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O£P�TMENT OF ENE�GY 

FISCN. YEAIJI. 1.9'87 CootiRfSSI�IU. BUOGET REQUEst 

Slii'<XAA 'f OF EST� MA-E S. Bl AP'PROPR tAT! 00 S 

(in thou�aAds of dclldrs) 

Apprcpf1at1ons Befor� �e �ner� 
and �at@r D�ve1o�nt Sub�omm1tte�s� 

Energ.)" Sup,p1y R�s�arch and 
[]eve 1 opmMt • • • • • • • • •• • • • • •  � • •  + • • •  

Uran1 urn Enrt (h.�n t • • • •  • • •  • • • • • •  • • •  

�epa-rtmenta 1 Adrr.i ni str.alt 1 on 

A1ast� Po�er Adm1ni�tr�t1o� 

Bonnevf1le Power Adm1n1�tratlon � · ·  

South�aster� Po�r Admfni�tratiom • 

Southwestern PQver Mmt n 1 st r.!lt 1 011 • 

Western Area PQNer Adm1n1stratfon • 

Weste'r"'ll Are'& 'PoW@r Em!r�ency Furnd .. 

federal Energy Reg81�tory 
c�1 �:s i (In • i 11 '1'1 • it t1 • <1 a ! • I • + a • • • •· a • • 

N��le�r W�st� Fu�d •• . .  • . .  ••••••••• 

Geotherm�l Reso�r,es Ue�e1o�nt 
frund i +PJI! il ! •+•!!a. • • · · ·�· ··· · · · ·  ���o • • •  

Subtotal, ��prcpri ation5 Before the 
Energy �"d llil!ter llevelopmen-t 

Subc�itlees . . • • • • • . • . • • • • • • • . 

F'1' 19BS 
Actual 

1,,96'7 .490 

237 .!156 

724,860 

7.322.321 

128!602 

3�231 

54.543 

121 

rf 1986 
Estilmate 

BA 

1.fi96t2Q8 

190! 512 

ES.5 •. 928 

150111319 

l.,245 

330"'000 

29,191 

1'§1.5...,910 

4l,lllB9 

499,037 

773�400 

8�2301000 

!51,002 

2.&81 

276,100 

ll9�647 

25.337 

240.309 

20.325 

1651.349 
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570 
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570 
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ITEPARTMENT CF ENIER:G1t 

f J SCAL Y!:AA 1�7 t\lNGRE SS·I 6!QI\L ltUDI3Elf HOOEST 

SJJr.t1J!.RY OF ESTIMD.li'E S S 1' "PIP'ROPR1AUON5 

�pp�o�ri�ttOB$ B@fore 1nt@r1or 
�nd RQlat�� �g@�t1�s Subcomm1ttee�: 

A 1' J...�n�t he f litH s .Pradut t.l !;)A • • • •• , , 

Cleilr'i Coal TtM.hJJology ........ � . .... . � .  

Fo�sil En@rgy Researc� ��d 
Deve 1 OJKte'Tilt .. . ., •••  • •  • • •.• • • •• • •  ., •• • •  

Reserw�s 

Energy Con s.en i!!t ion • • •••.• • ,. • • • • •••• 

S.tr.ait.�ic Petro19VlTI ReS'fl"\ltC � • •  � • • • •  

EnergJ}' hfo,rmati·ol'l A..cUvitfe� ...... . 

Su.b tot llil, I�rrter ·i cr .and R.e larted 
Age�c1es S�bcommfttees 

Subtohl1 E"llilergy a�td Water 
[)e1ve1 opmant Subc . ., . . . . .  . 

Subtotal. Deparbl@nt ,of :E.n�rgy ...... . 

IPe:rm�nt lndefitt ite. Approprh,Uon:s: 

F'V 1985 
Adual 

za9.ow 

156,8?4 

457 .,4Jtj, 

21al39 

6 ,,0"� 

2,0'49.550 

4 •. 2.16 ,,906 

748 

l5�5S3.1&!ii41 

f't' 19-St) 
Es.tirnatf!l 

I 

JU.,954 

13.002 

421 ':512 

Z3.423. 

5,. 75Qo 

107 ,.!533 

$7 

941!i,,.aga 

U.i971.,060 

s 

B2 •. 767 

127,108 

39 • .tl3 

21 .. aso 

�.04� 

11 162 &64· 

12.099.517 

Tota t Deparuner.tt of Energ,)' •• � S15,554,706 Slll, 971.6301 ..... . .. 
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DEPARTMENT OF ENERGY 

F Y 19 87 CONGRe:s S I ONAL STAFF' IN G REQU�ST 

TOTAL WORK FO�CE 

FY1S'S5 FY1"¥8'c P'fl.'i$1 fY199? 
FTE CONIJIR -FVB6 CO."-' OR 

USAGE REQ. REQ 

!NEAov ' IW�TER sueooMMlTrEE 
KE.AOOUART1E:RS 4.86!5 4,'1"65 -19 4,947 
r:-ua.o 9.1J3 9 .. 185 111 '9 .. .29.6 

SUBCOMM llTSE. TOTAL l3t9'98 J-4, lSO 93 14�243 

1�7ERIOR SUBCOMMITTEE 
HEADO\JARTEAS· 1.S53 1�304 -loq J, 13S 
FlELD '90·7 S9� -226 6.70 

SUBCOM�tTTiE TOT� 2,260 2.200 �392 1. a:oe 

ORAND TCTAt. l6·258 16.3!50 ·-299 lb .. 051 

AD.JVSTI'£NT �132 -198 -330 

.�DJUSTED TOrTAL 10.�258 16.:!1EI -497 15.721 
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DEPA,RTMEIHIT '0F ENERGY 

f Y 1987 (ONGRESSlDfNAL STAFFING REQUEST 
To�TAL. WoRK FoRce: 

FY191U fY19U F¥1941 FY1 !U17 
1FT E. CIJell!IR -FYU CDHGR 

IIUCIE u� RU 

10 J ENERGY '!UP'P 1!.. Y llt!'S>!A�CO AHD DEv U7 n� -l� 90!11 
H !II PQIJIAitl �A:S· Ul 521J -�.& 792: 
n�Lo 126 lU -6 1 o.a 

15JUR��IUM !HRIC��fMT 69 " l: ' '  
H!ADQliUTERS �� !lJ i J4 
FIELD 11 u a u 

21),GE!!lEIUL SCl�C�E AND A.IESEARCft H :n 0 H 

ua.o 

:u H tl H 
< !1<1 UOll [C' reereRGl' DEF eMS E A•CTI'IITI 2.ua Z .. 71D2: Ul z. a!l 

HEAf)QIU�ItTI£lRS Ui n.a ' !<:27 
2.;12:2 :z •. u� 122 2.:SIIII6 FtEt.D 

! 0 ! DEf i\Ri11EI!Iff AL AIJCI'IIH15TRITION � .• ;sll7 :S .. !!-2 _, 
1.,721H EADOUJI R:TIBR5 1 .. 7'26 (I 

FIElD 
J•lt: A.U SKA Ji!'llWEJil ADflltNI!o TJtl TlDH 

FI ElD 
J&•�DH��VIlle Ji!'�lR A�IH 

P!!LD 
381!10UTI1USTI!ItH ,0101!111 AOf11M 

PltElD 
42't!.OUTI-IWUT1Efi:N POWER !UJH:tH 

FtELD 
46tWE��fRM AlEA PDWER ADMIN 

FlEL.D 
5rD t lofA.U - CDUIIRA:DD RIVEI I!IA'IIH 

FIELD 
52;fEDERAL !�ERGY IEOULliDitY tOM� 

HEADq IIAIHER'S 
54 ; HUCL EAR NA!. Tl! !��UHf 

HEAI!l�IJART!1!.'5, 
FI Ell. D 

56rG�OJHERMAl R(SOUlC!S D!W FUMD 
UI!JII!l<IIJ�II T !IllS· 

�4,rfO$$JL !�EIGY RE$!-RQ" AMD DE¥ 
HEUIQ,IMI'I: T ER:S• 
FE EI!.D 

1. 58& 
37 
37 

3.511) 
s.sa 

l& 
:3& 

ll!(t. 
11!16 

ll. Ull 
1.un 

219 
2U 

1.611 
l.U? 

218 
l.Zl 
us 

:2 
:z 

71.4J 
Ul 
563 

1.,06 -5 l.60l 
31 a 38 
n Cl 35 

S.'IIO a 3,�&1 
3.�811 0 ;,,ut 

40 a •U 
4D 0 ·�· 

136 • l.U 
�a• • lU 

1.Urt G 1 • l6 01 
l.lU 0 1.l6a 

2U Gl iU9 
:lU I) 2U 

1.u. 0 1.. �59 
1. 65'9 ar 1 .. 659 

29:Z ar 292 
H7 a 147 
lU II u.s 

][ a I. 
l a l 

1'DD -Ul �]g 
115 -26 l:U 
5U -us. (d;IQ 

'HA!I�JL P£TROL & 
ilElt DQU A ItT ERS, 21 2$ 0 u 

oa ·s�tALE Rn Ja� JU _, u 

J5rEHE!GY C�HS!R��TION 
tl!A DQV�Itl ERS 
IFII!LD 

�O,E�ERGEHC¥ PREPA.�EDH�� 
W'EADQUA RlB5 

8J!ECOHC�]C REGUL�TIOH 
HE: ... DOU�II:TERlll 

11 ... : 5tRUIEIHC:: PETROLEUM n:�P.tWE 
liE A.D'QUAII:TEU 
FieLD 

'D:£HERaY I7HFORNATlOH ACTlVITI!S 
li£ /1 D41UAR T Eli! !J, 

q�:AOYAHCE'S FO� eO•OP WO�K 
flElD 

OUHD IOU\. 

UIJU�lll'IEl(T 

ADJUSTED TOTAL 

311 
2G& 
);!5o 

,., 
177 
371 
l?l 

�D 
ua 
i;&t 
�ao 

2 
2 

U. 2Sir 

U.UI 

u _,, 72 
lSl -U4 Ul 
U7 -79 Ul 
U! -�5 11 

1l 0 11 
H • 11 

-J.41 S.Di zn 
JU -SOl no 
lSZ -32: uo 

27 •5 2l 
lU •2'1 u 
�u _, 47, 
Ul -t. U5 

2 a � 
2: D 2 

ll6 • l!li'O -:299 lt6, UJ 

·U2 -us -J.ll 

u.ua -"t1 l5 .72l 
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Uf.25 .162., 
addH on,. 

Sc1 felilter.. th center for S8 an:a=t t the tent 
neT",g)' 

Dell"I()Tt�t t>RJt 

o 

J 
enE!r!l)' supply, de�e l� 

na.k. ing 111prrrapr iat i for a11i1Wiir d4!'1'€!' 1 o�nt � 

e 

DEPARiHENl OF ENER� 

Propcsed Apprcprfat�o� l��guag� 

ti'll!iQY Su:pp1y, I:!S@aic:h ,a11d Oe�elopm8>'11t Ac:ti�1Ui2's 

( Inc:l udiing Tr,�n:ifer of Funds} 

Foi �pe11se.s. o Dep.artment of EJJ!'I"'!lY .act hi tie� i•u::1uding the �lllrc:t..11se� 
construtti011 l!lnd ac.Q\! i5, iti o·ll of plant illld c�plt a l eq uipmentt a,nd otltter e:x pen�e $ 
i li c:iderrta1 thereto noce Ha'l' :1 fo.- en er'!J!Ji s.upiP1.)1,. tese,arcll a.oo deve1 opment 
act h,rl ti e�, a r.d oth.P.r ac:U w H. f �'S in car I"' if ng out: tift!:! pUil)o s e:s of t e Oep ;r tm't::! �t 
o-f Ern!t91)' ()rg,alilh4t lm1 Act (Publ1 c Law gs.-91), 1 ndudiPJ'� thl! acqu1 s,itioJl or 
cond.Qrrt�llit ion of any r�a1 pioperty or ili"Y facf1 it:r O'f' for plan1t or fc.c.H i ty 
.;,cqufsitioli; torn�trruc:tfo11 Qr �pa,nsfoill; pur.:::nase of p�HE!nqer motor v�h'f�1es 
(,_ot to e,��;ce�d [17] lS for repl�n:·e�ret o11ly). CS1�9M16H�Oocn 
rem.fl.in �van�ble unt1T li!'lCP!!nded l:of 11Mc:h S200,QOO,OOOl; ill 
S58�,.l:58,000 sh!!H b� derhrd by tranSfer f:rOl'!' IJr�ni pm Supply G!l'ld Enrit; nt 
Ad ivHi es P'�"'O'ti<:lerl in prior ye.lr$ a.nd of �Nt.1ch Sl? ,400.,000 shall be der1.,e!l• 

bj!' tr!n1$fer from Opere.tJon and �a1nt(!n�nt-e •. Southe�·s.tern P�wer Mminhtr.!lt'lo:flii 
a�d of w�1ch $25,000!000 shall be �v�flabl@ only far c:on�truct\o� cfJ= 
Provided� Th�t runds ��ailab1e und�r t is he� in Public L� 99-!41 for the 
l!.d'lonc:l!d �nc'f? e lliC edmo I)g.)'.. e.- for 
E and � 1 omed i r::a 1 Tedtn o1Qgy � t �e Energy and 'P'i1 ner a 1 Re�E:::a rc:fl t:en tE! r ,, and 
th.e ion Ceneer for llflfo ii.th:.n Ted!IM1og(les [�s deSC�"1bd in t!he 
r@port acc�amying thi� �ct: toget�e� �ith �ot to e�c�ed S6�000,00G,. to be 
d'e:r iived f"r'.om rl!:'I@ZI e'S fr4)11 ac:t ht it ile:s of tile Te"hnic a 1 ! nf orntati :S�ry i c:es 1 

,�i'h s�a11 be �redited tto lhl� �c.ou t �nd seo fQr o�essar� e�pe�ses �nd 
'Sh�ll Ir-enain (!\'an �b 1e unti I �xpended] • sha U be av .;�. 1 a:b1 eo for other ex !II SQ s. 
of re�arrch MJd a,ct '11't �5. u 14:. � ... 

()n:s erurr9y 1986.) 

ta. 
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kb:l�1 Js.liu!L_ 

• • u � 

.l, 

-62,,400 -243 ·Rll 

�ile5\ 

ft.!i.T!f 

••••• •••••• 

........ �� 

17,!130 

DEPARTMENT OF ENERS¥ 

ii ! S Clll n.M. l�S'I' tmliiiCES'S §OHM. '!Ill 'iiE ll.U€.'51' 

Df E".STOOiili:S �� i!J'PA!Jfflii!TIIJII B'l' W,.lf.lR ,r.;11YJT'1' 

[i!UG't SUPP1,.-. '-C:SUitillt i\MD D!VEJLOMIIT 

(aud�t .J:!ulthorl ty 1 n ftlo:l:umds t:11 Dol hr$] 

Slilllr Energy ·�······· . . ............ . 

tleo!.horll'l41 .. .i ..... . 

[l�c�rrc E�fgy 5y�� ······· ·�··· 

!Mucle4r El'lerty RJ:D . , ...... " •••••• • " .. .. 

C1 r, 11 an (.ta5t.e RJO . 

Em-'il'DITI'o;nbl. S..,f!!;t.;r IJfrd ��'1ti1 • • •  

Blolop1tB1 tn�•��ta1 
...... "'. . ..  .. .. "'! +,. ..... " ........ .. 

liquif1�d ���us Spill Test 
Fad 1 i � ••• • • • • • • • • • ·� • • • • • • • • • • • 

l!lagl'lg�i 1:' 'FII.S�on ••••••• • •••••••.••••• 

B;u.1 c �nfr!D' Sc11!n�Jii • .•• ••••••• • ... •. 

�n1Yer5i¢7 �sa•� �5�runcrl•t1an. 

Ur'lh'L!!l"!H.t ii;e!i�� Support ....... . 

��;:�1on 
�ti-P��grja �abnr6io1'1es 
Fa:.111lil!!.5 SiqJoort . . ... . til ......... .. 

Pt-cgT• I ,, •••• ial .. ...... . ++ •••••• "lf'IWI 

Ti!Clii!J�(il J.nrcrli!JUat� I!J!'Id 
Kanag ... "� .... ... .. ............. , 

Sub�t.al. Eifi!"U.Y �l.V R&D ... 

L�$� Us� uf Prior Ytt� lt1�n'� In� 
DthH /.:l!i15t.btJit ................ . 

s 

F'l' 1911.5 

l'H.597 

l9.1t:l' 

1.8,«11112 

4JZ.612 

t?C.iUiS. 

lt!..a.9S 

.E,t)53 

187. 7.c<i 

4•.m 

42<�. 653 

4JO,l!OD 

2.!.1l!JI 

4, 9fi(J 

ll).i:Sa 

:z..'iOO 

2�.12'4 

n l91iS 

s 3+4!,.62-4 

11,5'181 

17 ;2f2: 

375,684-

ZW,047 

:10.1'!64 

1\6 .!iin 

1��'32' 

tfi. 254. 

10.296 

14.821 u. 70!.1 

13 ,442' !2 

�l 

2.azg.�so 1�!.13�.sze 

:n. !.167 .490 S1.6!16, 2t3 

f"Jl 1�7 

s n.m 

7,619 

8�0011 

l3'0, PDfl 

m.1oo 

e..s�u 

76.1}98 

11.16 I 5os 

1,20tl 

5.1000 

10, P1!l 

2.m 

60,1.9(1 

... 
S1,Z5l!,I6Z 

19,6!.18' 215.661 

4C7 4a.E 

tew�rch 

355,4691 »J,rOOIJ' 

4l3.,7:1'0 4>1J. lUI 

£�r9Y ���rth kt�lysl! 2,5!JS 3,550 

_.........;:l;-.:•�= 

lotd, flnllr(ll' Sgppl}' ltltl ............ . 

8 
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DEP�RT�Ni aF ENtRGY 

'F lSC.L.l -,.EAA 19437 CC!mR!SSI Ofti\\.. 6UOOET Rf.()JEST 

E�ERGY S�P�LY RESEARCH �� DEVE�OPMENT 

VOLU�E 3 

BIOLOGICAL �� £NVIRO�ME AL RESEARCH 

TABtE QF ��E��5 

Program o.,.erviel.\'1 61....... . .  ., 5 .  +• .. +. i �···· ,.. , § !' � ... . . . .. <!>��-fill . .  . ..  + . ��  

late E:Hi:!et s M HI!<\ 1 th and E BYI I'"OFHIIBIIl • • • • • •  • • • • •  � • • • •  • • • * • •• • • • • • • as 

r�lJC:lNr Mlldidne 1\D-plication� Bl 

c �rbon Oi exi <lie R,te:!;e.rJrrclh 83' • •  * • ll • • • •  ill ' • II • •  oil • •  I& • •  II • • 

1)1 rect �on 84� • •  T • • • • •  + ... � .. . .  ...... . . . . . . . . .  � • 

F ac i 11 ty (].per at i !(]n s. 85• � .... . .. ..... iii • �� .. . .. . , . ..... �� . .. I! • � .... , 1 . . .. , • + , , ... , • + , �� 
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Biological 

·r�m 

t.Liiflf 

"·'d. 
pri1 

lealtl'l 'ts 

ySi 

·iCII 

t.Oo-x.'' 

and EDvfronment�l Re&earch 

itte blfli{let �qUr@St (or f'Y 1987 tor th'!! Biolctgical aed {nvi ronaent�, ReSif!�.li"CI'I ( BER � 
program is Sl96�56StDDO. w•th1� th,s budget. SIS4.565.000 ,� for operath" ng expenses� 
.sa,.'500700Q far C:;!poHal eqtJi p e.11t. a!'ld $3.500.000 for c:onstr4Jctf on. fhi � request wi 11 
allow e�o�1�uatio� of he current �e�r program act1vfties aBd en �nc�cl �rforts an the 
iJett.ltt. er��CtS Of �1Wi ronr&elltrtl racJIQilo 

Tl;e mf ss1 OP'l of thP Oep-�rt ent a �nergy 1 n energy rl!� �� r�h and nt�t; on al defense has 
bro�M ,.it 1'1 i t major res.pnn.ii b il T t1 es r;�nd o�po l"t.l,m iiti 'es 1n itbe 1 T e !i c i ences. 1 he 
res�n�1b11it1�5 �t�m con��rns that tne ener�1 t�nnologi�s which contr�but� so 
s�bs.ta nti a 11y to the at�ria1 we11 beI t1 g of tlle Ama.r Ic &n peop1e, may a 1 so '-.tv•e 
a;dvers.e health and emd n.mcellt.,l i pact-s.. ille< appo tie:!li uBe ber:.il.l!ie 
m�nj' or 'tb!�@ !;arne t�c.tl!'ologie-s., and the inteilec.tu-a.l and pllysic:a1 .resot�rces 
uj!Jderl_ying rheir"" d.eve·lopm&llt. lrli!lve !Qade- major cantri.bl.lticB$ to t�e hedlth 
wE>1 fare of societ.y., a'ld Mld 1:!ie tor e•iefl gr-eitter eontri!Jmticons i'l tho 
future. Thu� Dpporton1tie� and d&�gor ar� bot� pr�se��. �nd a �@�tral go�l of 
the ntolog1c.al a d fn'\lironmental Research progrru!l' (8ff�l is to ma.w.1t.�i ze the 
roMer 'lllli111e halp1ng ·to mini i:ze t.he 1att�r. 

A centra1l objective oft� Dep1rtment's and env1rongental eff re5earen is 
to c.rnt� 11 knowle-dgo! bi!i�e that wf 11 pertr.it .a r�al1 sttc asst!::S'5 £mt of th� iimpi11ct of 
energy striiltegi es. be-fare tliley illf"e adapted� The acciJm�lat.ian qf 5oU�h kn<Ow1edtge 
req11i r.es long term reseaN:II th�t h compr-ehensive aoo IJIUltidi 5odplin.ary 1 Its �cope., 
.md quantit�the lind m(!.::!lan1s't1� in 1ts lev@l of u df:!rstandin!J. ffeaH:I'l ilJnd e'llviron
m&r.ta1 e-f f C(t� res-e� rcl"l s�o s.orfd. bi th �ilirtment .:rna it$ p·red ec.es :scr a;en.c.i .:s has 
range(! from p"l a�� r-1 ng 1110> t ec ul i!ll' 1 nY�St 1 gat 1ons- of '5 u ch undament a l1y i np-ort.a.nt 
�recesse-s li'S DNA dam dig@ reii'.!l1 r ec: i!lft'l1 sms. trm)ugh �ste 1c s.tud1�s. SCjC:h as those 
that pro��d d th� earliest fn orm�ti1QB o� bone marro� transpl�ntat1on. tot� 
1n\'�st1ga.t1oll of global proc�ss:es that gp•1ern atno5pher1c transport. 

'flu�sEt s t(Jd • e-s. -and rna n,y oth@r-s 11k � thern , we-re or1 g t na1 1}' �ot ivated by i!tn effort to 
Ufld.ers ta.n.j the effects of ra,Q 1 �tt ort 1:11'1 fulu.i?ln hea1 th. a1nd the. r.techani s � by wh i d1 
i'"i!id fOil IJC 11 d e:!i move tl! rough the e .;1; rQPl �fit a i'ld the foOd' chat n. They hi.!lve. 
bowever. �� cGns�queoecs whic� rar exceea t e or1g1nal pro9ranmatic go�l'S. 
Thu �1 the a.b il i ty ta i dent i fy aruJi quan·t i tHe repair eneymes hills I 'E!-d ·c.o inliJ o t n!!low 
fn�i�ht� into the genet1e deter 1 n �nt� o s�sc�pt�bility to eerta1n types of 
Cilll'l.:: er wit 11 th@. d 1 !i co•1e-r� of 1 oe roas ed ri s k i " def1r:ie"' po pu h t i ons. Re-se.n rch 
of t"1 s type,. an rno 1 ecula.r m.;� rlters for susc�pt: i bi1 H:y .m.d re $i!$t�Jlce� B 
spawning a maJor su�field of olecular biology. S1miJarl�. th� b�sic: rese�rch 
on bo111e ITli!lf' row troiJ-.sp1 ant at 1 on l'lai tJ�ro-.. f�ed rnwc ll of th.e i "format1on u;mn whi .c.h 
mod!f"rl cwgan transp lfl n tat i 0111 rests; whll e the rre sea I"'Cn an atmospbe.r i c p I cs 
a11d e�� 1stry has twrned out tD b2' centrail ta i!!pproa.:hing problems �YC ii;S. acld 
f"al'11 a"<!! c.han.ges 1 ,_ t.he atmospner1� co!lcentr-a. 01f ..g,.e-enhouse'" olec.ule=-� l<tl'l1c:b 
&re currently of major cortc.erl'l to soc1et.y. 

Resef!rc.h 1n mol ec.u1 .!!" •ep1de tetlogy on uncJer-stani'ldfng th� molo!'.::ulllr IHllsis ¢ di i11tllesi:5 
and resi s.tan'@ to d. am �IQe- 'b.)' iilid iat i O'll and 'het��i c � l 5o.. wi 11 r-cce1 ve · ncrea:�ed 
e�phasis. he ide�tifi�atlon of popul3tions that a�e paFti��l�rly su��eptible or 

e s:j:!. tilint to cerh in type,s of in s•J1H t!i 110 t on1y of r.l'le grl!!.!lt.est s 1i gn11' 11.::� 1'1.::!1!! to 
rnodf ea 1 �c fences� but. 1 t w? U h.!!ve a r11ajor �sIti ve 1 j}det on the Depi;!rtment' s 
rnis�io� by �ermftt1ng an �pp���h to se-cti111q hea1t� >t:�nd��s th at t�tes ac�ou11t of 
population t"let.·erogeone-1ty at the do'loe-s. -to whic human popu ht i o rts are or>dl i nui 1y 
exposed. S:�mi larly? the .:xtraord111l.al'il.)' bi�h qu31 ity re1earch on atmosp e! 1-c 
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proceS5t!�. '"'h�cn �s provjdi111g tlile ins 111eeded oo develop opti al strilteg1-es, for 
addressin� enerqJ rel�ted and n�t1o�al defens� problem�, �111 � strengt ened. �t er 
envj ronraent al progra,ms llhO req1.1ire strron9 s"pport iL'S ev1<:t&nced by tne hu"!Je rnu b�r 
of re.eenll)" pub11 sh@tl reports "that describe trhe healtn and en'w'i ronmental ·issw�s of 
the d�. These are mo�t �ompr�hen�i�e�y discussed In the Report on Long Term 
Env1 ronaental IR:esea rdl and De!>'le·l' opne 111t of t Me Counc.11 ot Env i'J·cn Oll ta1 Qu.!Jl1ty ( I'Si1n:h 
1965).. For e»:am pl � � morjeh of trcmsp-ort ami c.Reni (;a1 rea r::t 11 on in .:aof 1 a rrt' c rue fa1 tCJ 
r tl on 11o1 dec.hiQns. re\ nted '\:�;) e:'iti ll!ij!i of t.od>�:. wa-s.t@ C!u p:s liM 1.o opt1miiii deti �ioms 
on m1t1 gat 1on mertSillra-s to corrrect pil�t mistakes., The d 1 Her enco bt"twe�i'l opt I m61 
�tr�teg1es based on knowledge gained through ��earchj �nd f�� from opttmal 
strategiies� amot,Jilt:S Co hu Of bi 1110 $ or doll11r� i111 •ecunom1it: and W\ei�lt.Pl 
costs. 

0Be of the �xtraordfnary c.har�cteristics of th� BER pro� r�m fs its �omprehe�s1�omes�� 
the gl obil1 nn ure oi fts s.c:ope��eompe H ed bt 1 ts � s s.i c:tn-� 1 s un t qu� to the nati Gn 
a!lild perhaps to tJ!Ie ,..o,'l o. 'Th1 s bru.dtt. 11akes � t ille illH y 'S 111 Ud to carry out 
c�rla�n type$ of progra s� An e� ampl e of 1mmedi�te so�ieta1 eoncern 15 r�do� 
res.ea�h. R�errt infOrrilt.ltion i nd i cates rt.at 't potMtUl E!'xposures to radon gas 
�111d 1ts c1au:g�t(lr prodiiJCt5 il'll res1dtenthl 5tructure:s� and th�, nu bil!!r CJf people so 
expos-ed • Eni;�.Y bJ' �ub5o t 1u1t i i!il. A pre(i:se defi nlt i on of tfle rh k to hea 1 t p r@tseMed 
ey these �xposur-es,. imd the of a rUIOni�l :!:itll",a'tegy for tll\e a.batfti!Hlin't of 
tlie d !i k � reqtri n:!•s. t�if!! en't i re s.ped rum o�� ate t. i vii U es s-ponsored by t 11e BER p rog r�m .. 

•Jus, fully ade�r.esstng tbe "hsue ot 1ra:llon eallt.n e1f ects wn� f'tl!qu• � the 
deveh:tJitQlent and to.s t 1.n� Df 1:10d eh of ri!don tnm;po rt t�rott!!lh th-e e��Y1ronflient, 
c;arehH_y controllled opidc �o1�1ca,l st.ud·tcs,. and ftJndamll:! tA I stl!ldfes of the 
machaf'lhm� by tc r,adon prodtJceJs dall<�'!ilil. The fir-st of these w1r1p1 peF11it the 
prediction of 'inilfoor rildon le¥�l:s i!:r'td tt!l '!it.ftlte of a1Jg egat"ion from Pl-easur�me.nt:!i 
e�terior t(] � ho e; thle latter h.'o wi 11 provlide in atiioo on the ,-1 s usodated 
w 't 11 a g fven 1 eY Pl of riJdon., 

This. br1�f d�scdpt on 1ndJeat,f!:!i t a:t the BER llf"Oqii'AIIIS a1mcd at ikldl"esshg th� hf!'flllth 
i!!Jld (!nvi ron menta1 hi pacts of �energy 5trab;!gie� I!!ave led to fumd iJirnental !j;cT el!rtH 111: 
&dv.a.nces. wHii m<��jo,r itnpHcat�ons. for Jlu �n he.!ll th ami tile ecomo y that hr eueed U1!!' 
goaT of fdeAt'ifyhlg poten-t1a1 nazard:!i. Ther� h. however. u !lddit1ol!laT artd �qtta.ily 
i portant compo11ent to 'the "s. QD;;.'Il tbn lis r�el.ated to t e l.!lliq:ue Cil!pabilft1e� 
of t�& Dcpar�Q�t of Energy. 

h� ID&.Pa�t,b'Jelle. by vi rtue of 1ts role 'in the phy::;ici!Jl illnd engfneering sciernc;es,. �s 
extraordinary iot&rdht.1p11 nary c:apabH it1es., and un1q111o cap1 tal 1ntet�s1 Ill!! eq11ipneflft41 
ih�!HI ca,pab1 fi tie .s have �een wiidely rec.og.n··zeod. In F'f l985. ether F'udelf'al,. stat.e,. 
�nd lQcal agencies and p�1�at� 1ndu�trj invested over !ll51�00i000 ijt t��se fa,i1j
tt�'S for tile cond uct of ���altll al'ld ��tnviron ental Nl-St!irc:.n to help �dress tPN!1t 
IIi1'! Si, oo no ed s. r�An,y SE� -ful'ld�d �c1ent ts;g 1'n the gnsi te hbor� tory pragra111 41 s:o MoJ d 
��dem1c dppointments: �nd s:er�e as an 1 �porta t ��ource ih the forrni!il ed ucation of 
the �atfon's sc1enthts .. eng1ooerslt I!IM pt\y!11di!ln.s. The r�s�arcb p·ro.)er;b i�poitoo 
� the l�boP9tQrtes a� univers1t1es s&rve a� vehicle� f�r the tr �"ipnin g of m�ndred� 
of predocto•rl!ll s tud�nts and post-<lo-ctoral ioves:t 1gators. 0!l'portu.rrit7os a !"'E! pr-o..,fded 
for research co11�boratJon by full-ti e wis thg ic:fenthts:.. Ftnall,\1'. tna unt.q111� 
fa.; i 11 Ues .and re-s.e.a riC.I'l i n:n rijmentart1on a!llnua Uy �ttr,ads o r.rer 600 pa1r-t-·t-; me w s �rs 
fr-om thE! sJC: fen ti fic COIIIITI'I.iln ity. 

lbh c.ombfn!lllt'ion of nri¥.1!Jled phy$i�al ami tJ�telle-et�al resources M'! lea to 
adv�nce:s - n lllled f c.hie I and ha hl1 ,prom B !.!' ror f!qt.lo!11y ·; 1TI port.omt contr1 buH I').RS. in t no 
'fUhrt'!, both -jn r:uldh;.i11� and b1o]ogy. fHs.toF"1Cili1 ly, thto rocu!!li has been on nt,�dear
mea·1<::ine: thct develop ent .lilild i!ii!Jpliutfon of rr�on-invas,hr� fmag1 ng tecnn1ques for 
dia!;[ln.os.is and t�ellt't ent o·f dBei!lse, and the productiot!' o rilldionuc.1 idt!-S and rad'fo
pnarft�t@utica1s: for the treatm��t ofpt or�, �md fDr t�E! st�dy Qf a�d other 
k1net1c �r.oces:ses. Through eol hborath� progNi1TI5 wit Ulihe:rsfty .and prhate 
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hQ5pit�1s, �pplic�tio s a�e purswed through Lhe clinica1 rea�lbil1ty �tag�, and 1n a 

1: ht.! tec:Mo 1 09Y tra Asfer proco ss� TMQ ad 1/i!.l'lce-s ITlade i A t.h 'ii s wliy h�v� fte 1 ped c:��ro or 

ar 

m 

ailevf�t� the s�fret1"gs of hu dred5 of t cu$�nds Df people thro�g�out t e wo rl d and 
h.:n•c spa\IJnedl mnustrfe-s w1t e-t:s va1luoo at hupdreds of mi 111<0ns of dol hrs per 
y!ar. For exampl�7 Tn� 1 � t1 um 201 alone was ad�fni�tered tc �everal �rndr�d tho�sa�d 
p tfents in 1981 for the di a�no.5i.1.s of hi>art dii$ea:!;;e �nd 1 ts us.a has sawed o·l'&r 
S78,DDD,DOO p�r ,:tcar iJl medical ex�>ens.es+ 

The futura 1 s; equal Jy proci!i l111g wfth SI.IIC:tl ,_ew d·c,.el�piTlP,nh as agnetoen€:ep alograp 
vbich wi·n p!rm1t tbt! studt O·f 11eurolagica1 prm:;esse·s 'IIIith piC\IlOUJsly une�tta'lnable 
prec'isiori.� N1tn t.1'112 pr-omhe Qf n�tr1;:1n c aphre the·rapy or treatillg ca.ncar-. ;;nd w1th 
t �pe-cUcul a succ.e s.� Q he:a\'y ian tt;<e .!PJ' far cur1 n� smal 1 and ctherwhe 
UJ'Itreatable· brai11 l�5i Dills.. Imp�tr:.�i'lt fll.e-w approac.hes are a1 s.o being pul"Sed whid1 show 
!)lr-el!t ,prom1 �e fo ,- tIt� prevention � nd treatment or 'sc he i c: �@8 rt a1 S{rUf D) mreu�ri ng 
s 11bt h� �an ge:i in reg ii 0111 a 1 meta boli �r.:1 cf tle3Jrt mus.cl c· D� rore ano:JI a r i nt.errupt 1 on 
of 'oron�ry hloQdf1ow. 

Mot'her d£!velopment whieh �ergil!tl! fr0112 ·tne nuc.l ear iindu$try is the ceH sorter: .an 
in!>tru ent ortg11lally iinte111l;ted to �ep;;mate r�dciiaHton cU. �.ged ei!l h from normal cells.. 
Its. tnp.aet ,as. ilowetlel"' .. f.ar exceed the cost optf 1-stic. justH'1c:ations (or H.� 
aeveloJiome.nt. Rapiid ce H !:iOrtf ng npa.b 1 H t1 es have lta.d i' m�j or i pict on cytology� 
i nology .and cell biolo-gy h general &Bd h�v� spaw11edl a ma1jor new iflldpstry. Among 
it� tout I M usll!'s at'& M ooo 'e11 co1mt5. �!;!teet i nq gBnet 'i c .!lbriOtlfll� 11 t t e 5 and 
monitoring �nc.er treiltmen Ho,r,e rec.ently1 h !!tie -etood Milve• 

per�:�itt-ed the cre-at1 an of a cftroiii!CNiome spe�'ifiic. DNA 1 ilbrllP"J' whi Ch scienti s.ts believe 
willl a.c1 't'.illltle& the couri.e of hu�narn genetl cs lby a .d�-::::ade; an i!ld 'lA nee_ �NI\ 1 c:h w11l 

ly be a Aj�r �te-p ,o�w�rd 1n t�� d1agnosis and tre�t�ent of genetic 
d1��1l�f!oS. 

ero.us ot Mr e-x.:�u'fi pI�s of major a.eh'i ev!!:iiU�I'Its 1n a'SI.:II"'ement c.oo,epts and de v1C;es; •. 
or1ginal1y nothalted by hig�ly dtrumscri .bed needs� h'liwe �en documented i a rerent' 
BElt pu'bli cation. Their 'impa.:;:t on rtechdlile,. b11ology al"'d til� en•,, ronme.tiJU1 so;:hilCe'S 
Ail'I'C t!een 5-Ub·st��Pthl; their ·1 P.ilCt Ol'il tile e-r;cnom}' alone rocre t.han ,pays bac.k t.he c�t 
to the bXJI'ill)'ers of the BER progrm and its predece-ssors+ 

In �dditit111 to the inte11e.:::tl.l�1 and sdentific: resour"Ces \1hich nave ma.de these 
ec.Jlflo 1 o.g1 e-s po!i s 1 b I e • th� nat f 011 li I l abora.tor1 �s pos.s4H>S mul t1 tJser f'a c: 111 ties that 

af'e hii!Ying a 111ajor impaa;t Q.!l el ucidati!lg t!h1:! :st.l"t. �hr-e of IJ.iol ogjca.l molec.1,.1le$. S1.1ch 
itl"ttctural determinations. are requ1r!d for a rrat1ooa1 app.roa-eh to a variet)' Qof 
mol-ecular de-si� probl�as; e.�... th�:: modification of' prot•e1ns 5D that t'hey have i1! 
spec 1 f 1 t!od type of �ct iv ity. Moreover. tile unpa raH e 1 ed cooputG�t1OPI a 1 res.gurces. il!lld 
tJle broad c:apabf11Ly to e��loft t�em f�l1y� �lso pro�ide the environment n�cessary 
for major .advanC£!5 in predidfve capabiHty for S.Tiall JJOl struc.ture-a(.tivity 
rehtions. 'fol ich 15 �c.erttral to So in 1d�ntH1eat1 on llf uU.gt!I'11S nlll 
ca rc.i noge�s. Md t.he de$1 g11 of dru{J$ alild ···accine!ii. Th� de 11e1oll)rnent of 'rillt h;ma1 
apprcadle5 to dr ll!l' <le s 1 gn ud p rllt�h e11511 nee rf ng c.an 1 e.&!d o �onm�rci al �rkets witn 
enormous healt" an� econom1e impact. Tog9thor. t�BS@ �truetur�1 bi ologf act1v1tfa� 
will providt! tne ii ru fcund�tion �;;rucii!Jl t4) Clalnt!lhrirtg Amer1c.a's. eom,pet1ti'!.!C 
a�v�tagc in prfv�t� !i�Ctor bfctechnolo�y duri ng the coming d�cade$. 

The 'B!R \program .bud;et reqiJest in'l Ll<l�s funds to Slllpport S9 IFTE1s .a:t Utf!! 
Env1 rallrnf!Bt.lll Measuremerrts. laboratory.. The �Uf are FCldtJr·al plO,Yees. lioi r'191 
Iii!�earctl 111 the areas a f eeo1ogyt ii n s tftlm en•Ut 'ion and :ma lyt i (: i!J 1 de'le 1 opmel)t.. Th i'� 
1s � Gavernment-o�ned. G�'lcrn c�t-op�rat�d fac111ty. �o p1-ete labor�tort 
capab111 t hts.� 
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l!t�T 
BUDGET REQUEST 

LEA[) TABU � 

AN; EWVIRO�NTAl 
EN"nRONKENT'AL R&D 

SUPPLY RESEARcti Arm Dt11ELOP�1Etn 
thou5oands. Narrative iB 

.equest 
Appropr1a Appropr1ation ReqL�e$t 

�nt�l 

Progra 3 4 75 3!129 3,6QO 
177� 169,� 1"6'91t366 t84 ,565 

l!l ·U 
1 ,llt 

,,457 1.21rr 
ita 

"} � 457 
e.soo 
s stirr 

-2.725 
3,.., 1 27 
3,121 3 ;.127' 

3z500 
J,Soo 

,725 � 12�./ 3, 1 2�£.( 3,500 
5187 .746Y b/ $179,95 £ 'S'f7!,9S c l"196.,�56S 

+1)., [99 

1,043 
+ 
+ j]j 

+ 

S-t16�6"!'5' 

progt"am. 
bJ FY 1995 r�due t ion . 
� lotal� 

dget 

8[0t0GICAL RESE�RCH 

+ 1,.043 

7,�S7 

53 

DEPART OF E�ERGY 
FY 1987 CONGR�SS,ONAL 

ENEftGV 
{labulad' dollars 1n maten211 'f'tlhol� doll 11. s. J 

FY 19135 F'i 1986 fY 1�7 n 1987 
1on Rase Y!i Bas 

£Avlro R&D 
Oper.a.c in9' E):pen�es

8iol ogical and 
Envitonment�l Re�earch l11't4 J 4() s, $166,237 1166,237 S\80;965 s 1•.ns 

Direc �10on • •• • •• 3.129 471 
Subtotal • • • • • r . . ... i •• 

+
Cijp�tal Equi�nt�·�···· 7 7 57 

Subtotal . . • •• �·· · •••• 

Constr ctio i?.,725 3.127 373• . ••• · L · •• • •  

Subtotal ............ .. 

io�tal 
169,366 

z J I 

Operatin� Expen)es • • • • • •  

Ca�1tal Equf�nt . . • • • • •  

184.�S +15 .199 177,880
7' 141 

169,366
7,457 + 1.0438,500 

373COnstruc:tfc>n • • • •• • • • .• • •  

E'lvi rornel"'ta1 R&D • • •• • •  

StAffing Tot&l FiE's;
Headquar 
Field •• +•······ ....... 891 

53 53 
99 89 

ers•• • • • •  • • • • •  53 
. 90 

Tota 1 • • .•  , • •  , , . . .. . ... , •• • m m m m 

JIJ.Jt norhat1 on : Sett ion 103 , P .l.· 93-418 • St!etl on 203 • P .L. �5-91. 

!J F't 1985 total doeii not: i ncl urle $1,650,000 trMSf�rr@.d to he SSH\ 
total reflects a r�du�t1an of $53Dt000 tor ADP gener�l

ra l@et � reduction Bf S2�455,DOO 'n FY 1985, S2,735,000 1n fY 1986 an�' 
cl S3,,07.Q100D in FY 19137 for JJinillgenen,t initiative sa'i1ogli.
- FY 

B 
1985 tGtal �dueed by S7,0i1,000 in �ccorda�ca wit� P.t. 99�117� th� Bal�n��d 

�nd Emergency De icit Control Act of 1983 (Gramrn/R�niHollings). 
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""NT 
1987 COtlt,jFtO'ML �U0��1 R'EQUEST 

'SCHM IH' OF t lW _ S 
� ENVfRONHE�L 

ti� ·fi�s�nds or dollars) 

, ..... . . . .... . 

stJd1ei; 

5ystem: 
ental 

"mple.-.e:,_t 

7,071 
1/9�950 

DEPART Of DlERGY 

BTOLOGJtAL RES£ARCH 

19'86 Appropri dt1oil ena,ted, ..................... ., ••• �··············�····· 
1986 Gr-a:mm-Rltdman �uc ·on.. ..... ofl , .. !I •• �� ... . - ... - • .... .. .. . . . .. Ill 

1986 adjust��·······�·-�+••···················,·�···············�?···�· 

& CGAt i nu� an�ljtical ch�racter1zation ln 5upp�rt of comp ex ch�ical 
e hdnce occu� ionil n�alth res�areh; �ai�t�i" develoP'�nt 

of �v anced rddhti on l1lld them I c.a 1 � n s. trument;:.;u:ion ............... . . 

o Susta n field ��d laborato�y �tudies on tra�$pOrt 6nd transfo �, 
t1an ot rad onuclides, org�n1ts and tra'P. el ents t�rou9h 
i'lltmosphe 1�. terrcstria!l �mil aqu!l.tic med1a . •  � ... .. . . .. . � . . ... . . . .. . . 

c Ma1n'Ltilin e��deu.tologic itudies; expand outomt!lted ltealtr't effects 
detection co"tirw s:t ttd i es: of biologfc�l mark: rs, an� loP'lg
t � exp��1 radiation and co�plex chemi cal m·�tur€S r!searc�. 

o Elr.pand moletular ofolog}' res�arch. espe� 1aillly ge e 1 ibrllry ...ork; 
�celerat� struccural bi  olagy efforts re pul sed ne �ron sour�es; 
CO'lll: 1 ij@ cell b1 ology and che""i -tal phys "cs research, .. .. ........ �� . _  

i:l Suu.a 1 " u rbon d t 0.11. t 111e r.e !I'!� a rcn J;1 rog ra."' � f d ta co 11 e-c t I o� • 
must�r.-ment illnd model'ing; a fllrill hi�h pri'or"ty researc 
rt?COOille dc!lt JOn!li fnm State-of-the-art report, • ••.,. .... • .. ,.,•••••••••• 

o Curtail d@�eloprn�nt of new vclaar med1crne procedures through 
prGauction a,� la lin� of n�w radionu�lid�s. instrumentai1on 
advaACem@nt. and demo �tration of clinical feas"bility and exte� 
techniques t� elucidate the b�sis for mental df�ease and normal 

s 187,021 
-

• 1.76l 

+ 3+0 0 

a. z37 

+ 1,917 

994 

bf"ain and heart fuPlc:tionc;;••••••••••••••••••••• � . . . . . . . .... . .  •. •• • • • • 1,191 

o lncre-ilse progrG111 c:!f rect1 o or 1 ncre i!iSed personnel co�:its••••••••••• 

o Empttas1z SttOport ror capital equif4!1ent ilfld construction n�eds .... + .  

FY 1987 budget request •...•••••• r •• r . . . . . . . . . . . . . .. . ...... . . . . . . . . . . . . . . 

•l71 

� l, 16 

]96�565 

67 



, • • • • • •• 

• • • , 
, . . . . . • . . • . . • • . • .. 

$IB7 ,746 $1191� 

Enerqy OPe.,E!IIt 

Request 

12,000 
1196 ,5'"6! 

o�tenm1n�tia 
lltilterf h 1 

P'roc:e:ssos describing t-he 
formil it1 "f 

toy d1 

,lifl1, 
cllSl'llt 1 fntera�t 

' n 

l2 il20 

tBi a1og klll aM �n1't1 ro runenta1 researcn. � . • . . .  . . • .  .,., ... 

1. Late 1: ffec:t s. ar:� He a 1t •met Environmarrt 
of Energy 0�"" 'I oprne11t c!lll d l15.e 

11. soorc.e <md Elo$e· J)etem'i nail on ................ . 
b. Enviro�nu1 Processes 111nd Ef'fet.t5 . . ... .....  . � 

c.. lrCe-.a1th. Effect� .. I! • • •  -�··� • •• • • •  • ••• • •  �· 'I! ••• , ") .. ! 

d� Gener111l L 1 fe S<.1ences ......................... . 
z. NtJc:lt!ar �lc1ne. � . ......... . ..... . . . . . . .  . .  . . . ... . ..  . 

3. tilirbon Dt O,IC.f de Re� e<21 rc 1'1• • • •  ,.,. • ,.,. •••••• • •• 

�. P r(IQ rarn ll'i oreN: tfon . . . . ..  . .e. . ..  . .. .  . ,. ...... , •• ,• •  � • •  

5. f �c � 1 i tl'' Operat:i ons• .  . • . . . • . •  1 • ,. • 

Fl' 1985 

!167. 716 

LS.j;656 
l2.3S3 
6� .424 
23,.635 
21.,33!5 
ll,072 

31'475 
9 8.56 

1.4 ,�810 
29 1'867 
57�HG 
27,953 
2S �311 
1215,86 

3,129 
10�584 

1. Ut4! E ffe1:ts on 1-feal th and Emti rofrment of Deve1 and Use 

FV 1967 

S196�565 

to ,511 
32t877 
65.9417 
29,870 

13,580 
31600 

Thi$ �ompa� �nt of the BtR �rOiram £�r�les out the Departmeat's respo�sfbi1�ty for 
o:�nduct 1 ng· a eomp·reheJJ•S. f ve prng�raa Of re&t!arch ltnd d'eve lopn!ellt on Ue humtln and 

@A¥1 ronmei:'IU,l llc �ltl\ effects. of eno2rrgy tc:.chlflo1 0'91 �� iinrl prcg r;;ms.. Th� r-eS.£!<'1 rc"' 
is �naged 1n fO�t �10S4!1y interrelated �re�S in �rder tO rul1j encompass th1s 
.oo'llple:x pfoQr�m re s:JI(ln$ 1bi 1 iity. TJ'M! first subprol}ram I Sou:rc::e �Jild Dose 

t provides pbys1cq1 and cbenfca1 lnformatton � �norgy·re1Qtod 
a: re e�:s,£!d u tile env t o nt , aoo deve 1 ops adva11c:ed te c.tmi ques forr 

ftf!a.sur1ng f!lCposu re to th�s.� a'!Jrenh. l'h!! next :sub�ro1)'ram, ERv t rorunenta l 
altd E1'fc(;ts I improves m�r Lilip41bi Hty for trans.po,rt and 

tNns on c milt<£! r-h 1 s ttl rough t ne atma:spned c � rna r1 tu� I 4'1\'tel t.er N'S:t rh 1 
en�1ronmellt and �ilu�te$ their effects on eCQsystem$., The �ea1th Effects 
subprogram 1 raYest1gat·cs tile f't�ma111 health cons�qtJ'@I"'C.<Os ot ��po.sur-e rect 
'!ltud�·�s oo IY.Ihan pop'dilliUon� tlhat hi11D bt!�l3 c.xposod occupllit1onally, acc1donto!Jl1,)' 
or f(lr" �'i c o111 purpo!iE!S ,. i!!nd by rese;:��r�h at t fie maT ec ulil r. .;.e 1 h lei r , and' e:<p{!lr1-
mE'�ta1 �rrrima] level. Lfooerlyhlg this targeted cffc.<e.t� Ms.e.arch �ffoft is a 
f11111ciameflta l rese-illrC:hl s ubpro.g Gl!!'nerd U f� Sc.i ences t �i<ihf cJl ttXfl1 o re!i 'the 
mec�an f sas: Whereby p:ny:s f Clill ilfld' ca a�e11t.s with 1:11 o 1 o gi ca 1 sy s tE:!ms 
to prod�e damage ;:ti"!O how $1.u:h d�ge 1s ehl'l�r t�pilfl"ed hy 111or-mo!1 b'ic1ogic..;�1 
p,rocesses or eJ( pf'les sed a& o!J.se.r\l'abl o l!nd effeds Sl!lc: h a� c e11 de.a th I m�tat ion or 
C:o!IJiJCCr. 

iii. S,Olilr(:e al)d [)os.e DEttenll1 rurt ion I , � ••••• • • • • •  • • • • •  ,. 1'5 "'656 14�810 lilli,571 

Ell'illuart ton or the e�pos:.rr·e of a h Or" 1{!'(:01og fca � llQFlu1 a1tion to rad 1 at 'i 011 or 
che:micaH fs- the in1t1d stev �n esti.,.ti� c::.on� 'he.alt'h ,e,ffl!!ct!>.. Tlrle 
e.�t,po sure mil}" be d'e t emf nedl 1 1\d f ract 1.Y by c_ma racteri zing a rad 1 ollt 1 0111 or c.hemf .::a1 
silurc& artlll tracik ng tbe age: h from smrtc:e to r-eceptor popr.rht1on. ar <the>Ctl,)' by

4$ur1 ng the exposure 'lofi th su 1 Ubi e. i n:S tr'l.lllel1ts. ii'IC! so ur'ce and d1cse d l!ltel"ttl1 lla
tion progll",am develops, th& n&c�s:s:ary tnfonn1Jt1on and tec:liu11q�tes t·O otdd'tess thi'S 
i'leSJIIIJC\S f b� H ty. An.l!i lyti t;.i;l Studi e:a. v r� ;pt! l"'!m4!i:l to def iin e the c:hem1 ca 1 .!!ml' phy s i
cal nat11re of cnergy�,re.llated a9ents that m� be sotrtces cf bLIJn�Pl or e-�o1og1c�1
expo�ure.. Sl.lc h ,a,gen·ts ay be c:H i'lect soyr'Ces; of .c!J(pOsu r1! ; n t he wor'K phte-. or
they mh,f be re1eas.ed to· tim gener� I enviirCH»Jent ., th cons@qU�t�t ge11er.t1 popul.a-
t f on exposw•e. IDos�l•:f!<tcy R�s�I"(:I'J is d@S f gned to icprove met4od s rot the direct 
dll!<t.e,.minat:iDfl! of humlln exp0s11re to e��ergy-relilted agents, Re$eiliN:.h in 
�iiSul"effi(!nt Sdeoce d�velops th� advanced rad?atfon and a:n,ill1ytiu1 fn$trtl1llenta
tlan �quiNed to purs�e offec:ttvely the broad ��pe �f tne ne�lth and envira�-

ntal ·llffect s. res eal"cfl p.rogt'iltlt. 
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The enha �ced ell.posure Qf the genii!ra1 poj;m1 at"i o.n to env1 roi'lilei!Jtil.l radon in 
r�s1aential 4B� commer�ial build�ngs d�e to the ap�1ic�t�on of ad�ance� energy 
oonserva�ion '!e(hrlology may re$ult hi �illltl'l rts.>:i c.o th12' geneoral pllblfc: th·iilit 
cons 'ider111b ly e:xc.ee<f those fi"Ofii � ,_y otner ene1r!J-Y t-'i!!t:hno lqgy. An expa.nded eff.otr: f5: 
·phi'n\�d to devele(]p pr.edfethce ls liihic.h desc. !�>e indoar 

_e
levels; of r-adon �nd 

rild<llll daughte-r� � s a f�mcti on of �1)11 c.on«'!ntrat1on, poros1 ty a Ad pcI"Vle·ab 111ty. 
of bu11di�g des1gn. and of ventil�t1o� pr�cti�e. This �$���ch on t�e �o��e$ 
�nd trill�spart me�h�n1�s of radon. t�e prop�rti �s of rad�� dec�y products 1n thQ 
1ndoo,.. atmoslph.eor�, �t!"ld the fa,tor5i affett1ng t �� u l timat 1:! energJ depos i etion 1n 
tltt> resp'it.atory s.ysten wi 1 l be �pp1 1�� to llwi!j1th effer.::ts. stud1 @'S illfld th@ de-ve1op
r.ent of a,p roprf ate a it i gl!lt 1 �n and c.om: ro 1 te:c.lln f ques. 

ChC!ffl1 ca1 chara�te-rh:at ton p roc;rams. are current. I y dloffni ng the biolog i c.�Hy llC'thc 
in;rediertts 1n c�ple� chemi�al mtxtur�s relat@d to energy product1o" !nd �se. � 
�ont; nuoo orderly redud, on i, tl'l1s effort is � hnned 1 n conce.rt with tIta 
restructurf ng €Jr the chenica.1 i :ttur-es r�sear�h program wh·ic�;.h is direc:.ted M. 
est�b11s�tng prin�iples f�r p�ed,CLI�g the health �ffects of such fxtures in 
hu�an5., 

OO�i Re��arGn 

P.c cu rato !fro ast� en t of do 5-e not onlJ en,<J b 1 e5o a re1ill b1 � determ1 nat1on of' 
individual exp�ure, but also provides data needed to i prove work pr&ctices ��d 
to reduce worker e�pO$�fe. Current do�jaetry re$e�rc� tn�lud�� r��1att� d�!J
me':.e I"' dev� 1 oprnent 'llrt t'h �,ph4! s i 'S oo m xed f 1 e 1 d nclftron� g.ama exposures.. 1 ntern�1 
and elCt�rn,all do5imetr:r t-echno1ogy� lind on tec:l'lr�1qui!S fa.r 1'1S'5ess1rng exposure to 
energy-relillteti el'lEmi�;�ls •. 1t. 11e� re!ilear·ch fnit;.ative to develop and eval1�ate 
dosimetry techniques fQr a:s�ess.inljJ i exposure to thoron ( radon-2tO} �nd 
tl'loron da,ughteJf" products wi 11 � p'llrsued.. In arldit f o.n"' e11 nan c.ed studies a 
pa t.tclo growth .!lfLd si�l!! d1s.tribuL1o� on illtt�c l'atet tot radoJJ aoo tnoror� 
da�ghters �nd � t�eir f�te in the indoor envira�;ent will be conducted� 

The importarnt Ja,panes.e A-borib sumvor dae �H�rrt 1il1 H cont1 f'U� .at ill lo�r 
level. emphasl�1ng the c��l�tion of the o��ra11 u��ertai�ty ���1ys1� aRd e�e 
1"1nar1 report� for a� ph.8s�s. Qf th� pr&gr.8m.. The dos1motry syst@m in pl i!ICe t 
the Rad11l.t1on Effeclt.s R�s.urch Fmmdlltion will lbe generating tlhe: defi111iltive organ 
dose d�t t li ne-eced for t !Je es ti b 1 i shment of t\Yman ®se-r·es pa�tse re 1 ni tmsh1ps • Th� 
results. wiH be app1ie<r to tlti!! ]rr.t@rp�tatiofl of rdd�a.t1cn nonicorjn� d11ta ·n 
terms of 1e'ta t �.!ldia.t�on protectfon qu.!lntities and for adj11st of protec
tion s.tailt'dlards if n1ecess a ry. 

��search 1s also conducted to ���1evc improved personne1 and field &On�tort�g 
'Systeas for d etennh1at;fon of @XpDStl re to OPganics �tnd other r::.h e:.i ca 1 mat(! r1 a h 
�lat@d to the no�nuclear e�er9y technol�gi�s. s��1ftcal1y, t�e use o 
can-�!;1 on.aT antfboo�es h curl"lently bef11g fn"'�st'f.g(lte� illS ,e DelU1s. or d'uenn'iinf ;g 
expo�ur� to high molecular we1gnt organic hydrocarbons. I� add1tiQn. f@as1-
b1lfty of a��urflllrg .!too moBitnl"·l'lg c:haAges to 'ti'K! Drill. lect�le iJi.s an 1rJ(tic::a�t1on 
of expo�une to org��TC m�eer"i�1s is being cxplofed. 

�asurQment Sci�nce 

Progress. in chcmtc�l characteri�ation� dosei metr� resear'h �n� ln a �road range af 
n�t ro �ta1 ,and b i O"rr.eClica.l invest i gat'i o s i� c r H: f call y o:tep.ende:nt o the i'ta11-

a:b11Hy of dd\fallced and 'fnn.Qvatilve lneiii.Sil.ln!llefrt tools 4nd it:echoiqu.es� A con
tinuing progr.am of baste 1:11� i!ipJil'l1ed re$�rcll i:s; cortdl.lc.ted f'ocu!> I n9 G �ey 
1:1ea'Su r�en't Beed s. In Fl 1987 a �has e down o �e�re.a on 111s trrumC!ri1 tcu:: i 
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tee Miques to-r neasure:nent of tox'ic gases .!llild e.ff1 uent po 111 utaots wi 1 1  ;goc,cu r .;�s 
ex15 t i �g F,Jroject s i'IIN!' eol'llp 1 etecll. INaw otr exp.a.nded efforts a fie p 1 aniled � n �em1 COI'II-
ductor ri!dhtion detec.tfon dew1 ce-s, rE!1'W'tl .asurement tecM,ques for biol og·i-
cally ac::t'fve subs'tan,es I and laiser spectroscopy fM> ch��cail ana·1y.51h. 

Basi� studfes on ne� te�h iq�e� for radiation detettioA n�w emph�si�es adwanced 
sefll;i &dt'ldtJctor detecta rs and spec 1 a 11 zed e1 edror.k sf 9111 � 1 p i'IOC·e$ s � og t�dm fques 
to provide• n-ast�remenrt systems with low no.he1 bet"N!I" sensHhr-ity and li'L�gll count 
r�te c iliP� bU H. i es;"' tll!rt.urtt: 1ad1 de•1 111 p il:rt1 c�h r.l !)as been :s ho.1f1'1 to Op-el"II t-e Gt 
�bt ent tefllperllh r-es w i th energy l'i!<SQolilt� on itJ)proa�;.h l mg tb�t Of tod BJ.)' • s bcrst 
11qLI � d Iii i trD1}en-coo hui s f1 � cotJ de'bec·t.or s. Avo•i ding the pe�id t, 'i es. of Jil'e11 ght 1 
!>he, ltrlld (;Ompll·.xUy a�ss.o-ehted witn �uc-11 tooH1t9 mates thcs� moi"Curic ,odide 
system� p�rt'iicuUrly attr"i!Gti PM� for portable iUtdl r te �ph�i!itiiOn:!'i.. � proto-
type device based on BER·-SPOI'l:!'ior-oo l'll!!�earc:h at t'lile trnh·ersi ty of S:ootf\ern 
Cal· fotlliBI has 1 1 n af!t. becm flolm •om 'S[p!lice :!:i'hUit.Ua h·s1ons to mcn1tor a 
riJy dOcs t:! to the .crew. 

Luer-baed tee-.nques, l!fbfch etiable extremely :se111s1 t11/e ;u1d s-elec;;the 
_ 

fl'ei!II�Urb1'nonts arc be-ing employed 1 n a .,a ri ety o:r �pp1 i c�'ti on s. Reso" iu•e:e ton, .z!11-
t1 ol'l s,pe�;trosto;py.. pi!il't1 t.u hr 1)' "In comb1ll'illt 1on "'ah mass s-pectrtts copy 1 cont1' nues 
to f i i rrpart 111nt � e�v Ys·e-s.. Mea$ureme111t of �s ff!H <1-S 1000 8t0m!i ot 111!' I sotop.il 
K,..,.8] in ground'Wi'!rter 114s been successift�Hy df!lt10fll5otratl!ld thereby prov1d1ing ce 
D'f. dating samplas se'ieral m� lliolil _ye�rs old. ThB ,nfon'!IUo C:!Jri be .used to 
roode1 Ute subsurh.ce tr.!!nspar-t of todc substanee-s and to he1p 1dent1 fy potent h1 
waste!' dfS,PQc'!ia� s1 t�s� A bser�e�lted �10Hd sute fluorescence t�chrl1que call.ed 
fJ uor�s.cence 11ne nt& rtowf ng spt�c: tr"'Si(;opy ( rns) Ra$ boen �pp H eod to 1meas•urMent 
of the �O�I.i!n'd$ ( ".a;ddu<:ts•) fQJmed betwee111 DNA. lloo e�rciiiogen'lc. polytycHe 
aromattc hydr.oc,itJrbo"'os. The�e ildc:luc:u arc· belte:ved to be .a111 early ite9 \'n the 
devel.o{Mne.nt of canc,.er am� may tJ1Uaately pn)video a foundatftm far more predse 
as�e�sment of rjsks� The FtMS te�hn1q�e is 50 po�rf�l th�t it can detett a 
s1 Agll4! adduct in l)n! fltJJHI r@d 11111 H 1 0111 o�A ba�e !I ,, Cl 00 c:an cth l1 nguh n b!twec A 
arddl,lcts, for� by dHfere111t carcinogens,. 

Research to fmprotte the deted f on and 1De�5urement of 11 a..zardow1s: c�-em·1 ea 1 s has 
produc.ed a teehn1que or d1 stfn9tll'hh11\g ve.rr sim11 ar f'rydroc8rbons b.'f l'legativ�1on 

t1 es ·e s lm1lu ccmpou.M s , tlhef r- ab f1 i ti to c,a.pt u re e � ectron" 

FY 1986 

ma$:5 SPe�troflll!tey·. Th1:S tec:llmfqiJe i 5. ba,sr;d upo11 the dHfel"ing� ele:ttrolll aff1n1-
ot' ot he nr1 s iJ .. ·e. a-n 

1t is nw pos !:i 1 hl e to di st 1 ngu1 �trl b l o l oq1 c.al'ly atti ve eamr;rQound!:$ $tl ch a� benzo( a) 
P.Yr·Brtel a poteflt e"r.c1noi1Jir'l',. fr-om its inutive homer1 beD�O.(e-) pyre•H�.. thu:S 
imprOving the G.!rpabflfty for quantifying the h��ardaus camponont Of C�pl8X 

1.Ktulr�s .. 

FY l98? 
FY 1985 

1. 29 .as; $ 3:2 I sn 

Jn f'f I987, an 1lfi.Crt!.!i.S.i! is p1 an11ed f,cr atm.os.phl!rilt and e�Y1 e�tal r-esearc.fl,. 
Fu111d� w111 be· u:Sed 1n tho r1 nl:l pr.ogr� ror cfeve1opm�;mt �f .autom�:�ted lnc!:lr1itoonh-
t ii 0111 tJJ lllei 11 �Jre water- chen1str,t ilfid IIJIIIrHc l e- abr..mdaru::e � th��by red r..u: 'i ng futltre 
requf J"OOleAt! o·f ex�n-s 1 vI!! sM p tfme. Itr the terr"e$tr1ai 1 i!lrca , f'les@arch on radoJJ 
e:>�,nahtlofi fr001 :sofh and bu1\d1 ng materh1 vi 11 be �enhaMted t10 dliiV·fllOJ!! pritd!1c:the 
mode 1$ for dletemi 1111!19 radon ·r1 ux und•ef' d1 Herent e:tJtt1 rorurre111t.al ,o,nd it 11ons iJI'ld 
tr�reby allow better pred1ct1bn and o1tigatio of 11i1doo� radon. Al5�1 eo�trol�td 

f1e1d s:cale e.r<par11lielilt5. w1 H be irriit1 itelll ·to- proviido tnucli! ne!edlt!il imU'OrD!Ilt:iorr on 
too IllS!! of nat-urftl 1 $yStem � a5- detox U'i cation il'M 1U 'la!t 1 a111 fU t@I"'S t<J � en!l"ru' 
C::GiltiW111n�tnts in son .!1M gt"oulld wate;r-1, 
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upo., rele�se of a�onts tram i!ln energy source]! it becom@s. nec.e·ssar.y to tmderst;:�nd 
their �ranspo�t and tr�nsformation �hrough a�spheric, tetrestrta' amm mar1�e 
med18 ln order to e�tim�te the �ubso��e�t e�pa�ur� to �nd tbe env1ro�
n�ent. Thi;; rccsea:r�h !lC t ivity Olates f'I"Gm the ea'r1y 'Nea pons besting e ri'!i wllen 
info"r-mation oo tlte traf!sport il d fi!lt:'e of h1lout. ,.adfoni,Jclides. was eeded, u 
meet tl'lis nee-::!. i!! tcmpr�Mtt:sh� prcgram h11 the phJs'ica.l and ecologic:a1 se1en(.les. 
ws established '!lltltr: oday ;� being 3ppl ied to mt�H4P.,Je ertergy-rehteril 

a.et f v1 1 e>s.. 

Ano�ther cooponO!'lt of tt�e enwi ronmenU 1 e.s ear.;.tl progr"m cE!1llter� on tM respol'l,s.e 

of E!cosysteins� pap hti-M!i and lmd1 �jdual spec. ·es illff'ect.il!'d b.)' an rgy-re,ated 
d1-sturba�c.es .and d�sdaiiU"ges. Th1-s e-ffort i:'tims a.t the a:nt 1 e1 pat ion of i!!nV11ron-

impilcts berore tno._y ni'llppell, aoo at tfle und@rst.andfng of tllese impa{;U in 
order t� allow the prevention or al1t�rat i 1on of �el�teriou� co�se�uen�e�. 

Tran��ort and iransformt�Jti� 

The SER progr,am Tl'l t�e atnospPreri.c: scie-nces 1s concl!)rne� ltfitb the mavan_e.nt o,f 
energy-related PQll utan t$ throug� tho a sphere (transport) �nd t�!1r Gh�fc:al 
and pl'\ys. h: � 1 c.hangf!!!. d"r1 ng t r 111n sport llll)ti1 they illre dep'Os1t@d on tlle &a rtb 

iU staiPI ongo'i g r�seuch pr-t�gr.ms.{ tf'illl'lS formation). Tile FY 1987 req,ttC'st will 
th s.w� add'it i oni!ll Of! atrno'Sphei" 1c emp asH orgQflie �hemd stry •. 

1\ �me-sit ion c�entre�l to t ac1dl r;;�1 i s.sue i!i the re1at1cns,n1p be:t�e-n an1 s.s1ons 
lll the m1 O�;Ye!i t aAd a-c.idie dep-o� it 1 on 1 " tM northeu t. l he •p,A£CP progr_-
( Processing ot Emi ss.1o11 s by Cl ouds and Prec:i pHa t 1 on) 111.!! s. 1 rri t ·ht� 1n FY 1985 to 
i n.ve'Sti'!)ate tlu� pro-porti ona1 j ty be:h't'f'l'l polluta.l\lt re1ca5oeS> .. part icu1 arly so:2' ll.i\d 
1\,Q.IC, and the a.ultlsequent depos:H.i on of acidic �p@<C1� n g...-eat dlstanc,l!!'!i. 

Tile RECP prog�r�m beC.al!le fullly oper;�tion!tll in F'Y 198-S.. Field expe-rima,.nts 'fel'le 
d�s � gnred to d etermhH! tt11 aqu�oll,s pllasl2' c nar��s hat -sulfur lind td t rog�n c: ll'll· 
pounds undergG as �ney mre fncorporated into vari�1,.15 cloud sy�tems� Tnis deSign 
;JJttf.tii!Pts tc pro•t1de neaJSI.Jf�llts of �l fur, nitl"ogen and ot �r �a�c.tillnts. 1m tl!te 
ai1 ,.. l'.lili5o M i:�r-1 fl g the r.l oud 1, ii n-c.lll-oo thtem- c>�l chang;es , and. a.n&�lys i s of tiTle 
proe�cts lea vi ng the cloud� A 5��ies of f1eld experiments. cant�red 1n Columbus. 
Oh1u. ws c�rrie6 out. dul'iiflg ,Apr-11 198'5* An "a1 F c:a'iale""J" ME!Utodo,logy wll.$ 
enploy.ed tn various ili1 reran being d�epl!lyed o\ler � vide i!lnea to c.c'!lpita-11 ze �s 

uc� as possible pr�ising eteorolQgic.al s:ituatfo�5o. T resvlt.s of t�ase 
s:tt.tdi:e� a All Qf laboratory-(:h«t1 str.,Y stul11 es a�nd IIIOdel Fitg et"f,ort!i wflll pF'ov'ide 

�:�:"io ml Acid flll'ecipitat:ioll A:nes� 11t 
cC�np �he si ve 

s1gn1f1:(.?JI1t 1oput eo the major oo-g0fn51 
Program f NAP.AP} � ffort to d e1,1e1 op
)!'ode�. 1987 �111 

lltl:!g 1 o��>a1 
l!nalysh an4 

Atm.Dsp,r.e-r 1 c D1Sp!!! rs1 on 
1nt.&rpr-etatfon of ·ti!Je 

a 
The f n F'Y �Gba�izeprogram 

m.as�lll·e data C:jj!lutl!ted in r:,he· f,,eld eXJperilceliltS. alltl w111 phn fi�]d exper1menU 
1n d1 f fl!! rent ty�es of sto� sy�tem�. 

The Fl' 1965 ASmT (Atrnospheril�;: Studies �,_ C�J�tpl 11! Ttt!!rtahl) expel'i�t.c� 'in 
Co1orbdo .addressed ,,al 1 ey lm·•s r��nd tile coupl iny of tl\e 1oc.a1 flo'H"S wtth r-cg1ona1 
seal� �ind�. The exper}ments inv�1v@d a massiva colle�tiom of mete�rologic�l aBd 
chemi��l �raeer �ata. These data �1il fQrm tM� b�'!it� for FY J987 f1�1d experi

in Wosterfl Colorftdo. lne decision Mas be� nadc to extend the r�n9a of th� 
ASCOi �xperiment $ fr� 1015 of kfl��et�r� to 100·� of kilamete� Qnd tQ cont ��e 
to s�ud) the e�cha�g& of air masse& between �djacent vall�y SJSt�s. 

A nev 'i niu at i ve br!!gun � n n l 9ati was the Western A11!" CJT;emi-str')l' s.tudy.
rn1ttally. this inl/ohed1 .an �Hort to doc�ment t e air- cheohtr..v o,f the ASCOT 
area and oth�r re1 i!lti,tely unpoHurted West�rn regf ons.. In F'f ]987 thh. prog1ri!lll 
'tiill add.resS; tme �:�ir themi!itr.t of cn�rg.)" rehted emiss.i<�ns. and their interact ion 
'lri ttJ a r9an 1c cru1 s s ions from ...�gehtion 1 n tile •tel" :I ! Llli'l ny and a.tid all!lospheni of 
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t11e �st� a !:i .a�tl�ipat� that t.!rl1s. work r.'11\ be closely roord1n�ted w1'lh 
othQt chemistry research �elated to the rea�t1ons of organic emi�sions with 
iimbl en t po Tl uhnt.S sur;. �$ 90;1!. tiDx altd ozo11e. 

he dat� fr� t�� F� l98¢ ��ros� Appa1achi�n lr!�£r [Kpetjment {CAPTEX) rorms e 

basis for a mod@l �QmpArfson wor�shop s� medulbed �n �ar1y FY 1986. The CAPTE� d�ta 
b.a,se de pos�ib1 e Hte f1 r�t c:oopreherts.he CQI!Ipgri son o-f 1 ong rrange d i�pe:r�t CHI 
.codelsr and .as suclh ha:•s tllillllle a t'lajor contribution to t e uncferstlllntt1ng of reg�ion�l 
sn1e t,ropos1pheri c tr.ali sji!.Ort ami d1 'Spill"$� on. Pl an1 � re being deve1 oped fo·r 
.addi U on11l trl!lc.er ex.per 1 m�Bt s on the m111l t 1· tt!OIJSG�nd l i1 Qflletetr s.ctJ 1e+ 

The iJJilPTied h bo ri!it D��".Y illnd fie1d. progrli.Els 1n di tmospher 1 c. s.c 1 en co wfll conU l'liJe to 
be w�dergrtded my a �ont1nu,ng fund�tal �eareh effort to provide kinetic 
ll.nd tJl@lf\tJOdyn 1" dau �easurEments For fmporUrnt atmos pft er-1 c c rt:Jae;t 1 ons. 

lieg1Bill� n g lif1 tn tWI e s.ttJd!y protesses tlili!t dl s tri but.�d rad ? o met. hE! U1 I out 
thra�gh the CJ("Mn:!l 1nto t�e· tood chain., thi<S progJr has pio�ee·red tho use of 
n.ab.t N 1 t�nd H f c �a1 rad i OJIJ�c f1 des to dete rmi ru� mc"'e.tent a lild ixi 1\g ratl:ls Qf 
wat�r mass�s. fl�s i� rates and major si ks �f ·Co�t ln�nts 1n ehe coastal tone 
and deeper oteanfc �rea�. In the future th� o(ean w111 hav� to b� seriaug1y 
cons.1 dE!r'e!!l! to�" d f :s poul of some of tJleo Wi 5-te p rod.ut. t'S gemt!f'�t� by expl1n!i ltm of 
e-nat1).)' t-ee tmolog1 es ResEtar-c.hl .c.ondtu:ted IID�er t./li s program on eye I ing and move� 

mel!t of mate:r-h1 s off our coas 'lri Tl provh:le cruci a� � n f{)rmltioJll ft�r lile.t:: B.i oB� em 
!l;Pproprht.etleSs f,or oce>GJn di.s.posa 1 -of t.liese wa$"ee:s. 

Tfte pr.eseJJt program j s stJbdihfded 1nto three !'legrii 011 ill il!l!"'lihl5i. In the ttortbeast a 
10 ye�r resei!ll�tl program hi!ls been p1 i!Utned to i!!ll•lllyz:e proces�e'S tll&t ruvJ 
�ltet m�terfa1s� th� abnosphere a� surfa�e wat�r to tme ca�ttn�Atal sn�lf. 
Cill]ed SEEP {SheTf�Edge E�ch�nge Process��)j t�1� progr� exaoine� the mech�nt� 
that r�o"e c Em�t c 111 1s ff"Qn t.he wat�r , illld tM! procE!�� e s thllt ca u s.e- comtami'lil<li'l 't:!i 
t.{l bil nd to ttte $edimeflt 5 or to fie re 1e ased �'I': tQ tile �a.t!ij r co 1lUIIn • TM H r-st 
phase of SEEP nu be.en c..:m,ph:rti!d ana ha'! caused con.siderablle e.�ec.Ha:tent llmOrt!J 
oce�m�grap�1c scf�ntjst� bec�use the movement of particle� offshore to the 
c.ont 1 JJent �l 5i �1 r i11Jllpei rs to be ill 01"191 t.r� ec tortes nCJt ort g1i n Bill 1 ex.p ect�.. lhC! 
�econd phase ( s£JEP· U l w11 1 be in1ti ated 1n l!lB7. 

ln t� Sout�a:s.t, ou(' rnar -rte research h�s dl1 SCO\I·f!rcrl ho.w 6u 1lf S:tr"eam edd 1 e!'!: and 
upi(eHing drhe WiJJter s:s-es and utr1e:mt-s Of'l the mid l'md c;Juter slfle1 f. These 
s t.ud i o s on liu] f Stre&n 1n Jt.rus-1 On!S h.a:ve b�an �ynt lles.hed i ot:o a recc rtt canpretlen
�i ve pub1 i eatl on Ofil ot� t.er& stie·l f dynam1 c s.. Pre$ent resnrc.h is being c·cJt.c.ent riJited 
O.l'l tM ne·illr-$hO.ne :to� where ll front of fr.es l!fater- frtl'l'.l c-oas.taT 1'"1\,ers; (!:d st:S. 
The SPRIEX ( Sip,..ing Exper1 met� t) ot n86 a.oo FLE-X { F.�ll E�peri ment) in 1997 !11"1 11 
he 1 p dct·e rt!t1 no whj' Cll"(;lss she Jf tra rns po'rt is so stpa smod 1 c 1 n ttl h, rog1 �A.. o<�nd wh111t 
c.o�trol5. th.e per1od1 r:ay anll volwr:e ()f thil!' di sd't.lrg�: tJO t.f:te deeper otr-shel·f 
O<Cea.n water$.. hrly ·evil!ilence 1nd�c�te� thil:t most �u-shote orur-.rents roov.e aloog 
slmrC!' but til at per�od1 ully, the trapped IC(I a,s ta 1 water ap pe illrs to @SC::I!ip@ :seawllrd 
pa,rticl.lhrly iiJ! the SJ)ri'ng .!100 1Ft the nl 1 !Sieiison$. Thh re:se.a.rc.h -cant.r1butes to 
a bett er 1J0d�rsta11di ng g.f the· rerliov-a 1 of cllo£miu 1 s, ws tes and othel'" m,u::er1 a h 
1"f\l)n tile.! nea I" s ho r;e re-g1 on and the1 r t�ra nsrport ac ro:ss t tre c. anti ru;!nt.a.l s,heif. 

rn the deop ocoan bas I n,s, off Cidifom'i i � a Rf!lll' .pro!lrruflt lo(1 H 1�ve-st 1gate tlte 
'tlrt 1 e-a 1 and hori �orr� .;�1 of millterr� a l s + This :Study \fi 11 addr'l!!s'!'i thent 

unoff materialsintorbct1on Df waste w1tn p�rtic1e� In t�e water and their 
de.c.ompo� at om and !"41m1 na ra 1 1 z·b!t hm. 

72 

https://ne�illr-$hO.ne
https://ResEtar-c.hl
https://trl!lc.er
https://c:oopreherts.he


.!tan s.p:ort 

�the· 
. 

. it· plants 

mo· .. 

·r. 

uts 

Ec.DHStl!'fll Fu:nc:t1onifll9 Rf!'�p1)rtse 

fie.· 

�men 

o-

�n,drol'm!l'lt.!1 
1 

,.n v 

en�rgy materi�ls through e�vironcental of ta�io��c11des. and 

h11 c.h fit� s rosearc.ll 
. 

tent ra1 part of th@ eva1u�tion co2 buil�"P· 

ph.,)·s1c.al. and b1io1ogfu1 PN�C!rties un min �lhi z.e thefr uc;tt..;!k:e ?n ecDsysta:�s.. 

A cballenge for the· nmct de�e wiH be "to ootter unde.-s.tand the b1ogeocher�ica1 
JTII!Chilni sms tt�at affect the todeity a·r r:nemic111 cont.amfrlit�l"!ts. �nd. the em.E!"'t arf' 
UI�S.� ma t,e.ri G l s in S\1 b�ur race el'l\ll �nts. Spec f f 1ta n.v I i nfDr.J:MJt i Oil is 
•requfred on the ydl"olog1c.al tran!>tI)OI't of or-gan1� cr;mpour�Cis, tr-&'1':.9 J;�etlil'SI and 
rad, onut 1tdB 1, gecdteni c. a 1 fit tenuat ion by sons ilnd geo I og1 c. a. 1 str�ta� (lind �tate 

of e�nt in�nts by bioloq1&q1 �t�tec� in otder � ��ae��t�nd t�� baunrl��1es 

wHili rt whi c te rr-es t.d it� d is,po!)a 1 of M�.s te h pos:�i b 1 e �JJd E!'nvi nJnmentllll.)' 

ac.c(!ptab 1 e, Not only cost1y 1 BBgi neered so,luti 1'ln!i but aho .nat 11ra 1 ·syitan.s Call 
!H)rtan 

�er�y-re1�ted orga�ic c.ontbmi 1nts, their de���iit1GA prod�(ts and mowement or 
these con�tt blent s. f n the! 9f'Ottntl WiJ,t Thi s emph<'��; s \IIi 1 l con 1:.11"1 uti! � o IC!<Xpa !ild 
't.hro1�9h 1 9SJ • 

National lll.borator_y·Unh'ersl ty c.on:sor11:1a hi)Ye' �n fotnrr,•l ated to· focus sci'entifi c 

1Pli:J;Ie"r1ment� Wi 11 t;;Ont1r1 II: to pro-vide <1.!1 e!jsenti al inter
�er co.r.tro 1 1 ed e·x:pe ri l!lt 

Enii!rgy prcduct 1 on deye-T apmorn: ca� aU wa,tar u�e dnd p roduc� 'ia ryf ng 
of land$Cape dist�rban�e+ Predictton of the e�tent and per�iste�ce of 

sut.h h�- r�la�cd 1 mj11ac t� 1:5 cr 1t 1 c: U 1y fntporhn r: � as 1 s the de'o'el <1 of 
n1tigdtion stntegieso fol" redur:fng s.e-r'lous 1mpac.t'S. Predi1c-t1on alild nitig-&t1on 
cao � su�ce�srul onTy ff b�sic proc��s�s affecting ecoiystem funct1&��ng ar@ 
we 11 t.md,erstood. 

Past re·Si:!ar-c.h c.onducted unde-r thlis proQri!!lll !las. eohcidlated t.l\� su1 ur- C.)'(.le 1r1 
f()n!Ste\1 ec.osystem which fs now poro-v1c:f'htg cruc:��t� 1nfoml!!1:1oo on acid ra�n. 
lnformat�on on c.a rbon c.ycling dev�loped -.Mth s.uppert o ttnis progra111 

re rn! str1 a l 

h1 s.tor1c.aHy th� trus.port 
at N�ys 

1 �adi ng to h�rna n � i!lnd the< 1 gr-�ti on of thes.e �<�ll't<f!r1 als i ft :so 11 �d w�te r 
es.p�t i a 11.)' �:�.roLIM !PO£ r a c. i1 e s. as. demo'Istrated
;;!l nd ani m.!l h road t onuc11 des and othe I" cl'li!r.!1l.!l h • and wh Kh t.heni cal • 

1 

this. i poJ'tant reoset��rch 
SCi!lle 
1 a !; H.e.-s beyond' f'( 

and 

a.nd 
��gre�s 

In F'f 1�86, this. progrilfll fOCIJSf'� 01'1 ttl@ lldE!rStll.fidSng of cn.ange:;; fn P.CO!io)'St.e�s
fu�ctioos 1n reht1on to �t�r str'C!-s!S.. for e)(ample� at tne DOE �ati ana� 

Rese!lrc.lrl Park. .at Saval'trush Rive.-. the ell;istem:e- of d1ffl!!'rCfll rilld1o-
�-otope.s 1n sur·rac:o �rtd �round waters: and SQd i ntt • .&mlil ctxllpreltensive b�c.i':qr�uno

11lfcrmation on l'l.)'drol1 ogy iilnd e<.o1 og i '"1 .SY$b!tns J)rov 'ide 11. LJfl i que :)�porhln H:y to 
coodut;t ro<S.ear-ch on Et1<��nd pr.occss1!:S .u s tn�ral 1e\la-15 of �cos 
or��n1zatfon. 

iht� empk,sis o� wat�r stress �s ���o being ��plied a ar1d �nd :s�1arid 
ecQ:a,ystems .at the r<ev�da Ten s-. t.e an� tMI rtll t iont111 En •, i rofll!len-t..a1 Pl:e s euch P!rks 
at Tdaho rf�l1 5 .  Hartford, �nd los Aia�os, �nd 1n t� extreme t.Qld re�ion� �f th� 
Arc;tk tundra. Models; �ttcyrat1ng i!ICr'(llss comp1e·l<! orgu1 zat: ionili1 le'i'els fro 
1r,tdh1d.u11l c.e11 5I to II'!'COSJ�tems t!lre �ein g a�t he l y deve1 {)pOO a1 ang wf t b milln i pu1.a
t1 ve s t�d 1 t!s. at t he�e di verst�!< ·s i Ws. Thus � in addit 1 on to l"'r!:!f'it �h lit tho 
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o!H;:�umulati�:tRandi�as foc.ustedRese.arc.h tn th•·3o omarea 

co-nr:entra·te 

and detoxi ri.;;11ti(]n. Thi'S progrllflllink. t.o effective dt:$poS..t1pi'0'11de M 
rnHilgl'!tiO!Il factot"s. Jlrdlvan� t clinologi esc:oncC!lltrates. on naturi!ll -systet:ts as 

sen sin� ilre i!m "i ntegra 1j nd ud 1· ng :superc�put e�s., fiber opt1c!i., Clfldi remot·e 
of ttliis ri!!Se arch. Beg� li'l#lfng 

part 
hc1: in Fr 1983 ., inc r"�Ued pr1 od ty 11a-s g t 'ten to 

[n U't@' per1 od 1987 - F't 19901�es-ourc.es a;r-ei!l.. FVart 
COfltr01Jed r1�1(1 
med hte step for I 990. nat ur� 1 

u now .a 
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progrm d.;, pend� t�ods wnfch qu i ckl y f 1 nd 
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watershed itlld limdlsearpe un1it  Tev,e1. t.n s progr�.'n eJCpl Dlr<e5 tt.e PIWSi�lologic.al 
responses o,f o.rganhas to �ter s.tres!5A!!� wh1 c.ll affe.;t tlH! c:ompo s 1 t tOll !ill'!d lltea1th 
of the c:ommuntt1es. Tn1� hierarchical ap�roae� to ecosystem mod�l1�g has pvt 
this progr� in the fGrerro�t of ecologic�1 th� e�pecially �5 ,o�cern� th� 
aplllH c .u: ion llf quaot1 (1 c. at f.o11 methodol �i e s fof thct 5patfl! 1 patterti h19 
1 b.nd s.capu. 

St.ic:h research 1s. illlso for �ro.,1dl1o.g the ba.sic foundation for 
utH h:�tion olf technt�e$ in tlte �1\'lvtto�"me:nt. me be-tte-r ttte 
lc.now1 edge of how systems 111or1C .. t e bet�e.r i� ottr abn ftJ' tQ predi�t opt'im.al u!,i.age
of b'ICttQcnn:o logy wi thii n 1t1e enY i rOMletrt. 

F)' 1986 
py 1987 

$ 57,710 $ 65;947 

Tile ea lt h Ufec:ts resei!!rC:: h ,Ptogram prov1 dt!!S � <: ont 1 nuhtg !ii o rte of infl}rJJat i 
r�quir� to ensure that the o�era 1�ns �nd po1icies of the Department c�n be 
supported j n terms M prot�c:t I t1 g the h&a l tlll of worlcers arn:l tne gen�ra1 pub 1f c:. 

Resaarc.h 1A th 1 !io prg;gr�'TI Is des.i q:ned to eet t t r-es pons 1 b1l1 ty byo tMa <ie¥ e 1op
DP-1111.: of � broad • sd e-"tt f i c.a lll' sound dna bi s.e for eva1111 tttii ny the ptJtent i .!111 )' 
adverse 'lu!!a1 th efrfe,.;ts t'!1at co�1d nestll t r001 exposures to rad 181t1 on and c l'lom'Pca1 
agents. m:JoS.t re 1 evant to Dl!partni£m t .o rner-� pl'10gr.ams a"d op�ration s.. There &rE! 
two 1prfnt.1pa1 subprograr:�s.. {lite program ut11 bes t!ILJI'IIa.l'l ep1cl(:!frt1o1o'!)IC1111 da� 
ohta1111ed fNJm <Selecte� t1UIIIi111'1 popu1 at�ons lroow11 to .haYeo been ex:po,s:ed ac!Jit,ely to 

t00dera'te1y hl91'11 or to c:nron1nlly low 1e�els of e�C;ternal ril<f�at1ol'l, il'!te f""illlY 
dl!postted �lld1aacthe matl!tr�.als., or (;ample:< chem1ea1 1Mtef"1als Gf the t�p!! that 
c.ou1d be entountered"' for ex amp 1e. 1 n c:o:nnee t i lln wit the prod tJc t i or tJse of 
synthnt1t fue1s:. The othat subpr�gr I� d�s��necl to pro�1de d�t�1led h��llh 
ef"fects. data, Rg dina on met:hallhrns b)' 1ilf11ch aalth f!'frects are 1nduc@d
aoo e:<pi"l!!S.Sed , 'Mt11 ch can110t be obta 1 ned ilwnan stud i i!!S. ffii !" s Lib prog lim 
m�kes us� of e�p�rfments1 �Aim�1s £hOseB o tile basis th�t they ar€ usef�l �els 
for ttuma.11 hehtgs. Irt addition. an1t�il1 O�!Jan .attd UisJJe· ' ltures.�, �ts .roll ,u, 

an fma 1 a."d tlumilln r;;e 11 cult 1.1re s �, a� &X'tet�Js1vel y tr:s ed ( 1) to Ge11e1op an LJP'ider
st�nding of �asi' �ec�an1stic pr1nc:jp]�s iDvolv�� in the produc!ion of rad tat1 �n 
aBel ch�f ca.l effects tdJ i cP'i a.-� app1f cCJ b 1 e to i!I'DS. t spec:1es and ( 2'l to 5t re�gtllen 
our capallin i ty to �x.trape 11 ate e:<peri men!!: a11y--derhe<d di!ih to m"n. Both 5-ub�ro
grllmS. 1ne 1 ooe mo 1 ec ulilr� 1eve 1 s.twi es. l i IF;e ct.f'ler p i!.l"h of the o-1J·B'I"a11 rat It 
JU"ograrn I the Health Etf�(;t� res.�arc,h r:m bss�c. b�o1o�i cal ros:QBrcl!
to pro�uie n�� a�d co eopts app11catJao 1n both sub
pro�ram ,u·e-as: I 

Huma" }leal t.l'l IE ffects 

Tl'l� epi<l�1o,J�c rMeatrdtl prograJn c r1 ��s stooa es. rrm1d1 �t t pt to Ill i"O'ti de 
.-re@dec:l sc1 en til f1 c datil all'l.d • at the s.a:me ·U111e1 pro\!1 de information of 'i��tpor t i11nt p.racUc:al s�gnifiic:3nC�e. The5@ stud'ieS' Lnc11!1de invest1 �ati oos of muman popt�l tt
tjon:s with OCCUtPii!itfonal o,r !1wi roillme.ntal fr.ll.posure to eBergy-�latod poHutants.
�ong tne major po�ulat1ons Wh1cm h�w� �en unde� st�dy for severQl y2ar5 ar� on /nQE (Ontr�ctor workers. ��p�rtese atom�c-bo� s.urYi�orsl nuclear s i�J!rd 
'fi!O.rkers., �JMJ Now J1e.!dco uranu•m Jlf'J'S. rr.e:s-e popuiHi� st��es �i 11 be �upple-
meJJt�d. Di studfe!i Of 1upg C:iJI'ltar c.as,e!; H'l P'Emn.sy1 l,l'afli,iiJ !lnd Nelof 'r'orl\; .11nd of 
ca::unun 1 1Oc<J�ted . oear DO£ fa c 1 l � t f<ls. The fo�r .stud i e5o il ro ott t�pt f ng to 
dote> 1 nl!' t there n a potont h Uy nU'S.i!ll reh t 1011 sl'l'i,p bet. ��P-en lung t;!}llc� o11'id re� � �en.t 1..r1.l erqJor&.ure to rac:Con gr.� i!n:td its. 'Pro-get�,y. T hi!! htte-r !it udy ul 1 11 zes. 
prenousl.)'wctt�llec::ted dah sucfl a5 the �9oV, 1970 and 1980 census�s aM mOrti!il ity 
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r�ationilil centdata for Stati.stic.s, to inve'Sti��t·e 
dustering dfse'ases re htert pro�TIII1ity to DOE laboratorjes And otner 
operations .. 

During ne!iults '! 1pyllrdl stUd.)' w"'ll be availc!b1e·. 
Tl'lns.o eefl .e nx i ow sly a'Ka1 ed fCJr SOI"e ti e., and are expected to 
great1Y refine our !::Mf1d� low-leve·l Fcdl1ation r1 sic E"$ti �t es wnich M11i!o 

been d��elo�d through e1t�a�qiation from pap�1�ti�� expo�� a h1�h doses ��d 

dose r.ate� • Also tlu r 11'1 g rY 1987. it fs. ex:pe-tted t.Mt e.lC:ptl ns 1·o� of thA! Hea ltkl 
Surv�1t1Jan ce Sy:iiitem nQW opera t1 ng M. tM') DOE s: f'tes 'Iii 11 begin o pro'tide un1 que 

data on morbidi� ef ect� trow occupatio�a1 e�posure� tt DOE faGilftie�. 
simi H.rl.)", thQ i "tells 11 ve effort tn �;naucter1 Z@ the hldus.trfa1 h.)'914l'no· a·speds: of 
t�se f��ilitie5 in order to iden�ify chemical hazards wbi'h �Y be re$poa$1b1te 
for �one aptparent1y d�l�lerious health effects that h�ve been di scovered In 
p rev i ou!i ep �dE!m'i o 1 O'!Ji c ·j 11 'I&St1 '!Jiati O'll5 wi 111 centinue .. 

U1ologilc.a·1 1mallic;ers n!search 1-oou f�r thoso s11bUe c:fl.ange� frtn1 the r'10�1 in 
bto3ogica1 functto� or �r�hology th� are a$$oci�t� with �xposure t� a 
po11�tant of ca cern� Onle rdenifft@d, these b1ologi�a1 m��k�f� Da} then be 
,appl1 ed fn !:!p •d(l1111 o l o!II.Y, '1 h1 i cal re·s.earch i!lnd occupational 11e1:11 d ne Gr, con
'Yii::J"$e1y, tiJe!!ie f1elds mtiy prn,·1de t!'ie as:soe�at1on wlllic:h wlt1matel.)' iderttifiles the 
marker.. Ongoing efforts incl1!de a project i:hillt B corte ht ing �-<�ns Btem.t. cn.-omo
sone aberrations wi tih rtidti!Jt1on �nd/ot ch 1c.al o·xposurcs. Thfs. project tt.as bee.11 

dentffy tile oRc1>genes ii !iiWOhed ii 11 t hes·e i!b�rntions., pos.sib1y 
g@ne5. �otn�r b1olo91C�1 aarkers proje't is obtaiRing� by direct 

1jnformatii1:1r1 on the chromo'S co stft11t1on of .norm,!1 hwm�n 
as wen a$ those fr(lfll en lifho 11il\Y lla\'e- b;leJII expl)�ed to potent11 a 11!P' 

pollutants� tn1i r�s�ar�h pro¥ide tor th� first tt e �methOd eo 
numb�rs of human �enm ce11�. ln another study, loc�s 
moasure� d1rQet11 t� num�n �p��- Jt w111 b� th� f1r�t th� of 

thi!!:i kind, These inter elated effort� at tile for.efr(lnt of l:11,1ma.n molec1.1l�r 
bi ol ngy 111'1 1 1 c.ont1 nu c at ill -s111}1�t l.)' i11 crea<Sf!!!li 1 e\le1.. A 1111!1!1' ptoj e<ct to s-tudy 
cult red hunum celh, for cyto·to)!ic a11d genetic:; d�ge illfter .11pos;ur to 111door 
c:OP!p1 ex mt );t.LI NIS Mllll begin tn 1�7 � 

OOE po11cy hits 1ong t:!ncouraged con$erv ilti Ofil techni.ques in both ce� !lllild 
workpl�ces� N�t�onMride; ne� b�ildinq tecnnology ha� gone f�r ln 1mp1�n@nt1"g 
these PGlfdes 8� a:t thl! sal.lll!! ti p41b1i c power util"ties ha.ve a:cthely 
oncoura'J.ed we-ather i �aE: i oo of e;o:i:!it ii 1'19 �trw�tu res. Ass ljr 1 ng hilima 111 h�ft hh aJid 
saft!ty ilfl ttr.es(! tigfhte1led strllctlllrn,. a re�e�lt of OOE comserva.t'ialil polic.y., i<s af'! 
objett1ve of 1n�oor atr qualfty researcb� Efforts s�udying the he�lth effects o 
�dvan�ed coms&rvat1ofi �c hniques �11 cont1�ue, further work om indoor 
COdl;pll ex ch ecri c. a 1 mi ll;hre-s. as �t�e 11 as b1 o1 og 1 cal aflltoso1S 11"1 en.er!JY si!liYi ng :II 

httli'ti mg ilfld cool ing s:ys.tems !orll11 beg1n.. Wlti1e r-acl!olf! �5o bee!l the most s.eri'OIJIS. 
c!)ncern ar'ld oco.s C'lf mucll of the Jt an ea h.h rfrs<Oa rc:ih. these other a:reills ll'etlli!li o 
largely 1,1ne�plored by any Fede��1 4�ency. Wb�r�ver pos��ble. s�c� r@search will 
be done 1 n 11 c:oo-per111t 'ii •te f a�ili on w11 tb otAer- agenei e5 sudl M the Con5 umer 
Produt.h Sa.f ccy C:o::mh� i C:Uli •• Env 1i r-,onment;;�l Pr.ote.c t f on A9f!nCJ, aM � 1th and Humi!ll1 
S�rvf�e� to assur� �ax� US@ or �x1stfn� and a ¥ &il able fu�4s. 

te s edrc 

1 

An e;KPi!ifld'IM:t �o!'Jd'on progr� lji{j 1T t I"a htc severaJ ew 1 r�ncvJtive h�Jca n 
�xposure �ethod� s ch a$ radon �roassay developa�nt. P�-210 (Lead) tn min� and 
rftll wen· k.ers les. show prOOJi � e as a.o f d1cator of thre i ntecgrated r�don d.a ughtcr 
expo:s ur�. A t�t�'C·part st ltd}' to JDei!s u.-e Jl'b-210 c.on,eontt'ation:!:i ., n former rni ne and 

11 wa,.�er'S. while th&y are st n 1111ive:; afld' preserved �rtfmal bones an-d bo"e:s 
ob-�a11led iit llutapsy uranitrm 14Qrilc4!'rs wl fu1rt.hE!'r fnvestigate the utfl1ty of 
th1s iRte�rator of radon daughter ehposur�. ]n �dd1tton, recent highly �nsit1�e 
1 as er i!lrt a 1.)' s 1 s te-ch t q ues i1�·te been Dlil'Ve 1 oped for obta 11111 ng d a to!l on huma1111 �xp0$ure 
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Oosa-R&�ponse 

Radon and dau9hters i� blood or urine a� t�o poss�bl� 1ndicato�s �f to lhese b1ol ogf-
of population 3$ wel l �s wnrk�r of �al dosimeters ofr�r the pote�tial 

expllsur�s af'ld l'ri 11 

$0 ur<.e (If he.d t n& r1 s k f n ( o Nllllt i on upon '1!1111 c:h e11:i sting $ Uirtrdc. ·d s and TIM!' pt 1 ne 1 pilll 
�1"1 vt tton111enta 1 11 rn1 t t ng hlilrr.an expo !i ur e t:o bi o 1, ogf c:a ll y act 1 ve guide 1 f nes fo 

to the Departme�t of spec1r1c 
n h�alth Si 1lar1y. 

cuna t 1 nt�grat r.l} exposure to radon and ,,.�on di11Ug ters.. 

radiaLion, a. sltuat)on the! mijst be consli der tn many occup�tion�l an� public 

exposure s1tuatio�s. 

To meet these n�ed�. thu oxpertmental �alth eff�ts re�ea�h progr�m �im!i at 

prov1din� h�alth ri$k ev�luat1on data fr� carefully controlled laboratory-based 
stud1es usi�g I! muHi!ipeGies COt"'J)I!Ir&thf approach er.com�Si:sfng multip1e levels of 
b1ologtca1 camplexfty [ 41nfmals,. or!llans/Uss.ues. ceUS1 and Thi'S 
.approac.h :seeks pred1,t1'1'e cori"'Pht1ons beh•e�n c:relluli).r/molecuhr avent� dnd 

ions 
compl ex cbemfcal mi(tUrus related t� �n�rgy productior� and use. S1 
are also conduct� to provid@ d�tafled experimental eval�ation of the g@netic 
r1�k for mutations th�t �ould result fiom �xposore to the sa� physical 

.be d eveloped io c.onjunctfon with U'lto ar-1mal experirncn'tS.. 

He�lt E feets Re$e�rch -

ll'!}ent!i a te I.Ja�ed Of\ the ana1ys.1s of tl'lc.rcased incidente'S Of c.ancer aoo Othet 

1 i!te-oc.c; urr1n1}1 d1 se'4s.�s. � n humarJ popu1 ations I:!Xpostd o those or simi 1 ar c hm1 c:a1 

or pnys 1 cal .Jgent s.. 1t llas bt:!C:O t n.c tt:!�S1 ng1 y obv l o�i 

lne�ocquate. to pro\! ide s ch I forno.t 1oF1 ror so=e of the rad1at1oAs and energy

related tomplex ch@mical m1 tur�s 
Energy. inadeq��te d�ta at� available for p��d1cttng h� 

ffccts resulting fr� expo5U1eS to corbinations �f tox1� org�n ic compOund� 8�d 

prog1r 
1 pr1 

ir�fomatioo to asses.s human ri'Sk7 illld' (2� to previae. on .'l c-onlilnuing �nd pro
grP.sshe basis.., i!l scientiffcaHy !tOIImd data base to r.e;rowe Of' m1n1rnhe tlrlf" unc:er
tili1Rtfe-s tht!lt e.xht 1n de-ve-lop1ng usl!rul ht�ma.n r1sk. li�S>es�ts. Two dt$tinc't 
but hrterrelated subprogl"am� e:JCist ror oeetincg th�se goals witilfn t:lile restr1c.ted 
mission of the De��taM;m� t. To meet Ur:st obj@et1ve., deu11Qd to�1eo,lagtc�1 
dose-respon� studies a �onducled with long- �nd short-lived laboratory animal$ 
�o provide r�1table quantitative esti mat s of inercas@d 1ncf���c�s of delayed 

radia 
1lar 

c B�ical 

tIns t L.El8.n dllti!1 �lone a.re 

na� tl(l) major- thrusts; ( 1) 
d.o.U. 

��11ole ,iJni�l re-spMsuL theTha to supply 
k.1nd!i o.f qLumtl till the &xperl that en be used as a: 111ry source of 

S.Ofrli!ltic effects tilat re-sul t from low-l�veT Ql(posure to io.. tz.1ng or 
stu�1es 

��t of tho�� s url1es attempt to duplicate the chro�ic�iAd agents. 
low-dose exposure �ondei t 1 ons that m1qht be e�p�ted tQ e�iit for ottupat1onal 
gra(Jips,. .as �ll ill5 tl'le 5(!nerd populatfon, �s. .-esult of' t.h� c'!ttiv ties of the 
Dep� n t. At t lte s arne n me, howeve1r. bn i c res.tUII"Cit sttMU�!i ilre tarried o11t to 
e'lal u.a te tile 1mport.anc.e of expo:s 1.1re and b1o1 ogk1111 warl ab1 e-s: .. irli! hid h'lg do��-rate 
a!Pd -!19£! o!lt tim� of e lepos.ur·.e � jn Rlod1• f,r i rng r1 s k:s of �e-1 ated so:NJ t.1 c and !J�net 1c 
efr�ct�. Ttn� second object.1�e fs met by �subprogram �h1ch seek� to pro'l'1do an 
�nderstaooing o·t t t.e basi<: phys 1 c.a 1 �· .cMrili ca1 � .s nd b i i> 1 ogiCilll cPtarn1sm� 1 nwohed 
m J)lroducUon Bf delayed s.omi!1ti e and ganetit effE!"c.t:li in ma111mal hti celH7 th5ue�, 
orgdm, arnd a�gan1smsL Th�e l�t�er studies are not Dnly inherentl) 1mpottanc in 
establishing �n�r�l b1olog1ta1 pri�ciples in toKicolo9y but �lso in ostabltsbing 
a sound basl� for �xtrapolat1ng e�pe�1m@ tally-derived data to �stimation of 
Murnan het.'i I ttl rl srcs. 

Ute Effec.ts Studies 

The 1 arg:est s.egment o tllls p rogr 
provide ltf@tf� l"t!ik data for 1nduction of c�n�er and 111e-shortening by 

dS kEll a§ gamma- and betb-
Ht HIg ftss i 04l prod�t;h tlil at are of cont:e rn i111 nudetJr wi1$h! mal'! agement 

i n'Yo lYes tht! use of 1 eng. l hed an 1 maTs to 

1�tenH!!lly devos1�ed alphtH�nitt"ing rad1onu�lides 
fl�si�able �ter1a1 and Dl act�ntd� radloisotopes 

of fmport.anc:c 1.n prad 1.1ction of 

7o 



n-

· 
tu�r-

:led 

ndo 

-1 

re�pon,Q. hfom 
cprave -he 

silOrt-ter i!!. 
IR I:JE 

wllotJ 
.ri�c!J!! 

questlon� 

de-'ir�e 

w 

ac.t1 .,., ties af tile Oep�rtlfle!I"J't.. Some tile5 e s;tud1 es were· 1" t 1 a!t� 7-l 2. yei!!lrS' a1o 

ard til:! d&ta o�ta1nad const.it te- .!i pr1mary source of e>��ith risk 1nfoma:tio� fo-r 

111 s.E! on a �:.o•rti l'lt! • ng 1>a :;;i 5 � lhe�� pro gl'.am.:; •rl'i l l be i!ldequ bite1 y �u� ported to thei r 

completion. Tile anima1 pop"htions. fnvoht!d in tl'le radiO"nuclide s�!Niie� l!:re 

pr�ts.e.ll [ l.Y nc�� ing 'eht'l' pos.t e:J<pos 11rr e ag� wh£!11 titey l>li 11 becom-e o��t n 1 g � r� !i k. iforr.
. 

deYe1opi�g 'inc�r. Hat�rial� tak� frnm a11d norm�l tis����� ot 'th�se an1mals 

prO.'ItCI'I!! an hvaluable re.�our'ce u stoo)' tne relation!:llips .!t-et�Nee-n moletu1ar 

mi!l rker'3, �uch i:!ls. oneogll!rt.es .a"d chr�r::JIIIe alte!"U1 ons ; rt rad 1 ation · Fld uced ·Ci!lnct! r. 

su�h s.t�di�� were fn�tigted a� P�c1fic �rt�est Laboratory i� FY 1QB5 and If 

s cce!i!i fu1 , w1 11 be- e'l<pa in f'f 1986 a1nd FY 1987 • On i!J mu 1 U hbor�Jtory b4I sis. 
'5ti.WI1ell define tfhe microdos1mr!tr·.)' o'f deposited radiGnuclldes al.d hE- �p��Uic 
target cells far ca�c�r ?nductio�. 

I11crea�e� effort �111 be m�de to bett�r ��11 n� n �n 11ealth risk$ a��oei�ted w�t� 

noneccupat1o .tl e.x posu�tes 'til rilldi' CHI ct; ve d.,ught("r produ<:.U. ll.niJI'Iiill1 il!l�h�la
tioll 5tud1es will rocus om quantitative radon �xpo��re • rg�ponse relationships 
for t�nor indueti�n by r�don 1aug ters in th@ rodent respfr�tc� tract� Thf� 

work 'rl111 L'!ll' coordinated wl th �Fforts to idel)ti 1111equi voc111lly cells at. rt-sk Qf 
tu!JIOr de,•eh:;p�nt «<ind to meas1.1re the a��orbelf rad1at1on dos� ( 1.e •• depos1t1on -of 

energy) 1n 'ritf,a1 cellLJllr taerget�. sastc cell re$ea�ch will be used i11 con
JU�ction with flow C1t� r� In wor� a� the separat1o� and �h�ract�riz�tfon of 
targl!!t ee n s. l'tol acul.ar t-orlrrehtes. of eel hlllr re.spo!lses to radon daughters wfH 
aha be evi!lulltellll, in-c.1t�d1rJ9 �x.pres5io11 of (.<:11 oncoge i:!S;. lu::ldi'tfemdl an1 m�1 
!itl.ld1 o:s w 1 11 bo conducted to c1 arify the roTe iJnd 1 po1rtancc of ci gue·tt� smoke 
as a factor tm modH yf n9 ri s.;.:s r rOi'fl 1 nha1 ed rmann d aaHJht en • ThH :re!ie.arch '111111 
define t..oor b1ti ating ami prOflloting ildhities of t.lldon dau9hte,.s a11o:1 �19arette 
smo�e a�d determine 1 tho �cque�cfr o e��osure to these toAic �teri�l5 may 
siJgllifi�;antly aff�ct. the U i!i1 biolog1tal at1011 g,afne-aJ 'ff()fl thE! 
toU.l mtllt11 8'-'12!1 resea,.,h effort, �s plaJlll'l"l;i. should f 1ntel'jilrer:..,uo�l 
of hl1111an hC!alth s.too1�s �l'ld lle- t�er- � fine radon-darJghter dQs.e lev.eB hat �re- of 
'onc�r� in rega� to the generi!ll �opu1�tion, 

Tho major emphas i � 111 tt'! f! e.�terna1 rad t1111t 1'on �tudl'ies t s d evote.d 'tO be ttet 
qua�tHici!lti!OFI'S of the 51ax.in\!J11 ftBE ( rel at he biQloginl effecti "'en,ess.) of neu
trons at low do�e'SJ a:o.d low d!os.e-r"ates. lt ts oovfr.)LI'SJ now that detail�d anioil:l 
dcse-respon$e studies �te not log?sticall� or econom1ecally f�asible for the d�se 
range be 1 ow lO rad •. Neli type-s of $ tttt 1 s. t i cat modcth are 1><!1 n g lli s.co to k.l!! UJL�l· 
b(!St us of e:d!itill� dillt.a approillchi ng tnat deose ran� e. Sue ani111y-si:> na.v sug��st 
tn�t th�r� 1s a lt�e�r �OSQ�respon�e re���iQnship for bOt� n��trons �n� g�a 
rays. v.'l1ic: brg1,1es: for Ill £.onstant RBE ;,_ ithat �r��;.hl dos�- ang�. A n111lber of 

vitro cell stlJ(Jios hiliv.e be n tn1t1at�d to test the hypothesis of 
consunt �:'£"'Cff'Ses in U1e: range of l rl!:-0 of ne-11hons. iltert 1 s s.omt! 1 nd1 ca-
t1on to da.� e that x- i\l"lld. 9amma radh.t:i o" act���lly �re • f nconpl ete t::a rc1 nO:gesl!;;• ·in 
th;;!lt seco'!ldary 1'111cto s.,. rtot directly rel.(Jted tQ the ri!ldieat1olll ftself, � d�te:r-

11'1c cr or oot tumo:r 5 dctvo1o,p. nese rtud1 u .. whu rttlup1ed Loolit h t.he..:!.!! 
. � ceUl and t.h�ue �tud1e!i de-s.cr'ib.ed below, llli.IY re$ohe ny or the 

ex1s.t1ng th�t �a¥e been r�1�ed In the hemlttll protection comm�njty �bout 
t1'1c l!'ed to reduce the m!l.x i n:.!l"l pe r'llli s.s i b 1 E- d os� of fli!Ut ron!i for wor k.e r5 iI) the 
Dot ptro�ram. i s.e -crH. � c � 1 1:; imJK�rti!nt stud� u, .,ill be .a-c.ce 1' e r.a t� 1 n fY 1987 • 

Dos��espon�e stwrlies 1n s�ort-lived �n1mal$ (rodents) wf11 cfintinu� ift oraer to 
classes oil' clilm,tcals h enerqye.rel.\te4 «mple:x cbemfcal l'l'lh:turB-s that 

pr<KI.uc-e l>!!te so�J�atfc effects other thatt cancer (e.g.� congen1tal abn..tH'miilltJf's. 
aura t.o:K I c1ty., iiT,munotDx'i c i t..ll). .D.dditiom.a.l dO'Se- re>SJ!i)nse Lud 'ie 5 i 11 rodet1t 

�pecies w111 be �ee4ed to ra•id�te t�rci�ogen1-c. and mut�g�o1e pro�ort1�s
p�·livusly ob:ser�o•ed fn c.ell b1 DHHJo' :stooi es� Also; in Aeedi of val1d01t1 o., 1tt L e 
RldJI't'1aHa" organism ars :synerg1st1c. (llld !l:nta9,0nfs't1e 1nteracttoC15 that .arc �'lo�n 
to occ.ur btot�reen compcn2nt5 (lo (.OJTlplex cr� i!:tures M exami ned in simpl & Ndel 
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C<:�l an�tures. Suv�ral 

and t�yroli 
chemi�al 
growlh and dlffer�nt1at1c� followed either 

This �pproa'h 1� 

su�h asti�tes. The res�ar�h provides a fundarent�l understand1ng of he p�s1-
cal �Ad chem1ca1 react fons that can produce b1o1og1�al damaqe and the molec�lar 
and c.ell'u'ar ch:anges tn,at h�ild to, tl'le Qbserved genetic. t��nd somatlt effects in 
i�ortant carget organs �nd t1ssues of mma11an s�c1�s. �h� s�ch studies are 
canduct�d a comparative b8��s. the� prov1de a sound baSi$ fo e�tr�polatfo� or 
'll:xpe rhnenh \ 1 y deri -u ed d�h to numafll �1 "9 s. 

Ongoin� resNttll ftn lf'itd1olog1cal phy�1cs, w1 11 be suppo'tted on � conUnu1og bash 
to ��pply the data needed for a quantitative understand,ng of .he ��r�y pl"lysi,�l 
event s (O!nergy depos Hui ot11 and tr.ansfer} lltf'ltcfl l�.!!d to fmport�nt b�olo?h�al 
damag,e. RKel'lt emp'hasi s hi!!$ $hHt.ed from studies Gf !laS pnilse react toM to ttte 

re r·elevant reac.t1ons. h c.olld�nsed 5nten�. Abo, sptK1a1 
phasts eontinue to be given to undcrstandtng th� �Qact1ons �th h1ghMLET 

rad15tiOn$ ineluding neutrons. 

Ifl tlul' v'e1n. b1ologic.t1 s.tudiH wflll cont inue to prc't'ide deh jled 
understand1ng of the kinds of change$ 1n �ey ��romalecul�s (�otably UNA) hbt 

res,ult in genet ic: c.hallges includ�I"'!J tilillt ar� 1i ely involved i 
product1on. er�pfrlasis. ·�ill c.o.�ttinue to be placed on roseaerct1 �ten 

compar�s those. IH' changes tha,t e)Cposur 
and to to:x fc. che"'rl ci1ls 1 i IIIC@ ev1 den� 1s now iiiCCunnAillti ng whi c.h s ug!llest5> th a.t H
�1� be poss1b]e to d1ff�rentlate between the kinds of ��t!tfons and molecular 
dama� thdt ar@ produced by ital$, 
tlon5.. Such 1n'fOm!lit'hll1 cowld b� portant tar dt�velop i 9 mo'lecuhr 

e�posure to themtc�• m·xtu�$ 

ultiievel• model systems b&ve been Qeveloped wh1c �  �llow
dierect int:erco.np�rrSOfl cf c:ells of a. gh·�m tiss�.�e \nth.� 1ntact il!nlmal w1th c&lls
c::u 1tured fA "' it ro. For �xCK;J p1 e • C•O 11' s 1 n the. tr �t:!t�a 1 epit�11 , oomt�il:ry glar'ld ,

of rode�t specfes can be eKPOSed to 1o�1�tng radiations or
age�t� eit��r iunsiGe or out�1de of the animal a� the1r subsequent

in �1YO (i.e., 1" ao1�al body) or
outside or_the �n1m.!!l (1n Vitro ) . pr�Yiou�ly to
chem1c.a\ m.,:lltW� or rG.CffatJons in c:ulturo can then be implanted 1nto Me of the
cn�mal models and followed both 1n vivo �nd In vJtro to prov1de deta1l&d inform�
t1on on the molecular chBnges fndUceliS� the��postng agent. 

sys.tems. The prirlc1 po 1 go111 or r-es.ea rc.h in chis al'ea � � to dove1op s.u f1dent 
undorsUilr.l11l9 of Uttar� controll fnq the p,op�rt1e� o CCIITple.�e mixtures !;o � ha t 
tDX; c.o l ogi c propert1e:s may be est tmated fr read i1 )' me.a s.u red chE!fllk& 1 a11d 
bio�ogical paraJI'M!!ters .• Nenc.e, b�s1 c Md mec.hilnistft resel!rdl 1s elllpha.s1zed. <:�s 
d1s cussed tiel o·,.r. In res.earch both r�dht i 011 and chemt ca 1 utagertes1s, 
1mpr.oved met!)od� ror d!tectt119. mo 1tor1ng, itnd quant� yir.g ,tle r1 tab le 11utaUoM 
in hrnnan and animal populations is urg��tl� needed and will b� expanded. C�rren� 
rese�r'h in the Gener�l L1f� Sc iuences area ts d�velo�1 g mole�ular tech�1ques for 
cl"lorilct.@r1 z:ictg molecular i!ilterati o11s in boUJ �IU!S and gerte prOd1.1cts (�•. g. pro
teill'l mohc.ules). A$ tn�se methods bt'e0fl1e av11ihble for rot�t.fn�t use., tllley Wiill b� 
a�p ned in 9,em:!t ic stud1 es. of 'I':X.1JO'.i ed ;m1'1'il! l s.. 

Mechan15m5> of Produc.tion of Ute Ef·r�c:ts 

As was m�nt1onld Qarlter. there are ]i tted numan dita available for ma k1�g sound 
est1mates of ��n healuth r1sks asseclated Mit Tow-1eve1 �Kpos�r� to tho k1�ds 
of radiatjo�s or complex Cheg1c�i ixtures of concern to the Depa r nt. fs 

a1ms to reduce the unce�taint1es in �s1� thftt 11afted infonaat1on as 
t�� larger data ba5e der ..,�d From laborator-y-based e��opel"'ii'U!nts. to obea�nas 

to becan tnose 
cancer-

res,ult toll'l1tl B9 radi atiOrlsfr-om to 

on1 z1ng
s..:t.rem@ly i 

r��l8t1on1 and ultr�v1o1ct r�d1a

marlers that can be used to estt�te ammalian or 
radiat1ons. 

Spoc11J1 �pfrlas,is Wf1 1 bC! gfvef1 'l�o :stulil ies tn11,t rehte cellular/ IIDlet:Uliir t.hilnge5
i1n intact anfmol Qhen elfpOSU�'C!S 1'on1zing col'llplell: chll!fllit:ne to r�diat luonsor or 

Sl 1J�r]y, 
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bo1 nq eo:<p1cited i 11 !it ud i �s of bOU\ ra41 i}t 1 0111 !1.'14 'energyi-reh ted chemica 1s .. 
S1.nc.e this type of lifOrk. ml!!ets lboth the obje-ctives oft iS subprogram. funds 
�11 be redir���ed other parts of the ��eancn in DNder to acce1 erbte tDe�e 
studies� particularly in t�e case cf re�e�rch on t� neutron Rlt problem. 

Re�s.earr-�;:.1'1 �.;11 al 5 c be 11<: ce.l erl!lti!d to dl! v@ lop it .s:tron.;er- ba.se of kno•� e<tge 011 

�chani5m� of neutron with b1ologic4l system�. Although the bio

logfcal �ff@ets of ne�tron are �11�n tQ di f fer sfgn1ffcfirnt1y from �hose of x- dnd 

g radiation. the mechanf�tic b�sis or th1� d�fferenc is not kno�. !t is 

p1aBn� to in�re�$e effort 1n re�e�r'h on na�tron inte�actio�s at h� leYel of 
the gene. Ij)1 s �rk will inc1 ude rese�rch en rnechl!nf sm� of DN.D. d ge and 

r�epa 1 r. Relate� studies vi11 expl ofie the paS! 1 b 1@ ro1 e- o � c:h rortO� ooe' dam<agto and 
�ncog�ne artfy�t1on t� n�utr� c&re1�og�n�s1s. 

In a r�l.rt!NI arll!'a of research. ba5ic studies in c.ultured oells and irntact lli'ITIM.l:s 
are c.arried out to e-lutil1at� the cban SIJ'ls by �te:hd"cm c cl'!lponetlt'S of 'omplcex chem1-
��l miixture� interact �� �1olo�1�!1 �y�terns to alta� toxieo1�g1c pr�perties� 
Nol'lad'd i tf 'ol'ity of to-" i c:iti e� ( 'i..Y.nl}rgi sm � .;mt.llgqn hn} appears to be c.ha rac.t�l'r i ·s th: 
of hi,gtlly <��ranat1c organ1c �h-em1eal mht ures rosost1 u�1�. Such nonadd11:.1ve 
effects m�y be a gener�l property of �ny type$ of ccm�1ex cfuemi��l mixture�. 
Alth-ough ..ell �l'lstrated {e.g.� fn fossfl fuels afla c:�.giJo·rett!ll' smok.i! 
s:ate} � thi!' eel hl ar/rno1 ec�;�l.ar bases. for thes.e noncldd1 ti io'e coffects. ara not undler
!:itDod� Increased e:llpha5is �otill be. give-� to tile df"yeltJ'J;l!!lent of rno<ie1 CEollular/ 
rolecuhr ststems. to &1uc.hlan t e c1 p1�e� t .at Qo'IE!f"n c:he biol ogic.al int1!11"at· 
t1OM. A ttemp,t.s: •i ll n1so be· made to �tretli ic t 1nter-act ions betwe-e" c.h(!ffl� c.a1 
agents aoo r<Jd1a ion� s1multaneous.1)' ad ln1s.tt!f�d to t�rg�t cells/t.Hs.ues .. 
Re$e�r'h on 5pec1f1c c� 1 liu la r �nd molecu1Br m3rkers th�t correlate w1t� dcliyed 
toxicity is also emph�sized because of t� pot�nt1a1 1mport�n�� of s�ch markers 
BS pr��ctors of tcxfcQlogic properties. 

E: !i:per tme� a1 m�t mod's, hiJ'i'e been deve1oped to c: l:la rac:t,ad m11U t 1 o 11S at tn� 
chrOOIDS.Oilli 1 al'ld1 roole:cu lar- hv,l! 1 1l n ll l o!Jrgi! nlllllber l!)·f mvtant s;tra. i li$ of rn1ce 
d�vil!!lO!J�d at the I)U. ll!:id!Jt!! N'i!!itiQI'li!l L�borat,ory (OR L]. EmphasH io early F''J' 1986 
w111 be p1 a ted 011 'iiC rcc-nH1 !J th1s a 1 ian utant co 11 ect 1 o� for t�os.a d 1 s�"s'e 
pho,.; otyp1!!!ii (from tiD;- muta ti OilS} that reosenb 1 r! b; o""" huma.n disease.. 

The·!H! mut illn t 5 � f n at OR�l � c en-s tf t11 e a uni �ue nuea rc h r-C!:!i ot� rce 
for s:tudies. 1n "�rHa.ble out�ge11e5.h. Bn1d�'S be1nq an irn!Xl'rt<JJI'lt 
t:CM!lponent o-1 lfie.ri·t i!bl e m1,1tagene�is s-tud i e� of interest to th h Dopa rtrlfl-nt • the 
varitlus m11tant strains of 1c.e .:� e Mde a'li!ile�ble O(l requl!�t tc otllef in'lesti
gators .. ll'i �ld outs1de DOE .. who are illte�st��d 1n pl!lr!l'lling sucll wor • 

Thl5 subprogr!m f� fortified by t strong General Life Scienc�s prcgr� de
s.c ribol1 !);!I ow • 

n 1987 
FY 1955 

d � GeP�teri!1 Life Sc.i Et.nces. • • • • •  • .•••••• • • .,. .S 2S. 5 35 

Resear�h in Gener�l Lite Scien'e� c�ntributes to t � base of fund�rnental 
Mologi�illl lcnow]!dge r::hat is r·eq�JJ1roo for the effe,tiye- study a11d tnterpretatio.A 
of energy-�lated rtemHh i!:ffects. lt. .also identffies !!iirl y 1M,cators of hia. 
logical d[m�ge� develops nQw ti!:Cnniques and e�p&r1m��t�l -sy�tens for res@�tth 
u�e. !Rd provides no�led9e �h�t even tualiiJ b�corn�s �S@d in th� estimation of 
hliiiiD.n health r1sk:. ResMrch in this category �ls.c supports. the df.!v.e1o�nent of 
ncli!l' 1nstru;;emts t{) analyze biDlogici!il S.YS ems and the use cf sp.eci a1 fa�n r tte5 
at t�� Nation�l Laboratorf��, s�ch as neutroQ sour�es to� the determinat�on o1 
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be runet1ons artd tlie1 r Rese�trch an l'lOf'Will ceH proce$ses 4nd 

$trong1y S1.4pported and will esnphashe �tudi es to u-.d&rstafld how celh di•tid(! a�d 

i nfl uence the shbtlity of tbe 
ce 1 h 

011 

and oth@r 

Research 1n Chemic41
_

The�e stu�ies a� 
in large organ1c and b1olog1eal molec�l � bein� m�de be 

to 1on 1 zing rad1 �t1 on or to mrixtures. 

lmpo rtant progress J s being made 111 biophys 1 ea 1• researcb and 1 Mitl'iu.er.tat 1on 
d i rectod t.olr.11rd the dev e 1 DIJUll!nt and app 1 i ca ti Ol'l O·f ad 'I' a nc� S)''S tQruS for !!leas ur1 ng 
<l.ltld detemfn n'J the strl!OI:.U<rr! of E:ornplex components ot 111/fn'll �;elh. Instn1ooents 
of � n t,e rto$t 1rnc llld.e I! 1 k:tron m1 c ro s �opes, f1 ow (ytamel e rs • and adva �coo opt 1c 111 T d�v1ces. For $tructur�H bi oloqy stud1es a.t the Nat1ona·1 Syncnrotron igtrt Sourc:.e ��SLS)! a be�m lfne for the vacuum ultra�iol�t ri ng has been equipp� with 
lnstri..IDE!ntatlon to study t.he s·tructure of nucl efc: acfds at'ld proteins. A ver-y 

bio1ogica1 �tr�tt�r�. and stato-of-the-�rt sca�n l� g traBsm1ssio� 
elect�on 1croscopy, that 4r� h�&�11y �$� ror r�sea rch 

in 
by the ��ad�1 lt community 

t@gulatl 01 will 

i nf 1 uenc.e !"'(!gu1at o them. A r-ehied probl 1S 

to umd.er�t.tnd wh1'" ,,el1r1•lar hcto -s 

Ut!d state a11d 'llitli c:ll ones 1nay tJ� 'illYo1ved fn the era1SromaJt1 on of no nna1 

to a mil Hyno&nt s t.atoe. Tbis res is rc1at eel tQ or�gohlg stu:fl1 es of protc1 n$ 

the su�rtac:es o- cells thllt a-ct as part of i!l mer:Jbrane transport 5-ystem oF �re part 

ac ehQ 

such 1ymphocy 

I"'Odertt$ � 1 � 1ved iln mal �pec1es. usiing
g1neeri�� appr�aches M111 be eaphasfzod� 

ph�tc� is in��st1gating t e undam�nt�l proces s@s that
govern the d1strtbut1Qn of energy .nthiij b1olog1ca1 molecules.

so th�t th� data ca
applTe� dtrectly to�rd v�der$tanding the biological effects produced by �posure

<::hem1c:a 

of cell rec�ptor sftes �hich tran�tt hormon -borne signals frum tn� out�1de to 

tn� 1ns1rde of cells. R�1d �va�ccs are being ade in our und�rstand"ng of t�e 

mar.ner jn td)ich a variety of hormones or (hem1cal reg�lators interact w1th .-�c�p

tor sites (�gul�tory sites) on cell surf�'·s 1n weys tn�t �erve to to�trol cell 
gro�� and func tion . Results fr�� ��ent resea�ch lndt,at� that the presence of 

abno��l cham1ca1 re��l�tor$ i11 the cell envtronme"t maf trigger aberran t grow�n 

lead hg to tUllor fo nnat 1 on. lM s important conc,ept ,, ind leding t lrla pOS$1 b 1 H ty 

aetha.ted proto-oncogenes� ·�til be ¥1gorous1y 
the i"mr-;gne syste 

lp us unde�st�nd how the i�une syste ac ts to prot�et th� m��lian orga�ism 
fr.:;n tne consequenCe$ of ee11ular damage brought abo 1ft by energy- re1 ated 
po 11 uta nts •. 

Researd 'In genetfes: w111 focus o:n the s Nctull',e and f'-!nct1on of the geoe. fts 
o rua 1 11ndi �t.�ted co:nft gu rL!t i OFI s l1t the mo1ec ular bind clhromo !': O:&!ll 1 evelrs ,. -D�I1d 

ho1,o,� genes 'lliith modified st.rudures are ex;Jlres sed ilnd il'egulated. Of p�rt ic.u1l'lr 
I portaru:c afit stuct1u a1QI!d at. 1dett:�t1tyhlg and c:lor.hl-!J human genes Involved 1n 
repar1r1ng spoc1r1c t)pes or rad1At 5ron d�m�g�. 8mph�s1s is shi fting 1n other 
re s�an:h at both the hnima 1 and ceH u 1ar 1eve 1s tow:�.rd e!<P 1 aioing the phys 1 co
t::hemical a� mol�cular Dasis of mutatfons induced by various 1nds or rad1atfons 
and cf'lecfca1 agents. Of conti nuf n9 1 n't�t(! s t t s r sea rc:n on the dif(erent s.pec tt a 
,o t tAt i ons ud 1M\ b!lse-seque-Ac:.e change� that are prQduc.ed ;n certatn an1 811 
a11d human c.en s bt en 1ca1 s amd rlld li!it f ocu:. [nd ucedl mut atl o s and st ruetur!)1 
changes appear to dfffer from thoso ar1�1r'tg �pontane<ousl.t. PreH 1 nAry e-vidence 
s�ggests that d1ffetoot mL1t11g�ns may differ in it:�!@ spectrl!l of struc;hra.l altora
�1Q�5 they produce in ONA molec�les. Another cri t i c �l area of go�et1cs rese�rch 
addr�sses th� me�hanisms undorly1ng differentiation. neop1as1a, and �ging.
Includ� ts re�earch designed to elu�idate the manner 1n w�i�h c.e�lular 
"oncogene�· my be iLC:tiv t@d or !Jmpli fied by eatc::1 netgen i c age11ts. Mol�uhr 
eha�acter12atio" of and mut��t genes in both somat1� and 

and! training . 

d1 ffe renti ate and 'lllhat. factors or 

op�rtt es m.ay be produc t'S M"'cal regiJht ors lol"i tlil tumorlgeli'I'Ca:bnormal p 
invest i gated . Spech11zecl Cr!1h of 

also being st ud ied to�s macropha��s and arees 

genminal ,ells of 
and hu111�ns re�ombinant DNA t�tlll'lfques 
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'tJl l:h thl)ii<a d€v�iopment43. 
ave b�9UJ1 �t both tile W aM .�;.olec.ul es studi-es of !:he s�ru�tt�re of b1olo-:;1c.a1 

e.>:ists in ·tha ·ronn of a 

e tM b1ological �fgnifkance,. 1r ilflJ' .• of Z

in the to pr-oduce a Beth type,. of agrl(JtS were i!idjac.eBt DNI'\ 

been de-veloped -o.,.. r&p it! t dynamic.r.l!:s�st � pos1 t.ion- s•ensit1 v� x.�ray d·etector 

studi as of rolec.IJl ar s,tru.;.t11res using th1::1 x-r-a1y ri Bg, 

ntid11es il'le ident1 f1 ed a r.ow fol"'oiii of RE\:A •. n.r1ed Z.• RNfl., that 

left-handed do-.Jble he1 h: fn �o�hi ch the two co001pon�nt 

scrdnds of the helinx wind aro��d one another in a eovnter�clockw1�e r�s lo�. 

r11ture re:sei!!rth Ifill -s�e,�: to determi 
RNA. Anot �r 1 portant study h�$ produced a 

b.)' 

ri!!y r1 {IS of t 1\e \ISlS, 

Reeent st..-..c:tur11l 

det�il ed ch�r�cterfzat1�� of struc

ti'IC' UlfA oolP.c:lllt! by tt1traNiol•et r;)dfa.tion (\Ill) and�;our.!l alte·rations. ind11c.ed 1� 
form a cro-sslink bc!t��mentile C•l'le 1(.oal c.Qn:rpoond p��rah11. toin'ttmiltt�on with 

k.1n-ound 
OOA doubl•e 1\elh. iiiCcompasried by partial 1.11nwi'nding. of tile heH c � lnort"..a.l1y ltn@a� 

�t $ites of d��e. The availabi�tey of wt11 characterized s�pl@� ofstructure 
dCJmaged DNA irs ex()�cted to faci 1 h.ate ne...- re!lt:arr:.l!i Ofl cole.cuH.r n•echa.IUsms of 

JDl,J.u.ge lllt! s1 s. .• 

Impro�ement� 1n tho rasolijtion� mac.hine stab11fty. ��d sortin�g sp�€d of rlow 
cyt�ter� h��e �d� rt possfb1e tO $Ort c�romosooes �en bcttQr thilln 95 percent 
purf ty far· gene ��app1ngJ 4!tnd .o;;t.1,1d ie:s t)f cl'lromo'5 CJrn1!! dama ![le • and to provide DNA 
s.!lrnp1�'l ·for t:he constrt�d'i011 or chr�G�omo $pecific recodtiMnt ::mA Ubrillr1 es: .. 

Research on a prot�type ·elet:t.rorll1c c. era system f-Dr detection of r.adto'i s.otopll!
•abel bio1o'}it::.al mo1,ec1Jles. s-eparated on 2-dimens1o�al 9'�ls or chrooatogr-�ras was 

1�tod. Compared to co�ve"tjona1 autoraniography ��th film�. the t1me 
r-equ1ired fl)r analys.is tJf 2-dtmensional gel �I!!Jlata iol'ls wa:s. re.:�<�.:c.e<il by .a f�t;t'Dr of 
10·100 �long with impr-oved linearity and dyndmic range� An improved version of 
the c: • 11 ow undC!t- dev I! I O,fr.!Q4lt I s llo uld a11 ow d1 rect q lJ�UI i taJth e- countii n� of 
mast rad i oi$Ot.t;J�'!!$ with a $pat i a 1 res o1 uti 011 of 0. '5 1lD lind wtl 1 be us:ed 1n 
get��t1cs. re-search. 

Fl' !985 H 1986 
FY !987 

fh@ us& of rdd1at1non �nd tad��nuc11des in The study, di 4gnos.1s �nd �t�a��nt of 
h�man d�sea-se fs tMt fouMUtOfl of the· rield of r�oc1e-.tr Me-dicine. Historie&lly. 
DOE !Ad its predecessQr or�an1l�tions hQve played a v1tal rol� 1n the aevelop�e"t 
Of t h1 :5 r It!1d � This -dev e 1Op!::ent has been pass i b 1 e 1 a 11'9 e 1 y flE-tal.l s.e of act:.es � to 
the unique f�c1lltfes and ��ills 1n the l�borator1es supp�rted by the �p�rtment 
of E'n�rgy. The$e fac:i1 flti€s. include nude:.� rea�ctor-s. pal"t iela dc,c.e1·uators dnd 
nuc.lear 1n�trum@nt�t1on+ Moreover ; t�e skills of nu.;lear phy�jcist$ and nu�lear 
ehem� s ls hu.e been ess�Bth1 hr;tQrs i 111 tf a�sferrf ng nuc 1f!oar tee: Mo 1 og1 es eo 
�11cal eppl fCil ions. 

� objectl�� o th FY 1987 �seBrch p�ogr� 1s to conti " ue the deve1opment of 
ne'!ll n•J�1 ear 11�<1 1 cfr'"� prDc;ed!ure.$ thro��tg�h hs prGdu.c.ti ()ll of n�,.,t rae::: 1 ontJc J1 di!!S, th� 
r��iol�be11ng Df �w biolo�fcal1y ac·1ve a�en·s. and ents in in$trume� a
t.�on .. Efforts to develop otn�r mod1c.a1 app11c.at1oM using 1'1e!dors, accelerator$ 
and ot�r re1�ted nuclear t�cnnologies w111 �maintained. 

�·1 thin t lie Federal go·Jerflm nt th1 s �nh.s 1 on at�� DOE' !i fac f1 it f es for cond uct 71'1 g 
re-s.�a�·�h In ttl i' � a.re.a are 1 q JJe. Li .a 1 s.on 1 s ma.1 fit a 1 n� w1 t Federlil1 ag<!'nC 1 es 
{ pr1 no; 1 pall .Y l H �nd FTIA) , th.e t&d r op,ha nno!l c.eu:t i c� 1 indu$tr.Y I aPld the mad ic.a1 
COf!Jr'unity regard�ng he equ1rem"'nts a.-.d effediwe use of tttese techniQues fill 
�1ea1 r�se�rc� �nd pr�c ice� 
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Research C!mphas1 s on n_d'i,oooc:Hde production tn thh _eti me period w 11 oe oo th� 

develo�nt of g�nerator syst� for sho�t-l1Yed r�d1onucl�des. Such gener�tot 

syst:t!lll� cons test o a paMnt n c.lide 1 navi ng at h:ill� f·l He ritnging fton1 hours to 

whi'h decays to b d!ught�r having a hal -l1fe ang1ng from seconds to _ 
The d6ught r ,an be pcriodic�lly �oved fram the gener�to for 

1\t presentt mo<St .s art- I ra<ll1 onu�;1 �des 111,.� prodocod bi � �yclouon 

wt�ic.h severf!ly< limits their a.vailability. generator s-ystems 1(11 l pe.rmi 

�ucl�ar medicine procedures to be per·formea in medi�al f�c�l1t1es which d� not 

n�ve � c1elotron on tbe preoises. A pote nt l al new 1ni �iat1ve f� FV 19BJ 1s the 

d�·te 1 Ctpment of a c er · w:r 13�/1 antliiulurn 134 �an t!t"illtor wtn ch ap�ea ts Lo belt at.t rac • 

t1y e for MBf!l m11 rrow stud f es. PteHm1n ary sti!TGie$ 111"1 ttl 1 aothai'IUIII·l40 rts a t ttl€: ei"' 

showed a. M g bone ma;rroo'l upta kfl for lilnt ha.n 11n cornpounds. The adva nt.l!JeS of 
_ 

_ 

short-11ved rad1onu�lides are lower radiation dose �o t�e pati� land the ab1l1ty 

to condutt re�l time function studies. 

In �dd1t1on, s1gnlfi'a�t1J advanced i�olope production �pabil,ty is requi ed. 

"ost pre�ent acc@1erato� wer� not des igned for the production o medical 1so

to�es. What 1� needed are 6edlc�ted eyclotrons that utilize Advanted t@ch
�ologjes such as sup��onouc�ing magnets or �dmptetelon5 of linear acceleratois 
for �c.l usi ve 'isotope product1on. IJtpro•ted targetr.Y incorporetfng h1 gh ef1'1-
c.ie�cy radiochemi,al procedures whtc �re r 'ont rolled wovld great1y 
contriibtrte to al1uane1ng thh resear'h araa. Finallj, eorn"utrw control lad. fu11y 
au·tatnate.d rl!d \ opha.rmac.eutic,a,l on a� delivery !,i,YStems are require.d f<Jf' 
broad applf,ati�n in a situ�tionl 

A.ec&ITlt de\lel opment5 in t he BER mtclear nedfci ne progrllm i!i'l'e prod111ced 11ew 
ro� i ophi!irmace-utf C411s label cd with s ort-1 'ived radionuclfde-s. t n $yntheses 

Thes.e 

most 'important po�it�n ern1ttt radi�n�e11d@� (Oxyge�-151 Z 
N tI"Ogef11·13 1 10 01� nutes • Carbon-111, 20 mi out es and' Fhlo rf ne -18 I 110 

P.:�1notes). oneo canoot u:se standard ti!!cllniques.. R�tther .. ifl ovative r�pfd organa
and b10$ynthet1c techniq es must be deve1eo ped using the technologies of molecul�r 
bio 1 ogy ,, bt at: hen� stry,. orga11i c. chemistry� hot a to e hemi stry and rad 1 Ctehem Is try. 

The new $hort-li�ea r4dionuc\1de la�e,� rad,op"armac�ut�c�l5 ore provi�g to be 

t ht! rraJ or advances t IIat have 1>ee11 n�do to date I n quant I tls t1n-g pbysio1 ogy and 
pa.toophysi o1 ogy ill'l the hLCu.n brai n ll.nd h�art 'annot be can5ol1dated or advanced 
witho�t proceeding to the ne�t geoer�tion of bfomcdtc�l studleos utilizing 
Pos1tron EmHsi on lomo!lri!iphy. Tlte1re 1s an Llil"gt!!nt aet:d ole-body PEl's to 

9 our undenta�lil1 ng of 'cillrtli' onsculz1r phys; ol ogj' 

the potenl·al fo,r e>arl_v de� 
cancer . tor foUmo�'ing tlto l"4!-spollsc of pati ent 5 to treatman�. 4nd for ge-neral 

�o per��ct bn� evalu�te t�chniques for usfn� lab@led mo�oclonal a11 1bodres.
by FY 1987 werk on monoc ona l ant� bodies, for canc.er til.erapy 

and ei nseei m"-251 wi 
that_on� �r mo�e of thcs� ag� ts will have bc�n identified �s ha�1ng

StJrfl c ent pote,_tla1 ror t11ln 1(;.!11 tr1 als.
'«)rk. will be �;(tended �a 1 a� ling xHh radiqn,"li<te1 su11ab1 e
gr�phf' diagnost1c fmagfng. 

t 
· 

o 

1mproot1 
'4!'r hanic.a1 

deve1 opue111t ot adva:rn::ed tomog rr)pt11c. syst.eths wH 1 h-1ve irr:rned1at nad 1 cI'll1 1mpl Clll= 
Uons in1 enluatf0111 Df stroke pillt1 �n e s. <And dia!JnOiis of brain dis
ord,cr s �u:ch .!Is Rlzhe1mer • s � fhtnt ir:lryton • s P..!ld �a rid n:s on • 'S sf!!ase, 

ln FV 1987. esea�eh and de�e1opaent will be ma1nta1ned �nd de�oted to 
1de-nt�fyiAg �nd optimizing techntq�es for atta�h��g r�dionuclfde� to monoclonal 

cti oo 

therapy. dj!lvelor::nent effort wi 11 be required 
1t 

fer.rriutll-255, i 1 ha11t11 prOire.ssed 

inwol�lng 
minutes : 

usoftJl in studies of the metabolic functions tile brain artd art. Ha.wewer. 

cooduc.t res earc:lt toward 
1n and of t� ba 11 :sc i!lnd fun�Hon. 1n oildd Uio·n, su�;c,e5sfu 1 

ant1bodie$, Monor::lonal a,.tibod1 e$; have of 

ca.ncer A Sl.lb$tantial res:e:l!rcll and 

1 s a t 'f c1 p�ted 
1ab�1 ed wttn 

Qr postucn tomo
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[nstru.entatlon research tonducted by 1nterdfsc1p1tndry tea�s at the DOE 
labQratorl&$ provides � conduit for tr�nsf&r ing a�v�nced el�ctro lc and dete� or 
t�nnolog·es developed !t t�� DOE f��ilit·es to th� medi cal conmun1ty. A major 
emph��-$ at pre$�nt f� on the development of a �o�t-g&"eration positron emfss1on 
tOIW.>graph (PET). sently av!!.'i1.ab1e �olfmen1al PET �.Y!iotems have a resoluttof! 1 
'the ange of 8-lZ , wiUl tt,() cx.po·r1men-c.al 'Systems reachi !il a reesolution in �he 

5·6 mm range. rnese PET systems are ��pabl� of provl d ffng afl �han9es of 
metabolic �ct1Yity. but l�c� 'uft1c1ent resolytion to give �as�r@ 
o'f th@ spe(,1fjc. ac 1vity in small subrcgfons of an 011'4]:i'!l!n. Progr.e�.s tn th1s Oold 
ha$ bPen rapid a<� ft Is a�t1ci��ted tha� rleve1o�nt �fa pro otype PET �ystem 
!'lith 5patial resolut101'1 1n the 2-3 nlilge 'is likely 1n r:y 1987. 

T� us of .agnetfc resonance 1�g1ng (MRl} spectrosc�py to d�tect c�rbon�I3 a 
n1trogen-15 labeled th1n in act tissues and cells holds @XCeptlOnijl 

promi se ln providing ne,.. insfg.tT.t 1nto the c/Jallisr.t$ respcn:sible for metabo�it 
�gulation. Bec�use of the 9reat 1mporta�c heart dise�s�� current �seateh 
e-rfarts .rs r• focused Oil the i dent if i c � ti on of t llle rn�tabo 11<:. effe<ts 1 " the peer-
f J$ed heart ITIQde1 of �evera1 proposed thC!ra�eu i c. strategies; for treatment of 
ischem1c ��art d1s�as&. Efforts �11 be concentr&ted on obta1nfng quan it�tfve 
measurenents of o�tabolic conce"tratt��s in tne hearL. Most of the current 
app11�ations. of �HA to studies of metdboll� na�e avoided the fssuo o 
cetonm1�1ng the �o�c�ntration$ of metabolites under observatfon by emphBSiting 
relative changes ·n the signa.l 1nten�1t1es ot the rr�etabol1tes detoctcd. It is 
c1 ear that much more· in ormation cou1 d be obhined fr001 the spectra bj' 
quantita. t 1 Oli. 

A (.OOpcrat he proja-ct b�tW(!oell Broo�havcn tlat1 ot�a 1 Laboratory o��ndl su.Mor<l 
Univers1ty utfliz1 g synchrotron adi�t10fl to reduce t�e azar�s of angiDgraphy 
wi 11 be ::.ontim•ed • 

FY 1985 

1+ Carbon Oioxid·e Re-se�rc.h.� ...... � . . . .e. . . . . . . . . .e. . f 13.072 

F'l' 198.S 
F'l' lg87 

T� F� 1987 bud9�t r qu s� 1or the Carbon �ioxice Research progr�m fi 
$13�5SO,OOO. Tis budget provide� fo�; a few of th& �tgBest priori� rE�Ommenda
tions from th«> Stat -of -too-Art public.Dt:ions to be ·mplemented; a 11 ry basile 
program of data collec ion and contirwat1oo or and develoll"ent of 

1s; posos blY one l'l�lll crop ( ri eel wi 11 be adiied to the study of v�getiH 1on 
r�$pon� to eleyated a 002 1o�als; mfni �l monitori� of resPa�h 

of other trate gas�� (e.g., methane) may be po5$ib1t; �t�ftorln�t but 
no rec:t par-'t 1 c11).at 1011 1n the Intern ation ai �os pller-e B1 G"S p 1e11i! Pr-.og r Mil � 1 GBP J • 

ann • 't 1 nil'll I y. i! mini rna 1 core ocean prcgrlllll ne ellled to coup1e the atmo.spl'le:re 1 ote�ns
and the bfosphcre. 

The goal �f the C�r�n Oio�ide R�sea�ch progr� is to develop� sound. 
quantitatlY atmosp crf� l&rbon dio�ide knowl dg� bas� to aid ill enPrgy pol1cy
d�c1�fon m�kln9. lh1s goal in�olves the following obj@etives: i prove knowledg
of the carbon cycle; improve e�tirnqte� or future atmosphe�ic. c�rbon d1ox1de· 
improve u"dorsta�dtng of the �ffe�t� of atpospner1t c�rbon dio�ide on �11mate; 
t pro•ve Ul'lderstandiillg of Lhe d�rect carb.o� diox1 de @ff�ets. Oil pl"oduc;tivity of 
ni!ltuf'al andl agriic�l:t;ural s;yste111s.; deve1op and 'lerify methOOI:s for the 1'irst. detec.
tioo of tl1trlat� c.han�e due to 'jncreas;1 ng alnJO!lphel'�c ca.-bon dia:dde; 1de tify�
dof1n� and antify 1na1rect effect�; define PO$Sib1e options for mitigating
1ong-Lerm cons�qu@nces of a higher C02 atm�spnere. 
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Car&HJn d:'fox:hie 1s ll small but 1 portant compOnent of the earth; s .rtnosphl.!re. Tha 

globall co2 content of theo atmosp�re hr)� incri!.!!Sed fr01n .abwt. :us PliJ'rt� per 
mtl11o� (ppm) to 345 over the p�st Z6 yellrs ll�d Is pres�nt1y l��reas1ng by about 

1.5 ppm �nnua11y. The of the co2 increa�e is a diroct res�Tt of m�n�s 

fo�sll @ner� use. 

[ncreaslog ou t� �f co2 and �tr�r tr�ce gase� in the lltmo�p �re could enhant� 

tiH! "gNil!nhouse effec;t11, wl'l1c ·�uld re.sult fn w<�rm1ng M the le»�ew- �tmosplrlere •. 

Tid s� h1 t.\Jrn, c o1.1l d  causa eh�111ges fn p�ttetns of p�rac1p1Utt1an., evi1Jpi)tat1on and 
w1 oo circllllat1on. In the- hst decade, phys.1.caHy�bi!ised. matha:llfltiC<31i siilltJ�Ition 
ttld.a1 s of ttle gl'ob-al �tmos Jllher€1 ha'o'e tended t.q give added c.rodence to tbe!ie 

proJ�ctton�. More �ill modify p]ant gro�h �th the �otentt�l for 1�cr�a�ed 

erop �roductivity chang@d c�pos1tion of natut�l ve�etat1Qn. 

The c1fect� of �Qntinui�J i cnea�� in the a�spnere are uBcerta1A. The 
magrti tude �nd r.tt-JE! of maJit � 'S fe u'S e of foss "l fuel furt l�o·r com&�l i �atE the 
aHelldy unccrr1:a1n picture-.. H�verr, the sc10'ntH1c consen:s�,o�s is, th�t g.loMI 
c1 �mate c.l'lallge ·i Awol Y1 ng temperratu re and pre�;i pitoiltion vi 11 ·DCC ur. The t1 in� .. 
mag111t 1Jde :to t�g1ona 1J ey and any sub!iequent bene fi t!l and/or cos.t5 aN!: urncerh111 I 

aAd thle elCterrt of the uncert a i1'1 ty 1s Jol)t yet d't! 111ed• 

F'f 1985 
�·� Direct101'1 

$ 3j47S
Total FTEf' s • .• . •  . . • . •••• • .  ., . .. .  .............. ... , • , • , 53 

FY 15.186 
fY 1987 

s 1,129 � 11600 
53 5S 

11\e F'l' 1987 req1.:1n"t for B1o1ogi�;al ilind EllvirortiTlllltal Ae5earch Pro-.gram D1r�c:Uofl h: 
$3,600.�00. These funds 4 e roq�i�ed to provide for th� personnel ana ether c�sts 
ass oc hhd wi tl) coot11 nut 1 on of 53 fu11·time eq1.r:l "'a 1 en"ts. 

Th s sta.1"f directs .. rta11ages1 ilnd supports: a e111siv muHidh�tplfnarJI
r:eso·ll�Ch eHort de!i1gn� t.o nndf!'rSUII'ld th"' long-�rrn hea l th and e.nYironmental 
e fe.ch �nm::;i ated 111itlh tl'le d'evelo,pnent and 11$P. of fo!isH 1 m.mr;::lear and reneNi!:bole 

tech�ology options �swell �� the Bep�rtment1� nucle�r weapons operation�. 
In cftlrryi ng (II,Jt these res �01115 f b i'li t 1 e!i.. the s. ta tf pfQV1de� g,u 1<il.a'"l:� and su�vrHt 
fQr ately 700 a.;th� resea·r.et1 projects ( Jll!!v1ie"Ning and evaTuatit19 mi/lny 
nwre t.he proposal selection process) 1 de11elops lo g-rllnge protr&n 
pH:n s, b.a sed on tilei r a- s.e� SIDQllt <lf the s:oC1 ent tf1 t neC!d !i of the progr-am and 41gen.c;y 
priGr1tfa�, and eondwct!i m�jor revfews of BER �ponso� prograns llt laboratori�s 
�nd. unhersUh:s. This requlrres a c.los.e. 11 a han 'i11th atl\-er OOE prog,rimS,. 'Otner 
Fedeor::�1 agendes and the sc1ollrtltif1� .. a�aid�·i�:: i'llnd tndl)s.triiJl C(lfii!JUillHies. Th1s. 
:s Uff a1 !iO the adm'i n•'t!;.trtlti '-'e' �d progr41Jll support s:e rv1ces r'l!qui red to
ca.-,ry o·tJrt pro!]rllm. 

he RER progtr.IJD �liJS. lloeen l"(li>r1entol!li tovai"d �greater c.oan1tment to bask� l"'esel!lrt.lil 
.requ111"'irng a wiao range o·� scfentifi c iUld technkal B.KJH!I"the 1·n all of the 
Sl!tbprogf(!JTI!i. Thh pr-og.ram d'irectfon reqllles t w1 H prov1d� tlte !lUffing re:souf\tes 
to llt.il1ntDr11'1 the 'i'.n.riou:s profe:ss.ional sc1entH'ic disciplines nec.esn.ry to �vaTullte 
eff-t�l""ts carried out �n t e multfprogr llaboratodet: � �pe:cUlized b1'0ll'�iilCil1 ,a-pd
env1.rcme-mta i faci 11 t1 es and 0\1�1' 12'5 1.111 h'e.r� ii u� s,. lllos�Jt u h. find 'llthi!r res.o.a,rcb 
1�gt1twttol'ls, The w1de ran�� of requined expertise includes �1sc1�11ne� :sueh �5 
b1 och.eTi str-y 1 D1 op·lzysi 1: !i , mo 1 et·u l ar ilr�d c-e11 ulllr bi Qo � OgJ • ge�eti cos 1 tolC �co 1 ogy 1 
ll"�dfl!lltl<!n b·1ologyl 4!'1)id to1ogyt n11clear medfdne. pttysi olo9y, o:�ni!lytical
ch��1�try. atmospher1t 5c1a�OQs. o�ology O(e�mogr�p� aDd � ot��rs. There 
�re also denandSi en staff fo.- \n�;rea!ied ou.t.rei!lc.h effo-rt$ tor emU.l 

�e � 
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1 

-cr Pl!-c,'iflc 

� 
Prvce$s

_
develop� 

aald.tions 
1 

crurm1tments t•;) Sra:J 11 Bus1 ness [ nnov;;�tive Resurt:h e�nd Hhttorically 9-la.ek. College 5. 

a.nd for suppor·t o the liei'lllth and E Research Advfsory Cw.n�i... tee 

(I'IUA::). 

F'Y 1985 

s. . . . . . . . . .  . . . . . . . . . . . . . . ... � . .  $ 9.866 

FY 1986 
FY 1981 

ta,ility op�rat1on� prov1de for the necess�ry capital equipment and genera1 plant 
project needs to supp.ort: the B£R progra.'Tf aM tne Pat.i fie t•orthwt:!'S't Laboratory 
l�nd\ord n!Spon�f�1lities. The national laboratories �nd othe� ons1 te spe�fali�ed 
l�toratorie� �upnQrted by the BER program repr�sent an fmp�ssive n�tional reso�rce 
of sl o l led in'lestigalors, adY"aru;:ed oajor S.tient.H1' instrun;·ntation �2nd 
ex ception�le, o ten un1que. reseaerch fa�llftie�. The ahi1ity to �ddrtss t� diver
sity or �aHh and en•t1ro��ntat resear�h iss.ues I"'!Hlu1tes a c.ontinued c.oi'QTiitment to 
aafntain1 ng t.tu�1r advaJJced 1nst rlD1e ntat1101'1 a:nd a.;fli ties+ C!!,pi U1'l �u1 f!rn1!ilt 
(jg,soo,ooo) an� gener�l pl1�nt �rojects ($3,500�000) a e essential �l�o�n s Q 
ra�11it� operations� 

Recent �eats of 'Qn�t�a·nerl budgets ��ve �sulted 1n a �erious �ackloy of 
statewofRthe-art e�u1���t �eeds. Al$Q, exi  sti ng eau1pment at the leabor�tories 
ts suffar1ng from d�t�r orati on and obs�lescence and 1s in urgent n� of 
repl�tement. ��pital eq�ipment requ�st thts progr is e5senti1�l ror 
pursuing the heclth and environmantal issues �sso�iated w·t en�rgy tech�ology 
consider"tfoos end to t.ollt11lue trfgh qu<d ity res.earc.t. and adf4ances ilil the develop
meqt of ��clear medi�ine technolOgy. E��p1es of capitel eq�ipment rneeded at 
laboratories and universit1es to support ro search in�l �lectroA 
m1croS(Dp!, ltqu1d chromatograph, liquid scintill�ttoA cou�tor, spe't��er. 
am·no acid anslyzer� envjron�ntal 'hamber, infrared analyzer, animal Cd�1n�. 
etc.. !M�ny of these i terns a,re i nterc.hangeable lrl()n 9 Vilri ous res.e aN;.h efforts. and 
t:nerl!fore, ea ser-ve ruJnerous el(periment-s over a p-eriod ·3f time. mak.fng U11!m \•Ory 
cost efrec U v�. 

The capital eq�ipr.ent request al�o supports g�neral purpose �uipment needs at 
too Pacif i c  �ortn'iiii:!'St Ll!bordory (PKl). General purpose equipment requir�ents 
illt PNL a 11 1 nto t•..m bro4'ld c.1p1tal s!!pport cate!}or1es; � l) prov1d1 flQ Ptjf. 
�upport servic�s and tools. of a nQnprogramn�tic nature sue� as Safeguard5,
Safety S�turity. etc; (2) PNL provides var1ous s�pport services su'" as 
Erw1roomQ tal Surveil .!mt-e, Personne1 Dosj etry, PhOtography, et:c. forth� 
ent·r� Haflford complex. 

CMstruction f nels of $.3,500.000 are requ�sted 1111 suJJport cf the program• � 
ge:neril!l pla�t proja.c.t "��d1 a the North�st la,boratory hndlord 
re$P9DStb1lity. General plant project� are necessary t� acc�mad�te continuing
re.qu1 ri!lllents to ma1ntairJ sat s aetor-y and econo!ilical op-erating conditions, r.o 

t t�gu atory requir��nts ana to prov1de for new progr developments. 
nt and ch� nges 1� techni,al progr&� requ1r encs frequently

r�s�•t n the 3eed f�r 
_ 

alt�rat1��� o� ne� cons.truc.t}on it�s not prev1ously 
ant�tipatea. in &dd1t1on to s�t15fy1ng pro�t�atic requirement s� general plant
proJ&t5 prov1de the a�lteri!!tlons and to OJ�;ht1llg tac111t1e,s. ne:edea to:
1) sHis,t,y rad iati on prota�;t1ol'l .. h�.:�a.H and safety1� environmental protll!eHont "'lid
energy 'o s erv4t i on requi�errent�� 21 1mprov� oper�tin� efficiency· and 3) proYide
opt.imum ut?lizat1on of ll.ht1ng tatilitie!>. 

• 



Date Eeiil 

l1_g_at 

Phrs1cal De�cr1�t1on prnje£'t 

"Mt�r 

)S. 

1. T1tl� a�d lo�aticn cf project; �neral plant projects 2. Project �o.; S�"R-120 

3. A- E wr k f nH ill � 1st Qtr • FY 1987 5. llr�v i o liS cus. t ·E! s t 'i ml!lt e � -tfone 
Dat.P � 

3a� Ogt� p�ysic�l construction �tarts� 2nd ijtr� FV ]987 
5. Current cost e�tim�te: $3,500 

4. �ate coBstructi�n ends� 2nd Qtr� FV 1939 D�ti!! � 12/85 

7. Ob H 1985 Fl' l!J'Bti FY 1967 

of 

Ffn.!IJJc1�� Sc lu!!d lJ 1 �: F1SCil1 Yettr 1 nns FY Hl6/ 
Q) 

----

Pr 1 or roar fl•·ojeas :<XXXX:XJIX $ 4 ;.03"1 $ l,84a $ 7'26 s 205-.l 
FY l985 P�ojerts $ 2 • .725 2� 36� 1,[)99 1 ,1}05 
FV J 9::16 PrQj ec ts 1,127 0 l64 1, ]00 1,1\61 
FV HUH Pl"oje-ds 3;500 0 0 fl.75 ?. ,6?5 

8. �rief 

Thi:s E!$ U•illte is for mi nc,r nev c.cnst rue t·i an and other up ita l a.lter.a t i tms to hlld , bu 11 dings. ant'lt ut 1 � iti f>S '),YS t� 

Till! e5ti'm:at1:! aha incllldes �tPle cost of i'n�taned equipme t 'Which is t1 fntelljr�L part of tme sem'!rill p'l.mt. 
subp.roj4tet!:. 



8+ a�iet Physical Ooscrfption or Proj�t (continued} 

som 

€!!ie 

Summary � 
ra-t �r; 

Pur-pos! .. for_. sc.o£!_ Project 

$ 3.5'00 

ra t or� 
Ffea 1 th rcih 1 aborato .a.d 
l.os A I amos. l"fat i ona � labo 

res>£!a ry 

t:4lf4Sl'RUCTJ O:i fi'RO\J ECT DATA SHEETS 

1. Title and lo�t·ion of pn�jec:;t: Generi!l1 pl�Jnt projects 2. Project t�o. � fO·A-120 

A1t��ugh It ts dfff�tult to det�11 this type project tn adv�n�e, all of the subprojects 1dentifted below are under 
con�1der8t1on.. ln !Jener.!!l � the es:tilllld.teG co4JitS for e�c Df the sublJ'rojects i!r"e prellimin.!lr;)' 1n natur'�. wltR ill 
PNJect 11m1tat1<0r'l or H ..:�:m,aou� and pt1martly 1oo1cat1\rc of tM -s1ze of tt1e projact. Tf)e cont1flu1ng rt'v1t'W or o\Jr 
treqlll1ranents w111 result 1n or th prroj{H;t� ll.le1ng� �hangK in �c:o�e; It will al.5o result io oth�r p1r-ojects beinr:J 
�:�dded to the H st 'lrrlth the neces.sar.1 postponliftent!> of some llO'I'l 1 hted'"' a.l l deperrutfng Ofl camdi tim1-s or 'Situations not 
111pp.!! reat .d. this time.. Sinc.e need'S and prr ii orf t f es m.!ly ch.!! nge � �ther �rcjeclt s may be subst i ·t.ute!!l f()r th(l �:<allll� 1 e5 
11s.tad below. Md some of lnese m&y be IM:llted on non--GO\I·eri\De!nt owned property. g�liler�l plant projC!c.ts wf 11 
prCJv1d� fac1 Ht1CH for cond.tJcting cr1t1cal resoarcb progr-a!'ls, contr-1biJIIQ to g1raate,.. off1c1ency. ei1J��-.Inate Mej'lilth anlll 
silfety li'ln;uds.,. aFift willl !1"\edtaC:e milli te11imce :Jiid operati onal costs.. 

The e:!t imllte i !i bi!ised Olil requfrement'S by of rite. I!JS fo� 10M'S: 

Office 
P. 1 buquerlljiJe Ope ions &e •••• , , , • � I • •  � 

Qa.k. Rtdge Operatiol'll$ Qrffh:.a •• • •  � • • • • •  • • • • •  

Rt�;.hhlld Opof'aitin�s OH1�e .••• � . . . .... r� • •  •• • 

San Franci sco Oper�tfon5 Off�ce . . • •  . • . • . . • 

Tot�l��i•••••··�·�••�i·��·i�·i���.i�i+ii 

9.. dustt11 en1o" of el'd and of 

l ] .'500 
500 

1.000 
500 

'Tha fo,lllowing is a tenbti!o'e hbulat1on O•f the major p("'ject'S to be IP�·rfo!'T'ed �t the Y'ijf'1'ous. 1,ab{)riftoriie5o tinder t e 
open"tion� t:�ffiCJe 1'itit.ed. 

s 1�000 

500• • •  • • • • • • • •  ,. . . . . . . .  .. . . . . . . . . . . . . . . . . . . . ..  , ...... ..... . . . .. .  I ••••••  • •• , � ... 

it i 0111 a nt,1 other eflle.-.gen cy repa i f'"S.. 



�- Purpose. Just1rtcatton of ror. and sco£e of Project (cOnt!lnued) 

O ak Ridge O�rat f ons Offi ce 
R t dge ASsoclated Unive rs1t ies 

l o w hUfll i dl ty chromato graphY roan , replace.'lEnt of roof a t. s carb0 1 '0 facn I ty . and o ther 
em ergency repa 1 rs. 

. . . ... . . . . . . . ... . . . .. . . . .. . . ... . . . .. . ... . . . . . . . .. . . . . . . 

d

COIISTRUtTinN PRnJECT DATA SIIEETS 

1. Title and lO<atlon of projae-t: Genera) phnt projects 

Need 

0\\k . • . • .  , • • • • • • • . • . •  • . • . • • • • . • • • .  ••••.••• • . . . . • • • • . • • . . . • • . • • • • •  &00 

1 .ooll 

f�cillty, refurbish water <lret�lat1on systoo• for 
500 

ClO 
ID 

10. Oetatls of cost Est1uate 

uased on preliminary conceptual d�slyn. 

lt. Method of Performance 

Design wi11 be by negotiated architect-engineer contracts. To the exte11L feast bl e, construct 1011 and procure111ertt 
w111 � acco•pllshed by fixed-price contracts awar ed on the basis of co.upetitive bids. 
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