 

Yle h2.VC a continual san9lc o! \Iil t'3!' w'hic~1 is coning out f1·c;:i 

this zcvlon \'1:1ich is zoin::; into tho ri-:.1 01·, :!!:.~ -;;:;) c~~ti:1:!~ll;-. -
biolor;ical ly r.1o!li to:r this TJ.3.S tc Y7i th ccqt~a tic o::.~z~l.ninr.s, p:i.r-

6 

ticularly young salnon sine~ this is tho o~e that has tho dollnr 

sign at tachcd to it . 'Ihc~ o nre run in tcr;:s of to:dc i ty typa 

o! stutlics. 

Tho second ph:ise, of cou!"se, is ou:- field nonitorinz 

Juat a momont on this l~boratory sa~plin3 progr~ra. 

(Slide) This is a cc:1tinual :flo·.1 pl"occss tla have 

brin3 in river water w~1ich is u:icontanin:i. tsd essentially -- ~l~o 

p~opar and appropriate anounts of tho pile ~~tor diroctl7 f~cn 

tile systcr-.i, set thc.:;e up in a series oi dilutior..3 1~an3ing fro~:i 



those '\"Jhich r.i..n.y e:;~ist in th<; Colro.bic:;. up to dilutio:;.s w11ich 

are ~n.ny, rxmy ti!:.os thc~e -\·;?iich y;ill O(!cu::.~ in th;, river, ~ntl 

( 
this Gives us nn oppo:i:iuni ty to seo tC.a t tho hir;~0r levels ''1ha1·c 

(Slitlo) This is th0 sort of rooult ns get. I Tioul<l 

lik0 to point out tr..~t these ~ra not sno::."'t-t~:rr1 c:.:porinontz. 

These axe lonG-t~rL'.l chronic s t,.:..dies. Th9 n::.:?;3 GO!'t o:f thinG 

that th0so o:~c;~nis~::3 u1·a ~ctt:.~lly s11bjqctctl to in th3 C:Jlrr~::lia 

econor:iic valu3, but also b~ca130 this sp.:;cic;s is ~!Jparently. 

i th3 most sensitive \'re have in the Col'U!:li.>ia Rivor. We started out 
( 

~Ii th the em~.::; in the fall at the sn.::.:~ tine tho e~::;s e.x-o dep-osi tad. 

'\'!e incubate these and -;13 travol the:n throu3h the lnrvne and into 

the finacrling stezes and TIS keop tho~ into tha trou3hs until 

no~mal ni3raticn time, until ti=e to go do~nstre~m. 

Obviously, tb3 err3s are vory little affected. Ue b~zin 

to sec effects durin3' the fry· stac3 in tho high levels, and 

these continu2 into tho fin~crlin3 stn3os. The concentration 

of the Colu':ibia River Range ru~t b~ below this ri.rca in throu:;h 

hare (inclic::'.tin3). These are co:lsidcrably crer-.ter than '\'Je have 

in the Colu::1bia. This is a &ro..,inz effect o:f tho effluent. 

It includes all of the f~cto~s. It inclu~es tb9 te~9ernture 

( 
ran~cs. It 1nclc1es a factor \"lhich I clid not m~ntion as :fo.r as 



the cho;!liC2..l tc:.dci ty is conc-3rncd. It fr; \7<'l tor th~ t iG 1od 

to tho pile. Oi cc~roe, t~ey nr3 intorostod in c~i~tninin3 

( 
I 
I 

I 
acded to th,a \13.tc~ to control tho coi·rcsiou -- c1ic2=.·.::~.:i.te.· ::s ·a 

toxic rm. tc1·i:il -- ono c1:.~":-::.iccl r2 t;3, o:n.:;i ch :JnicF-1 to::j,c:! t:r, antl 

one :m5.zht bs to::j.c -- 1-:3 can a tt!'ibutG these th:rc3 thin3s. 

Vlo h~ve run this t7P~ of thir.g i::.:::.ny, 11:m~ tir:;-:;s. 11e 

the chcrnic~l treated \::itcr just b~fo:;.·c it 303s to t~c pile. 

result is identical. In oth,3r words, i:f Vi9 olinina te t~1~ :f:::.ctor 

of radia ticn !ro:i this TJator, vie get the idcmtical s::u13 pictl.!=:e 

( 
which tells us that th3 radiat:ton :!.s not fnc tor '\'Ii th 

vrhich '":a ar3 co::ico1~nod, 

Sscond~rily, V.3 have been runnin3, this year, a 

:--. "' "\ dichrona te test to see ".";hat the offoct o! the c1ichi·o::n.a to is pal'" 
' --'\ \ 
se. l i 

(Sl1c1s) .~ This represents th.o p:u·ts of dich1·~m:i te '."'1l1ich ' , tle h:i.ve ndde.d. 'I his, 2.r;ain, 
. / y· 

' '\ 

is a chro~ic study • I thin~ this· 

brinzs Ul) a point' in ten:.:; oz convcn tional studios on to::dci ty • 
• 

... --~ 
If you loo?.: thi-ou:;h tha lit:::>::ratuxe, you r;.-onei .. ~lly :find 

that dichro:na te is t>upposcd to b3 to::ic to onc-!i i'th -- scr!~":,·nere 

around 50 p:i1~ts por million. If !!OU rnn thoso for a feri ..,,'.'ZJol:s 
.. 

at a time, you c:in sea \:hsthor you st~rt to gat a mortality or r.:ot 



( 

In oui· tc3 t, Yl~ !mow t:1a t 50 p1rts to a ~illic•n \Vas 

wa.y too much. Five part3 p~r tiillion ..-::i.s \'J:J.9,1 too rmci1. 'l'~-io 

sti·ongost w3 used \7.?~s · b~l:t a part pe:zo million, and this is the 

rcsul t that ".73 get, and dichrc:::1:1 t·:.? rm!:; for t:onths at a ti-=ns 

133 

at a hal:f a p:irt p~r million, and thc::;o ~·e tho r-ort~li ty iisuroz:; 

\'Jhich VJ$ get. 'I'hs 0533 -- fin'3 -- p1·~ctic:ili ty no i:ortali ty 

even at this l9vcl (indicating}. Du:rinr; tha fry sta3e, \7C 

see rao~talitJ and during the finze~linJ st~G~s this mortality 

incr~mses. This is in toi~ oz r:o:rtal:. ty ( intlic:t tin~) ; a s lor1i1!3 

of the CT:A.'"owth ra to is even more zp~ctuculn.i·, and w~ sos n.3ain 

the control. Al~o3t all oi' those are sli3!1tly le::;s. This 

shoulcl ba four. Th3 tTlD anc1 tho iqu::, tho.3e al·e nut sta tis tic:illy 

sizniiic:l.nt, but fl·o:n th~ .06 on do;·;l1, it is statistically si!"j­

nificant in te1T.a of a slo'.1~r crror;th l .. :'!..te, So, ua find out that 

'7e are -- and in tei'"I::S of a co:ivcntion:il typo of' to:dcnnt -- wa -

havo a factor o:f probably one o:::le-thoU3nndth o:t tho assm.~ed 

to:dci ty of a convcnti.onal typa of chomic:il. 'Ihis brings up a 

point \':hero I ao not suro that ",·a know enou3h about radioacti"";i ty, 

and its effects, as we do about soma o1 the old chemicals that 

have bean around for n geed oany yc.:irs in terms of these chronic 

studies • 

. With r~zp~ct to t~mper~tuTe, the species with which 

we are most concern0d a1·c the s:i.lnon. We know that T:a can put 

czi.rp o~· something of this so::-t in the straight effluent at very 

hiGh terapaJ:a tu:.·ea, and they cot :ilong very :f ina. ~-;o :il.::;u :;:i~.::-.1 ·;;~L.; 



( 
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son3itive. 'fl~o you!13 ni::;r~tinr; s:l~o oal::::on c.;:,,n stn.1:J 20 cl-::;roo.3, 

Ccnti~~ada, ~i:iich is fine, f.c'r n nu..'":b~l" o:Z rcsul ts. Tile adults 

arc p:ronnbly even more :resistant u::ilc:;s you e13t up into tc:::::, l'::i.-

turas around 35 Ccntig1·~de \7h~:!."e you hav~ b:i..cts~in.l nction takin~ 

OV'3r nnd c'li~C:lSO C07J:l.n~ in. 

1.'his iG not so -;1i th th~ og:;::;. We noticed in ou:-

sotla DOTtali t7 in e::;.:.;s \'Jhich tn~ coultl ~tt:::ibute to :fair increase;.:; 

.Dr. Patrick's quotation of ycstc~d~y for sec~ of tho ~~rm ~~ter 

fish. 

(!ndica ti:c.s) The blue ~1·oa. l:~:re i·c!J::~:::;cnts the r~nge 

thiz tms p:ro'b:tbly a GOod or bad yc~u· to ru.n ths thin;; bec:it7.sa 

it \?as the \V:l.rmost ya~r that we have actu:i.lly st:l3n out thc::o. 

Th~se are c::::pcria-~ntal levels, and ~::a ~;)t tha e::porinont up to 

follotr the tecpe;r~ turo o:f th~ Coh:.~bia, introduc~d sal~on OC65 

~ 

at tho time the :fi:3h 'f.T:Jre sp:i.w."lin:; ancl o1:scrvcd the r:.ortality 

on the 02gs. This \'.r.ls nct~'tlly cn.rriotl throu:;~'l into the fin3orl:.'..r.;:: 

·R:ithei• intci .. ~stin.:;ly W'3 :f-ou::id that tl:o lo·,,1ost t1o:rtality 

'1as below that no:--r.!n.l'ior t:ic Col'!.!:;:,i~ J.iv~l". It \J~s a little 
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surpriG:in3 to 1u:;. Ue st~:rtod to cet app;.:-eciD-blo mortalities 

when tie raised _ the tc3p8r~ tu.:-e p-=:rh:ip3 tr:o o:r threa clogr~cs 

( 
Ce11tigratla, and theso tc::!p~z-a tm.·e i·aises n::ro consic1m.·2bly groat el· 

than those cr.;;ated by th-3 afilucnt going into the rivo~. I uoultl 

li~o to point that out. 

Also, sinco :,·o h~va t'Un that, \79 found --r1i tllin th:!.s 

spscies there is a consideraale terap~ratu~e difiercnc0. This 

ha::> baen sho':m, tco, with the \70rl: at the Applied l~ishcri~s 

Laboratory. l'le ran these o:i Yu30t Soun':! boc.nu::;e these e:;~s nre 

a lot C~s!or to get n!!d ·rn~ COt the:.~~ fro:n G trains th:l t inh'.!bi t 

the ColtElbia River. Cur loc~l strain ar3 u:;od to sp2~nin3 in 

warracr \"v"a tcr than is ch~racte~:ts·tic ol this pirticular spacies 

_py a nm. t ter of a f cw d33roe3 • 

Tha tolcr~nc3 o:f the local fish is slizhtly greater 

th~n it is for these. 

A sacond e::;p9ri;n~nt sho.,·13 that th~se cortali ties 

we can shift this (indicatin3) up a COU!Jlo o:Z dc3rocs from \'1he1•e 

Enough for the tenp~ratura factor. 

Let us now get b~ck out into tha Columbia River. 

These samplin3 sta~~m have bc:~n select0d for smre::al roa~ons. 

( One io to try to ca ten the spot -;1hcra conccntra tions of radio-

active material arc high. Also, wa try to solcct thom so that 

hyarographically they aro as sinil~r as pcssiblo. Ua try to 
( 

saloct shallow, gravel river ar:Jas whera tha current speed v;ns 



app1•o:dr.m tely the sarm 2.ntl th~ bot to~ rock -;ras aboat tho s~!.13. 

( have so:iethi:i3 closer to lc:i!~ at thr:.n if tJO picked =i. lQ3o:m 

area in one pl~co and· a f~st river in another. 

River clo co:r:t~:ln ::-::i.dio-:-~ctivc r.:,:i.. .. .;ori~ls w~1:!.ch ·th·~~~ hn.v0 gain·3d 

fro:n the wa tcr. As you have heard :from the prc;rious spaa1:er.5, 

those thin.:;s v~r;/ l'a tl:~r t.·c::i~ndom i.y 2.cco:'di:ng to species. 

'l'his p:;i.1"ticular kind oi a distribution will chanse in 

di f fe:r0n t pa.:rts of th~ r:lvor (:S ~73 r;o c.10\:ms tro;i.ra and also change 

with season, but if •N<; picl;: out the le te smi.-;i~r pcrio~l clo::;e 

to tha pile, this is th9 typa oi distTib~tion that wa get. 

/' 

l_ This (indtcati:n3) m:iy be .surpr:lsiI!g to you. The 

( mid-larvae a~~ often moxe rauio~ctivo than t~a Pl~nkton but, 

characteristically, through tha major part of t~e n~o~, the 

Plankton v1ill be tho most radio'.:l.ctive part o:f the substa~1ca. 

The 01 .. zanisI:'.s that :feed clo3a to these bottoa fo::m::; are the 

small organisms Y111ich are much nore radioactive than th'9 onos 

which raiGht ba charactcri=ed as th~ larger fish which are 

further up thG · :Zood ch1in. Tha 't':hi te fiGh is a bottom feede1·. 

It usually is quits a little bit mo=e radio~ctive than tho 

bass which is a • • • type of fish. This i·ala tionship becomes 

apparant later whore th'3 bass drop o:r:f in their feeding habits. 

The white fish cou.tinue :fc.eding later in tho :f:ill, and ,..,,3 oiten 

sea white fish two or th~ae tines no~e radioactiv~ than the bass. 



Loo~ing at this on u gross picture rloe3 not really 

( 
all typ~3 o:f isotop3:::> \'Jilich :::.:;·~ p1~0:;ont in tho oiilu.::nt. We 

aac j.nterc3tcd in sp::cific iso·::op:;::;, ho"f/ nu(;h of an inclivld:.::il 

thing is concentra tcd. This \':ill !Zivo }'01.'1 zc;;:.3 itlea o1 th:J 

apprecint~o~ of th~t, p3~h~p3. Tho distribution of th0 r~dio-

nct:lvo isoto:p:;s in th3 '\7:.1te1~ ~t ab~:mt tha title they are dis-

cbarecd from the river (indic~tin~) end this is sinilar to 

the fizuros '\7bich Di·. Fc:-..:-ce rr:::.v0 you ye.stc:rd1y with a prodonl-

tha.n one p:}rcont of tho activity, but ,-i:-:;:;n ~;o zo ovor in"to the 

anii:::il fOZ'.i:".S, these short-li V0d tl:l. to:..~inls have tend·~d to eis~ppS?.l' 

or 2.re not piclrnd up. 

( 
P-32, very essanti~.lly, p:~ysiolc.::;ic;J.lly, wa l:no">l, riml:cs 

up th~-bulk of the activity -- c?en a gro2tcr porcont~3e of P-32. 

This is on the b~sis of 100 p3rcont of tho activity. It eo~z not 

represent the relatio::lships that \'JO ,..,~re loo!dn3 at ba:fore. 

·If ~1a extendod th~ heights of these thin33 so th2t tho~1 

would ba in relatior..ship to one another, wa ~ould have to use a 

log type of scale in ordar to get them on th3 p~p~r. As ie s~w 

before, ti.13 anim1l :forz:~ .• so:.-:13thing on t:ho o:. .. uor of throe o:-tbrs 

of nu3nitu1e hi3hGr than that of ~atcr itself. 

- The concontrn tion of n.ctivi ty phospllo:;:-olli> tl.'.linly 1 hoi .. e 

(intlic;:i. t:l.n3), of cou!'se, is prinarily n. function o:f th3 porco:it~::·-; 

co;;ipo5i tion o:f p~c3p:1orous in the v::irious tizsu3s. As Dr. Krt!::l'ho2 



( 

( 

( 

lndicr-.tod ·.-:.:lth strontit"~r.1 concentr.::i.tion in tho bone nnd conco:i­

tra tion of phosphorous am:15 t'tp E;o that th:J pho:sphm.·ous r:tch 

structurea arc the on~s mo3t rauionct~vc, entl tho fatter cnes 

.I.~.!. 

aro th~ lc~st rn.dioactivc, and this is to cu1• atlvn.ntase in ten'.13 

active r.lateri~ls in te1·I:s of the flsh mus~le, haviuz the lo .. ;:or 

r~dio~ctivity density. 

In te:r::.is o:f S(!1:::;on~l va:o.·ia tio:B \'I11icn have boon brc.u::;ht 

he::e, ns r.ientioned by Dr. :Po::l:4'CO, •;;h:tch chn.n~os by a factor of 

five, nppro::dr::1tely, <hu.:"ing the spr:l.n:; i~csh se~son. This 

ori3ina tes mainly frcn ·a10 znoY1 and. ice i~.clcls up in tha mountr?.ir..:::; 

and this tin'3 of tho yca1· · th0 v10~ thcr 'l.".·~r1;s up antl wo cot a ic•;1 

rain3 up there, and those sno-.75 ~1~1 t vo:•y ra!Jitllz,~, flush doi;m 

throu3il t!1c rivo~ :t:id the flo'?1 gees up. Of c~-:.irso, the r~dio­

active materials in the river wato1·, if the piles op~rata on 

a level scale, the dilution eff~ct ho!"e is th~ one 'Jhich is 

im~ortflnt, so ~ou h~vc ~ctivity density of ths water b3in3 the 

revorzo of th9 flow pattern. A~~in, we find a different so~no~~l 

patt~rn in terzn.s o:f tha riv.:;r or.::;an:ls:is i;;hich are low du:rins tho 

cold ,·1intorri:mth:=J. They are hi~h during the late fall mont:hs 

so~ the CT':Jnoral si:nil:-.rity of the te::i?Gratt!.re curve and the 

activity c!enn:l ty cu:."Ve. Thia brin~s out the physiolo::;ic:il 
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im~~~tancc of how the3e fo~r2 get tho radioactive naterial~. 

\le l:now tl1a t ths Pl::i.nl~ton !a1·r:s v;hieh ara in close 

( 
a.ssocia tio11 v;J. th tho ,-11 toi· have a close c::clmnr;o, a crood <l0al 

oi adsm~ption and ~tsorpticn, fo1lm7in3 l:luch n-:>1·e clc:;ely the 

activity cfo::sity pattern in the ri\•G::.·, but t~1osc anin:::tl forrs 

·which a1 .. 2 tettin2 their nctivi ty m1inly by th0ir fcod have 

the rJ.ost ~ctiv lty n t the ti1:i~s of tile yo~n· \;11c11 thoy aro !codin!; 

most n.ctivoly. 

Duri::13 tho col<.1 p~:..·io·:1s of the yc:-ir, ne:i.r hib~rn:! tion, 

little iood bcin3 cri:1Suw.~d, the activity is 10Y1, and durins th-3 

p~i·iocz of h:l3h physiolo3ical activity, hic;h food consu:lption, 

it goss up. 

( 
Vie notice a si:nilm.• pattorn, v~1.riations in this, t"ii th 

( 
111s!Jct 1::.rvac \"Jho m~y co thrcn;h a f 0-.1 s t~gea of nrres tin~, 

even durinz t!1c ~rr.i p~riod oi th3 yca:l.'" ·when norn:\lly the 

activities would ba hiah, ~nd they go into ar~osting stage 

when they are not feodin~ and th3 activity will drop off. I 

think Louis w~s raf0rrin3 to this • 

. Even in som.9 of thes::? !isb in t'Jan:l te~porature, if 

they stop taking in the :r..:itcrial, it '\'lill go o:ff in spite o:f 

the tenperatt'l.ra picture. 

llo'."'1 do these thin;;s va1•y with clistanca downstrear.l? 

Of coui"se, in throi1gh this ( intlic~ tini) zone here, we hava 

sevei·al reactor:; and the n.ctivi ty c!ensi ty of the orz1n!s1:is 

(_ 
incrc::-~cs as wa add t1oro effluent to the strc:un. 'We :find the 



hir:;ho3t radio:ictivi ty in tho old tmm si<le oi Hanlol·d alon3 tha 

shore with a · r.:lplCly cli~1inisi.1ir.::; ac ti vi ty dO'\"llll.l tl·ca::i. 

( 
I hope you a;tp!'OCi2.to w:1a.t t!lis :rclativo u.ctivity 

valt10 on tho chart u.o 100 p8rcont antl c:~press th\33e ott..ol· values 

This p~rticular cu~vo (indicatinz) is for Plan~ton 

which has a fai~ sho11 t-livsd cc:J9onont so tlrn. t th:3 activity 

drops off ~.s ·we go do;,~1st:s:eam clu~ to t·1'.\) or th::.·eo l!'.:J.jo~ :fo .. cto:-z. 

One of thcso is t~:3 fcr.physicnl dscny of the zhort0r-l~vod 

nn.te~ials. AnothGr one !s a peculiarity o~ crop3 of our sn.~plin3, 

and oost of this repr~3ents in that collection along sho1·e or 

r 
' 
( 

in arGn.s wh3re the efflm~nt has not bD.:?n ccri1pletoly dispersed 

you will recn.11 in the ffa:st slide we had a band of affluent which 

went clow:.1 the r~.ver befo:=.-o it bccn?;.e dispcTscd throug:1out the 

river as a w:1olo. Of C',ov.=so, somo of this !~st ~1·01')-o:f f is ~. 

result of better distribution o:r th~ ef:fh1ent thr.oughoat tho 

river as a ~:!101~. Yla have these two facto:..·s and v;e also have 

incorporation of these rn.dio~ctivc tl:l.teri~ls into the biolozical 

fo1"'t1 ·which drn.w:a the:;) into a biolo;:;ical ~col and •,vhich wakes t'h3:i 

av~ilable fol" 1urt!J.er radioactive docn.y for thi3 who19 en.Gs of 

radioactive materi~l is finn.lly r.1o~;od do":m ths river. 

--- --- ----- -- - This curve (in~icating) as I said, is t~picn.1 of 

Planl:ton. Wa can draw dif fora~t onc3 for each o=Gnnisra and :ot 
( 

slightly different slo~os. If ,.,e dr:::.v this (indicatin~) :re:- t~10 

.'. 



fish, !t uould not d~~P off n~ r~pi<lly bscac30 w~ do ~ot have 

as nuch sho~t-livcd ma te:ri"J.l p::."c:Jont. "'\ct'u-:i.lly • if \',·~ co::-3a.:-;;, 

( I 

I this far 

I 

Plankton I 
I 

will b0 r.~cnt i·~tlicactivc, the nost ~:adio:ictivo :fol~r:i 

I 

close to th.3 plant, if r;o go d0•:,1:strorLo in tc::ims of t!c:-Jn:-y or 

BonnoviJ.1~ Dan, '.7'3 a1~0 r-~pt to find th~ 't the i:_fJh. • • n t P-32 

are more i~~d~.oactive thn.:n tl:..::: :r·lan:::to:l :for:.~. 

m~ tori::i.ls on ~ lo113-tc::7.1 t-as ::~ hr.s bee::. of purticular in tores t 

a stra'1:m con<U.tion, flushed tho !'.11tc~i:il out into th0 oc0:in, into 

ono of a stagn:4nt cnvi:rom:1ent, so \'Je ,,-,,ore inter~st~d in kn<Y.•!ing 

( whethor thiz t1~ tcr:J.al =i!r;ht a ttcnd ·to ~c~t.jZn.1la tii:~ il1 the reser-

( .voir behind th~ d~.;a i!l. tc:::-r.s o~ silt c!0po~i tion. Wo follo'\':ed 

this· o-.rar a p~riod of a year G ince tho c1au \"::ts :fol'r:lotl. (Inclica tin: 

Pfhene ara activi tics in n!cl-larvan stnrti11g in in Janm1!'Y w:!erc 

1 t is typical, and then 'tJC havo a drop in February, !'iarch, April 

durin3 the flood scuson ~ lloi.j 01· bui ltl-up dur:!.ng the warm ri1on ths 

o! th~ year. These arc typical se~son~l p~tternz th~t we shoued 

before. 

Again, last v.inter ::. clrop doy;n during the cold months 

and, o:f cou.:rse, we T:ar.3 e:ad to see th:i.t those lfwels and tho 

continuing onss b~yond this slid~ (indicatir-3) here, virtually 

aro tile sa:n:! as they ,.~·ere duxin:; tha previcus ya~rs, which 

certainly, for the first yc~r at lc~st, indicate3 that th~re is 



no cajo1· ncct!:.mla tion of ratlio:l.ctivc catm.·ials in the botto2 

o~ tel"'i!l..l y:hic~1 i~ b8ing picl:od up by th0 intli vidual o:::.·~~nisns. 

( Sa:mpli!lg for qu:mtit:itive cleto.:u::inatio:i'.l.3 -- v:a bavo 

the ln.boi~a to:i."y p::oz:eu::i goir?.3 on in te:rI!.S o:f to:~ici ty s tudioz, 

but we are also auaro that the snlmon fry nay not b3 tho no3t 

sensitive 0:::3aDim:i th!l. t 1;a h~wo to c3al ui th in t~c rlvc~·, so 

~e nre j_ntor~s t::;tl in l~no'.7i!!g whothcr any of the PO:J'.lla ti on 

in the river ~:.·e being affected. 'Ihi:.:; r;ots back to so::ie cfuanti-

tative type o! s~nplin~s of river orJanis~lS. 

'\1e ste1rtctl out tn.l~in:; qm:mti tative samplo-3 in c. nt0'0cr 

o:f different stn.tions \'ihich, :ts I D3ntio:i~d oarlior, worG selected 

because \7a thought they were as near the hydrozraphic conditions 

as 'fJa coul<l :find thon. This g~ts tq "i"i~1~t Dr. Patric~ pointed out 

( yesterday. Co:-.lp:l~"'in:; one station to anot!le1"', it i .. equiros a 

tcrific<llly la::.·go nu:-u.bar of sanples in o!?dor to try to naI.;o 

quan ti ta ti ve di f :feranccs. The3e stations ue loo!.;ed at in terrs 

of both m:whars of species an<l also the quantity o! individual 
., 

sp~cies r.hich T.'ere involved. The species nll::!'bi:r co:1pare ~ui te 

favorably up and doTm, but w·e still get wide fluctuations i.n 
\. 

numbars of or~anisms bet~aen differant stations. This prob~bly 
' 

\ 

points out the kinJs oi dificronccs that occur even in \ 
I 
\. 

~ stations which ars scl:;cted for similarity initiall~"· 
I~ 

~ We have arranc;Gd the:;e things in ter-..:.:s o:f the activi t~ 
I 

-den.si ty which \73 find in the river water which is associa tcd 

with those, so 'fJa find that the s tn tions close to tha :Hani'ord 



( 

c 

l 

tl~e c;;:copt1on o:f cm1t:;.·ol, n.r~ pl:::it tcd :i.L :ivo r..nd, o0vio".13 ly, in 

ns the activity :i..3 co:i~o:-:J.cJ. 

(315.<lo) t:::..c .... ~ 
"'' ... 

nice co1·i.·ola tion in tozs:.:.;:; o:Z cbu::1~:.:.nc3. i"!o r;.:;t o:;:a t.mt:sun.1 

situn.tion horc. 

In thi:; c~se (indicatin~) thic roprc3ents an arer:-. 

sul•f:lcos than tho otho::..·z; which hn.d bnttcl"' n ttacilmonts at ~oints. 

Ac;ain, this brin~s out tho fact tl~r.t in c:n::33arin3 nu.Llbors o:f 

or3~nizrd fro~ one ot~tion to anotho~ in the river, it is a 

p:..·otty r:tsl:y so:·t of thin:; t:.'llcss you h:l.va a vo;.7 lar3a n'!.:.:ib~r 

of st'..nplos ~nd l;no't'1 Yih:l t really to o:::pect. 

'\'lo arc continuir.3, but wa a1·0 continuing O!l only 0110 

station plus th9 control :;hic!1 is J.ocnt9:1 in tha mo;:;t radi~activc 

you saw on the slid~ earlier. 

of or3:i.nisz.s at this one station :fro:.;1 yc~1· to yca1· -- thc::i.•3 ~re 
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V"-ri~ tim'!.9, oo ";e havo cut thic do-.-:n to salo.zting tho :f~ll p::n:iod 

I 

( I 
I 

11: a po:mlntion fJh~uld c.:cur :tn tho Coln:-:."ci~ TI.ivo:e, thia is tha 

Ue y;nuld, of co'l!:::.·cc, lik.a to b:;) ~ble to h:we so~~ 

• 
(l!.~nt:lt~tivc ·i;yp~ o:t no::s~o o:.l tho fish, but tt·3 clo not km.1;-1 

,· 
' 

( 

cernGd, r..:;ain, perh:i.p3, b~caoo o:f th~ econooic val·ue. I had 

(Slide) This is an aerial photo3raph of the Colu..."nbia 

Rivol9
, loo~dn:; thl .. ou3a the t1ator clo";'m to a sravcl bar. We got 

so~o 300 o~ ~00 of thcs3 no3ta in ou~ lccal a~ca C.1ch year. 

Tho sal:..'1on, ns you. era all '.":all a'\i.:-..11 e, h:i.vs their hom~.s vory 

p:-oc:L:>al:r. It co::o:; bac:~ vr.n.~y nearly to the p.:\rticulu!: spot 

TJh 3re it \W.S bor;.1, so \70 :f o-a 1 that !J 3'rh:ips ons yr.i~1 wo c.1n g~t at 

a po~ul~tion nn~lysis lac~inJ a b~tto~ ~~ans of collc~ting 

fiah -- iD to co=~:l.ro the r.1!.::ibars o:f ~i:Jh th~ t keo!) co:iin~ b~c!: 
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·If tho Haufo:~d \101 .. !~s r.'2.s rcspo~s:lblc f0;: clininating the sa.lmon, 

we \';'ould e:rp2ct tllis p~rticula:c lccn.1 pop~lation, r1:-iicil is bi~hly 

spcciali::::otl f 01 .. this p:irticular area, parh~p:::;, ·would disn.p~JoaT. 

If tha nu.11h~:rs o~ iish ·w~ich b:wp ratm:·ning he:;. .. 0 ro::11in about 

tho san3, ~oll, things j1~t p~ocably c~n't ba tco co3zone bad. 

l'le h!.!.ve cou;1tcd these n~b3!'S o:t nQsts each ye::.:-. 

(Sliclo) This sho\'."S an analysis of the m.s1bsrs of 

nests ,-ihic~h ·.;13 have se8n. !f \"le assu:-Je th:l.t the ~·c~r the pa.1 .. ent 

fish spatm, 19~7. 19~8. 19~0, 1950 -- is no::-;:111, ar·d \"la U30 this 

es a zero lin3 (ind:i.c:lt:ln~) ~JG ccin c0Zl_p:ir0 hon m~ny nosts w.arG 

available ·r;hon these offspring cn::;.a b::!.cl:, and we can dcterni:ne 

he~G (indic::i.ting) if our 2ss11!11ptions aro risht. There arc, 

of com ... sc, lots of if 's hore. Thon, tm shoi.ild lmou if this 

population is re::i:linin~ th~ Sll!.:13 fo:.~ eoin3 do',mhill. Those 

fish a:!.'O four ye.::i.rs old YJhon they ~p2·.,7n, so each four years 

there iz a dii!creut population th1t h~s to be co~sidar3d 

indepondantly of tho3e ~hich sp~~m ths year bzfore or tho year 

after. This is Ylll~t hap:;,Jancd. The fish \7nich spa'\',~ed in 1947 

produced offspring 1"Jhich cc..oe b::i.ck. There tiara a 'few more 

nests in 1951 than t~~ro ~~ro in tho parent y~1r of 1947. Every 

yaar after that, th9re have b3an a ie-...,-9r noDts t!J.au in th3 pa.1·ent 

year. /1~ain, this c1c;:;::; not 1·oally ms:in anything t:nlcss t1a co:mp:2.r~ 

this ";;'it!1 \"1:1at is hap,eninz to the Colu:1bia River population r.s 

a w11ole. 'i'h-3y are goin~ do7r.n ovar a sel .. ies of dr,ms :!nd goin:;; out 

in·~o tlle op.Jn. Many have beon c1izapp~:l.:oin3 tl1e:;·e. So, t.'e hnvo to 



co:.1;:i:::i.1·0 this "i'Ji th wln. t is h~pponin::; to tho Cohi.:.nbia Ri vor Ealso!! 

as a y1holo. 

( 

possible o::-:coptio:n oi 1953, ,.re i:lnd tln t the d~cline in the 

scvora th~n tho:zo 't'J~1ich ere spavndn:; in cu.::." c.i·o.:?.. 

think ths saln~n hnve be~n hurt. 

liO".'J, in clc.::; ii1~, ho-::-1 much <lo3s thiz r.r0an in tor;:-..z of 

plotted zo:-:.a colo:-2tl pictu:!. .. Z3 horo t'lliich shew 100 pai·cent oi 

nctivi ty clurin3 particuln.i• ti:~:J3 o:t the y~ar ar..d tiszu0s tJilich 

( aro i·adio:i.ctivc rel:~ tivcly cp::;a!::ln3. If \'!~ r;o b~ck to thiz 

st~ tion irr.:.cdia tely bolo".'1 the i·cactors, w:1o:ra .,m find the 

hign~st co11ccntl·a tion of r~c1io:i.ct:!.vo oato1•in.l!:> in tho orcn.nis1:s, 

and if ws picl: tho lats ou::~2r p::n·ioJ \7hon tllc i•adioactivity ·is 

greatest and wo pie!: a s:n.all fisil \7hic~1 i~ r:oro rn.dio:'l.ctiv~ 

th~n tho adult form of th~ s~ecics and co~~ute the dcse of 

radi::?. ti on \'111ich thi:::> p~rticul:'.r sr.::;.11 fish set9 , and this is 

the worst co~<lition th~t ua c~n visuali~e for these fish in 
I , 

the r~.i.(Or to c<Jm;>lcto tho dcs:i..3c ra t'3, and this cor.1es out to 

abo~t .1 of a r~~ per day. This .1 rad pgr d~y you can prob~bly 

cc1~p.:i.l·a -- to put thi:; in te:rr.s of n. r:es~ -- • 7 rad p<::l~'" \",·oek 

v1hich co:iparos with the hu.:;un perni:;siblo lir.ii t uhich is, I 



bolieva, at the pr8sent tina, thr00-tc:nth3 o:Z a r'1.d p~r '7~o1-:, 

based on a h~nn boin:; \-:ho has a life sp:in ·n:1icl1 is nany tine3 

( th'2t of th~ fish .ar.~1 b:isetl u:.mn g.::mctic ch~nsn, so i.•o ~ould be 

of the Colu.31Ji~ River. 

In to1"D.S oi edibility of those p~rticula~ fish, ~s 

point out th:1 t tlioy do ncc\l!"Jula to so:nG l"adioJ.cti vo nu te:r:lals, 

but ·wo soc 110 ro::mon to close tho iish:!.ng bocause it v1ould ba 

uttel·:!..y ir:ipo3sible for anybo-d~? to sit d::nm day after day nnd 

cat the quanti·i:y of fish· th.at would b9 required to 3ive t:13.t 

il!div:i.dual tho l1::itly burden that YJOuld ba pe:·r.1issib}e in torw 

of th.:3 o tand~r<ls that '\,1s '\":ork with in ::.i. to:-;iic energy plan ts • 

( on thin papo11
• 

DR. KETC:ru:I: Your 101n~st :fo:r;.:l in ths food chain order 

was a hexbivor, and the a13ount o:i acc:r:m.lation c1ccreased botwsen 

that end your fish. Does that o3~n that you 'fJOuld bn.va tt10 ordors 

of m:i.3nitudg core than th~ herbivor? 

DR. FOSTE~: This tlepnnds on savcral things. The 

percentac~ of phosphorous coopozition o! ths various forms here 

is of prine in!=ol~tancc. In othsl" \Jor<ls, I thin!: this 'fJill be 

out a little la tor. l'lants havo a lo\70:r phosphorous composition 

than the aninals. If you. gat into the phospho!"ous rich animal 

al:!d you have the pc3sibility of this animal c~tin~ a good m.any 

plants, conc~ntl·~ tin:; tho pho.3:p!'lorous i tscli and thus ending up 
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\'Ii th a hi3hG!.~ nctivi ty density tl12n pnrhaps th~ plant did. i'Io 

also have the time la~ which is invol V8d h3ro in tc!'W3 of ·w213 t 

you mif;ht call speciiiG activity -- tha ac.tivi ty o:t t:!e P-·32 

there. Obviousl~r, this S3J3Cif:lc activity h:i.s to decr.::ase .as 

elem~nt with respect to radio1ctive da~ey. 

DR. KETC~$1: I kno\v thr... t in tho marine s i tea tio:n 011 

a ctra!ght chor:iical basis, phospho~:ous is clo3e to ten to the 

seventh. 

DR. :FOSTE .. ~: You c.!'G tal:.-:in:; .n1:;:oi.!t the plr:int vcrsu5 

the water. ~ie have au aquariu;n typo oi e:{p.3xinant \'/hare \Ve 

know tha quznti ti·~s t!1er~ a little· nicer than 'liJa do in the 

window. We have concentration factor3 on the or<lsr of ten to 

the si;~th from the wa.ter into tile Plan~tonic alg~e in very low 

p!lcsphorous conee:.1tra tio:i1s in terns of th~ i;m ter. 

DR. KETC~IU11: But you c.10 not have ~n:; plant observation:;; 

on the river? 

DR. FOSTER: Yes, we c:in ·write dovm a concantru tion 

facto1~ here in tex:c.s of the phcspho:·ou:> ~.n the river vorsu:; 

the plant, and it is on the order of 550,000 times. The fish, 

in te~i:..> of pho3)horou3 -- it is on tha order of-150,000 time3. 

Of course, wo do have diffo~enccs -- {i~dicatin~) this in 

terr:.~ 0£ radic3ctivity is not necessarily preci~o in tcrr.:s of 

the p:i.103pho1·ou:; per se b~caU3e of decay factors which nre involvec 
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hero. \'le n.r3 d~alin3 in tOl't:S of .conce;it:-~t:lon f::'..Ct'.):::S Of 

iutlivich.1~J. is; dr~.11!.d:.:3 a cou:'.)le o:f li tc:rs oi this p~l· (1ay, th~n, 

but if ycu ta~:o tha s:).m.3 volll'.110 of •;1:t tor and put a fish in it 

and ho conccntr~.tcs it 150, 000 tira~s and he has a lot o:f wn. ter to 

d~~~ thin out of, you cnn cc~putc this (indicat~r.~) ~s a r~ther 

danc;.;,rcU3 level to have if so~"Jbod;1 is c::i. tin3 fish. 

DR. P~ARSO~i: Is it us0d at Richland nnd Pnsco and 

D:t. FOS'l':Z~: It is at Pasco c.nd !:onnewick. Thgy hn.ve 

a ntand.nrd -r;.:i tor fil t:ra tion type o:f pln.nt at this type (:indica-

ting), and I thinli:. Dr. Pcarco sn.ve so=.e o:f tho30 figi~cs yc::;tcr-

clay. 

(Indicatiu3) This is ~n ir.dication of how actu1lly 

biolo3ical for:i.s can help you out a g~sat daal. If you start 

out t.ii th an even c1c::ii·able or. a near dcsir!l.blo tolcr!lncc in terr...s 

of th;J aocunt of radio phosphorous in the "i'.":l ter, in the river, · 

and you add this to a rive:- systc~ \"Jhere yo~t have a l:u·ge 

biolo~ic3l co::ununity ~ith a hi3h co~potitio~ for tho pha3phorous, 

the p~1cspho1"0US leavc3 tha w:l tcr very rapidly and [;D~s into tho 

forms; even if it end3 up in the Plankton, this is to yo:ir 



plan·~, the i·oal phospho~om zt~ys on the s:i.tlo. 

( D:l. HE.:1D:B: tn1on you aro ns!:ed ~bo~.rl:: the concent;-:-:i.t:!.cn 

f:ictor fo:!.· plants, you ir..:.iodi1 tcly y:ont to the Pln.n!:tm~ic al~~a 

and you ir.dic~tc~ 350,C~O r.rulti,licatio~ 1~ctor. 

I l:nov that ~·ou \'Iould lil:~ to e~pliasize thn.t Uin.t so~t 

of concentration facto~ do~s not requ~st for torrostrial ox aoni-

tively low in r~<lio:ictivi ty. I thou.zht tha ccolc:;ists r;1ic;ht be 

interested in kno':":in3 th:i.t ·m~ do not h~·;0 r:uc!l a concenti·n.tion 

DR. FOS1ER: That is true. The cargin of ve3otation is 
" 

J!lUch lower. 

( ll!SS PA'.rlUC;{: Have you ev.;;ir dona any studies on the 

attached al~ao? 

DR. FOS'IER: Y~s, '\"!S hn.vo studies on the rtttachcd 

al~ae, but the variability in this r.mterial is so GI"Cat that we 

hnve almo3t stop~cd sanplinz the thi~3. We have several factors 

which are involved in this attached algae. o~e is that wa do ect 

a rather violent fl~ctuation in the Coli.:..~bia River. Th3 flood 

to about 15 foot hichor and back dotrn a~ain tlu~inz th~ flood stag~. 

: Tho:re a.re wc·3::1y vn.ria tions in terr..s of a foot. to_ a _____ _ 

foot and.a half in th~s p~rticular a~oa (indicati~~) becaU3C of 

tho po-;;ar c1a?:S that nr·3 upstrcati, a::ld cl~i:r:.3 the Sund3.y clcsa of 
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of tho po•;!C!' dat.n -- th~y U.on t t need to t:'.:.!~C SO r.11.'.Cll elc;;c·i:.ric:l. t:;, 

so ,.,,.a have a flucto.:.=i. tion in t11~ zons y;llich is not tioo GOO~ for 

the attechod alc~e. 

We have :i m.a.t o:Z alzne oa tho botto;n wilich bocc:~o:J 

Cl"t!dtfad u~ tli th nll kint'!s of t'..ri. tc:<":i..n.1 ilo:i til~:t c1~n-,'2l tl:e rive!" 

difficult to sep:irate what is activity in the n.lgae and tho 

other o:.·c:i.nic r.:::i tm·:in.1:; which h:i.vo cott-::n into the film, so we 

find in s:loil~r l'l::tn!~ton, the al3ae, antl Yi3 h~"?o do110 this :for 

ID;),n.y ye~rs, but w-~ cb:ln:;~ S!1D;::ics very r=tpic'..ly in tho rive:.'" :ind 

tho ~mount of debris v1h:lch is colloctc.::1 the!."v is a fu."lction of 

v1ha t h~p:Kmod to tho rive:r th~ \-:~o:: bofo1'"c, so, in terns o:t 

coroiste~1t typss of in:Zorn..'l.tion, t!ie ale;:!.e in the bottom is about 

tho ~~rst zort oi thin3 we c~n neasuro. 

FROll TI.I::! FLOOR.: Is it the a<l.so~(ption pheno~1enon or 

what? 

DR. FOS'IER: 'Ihi!3 is ono T::1ich \"ia thi~1~-t will proba.bly --

strai3ht a<lsorption in Plankton r...ay act for a very hiGh p$rcsntn3e 

of tho total amount that is there. 

FRC:.1.1 TlZ FLCO:i: lJe did so~o of thn.t, and ·wa did it 

t1ith cat-tails. Tle Got so~":) cat-t:tils and a goatl bit o:f it \".ras 

absorption and a cootl do~l of it ~~s aGso~ption. 

D~. FOSTER: Sena oi th~se ara oargin plants gro~in3 

' abova th~ ~tc::-. Ti!a ~c-::_ivity \"r.l.S clonsity ~nd nbovo the W1ter, 

but T1hen tho t!.."l. tcrin.l died and you pic!.:od 1 t out, you had a 
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llir;ll3T activity density tl1:i.n ycu h:ld to b~c;in \'.'ith. 

DR. FOSTE!!: I t:onJ.d li!:o to tees th:?. t o:n. to Dr. Fo~rco 

in t~o bioph;7.:::ics section. 

th~n t:os t n:l t u.r .:il \7:1. tor·? 

It is low, but not p2~ticul~Tly. I 

thin!~ it is app~ront that y;a do uot. h:z.v~ nll o! t:;e fish f' oblor;:s 

solvou, ·and Ih·. J?o::;·t;·3l" n611tioncJ tile <.li~:Zicul-~y of sa!i!pl:!.n3 in 

for a nt:.llb~r of you to r;o o-:.1t tll~rc so that you can help hi;;i out 

On th:ts s~mplin3 Of sal;;:o:n ~ t th9 ap;_x;:o:pria ta Geason. 

t'liscc.sz tha uptn.l:o o:f fi:::1 p:."oduets n:r..tl pl:mts and "-niraals in 

the environs o~ tho I!~n:for-d plnnt. 

DR. Ll!ID3ERG: I '\'73.nt~d to ~s~ if you h~ve don~ any 

to::icity studies on tho caddiz fly. 

D!i. FOSTE:?.: \'le nrc settin:; up equi~r.l~nt for th.n.t. \73 

roalize the salmon r.iir;ht not b~ tho ::1czt o:ttensive form, and us 

want to do a ::>hotsun c:q::oriI:lont u:i th a lar3e variety of invoi·­

tebra tes to see i:i ·w·3 can i'ind sc~ethi:1g that o."l.y be a r.1.0l'C 

critical organise. 

·MI.SS P.A'i'{llCK: If you ara \".'Or!d:iz with caddiz flies, 

ba su:::a you n1·a \'ior::in~ with the~ spcci~ic:illy, an.:1 know what 
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you nre ''l!X:•2:in:; '7i th, tccz-.u~e thoro is enc fil.:l tisi~~hi thn. t lco~:s 

lil-;o tho o::-<linary c:,.~diz fly, but thoy cc.:1tn.in hu;::;h co:.-:ccntrilticn-J 

of 3i:ic. 'l':i.:c O!'din::i.1·y :£17 v:on' t stand ;:my. S:l.Dil~x.·ly, '°;·a havo 

found a si~·.!il.::.r ar.ount on cn.c!di::; flic:; ::.nd th~:.'e is cr~a t v2~ri-

n::.. F03TTI::1.: Jor17 ~a vis' who is in char~e of O!.l.r 

1'To:rth-:1os t. t!c ara probably in bet tc1.. sll~p:) on that one than '70 

are on any ot!:.srs. 

t'P..a t havo b~en t:or1dng on a variety of pro'blcr.-.s. Thssa a:r:e, 

in ga::.1oral, reln.tod to theso thl"S·3. problct1s of tho c1ispo:3al oi 

radicac ti ve r.t:'l tor ials at th~ Ean:i:ord plant -- tho grot?.nd disposal, 

tho 3ancous dispc:;al and tha n~J.missian to the rivo:r. Any c!n ta 

that you find in :?.ny one of these :f:blds ~.s very ~pplic~bl'3 to 
> 

any ono oj; them • 

. The first part I ci3ht sta~t with hare is tho absorption 

of the v~rious fission prcdu~ts into pl~ntG. ~his is ~ore or lc3s 

an anticip1tory type of pro~r~n in that wa do not really have at 

the present tine any !::ind oi a !)roble::n alcnz this line, but you 

cnn al,;ays anticip~te that th~ info~nation of tho upta~o of 

fission products into pl~nts, the rate or quantity taken up will 

b:'l Cjlli to valt~.1bl~ in:fo::r~ tion. 

In st:lrtin~ a sti!tly o:i thi"s kind, you do not \."ant to 
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start out and jt?St rnn throu3h the lar~e nu.'-:lbZ>r of fission 

products. I am sorry thc~--e al'e co many ntl!Ilbors O!l hore, but 

( this su.:1:n:irizcs all of the fission p~oJucto '."Jhicb, c1urin3 the 

fii. .. st tea year~, occur in the total ra~:.:ture with a qt:anti ty of 

one p0rcent or greater. 

(Slide) This indicate3 the variou;:; :fissiO!l products 

in eoncrn.1 h9rc. 

In the ge11eral zrou:ps here (indicating) on do~vn, these 

are the rare e2.::.-t:is ~ncl these materials, in ger..eral, up in here 

a.re ind:1..vicual c.o:nponon-i;s. I gxoupcd th~:n. this ":ay becau:;e 

actually the plant c1cez not distinguinh and in general tho r::i.re 

eartb.3 are all t::·ea ted as thou;jh they \"'Jere a common kind of 

( . 
elenent, antl you can grottp others such as the strontium-calcillil-

( 
barium as individual entities. 

tlo have· been tall~ing· about strontium-90. If you 

start reading across this table hero, there is less than one 

porcent of tho total fission product of strontium-90 at 10 days, 

90 days, and by a year with this, it b9co~es 1.8. 

This strontium-90 docs not increase during this time 

to bsco!:le 1.3. 'l'llis merely indicates the cencral decline of all 

th~ rest of this mnss of fizsion products so that the strontium-

90 beco~cs a er~dual c~e~~cnt rutcrial as constituting th"o 

identifiable radioactivity at that tima. 

What v1a did th~n \las to choo3e certain of those r~dio-

activa strontiu.-::.s, caesitLu, iodine -- choosing sofile of these 
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The nc:-:t n l:lG.o intUca tos 0110 ";'J::!"J \';;') c tcd~ctl this, 

t•'~J."ch or."- by t11- 'H-e·L1"-"T"!'~•• "'\ •• _,., .... •, ¥""°'""-'' ·,·1_·"1 -1-~~ "•'.·'·.··lJ.0 

r_~_., l',~-,_n"<.1 o·~ "iiQ''\ !\"_.,Un t.!.&..:. t,,.'i..!,!.j U •'t.!..!. ._;t,.~"°· t;,._ ... ;.h_:;..-_.._,L#-;.,,,L..t.&.. t.oa.J. 'I -' .
1
._ J - - '°" _ 

unifo1'!";11y dist.•.iln:i:i.>:?d in a s:.J...."1.11 diGh ~p:;ro:dr.1..1toly co (illuGtrn-

The aerial parts \":ore thon h:i..1""1.·cstcd n.t the end of 

tio:ns in loliaza. 

The nc::tt slide sho\','S the i·~sul t:J o:f this kind of ezp~ri-

fc3l is quita inport~nt horc. and in order to put a basis ior 

cowparison of those studies with sc~e nutrient stutlicz, uhich 

we uill describe latoT, ~3 arc expressin3 our results as a con-~ 
\. 

ccntration factor Tihich is si~ply th3 conc~ntration in the ::.~ri~l 

po1·tion as co:ipa~sd vii th tho conc::Jntra t5.on in the root en7ircn."!1:mt. 

In this case, it would b~ th~ concontr::it:!.on in tho clry.h2-rv~atotl 

barley leavas as com,aroj with th~ con~ont~~tio~ o~ s~ro~ti~, or 
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( 
not r:.luch c1li1ei·e:ico in the t>.~::orpticn of st1·on ·~iura-DD or 

th::t.n ~my 0:1 the oth-::;rs. With l::u.:·:1.urJ, it is not q'?.!i to so r:m~!l. 

di:r:Zcxent:'..a tion Yihich the :pl~nt brin3:: ti.bout in sclcctin3 cmJ 

pooi-9ly. 
. 

Thero ia a sli3~t ai1io~cnce in s~ils. Diforrcnt soils 

( 
got a dif:Zcrin3 a~sorpticn. This qui to V~l .. y:ln.:; b~t':.·oen TJlm. t you 

( 
get in tho ui<lo ole::!~mts. You nicht G:l:f t11e abso::ption o:f soils 

is tho m:i.:d:mt.n:i of ton -- th0 inflc~:m=a oi th~ soil. 

With a nut::..·iont slu3, you c:in cont:;:ol n. .sin3le C:l"l.'ironment sub-

strata factor more readily than you can by r.:-.cdi:fying a soil. Ii 

you c~dify it by cha.n~in3 Fil, or so~othin3, then you are goin3 to 

modify a nun1~er of thin33. Tho ro3ults fro~ here on {indicati~~) 

nre e:r.prassed as ccnccntr:i tio:i f:icto:-s :frc::1 nutrient slt!2'.3. 

As tho quc~tio~ a m~~~nt a~o pro~osed, this conccnt=~-

tion factor is tn~on as the ccncont~ation in the plant as co~p~rcd 

~ith the itL~ediatc root cnviro~~ont, not the imraediat3 nutr~ent 

l 
in B·~neral. If you add th~so, in r;cnoral, thoy add 4'..lr.ic.3t in 
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to rel:."!. to tho co:1c::mt!."~ tio!i fncto:.· horo to th:l t il;i.-:odin.to rcot 

cmli;~om·.!ent. lle have o. rou::;h ti~thoJ of c:>tin~tir.g this, but t:a 

gcn'31·al. 

Dpocies. I nm suro if you lco!: fai" c:io~::;~1, you can find sc:la 

that exceeded thio, but t1li::J scc:-s 'to b::: tho c;~nc1·nl limit o:t: 

plant chow di:fierinr; upt~l-:cs, and you Tlill soo in c;ancral the 

loaves aro tho hi::;hc.st p~rt of tbs pl~nt. This is p:::rhaps fortu-

- nat3 b~cause le:ive3 ar3 a nice thin:; fo:i• :::a::lpling. It is o.l~ra.ys 

intorcstin3 to knou that in eonsr~l tha sa~d portion, the seed 

has tbe low~t concontration. This is true b?cau.so in so n~ny 

i~stancos we do uzo tho seed part for h~~~~n con3u:~ption. 

'l'he next slice ~ho"\;s the cifoct o:f 1'3 r-.s tho slc33 
:. 

b~co~Q ~oro acid or is a<lj"t:.Zt~d to b~c~~3 more acid, and you have 

a rooro rnpid upta~o. i7h~thor this is a pily~iolo3ical r~spo:;wa 

of th.a plant or a solubility phcno~onon, '\73 h~ve not o:p9nt ti::e 



to nb.solut·~ly clotc~::iins. 

Tha 1~e::t zlida sho:.3 tho c:f:toct o:f conco:ntr~tion. 

( 
phonomanon y:)::; tci~day, \"11lich ho has obsc1-ved -- n'.l:?::oly, al th::m3h 

'\'Ji th the vn.riou.s isoto::;i~s it has gcn'9:raJ.1:,r boon cor..zidered tlla 

dasi~nblo thin3 to p~cvcnt or decrease th~ ab~o~ption o~ th8~0 

variol:.!l r2.dio izotO!J:)3 by co-t::ea tnont 't'Ji th the non-::.•adic:lctivo 

ca1 .. ricT ol0nont. I3y thio co-t~·~at:1ant, it has alY1ays b-~an felt 

that you diluto the specific activity and, thu.:;, a pln.nt oi• 

a.nin.il is not goin3 to t::i!:o up n!l r!u~h. \~ou nll know thiz is 

tri'e in tho c:ise oi icdino in tho tll.yroid. Ii you e:tve io:1in0 

-- 127 alon3 \l:i. th a c!o::;e of icdinc-131, the o:..•3anisni is not 

' 
l coinc to concentrate in tha thyroi~ al~nd an cuch of the I-131 

( as if you lmd not given th:ts carrier alon3 ,·11th it. This doos 

not hold true for the plant3. This is a 103 oc:ilc hei,.e, zo it 

sp1ns ove~ quite a diver3ity of concentratio::u;. P.s you inc~ease 

th~ concentration, there is a tendency for an incrcaocd nbsorption 

of the radio elc~~nt. 

This sinply says that the plant ovc~ in h9re (indicatin3) 

h:ta -- t.isll, co:wparod to this, it hn.s fiv~ orders of tugnitude 

more ele:aan t in it t:1an ovei· core. If you nro s tudyincr iodina, ' 

thoro is five orders of ~m.gnitud3 iodino in a plnnt over in h~re 

(intlicatin:-;) becnt~3e \"/~ ara usin~ th!3 l-131 si~ply as a t:raco:r. 

Tha I-131 or 3trontiu~, OT uhatevor you ara usin~, is 

kept constant. This is i:oroly tha po:rccntaga upt:i..I:e. Tho pa:-c~nt~ 



notable in the cao~ o=l icdin:J. 

( 

these ai·c not essentii:!.l olo::::mts nnd th<J;>1 l!.ro not n:J3ded by the 

plnnt. 

Th3 ne:~t sli<l:l nhcrr~>z r-. test of tha pc::mible m::plan::i.tion 

ed abaorptio:n o:f iodinia, antl in this b:-c:::on l:i.n3 hex~ \13 h::>.va 

another o:;p::3~ ... .i;:;i.:mt in '1i1hich iodine ti:tS varied antl 

( 
I-131 fm.s tested; and tho:,:o -r:as an upt~::~ o:f iodi~1s by tho pl::mt. 

( This pa1~ticular to::;t '~':l~ r;:.ado to dotorni1!3 \'Jhcthsr thin 

Llight b; du:;> to to::~.ci ty of t:!.1a root c'311 !:lOr.11'::i:ane ~nd nllovinc 

tho n.~terial to pour thrcu3h it lliOTC rc~tlily. If this ~~r3 true, 

it should b3 possibla to c~o~to the to:~icity by one ele~cnt and 

ca\l!:ie another on3 to pour :tn, and u<J tc:>ted then th9 to:dci ty <;Ji th 

iodine and tba to::ticity facto~ of strontium, and, unc1c:r those 

circll!"'.stancas, there sec!J:S to bo a rJ:i.r!:od clocroaso in tho e:ffcct 

of strontium by tho to:~ici ty o:f iodin:J. Ap:;?ar•)ntly this is not 

due to a tie::ibrane to:'!:ici t~r or to:;dci ty to th~ plant i tzel:f. Our 

--- --- - ~- ---
best cuess -- nnd it is sinply a irucss -- is that you uill h:l.ve 

v~ryin3 absorption in tho soil. 

In swm::nry, I oisht ju.st say th~t these plant studies 
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ind:tca to that you lrn.vc np:;:::o1:::iri::1 t3ly ~ thouz:ind bot,100n tho 

abzo:::.-pt:lon oi c1:1.:Z:Zo~ent olc::."3=-it:i. All of th::> ct!l:::!.1 :fo .. cto:.:s 

coil, PU, ovon concentration h.:irv, the 01.,cc~.c:., p:i .. st of tho plunt, 

and so forth -- in gonc:::i.l, tl:·')SS :flt:.~tu~ t:) 1''/i thin a :Z:i.etor of 

about ten. 

tll:it you l!av.;;: to follo:;r in o:·.:b:r to control th3 clo::.cnt. 

(Slide) Hare W:) have cf:(octivcly 11".llct~d the gl'"ound 

bocnl.!Se \7::3 have contanin:t.tcd tho Gl'Ou~1 \Ji.th st:-cint:tm:l-SO. If 

Under these circu,.~tan:::cs, ·wo nctnal~.y :found th:.;.t tho vn.luos il'Crl 

vias a valu~ o:f upt~!:e on tho o~dor of o.:ie o:io-thou..:mndths o:r the 

value th.1t is obtn.inod in th3 1i~cubuyer study. 

As I say, this ~~s all on the sm.~fac3, zo comp~rod 

vii th Haeu'buyer, this \",'a::; on tha surio..co and not clo:ie on th3 

feeder roots. This is b3ir..3 continu:id this y~ai· to dotcrnina 

w:1c1thar t1:3 castribution ''~~.ich you "iiould h:l.ve in no1-.:.1l n.3r.1cul-

tw:·al prot1u::t:; '7ill inc1·o:i.so this vnluo out in th3 ~:told. 

(Slide) Thia indic~to3 a study ~Jhicb is of QUito 

a diff:arent thin3. At tila pl::mt, duo to prcd~ct:lon o:f the 

dificr.:;nt clcw~nts, r.a hav::> a p!"o~lcn frc:::i tho c::iizsion :frc::l the 



processin3 of iodine throu3h vented cases. Those ~re vented 

( 
thi·ou~h very, very ta.11 stu.cl:s, You r;ct ther:i up into the hi~~h3r 

atmospheres t1hore yon h1ve t'~::imu.'!l po3s:1bil:i.ty ior dissip1tion 

of tho activity. This e::p3rimant \;as sat uz> to stu<ly the effects 

of chronic ap:Jlic::i.t:lon o1 iotlino to a ln.rga anir.:.:il. Tfe h:i.vo 

quite a lar~e nU:-:ib0r of stutl.io.3 on sr:.all an:ll:nls such az fro~s, 

mico, ct cetera. The sh~ep represent a rather sieniiicant 

population in tho environs of the Ilnnford arc~. and so tho • • EnC:3p 

\'Jsr.e used llc::o to d~terr.iin0 the c:;:9o::;uro lin~. ts '"ihich wtll produ:!o 

damn.eo and to evalu~te and de1inc tho p~tilolc3y, tc3 histolo3ical 

represent:;,. t:ton o:f ths c!~r~ge \1:1cn you do !ind it. 

Whon you do study this, you have to staxt uith cxtre:ie 

{ 
ranges so that you \"Jill be sure to havo a level which will sho·,7 

dacaze and, lil-:ewiso, levels v1hich will not zho:.11 C:L::i.r;;nge. So, 

\13 sta;.·tcd o~t wi til lov:?ls dvvm. on tho orde1· of .005 nicrocurie3 

of I-131 fed to shee:J par day and the r:m.ximum value of 18!)0 

microcuries of I-131 fed to sheep p~r day. 

To give you an 1c1ea of wl1at this rep:resonts, the lowest 

valu:l here is .005, which is the lO\'iSSt value th3.t you '7ould give 

to the thyroid; th~ UPC radiation is o:f • 3 rads per \":eek, so the 

lo~est valua was the n2c value for nan. 

As yoa can sea, it simply was not practical to continue 

it, because ~inz tho neasu:=e of tho thyroid deficien!!y, tha 

upta!:e of iodine -- in oth:;r wo;:,-oc.ls, tho thyroid will norz:..-i.lly 
\_ 

pick up on the order of 20 percent of the iodine \"l~ich is fed 
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the norr.!alcy of the gl~nd. You \Jill sos the 1~00 sir.1ply b1:.1~n.cd 

out the thyroid el::i.n.d. Actt!~lly 1 it 1"ctu1~n.::'1 to r:.o:rri1l \Vi thin 

35. I shoulc1. not roal:ty s~~l no?:'.~l b::ca,.:.se it re: iu·ncd to ~er·o 

th~ I-131 dc~~~a. 

To cot r.13·ht on ·,;ith it hero, briefly, \"JC h~d a rr~th:.;)r 

l~rgc peali: initially in all of th:l cu1·vc3 at tha H::i.nford cmvi::.·on-

It 'va::i not initiaJ.l:r i·ccc:;nis8d, no, on a goit:.·c3enic diet, thc:::.;e 

supply o:f icdino in the field. Fl .. O!'\ this point' on, there "'-~s a 

supplc~ent::i tion '7hi~h brou:;:.it tho:::i U!J, as ym.1 T:ill seo her~. 

(Slice) 'l'his pin!: on~ hers -- this 5 oicricuric per clay level 

loo~i:cd pretty ra.lso~:l.bl~, but thon ti1is tL:3 th3 uptake fell 

oif very l!'...1l"kcdly. 'l'hi~ seasonal p~;1k ·which i:; clla1 .. ~ctcrintic 

the thyroid b~co::es activ'3 durin,3' parts o:f t!1e se:i.son and then 

b$com~ rel~tively inactiva, so you go throuz;h an annual ilu::­

tuntion period. This fluctu~tion did not appoar after tha 

v1inter o~ 1951-1952. The nc:;t ye.::i.r thare VJ.:?.S no st'!.'b:;oquont 

rise. On ths oth~1· hand, the level at 1.5 nicrocurirnJ is r;o~.nz 

alon3 still even afte!" tJ.~e five years here Tlith it$ norm::i.l 

5 nicrocurio lovol :i..ntl no dn.r.:?,SO at th~ .15 v.icrocurie lc·n}l. 
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This 5 mic:.-ocuric lov0l :ts 10, CQO t:!.r::::.:> th:'J }:?C for hu:mm::> --

(::!lido) The nc:~t slide oco•;.c.:; til:J ~~i~hts of tho3c 

'l . ~ . t• • .. t• . &: iy:>o:u.<.3 ~ '\,; .:1 'J ona O:?: Jl:!.S Tl:.~so have jl!Zt been 

'7ould b:} 210 pcszibili ty of con.tanina tinz tl:-:so co:itro!s, ru...'"lning 

about 15 to 20 r;:.:·m::.s of v:ai::;ht per thyroid, 

On the otr.21• ha.nd, the 5 nicrictn.:oie lo~rcl is r:ir .. r:~etlly 

docro2s(:J. 'gl~l"~ h~:3 b~en a b':..1:::ning o-:J.t cli .. :o to this iodine of 

tho gland, Tho 5 nicroou~ie per d~y actually it is lru.·ger 

but it is not s ta tis tic:1.lly so fro:i U'io cont1·0J.s. So, you see 

tihe::..·c \'je lu?.vo :i lovol hora ':ihicn p~:-oduccs c!a:.m.ge und one y::hich 

c1oo.3 not. 'fha one "'il:lic:i coos is soz:;.}th:lrl3 on tho order oi 

11e h:;o.:;e talk,Jd h0re about the upta::a into the gl~n<J.s. 

(Sliclo) The i:ezt slic!c h0l'O sho;vs ona of those, a 

five raic11 ocu.rie por du.y level, ~ml you -;:ill sco 0·1er here in thq 

controls th~t yo1.z havo i:.hc follicles. 'Ihs:-o is where your 

colloidistcitl is iound. Tho interi~scicular are~ here is nice 

and clc~n, vith a ~ini~!'!..~ of fib~os~c ~nd nice la=~o folliclc3. 

and this fib:-osis in b~tr:oen t110 iolliclc~.; St".lerl.S ·to ba one o:f 
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tho thinzs that is :r.!OSt cl!:>..r~cto:.:-ic of this tl:ima~o to the 

~, .. ,. 
U-1 

in the ioll:lcJ.c sizo, but tho o~e th::it is mo::;t c:1a:i:actol"istic:illy 

and tho one nc;;;t reo.dily uzed dia~ncstic~lly iD tho fib:-otic 

tiDs~e in tna !olliclsz. 

sir.111ly do not h~·Jo tit10 to cover. I do not h:i.vc ui th !:13 th(; c1a t~ 

v1nich covm.>s these, ei t~er, so thio is ~craly un in1ic:.i ti on o:f 

the l:intl o! thin~ y;:!.ic!1 a:.·o identified. 

I 111:13llt ju::;t v.ontiol1 tho..t in the stu:lioz it appo::i.rs 

that ap11:.:-o::-:i:utoly 20 !Jercont oi tho c!ail;.~ c!osc is put out in 

the uill, so you have th,~m an elimination of tho iodine hero, 

which can be tlu.·ou3h ro.ny of tho scci·cting tissu·~s. 

'l'his study h;):;.•o, of com·;:; a, is applic~hle to cnvi:.:cn-

ment liks lfan:f.ord which has ~ chrcnic elimination oi iodine. 

This· would bo tl·u.a only if you r;avc this iivc r:llc1 .. o~u:-ie.s per 

dn.y, cb.y after c1:l.y, to maintain a i·:idia ti on lcvo l in the tayro:id. 
' 

If this ~~ro giv0n a single doao over 100 doses, it uould bg 

absolutely ineffo~tu....'1.1. 

The nc::t s lic!e shm·;::; th~ kind o:Z upta~e ,, . .,hi ch f ollov.r;:; 

~. single fcc<liuz. In this c::?.~~. the hay was co~1t:imin~tod at th9 

start of t°h3 e:-:p3rii::ont. Oi the shoop :fed en this sin3le 'batch 

of hay, ~;o ~ce th~ inc:r:;)as.;:> of thy1·oid ~ct:tvity, incr~asc O:f --

iodine ~ctivi ty in tho thJl'oid gl:::.nd, and this reaches a :t:a~d.u'l.!:.l 

rin;'.ht :1. t about 12 da:r·s. This is very rc:)rcdttccablc. 

\ 
\ 
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o-1 tho l:n.y ~.-i: its thn t~.ne of cont~n-

t~o t:i:y::ol:J., 

only O!l tho 01·dor cf t:CJ t::i ~ lGOO ti::.:;;.; "i.h:ls (imac:itinr;). 

( 

in tha c~virons oz rranfo~d, 

the r~sm ... v:i tion, so we u:; 3 th-a iD1: t 'b.:;3t thin.:;, th~ jn.ck rabbit. 

they reach. Only in the j~c:: ra!Jbit \~·ould you ba able to t=i.::-:l 

off suc:1 a cood po:;;ul=i. tio:i ~.:id still h:lvc.J it co::a b..1.ck E.nd not 

thi~ !..!J 

':this is ~ r:t tin, a::itl yc:1 c:..n c~e :L~c~ the fo..ct 'that 
( 
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it sayG in ho:rc tr1at nt ~.ny tir.13 this st~yr:; \'lithin a facto:.-- of 

( 
a c.orrola tiol'l th.at is 1 .. oa.son1 b!y clone to t!10 3encrnl ldml o:Z 

situatio:;i t11~t you lw.vo. 

but ";/O nus t :::en.;nbcr th:l t 

wont to a p~~I: n.nd tho p:::;.!: (!ro:~pod o'!i. Pen.l:s of this order aro 
( 

ins t~nce, th~ t in the shco_:) cla t~, it noo:1.<j a C"L:";!lU.la tive c1o::;r..go 

on tho ordo:- of 10,000-3 b:;~:..us~ th:Js~ tl:yroid3 boc;in to r;how 

c!amn.ga. I:f you t;ivc it n lo'\"1 r:..tz, it ·uill t:;.:'.re ~ long ti:J.~, 

and ·whon th:;!y got to this le"1·~l of 10, 000-n, the:r'3 \"Jill bo nn 

s11cc9, it surely is not of si~;i.ificr~nco. 

Probr:.bl:r tho bic:;cst: f.:cto.:" in this cu:;;-vo, in a~c1itio~1 

to tho cyclic :".Ctivi ty I iz the :fr .. ct tll::t t eui·ing tho SU.-i':l~r ''\,'3 
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is t~n nclult. 

o:- le.-;s. 

moro closely .:i:..~1 the c~rnivo!·es a:.'e O!l tlc7m. 

To menti-on so~~ cd' th~ rc~ults tb.::.:t h::?.vs b~cn o~t~in'3d 

fro~ th~ non-aquatic o~G~n1~3!3 ~~ound t~o ~iv~~. rctu~niu~ this 

effluent to t~e ri~~r, uhic~ c~::.ncs pos~iblc d~P~G~, yo~ can 

did f :L'C!".l 
. . . 
'"C£1:..5 
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to test fo~ this. 

In the c::.se o:Z the pla11ts, ...-:a te:;tcd fo:.:- it by zott.:i.n3 

act:l.vi ty, o:i.e usin:; 5 f-G!'ce!?.t r~~cti3r o~:Zlt.!.'321t, which is w.:ill .. 
above n.ny level t!-w .. t ::rould eve~ :'l.lJ:?:Jc.:" :h~ th!:, rive1:, and thGn 

potential c::i3 ·,:oul<l C7G:> have. Only the 100 f,Zrccnt level intli-

ca.tcd to 1x.J possible s:ir;.:1:1:f.icanc~. Datcn~z:-t:t~ins tin ~:ctivity !a 

the seed hcxc, tho activ:l ty iii the sc-otl, hc1"e is the control, or 

uncontc.!ilim:.tcd. DTO:,') rr-.i"o1ra in th:a are~. The 5 porccl1t plot -.·ras 

esson~iully the c~r-o. 'lho 1 !;)Cr:!ont p1o·:: sh!:l'i?ed a "lralua of 2. 8 

plus O!" I"Jinus • 3 ti!:!es 10 to mim.13 5, \'1hich is not even t~;ico t11e 

norr.1al back3round level. It io essentially n:.tl. It is ve~y hastl 

to Z·?t a c!iffG:.."oacc of this type. You just CZ'..n 1t ev:tlu:ito it, 

and it is so low. 

With respect to seed, yield li!=:O\·Jisa d.rop.3. It is 

intor0-stin3 to note here tnn.t tho socd yie!d here is rather 

dafini te. Ce~tainly when l co:np:t!'e it '7i th tho r:::iount of 1·adiat:1on 

that is present, a3~in, as Doctor Fo3ter fou..id, it seems to be 

the ch~c:Jiun -:;hich is used L,,. tho yrc-~;;;'lctor tro:i.tn~mt -- :3ir.iply 

a st::?.ndurd boiler typ~ p:i:-ccoss t:=:-o~tn~:it -- ::!.nd this cbrcwii:n 
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vm:y lor1 conccntl0 at:!.01:.s c1o7rtl to .01 p:.rt p~r nillio~th, ~nd '\'JO 

CCt obsorv~ble effects on tho plant. 1hi3 S00:13 to u~, int~rcst-

inr;ly eno~zh, nn cffc~t o::i the c:1.r'bohydr~t0 level. You got an 

c1rop:; o:ff. Ju2t •;:hat this is, ~;e do not know. it do,33 not 

affect r.ny n!t1·0.:;cm. These arc tho only ones that showed nny 

differcnco. '';c test a viitle varie".::y oi otho1"' thinzs. We tc.stetl 

vory cri tic:::.lly tho nut~ tion rate in the:;o (j.nclic:l tir1~) by 

pl~ntin!"; these in the t;reo!!hovso and te:; tir.z the seed.ling rm.:. ta-

tions, and the::-e just isn't any. 

Another seri~3 of tests which, ~gain, ware carried on 

as a rnoni to1 .. in~ program involved th~ moni torinz of so::.e of the 

\'Ja ter fo~!l antl in this bunch 1 inclt1ded the S'\·;allow, ev3n thOi.!Zh 

the Swallow is not a w:i te!· fowl; ncv•3:::tholoss, it inhaoi ts tho 

ge12cri'.l.l rer;icn there th:l t due:~ and geese inhabit and the S"':nllov1 

usGs, thus, a sinilar t~pe of food. 

Actually, the S":;allm1 uses these midscs T1hich Doctor 

Fostor intlicated are t ... "" .u ... hottest portion of the biota there in 

the river. The du::!t and geese noni torinr: prc~ra.m here has b9en 

goin3 on for sc~e tin~ now. The duc~..s and gc~se co~a in antl n~st 

in tho islands :l.lo:ig the riv'7;!r thore. It is a modestly csGd 

testin3 ground. Cbtainin::; th3 activity dens! ty in these duc:~s 

and geese -- we :find in the a.dul ts •;;a hn.ve a factor o:f so:ia 

75, OCO timas the '\'r.l ter. You must rcr;:embar thn. t th-::ise look li!.:e 
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Clll~Ul~tivc ciiect i~ not ~~eat. 

the yotm3, which nr~ rclD-ti vcl31 localizetl. '!hey used the 111..1. tc:rio.1 

( . , . . . ) n,.,.,,.,, "'llr·"IC"''".,l,,.... 
~·~~ - -- ~~--~ . 
One of tho int0rcstin3 thin33 y;o found v::i.s th~ d~v.-;lop-

evnh!1tion of thi:;, thir; is 011 the or<ler of one r~d par cfay. 'This 

is ~ i·e:::.sonn.blc ldnd of t'hins, th:Jn·, to evt>.luate fo!" pcssibl:? 

( effects of tnis ~::i.c:lation. !:f it ,-;er~ a C!)upla of te!lths of a l"atl 

por \;o-::i~, the1~0 is not r:ucll point in r.:1ldnz a m.!rvey to see if it 

is Gci:.~3 to r..u~e biolc:.;ical ef fee ts, l:~ca:!!Ja th<:?.y '°muld b3 so 

minute it ~;ould not p~y 'U3 to z::.:;.!;:e such an investigation. 

Vle ar-3 Gettin:; into a borC.orlino en.so, you 1ai~bt s:?.y, 

and it is a re~so:i:::i.ble typ3 of thin:;; to sm.•7-ey. 

For yc2.rs, -;;e h:ivo bo~n ovali:.atin3 thcsa aninals fo:r th:;) 

pe:rcnnt :fertility of th:):JO c.:;zs and :for tho porc9nt ha tch:~bili ty 

of the ez2.-.s, and by a1mndoni113 the pro:::;r~~r.1 fo::- tho lo~gcvi J~:;· ·-of 

the biras -- I don't r~::1::~bnr the c::<lct :Zi!jUrcs l•o~·0, but tho 

90% fo:r ha tchabili ty nntl fe:-tili ty, ~uu ocr valuss figu:l"e-Ylise !'U."1 
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about 93. ·They ar,;; hic;llor, hut I clo not think they ~re st~ti3-

tically h:lr;nor. I did not sot the stn.tistics on that. ! simply 

got the :fir;uros, so it c~o~s not loo:: :i:J thcng1!, on th~:;c counts -­

I might say, th'3 b~ndin~~ and t::.'!8 lons~vi ty is tlw sarJe. 'l'his is 

a kind o:f rough es th~a to b8cause you ar0 ~~ain usinz tho sa.":'!9li113 

procedure Yi'.i1ich E;p:i:Q~ds out, r'.nd you got !:::;all returns. B~t on 

the evidonca ua ha~e, thcxo tlc~s not csom to be Bny o!fccts of 

this <lose. 

This one rad, o:f co111"se, ~s I s:iy, is zo1:13tldng tho. t 

app3ars tbore and as y<.}U crin s·:ie, th0 c~g h!:!s R hic;h cone on t~u t ion 

of pho.spho.rou.s. 'Iha you:n3, th3 d3c2..y l:.3J'in:::; to net in, aud this 

is a pgak \7hich occurs, and th-:m yo:1 hav~ a c1cclin~ in activity 

and less irradintion u!:lich is received. This ic ~:::t co::ot~in3 

uhich is a bod!' b:irclen_ Yl~1ich is c:J.rrictl from now on. 

Tha Swallo~~, even thou$h they so~m to have a l~sG gootl 

chnnce of sho•:1in3 eifectz 1 DO?Ol"thelcss 1 the Cil9Clli.23tances ai•o 

excellent for studying the S1Jallm·;s. I say thoy have a le:;s good 

chance for sho~in3 effe~tG si~ply b3cnuse the activities concen­

trated in the tissues are lowsr, so thoy are not r&ceivinz as hizh 

irradi:ition CC3:i{~'3. Since th-3 S\":alloYT nests alon~ the riv6:r b:i:i::.:;, 

in 8l"C:I. t profusion t it gives a possibility for O~C:3~n--vin~ thOSO 

lon3avity fi~ures, th'3Se furtility thin~s,uith a t,ood ch~nce for 

gettin3 a h!3hly signific~nt kind of fizurc in a native popul~tion. 

These S\1Jallo:7s s:in,ly :f1y alcn3 nnd pick up those oids~s. 

This p1·o~rar:i, than, is jlli'.j t 'bein!; ini tia tad, and r:3 do 



not have ca t:i. · :ro:• :lortility, rolio.hili ty, ~nd so :forth. 

I \':tmld jct like to s~y n. ·r;orc o? t\'10 about this sat:3 

(. thin::; that ·c::is rni::Jod c::irlio:-:.·. 

011 tho blac::b0.:>.:::<l i1e1'e. 

(I , iu-t.,..., ... .;.,.,,.. ) 
-· .... ~ - c,..I, (...~J. ... ...;;. If you st~rt in ~ith a tissus hero, 

h3rc (inclic.:l t:l~1:;), thc::;c hava a rn. tio oi one to a hundred -- P-32 

to nol1-:-ridio::i.ctive !>--33 p;:,~ r;r;:ua. This ,-;oulcl be n. r•o~n::; of 

evaluat:Lne the ~ctivi·~y cbncity. Yom.· activity clensity, then, 

you will sea, is rcln. t0d to tho anount o:Z p1!C-3phoroU3 total, the 

( might nll b3 incor~oi.·n:tcd into C:J.O la::.•30 bocl7, and \Va -would havo 

three P-32 'n for 300 ordim:ry pho3p~·wro~Jscs p~r gram, because, 

b~cn an i~cl-.wion of natcrial into one o~canin~, ~r.d you do not 

have any concentr~t:ton. 

On the other h"nd, if these s:ir.::J or;;:inisms ar..:3 e~ten by 

en orGanizm viilich bt1 .. s, sny, a onu p-::rcent phcnphorous, ·ws not1 have 

these threa pe1• thrai:1 huntlr~d all inclosed in . 3 grams, and this 

activity. now h?.s been conc'.~mtra tcd tissuo-..-1ise into o. mo:·o can:; el:: 

p:i.c!ro:cd a:..~:ranr;cmen t, an<l untl:::- those co::.:.di tio:::s -.;1e have t!!:? s i tu:i-

tion \·1~-iich tlerivcs frou a hi:;h p'l:csph:i.to ::.ctivity tissu~ e:i.tin~ ~ 



( 

c 

tion o:f activ:l..t~ csnsity ~s you go alcn:; thro'!.!~h th3 cycle. 

I simply put tb~.3 on hero to illt1..3 ti~ato t!io ld.Htl of 

activity dc=mscs becJ.u~e, obviously, ycu ou.s t have certain u:n:ir.0:.'\. 

anin!al, n.nd t:ie bone bocc::!~s h,.::>ttcst with P-Z2. This is a t:ls3ue 

which is ac~~ivcly turnin:-; ov~r p~1.os11ho1'CL!S in tho you113 nnir.:.al. 

It is lil:c•;;isc a t1ssuo tho..t has a hir:;h concentration of phos-

phoroU3. Xn th~ adult, tl~c bo~e beco:':8s in:i.ctiva turnovo::.·-..,...;ise, 

in the ntlult, beco~~s tha hotter factor. So, hero, you have ths 

total 91losphoro11s, or the ariount of p~10::;1J!!o:-o~s, P.!ld the ti..rnoV3!" 

oipiosphoroU3 in tho3e or3nns. 

DR. pr-;Ar!SON: Ara th:;i:l.'.'c one or tw~ q~:.?stions anyone 

~ould li~e to ask? 

DR. DlLLl:1GS: Th~ t gr::i.ph you had on the jack rn bbi ts, 

on th9 r::i.tio -- T::ls there ~ny 2ctiv:1ty in ths j~ck rab~its in the 

rainfall o~ the procedin:; L'lonths? It loo!:ed to me in the dry 

sur:.:."lar like it dro:;.:ipod, and then went back up in the fall, and 

tb~n in June thoro YrJ.s a hiGh peak, too. 

DR. HUUGA'TE: 'l'lu t hi~h pea!: in June was n spurious 

peak dua to a p~rticula~ circur.~tancc. 

D~ • BILLI~·IG3: You ran it 'fo:r three ya •. n·s, did you? 

D:i. lnJNGATB : Yos • 
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DR. BILLI~m·s: r. uonc1or if there is nny cor1·0l~tion 

there so that it gets in the plants antl the jac~ rab~its cat it 

and, therefore, they concentrate the iodine. 

DR. i-nmGA'I'Z: Actually, if you h~d a rainfall there, 

you would prcb=i..bly ha.vs n lo\7 valu3 b~~n.usc the rainfall v;ould 

tend to tn!~e it to the ground ra t~1·::>r tb~u h"'-vo it ~ettle o:i the 

folia3e. This is probably atlsorbed on the surfacGs becauss the 

tir::~ r~te o~ goin3 to ground antl then r;oinz into ths plant -- you 

t'.·ould have a tenckmcy for this to occu:r. 

D:t. BlLLnms: In oth~r '\'1ordi>, it i3 just dust lantlincr 

DU. HUNGATE: ?Jest probably. 

DR. BILLUms: Do you have a down draft so that in the 

\'linter --

DR. HUNGATE: You havs a lowar insc~t --

Di?. BILLI!TGS: Invcrs ion -- and in just tal:ing it on out 

DR. FRENCH: On the sheep, you ar3 feedinz rlefinite 

amo\lj.lts of iodin3, too. '\Tnat was your technique for measurin3 

the amount o:f activity there? 

DR. ITIP.!GATE: Tho sheep were fed individual spi~ed 

pellets, and this was eo that you knew vA1at they ~ot, and then 

counting of the thyroi·d slancl l'Jas done l'li th a standard geometry 

" 
3-probe counter, countin3 froc thrtJe directim1s, centerin3 the 

animal in a certain di1"'ection and gettin::; this 3-pro1>e countin:; 

o:f the thyroid. It ~ e'::ternal monitoring. 



DR. JIE~DS: The app~rent se~sonal variation shown in 

those sheep could b3 attributed to tho fact that part of that 
i 
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iodine \72.s, ox· clu1·inz tho sp!"inz nonths, concouti·ated in tho 

thyroid of the glands that t1ere i-n u te!'o. These r:are p:-ezn::m t 

sheep eaci1 year 1 I b~lieve, that they ";are IilOni to:..·inz. Conse-

i 
quontly, it is not an entirely breetlin3 thin3. Dreedi:n~ \":3 

acill10T1leclgo as seasonal, but the thy!'oid activity would bs not 

DR. HUliGA'1E: I think this coTresponcls fairly ren.sonablj' 

for those. The fetus do::s not be3in to ta;.rn up any activity u11til 

about tho ~3th cay. 

DR. SHOti'"T: I thin!>: I minled Doctor Pearson \7hsn I 

wrote to him and saia I would lil~e ·to u:ike sc~a conu.."'l;::m ts, I 

( think t1hen I ts-rote to hio I must have left out tho word "here" 

because I oeant to say opportunities ior university studies in 

ecolozy at Oak Ridge. 

Ona tbin3 that I have been more or less st~uck by in 

the discussions is that we have in the areas of the Atomic Energy 

operations offices, different ecolcgical situations uith respect 

to environm3nt. For ex~mple, in the c~se of Hanford and Savannah 

River and o~~ Ridge. as ecolo~ical regions, about the only thinz 

the three have in common is that a ri vcr foi·ns a boundary line of 

the reservation. In order for yo~ to appreciate perhaps a little 

bit more the ecological situation that wa would have in Onk RidJe 

as compared with sone of the other places, I ~ould like to cake 



son.a statc:n.t:mt:::; for just ono ir.o;;a::mt about tho 3ao;;raphic situ.a-

tion there. 

( I 
Uhut you h~vo in O~k Ritl3e is a wooclod n~oa and a hilly 

ai•oa in contr2.ct with nan:ford and Id::.ho. A Tmodcd area roccivin3 

I 
I 

about forty inches of rainfall. It is co~pcsed of a seric~ of 

par1:"'..llol rid'.jc~ runnin3 ntout 2CO feet in hoight. The S::1:;,:~y 

llountr-.ins ~re in ono cliraction ~nd the Curu'bzrlantl in the other. 

Thcso r~ngca alon3 in a gcner::?.l dirZ!ction -- something like this 

(indic~ting) -- :fro:u tha southv;.3st slis:1tly to-r;m:.~d the northeast. 

The town o~ct!;iies 2. ss~"":.:1ent sc~::ithin.'.'J like that ( illust~12. t:!nr;) 

ancl out j.n betwaen these r~ns;as lies the pl::u::.t aro::i.s, and bou:ndiDS 

the area of 5L.1,00D a.cre3 0:1 tho cast and south and, to so~-:e e:~tcnt, 

on the west li·3S the Cline~ niv.:ir, .::un::; in a n~l>e1· o1 benus and 

( ;flo':1!:3 on over into the di1 .. sction •.ii1e::.:-s it ent·::rs t:1e Tcr..nos::;ee 

at tte tm·r..1 o:r ~in3ston, where \le enjoy t~e locati.on of the 

woricl 's largest stcum-cle,.::tric plant. 

},.s far as tho plant areas are conce:.·necl 1 comin3 from 

ths to-rm, one would go oat on ro~ds that lead through tho valleyz 

and ridge3 in ~ore or less this kind of an arrange~~nt.(illus-

tratin:;) so that you h2.ve valleys co!ltaining old farms separated 

by these ridges. 

In an area out h0re (illustr::i..ting) the K-25 arc:i r;ould 

be located, the gaseous cdif'fu;:;ion plant, tha r1onstel' that is 

responsible :for Colo:rado Pl:ite:i.u operations to the Bolgi~n Con30 

and eva~ything else. 
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The Oak ~id3e ~atio~al Laborato~y area is about hero 

(indic~tinz), the Y-12 electro~aGnetic plant area is about h9ro. 

In this section ~gricultu~~l l1nds that are operated 

by the University of Tennasse0 for th0 Co~:1issio11 lie in about 

this area ?.nd on in dorm in here. 'This is a wall fertilized and 

that could be used for ecolc~ic~l studies. For instance 1 thare 

ai·a sc31i1ents u_p in here (inclic='. ting) '\"Jhere there a ... :.J nachine-
. 

planted pin~5 com in~ from --· plc::.n tc::l a. nnmb0r of yc2.xs ago --

likewise, in this area. 

Th~n·a are old fieles that are located in h'3re (in di-

ca.tint;). There are old fields that arc loco.ted in the a!'ea in 

hero and th~~e are rather 1lat, open fields located in here that 
? 

are co:Jpo:;cd m':l.inly ct ths clcco:::i:ioscd conishau:;a cells. 

'I'he area in a.bout this ret;ion h~re (ir..dica.tin3} would 

not be ~vailn.ble fo1· uny kind oi ecolcgical study. 

In genar!il t:';.e '\"/Ooded aroa, fo:r SC1.'eral i·easors J would 

not be avail~ble. 

Along here (indicating) the r!hite o'.:1.:~ lake in Bayi:!!ont, 

the dmn, the lake itself, the c:-e~k th:o-. t runs into it or tho two 

cre0ks th~t run into it are in ~bout that rc3.!.on. We hava here 

a sec·~ion who.re at le:.ist in part samplin~ studies and sn,;1.ll plots· 

could b~ set aside for variol!S kinds of population sampling5 and 

study. 

We also hn.ve in our a:4 ca a nu'::l!Jer o:f univerrdti~~ '!;'.'it!~ 



f 
i 

people \7ho a1~0 interested in T::i.xono:ny and ?!orpholo::.;y of vario'l'3 
' 

groups. The tho1!~!1t occur1~cd to s~ that it mi~ht be possibJ.o :fo::.~ 

( a few facilitating re3iona to oncour~30 sc~3 of our collo3as and 

univcr:..d ties to co:::') in antl nn.l::~ use fro:n an ccolc3ical point o:: 

view of sc:m o:f the av~dlD.blo nogn'Jnts of lnnd, clcpsndinz upon 

,-,~mt they 2.re inte:·0sted in. \i:1~t I Y.'as thin::in::; r~bout \'Jr>..s that 

you liz:.vc in p~rticul:ir collcz2:.:; and U!'liv0r::3ities in.cul ty t:embers 

VJho al""e soiD3 to b:::: in these ins ti tutio:us on a long-tern busis 

and they r.u.y co1ne in a!ld m2.Jrn such studies 1 using the:;e areas 

essentially 2.S collcctin3 r;rou~:,..s. We would m3.~e no charea for 

th2.t. 

In connection uith White Oa!: La!te, v:e have no intensive 

short-terr.1 studies going on. I uo~c!~!' i:f it ~:ould be possible for 

( so:ae of the anir.i..11 grou9s and plant [;!'OU.PS growing in the lake in 

which wa are not particularly intere.:;ted or perho.ps even on a 

mo1·e intensive basis eight include whether advanta3c mit;~1t be 

tnl;en of so::la of the university people in making studien on their 

ovr.a, and on their o-;711 ti::::ie, ior woxk of this sort. 'Whethe!." this 

idea has mc~it or not, I do not k..~0~1, and that is one reason I 

·would like to sµy so:nethin3 about it ~nd let you take pot shots of 

it. 

I have tried to include this in a Gtatoo~nt -- a nll:lber 

of sheets which arc on th3 t~blc on the left :fo:..· you to take a 

look at. 

When I s~y ~o intensive studi~s a1,c going on nt Vlhite 



Oak, I do not I!!~an to 07e:r loo!; the fact th:i t the Oak H.id!;C 

?-!aticm:.l L2..bor:::.tory, 'Hhich has control of tho l:tk3, is not c=i.rryi:r:.:: 

( 

I on '\-:ork. Doc tor ~!or[:2n 's g:roup, thr01..15h the r~:>.ni tol·in(.; uroup-3, 

are continui:i;.r; to do sa~::plin3 studies of tho Y:Ol'l::. They are con-
I 
f 

I 
tinuin!; to follo;-1 up on certain orc~r.dcr:::J th'1t live in the ln.l~e 

i in uhich thay hava ccrt.:.in intorcsts and follow up on the \-;z;.tsr 

fo-:-11. 

Loc~ins bic~ over so~e oi the thinGz that have been 

acco-:nplisll~d in th\) \'thi te C~k Lal~c s tv.dy, it seems to l".le there 

are a f0-r1 thinza thrt nore or la::;s sc.;.::i to b3 outst~w:.lin3 \"iith 

resp~~t to what little r:e know ato:!t then. For e:;:i.r.lple, wa do 

·not lmo·:1 e~ouGil about th~ adult insects. In f:ict, we know only 

too littlo about the 1.J.rva insects 'that a2.·8 in the i!ll.!-:odiatc 

( environr.1an t of th3 lalm. \'ie ~r3 not too tx~ll acquainted '\'Ji th the 

botto;-::i. organism population. It has boon ny ira.pression that om.~ 

bottc:n. orc;anism po1)ulation in White 032~ 1!.:~~e has been rather 

sparse. We have no guarantee thnt that bottom orsanism popula-

tion is going to be iD~roved 1 bccavze I cc:rtainly would not stand 

here nnd say this la~e is ncu goin3 to be frca from silting cc~~ 

di tions, becausa wa can nev~r tell when la~:ge-scale construction 

and earth-r1ovi113 operD-tions will take place in tho are~ which 

\'/ill have v~st influence on the la~o. 

Howe-..rcr, tilo ra. t3 of s~dinznta tion is ra thcr low, and 

it is runnin; around l poxccn t o:f the la~s:e volel:io psr year. 

( In i.·~3a:rd to the sho::a lino v.;3eta tion of th~ wor!~s, 
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ag~in. 

a1·0 cor..c:::rnad, any intli.catio:i, ro::.11::, of tho ~it~ation in th3 

Clincll P.ivcr fror.1 the raouth of the 1lhi to Oal: L:il:e on clown. 

( 
Ona thing tl!a t w;; hn.vc n::.sscd ·.::c::1:;>1ot?.'-!1 -- not co:i-

plotoly -- is th~ qu~:rtion c:Z t~lQ u:)tn!;o of ths r~oll1.:3ca in tho 

Clinch River. One thin3 l L'.iCht r·~::er to in :p:tssing -- I h:::we 

pr13-i!l~~·:mnOZ:.ent Clir.:cil -- as :.l gc:.rus h~vo b~cn wiped cut b;r the 

fo.ct that :;ou nm·1 h:-.va the Clinch :l.G cssc:ntin.lly an in:;>oun~0nt, 

the Norris, the mids trcam S·:3ction, and tha i~:19om:emgnt th~ t co!r.~s 

on all the w:a..y bzcl: to the mo:ith of the ·.r.;.1i te O.:ik La!o:o. 

The vei'tcl>~·a tos should to fn,j_:rly ~bun-:b.nt :'.11 th-c nl·eas 

o:f tha 

s~a.11 vertebra tcs a::.·e in ab:rnd~nco th~n:o. 
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identified so t!~~t ho ';"!Oul-:":n 't b~ pic::od u9 and h:i.ulctl off to 

jn.il 01• anythin3 lil:~ t:;.n. t. 

I \i2.nted to r:.::'3ntion th:i.a b·".)cn.::.sc I \70uld b~ vo~y plc::s~d 

ind8od if yon would helve so:::; co:J:i::cnt3 to r.:?:11:G o:i it. 

DR. PE.:'\Rs0:r: Thr'..nl: yon J S:::.n. I i~'1.3ino you will h::.vo 

break now. 

(A short rec'.:::JS '-:L?..s 0 •c1 o--·- ) - ..,,_ ... 
DR. F:EA!'?.SO:i: This conf~::::"<.mco h=.::; cc1·t:iinly sQrv~d a 

valtmblo pu!"po;e ai-id ~ objective so :fo .. :9 as the people in AI:C are 

conc~i,ned. We h.:i..ve le~rr:ctl o. gre<:·!:' ce::-.1 about ";~mt is eoin3 0:.1 

~M 
within our otm o:rg:ini..r:ation \'.'i th \'lhicil ·wo '\":~re/\ thorou.::!hly fn.~ili:l~· 

before. 

This is tha :fil~t ciln.r.ca "10 hni:e had to g-3t to3ct~'lor 

with v:irious people ,..-or?..~ing in this ecnm.·al aro=i, so I hop~ i. t 

hr-:.s beon mutually n.dvn.nt:l3~oi.l3. ·w~ hops that this ha:> p~ovitlotl 

in:foi"J;lation on at len.st the gc~c:;.--al uspocts t~ so:ne of you :foll~ 

in the ccolo3ic!l.l :field \;-ho h:'..VC an intsrcst in thin nl .. ~:i, and -::a 

have not loft too r.uch tine, it s00::!S to ua, to t~k~ a~v~nt~zc o1 

'· 



p1·ovido us \"Ji th st:ch \701 .. tl;;, of w:i.s<lc-:.n, :;i.nd '£or this I apo!czi::o. 

Tho :it1pm.-tance thn.t '\';~ ntt3.cb. to this iicld of ccolo:y1· 

I would 2i!;~ to ar.mou:1zc ·::..t this ti:na, iz c::~::n!)lif:ied by th:l fnct 

Roscnrch h~~vo n[l,9!.'ovotl n. posi tio:n for nn ecol':·zist, and ~a are 

loo!::ing ue;.~t Septc::ibor to h~vin3 vlii;h. U'.J or.!3 of youi· c-.,-:J. menbers, 

c Docto:- Jo!ln ~'iol£a i'ro:l c:-lio Stn."'.:c U:ni·J".::rrsit:" to so:-t of pull 

to::;oth'3l• tho.so cmt13 :md :fill up the C'='-~S that \","8 fo!l:s \7hO ~:i;-e 

pretty tmch u:if~nilic.::.· ~:i th ccolo3;,. in so113 r.zzr-o~ts may b~vo 

ovc::.·lco!:ed, and I on stc-o the::o n:.·o r:1~n:-· thin:;-s '\7hich Doctor 

'Wol~a will be able to tie tc~ether, 

I w::>uld also l.:i.2:.s to ne!ltinn that the raports fron ths 

test ~ctivities tt:it go en at E.ni'!'1oto:~ and .tha Nevad1 P:>:-ovin:; 
. 

G:rotmds that have ccolccricn.l implications. as thoy nrc con:,letcc~., 

't:e hop~ \'le -.:ill ba able to d:;:::l:lssify them and tl:l.!;:e them avail-

able to you, The p~o~css of d~cla~si~icn.tion of a test r~port 

tal;:es so::.o;-;~n.t 101~~e::: t:'1an, sr:..:r, Docto:i..'" Ocl~m•s r;oing out to 

(_ 
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p:."CSS, a.ntl to 

pi'oblen of biol03:i..c.::;.l c::fccts o:Z r:-.c.lic::. ti on. 'l'llis iz p.:i:·ctty •;;~ll 

( untbl~ 11oac;0r sup1)ort iro~1 the u~ivcl"si ty, ns C'):rt:;-2.Gted ".'ri th littl:: 
~ , 

t'>f }cir" wt(A.flO .._ 
ruB:p t:1at co:-Jos out oi t~o Atonic E::le:r~; p?:c~:!'nm. \'.'ith Ol!? rostric-

fJ#/t"c /.er 
tcd t;:~r;~s. i'iha t this r:?.::.n r0f o:.·r::::d to ns be in~ i•:Jportod to tho 

Ce:$·2ss, to sho-r1 what li ttlo ccntrol w~ e:;:oi·t ovo~ it h3 

that it '\';as p:::.rt o:f our p1•ozra:n, and I thin!t this co:ild be multi-

unc!er the Cc:il::lission h2..ve fre~dc:i to publ:Lsh theii· ro~ults. ~:e 

c!o solicit your aid in ::".~'.!d:P..z infor.n:i tion ~v~.il::.blc to us, and 

!!43~kin3 av~ilnble facts to the public anu to the prcas. I think 

th~t nill all~y ~ny of th9 fe~rs and conccr~s th~t hava ari3cn in 

I 
\ 

the cinds of the pu~lic. 



(, 

( 

( 
\_ 

·' 

av2.il'.1blo. I thin!:: thin is t!. .. ue ~.n cve1 .. y scientific i::told th:i t 

physical ocionco:s ns 

uell. 

linison b3tvaen tho sc1.e!!t5.s ts "!or::~.::~ it.:. , th::) Ce:nL!!ission, in th:3 

l'To a~:e supporti.nr; bio1cgic~l !3Ci~r.ce ~.lone to tho c:~tent 

of so~:c 200 p:ooj·Jct~ S.n tm!vo::z;:!. tic3 ~~.tl collczns. !!est of th~:io 

"r'"' 0 ... 1~~~i:t,.0f.i.;J:ttf_j:t~ ~ .. ~.~ ... c... w ..;..1. """~)\-'"' ....... ._. _ _,_ .... J __ w-i..a.v .._,......,;,:::._~ • 
.. nro OJ: 

int0z-est to tho colloz,;::; ~nd the tmi~:crsitlcs ~nd to the Atomic 

Cv:L'.:liss ion. We are ai.110 to so~::.s ftu~dz avn:llable 

Wl3 mt:c an appreci~ble ccntributio!l. !t is cstir.mte<l, not in 

biology n.nd re3dici~G cc.·.r1bined, hut jl.!.Zt in biolozic:ll scienco, 

gratlua te resc~~rch Y:ol·:-: untlc1 .. our gra~ts. We hope that this can 

be continusid. 

For this, •110 are indei:ited to the scientists attcndin3 , 

th~ cotm tr:..r. 



( 

( 

criticist'lS, conztructivs, ~nd i::.11ic:1.'i.:lc:cs 

~.nd ,·;o v:ouJ.::1 li~·:.7) t.o c1o a l:L ttJ.c 

o:! \ "'".\ ,..,, 

or 

i:etchu:n, O:'lwn a.nd tlyGelf. This co:.::t1i.ttoe y,-:i.s invited to nttond 

night o:~ the 19th and d~ci<lod th:it v:~ r:;hould not ope:-ato in a 

vacuum -- ~e should t::?.!::e advant1ze of ot'...\" di~ti!i3'Uishod colle::!.:!USs' 

would mest l~st ni8ht, ~nd we all ~ss~~blcd after the b~nqu~t antl 

drew up so:::3 re1'1ar~. 

Eillir.3s, E\:ell, P~ tric::, !r.otcl1:..::-.1, C'cum, Sh'.lnl:s, Pi t'.311::a, Curtis, 

. I shall be quite brlof. 0?Dr~tin3 on til~ th~o~y th~t 

the loncar tha spo~e, th~ ~rc~t~r tho tiro, so ycu noed ~ot 



Y1orry •. 

In the fi:&."St pln.c~, l sho:.ild lH~c to tha:!~~ t~o Div:'.sion 

( 

allmTln;:; l.:.:; to listen to tll.c fino t:or:~ in pr-03:r.3ss. I ea su1·0 

v:e arc n.11 D-·~ti:Ucd. 

\!c should also li!:;:n to coi::,;..·atnln.tc tho Ato:lic ~no1·ey 

Cc:mnim . .:io:1 on acq't!:lri:tG an ccolo::;ist on the biolo3y and r;1e1.icino 

st=i.:f! hero, ~nd wo ~ro very hn.ppy tirn t it \'nl..S one oi our m2:;:1'be::-s, 

Doctor t7olfo. 

Secondly, \'la :fc~l th~t we r:'..:.st hr1VC a Dtlcl:i r.~oi·e int.on-

si.v~ tr:iin:l.ng o:f r?..di:?.tion ccolo:;ist~, yo1mrr p~op!..c tiho c:m ta!:o 

( Thirdly, ue bslicve th~t thcro shculd be an intensificn-

tion of the rese~rch prcgrnn on the basic principles of co::lDunity 

ecolo3y with reference to r~dio~ctivity. 

Fourthly, in view of the possibility tl:at public po\ier 

rcactm:·s \"till bs lccatcd in vnrious parts oi tho country, T!9 

types not no~ under intsnsive investiG~tic~ such as grass l~nd, 

Pacific northwest Fo~cct, estt~.ries and !..n~zric~n Trop:tc:::.n Ra.in 

Fcre3t, and Chapparal, 

•Number five, \;.:; reco::m~nd t!"!z.t mo'.'.:"e attentio:i be p:i.id to 

joi""t ""~OC''t•a""""" in eco·i.o~ ".'.'\Y"'l 4 r"!lnn~t~c.... "',·,n -!'~r\l t~~.t "':-~-ti .. c .... e ·-~;."! ~ . U J.:'- ,;J- ~ ._,J 4'-HU. U"' ;... J. •->I - • - v >.~- .,_ ~ -

gcod eeal of gold to bs ninsd in such ~ pro3~am, such :is, for 



( 

( 

I 

"' 

I 
I 
I 

i 
I 

l f sal so 

in r.Ti t:ln,:;. 

Ars there ~ny othor cD::o::;Jnts t1~at m1.g!lt bs m...1.tlo hero? 

. (No r~spor:So.) 

Cen tlem3n, I o.~ain '";ant to t1~~nk c:.tch and evory o::ie of 

you !or yotu• p:-~rt~ eipatio.:1, and I hop:) this is c~;.y goiL3 to be a 

bo~innin:; of closoT lie.is.on ar.d clozc)r cont~ct \7ith not only tho 

that Ll:lny otl!ers al:.Jo, anr.1 -;;e "\:olco::i~ m:::;g::-stior...s ar1d/o~ cc:::.::13nts 

cit~e~ intliv!dually or fro~ tho Socioty ~g ti~o coos on rc3~rdi~3 

arc.::;.s o::t vork, the ~:l.p-3 thn. t \.''3 have and stc::s which ws o:l;'.!ht t:ll;o 



oi then. 

( 
you ~11 VOZ"J nuch. 

Ciu-~~·1 ) - ..,._,. 

( 

; 

\ 


