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ENVIRONMENTA L HEA LTH  SCIENCES

MONDAY, APR IL 24, 1972

H ous e of R e pr esen ta tiv es , 
I n ter g o v er n m en ta l  R ela tio n s  S u b c o m m it tee

of t h e  C o m m it t e e  on  G o v e r n m en t  O per a t io n s ,
Raleigh, N.G.

The subcommittee met, pursuant to call, at 9:30 a.m. in the audi ­
torium of the North  Carolina Department of Archives and Histo ry, 
Raleigh, N.C., Hon. L. H. Founta in (chairman of the  subcommittee) 
presiding.

Present: Representat ives L. H. Founta in, Don Fuqua , Bi ll Alexan­
der, and John Buchanan.

Professional staff present: Dr. Delphis C. Goldberg, professional 
staff member; and Gilbert S. Goldhammer, consultant.

Mr. F ountain. The meeting will come to order, and the record will 
show tha t a quorum is present. Before proceeding with some p relim­
inary remarks concerning the purpose of th is hearing, I ’d like to say 
it gives me a great deal of pleasure to introduce to the people of my 
home State the members of the subcommittee who are with us today. 
On my righ t are Congressman Fuqua of Flor ida and Congressman 
Alexander of  Arkansas; on my left is Congressman John  Buchanan of 
Alabama. They are all very able Members, not only of their  respective 
committees, b ut also o f the Congress. I am delighted they can be in 
Raleigh with us, in view of all the  other  demands on the ir time.

Although all of the members able to be present happen to be from 
the South, I ’d like the  record to show tha t a majority  of the commit­
tee’s 11 members are from other sections of the country.

The subcommittee’s professional staff is represented here today by 
two highly competent men. Dr. Goldberg and Mr. Goldhammer. Dr. 
Goldberg has been with the subcommittee for some 16 years, so he and 
T have worked together for quite some time; and Mr. Goldhammer 
serves in an advisory capacity. Before joining the subcommittee, he 
served with the Food and Drug Administration on regulato ry admin­
istration.  He also teaches chemistry at Montgomery College in 
Maryland.

This is the second time, incidentally, tha t this  subcommittee has held 
a hearing  here in our capital city of Raleigh. On the previous occa­
sion, in December 1957, we had the grea t honor of taking testimony 
from Gov. Luther Hodges and from other State and local government 
officials. Governor Hodires, as many of you know, is a great  booster 
of the Research Triangle Park and has been inst rumental in br inging 
many science-related industr ies to North  Carolina. In  fac t, I thin k of 
him as the founder or the fath er of the Research Triangle.

(1)
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We regret  very much the  inconvenience which the change of loca­
tion of th is hearing may have caused any of you here this  morning. We 
did not learn until  last Thursday that the courtroom in the Federa l 
Building, which had been reserved, would not be available because it  
was needed for  the continuation of a tria l. The subcommittee sent out 
a press release announcing the change as soon as we obtained the use of 
this auditorium on Friday . However, that  news release may no t have 
reached some of you, or  all of you.

For the benefit of those not fami liar with the work of this subcom­
mittee, Fd  like to say that  under the Rules of the House of Representa­
tives, our paren t Committee on Government Operations  has the re- 
sponsibility for  studying the operations of Government activities at all 
levels, from the standpoint of economy and efficiency. This responsi­
bility, as it relates to the Departments of Health, Education, and 
Welfare, Labor, and Agricul ture, and a number of other Federal •
agencies, has been assigned to this subcommittee. The subcommittee 
also has been assigned the responsibility within the House of Repre­
sentatives for studying relations between the Federal Government 
and the States and their political subdivisions. I t is in connection with 
the subcommittee’s oversight responsibilities for the Depar tment  of 
Health, Education, and Welfare  tha t we are reviewing th is morning 
the activities of the  National Institute of Environmenta l H ealth  Sci­
ences.

The past few years  have ushered in  a new era in man’s att itude  to­
ward his environment. This environmental awakening has brough t 
marked changes in our social values, in our laws, and in our inst itu­
tional arrangements—both governmental  and private—for protecting 
the environment.

We Americans have been much more fortunate than  the citizens of 
most nations, not only because of our enormous economic resources and 
productiv ity, but also ecologically because we have had  an abundance 
of land and water for disposing of waste products. We were not very 
concerned until quite recently, about the use of our land, streams, and 
air for waste-disposal purposes. I n fact, neither  our indust rial plants  
nor our governmental facilities o rdina rily took into account the  social 
consequences of the water and the air they polluted.

Those attitudes which were acceptable in an earlier  period are no 
longer acceptable today. Our productivity and affluence in themselves 
contribute to the  pollution which we seek to control. The public is de­
manding increased protection from a wide variety of environmental 
dangers involving, among other things, air, water, radiation , noise, „
toxic industr ial chemicals, food additives, and pesticides. And the Con­
gress, as well as S tate and local governments, a re responding to these 
demands. The establishment of the National Institute of Environ­
mental Health Sciences and of the Environm ental Protect ion Agency 
are examples of the Federal response to this challenge.

The strong industrial growth and rapid technological change which 
have characterized the American economy have brought tremendous 
material benefits to the people of this Nation. However, in conjunct ion 
with population growth and accelerated urbanization, these trends have 
also increased the difficulty of main taining a safe and healthful 
environment.
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E art h  Week,  wh ich was offic ially observed la st  week, i s a r em inder to  
the Na tio n th at  we mu st giv e serious  thou gh t to the env ironm ent al 
effects o f economic p rog res s, an d t hat  we must do whatev er is necessary 
to m inim ize or  elim ina te a ny  resu lti ng  hea lth  da ngers .

Th is subcommitt ee has  devoted  a g reat  deal  of  time  d ur in g the  p as t 
ye ar  to rev iew ing  the ac tiv ities  of Fe de ra l agencies wi th  respec t to 
assurin g th e safe ty  of  food addit ive s an d of those drug s added to 
animal feeds which may ca rry over into the  p rodu cts  we consume. The 
safet v of  ou r food  is becoming o f inc rea sin g concern  to the  Am erican  
people a s more  chem icals are  in tro duced  in to  the  food su pp ly,  in tent ion­
ally as use ful  addit ive s, or  un in tent iona lly  fro m the  soil and throug h 
process ing.

In  1958, Con gress passed t he  food addit ive s am end ment to the Fed ­
era l Foo d, Dr ug , and Cosmet ic Ac t fo r the purpo se of  as surin g th at 
chemicals used  in or  on foods wou ld be sub jec t to su bs tant ia lly  the 
same sa fe ty  req uir em ents as ap ply to new dru gs.  Sin ce th is  am end­
me nt became effective, thou sand s of chem ical  substan ces  hav e been 
appro ved by the  Food and D ru g Adm in ist ra tio n fo r food  use. Ma ny 
of  thes e are  qui te tox ic and tolerance s fo r th ei r use have been est ab ­
lished. Moreover, some food addit ive s an d chemicals used  in  animal 
feeds are  suspec ted by scientis ts to have the ca pa bi lit y of  prom oting  
can cer  in  man.

The sub com mittee ’s investi ga tio n has sought to evalu ate  the effec­
tive ness of  the prog ram s of  the Food an d Dru g Adm in ist ra tio n and 
the  De pa rtm en t of Agr icul tu re  fo r protec tin g the  pub lic  from po ten ­
tial ly  u nsafe  food  addit ive s an d medicated anima l feeds.  The subcom­
mittee ’s heari ngs have  focused special at tent ion on the use of  n itr ite s 
in meat and fish pro ducts  an d of  d ie thyls tilbe str ol  (D ES) in the  feed  
of  cat tle  a nd  sheep. DES,  a synth eti c fem ale hormone, has been show n 
to cause  can cer  in lab or ator y animals  and has been linked  to a ra re  
form of  vagin al can cer  foun d qui te rec ently  in a lar ge  numb er of  
young women whose mo the rs were tre at ed  wi th DES du ring  
pregnanc y.

Th e subcom mit tee’s inv est iga tio n, which inc lud ed 7 day s of  public 
heari ng s last yea r, has a lre ad y pro duc ed a g re at er  eff ort b y the  reg ul a­
to ry  agencies to impro ve th ei r liaison , te st ing methods, and enforce­
ment procedures. I t is my expecta tion and hop e th at th is  inv estig a­
tion, when it  is com ple ted  th is  yea r, will  res ult  in subs tan tia lly  
inc reased  pro tec tion fo r the  consumer, wi th resp ect to bo th food  and  
dru gs.

Th e agency  wi thi n the Fe de ral Government  whi ch has been given 
a maio r res ponsibi lity  fo r conduc tin g and sponsoring fund am en tal  
biom edical rese arch in th is  gen era l area is the Na tional In st itut e of  
En vi ronm en tal  Hea lth  Sciences. The In st itu te , as I  un de rst an d it,  is 
pa rt icul ar ly  concerned wi th the adverse  effects on huma n he al th  of 
lon g-term  exposure to low-level con cen tra tions of  biolo gica l, chemical, 
and physica l subs tances. Th e wo rk of the  In st itut e is int ended to pr o­
vide  a  scient ific basi s fo r t he prote ctive  a nd  p rev entiv e measu res  take n 
by t he  regu la tory  agencies op erat ing in the envir onme nta l field. Th is 
is an awesome res ponsibi lity fo r a rel ati ve ly small agency , and it  is 
the  s ubcommit tee’s p urp ose  to  f ind out how th is  r espo ns ibili ty  is  be ing  
perfo rmed.

Those of  us in the Conp-ress from No rth  Ca ro lin a were  ve ry prou d 
when the De pa rtm en t of  Hea lth , Ed ucati on , an d W elfa re  dec ided to



locate this agency at the Research Triangle Park on land which the 
State  gave to the Federal Government without charge for this  impor­
tan t purpose.

I was happy to join all of my colleagues from North Carolina in 
encouraging the Congress to seriously consider th at area for the Insti ­
tute, and I am happy to note that  the  Insti tute  was located in the Re­
search Triangle, not on the basis of pressure from us, but on the basis 
of merit. It  was shown to be a logical spot for the Insti tute, and I 
believe the Inst itute is widely regarded by the residents of this  area as 
a welcome addition  to the total life of the community.

I am pleased at this time to call upon Dr. David P. Rail, the Director 
of the National Institute of Environmenta l Heal th Sciences, for a 
report on the programs and progress of the Institute during the past 
5 years. I f Dr. Rail will come up, we will be glad to hear him.

Before you proceed, Dr. Rail, I would like to recognize Dr. Robert 
Marston, the Director of the National Insti tutes  of Health , who is 
with us thi s morning. NIH is the  parent agency of which Dr. Rai l’s 
Institute is a part . We understand th at Dr. Marston will have to leave 
for Washington in about an hour.

We appreciate your being here for thi s hearing, Dr. Marston, and we 
will be pleased to hear whatever p reliminary  remarks you might wish 
to make before Dr. Rail proceeds with his statement.

STATEMENT OF DR. ROBERT MARSTON, DIRECTOR, NATIONAL 
INSTITUTES OF HEALTH

Dr. Marston. Thank you very much, Mr. Chairman, and members 
of the  committee. I will be brief, but I did want to say how pleased I  
am to be wi th you today. The National Inst itute  of Environmental 
Heal th Sciences is the only I nst itute among the 10 National Institu tes 
and six divisions of NIH  which is located other than in Bethesda. In 
addition to the research institutes, of course, as you are well aware, we 
have the Bureau of Health  Manpower Education , and the National 
Library of Medicine also.

The Nat ional Institute of Environmental Health Sciences has found 
North Carolina to be a hospitable area, both from the intellectual and 
scientific s tandpo int, as well as a pleasant place to live, which I be­
lieve, Dr. Rail, has made your job of recrui ting the top scientists tha t 
are needed to carry  out this work somewhat easier. The importance of 
the subject you have spoken to very wel l; but the fact that  environ­
mental problems are so im portant made it very easy for me in 1968 
to make the decision to recommend tha t the Environmental Health  
Sciences Division, as it was called th at time, be elevated to full Ins ti­
tute status, and tha t has been a very happy decision; it has worked 
out well with the development, as we will hear later  today, of that 
Institute. I would close simply by call ing to  the committee’s attention 
my belief that this Ins titu te will have to develop in a somewhat differ­
ent fashion than the other research institutes at NIH . The nature  of 
the problem is a much broader one even than areas such as cancer or 
heart and lung disease, or infectious diseases. From our own oper­
ational s tandpoint, I  have given Dr. Rail and his staff, encouragement,
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and have given them the oppor tunity to exploit the full range of re­
search opportunities among those in related areas in the Federa l Gov­
ernment and outside the Federal Government in car rying  out his work. 
I don’t think that 10 years from now as one looks at this  Ins titu te t ha t 
it will look the same as other Institu tes, in program structure—not 
even in grants—because I think they  will have to develop their in-house 
capability  to a far  grea ter extent than  any of the existing Inst itute s 
in order to carry out the types of responsibilities tha t you have touched 
on in your comments and which Dr. Rail will speak to later. It  is a 
young Institu te; it is a small Ins titu te;  it is in a period of critical  
growth at present, and it is faced with perhaps  the most important 
problems that face any of us in this world today.

I am pleased to be here and to meet with you. Thank you.
Mr. Fountain. Thank  you very much, Dr. Marston. And for the

benefit of those who will read the record—quite often they read a 
person’s testimony but don’t know too much about his background— 
I wonder if  you would provide a description of your experience and 
training  in this area.

Dr. Marston. Yes, sir.
(The information  requested follows:)
Department of H ea lth, E ducation, and Welfare, National  I nst itutes  

of Health

BIOGRAPHICAL SKETCH

Na me : Robert Quarles Marston.
Posit ion : Direc tor, National Insti tut es  of Hea lth.
Bir thp lace and date  : Toano, Va., Februar y 12,1923.
Education : B.S., Virg inia Mili tary Ins titute , 1943; M.D., Medical College of 

Virginia , 1947 ; B.Sc., Oxford  University, 1949.
Experience:  Director. National  Insti tutes  of Health, September 1968-present ; 

Adm inist rator, Health Services and Menta l Hea lth Administ ration, April-Sep­
tember 1968: Associa te Direc tor, Nat ional Ins titute s of Health, and Director,  
Division of Regional Medical Programs , 1966-1968; vice chancellor, The Uni­
vers ity of Mississippi, and  Dean, School of Medicine, 1965-1966; director  of the  
Unive rsity  of Mississippi Medical Center  and dean, School of Medicine, 1961-1965 ; 
assoc iate professor of medicine and assis tan t dean in charge of studen t affa irs, 
Medical College of Virginia, 1959-1961; Ass istant Professo r of Bacteriology and 
Immunology, Univers ity of Minnesota, 1958-1959; Assistant  professor of medi­
cine, Medical College of  Virginia , 1954-1957; ass istant resident, Medical College 
of Virginia, 1953-1954; assis tan t resident, Vanderb ilt University Hosp ital, 1950- 
1951; intern, Johns Hopkins University, 1949-1950.

Associat ion memberships: Alpha Omega Alpha, Associat ion of American Medi­
cal Colleges (Executive  Council: 1964-1967), American Federat ion for  Clinica l 
Re searc h; Society for Experimenta l Biology and Medicine, Tissue Cul ture  
Associa tion ; American Society for Cell Biology ; American Association for the 
Advancement of Scienc e; Association of American Rhodes Scholar s; American 
Medical Ass ocia tion ; American Publ ic Hea lth Association Fellow; Associat ion 
of American Physicians.

Special awards, cita tions, or publications: Rhodes Scholar , 1947-1949; Markle 
Scholar, 1954-1959; honorary membership in the Nat iona l Medical Associa tion 
1969; honorary membership in th e American Hospital  Association.

Mr. F ountain. Are there any questions from any members of  the 
committee ?

Thank you very much, Dr. Marston. We are delighted to have you 
with us.

Now, I believe. Dr. Rail, you have a prepared statement.
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STATEMENT OF DR. DAVID P. RA IL,  DIRECTOR, NATIONAL 
INST ITUTE OF ENVIRO NMENTAL HEALTH SCIENCES

Dr. Rall. Yes, sir, I do.
Mr. F ountain. Before you proceed with your statement, will you identi fy for the record the individua ls accompanying you this morning and their  respective positions.
Dr. Rall. Yes, sir, I will be delighted to introduce them. On my far  left, Dr. Marston; Dr. Payne, the Deputy Director of  the National Inst itute of Environmental Heal th Sciences; on my left, Dr. Hans 

Falk , Associate Director for Program; and on my righ t, Mr. George #Kinerman, the Executive Officer.
(The curriculum vitae of each of the above follows.)

Curric ulum  Vit a e  »Na me : David Pl at t Rall.
Date and  place  of birth  : August 3 ,1926; Aurora , Ill.
Marita l s ta tu s: Married ; two children.
Ed ucati on : Publ ic schools, Naperville , Il l. ; B.A., North  Central College, N aper ­ville, 1946; M.S. (Pharmac ology), Nor thweste rn Univers ity, 1948 ; Ph.D. (Ph arm a­cology), Nor thwestern  Univers ity, 1951; M.D., Northwestern University School of Medicine, 1951.
Professional tra ining : Inter nship;  Second (Cornell) Medical Division, Bellevue Hospital  1952-53.
Posi tions  he ld : 1947-1949: Ba xte r Fellow in Pharmacology , Northwestern  Un ive rsi ty; 1949-1950: Ass istant in Pharmacology, Nor thwestern University  ;1950: Research Associate in Pharmacology, Nor thwestern  University ; 1953-1955 :Senior A ssis tant Surgeon, USPHS ; 1953-1955 : National  Cancer Ins titute , Labora­tory of Chemical Pharmacolo gy; 1955-1963: National  Cancer Ins titute , Clinical Pharmacology and Exper imen tal T herapeutics Service, General Medicine Branch  ;1955-1959: Surgeon, USPHS ; 1958-1962: Lecturer  in Physiology, The School of Medicine, George Washington  Un iversit y; 1958-1963: Head, Clinica l Pharm a­cology and  Expe rimental Therap euti cs Service, General Medicine Branch, Na­tional Cancer In sti tu te ; 1959-15)63: Senior Surgeon, USPHS; 1962-1965: Edi­torial Board,  Proceedings of the Society for Experimenta l Biology and Medicine.1962- da te : Member of Gra dua te Council, George Wash ington  Un iversity; 1963- 1969: Chief, Labo ratory of Chemical Pharmacology, Nat iona l Cancer  In st itut e;1963- 1971: Medical Director, US PH S; 1964-date:  Editor ial Board,  Cancer Re­search ; 1966-1971: Associate  Scientific Director for Experim enta l Therapeut ics,National  Cancer In st itute ; 1967-1969: Chairman, Natio nal Insti tu te  of General Medical Sciences, Pharmacology-Toxicology Review Comm ittee; 1969-date : Edi ­tor ial board, Pharmacological Reviews; 1970: Chairman, HEW Departmenta l Committee on Drug Research and  Regulat ion ; 1971- : Director, NationalInsti tu te  of Environm ental Health  Sciences, DH EW ; 1971- : Ass istant Sur- *geon General , USPHS.
Mem berships : American Association for  the Advancement of Science; Society of Experim enta l Biology and Medicine: American Society of Pharmacology  and Experim enta l Therapeu tics ; American Association for Cancer  Research:  Wash- ington Academy of Science; American Society for Clinical Investiga tion ; Federa­tion of American Societies for Exp erim ental Biology ; Society of Toxicology.Research In terests : Comparative pharmacology; cancer chemotherapy ; blood- brain ba rr ie r;  blood CSF ba rr ie r;  pesticide toxicology; drug research and regula tion.

Cu rric ulum  Vit a e

Na me : William Walker Payne.
Date an d place of b irth  : June  1, 1913 ; Ca lverton , Va.
Marita l st a tu s: Married, three child ren.
Educa tion: University of Virg inia,  B.S.E., 1935; University of Michigan,M.S.E., 1947; University of Pitt sbu rgh , M.P.H., 1956; University  of Pittsburgh,Sc.D., 1959.
Posit ion s: 1935-1943: Engineer, Montgomery County, Md .; 1943-1948: Sani­tar y Engineer,  Publ ic Hea lth Se rvice ; 1948-1954: Resea rch Fac ilit ies  Engineer,
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National Cancer Ins titute ; 1954-1962: Environmental Cancer Section, National 
Cancer In st itu te ; 1963: Carcinogenesis Studies Branch, National Cancer Inst i­
tut e; 1963-1965: Deputy Associate Director, Field Studies, National Cancer In­
sti tute; 1966-1967: Deputy Scientific Director, Etiology, National Cancer Inst i­
tute  ; 1967-Date: Deputy Director, National Ins titu te of Environmental Health 
Sciences.

Memberships in professional societies: American Association for Cancer Re­
search ; American Academy of Sanitary Engineers; Conference of Federal Sani­
tary  Engineers; American Industr ial Hygiene Associa tion; American Public 
Health Association.

Curriculum Vitae

% Name: Dr. Hans L. Falk.
Date and place of bi rth: September 15, 1919, Breslau, Germany.
Citizenship: United States.
Marital statu s : Married, 1950, three  children.
Educa tion : April 1937: Gradua ted from high school, Gymnasium am Zwinger, 

« Breslau, Germany; 1938-1940: University of London, London, Great Bri tain ;
1942-1944: B.Sc. (Fi rst class honors in biochemistry), McGill University, Mon­
treal, P.Q., Canada; 1944-1947: Ph.D. (Biochemist ry), McGill University (The­
sis:  Synthesis of Corticosteroids and Spectrophotometric Studies of Steroid 
Hormones) ; 1957: One month course in Isotope Techniques, Oak Ridge Insti tute
for Nuclear Studies, Oak Ridge, Tenn.

Brief chronology of employment: 1947-1952: Instructor, Department  of Pa­
thology, University of Chicago, Chicago, Il l. ; 1952-1962: Adjunct Assistan t and 
Associate Professor of Pathology, University of Southern California, Los Angeles, 
Cal if.; 1962-1963 : Head, Chemistry Section, Carcinogenesis Studies Branch, Field 
Studies, National Cancer Inst itute , NIH, Bethesda, Md.; 1963-1966: Chief, Car­
cinogenesis Studies Branch, Field Studies, National Cancer Institute, NIH, 
Bethesda, Md.; 1966-1968: Associate Scientific Director for Carcinogenesis, Eti­
ology, National Cancer Insti tute,  NIH, Bethesda, Md.: 1968-1971: Associate Di­
rector for Laboratory Research, National Ins titu te of Environmental Health 
Sciences, NIH, Research Triangle  Park, N.C.; 1971-: Associate Director for 
Program, National Inst itute of Environmental Health Sciences, NIH, Research 
Triangle Park, N.C.

Department of H ealth, Education, and Welfare, National I nstitute of 
E nvironmental  H ealth Sciences

biographical sketc h

Name: George M. Kingman.
Posi tion : Executive Officer, National Inst itute  of Environmental Health 

Sciences.
Birthplace  and dat e: Ft. Leavenworth, Kans., December 25,1929.
Education : B.S. Northwestern University, 1955.

• Exper ience: Executive Officer, National Inst itute of Environmental Health
Sciences, 1967 to pre sen t; Assistant Executive Officer, National Inst itute of 
Mental Health, 1963-67; Adminis trative Officer for Extramural Programs, Na­
tional Inst itute of Mental Health, 1961-63; Budget Officer, National Inst itute 
of Mental Health, 1958-61; Budget Examiner, National Inst itute of Dental 
Research, 1958; Budget Examiner (tra inee ), National Inst itute of Neurological 
Diseases and Blindness, 1957-58; Management Intern, Division of Business 
Operations, 1956-57; private  industry , 1955-56; military service, 1950-53.

Association membersh ips: American Society for Public Administration, the 
Academy of Political Science.

Special awards, citations, or publications: 1962—Department of Health, Edu­
cation, and Welfare Candidate for William A. Jump Award; 1971—Department 
of Health, Education, and Welfare Superior Service Award.

Dr. Rall. Let me also welcome the members of the committee to 
North  Carolina. As a very recent resident of this very lovely State, I 
find I am rapidly  becoming an enthusiastic “Tarheel .” I am delighted 
to have this opportunity to tell you about the programs and progress of 
die National Inst itute  of  Environmenta l Health Sciences. The first 5
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years have been exciting and fru itfu l and we face the coming years 
with eagerness and certain ty of continued progress. Let me begin by 
giving a brief summary of the In stit ute ’s short history.

HIS TO RIC AL BAC KGROUND

Following the Korean War, several Public Health Service advisory 
committees called attention to the fact tha t changing environmental 
factors would have an increasingly  serious effect on human health.
They recommended th at the Public  Heal th Service embark on major  
new research efforts in environmental health. The report  of the com- 
mittee chaired by Dr. Paul  Gross of Duke University was specific. I t 
recommended establishment of a major new organization: the National 
Environmenta l Health Sciences Center. This led first in 1961, to the 
appropria tion of an initial $785,000 dollars for  planning and construe- •
tion of the center; second to  the Surgeon General’s decision in 1965 
to establish within the N IH  a Division of  Envi ronmenta l Health Sci­
ences; and third to the leasing in 1966 of the  first increment of labora­
tory space for the center in North Carolina’s Research Triangle Park.
Three factors led to the locating  of the Division in the Research T ri­
angle: Firs t, the congressional mandate tha t the center be located at 
least 50 miles from Washington; second, the proximity of the three 
Triangle universities, and others in North Carolina, represented a 
superior resource; and third, a 509-acre site for construction of the 
full center envisioned by the Gross committee was made available to 
the Public  H ealth  Service at  no cost to the Federa l Government.

In recognition of  the Division’s program and organizat ional devel­
opment, in January of 1969 HE W Secretary Cohen redesignated it  as 
the National Inst itute  of Environmental Health  Sciences. Staffing 
has increased from a mere handfu l in June of 1966 to a projected 267 
in June of this year; the budget has grown from $16 million in 1966 
to more th an $26 million in the current year;  available space has been 
expanded from an initial 36,000 square feet to the nearly 90,000 square 
feet available today. Construction plans for the first increment of 
permanent, Government-owned facil ities are expected to be completed 
next calendar year. And wTe will tell the committee more about the 
facilities as they tour the Inst itute this afternoon.

*
PROGR AMS

The program encompasses the study of environmental health sci­
ence; that  is, the study of the interac tion of man with external non- »
infectious factors, both chemical and physical.

This study includes investigat ion of the effects of such factors on 
man as well as the mechanisms by which man can, through detoxifica­
tion, protect himself from the ir deleterious effects. Our specific con­
cerns include such diverse topics as pesticides, carcinogenesis (the 
production of cancer), microwaves, teratogenesis (the production of 
physical defects in the developing embroyo), noise, radiat ion, occu­
pational hazards, and mutagenesis (the induction of genetic damage).

The interdependencies and potent ial interactions of  the various en­
vironmental factors have made it mandatory to describe the science



of environmental health research, and therefore  the mission of the 
Insti tute, more broadly than any single discipline could encompass.

Thus, the primary goal of the NIEH S is to provide tha t inform a­
tion necessary to insure tha t the environment is as free as possible 
from dangerous concentrations of noxious agents or factors. Opera ­
tionally, it seeks first to identify those agents or factors which are 
potentially noxious and then to assess the degree of thei r hazard  to 
man.

We are as concerned with the underlying principles  of action of 
environmental agents as we are with their sources and characteris tics; 
we are as mindful of the long-term effects of low-level exposures as 
we are of the acute episodes of massive exposure ; we are as interested 
in the “how” and the “why” of harmful effects as we are in the 
“what” of their causes.

Research on the development and refinement of testing procedures 
is also an important aspect of environmental health research. This 
category of research is becoming increasingly sophisticated, as all 
research is. The tests of the 1960’s are inadequate for the 1970’s, just  
as the tests of the 1970’s will be inadequate in the 1980’s. The end 
products of this research become the basis for the regula tory actions 
and control measures t ha t will ultimately protect human health.

The primary  focus of our research program is, of course, man. Most 
of the research, how’ever, must be performed using laboratory test 
systems, including labora tory animals rather  than  man since proper 
ethical considerations properly prohibit the deliberate administra ­
tion of noxious agents to man if there is no hope of benefit to tha t 
man.

Environmenta l health  research must do more than  simply provide 
interes ting and im portant basic biomedical informat ion. We need also 
to identi fy and quan titate  those agents in the environment to which 
man is exposed. Thus the N IE HS’ effort must be buttressed by efforts 
to identify  agents th at are entering the environment and by efforts to 
sample or monitor the environment fo r the presence of various agents. 
In this our sister agencies—especially those within the Environmental 
Protection Agency—provide vital and essential assistance.

Environmental health research may be viewed as the apex of a sur­
veillance triangle. This apex consists of biological research related to 
the biological effects of the agents or factors, the  mechanisms by which 
they may be disposed of or eliminated from the  body, and the develop­
ment of the necessary methodology to test the agents or factors  for 
toxicity. This role I like to call toxicological surveillance.

At the base of the triangle are efforts on the one corner to identify  
all agents or factors enter ing man’s environment, generally as a re­
sult of man’s technologv, and this I call technological surveillance. On 
the thi rd corner are efforts to monitor man and his environment for 
the presence and concentration of poten tially toxic agents or factors to 
which humans are exposed—environmental surveillance.

As a component of the NI H our approach to accomplishing our 
mission is similar  f o that of the other institutes. Three aspects of t ha t 
simila rity are especially im po rta nt :

Our primary task is perform ing the basic biomedical research which 
I have described as being a t the apex of the tri an gle;
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. Fulf illment of this ta sk precludes our heavy involvement in the ac­
tivities of the other agencies whose tasks encompass ecological, con­
servation, monitoring, or control technology responsibilities and whose 
activities represent the  base of the triang le;

Our role vis-a-vis the control of  environmental hazards is generally 
one of providing advice and assistance to the agencies (like E PA  and 
FDA ) whose major responsibilities include regulation and control.

We publicize the results of our research as do the other institutes 
and all basic research organiza tions; our vehicle of communication is 
more often the journal of science than the press release or institu tional 
report. Consequently, our findings are subjected to scrutiny by peers »
before more widespread dissemination. Like all In stitu tes of  NIH,  we 
perform our mission p rimarily through the use of three mechanisms:
Grants, contracts, and work performed in our own laboratories by our 
own staff. For the current (1972) fiscal year, we have allocated about •
$16 million for grant programs; about $2 million for contracts; and 
about $7 million for in tramural, that is, in-house research.

As with other Institu tes, ideas for specific programs arise from a 
variety of sources. Our  scientists continuously review the lite rature of 
the ir specialties in order to discover new leads and gaps in basic knowl­
edge which we might help to fill. We are also alert to requirements for 
research identified by other agencies, by congressional sources, and 
those resultan t from public alarms or press coverage. There are more 
formal mechanisms of selection which can come into play as well. 

m a n ’s h e a l t h  and  t iie  e n v ir o n m e n t

You may be interested in seeing the frui ts of one of our most am­
bitious—and I believe successful—efforts at employing one of these 
mechanisms. In 1968 my predecessor, Dr. Kotin, convened a Task 
Force on Research Plann ing in Environmental Health Science. Drs.
Norton Nelson of New York University and James Whittenberger of 
Harvard cochaired the task force and supervised preparation  of a 
very exhaustive document summarizing its recommendations. That 
document, en titled “Man’s Health  and the Environment—Some Re­
search Needs,” was published in March of 1970. Within its nearly 260 
pages is a very comprehensive exposition of the full scope of needs 
for research. We rely upon its recommendations as one important guide «
to planning, although we recognize that  full implementation of its sug­
gestions will take many years and fa r greater resources than  can be 
made available at the present time.

Copies of the report have been provided to the committee. *
Incidentally, I have noted in my visits with officials of other envi­

ronmental programs how widely known this report has become. In 
addition, the report  has formed the basis for several reviews of Fed­
eral environmental health research. I t apparently  is as useful to others 
as it is to us.

PR IN C IP LE S OF OP ER AT IO N

I hope tha t this gives some idea about the sources for content of 
our programs. Certain very important principles are applied in order 
to insure that  our selections among the many opportuni ties for use 
of our limited resources are good ones.
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The first of these principles is that our society desires constant and 
immediate access to the frui ts of advanced technology along with as­
surance that  the risks of such access will not outweigh the benefits and 
tha t the frui ts will not be poisoned.

Second, maximum protection of the public health demands th at the 
less we know about the health effects of a given product,  the more 
stringent and conservative must be the  standards regulating its use. 
Conversely, the more we know, the grea ter is the  likelihood that the 
standards can be liberalized.

Final ly, we recognize t hat  science rarely  discovers absolutes, tha t 
there is room for a heterogeneity of opinion among experts, and tha t 
consequently we must listen outside of the scientific community as 
well as with in it in order to arrive  at sensible resolutions of environ­
mental issues.

These key principles, inputs  from other Government agencies, and 
suggestions from advisory and congressional sources, all are combined 
in developing an optimum mix of a program to be performed within 
available resources.

PRO JE C T EXAM PL ES

The actual programs which result from these planning operations 
are, as you might imagine, many and varied. I  would like very quickly 
to list some representative  projects and then to go into grea ter detail 
about several which we think are part icula rly important.

We have devoted major resources to the study of a full spectrum 
of pesticides and their metabolic products; we have gone deeply into 
the mechanisms of action and metabolic fate of numerous trace metals 
and their compounds; we have carefully examined many of the h ydro ­
carbons and the ir reaction p rodu cts; we have examined the disposition 
and effects of polymer dusts, beryllium, asbestos, and fiberglass; and 
we are launching impor tant investigations into the health effects of 
such physical factors as microwaves, alpha radiation, and noise.

We are startin g a major new effort concentrated on vastly increas­
ing our knowledge and understand ing of mutagenesis—genetic alter­
ations—which could result from many types of environmental ex­
posures. Addit ionally, we are improving our ability to react to require­
ments for brief ad hoc projects needed to supply information essential 
to unanticipated regulatory decisions of high priority.

In  pursu it of activities of the latt er sort, we have been fortunate 
enough to  be able to call upon experts on our staff for short periods 
of time to fulfill requests for explora tory research on adventitious 
problems of an immediate nature. We have in fact done this in the 
cases of 2,4,5-T (2,4,5-trichlorphenoxyacetic acid) and NTA (nit ril- 
otriacetic acid),  and also in investigations of babyfoods suspected of 
high nitri te content and household detergents suspected of unusual 
irrit ation characteristics. Projects  of this type often become topics of 
widespread interest and discussion, though sometimes, however, they 
yield negative results  (as was the case with the babyfood study)  and 
actually lead to a quieting of public outcry.

We welcome these opportuni ties in which we can contribute to the 
resolution of immediate problems without losing sight of the long 
term research which is vital to avoiding future problems.
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Two of  the  prog rams in which we take  spec ial pr ide are  program s 
which  do n’t ap pe ar  on organiz ati onal ch ar ts  and which might  no t 
even  ap pe ar  to the casual observer  to  be unified. Th e firs t is ju st  
begin ning  to tak e form,  the  second is alr eady  su pp lyi ng  use ful  and  
im po rtan t results.

N EW  TESTIN G MET HO DS

As one might  ima gine, one of ou r gr ea test needs is to have av ai l­
able a serie s of  rapi d,  acc ura te, economical, and effective methods fo r 
test ing new chemicals and chem icals nomi na ted  fo r more  wides pread 
use. Chemical produc ts are  pe rhaps the most  signif icant catego ry of 
technolo gical inn ovation ava ilable  to the publ ic. Ind eed it has been 
est imate d th at  some 2,000 new chemicals are  developed an nu all y and  
th at 300 to  500 of  these will  sig nif ica ntly come in con tac t wi th man.

As I mentio ned  ea rlier,  however, te st ing methods must cha nge  in 
orde r to meet ou r changin g needs.  Cur re nt  testi ng  methods hav e se ri­
ous short comings; the y invo lve use of  animals  whose sim ila rit y to 
man is ques tio na ble ; they require spe culat ive  a lte ra tio n of  dose levels, 
lea vin g doubt in the min ds of some abou t thei r per tinenc e to ma n;  
the y invo lve int ole rab le tim e in ter va ls fo r comp let ion ; and the y are  
expensive , of ten  proh ibi tiv ely  so. To  resolve thes e problems we are  
act ive ly pu rsuing  rese arch directed  towards :

Dev elopment  o f be tte r lab orato ry an im al  m odels  a nd  be tte r ch arac ­
teriz at ion of the model s we now have ;

Im proved  sta tis tic al  and an aly tic al tec hniqu es;
Refined instr um en ta tio n;  and
Ex pa nd ed  information  about the  re lat ionship s o f in  vit ro  (te st tub e) 

test ing to  in  vivo re sul ts (tha t is, w ith in  the  liv ing  bod y).

EX AM PL ES

Sev era l exa mples  of  these ac tiv ities  are  underway in separat e 
N IE H S proje cts  whi ch tog eth er encompass a pro gra m.  One of these 
is th e ch arac ter iza tio n and  bre ed ing  of  the Virg in ia  opossum fo r use 
as a research model. This effo rt has  g re at  p ote nti al because o f t he  f ac t 
the opossum pro vid es a uniq ue op po rtu ni ty  for obs ervatio n of  the  
young developing  du rin g ges tation. Th is is because  very ea rly  in the  
dev elopment  of bab y opossums— 12 days  af te r conception  when they 
are  abo ut 1/4 inch long—they m igra te  from the  uterus  and att ach 
them selv es to th ei r mo the r's bre ast s fo r the  bala nce  of  gesta tion for  
an ad di tio na l 45-50 days.  Thus  d ur in g most o f thei r emb ryonic  d eve l­
opm ent  t hey are  ex ter na l and available.  Thus,  t he  effects on off spr ing  
of com pounds  fed  to th ei r mo the rs or  d ire ctl y fed  to the  babies  can be 
observed as the y tak e place. Th is is a pa rt ic ul ar  advanta ge  in studies 
of terato genesis  or  production of physica l defects  in the  dev eloping 
embryo,  which  is one of our g rea tes t concerns.

An othe r proje ct involves development  of  a device to  sense and m eas­
ure  m icrowav e dose levels witho ut the device its elf  bec oming a pa rt  of 
the  effects mea sured.  We have un de r co ntr ac t a pro jec t for des ign of 
a physica l mode l of  the  lun g which  will  enab le acc ura te de term ina­
tio n of the dep osi tion o f inhale d po llu tan ts.  O ther  ac tiv itie s are  und er ­
way both  in-house  and on contr act which will  enable more acc ura te,
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safe, and rapid  detection of mammalian mutagenesis than  is now 
possible.

All of these projec ts and others can be considered together as a sig­
nificant contribution  to the essential development of improved test 
systems. This is one area we plan to expand as resources become 
available.

M ETH YL ME RCU RY PROGRAM

The second program of major interest  is one directed toward in­
creasing our unders tanding of methyl mercury toxicity in man. You 

a  will recall tha t mercury was in the news last year because of the reali ­
zation tha t the relatively safe elemental and salt forms which are 
widespread in the environment can be converted in nature to the 
methylated  form, which is highly toxic.

• The source of our pride,  however, is the effectiveness with which we 
have been able to assemble a multid isciplinary team to thoroughly  
consider the body’s reactions to methyl mercury ingestion :

Pathologists and veterinarians are examining in animal models, a t 
both the gross and molecular levels, the  pathologic changes from in­
gestion oi the compound to determine fundamental mechanisms of 
action in brain, kidney, liver, spleen, and other organs and to relate 
blood concentration of the compound to to xic ity;

Biochemists are studying the  effects of methyl mercury on cell com­
ponents and enzyme systems; and

Pharmacologists are study ing the effects of the compound on fetal 
development in experimental animals.

All of these efforts seek methods for earlie r diagnosis and possible 
reversal and repair of what today are the inevitable and dreadful 
results of methyl mercury ingestion.

The results of this program, now underway less than  18 months, are 
most grati fy ing:

An effective laborato ry animal model system has been developed;
Evidence has been found which indicates that  methyl mercury in ter­

feres with protein synthesis in r at s; and
It  has been demonstrated th at the  compound interferes with  enzyme 

induction, thereby upset ting crucial natu ral detoxification processes 
and rendering  the victim more susceptible to other  normally harmless 

,  substances.
Much of what we learn in these studies can be of great value in gain­

ing unders tanding of other important environmental  compounds as 
well.

•  RE LA TI ON SH IPS W IT H OTHER PROGRAMS

I spoke earlier about the trian gle which constitutes a representa tion 
of environmental  health research. As indicated, our mission is to exer­
cise responsibility primarily  at  the apex—concern with research on the 
biomedical effects of environmental exposure. We are equally inte r­
ested in the maintenance of close, continuing, and effective relation­
ships with those programs  whose responsibilities interface with ours 
at the base of the triangle.

We devote considerable effort to n urtu ring  these vita l relationsh ips. 
Through the first few years we did this by main taining continuing

80 -0 12  o — 72- 2
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person-to-person contact with the control and research programs of 
the PH S, the Department of Agricul ture, and the Inte rior  Depart­
ment. The exchange of information was deliberate and productive, but 
relatively informal. During that time, however, environmental pro­
grams and environmental aspects of others programs have prol ifer­
ated and expanded. Recognizing this difficulty and the importance of 
effective liaison, the Office of Science and Technology and the Council 
on Environmenta l Quality asked us earlier this year to  help establish 
and chair on their behalf a more formal ad hoc committee on environ­
mental health research. Illu stratin g the pervasiveness of programs 
with environmental health aspects, this group has membership from 
nearly every executive agency. Directors of the programs which are 
most directly impinging on environmental concerns are the usual r ep­
resentatives on the committee, and our expectations are tha t the en­
deavor will result, in the final analysis, in the improved uti lization of 
Federa l resources available for environmental research.

In  addition,  NIEH S staff frequently provide assistance in  efforts 
directed toward the resolution of pressing environmental health 
problems. For example, we are or were represented o n: the HE W Sec­
reta ry’s Commission on Pesticides (Mrak Commission) ; the Secre­
tar y’s Pesticide Advisory Committee; the National Advisory Com­
mittee on Oceans and Atmosphere; the DDT Advisory Committee to 
the EP A;  and the Interagency Uranium Mining Task Force, among 
many others. We are also regularly  consulted by control agencies dur ­
ing thei r preparation  of standards about which we may have knowl­
edge. Needless to say, the consultations are two-way and we find our­
selves regularly seeking advice from other  agencies in the formulation 
of our own program plans as well.

pcb’s conference

Last December we convened a conference on research into PCB’s 
(polychlorobiphenyls) in cooperation with several o ther agencies and 
we will be publishing the proceedings very shortly. This conference 
was unusual in that we invited all segments involved: industry,  
academia, Federal and private research, and representatives  of the 
press.

I hope I  have made evident the pleasure and pride I experience in 
discussing the NIE HS.  Without difficulty I could continue to express 
my pleasure and pride for the balance of this hearing. Instead , I 
think you might p refer  to pose questions of your own. Again, I thank 
you fo r the opportunity of discussing our programs, and I  wfill be de­
lighted to answer any questions.

Mr. Fountain. Thank  you, Dr. Rail, for a very informative state­
ment. Before the subcommittee begins questioning on your testimony, 
I ’d like to ask if any of your senior scientists care to supplement any­
thing you have said at this point.

Dr. P ayne. Not r ight  now. We will have more to say this afternoon.
Mr. Fountain. During the course of the tour ?
Dr. Payne. Yes, sir.
Mr. Fountain. Before asking questions, I ’d like to yield to Con­

gressman Buchanan for any questions he might have a t this time be­
cause he has to leave early.
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Mr. Buchanan. Thank you, Mr. Chairman. Let me say first tha t 
it is a pleasure to be here in North  Carolina. I appreciate  the chair­
man’s leadership in setting up this hearing and your presence here, 
Doctor, this  morning, as well as the work of your Institute.

The chairman, in his opening statement, said, and I concur, “Our 
product ivity and affluence in themselves contribute to the pollution 
which we seek to control.” I t seems to be an irony of  our time tha t the 
very technology which has caused us to keep at  least the early lead in 
space and to place man’s footp rints  on the  moon has at the same time 
also created problems for man’s survival and great problems of en­
vironmental quality here on ear th;  and it is my profound hope tha t 
you can find the ways to combat the pollution and the harmful in­
fluences tha t this technology has helped create without  sacrificing 
civilization in the process. I would hope tha t you are basically opti­
mistic about our ability to get that  job done, Doctor.

Dr. Rall. I  am a very optimist ic person.
Mr. Buchanan. Doctor, specifically, from your prepared  statement, 

I note on page 11 your discussion of the relationship—you mentioned 
the relationship between test tube testing  to results within the living 
body; in vivo and in vit ro ; is tha t correct ?

Dr. Rall. Absolutely.
Mr. B uchanan. What is the current  sta tus of in vitro tissue culture 

tests and how reliable is this  method for testing  carcinogenesis in 
human tissue ?

Dr. Rall. There have been a number of tests involving in vitro cell 
culture transformations; tests in which you add suspected carcinogens 
and follow the developing tissue culture cells to see if they undergo 
what’s called malignant transformat ion. These tests are just becom­
ing standardized, and the next step then is to carefully test a variety 
of known carcinogens and compounds which are known, as best we 
can tell, not to be carcinogens. This  process is just  about to s tar t ri ght  
now, and I would hope within a year or two we will have a very good 
idea as to whether these tests would give us a quick presumptive 
screening type answer as to whether  a compound is likely to be car­
cinogenic o r not. One problem with these tests is related to the fact 
tha t many carcinogens are actually  made in the body. The compound 
tha t’s administered is perfectly safe, but the metabolic processes of 
the body convert it into a more toxic compound which is in fact car­
cinogenic. One of the major efforts then will be to build some sort of 
metabolic system into these in vitro tests. Dr. Falk , would you care to 
elaborate on this?

Dr. Falk. Yes, the  chemicals on test tha t are put into a tissue cul­
ture system, as mentioned before, are often not the true carcinogenic 
compounds, that we have to deal with. This represents a problem be­
cause the tissue culture cell has no way of changing it  to the true car­
cinogen. We may thus at times miss very important chemicals which 
are effective transfo rming  agents. On the other hand, the realization  
of this difference in effectiveness gives us a chance to distinguish be­
tween those chemicals that are carcinogenic pe r se and those th at have 
to be metabolized first. As a secondary test system it therefore has an 
additional advantage  in the fur the r elucidation of the natu re of the 
chemical in question, i.e., whether it is a carcinogen or a precursor.
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Mr. Alexander. I  have a question as a followup to tha t, if I may.
Dr. Rail, you said tha t the tests of the sixties are  inadequate for the 
seventies, and the seventies for  the eighties; are the tests for car­
cinogenicity, as practiced today, adequate, in your opinion?

Dr. Rall. Yes, as prac ticed today, as recommended by the experts 
from the Cancer Inst itute  and the ir advisory committees. This in­
cludes use o f two species of animals, males and females, and an ade­
quate number of test animals in each group and enough different dose 
levels to get up to one that  is fairly near the  maximum tolerated dose.
These tests have only been used in the last few years. The typical car­
cinogenicity test of 10 years ago util ized one stra in of animals, rela­
tively few animals, and was not a li fetime test at all, so this, I think, 
is a problem. Many of the compounds we are considering today were 
tested by the simpler, old-fashioned tests using only rats. .

Mr. Alexander. Wha t about the tests for  mutagenicity ? Do you con­
sider them adequate as well ?

Dr. R all. I t hink the tests as of  today for mutagenicity are not ade­
quate. One of our major efforts thi s year and next year will be to set 
up a Mutagenesis Branch, and I hope this Branch will provide great 
assistance, will provide more and better development of mutagenesis 
tests.

Mr. Buchanan. One more general question a long this line. There 
are times in the conducting of our hearings tha t I almost come to the  
conclusion tha t a large enough dose of practica lly anything given to a 
rat  will become toxic or carcinogenic. Ju st basically, or broadly , where 
a test reveals a massive dose of a substance is apparently  associated 
with the development of cancer in a ra t, how good is this evidence to­
ward the establishment of carcinogenicity of this in very small doses 
in a human being ?

Dr. Rall. That's quite a question. Fir st, any compound, if given 
in large enough doses, will be toxic—not carcinogenic but toxic—and 
I think t hat's important as sort of a starting fact. Second, how many 
compounds are carcinogenic. Well, I think  the best evidence on tha t 
question comes from the s tudy t ha t Dr. Falk initiated  some years ago 
with Bionetic Research Laborator ies, and I probably will get the 
numbers wrong. They tested about 130 indust rial pesticides in two 
strains  of mice for carcinogenicity. These were lifelong studies and <
quite well done. Of these 130, about 15 were clearly positive for car- 
cinogensis. About 15 were borderl ine, and the rest were negative. So 
I think this will give you a rough order of magnitude as to what the 
likelihood will be tha t any one will be carcinogenic. B ut this really is *
not answering the question what it means when a very large dose of 
a compound is given and causes toxicity  in an animal. Let ’s look at 
this. There are problems, as we all know, in extrapolat ing animal data 
to man. I f man is more susceptible than the animals then we can be in 
trouble, and so this, I  think, is one reason why I think people try  to use 
very large doses. Second, the very large number of people m the United 
States tha t can be exposed to any compound tha t has widespread 
distribution. As you know, we all carry  DDT, about five parts  per 
million, we car ry about that much PCB, and recently it appears that 
we carry  a fa ir amount of phth alate esters. So when 200 million people 
are exposed, it's hard to project from results of 50 or 100 rats  exactly 
what's going to happen.
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Most scientists seem to be somewhat conservative when it  comes to 
human health so they feel a very large dose is appropriate  in safety 
testing. Now, the other problem is the heterogeneity of the human 
species. We are biologically very heterogeneous. The best example of 
this is a study of this some years ago when a series of patients were 
given the same dose of a tranquilizing agent—imipramine,  as I remem­
ber—and this dose was continued for a number of days, and then the 
plasma level, the concentration of the drug  was determined in the 
plasma; in this group of about 50, the plasma varied about 50-fold 
from the lowest to the highest. Now, the very highest plasma con- 

* centrations were in the people most susceptible and they were about
30 times as susceptible as the low level. So in human beings, the 
impor tant thing is paying attention to those very high doses.

Mr. Buciiaxax. T hank you.
Mr. Fouxtaix. We will ask if Mr. Fuqua has any questions nex t; 

but before doing so, I ’d like to ask you. Dr. Rail, just one question 
supplementing what Congressman Buchanan was asking about. Is 
a carcinogen carcinogenic at any dose, no matte r how small?

Dr. Rall. I don’t know. 1 think this is one of the most important 
questions we have to study and find out about. I am not sure we can 
do it directly by the so-called megamouse experiment where you look 
at thousands and thousands of mice at once, because these mice will 
be genetically very homogeneous—all the same st rain, you know, just 
as similar as they can be—whereas, as I suggested earlier, man, the 
species we are concerned about—I am concerned about—is a very 
heterogeneous species. I think the answer to tha t will come from 
research, first, on what I call the pharmacology of the agent. Now, 
pharmacology has a drug implication, and I don’t mean this. I mean, 
how is it absorbed; how is it excreted from the body, metabolized; 
and then afte r that , what is its mechanism; how does it work on 
molecular terms? I t’s this  sort of study I think tha t will finally let 
us answer the very important question you posed.

Mr. F ouxtaix. Mr. Fuqua.
Air. Fuqua. Thank you, Air. Chairman, and let me say th at it is a 

pleasure for me to be in North Carolina and the State capital. I have 
been a great admirer of your State for a long time and had the benefit 

, of football and basketball at the great universities in this State in­
flicted upon little schools in my d istric t and vice versa during  the past 
basketball season. Bu t it is a pleasure to be here, and particularly be­
cause it is the home Sta te of our  chairman who has played a tremen- 

» dons role in this health-related field. I think  his praise, and the leader­
ship tha t he has taken in th is field, has been undersung.

I want to say also th at I was quite surprised in your statement t ha t 
scientists here go opossum-hunting to get thei r samples they use. I 
assume you get the enjoyment out of it tha t many people in my d istrict 
still do.

I am fascinated by the very interesting and important work you 
are doing at the Inst itute and I am looking forward to v isiting  it this  
afternoon.

Dr. Rall. in December of 1970, I  think  it  was, the  Surgeon General 
of the Public Heal th Service, speaking in the environmental a rea, asked 
the detergent manufacturers not to market NTA as a substitu te for 
phosphates in laundry products. This past spring or last  summer
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sometime, and in the fall also, there  were comments in the press rela t­
ing to the harmful effects that  NTA may have on young children and 
the causing of birt h defects, and so forth . Was the action of the Sur­
geon General taken because of research findings by your Ins titute con­
cerning the dangers of NTA ?

Dr. Rall. JThe initia l studies in leading up to the decision in De­
cember of 1970, which cast some doubt on the  eventual safety of NTA, 
were performed by our In sti tut e; yes.

Mr. F uqua. What were your findings in this  connection?
Dr. Hall. Using tera tology experiments in mice and rats, we found 

tha t certain combinations of heavy metals—mercury and cadmium in 
part icular—with certain doses of NTA—could cause an apparent in­
crease in b irth defects and fetal morta lity. As these were studies done 
on a sort of a firefighting, crash basis, the answers were looked for in 
a very short  time line. These studies, I think , pointed out the problems 
of an agent which can tie up heavy metals and perhaps  al ter the tox­
icity of those metals, becoming widely dispersed in the environment. 
Now, later, when much more careful studies were performed, i t turned 
out that  although our results were repeated by indus try and other 
groups, they probably—the experiments—were probably unreali stic; 
that  is, there would be very, very much less NTA present in the en­
vironment than had been used in these studies. So the concerns about 
NTA in terms of specific problems of tera togenesis were resolved, but, 
unfortunately, other problems arose during the course of these and 
other studies. The primary problems under consideration now, and a 
problem which is largely being handled by the National Cancer In ­
stitute, is whether or not NTA is potentially carcinogenic.

Mr. Fuqua. So you have not made any conclusive findings; you are 
still looking?

Dr. Hall. T hat’s right.
Mr. F uqua. Have any of these findings been published?
Dr. Rall. I don’t think so; no. No, they have not.
Mr. Fuqua. Would you object to submitting them to the subcom­

mittee and making them a part of this record ?
Dr. Rall. Oh, no; not at all.
(The information referred  to follow’s:)

Summary

NTA has a low acute  and chTonic oral toxicity. Emesis in dogs and monkeys 
was caused by oral administra tion of large single doses. Lifetime exposure to 
0.15 to 0.5 percent in the diet  of ra ts caused rena l damage; th is was not apparent 
at 0.03 percent NTA in the diet. After oral administration  NTA was rapidly 
and completely absorbed in the rat  and dog. In the ra t NTA was excreted 
fairly  rapidly in the urine and was not metabolized. In rabbit, monkey, and 
man oral absorption was incomplete. This ranged from 5 to 12 percent in four 
clinical subjects. There appears to be no deleterious effects of NTA on bone 
composition or breaking strength. Although one study showed a very slight 
positive effect of high doses of NTA in the dominant lethal test for mutagenesis, 
other studies at high doses showed no effects. Under certain specialized experi­
mental conditions NTA can be shown to increase maternal  and fetal toxicity 
when given with cadmium, and can increase the extent of severe fetal edema 
and cleft palate in rats given NTA and methyl mercury. There are however 
other experimental situations in which NTA appears to protect against cadmium 
and methyl mercury toxicity.

David P. Rall, M.D., Ph. D.,
Director, National Insti tute  of Environmental Health Sciences.
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Statistical Summary : T eratology of Oral Administration of NTA to R ats— 
D. W. Gaylor, M. D. Hogan

BIOMETRY BRANCH, NATIONAL INSTITUTE  OF ENVIRONMENTAL HEALTH SCIENCES, 
SEPTEMBER 8,  19 71

1. (Tab les 1 and la ) The add ition of the P. & G./IRDC stud y and switching
of severely edematous (te rmina l) fetu ses  from abno rmal to dead fetuses 
in the biotes t studies, in order to be more consistent with  the classif ications 
used in other studies, res ult  in fewer increases in anomalies  tha n indicated 
ear lier due to NTA. The biotest study in  cysteine showed more severe  edema 
among the NTA tre ate d anim als at  the highest dose level (8 mg./kg. 
MeHgCl). There is no pa tte rn  for int ern al anomalies  with the  add ition of 
NTA to MeHgCl (figure 1).

2. (Tables lb  and lc ) There is a consis tent increase  in the occurrence of cleft
palate s with NTA a t th e high dose level of 8 mg./kg. MeHgCl.

3. (Tab le 2) There is no consistent effect of NTA on fe tal  mortal ity  with
MeHgCl (Fig. 2 ).

4. (Tab le 3) With  MeHgOH only one study was conducted. No patte rns  can be
estab lished but the da ta are  suggestive of reduced ma ternal  morta lity  
with  NTA.

5. (Tab le 4) With  subcutaneous  adm inis trat ion  of CdCl2, these da ta sugges t
the possibili ty of reduced matern al mortal ity  with  NTA.

6. (Tab le 4a) With  adminis tra tion of both CdCl2 and NTA subcu taneously an
increase of matern al and fet al mortal ity was observed with  NTA.

7. (Tab les 5 and 5a) No dele terious patte rns  appea r for NTA with  oral ad ­
min istratio n of CdCl2 for  fe tal  mortal ity or tot al anomal ies. In  the  P. & G./  
IRDC study, the re is an increase in blad der anomalies  with  0.1 mg./kg.  
NTA added to 4 mg./kg . CdCl2, but fewer blad der anomalies occur red with 
20 mg./kg. NTA.

8. (Figures 3 and 4) There is no pat tern for  int ern al anom alies  or mortal ity
with th e addition of NTA to CdCl2.9. (Tab le 6) These da ta ind icate a tendency for  NTA alone to res ult  in fewe r
soft  tiss ue anomalies. However,  these reduction s are offset by increases 

in soft  tissue anomalies  obta ined  in other stud ies (Tab les la  and 5) with
NTA alone.

SUMMARY

While  the re a re instances of increases  in f eta l anomalie s or mortali ty associated  
with the  addit ion of NTA in these studies , these are offset by decreases resu lting  

in soft  tissue anomalies obtained in other stud ies (Tab les la  and 5) with  
and feti cidal effects of mercury  and  cadmium, although the addition  of NTA 
does not appe ar to enhance  thei r activity .
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TABLE l a — MeHgCI FETAL ANOMALIES AND MORTALITY (CD RATS TREATED DAYS 6 TO 14; P. & G./IRDC)

MeHgCI oral mg./kg .1
Sof tti ss ue  Fetal mor ta lity 

NTA ora l mg./kg. anom alies(pe rce nt)  (percent )

0......................................................................................................
0 .....................................................................................................
0 ......................................................................................................
.0 2 ...............................................................................................
.0 2 ...............................................................................................
.0 2 ...............................................................................................
.2 0 ................................................................................................
. 20 ................................................................................................
.2 0 ...............................................................................................

4. 00................................................................................................
«  4 .0 0 ................................................................................................

4.00................................................................................................

0 22 12
.1 27 3

20.0 37 8
0 16 4

.1 26 9
20.0 38 2
0 34 6
.1 34 7

20.1 21 5
0 82 12
.1 43 3

20.1 60 7

1 Dose o f Hg.

TABLE lb .—MeHgCI: PERCENT CLEFT PALATES (CD RATS TREATED DAYS 6 TO 13)

MeHgCI 
oral mg./kg.1

NTA
oral
mg./kg.

Biotest
cysteine

Biotest
BSA NIEHS 1 NIEHS II  P. & G.

P. & G./ 
IRDC»

2..........................................
4..........................................
6..........................................
8.........................................
2.........................................
4.........................................
6.......... ...............................
8.........................................

0 0(0/92)
0 0(0/112)
0 0(0/110)
0 0(0/57)

10 0(0/89)
20 0(0/99)
30 0(0/112)
40 8(5/64)

0(0/97)
0(0/102)
0(0/95)
0(0/51)
0(0/114)
0(0/89)
0(0/94)
12(5/41)

0(0 /39) ......................................................................
0(0 /79) 0 3(5/153) 0(0/122)
1(1/82) 0 ................ ..............................
0(0/9 ) 12(2/17) ...............................................

0(0/44)  0(0 /89) 0(0/100) 0(0/97)
17(5/29) 0(0/58) ...............................................
30(7/23) .......................................................................

1 Doses of Hg for P. & G. studies.
2 Treated days 6 to 14.

Note:  (  ) Proportion of fetuses wi th clef t palates.

TABLE lc .—MeHgCI: PERCENT OF LITTERS WITH CLEFT PALATES (CD RATS TREATED DAYS 6 TO 13)

MeHgCI 
oral mg./kg.1

NTA
oral
mg./kg.

Biotest
cys tein e

Biotest
BSA NIEHS 1 NIEHS II P. &G .

P. & G./ 
IRDC 2

2........................... _______ 0 0(0/19) 0(0/19)
4 _ ______ _______ 0 0(0 /21) 0(0/20)
6.............. ............._______ 0 0(0/21) 0(0/20)
8____  . . . . .............. 0 0(0 /13) 0(0/12)
2 ........................... _____ 10 0(0/19) 0(0/20)
4..  . . . ______  20 0(0/17) 0(0/18)
6 . . . . . . . . . . . .
8_____________

______  30
______  40

0(0/20)
18(3/17)

0(0/18)
25(3/12)

0(0 /4)  ......................................................................K  0(0/6) 11(2/19) 0(0/14)
I) 0(0 /8)  ..............................................

0(0' /i)  50(1 /2) ......................................

0(6 /4)  0(0 /8) ’ 0(6/13) " 0(6/12).........
33(1/3) 0(0 /7)  ..............................................
100(3/3) .............................. ........................... . ..........

• Doses of Hg for P. & G. studies.
2 Treated days 6 to 14.

Note: ( ) Proportion of l itt ers wi th c le ft palates.



TA BL E 2.— MeHg Cl FE TA L M OR TA LIT Y (CD  RA TS  TR EA TE D DA YS  6 TO 13)

MeH gCl oral mg./ kg.1

NTA
oral

mg./kg.

Biotest
(6/24)

cyste ine 2

(pe rcent)

Biotest
(6/24)
BSA »

(per cent )

NIEH S 
expr.  1 

(per cent )

NI EH S 
expr.  II 

(per cent )

Procter & 
Gamble

(percen t)

P. &G.
IRD C » 

(per cent )

2______ ______________ 0 3 4 2 . .4 .. . 0 4 6 7 5 4 126_____________ . . . . 0 7 17 5 31 . .
8 0 48 66 89 88 ..2 . . . .......... ..................... 10 7 6 . .
4 .. . . 20 6 2 5 3 6 76__________ 30 4 6 53 35 . .
8...................................... 40 61 69 68 100 . .

1 Doses of Hg f or P. & G. studies .
* In clud es severe ly edematous fetuses.
* CD rats treated days , 6 to 14.

TA BL E 3 - MeHgOH (C D RA TS  TR EA TE D DA YS  6 TO 19; BI OTE ST  6/7)

Anomal ies

MeHgOH oral mg./kg.

NTA
oral

mg./kg.

Maternal
mortality

(pe rce nt)

Fetal — 
mo rta lity 1 
(pe rcent)

External
(pe rcent)

Ske let al
(percen t)

i

1.5...................................... 0 0 5 0 42 03.0 ...................................... 0 0 9 3 91 0.4 04.5 ............ ......................... 0 38 100 . .
6.0________ ___________ 0 57
8 .0 . . .____ ____________ 0 100
1.5................ ..................... 9. 4 0 6 1 51 .3 03.0 ______ _____________ 18.9 0 7 0 75 .264.5........... ............. .........  . 28.4 19 48 16 94 .786.0 ___________________ 37.8 0 79 4 81 .6 08.0 .................................. 50.3 100 ..

1 Incl ude s severe ly edematous fetuses .
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TA BL E 4a.— Cd CI 2 AND  NTA BOTH AD MIN IST ER ED  SU BC UT AN EO US LY 

[Figures  in parentheses indicat e number of l itters]

Compound

NI EH S Biotest (7/5 )

Percent
fetal

mortality
Dose

mg./kg.

Percent
maternal
mortality

Percent
fetal

mortality
Dose

mg./kg.

Percent
maternal
mortality

C d C lj ........ . ................. 2 0 4 (9 ) 2 0 6( 14 )
CdC b______________ 4 0 5(1 1) 4 0 15(13 )
CdC b___________ __ 6 0 9(1 1) 6 7 32 (14 )
CdC b_____ ________ , , 8 0 55 (2 ) 8 80 100 (2 )
C d C lj + N T A ................ 2+10 10 9 (7 ) 2+10 5 5(21 )
C d C lj + N T A ________ 4+1 0 43 53 (7 ) 4 +20 0 109 (1 )
C d C lj + N T A ________ 6+1 0 100 . 6+30 92 . . .
C d C lj + N T A ________ 8+1 0 100 . 8+40 100 . . .

TA B LE  5.—CdC I 2 ORAL (CD  RA TS)

Procter & Gamble (d ays  6 to 13) Procter & Gam ble/IRDC (days 6 to 14) 
(in  percent) (in  percent)

NT A Fetal  Anomalies Anomalies Fetal Anomalies Blad der
CdCI  2 mg./kg. i mg./kg. mortality  soft skelet al mortality soft anomalies

0 .......... ......... .........______ 0 7 33 19 4 11 3
0 ______________ ..........  .1  ____ 1 20 6
0_______________ ..........  20.0 9 16 22 3 20 8
0 .0 1 ................... . ............ 0 . . . . 7 27 7
0.0 1____________ ..........  .1  ____ 4 14 9
0.01 ........................ _____  2 0 . 0 ____ 1 16 4
1____ ___________ ..........  0 ____ 6 24 16
1_______________ 1 2 20 11
1_____ _______ ..........  20 .0 ____ 2 35 7
4. _____  0 7 21 27 9 45 17
4 .. ..........  .1 ____ 3 55 39
4_________ _____  20 .0 9 21 18 2 36 12

1 D ose based on Cd.

TA BLE  5a.— Cd Cb  OR AL  (C D RA TS  DAY S 6 to 19, BI OTE ST  7/5)

Cd Cb
mg./k g.

NTA
mg./k g.

Maternal
mortal ity
(pe rce nt)

Fetal
morta lity —  
(pe rce nt )

Ano mal ies (p erc ent )

External Ske leta l Internal

20 .............................. ........  0 5 3 0 25 31
40 ......................... ____  0 0 10 23 50 22
6 0 . . . . . .  . . . . . . . . ____  0 12 23 9 52 46
80 _______________ ____  0 28 38 16 70 45
20 _______________ ____  62 0 7 0 40 32
40 _______________ ____  125 0 12 2 33 42
6 0 . ......... . ................ ........  188 0 6 2 32 24
80 _______________ ____  250 0 9 1 39 30

TA BL E 6 . - P .  & G. MIAMI VA LL EY  LA BS  (CD  RA TS ) k

Na j NTA  in diet (per cent )

0.................... .
0.................... .
Continuou s:

0.1..........
0.1..........
0.5.........
0.5..........

Days 6 to 15:
0.1......... .
0.1.........
0.5......... .
0.5.........

Generation

Fetal
mortality
(pe rcent)

Soft  t issu e 
anomalies 
(pe rce nt)

. F, 7 25

. Fi 3 16

- F, 6 24
- Fj 14 6
. F, 14 16
. F, 4 8

. Fi 4 19

. f2 3 13

. F, 1 12

. F j 3 9
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Figure 1. MellgCl Anomalies ( in te rn a l)
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Figu re  3. CdCl2  Anomalies  (s o f t)
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Mr. Fuqua. And you say studies are  going on now with the National 
Cancer In stitute  ?

Dr. Rall. With the  National Cancer  Ins titute; yes.
Mr. F uqua. I s your agency or In stitute  conducting or support ing re­

search on the  health dangers of caustic substances used in household 
detergents  ?

Dr. Rall. We have both performed and supported research on this. 
We became concerned par tial ly on our own internal feeling th at there 
were problems here, and par tial ly because of concern in general, and 
about the first of this year we began a program to look at the toxicity, 
primarily  in the eye and in the esophagus and upper GI  trac t, of 
phosphates, carbonates, and metasilicates. Let me firs t discuss the eye 
because this is really the simpler system.

Mr. F uqua. We had reports in the press that NTA caused blindness.
Dr. Raul. The polyphosphates we used in a rabbit’s eye caused in­

tense irr itation, and in  about 3 days the eye looks just awful. I t’s red, 
swollen; but 4 or 5 days late r th is irria tion  goes away and there is al­
most no residual damage; and tha t, I think, is what ’s important. If  
you’ve got a sore eye fo r a few days, tha t’s not too serious. The car­
bonates and parti cularly the  metasilicates produce a very different pic­
ture. At the end of 3 days the eye does not look any fur the r damaged 
than  the polyphosphate treated eye, but it goes on to cause blindness 
by making corneal opacities; the whole surface of the eye becomes such 
tha t ligh t cannot get through. So we think there is a very important 
difference between these detergents. Now, we are  just  beginning the 
study of the effects on the pharynx  and esophagus, and I don’t think 
the exper iments have gone along enough to discuss. In  perhaps a year, 
perhaps  we can answer the question.

Mr. Fuqua. You are testing this  with animals then ?
Dr. Rall. Yes, indeed.
Mr. Fuqua. In  your testimony you mentioned the cooperation of 

and with other Government agencies, and also from personal knowl­
edge tha t we have, some of the other regula tory agencies such as 
EP A and FDA  and NOAA (National Oceanic and Atmospheric A d­
ministra tion), are conducting or suppo rting basic research in the 
environmental health field. How do you view this development in 
relation  to your own mission here?

Dr. Rall. We welcome it . We think it’s very impor tant.
Mr. F uqua. Is  it a duplication  of research ? I  am not say ing duplica­

tion of research is bad, but I  am asking whether they are not diminish­
ing the mission and role tha t you have here ?

Dr. Rall. I don’t think  so. There  are so many problems in environ­
mental health  research tha t we are not anywhere near a stage where 
we ought to be. I think, philosophically,  this is a very important point. 
I have considered problems of  regulato ry agencies too. I t seems to me 
a regulatory  agency must have within it certain basic research knowl­
edge and expertise, and it  can only get that  by allowing those scientists 
to do research. Therefore,  I  th ink  the regulatory agency has to have a 
basic research arm a ttached to it. On the o ther hand, I thin k i t’s vital 
tha t there be independent research, a basic research group, doing work 
along the same lines but not related  to tha t regula tory agency. I t ’s 
awfully easy for a regulatory agency, once it has made a decision, to 
be unenthusiastic about new research which would make tha t decision
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in retrospect appear less than  perfect. Let me say these are my personal opinions and nothing more.
Mr. F uqua. I appreciate that,  and I appreciate  your candor 

about it. 1 am concerned, though, tha t you don't find empire building 
within the various agencies; tha t competition and a general sense of 
jealousy develops, and one agency—I am not accusing anyone of this, 
but I  am saying in reality how these things  develop—that each agency 
start s trying to get a little  more in their budget, and, consequently, the 
amount of money we have to spend on research is being diffused to the 
point th at you feel that  you are being neglected.

Dr. Rale. Every once in a while we feel tha t way.
Air. F uqua. But I  am concerned that this couldn’t be done in a more 

centralized manner. I  am very much impressed with  the type of work 
you are doing, and I think i t’s the type of thing th at we need more of, 
but I am afra id tha t we are diffusing this effort as these agencies 
proliferate  as Congress creates them, and, consequently, maybe we are 
not getting as much effort in these areas as we should, and tha t we 
would get if they were concentrated in an institute such as you have.

Dr. Ball. I think that ’s one of the aspects t ha t pleased me most, 
when Dr. David, the Pres iden t’s Science Advisor, asked us to pull to­
gether and chair this ad hoc committee on environmental health re­
search. The primary members of th is committee are representatives of 
the EPA , HEW , AEC, and NSF. These are really the four agencies 
primarily  doing environmental health research and I am chairing this 
group.

Mr. Fuqua. You are coordina ting this?
Dr. Rale. We first just surveyed what was going on, and that  took 

quite a bit of time. I think we probably now have a very good view 
of environmental health research within the Federal Government. We 
are working up mechanisms whereby the various agencies actually will 
work together and will tr y to  coordinate their efforts. Since this report  
will be presented to OST, presumably it would have an influence on 
the budgetmaking decisions of OMB. I  think  perhaps Dr. David had 
some of the same feelings you did.

Mr. F uqua. You think this will be an effective monitor of what’s 
going on?

Dr. Rale. We hope so very much.
Mr. Fuqua. Mr. Chairman, I  don’t want to take too much time, but 

I have one or two more questions. You mentioned about the mercury 
levels. I come from the gul f coast area, where the seafood industry is 
very important . There lias been great concern about the levels of 
mercury in fish, which was found even in one fish in the Smithsonian 
caught 300 or 400 years ago. Have you reached any accurate measure 
of levels of mercury tolerances?

Dr. Rale. I  think the answer to that  has to be “No.” There is still 
uncertain ty. It is set now, I  think, a t a half  p art  per million and tha t 
appears to be a reasonable tolerance.

Mr. F uqua. That amount is allowed ?
Dr. Rale. Tha t’s clearly a safe level, and I think the question is 

whether it could go up a l ittle  bit, and I think we just don’t have the 
information to answer that. That's why I think the sort of basic re­
search we are doing is im portant because if we can say th at “No, one
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part  per million is safe,*’ then this has enormous and beneficial impact. 
We don't know—is the answer.

Mr. F uqua. The other question is, has the Inst itute done any work 
in connection with EP A or on your own on Mirex that has been used 
to control fire ants ?

Dr. Ball. My recollection is tha t North Carolina just this last week 
decided to hold off on using that. We have done some research on 
Mirex. We are concerned for two reasons; one, it is possibly carcino­
genic; and, second, it is incredibly persistent—if  a nything even more 
so than DDT or PCB’s. We have studied with the Fores try Service, 
Department of Agriculture—the disappearance of Mirex in soils, and 
it doesn't disappear. Six months later there is still 100 percent of 
what was put there. It  is not metabolized; rather, it is stored and 
very slowly excreted. We understand the fire ants are a very serious 
problem, but we would be very concerned about widespread use of 
large amounts of Mirex for long periods of time.

Mr. F uqua. Now, the EP A has issued a regulation allowing one- 
quar ter of a pound per acre or something like that.

Dr. Rale. Very low concentration.
Mr. F uqua. For  aer ial spraying.  Did you participate with them in 

arriv ing at this  level ?
Dr. Rall. Our scientists discussed with their  pesticide people our 

findings and thoughts.
Mr. Fuqua. Do you feel as though this is a tolerable level, with 

limited use?
Dr. Rall. If  i t's a limited use and if it doesn’t go on for years and 

years, I think it's tolerable. The important thing, I think,  is tha t it 
can't just begin to be used the way DDT was. I t’s a potentially toxic- 
compound.

Mr. Fuqua. You've got to use it with extreme care ?
Dr. Rall. Extreme caution, and we've got to look and find better 

and safer substitutes.
Mr. Alexander. Mr. Chairman, will you indulge me? Dr. Rall. 

what happens to your reports?  Are they published? Are all of your 
reports  published ?

Dr. Rall. We are very concerned about this problem. We think we 
have developed over the course of the years some very good technical 
reviews in which we try  to create a balanced story of what the prob­
lem is. We are establishing,  and hopefully within the next few weeks, 
we will have the first issue of an experimental journal , Environmental 
Health Perspectives. We hope to publish this on an experimental basis 
to see whether in fact it will give the widespread distribution of these 
reports that we think they deserve.

Mr. A lexander. In other  words, you are saying that  your reports 
are not published ?

Dr. Rall. These technical reviews have not yet been. Some of them 
end up in journals  as scientific reviews, but that's a very long process. 
We would like for it to occur more rapidly.

Mr. Alexander. And what happens to your reports ?
Dr. Rall. They are widely distributed  to the scientists and Fed ­

eral research and regula tory agencies that need them. I think they 
should have broader distribution.

80 -0 12  o — 72----- 3
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Mr. A lexander. One furth er question. Let’s assume some congres­
sional committee goes completely haywire in Washington—which is 
not an unheard of circumstance—in the area of scientific endeavor— 
questioning the use of some chemical or some chemical process in the 
use of food or food additive, or something of tha t nature,  which is 
totally  wrong. What action would your institu tion take to correct this 
activity ?

Dr. Rale. I think we’d be put in a very difficult position.
Mr. Alexander. Well, let me give you an example. A couple of years 

ago we had a scare in Washington on the use of cyclamates in soft 
drinks. I don’t know the precise chemical situation on cyclamates, but 
I think a later report was t ha t cyclamates were all right to use in 
soft drinks. Is th at not correct?

Dr. R all. The latest  report is, I  believe, th at they are carcinogenic.
Mr. Alexander. Let's use tha t as an example; tha t the press got 

hold of this, and that it was total ly wrong. What initia tive would 
your institut ion take to advise congressional committees or the Na­
tional Insti tutes  of Health, or someone in au thority, tha t would be in 
a position to correct this wrong, before  it  wrecked an indus try ?

Dr. Rall. I th ink we probably would do what we could among those 
people we felt free to talk to. Our staff is called very frequently by 
science reporters  to check out stories they are writing—“Is this really 
reasonable?”—and this would be one way we’d be able to say, “Lley, 
you know we don’t believe the data  supports tha t.” Wh at’s being 
done? We have some contacts amongst the congressional staff, and 1 
think  we’d be very tempted to alert the DHEW and call them up and 
say we are concerned about this ; tha t we do n't think the science base 
of the decision is proper.

Mr. Alexander. Thank you, sir.
Mr. Fountain. I  believe you said you had found cyclamates to be 

carcinogens ?
Dr. Rall. There is a report which reaffirms the original finding.
Mr. Fountain. I believe you also would admit tha t there are pres­

sures on the regulatory agencies which you are not subject to?
Dr. Rall. Th at’s right. There are intense pressures on the regulatory 

agencies that  we do not have to withstand.
Mr. Fountain. All industrialized countries are polluting their en­

vironment, particular ly the atmosphere and the ir waterways. Would 
you say that’s true?

Dr. R all. Yes, sir.
Mr. Fountain. To what extent does the air and water pollution, 

say of Jap an or industria lized Europe,  affect us here in the LTnited 
States ?

Dr. Rall. It  certainly can. The specific example that I th ink is most 
interesting is this: Some countries south of the Mediterranean, ra ther  
than north, used an extensive DDT spraying program, and it was 
then discovered that the DDT floated in the trade winds across the 
Atlantic and ended up on some of the land in our State of Florida.  
So the planet has to be considered as one. and these po llutants move 
from country to country and don't respect na tional boundaries.

Mr. F ountain. We are mobilizing our forces to fight pollution of 
the environment. Congress is keenly aware, I think , of the potential
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haza rds of  a po llu ted  env iro nm ent, as i nd ica ted  by leg islation  we have  
passed  and  legis lat ion  s til l being  con side red,  and  has done an d is doi ng 
som eth ing  to coun teract  thes e ha za rd s;  bu t isn' t it  a pro blem th at  i n 
the fina l ana lys is may hav e to be tac kle d in a con cer ted and coo rdi ­
na ted  way on a worldwid e bas is ?

Dr. B all. Tha t wou ld be the best  way to do it,  bu t there  are  very  
gr ea t problems, as I  am sure yo u a re  aware , i f I  may jus t sp eak  fra nk ly . 
Th e under dev eloped  na tio ns  feel  very mu ch th at  the way  the y can 
become indu str ia liz ed  na tio ns  a nd  reap  some of  th e benefi ts t hat  indus­
tr ia liz ed  na tio ns  have is to develop  plan ts as ra pi dl y and as inexpen-

• sive ly as possible, and these of ten  are  the wo rst  po llu ter s. Now, th is 
is a subje ct th at  will  be thorou gh ly  air ed  in ju st  a few weeks at  the  
Sto ckh olm  Conferenc e on  the  Env iro nm en t, I  am sure.

Mr. F ounta in. That  is in ter es tin g.  Ho w involve d, if  you know, is 
the Un ite d Na tions in th is  p rob lem  ?

Dr . Ball. They are  involved in the  sense of  orga nizing  th is  very  
lar ge  Conference . We hope th er e wou ld be some co nti nu ing  inv olve­
me nt  a ft er  t he  Conference.

Mr. F ounta in. W ha t deg ree  o f in tern at iona l coordin ation  of effo rt 
is there a t the  prese nt tim e, if  you  know,  to protec t the environme nt ? 
I  recog nize  the problems you  ha ve  mentioned.

Dr . B all. W ell,  I  th in k it ’s coming. I know  th a t the re are  d eve lop­
ing  rel ati on sh ips  between the En vi ronm en tal Protec tio n Agency in 
Ja pa n,  between the  En vi ronm en ta l Prote cti on  Agenc y and the Ec o­
nomic Un ion  in W est ern  Europ e. We  hav e become involv ed i n env iro n­
me nta l research coo perativ e arr angeme nts , firs t wi th Ja pa n,  more  
rec ently  wi th the Un ite d Kingdom.  We met n ot  too lon g ago, wi th Si r 
George God ber , the  med ical  officer of the  Un ite d Kingdom,  and are  
tryi ng  to  de velop an inform al bu t v ery  effective wa y o f b eing sure th at  
the Un ite d State s and the Uni ted Kingdom research ac tiv itie s com­
ple me nt each  othe r and we know wh at each othe r is doing.  I guess it 
was 3 weeks ago, wi th Dr . M arsto n and  some of  the  othe r In st itu te  
dir ector s, we were in Moscow, Russia, for a week discus sing the pos ­
s ib il it y  of  a much closer cooperat ion  on env iro nm ental  he alt h researc h 
wi th  the  U.S.S .R.

Mr. F oun tain. I s i t your  fee lin g th at  o ther  indu str ial ized  countr ies
• are  tac kli ng  t he ir  en vir onme nta l problems and are  as concerned abou t 

them as we a re ?
Dr . B all. I  th in k the y are  becoming very concern ed abo ut them .
Mr.  F ounta in. Doctor, on page  2 of your  prep ared  sta tem en t you 

■ defined the  stu dy  of the  envir onme nta l he al th  science  as the  stu dy  of
the int era cti on  of man wi th ex ter na l nonin fec tious fac tor s, both 
chem ical  an d physical. Does th is  definiti on inc lud e ou r food  s up ply as
an ex ternal infect iou s facto r?

Dr . Rall. Yes , si r.
Mr.  F ounta in. In  o ther  w ords, is our food  sup ply inc luded fo r your  

stu dy  ?
Dr . Rall. Yes, it is. We are  no t concerned about the  nu tri tio usness  

of foods,  but as th ey  con tain p oten tia lly  toxic compounds.
Mr. F oun tain. By your  use of  “n oninfect iou s factors,”  do you 

mean t o exclude path ogens  wh ich  may be in th e env iro nm ent?
Dr . R all. Yes, in  term s of  th ei r a bi lit y to  cause disease.
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Mr. F ounta in. W ha t abou t mold s and oth er fung i which, under 
ce rta in  conditions  may pro duce toxins ; are  th ey also excluded?

Dr . Rall. Th ey are not exc luded,  and th at  is rea lly  the  basic reason 
fo r t he  phraseology  o f “noninfectious  f ac tor s."  W e are  v ery  c oncerned 
abou t the aflotoxins and th e o ther  mycotoxins  which can affect  our  food. 
It 's  no t as lar ge  a prog ram as we would like  it to be, bu t we’ve got 
a la rge p rogram  on toxins and  tox icity.

Mr.  F ountain . Myco toxins  affect  peanuts,  do they  not ?
Dr . R all. Yes, sir.
Mr.  F oun tain . On pag e 3 you sta te th at  amo ng your  specific con ­

cerns is carc inogenes is, the production of  cancer. Now, on Ap ril  22, 
1970, a rep or t was made to the  Surge on Gen eral  of the  U.S . Pu bl ic 
Hea lth Service  by the  Ad  Hoc Com mit tee on the  Ev alua tio n of Low 
Lev els  of Envir onme nta l C hem ical C arcinog ens . A re  you famili ar  wit h 
th at rep or t ?

Dr . R all. Yes, indeed.
Mr. F ountain . D o you agree  wi th the  substan ce and conclusions of 

th at  rep or t?
Dr . R all. Yes, I do.
Air. F ountain . Dr . Fa lk , I note  th at  you were a mem ber  of th at  

at  hoc  comm ittee , and I pre sum e th at  you agree wi th and su pp or t the  
conc lusions of the  committ ee. Am I correct in assuming  th at ?

Dr . F alk . Yes, si r.
Mr.  F ountain . Dr . Fa lk , append ix I I  of the  ad hoc committ ee 

repo rt  is en titl ed  “Comments on 1969 Re port of the  Food Prote ct ion  
Comm ittee.” Are you fa m ili ar  wi th th is section of  the  repo rt?

Dr . F alk . Yes.
Mr.  F ountain . D o you agree w ith  the  comm ents ?
Dr . F alk . Yes, I agr eed  wi th all the  comm ents,  as a m at te r of fac t.
Mr.  F ountain . I th in k append ix I I  is abo ut one page lon g;  you 

migh t care to read it a nd  re fre sh  yo ur  recol lectio n.
Dr . F alk. Yes. I agree wi th the  crit icism th at  is made. Ac tua lly  

there were exch ange s o f i nformat ion since th at  t ime betw een NCI and 
the people th at  were resp ons ible  fo r the  sta tem ent s, th at  is. the  Food 
Protec tio n Com mitt ee, a nd  the y a ctu ally a greed t hat  cer tai n s tatem ents 
made by them were not cor rec t fo r carc inogen s or  to  the best  ad va n­
tag e of the  public. So I belie ve th at  there  are  more  experts  now th at  
are  ag ree ing  th at  you can not make these  sta tem ents wi th  rega rd  to 
carcinogeni c ch emicals; th at  is. r eg arding  th is  sa fet y ju st because they 
have been aro und—have  been used  witho ut signs of  tox icit y, and, 
therefore, we can accept the m witho ut concern.

Dr . Ra il says  we need to review the  da ta  in lig ht  of the  ex ist ing  
knowledge, o ther than  on facts  we had presen ted  to  us  ye ars  ago. I be­
lieve th at . I believe eve ryb ody now agrees, since the  meetin g of Ja nu­
ar y 21, 1972.

Mr. F ountain . Do you have any com ment. Dr. Ra ll ?
Dr . R all. I agree wi th Dr. Fa lk .
Mr. F ountain . The reason  I  am intere ste d in ge tting  your views on 

th is section of  th e repo rt is th at  the  a d hoc com mit tee reco rded, and I 
quote, “i ts str ong obiec tion s to the  pr inc iples  exp ressed ’’ in the  1969 
rep or t of  the Food P ro tect ion Com mit tee of  the  N AS/ NRC (National 
Aca dem y of Sc ien ces/N ati onal Res earc h Council ). Now. the  specific
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part of the NA S/NRC report , to which the ad hoc committee objected, 
is entitled, “Guidelines for Estimating  Toxicological Insignificance of 
Chemicals in Food.” The ad hoc committee comments on the NA S/ 
NEC's guidelines end with this sentence, “Since the purpose of the 
report is to recommend guidelines and prior ities for selecting chemi­
cals for human use withou t direct experimental toxicological evalua­
tion, the lack of consideration of irreversible long-term toxic effects 
(which would not be ruled out by the suggested c rite ria) , makes the 
suggested approach pract ically  inapplicable  and potentia lly dan­
gerous/’

And in another section of the  comments, the ad hoc committee states 
that  certain assumptions in the NAS/NRC  guidelines “display a lack 
of unders tanding and apprecia tion of factors involved in chronic 
toxicity, par ticularly of the irreversible and delayed toxic effects which 
occur in carcinogenesis.”

I presume then, especially since you signed the report , t ha t you do 
agree with the statement ?

Dr. Falk. Yes, I can elaborate on it if you want to, to show or some­
how explain some of the other factors involved in evaluation of c ar­
cinogenicity.

Mr. Fountain. Let me ask the next question and then give you a 
chance to elaborate. This is ra ther an anomalous situation since FDA ’s 
food additive  regulat ion, 121.67, entitled “General principles for eval­
uating  the safety of food addit ives” provides tha t the Food and Drug  
Administration Commissioner will be guided by the principles  and 
procedures for establishing the safety of food additives stated in cur ­
rent publications of the National Academy of Sciences/Nat ional Re­
search Council. Now, the NAS/NRC  guidelines are found in current  
NAS/NRC publications and therefore  fall within the scope of the 
regulation I quoted. I f the ad hoc committee is justified in its state ­
ment that the NAS/NRC approach is potentially dangerous, I would 
think tha t this might represent a serious situa tion in view of the re­
quirement tha t FDA  be guided by the NAS/NRC guidelines. Would 
you not agree ?

Dr. F alk. Yes, sir.
Mr. Fountain. Now, you may elaborate.
Dr. Falk : Your second point first. It  is already clear tha t many 

compounds that  we became very concerned about—some of which were 
referred to as GRAS (generally recognized as safe) compounds—are 
being reevaluated, and many of these compounds are given a second 
scrutiny. We would not accept the e arlier decisions which were made 
by members of the NAS/NRC committee, but needed to reevaluate the 
safety of these compounds, and this is being done now, so there is no 
real discrepancy. Prac tically every compound has been reevaluated, i f 
the basis for the decision was considered unsatis factory, because it was 
not based on adequate experimental evidence. So there is complete 
agreement between the FDA and tha t ad hoc committee, as to what 
must be done.

With  regard to the more complicated problem, I would like to make 
it clear that  most of the chemicals tha t are hi ttin g us in our daily lives 
reach us at very low concentrations, but  tha t they are taken up in many 
exposures, over a long period of time, and tha t we deal with an ex-
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posure  not  jus t t o t he  same, single  in dividu al  compound bu t to a  whole 
va rie ty  of com pounds at  various  doses. For the longes t tim e it  was 
alr eady  con side red inadeq uate to ev alu ate  one com pound alone as the  
cause  of a po ten tia l hazard, bu t we need  to  con sider all  of  the m to ­
gethe r. Th e Russians  have produced a for mu la th at  the y publi she d 
some years  ago  which suggest s th a t one can  conside r all effects  ad di ­
tive . T his  was a lre ady co nsid ered  an  ad vance, t hat  is, to cons ider in  th is 
form ula  all  t he  environm ent al ha za rd s and  give each  one  th e same a d­
di tiv e we igh ting.

We know,  how ever , th at  in  hu man  cancer  we are dealin g w ith  a m uch  
more com plic ated pic tur e—cocarcinogenesi s is no t an experim ental  
curiosity or  s om eth ing  that  m ay only ap ply to the skin of mice; no, it 
appli es to all of  us, and is reall y part  o f o ur  problem, a nd  l et me s tat e 
wdiat it  is. Th e exposure to a carcinogen at  a very low level, which 
wou ld no t pro duce cancer  in  m an or  anim al,  d ur in g h is lifetime  can be 
modified  o r en han ced  by com pou nds  th at  ar e not  carc inogens , th at  may 
no t even be to xic , t o produc e c ancer in man  o r a nim al,  a t t hi s very low 
dose level. We  have exam ples.  Some ap ply to ma n and some ap ply to 
animals. We  do  no t always  have the same s itu ati ons a pp ly  to  bo th man 
and anima l an d th is  is one draw back, bu t we hav e examples on both  
sides. De ali ng  w ith  skin  can cer  in ma n and mouse, the re is fre quen tly  
one chem ical  resp ons ible  f or  i t : benz pyrene . Th is is one of the car cin o­
gens pres ent at  low dose levels, and the cocarcinogen may  be dodecane, 
which  is presen t in man y pet rol eum  compounds,  and it  is not ca rc in­
ogenic. A high  concent rat ion  of dodecan e will enhance the car cin o­
gen ici ty of  b enz pyrene  a tho usandfold .

In  o ther  words , where you saw no tum ors w ith ou t th e cocarcinogens, 
bu t wi th the  coca rcinogens you wil l see ca nce r occurring  in thes e an i­
mals at  a hig h rate . In  humans, the same typ e o f chemicals  are  exp ected 
to produc e can cer  of the  skin—w ork ers  have  been exposed as lon g as 
a h un dred  ye ars  ago, to  waxes, mine ral  oils , and  other  pe tro leum prod ­
ucts, d ur ing t he ir  work in  th e oil indu str y,  th at  have  produce d a r at he r 
high  incidence of skin  cancer a t a  time  when the  sea rch  for  the c arc ino ­
gen  showed  t hat  it  was no t p resent a t a hig h dose. So these co ntr ibu tor s 
were pu t toge ther  in  the  h um an as well as in animal studie s, as bein g 
very im po rta nt  fac tors, and we m ust  the ref ore be aw are  o f t hi s ag gr a­
vation of  cancer induct ion  and effec tiveness of nonca rcin oge nic  a gen ts 
in chan ging  the  hazard  pro duced  by a carcinoge nic  age nt. I wa nt to 
say  one more th ing . Ciga ret te smoke is car cinogeni c; so is tobacco. 
There  is very lit tle  carcino gen  presen t, and ye t scient ists  know—and 
there is good evidence, th at  ciga re tte  smo king produc es lung  cance r. 
The difference  lies in  the  carcinoge ns in smoke. We ha ven’t go tten so f ar  
in anima l exp eriments  as to i de nt ify the  agents  th at  are  cocarc inogenic  
in smoke. Th is sit ua tio n reflec ts on th e Delaney amendment. We can ­
not  cha nge  the  l et ter of the  De lan ey c lause  if  we have to wo rry  about 
th is  synerg ist ic effect, which may some time s raise a dose o f c arcinogen 
which we con sider entirely  below  t he  effective  dose, a tho usandfold  in 
effect, in  wh ich case it  becomes a carc inogen ic dose.

Since th at  happens  with  a v ar ie ty  of  compounds i n a v ar ie ty  of ways, 
we are  sti ll at  the same sit ua tio n where Secre tar y Flem mi ng  was in 
1958 when  he answered th at  he cou ld not det erm ine  whe re the  safety  
thr esho ld was fo r prac tic all y any of  ou r carc inogens.  T hat ’s why I
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guess the amendment is sti ll the way i t was then because even with the 
knowledge we have gained we cannot determine this par ticu lar cutoff point of carcinogenicity.

On the other nand, there is such as cutoff po int for  carcinogenesis. Tha t it is true can be seen from the many cocarcinogenesis experi­
ments where dose levels of carcinogens can be given to animals and 
nothing happens in this lifetime. Absolutely nothing happens to the animals. They live thei r complete l ifespan without  adverse effect. In 
fact, these are  the control studies. But the other ones also get the co- carcinogens and you see the effect. You must get an effect due to the• chemical tha t can be hidden in man and animal and will not become 
apparent or be recognized as cancer unless you give some synergist. I 
mean th at there was some cruc ial change. The changes have occurred in the subtractions of cell. These changed cells—they are called ini-* tiated—are ready to possibly show the effect if conditions are righ t 
but this is the situation  tha t makes it so difficult to alter  any judg­ment with regard to the safety level of any carcinogens.

Mr. F ountain. Shouldn’t NAS/NKC  publications be revised to re­flect what you are saying ?
Dr. F alk. I  th ink they would if they had a chance to respond. They would show the ir change.
Mr. F ountain. Dr. Kali, on page 8 of your prepared  statement, you 

discuss the pr inciples of operation. In this connection you state, and 1 quote, “Maximum protection of the  public health demands that the less 
we know about the heal th effects of a given product  the more stringent 
and conservative must be the standards regulating  its use.” I don’t think any reasonable and pruden t person would take issue with tha t 
principle , unless we became involved in decisions with a lot of eco­nomics. B ut I ’d like your views on the application of this  principle to 
our efforts to regulate the use of diethylstilbestrol. As you know, this 
subcommittee has held hearings on the regulation of DES,  both as 
a human drug  and one which is used in medicated animal feeds to promote growth of animals and increase food utiliza tion efficiency. 1 
happen to have a lot of constituents in the animal business. D ES is carcinogenic to a number of species of animals and has been linked 
to vaginal cancer of young women, where the mother took D ES dur ­
ing pregnancy. A t the time of the hearing  in November of 1971, almost 70 cases of this  rare form of vagina l cancer in young women had been 
associated with DES use by their mothers. This subcommittee’s studies 
on DES revealed th at it had produced cancer of the breast in female„ mice a t the extremely low’ level of 6.25 par ts per billion in their d ie t; it
also revealed that its use in medicated feed resulted in residues in about 
one-half of 1 percent of the cattle and sheep livers marketed. The resi­
dues were on the order of 2 to 39 parts per billion. The benefits of DES  lie in the saving of  about $3.50 per person a year in the purchase 
of meat.

In view of these facts, what kind of a s tandard regulating  the use 
of DES  could or should, in your opinion, be applied? Is DES, in your opinion, one of those products about which our knowledge of its 
health effects when used in animal feeds is inadequate, therefore re­
quiring more stringent and conservative s tandards regulating its use ?

Dr. Ball. First, let me say t ha t the problems of endocrine carcino-
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genesis are particularly complex, th at  there are enormous differences
in strains,  and tha t species di ffer in response to various hormones. I
am not an expert  in this area. This  is a very complex field. It  seems
to me, though,  the whole D ES story accentuates the need fo r a better
understanding of long-term effects, of the compounds we are exposed
to. We really need, I think, much better  studies on the carcinogenicity;
we should have a better feeling fo r the norm in experimental subjects,
for instance, in the  mouse. I am aware th at 6.2 par ts per billion caused
mouse tumors; the question arises almost instant ly, “ Well, what about
the normal estrogen levels in the mouse; has anybody looked at the
normal amount of estrogen and compared it with the 6.2 ?” It seems to •
me these are questions we need answered and they should be supplied
by the basic research we have been talking about.

Dr. Falk. I ’d like to talk about it from a slightly  different point 
of view; namely, are there any other  compounds that could be used *
in feed for cattle that would have the same desirable characteristics,
lack the undesired characteristics, and could be eliminated even faster 
than  DES? This is the result of research tha t came out of the work 
on the fungal  toxins. Pigs had eaten feed tha t was contaminated with 
molds and the chemical was isolated from the  feed which was respon­
sible for the estrogenic effect observed in these pigs. They give i t an 
awful name; “Zearolanone.” Af ter  the  chemical structure of the com­
pound was established, the chemists synthesized the compound and 
changed the  s tructu re; they changed it enough to get rid of the estro­
genic activity but maintained the growth stimulating activity so that  
now i t is on the market with a somewhat different name “Zearolanol,”
It  is a food additive which has very little estrogenic activity, but is a 
growth stimulant for cattle and it is being used as such. I am not 
familiar  with  experiments tha t have been done to show the effective­
ness of the addition or its estrogenic ineffectiveness on this, but this 
seems to be a possible answer. It  is very simple to switch to this new 
compound tha t apparently can dissociate estrogenic activity and 
growth stimulation.

Mr. F ountain. Does FDA have access to this information ?
Dr. Falk. Oh, yes, it is approved by them.
Mr. Fountain. Dr. Rail, on page 10, you mentioned tha t your 

agency has conducted an investigation of n itrite  content, of babyfood.
1 am familiar  with your agency’s Environmental Review No. 2 on 
Nitrates and Nitrites. On page 4 of  tha t review, the following s tate­
ment is made concerning the possible consequence of the use of nitrites 
in the diet, and curing in meat, and I quote. “The red color of cured B
meat is largely due to the formation of nitroso compounds of myoglobin 
and hemaglobin. I t is entirely conceivable th at a comparable reaction 
of nitrit es with secondary amines would produce nitrosamine, a family 
of compounds which contain many known powerful carcinogens.” In 
tha t connection, the U.S. Department of Agr iculture and FDA issued 
a joint press release on February 5, 1972, which reported the finding 
of just such known powerful nitrosamine  carcinogens in cooked 
sausage, dried beef, and cured pork, all of which had been treated 
with nitrite . In addition, the release reported that when bacon is 
fried—and I eat an awful lot of bacon and love it—a carcinogenic 
nitrosamine—that  is not present in the uncooked bacon—is produced.
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FDA reported tha t in four  out of the four b rands of bacon tested this 
carcinogen was produced, but the study was called “prelim inary .” 
Tha t “prel iminary” is in quotes. Dr. Rail, in your opinion, what stand ­
ard should be used for regulat ing the addition of nitri te to foods; 
should it be conservative and stringent? Or just how would you handle 
it?

Dr. Rale. I think  the whole problem of nitroso compounds in foods 
is going to be one of the problems tha t will probably attract the at ten­
tion of the scientific and  public community in the next year or two as 
much as any. And I thin k we are faced with a series of dilemmas. 
Nitrate and nitri te in food is a preservative. When I shop for ham­
burger, I shop for pink hamburger, not the brown. And now we are 
faced with the fact tha t there are low levels of nitrosamines and re­
lated compounds in many of the foods. I would lie very concerned 
about this. I think  we have probably not enough basis today to set any 
tolerances or limits, but I certainly hope we have very effective re­
search programs going on to find out more about these very importan t 
compounds.

Mr. Fountain. Would you be willing to express an opinion as to 
how much exposure of the public to nitrite s, and the carcinogenic 
nitrosamines they form, should be permitted?

Dr. Rall. I  think the answer is—as little  as possible.
Mr. Fountain. As little as possible?
Dr. Rale. Yes, sir.
Mr. Fountain. In your opinion, is our knowledge of the effect of 

nitri tes on heal th, and the nitrosamines they produce, adequate so we 
can have less than  a stringent  or conservative regulatory standa rd?

Dr. Rale. Let's just be sure now—we are not ta lking  about nitra tes 
causing methemoglobinemia; not talking about the reports from 
Western Europe that,  in  fact, there were high concentrations. We are 
really talkin g about the problems of nitrosamines. I think  we are in 
the stage where we have to have quite stringent  controls and hope to 
get enough research data  to see whether they are proper or not.

Mr. Fountain. Apparen tly, we are now in the process of obtaining 
data. FDA, and institut ions under contract with FDA, are  engaged in 
the process.

On page 16, you state  tha t your staff frequent ly provides assistance 
in efforts directed toward the resolution of pressing environmental 
health problems, and you list a number of agencies and committees 
for whom you have rendered service. How were you brought into these 
activities; by invitat ion?

Dr. Rale. By a varie ty of mechanisms. There are formal govern­
mental invitations  where you are asked to send a representative. An­
other important way is tha t our staff, I am happy to say, are, by and 
large, distinguished scientists, and they get invited because they are 
experts in the field. Another mechanism is that I. and other members 
of our staff, are in really quite close contact with most of these regula­
tory agency people; and if they have a problem, we will often say, 
“Well, somebody on our staff is working on that  and it would be worth­
while to talk to him.’’ So there are really three mechanisms.

Mr. Fountain. I think Congress is always concerned th at all who 
have access to information on a given subject be given a chance to
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supply tha t information, so we will have the benefit of all of it. Quite often we find—in the Federal Government, at least—that  the left hand doesn’t know what the righ t hand is doing. Now, FDA and USDA  organized a rather large interdepartm ental committee to consider and to work on the problem of n itrites and nitrosamines. The committee includes members of FDA , USDA, NCI, Eppley  In stitu te, and others who are representatives from indust ry and from several universities. Was your agency asked to participate in the work of this committee ?
Dr. Rall. It  was not, to my knowledge, but  let me explain the groundrules. As I  th ink you are aware, the National Cancer Insti tute  appropria tion is quite large and ours is not large, indeed, and I feel tha t when it is a problem of purely carcinogenesis or carcinogenicity of a compound, it seems the NCI had the resources to devote to th at and we did no t; although we are interested in problems of carcinogenesis, and we are doing some research in the area, we feel the prime area must be the Cancer Institu te. In most ins tances it would not be necessary to have more than one NIH Ins titu te represented.
Mr. Fountain. What I had in mind was participa tion, not funding. I realize, of course, some participation requires expenditures. Then, you were not asked to give the committee the benefit of your thinking?Dr. Rall. No; we were not. We would have been delighted  to pa r­ticipate  if it didn ’t cost money.
Mr. Fountain. If  it didn’t involve money, do you feel tha t your agency could make a contribution to such a committee ?Dr. Rall. I would think so ; yes.
Mr. F ountain. Also, on page 16, you state tha t your agency con­vened a conference on research into PCBs  (polychlorb iphenyls) . Did you invite FDA  to participate ?
Dr. Rall. Yes, sir.
Mr. F ountain. H ow about the Department of Agricul ture?Dr. Rall. Yes, sir.
Mr. Fountain. On April 13, 1972, FDA  reported tha t final plans are being developed for long-range studies into the possible h armful effects of various chemicals on man. FDA  fur ther reported tha t a series of 2-week meetings with various representatives of Government, indust ry, and the academic community began on April  13, 1972—not very long ago—to establish experimental protocols for the National Center for Toxicological Research. To what extent, if any, did you participate in these meetings and programs ?
Dr. Rall. We partic ipated  rath er extensively in the whole series. Specifically, Dr. Pavne  represented the Inst itute at the meetings the 14th and 15th. Our senior statistic ian, the  head of our statis tics branch, last week, and presumably this week, is working with the FDA  on their development of protocols. Our Chief of  Pharmacology and Toxicology will be one of thei r senior advisers on development of this center. A pathologist, who is a visiting scientist with us this year, has served on another advisory committee. So we are very well involved in that  part icula r development.
Mr. F ountain. That  is fine. As I  understand it, a great deal of  en­vironmental health research is carried on by the National Cancer I n­stitute. the Environmental Protection Agency—which was created
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afte r your Inst itute  and its mission was established—and some other  
Federa l agencies. What arrangements or understandings do you have 
with the Cancer Insti tute,  for example, as to how you divide up the 
research responsibilities rela ting to cancer as an environmental prob­
lem? How do you prevent undesirable duplicat ion and overlapping 
with these agencies ?

Dr. Rall. The relationship with the Cancer Inst itute is perhaps 
unique because I  spent many years there. Dr. Falk  spent many years  
there. Dr. Payne did, too. We, in terms of our relationships with the 
NCI. operate on rather a more personal level than with the other agen­
cies. We know the scientists involved very well indeed. We often dis­
cuss “is this a problem you w’ant  to take or is this a problem we should 
take”—and I think  that works very well. Again, with the other agen­
cies. I think  the need for  a more formal mechanism than  had existed 
is what led to the development of the Ad Hoc Committee for E nviron­
mental Health Research. A nd one of the very nice things about this 
committee has been tha t the four major agency leaders have met to­
gether every two weeks, and this has provided a very grea t coordi­
nation by just meeting and talk ing together, and it is my expectation 
that  this  aspect will continue.

Mr. F ountain. Fine. I understand tha t your current  approp riation 
is $26.4 million and you are  asking for  $28.8 million for the fiscal year 
1973; is th at right?

Dr. R all. Tha t’s right.
Mr. Fountain. Now, your own laboratory and clinical operations 

are budgeted, I believe, at $7.1 and $7.6 million for 1972 and 1973 
respectively, and that’s roughly, 27 or 28 percent of your to tal appro­
pria tion ; the rest is spent for research gra nts and contracts and  train ­
ing awards. Does that sound about right ?

Dr. Rall. Yes, sir.
Mr. Fountain. Do you feel that you are doing enough of the work 

in your own faci lities as compared with the supported research?
Dr. Rall. I think  that  our feeling is tha t we, in the best of all 

worlds, if  there were not the restrictions on resources that  there  seem 
to be in the world we live in, would feel it  would be enormously im­
portant to develop an effective intramura l program tha t would be as 
immediately responsive to the needs when another methyl mercury or 
another NTA comes along. We would look forward to an intram ural 
program perhaps four times its present size, which I think  would give 
us the resources and facilities to really effectively handle environ­
mental health problems.

Mr. Fuqua. You are asking for a budget of $28 million, an increase 
of $2 million; how much did you ask N IH for before they reduced it?

Mr. Kingman. Off the top of my head, about $38 million.
Mr. Fuqua. So they cut you about $10 million ?
Mr. K ingman. In  fai rness to Dr. Marston, i t was not the NIH that  

cut us. The difference occurred in a series of incremental cuts.
Mr. Fuqua. But you originally  asked for $38 million ?
Mr. Kingman. Yes, sir.
Mr. Fuqua. A loss o f about $10 million from what you originally 

asked for?
Mr. Kingman. Yes, sir.
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Mr. F ountain. Now, your Institute  is the only NIH  Institu te located 
away from the Washington area. Does this geographical separation 
handicap your operations in any significant way ?

Dr. Rall. Not at all, except I  think my wife would prefer me home 
for dinner a little more of ten than when I ’m flying to Washington. 
No; we found this really to be a superb place for a research institute. 
The association with the universities—it’s delightfu l. Research Tr i­
angle Park, I think, is an ideal place; and, frankly, we like it down 
here very much indeed.

Mr. F ountain. Usually when these things come up, and particu larly 
when there are battles between various sections of the country for 
institut ions as valuable as yours, there are arguments about costs and 
overhead. I ’d like to ask you, in your opinion, whether or not it in­
creases your overhead costs signif icantly because of the need of your 
staff to travel frequently to Washington .

Dr. Rall. I would say it does not increase the cost significantly.
Mr. F ountain. In view of the magnitude of the task of identify ing 

and s tudying for control purposes those environmental factors which 
endanger  health,  do you th ink we, as a Nation, are doing as much as 
we should to deal with the problem ?

Dr. Rall. T hat ’s a very difficult question. I think the scientists, with 
the facilities existing, would like to do more than we are doing—but 
we are now talking about competing priorities within the other prob­
lems of the Nation. It has a fai rly  high tax rate. I think  among my 
colleagues, we feel we are not doing enough; but the decision is 
basically tha t of the President and the Congress to allocate as much 
money as they feel, in the ligh t of all the competing needs, can be 
allocated to environmental health.

Mr. F uqua. W hat would you do i f Congress gave you the other  $10 
million that  has been reduced from your budget ? How would you use 
it ? Wh at would you ask for ?

Dr. Rall. One important  aspect of this is t hat  if we are to grow 
in our intram ural research program, we need positions, ab ility to hire 
people to work.

Mr. F uqua. More staff?
Dr. R all. Yes.
Mr. F uqua. About how many positions?
Mr. K ingman. An increase of about 137 budgeted positions.
Mr. Fuqua. Do you have any other specific areas? You said a 

hundred and some thousand for those?
Dr. Rall. 138 positions. We would have liked a modest amount 

of increase in contracts which allow us to go out and buy research 
and we would have liked a modest increase in grants because we are 
supporting  some very excellent programs  and there just isn’t enough 
money to go around; but most of the money in that  year's budget 
would have been for intramural research.

Mr. F uqua. Did the cutback eliminate any of your objectives?
Dr. Rall. You just spread yoursel f thinner when th at happens.
Mr. F uqua. You didn’t have to eliminate any projects, specific 

program areas that you had to reduce?
Dr. Rall. We had to reduce ou r plans for developing a much more 

effective pathology-physiology branch. We will still have a branch
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but it will not be, you know, it won't have as many people—won’t 
be able to do as much work. It  will make it more difficult for our new 
mutagenic branch to develop what I think  will be one of the most 
important research programs in the country. So, we spread ourselves 
thin and that’s too bad.

Mr. F uqua. Thank you.
Mr. Fountain. I think  you may have already answered this in 

response to Congressman Fuqua , but i f you were to expand operations, 
given grea ter resources, what specific programs or areas would you 
like most to expand ? In other words, what things really need doing 
the most?

Dr. Rale. The two 1 mentioned. We need better facilities  and 
resources for pathologic-physiology. We need to develop our muta­
genesis branch. I think we’ve got two of the top people in tha t field 
in the world. We need to develop more than we have been doing. The 
means by which man and experimental animals get rid of and detoxify 
chemicals—that is just , I think, at the borderline and becoming one 
of the most important aspects we’ve got. If  you adminis ter a com­
pound to an animal or a man, it can either be metabolized and secreted 
in a nontoxic way, and in many ways metabolism makes it more toxic. 
We are just beginning  to get the necessary research done, and I think 
it would be a very important area. There is still another area I ’d like 
to bring up. The ultimate objective of all this is protec ting man’s 
health, and we’ve got to find out. you know, what is the status  of 
man's health, what is the status of a group of people exposed to DDT 
30 years ago. heavily exposed; what is the state of people exposed to 
methyl mercury ; this is human epidemiology.

This is very complicated, expensive, if you have hundreds of patients  
and take thei r whole lifetime to find out what they died of and what 
thei r diseases were. We have just a small program tha t could be called 
an epidemiology program, and we kept it small because of the very 
large amount of money that it would take  to run it effectively. Now. 
the other thing  I mentioned is we would like to develop in a more 
intensive way better methods of toxicity testing, because in the long 
run I think  th at’s going to pay off as much as anything. So I  think the 
pathology program growth, mutagenesis branch, human epidemiology, 
and bette r testing methods need the additional resources.

Mr. Fountain. I want to commend you for your comments on the 
subject of pr iorities. I realize you do have to operate within the budget 
as established by the Congress and the President, and those limitations 
concern me too; I hate to throw any cold water on environmental re­
search at a time when we need to do more than we are doing to pro­
tect man’s health. But in connection with these priorities,  I think it 
isn’t inappropriate to  consider th at we do have a $250 billion debt and 
the annual interest rate is about $23 billion a year, which, I  am told, 
is more than  we spent on our  entire budget for the first 120 years of 
our Nation’s history. These are things  that  have to be taken into ac­
count in establishing priori ties although each of us would like to see 
more done in these areas.

Before we take a 5-minute recess: As we came in, I received a com­
munication from Mrs. J.  L. Cuddy—I don’t believe I know her— 
addressed to the attention of House Inte rgovernmental Relations Sub-
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committee. I  will  rea d you the  le tte r—i t’s very shor t—and  give you 
an op po rtu ni ty  to comment on it briefly. She  say s: “Please,  in your  
hearings tod ay  on Envir onme nta l Hea lth , conside r the  inc rea sin g 
hazar ds  of  ind irect smo king (in ha lin g othe rs ’ cig are tte  smo ke) . W ith  
our socie ty tu rn in g more  and  more to urban jobs (in do ors),  m ore con ­
sid era tion must be given  to wheth er ai r (in doors) is healthy. Th is will 
include  ai r in resta uran ts,  bow ling lanes, buses,  concert hal ls, basket­
bal l stadiu ms , thea ter s, classrooms , school loun ges  and othe r lounges, 
meetin g rooms and  ha lls , et  cetera. A nd. of course, offices where millio ns 
spend at  lea st 40 hours pe r week.”

“All of us (p ar tic ul ar ly  those of us wi th bro nchia l weaknesses—and 
the re are  m ore of  u s a ll the time—asth ma , smoke all erg y, emphysema, 
and othe r re sp ira to ry  troubles ) will ap prec iat e your  help, and  con­
sidera tion of  thi s in cre asing  ‘He al th  H az ar d. ’ ”

Then,  of  course, enclosed with he r le tter  are  some othe r documents 
ma kin g reference  to  th is with quota tions  from au tho rit ies . I  would 
like to give  you the  benefi t of  commenting on th is l etter.

Dr . Rall. I  am a cig are tte  smoker  my sel f and I should  dis quali fy  
myse lf.

Dr . F alk . I  am not  a cig are tte  smo ker  myself.  I  agr ee with wh at 
the  lady  says. Th ere  has been a documen t writ ten by Dr . D anie l Ho rne  
on the prob lem of ill effects of  nonsmo kers being exposed to smoke. 
There  seems to be some basis and  some evidence  fo r th is effect. Fo r 
instance, conference rooms in  H E W  ca rry  b ig  signs of “No S mo kin g.” 
There  has been the  same move by some of  the  air lin es  to set up  one 
are a fo r smokers  and one fo r nonsmokers . Not only th e allerg ic pe r­
son may  suffer from cig are tte  smoke, bu t also those th at  are not  al ­
lerg ic, a nd  T must go a lon g with  the lady.

(A  5-m inute recess was taken.)
Mr.  F oun tain. Let  the  commit tee come to  or de r and the record  show 

a quorum is pre sen t fo r the  pur pose of  ta ki ng  test imo ny.  Ou r nex t 
witness is Dr . Danie l C. Tosteson, who has ha d a dis tinguish ed car eer  
in the  field of  physiol ogy  and  pharm aco log y. Cu rre nt ly , I un de r­
sta nd , he is pro fes sor  and  chairma n of  phy sio log y and pharm aco log y 
at Duk e Unive rs ity  School of Medicine, the  school with which he has  
been associated since  1961. Dr.  Tos teson, we are  pleased to have  you 
with us t his  m orn ing and we will be d eli gh ted  to  ge t t he  benefit of any  
sta tem ent  you m ay have to make.

STA TEM ENT  OF DR. DA NIE L C. TOSTESON, CHAIR MA N OF PH YSI ­
OLOGY AND PHARMACOLOGY, SCHOOL OF MEDIC INE, DUK E UNI­
VE RSITY

Dr. Tosteson. Mr.  Ch air ma n, I ’d like  to begin wi th in tro du cin g 
Pr ofessor Na rahash i, chairma n, Divis ion  of  Pharm acolo gy  at Duk e 
Un iversit y and pionee r in the  stu dy  of tox ic effects of  nerve cells.

Mi’. Fo un ta in , mem bers  o f the  subcom mittee: T am gr ateful  fo r t hi s 
op po rtu ni ty  to discuss with you the  deepening  crisis in the  re la tio n­
ship between he al th  and the  environment.  F ir st , I propose to sha re 
wi th you some of mv though ts about the his tor ica l or igi ns  of  th is  
crisis. Next,  T will  trea t in some more  de tai l one specific and well 
know n aspe ct of  the  cris is, namely,  t he  use (o r alleged  misu se) of the
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insectic ide DD T. Fi na lly , I will conclude wi th a few rem ark s abo ut 
possible pa ths  tow ard resolu tion or at least impro veme nt of th is  cris is.

Sixty yea rs ago,  the distinguis hed Am erican  physiologis t, La w­
rence  j .  Henderson, wrote  a mo nogra ph  en tit led “T he Fi tne ss  of the  
En vironm en t.” Pe rh ap s he ’d hav e to find  an othe r tit le  tod ay.  The 
book is a sea rch ing  in qu iry  into  the biolog ical signif icance o f th e pr op ­
ert ies  o f ma tte r. He nders on  c alls to ou r at tent ion the  rem ark abl e su it ­
ab ili ty  of  the  physi cal  con dit ions on the surfa ce  of the  planet  E ar th  
for the  processes whi ch we desc ribe  by the word life.  He  made a par­
tic ul ar ly  caref ul stu dy  of  t he  p roperti es  o f wa ter  a nd  c arbon dioxide, 
two e ssen tial  com ponents of  l ivi ng  th ing s.

He  delineat ed wi th gre at  c larit y the rem ark able su ita bi lit y of  th ese 
molecule s fo r pa rti cipa tio n in liv ing processes as we kn ow them. H en ­
derson  to ok pa rt ic ul ar  pain s to c on tra st his  conc ept of t he  fitness of  th e 
envir onme nt to su pp or t lif e with the  Da rw in ian idea of the  fitness of 
liv ing org ani sms t o s urv ive  in the  environm ent . A n ade quate  sy nthesis 
of  th ese  tw o lines of th ou gh t has  n ot  yet been made and is indeed  s til l 
a s ubjec t o f active research.  I  do n ot  brin g the  m at te r to you r a tte nt ion 
wi th  a hope of  resolv ing  i t her e th is mo rning. Ra ther , I  w an t to po in t 
ou t th at  d esp ite th ei r disagree me nt on th is  issue , Darwi n an d Hen de r­
son share d an at tit ud e abou t man  and his  e nvironm ent which those of 
us who are privil eged  to  live  in 1972 mu st con sider inc rea sin gly  a r­
chaic . They both con sidered th at  th e prop er tie s of  the  env ironm ent of 
man  were de termined by complex geological,  bio logical,  and cosmic 
events on which man ha d no signif icant influence. They did not se ri­
ous ly conside r the possibil ity  th at  the com pos ition of  the  atm osp her e 
or  th e sea could  be changed signif icantly by t he  actio ns of  man. Today, 
we kn ow th at  t hat  he lple ss, com for tab le bel ief  is wrong.  T he enorm ity  
of  th is  fact  becomes clea rer and  cle are r to more an d more of us every
d a y- . .

Our  sit ua tio n can be seen more  viv idly, pe rha ps , in the con tex t of 
geologic  time. Ri ch ard Car ring to n’s com par ison shows ra th er  st ri k­
ingly  how slow c hanges  in ecolog ical systems  have been. “ I f  the  ear th ’s 
hi sto ry  could be compresse d i nto  a s ing le y ear , th e f irs t 8 mo nths w ould  
he complete ly wi thou t l ife , th e n ext tw o w ould see on ly the  most p rim i­
tive crea tur es ; mamm als  wou ld not  ap pe ar  un til  the second week in 
Decembe r, a nd  no Homo  sapie ns un til  11 :45 p.m., on D ecem ber 31. T he  
en tir e per iod  of  man ’s wri tte n his tory  wou ld occupy the final 60 sec­
onds before  m idnigh t.” Th e modern  scientif ic revolu tion began abo ut 
400 years  ago with the work of Newton. Th e science of  che mistry is 
lit tle  more th an  200 ye ars old. In  th at  sh or t time, less th an  one-one 
bi llion th  of  the  to ta l du ra tio n of life  on ea rth , we h um an beings  ha ve 
ma naged to  mo dify sig nif ica ntly the  com pos ition of  the  atm osp here, 
the soil, and the wa ter s of  the planet . We  have become inc rea sin gly  
aw are  th at  many of  these modifications  th reaten  ou r health. W hy  do 
we be have in t hi s se lf-destr uc tiv e way? For  severa l reasons. Fi rs t,  l ike 
Da rw in and He nderson, we could no t ima gine th at  ou r act ion s could 
al te r som eth ing  so va st as t he  sea or  the a tmosp here. Second ly, we hav e 
been so in ten t to make ou r lives more comf ort able in the shor t run,  
th at  we hav e pa id  lit tle  heed to the  long run consequences of tec hn o­
logic al progres s. Bu t mostly , we have done  it because we didn 't know 
bette r.
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Le t me ill us tra te  the  po int with  the sto ry of  DD T. Al tho ugh th is 
com pou nd was firs t synthes ized  in 1874, its effectiveness as an inse cti­
cide  was no t discovered until 1939 by a sc ien tist  by the name of  M ulle r 
in Sw itz erl and. It  soon became known as the mirac le insectic ide.  The 
reasons  f or  thi s repu tatio n are  not ha rd  to find. I t  is exceedingly toxic  
to insects and ext rem ely  non tox ic to animals, inclu din g man. I t is re­
mark ab ly stab le and  not  d eg rad ed  by liv ing organisms . I t is easy and  
cheap to make and  to distr ibu te.  As a result  of  th ese unusu al pr op er ­
ties , i t soon came into mass  use th roug ho ut  th e world  i n the  co ntrol of 
insec t infe ctions in crops, as w ell as in sect  vec tors  involved in  the  tran s­
miss ion of such dan gerous  hum an diseases as m ala ria , trypan oso miasi s, 
an d yellow feve r. A late  as Fe br ua ry  of 1971 at  a conference in A t­
lan ta . sponsored by the  Worl d Hea lth  Or ganiz ati on  on the  use of in ­
secticides , L. J . Bruce-C hw att , pro fes sor of tro pica l hyg iene at  the  
Lon don  School of Hygie ne and Tr op ica l Medicine, said , “T he re is no 
dou bt th at  a  ba n on the  p rodu cti on  o f D DT . o r even a la rge reduct ion , 
wou ld cause a cha in rea ctio n th at  cou ld r esu lt in the c ollapse o f m ala ria  
era dica tio n or  control prog rams where they are  most needed—that  is, 
in cou ntr ies  inh abite d by the un de rpriv ile ge d tw o- th ird s of  m ankin d 
now tryi ng  so ha rd  to imp rov e th ei r level of exis tence.” In  th e face  of  
th is  fantas tic  success sto ry,  why does DD T hav e such a bad name 
amo ng envir onme nta lis ts tod ay  ?

Iro nica lly , the answer  to th is  question invo lves  t he  very ch arac ter­
istics o f D DT which h ave made i t so e minen tly  use ful as an insecticid e. 
Fi rs t,  because  i t is n ot easi ly degrad ed  bv liv ing organisms , it per sis ts 
and is acc umula ted  in the  food  chain . Thus,  it is now pre sen t in re la­
tiv ely  high  conce ntrations in the  fa tty  tissu es of  lar ge  animals  of all 
kinds,  pa rt icul ar ly  marine org anism s and othe r aqu atic animals. Sec­
ond. the ext rem ely  low tox ici ty of  DDT to animals  o ther  tha n insec ts 
made it very difficult a t t he  outs et t o predict  the ul tim ate consequences 
of  its  widespr ead  use. There  was sim ply  no ind ica tio n that  the  com­
pound in high  con cen tra tions in terfe res with the process of calci fica­
tio n of bi rd  eggs un til  the  experim ent of na ture  had been per formed. 
I t  w as wi th amazemen t as well as ho rror  th at  we l ear ned th at  pelagic  
bi rd s nesting  on isla nds in the mid-A tla nt ic  w ere fa ili ng  to  reproduce  
because th ei r eggs con tain ed DD T which ha d been sp ray ed  on the  
fa rm land s of  A merica  and  thence was hed  into  th e sea. E ven tod ay  we 
do not know in  de tai l th e m echanis ms o f tox ic effects pro duced  by D DT 
in high  concen tra tions in high er  anim als , inclu din g man.

I  te ll the sto ry  in some d eta il because it  seems to me to  i llu st ra te  the 
very gen era l problem th at  arises  eve ry tim e th at  we interv ene  in  our 
env ironm ent . We live in a vas t in te ra ct in g universe, the  com plexiti es 
of which we only  begin  to  u nd ersta nd . Ea ch  t ime  we inv ent to so lve an 
immedia te problem, the p ossib ilit y exists  tha t we create new p roblems. 
When t ha lid om ide  was firs t deve loped as a drug , we did  no t know tha t 
it sometimes p roduces a bnorm ali tie s in emb ryonic  deve lopm ent.  W hen  
the automobi le became accepted as a means of  t rans po rtat io n,  we did  
no t an tic ipa te  smog and  lead poisoning. Th e problem co nf ront ing us 
now is t o min imize the  negat ive  a nd  max imize the  pos itive b enef its of 
invent ion .

In  m y experience,  th ere  is o nly  one pa th  tow ard wiser  and  m ore in ­
forme d ste wa rdsh ip of our pla ne t. I t is the  pa th  of  basic  scien tific  re-
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search. In order  fo r us to an ticipate the  potential consequences of new 
chemicals and new machines and new sources of power, we must know 
more about their properties. In  order for us to trea t effectively diseases 
caused by agents which we have already introduced into the environ­
ment, we must understand better the mechanism of their toxicity. The 
only route to such understanding is through the hard  mental work of 
careful experiments in the laboratory and in the field.

It  is for this reason, Mr. Fountain, that I am parti cularly pleased to 
partic ipate  in this  hear ing with representatives  from the National In ­
stitute  of Environmenta l Health Sciences. This branch of the Na­
tional Inst itutes of  Health has already established itself as a leader in 
supporting basic research into the origins of environmental hazards 
to health. I  very much hope tha t the Congress of the United States will 
see fit to continue to increase support for this essential component in 
our effort to improve the conditions of life for the citizens of the 
United States and for citizens throughout the world.

One aspect of the operations of NIEH S deserves special note. Un­
like other components of NIH , this Inst itute  is located not in Bethesda 
but in the Research Triangle Park of North Carolina. Because of this 
location, it has been possible for members of the Institute staff to in ter ­
act closely with scholars in nearby universities. In  my judgment, these 
interactions between members of the university community, both fac­
ulty and students,  and scientists working in the labora tories of  the  In ­
stitute have been mutually productive. For example, it  was not  long 
ago th at a graduate  student at Duke University who has made some 
interesting new observations about the mechanism of toxicity of DDT 
had the opportuni ty to discuss his work with Dr. Rail and members of 
his staff. This kind of episode could well serve as a model for the prop er 
relationship between agencies of the Federa l Government and our 
citizens.

Mr. Fountain, members of the subcommittee, I hope tha t my remarks 
will encourage you in your work to strengthen Federal support for 
efforts to understand  and control manmade health hazards. I have tri ed 
to convey the complexity of the problems and the essentiality of basic 
research to provide solutions. Thank you fo r your at tention. I will be 
pleased to answer questions which you may have about these matters.

Mr. F ountain. Thank you very much for an extremely interesting 
statement. I think no one would disagree with the concluding remark  
emphasizing the essentiality of basic research to provide solutions.

In view of the fact th at we are running a littl e late r than we planned, 
I will withhold any questions and defer to other members for any 
questions they may wish to ask.

Mr. Alexander. Doctor, one question—if I might ask. Do you in your 
studies have an interre lated exchange of information with those a gen­
cies which are concerned with the depletion of our earth’s resources, or 
do you confine your research to the contamination of the environment ?

Dr. Tosteson. I think the answer to that  would have to be the latter. 
We don't confine our research to environmental health hazards. We do 
research in fundamental physiology and pharmacology and all of its 
ramifications, but we do relatively litt le on research of the consequences 
of the depletion of the resources of the planet.

Mr. Alexander. I  wonder if one is related to the other?

80 -0 12  0 — 72-------4
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Dr. Tosteson. Certainly so.
Mr. Alexander. And I wonder if an exchange would not be bene­

ficial or helpful in the organizational structure that makes up the 
system that we have to police the planet ?

Dr. Tosteson. Well, I  think  one of the problems th at living in the 
modern world is, is that everything is related to everything  else and 
there is a limitation of the number of hours in the day. I think in 
principle it's a good idea, but as you well know, you can’t do every­
thing.

Mr. Alexander. On that point, Doctor, I  will yield to my colleagues.
Mr. Fuqua. I want to thank you for a very fine statement. I agree •

wholeheartedly and I appreciate your time spent to prepa re this 
statement.

On page 4, you have made a grea t statement pertaining to 
basic research—tha t it applies to many of our social problems. *
You say. “Each time we invent to solve an immediate problem, 
the possibility exists tha t we create new problems.” That’s not just 
related to basic research; in dealing  with many of our social problems 
we realize tha t we have created o ther problems. I t’s like pu tting  your 
finger in a dike; plug one hole and you find another one. I think it 
sums up the big problem we have.

Mr. F ountain. I also think you have made a very self-explana tory 
statement, which will be a significant contribution to our hearing 
record. We thank  you very much for being here.

Dr. Tosteson. Thank you, gentlemen.
(Dr. Tosteson’s curriculum vitae follows:)

Curriculum Vitae
Nam e: Daniel C. Tosteson.
Date and place of b irth  : Febru ary  5, 1925—Wauwatosa, Wis.
Ma rita l st a tu s: Marr ied, four children.

Education:
Ha rva rd College, 1942-44 
Harva rd Medical School, M.D., 1949

Membership in societ ies:
AOA
American Physiological Society (Council, 1968-69, 1969-73) president-elect,

1972.
Society of General Physiologists  (pre sident, 1968-1969). *
Biophysical Society 
A A AS
AAMC

Council of Academic Societies (pre sident, 1969-70)
Associat ion of Chairmen of Dep artm ents of Physiology •

Consul tant and advisory positions:
Molecular Biology Panel, National  Science Foundation , 1961-64.
Scientific Advisory Committee. NTH. Health  Research Faci lities , 1964-67.
Natio nal Advisory Council. NIH, Health  Research  Faci litie s, 1968-71.
Scientific Advisory Board. National Kidney Foundation, 1961-68.
Chairman, Gra nts  and  Fellowship Committee, National  Kidney Foundation,

1965-68.
Positions held:

Professo r and chairman, Departm ent of Physiology and  Pharmacology, Duke 
University School of Medicine. 1961—.

Associate professor, Departm ent of Physiology, Washington University School 
of Medicine, St. Louis, 1958-61.
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Research Fellow, Lab oratory  of Kidney  and  Elec trolyte Metabolism, Nat iona l 
He art  I nst itu te,  Bethesda, 1957.

Research Fellow, Physiological Laboratory,  Cambridge, England, 1956-57.
Research  Fellow, Departm ent of Biological Isotope Research,  Copenhagen, 

Denmark, 1955-56.
Research Fellow, Laboratory of Kidney and  Electro lyte  Metabolism, National 

Heart  Insti tut e, Bethesda, 1953-55.
Research Fellow, medical depa rtment,  Brookhaven Nation al Lab ora tory , New 

York, 1951-53.
In tern  and  as sis tant  residen t in medicine, Pre sby ter ian  Hospital , New York, 

1959-51.
Fellow, Depar tment  of Physiology, Ha rvard  Medical School, 1947-48.
Over 50 scientific  publications.
Mr. F ountain. Another distinguished professor with us today is 

Dr. K. M. Brinkhous, the alumni distinguished professor of pathology, 
and chairman of the department of pathology at the University  of 
North Carolina, Chapel Hill,  who will testify  concerning certa in 
aspects of environmental  health problems. Dr. Brinkhous, we are 
honored to have you here and we deeply appreciate  your tak ing 
the time to appear and give us the benefit of your thinking  thi s 
morning. You may proceed.

STATEMENT OF DR. KENNETH M. BRINKHOUS, PROFESSOR OF 
PATHOLOGY, UNIVER SITY  OF NORTH CAROLINA

Dr. Brinkhous. Mr. Chairman,  I am pleased to have this oppor­
tuni ty to comment upon the activities of the NIEH S in relation  to 
certain environmental  health problems fac ing us today. Fir st I w’ould 
like to say tha t those of you in the Congress who decided upon the 
location of this Ins titu te in the Research Triangle, may look back 
upon this as having been a very wise decision. The Inst itute was 
quickly established and has been function ing in a very effective 
manner, considering its limitations in budget and personnel. It  has 
been a good neighbor, and in the process has demonstrated tha t the 
Federa l Government can carry out a research mission at the opera­
tional level jointly  with adjacent universities. One of the greate st 
needs and one of th e most difficult things  to atta in is that of essential 
new knowledge on which a sounder environmental health program 
can be based.

Manpower available for the development of new knowledge resides 
in good p art in the major universities. The partnership tha t has been 
fostered between the Inst itute  and the Research Triangle universi­
ties may well be a prototype in pursuing basic research essential to 
the Nation’s needs that might be emulated in other research areas of 
the Federal Government. I could mention as an example of the success 
of this arrangement studies that  have significantly advanced our 
knowledge of lead poisoning. These studies were carried out by 
pathologists and chemists at Chapel ITill in consultation with Insti ­
tute scientists at the NIE HS. An addendum to this statement  sum­
marized what has been accomplished by this cooperation.

As a pathologist and hematologist, I am impressed tha t disease 
due to environmental agents as, for example, the heavy metals like 
lead, or halogenated hydrocarbons and organophosphates as in many 
of the pesticides, present challenging problems to us as a society in 
developing a rational  and effective policy. It is perhaps easy enough
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to  id en tif y some obv ious toxic  ag en ts in  the  environme nt and to develop  
ha sti ly  a prog ram for th ei r control wi th ar bi trar y sta nd ards  fo r to l­
era ble  conta mination, wh eth er it be in water,  air , food stuffs, or the  
occ upatio nal  env iron ment. An d it  is esse ntia l th at  th is  be done, as it  is. But  fo r long term pol icy,  th is  is fa r from enough.

I f  one examin es the  scientific  da ta  on which prac tic al decis ions  are 
made, all too oft en  one finds  it  is spa rse  indeed. We are  ra th er  tho r- 
oiig hly  exp loi tin g th e ba sic k now ledge t hat  is availa ble . We ar e deal ing  
wi th agents th at  are  tak en  in to  the body in low levels ove r long 
periods of  tim e, and whose effects, which eventua lly  may be very 
da ma ging , are  fo r years  so subtl e as to be und etectable  by presen t 
methodolog ies.  We hav e not ye t developed ou r vision to the point  
whe re ea rly  dam age  c an be seen. To  mak e matters  more com plic ated, 
as we live in ou r var iou s environm ent s, indiv idua ls are  exp osed  to  low 
level s of no t ju st  one bu t ma ny po ten tia lly  tox ic age nts  ove r a long 
pe riod of  time. I per son ally would  like to commend the In st itut e be­
cause they  recognize  the  problem. The N IE H S has  recogn ized  th is 
im po rtan t problem and there is ju st  begin nin g to be und ers too d the  
effects of  exp osure to mul tip le  agen ts at  low’ levels  fro m inf ancy  to 
dea th. Th e end result  is t hat  one is deali ng  w ith  c hronic  d ege ner ative 
diseases th at  deve loped  ove r the years , fo r which there  is no cur ative  
tre atmen t. So pre ven tion ap pe ars to be the  only feas ible  appro ach .

But  in a high ly tech nological  socie ty, which will undoubted ly be­
come more tech nolo gic in the fu tu re , hazar dous a gen ts cannot be com­
ple tely avoided . The po ten tia l ma gn itu de  of th e problem  becomes stag ­
ge rin g when it is realized th at  chemis ts develop  s everal thousan d new 
chem ical  com pounds each year.  To  det erm ine  rea lis tic  and relative ly 
saf e levels fo r all of  thes e com pou nds  appe ars impossible. Majo r ef ­
fo rt  sho uld  be given ins tea d to  dev eloping pr inc ipl es  as to how the  
body handles  or  fai ls to  ha nd le a grou p of compounds,  both qu al ita ­
tiv ely  and qu an titati ve ly . How are  the y sto red  and  detoxifie d, and 
how can  the body be aid ed in man ag ing and ge tti ng  r id  o f these toxic  
mate ria ls?  Once  one knows the exa ct pa thw ays in the body  and the  
micro env ironm ent of the  cell in which the  tox ic agent exe rts  its 
effect, drug s sho uld  be dev elop ed to help the body de tox ify  the en­
vi ron me nta l agents.  An  a na log y is seen wi th phenobarb ita l which can 
increase the ac tiv ity  o f enzymes in the liv er  re sponsib le fo r detoxifica­
tio n of  ma ny drug s and chem icals. Thus, (1) we mu st work with the  
in form at ion cu rre nt ly  a vailable  to  develop rea lis tic  st an da rds. A com­
ple tely nonhazard ous envir on ment is only an idea l. An d (2)  w’e m ust  
su pp or t and prote ct the  scient ists  w’ho are  dev elopin g the  new- knowd- 
edge  th at  should  eventu ally allow’ a com pletely r at iona l env ironm ental 
healt h policy.

One  othe r aspect  of research sho uld  be emphas ized . A whi le back,  
a tobacco fa rm er  fro m easte rn Nor th  Ca rolin a came to ou r hospi tal , 
hemo rrh ag ing l ite ra lly  f rom  a ll orifices . T his  ble eding sta te was due to  
the dis appeara nce of one o f the blood clo tti ng  facto rs,  so -called St ua rt  
fac tor , nam ed af te r Mr. S tu ar t fro m the  Nor th  Ca rolin a mountains. 
Th is acq uired hem ophil ia- like diso rder  developed fol low ing  use of  a 
common fun gic ide  on the toba cco  bed. He  reco vered in abo ut 2 w’eeks. 
He  delega ted  fumi ga tio n of his  seed bed to his  e ldes t son, and he had
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no fu rthe r trouble.  No simila r disorder  cou ld be pro duced  in animals  
exposed to  the  fum iga nt.  Th is and othe r experiences ill us trate th at  
some mem bers  of  the po pu latio n are  more suscep tibl e to a toxic 
agent th an  oth ers —an d th is  is no t just a m at te r of dosage. Here we 
ha d a case of  ext rem e hypersu scep tib ili ty.  Many th ings  may co nt rib ­
ute  to th is va ry ing susce pti bil ity , as genetic  fac tor s, nu tr it io na l sta te,  
exposu re to  othe r agents,  drugs, and even preexisti ng  disease. A da p­
ta tio n is one of the  chara cte ris tic s of the  race. One  needs  to know the  
lim its  of  indiv idua ls to ad ap t to  noxious  ag en ts and thus  to at ta in  a 
pro tec tive mechanism. Th is spect rum of high  susce pti bil ity  on the  
one h and and acq uire d res ista nce  on the  ot he r ne eds to be bet ter u nd er ­
stood. P op ulat ion o r epidem iolo gic  stud ies  are  in o rder  here.

The po pu lat ion  of Nor th  Ca ro lin a pro vid es a good base fo r such 
stud ies , fo r severa l reasons. I t  ha s a rel ative ly sta ble  popu lat ion , less 
mobi le th at  many of the hi gh ly  indu st ria l States  of the Union . It s 
popu lat ion  in many rega rds is well  studie d, and un ivers ity  medical  
cente r resources are  avail able fo r specific inv est iga tions.  I t sho uld  
be mentio ned  th at  there  is a unique med ical  exam ine r system in th is 
State , based at  the  un ivers ity  at  Chape l Hill , which pro vid es an  im ­
po rtan t resource  fo r analy sis  of  the  load  of  tox ic agen ts as heavy 
me tals , rad ioa ctive  elem ents , an d the like  th at  the  po pu lat ion  carries .

The body of knowledge de al ing wi th environme nta l he al th  is re la ­
tiv ely  lim ited in com par ison fo r example to the infect iou s diseases . 
Even the knowledge  we do hav e ha s no t been well col late d fo r rea dy  
access by stu dents and inv est iga tor s. We b adly need conti nu ing  up-to- 
da te docum ent ation o f w ha t i s known, fo r th e d iffere nt discip line s con­
tr ib ut in g to environme nta l he alt h. Ce rta in ly  th is  is tru e of  en vir on ­
menta l p ath olo gy. Th e N ati onal Resea rch  Counc il a nd  the N IE H S are 
ex plo rin g how  th is  migh t be done effectively a nd  sound ly. Fo r this , they  
sho uld  be commended, and I hop e there will be evidence  of res ult s in 
this.

A corol lar y to all of th is is need fo r the  t ra in in g of inv est iga tor s of 
the fu tur e. Tra in in g g ra nt  su pp or t needs  to be  ex pan ded . For  example, 
there is only  one  tr ai nin g gra nt in th e whole  co un try  in  environm ental  
patholog y. An d th is  is the are a th a t should be de ter mi nin g how en­
vironme nta l to xin s affect the  human  body.

A few specific sugges tions of how the N IE H S could expand  its  
efforts are  con tained in an appe nd ix to th is sta tem ent.

In  sum ma ry,  th is sta tem ent has  att em pted  to show the follo wi ng : 
(a ) Special op po rtu ni tie s an d resou rces are available to the

N IE H S by reason of its  location in the  Resea rch  Tr iang le  Pa rk .
(Z>) The na ture  of the  pro blems  the  biom edic al com munity  

faces  in deali ng  with the  lon g term aspects  of  environme nta l 
he alt h hazards req uir es inte nsi fied  basic  research studie s of  a
special  na tur e.

(c) A need exists  fo r documenta tion and sum ma tion of  th e 
prese nt s ta te  of the art.

(<Z) Th ere  is an urgent  need  fo r an expanded pr og ram fo r 
trai ni ng  pro fessional s in the  field.

W ith  th is sta tem ent. Mr. Fo un ta in , I  th in k I wi ll conc lude. Th ere 
are  adden dum No. 1 and  ad dendum  No. 2 w hich  I  su bm it f or  the  record .

(T he  docume nts r efer red to  fo llow :)
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Addendum No. 1 to Stateme nt  by K.  M. B bin k ho us , M.D.

LEAD POISONINGS RESEARCH PROGRAM BY DR. ROBERT A. GOYER AND ASSOCIATES, 
DEPARTMENT OF PATHOLOGY, UNIV ERSITY OF NORTH CAROLINAThis program illus trat es the type of basic knowledge which needs to be at tained to better deal with environmental toxic  agents. The program has been concerned with understanding  the subcellu lar effects of lead, which is a near ubiquitou s en­vironmen tal contam inant. It  is present in measurab le amounts in the air  we breathe and in practically  all foods and water we ingest. Furthe rmore , there is no doubt that lead is toxic  to man. It  may produce irreversible brain inju ry to young ch ildren and even be f ata l. On the other hand, adult s in the g eneral popula­tion carry  in their variou s body stores one-h alf gram of lead without producing any apparent harm. The question, therefore, is whether these body stores of lead are in fac t harmfu l in a way tha t we cannot yet detect, or whether the body has developed some compensatory mechanism to handle this metal.It  has been learned from studies conducted by this research program under the auspices of N IE H S that  the earli est detectable structura l and biochemical «effect of lead ingestion by rats is the form ation  of a nondiffu sable lead-protein complex in nuclei of liver  and kidney cells. These two organs are important in the excretion of lead from the body. The lead containin g bodies may be seen by microscopic techniques before the onset of any other detectable effect of lead, and more recently , we have shown that  there is a particular frac tion  of nuclear protein bound to lead that  is measurable  even prior to formation of visible lead-protein complexes. In fac t, this lead-protein complex is present in nuclei of kidney cells of rats  with only the usua l environmental exposure to lead, that  is, the lead present in commercial anim al chow and tap w ater.It can be argued that  such an effect of only trace amounts of lead is truly  pathological or h armful. Or does it. in fac t, represent a compensatory or adapti ve mechanism? Such a discussion may become more philosophical than scientific, but it is important to know at what point such a mechanism influences overall  health. How much does it cost the kidney cell to form these lead-protein com­plexes in terms of surv ival or abili ty to perform other functions ? Study of this question is in progress.Another question this program has addressed itse lf to is the matter  of sus­ceptibi lity to the toxic  effects of lead. The medical writings regarding toxi city  of lead go back more than 2,000 years and contain  many suggestions regarding interac tion with other environm ental fact ors which either enhance or reduce the toxic effects of a part icular dose of lead. These includ e age, season of the year, ingestion of other toxic metals such as cadmium and. in particu lar,  vari­ous nutr ition al factors. Calc ium metabolism influences the toxic effects of lead.Reductio n of diet ary calcium  in the rat to 20 percent of the recommended nut ri­tional requirement will decrease the mini mall y toxic dose of lead some 25 or 30 times. Tran slate d into the clinical situation, this means that  children who are calcium  deficient are more susceptible to lead toxicity  than children with ade­quate calcium ingestion. Sim ilar ly, iron deficient rats are more susceptible to the toxic  e ffects of a low level of lead exposure  but this is not nearly as dramatic *as with calcium  def icient a nimals .Resu lts of the research program to date indi cate  that  the study of cellu lar effects of lead serves as a good model to define questions that  must be entertained in the study of  other environmental conta minants, particu larl y other metals.Such studies also point out the great  depth of knowledge regar ding the effects of toxic substances, par ticu larly at the molec ular level, that  must be acquired before decisions regarding permissible or tolerable levels of a particu lar  sub­stance can be implemented in a m eaningful way .

Addendum No. 2 to th e Sta teme nt  by K. M. B ri nkhous, M.D.

SOME EXAMPLES OF AREAS NEEDING INCREASED ATTENTION IN  ENVIRONMENTAL 
HEALT H1. Tra inin g programs in univers ities in environmental pathology, including toxicology and biochemistry, with emphasis  on applic ations of basic science background and tools to problems in enviro nmental health, involvin g sophisti­cated approaches directed to the molecular level. Two- or tliree-year postdoctoral



51

pr og ra m s w ith  appro pri a te  su pport  fo r pe rs on ne l a lr eady  tr a in ed  in  th e co re  
sc ienc e are as is sugg es ted , ra th e r th an  est ab li sh in g pre doct ora l o r tech ni ci an  

tr a in in g  pr og ra ms.  Bec au se  of cu rr en t tr en ds in in te re st  an d in av ai la bil it y  of  

st ud en ts , a la rg e poo l of  ta le n t is  av ai la bl e fr om  which  to  d ra w  ca ndid ate s fo r 

th es e im port an t fields.
2. M ul tidi sc ip lina ry  ce nt er s dir ec te d to w ar d so lu tio n of  ba sic prob lems in 

en vi ro nm en ta l hea lth  sh ou ld  be es ta bl ishe d in  uni ver si ti es . Eac h ce nte r sh ou ld  

ha ve  a spec ia liz ed  foc us  w ith  th e  aim of  de ve loping  ex pe rien ce  an d kn ow led ge  

in  d ep th  in a specifi c field .
3. Detec tio n of  ea rly st ag es  of  d is ea se : N IE H S  shou ld  in ves tiga te  th e op po r­

tu n it ie s fo r in te rf aci ng  w ith  cl in ic al  pa th ol og y- la bo ra to ry  med ic ine in th e earl ie r 

de tect io n of  d is ea se s indu ce d by en vi ro nm en ta l ag en ts .
Tw o as pe ct s are  of  es pe cial  im port an ce : (a ) Dev elop men t of  ro utine sc re en ­

ing  te st s of toxi c ag en ts  su it ab le  fo r use in  cl in ic al  la bora to ri es;  (b ) .t ra in in g  
pr og ra m s fo r cl in ical  pat holo gi st s an d cl in ical  ch em is ts  to  in clud e co ns id er at io n 

of  th e he al th  pi ct ur e as  re gard s he av y metal , pe st ic id e,  an d in dust ri a l ag en t 
tox ico log y ( th a t is, lea d,  m er cu ry , cadm ium, ch lo ri nat ed  pe st ic id es , et  ce te ra ).

Mr. Fountain. Thank you very much. Doctor. I hope these state­
ments will be carefully studied by the officials of the Institu te.

You refer on page 4 to the need for more population  studies to 
learn more about the limits of individuals to adapt to noxious agents. 
Have you given thought to who might best do those studies; where 
should that responsibility be placed? Where would it be most 
appropriate ?

Dr. Brinkhous. It seems to me that  studies of this type can best 
be based in a university environment, getting the cooperation of county 
health departments, the State medical examiner systems, and others. 
We mentioned scientists and others based in universities who could 
be involved. 1 believe that  for the Federal Government to try  to 
develop completely its own capabilities for something like this would 
be very expensive, and I am not certain how successful it would be.

Mr. Fountain. What agency would you suggest?
Dr. Brinkhous. The universities. I think the work should be done 

in the universities, supported by grants , contracts, and what other 
mechanisms that could be developed for an institute like we are talking 
about here to carry out these studies.

Mr. Fountain. Do you have an opinion as to what agencies the 
grants should come from?

Dr. Brinkhous. I think  there ought to be enough funds available 
to the NIEH S to do this  type  of study. I don't think th at the NIEH S 
should look to other groups to do it. They should do it themselves.

Mr. Fountain. Are there any other questions? Thank you very 
much. Doctor.
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Mr. F ountain. Our next witness is Dr. Daniel A. Okun, head of the 
Department of Environmental Sciences and Engineering in the School 
of Public Health of the Univers ity of North Carolina, Chapel Hill. 
Dr. Okun. also, is director of the Institute for Environmental Studies 
of the Univers ity of North Carolina. We are very happy  for this 
oppor tunity to hear from you th is morning, Doctor. It  is, indeed, our 
pleasure, and we look forward to whatever you may have to say.

STATEMENT OF DR. DANIEL A. OKUN, HEAD OF THE DEPART­
MENT OF ENVIRONMENTAL SCIENCES AND ENGINEERING,
SCHOOL OF PUBLIC HEALTH, UNIV ERSITY OF NORTH CAROLINA

Dr. Okun. Thank you, Mr. Chairman,  and gentlemen. I am quite 
honored to be invited here to tes tify. This opportunity  is particular ly 
pleasing to me because it was one of my colleagues. Prof.  Emil 
Chanlett, and I who first brought to Gov. Terry Sanford ’s attention 
the prospect of the establishment of an Environmental Heal th Center 
bv the Department of Heal th, Education,  and Welfare. The mission 
conceived of at that  time for such a center was th at it be the environ­
mental health resource for the Nation, with responsibilities in oper-
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ations, regulation, training  and education, and research, in all aspects 
of environmental health. Its location was in dispute. As we know, the 
Research Triangle was finally selected as the site for the Center.

Now, afte r years of Federa l organization and reorganization, we 
have two Environmental Centers in the Research Triangle : the Na­
tional Environmental Research Center of the  Environmental Protec ­
tion Agency, and the National  Environmental Health Sciences Center 
of the National Insti tute of Environmental Health  Sciences. Addi ­
tionally, EPA has other environmental centers elsewhere in the coun­
try, and the Department of Health . Education, and Welfare has the 
Center for Disease Control in Atlanta. That the necessity for close 
cooperation between the National Environmental Health Sciences 
Center and the  EPA  Research Centers is obvious does not make it less 
necessary to emphasize the importance of such cooperation.

I am pleased to  say that,  except for adding to the congestion of the 
tortuously  winding two-lane road between Research Triangle Park 
and Chapel Hill, the National Environmental Health  Sciences Center 
and the National Environmental Research Center have been very good 
neighbors to the universities in the Research Triangle. They have en­
riched the area immeasurably. They have employed the universities’ 
graduates, who were previously obliged to leave North Carolina upon 
completing the ir studies. They provide lecturers for our students, sup­
plementing the faculty resources available. They address problems 
tha t require resources beyond those that  can be justified at the uni­
versities. They turn  to the universities  for such research assistance as 
is appropriate  to the role of universities in research. Thei r presence 
has also helped to attract other  private research facilities to the Re­
search Triangle and throu gh these, manufacturing establishments 
elsewhere in North  Carolina.

An example of this cooperation might be in order. Useful and mutu­
ally beneficial activities have been undertaken jointly by the Radio­
logical Hygiene Program of the Department of Environmental 
Sciences and Engineering at the Univers ity of North Carolina at 
Chapel Hill and the Biophysics Section at the National Environmental 
Health Sciences Center. This was readily initia ted because two of the 
members of the Center scientific staff are graduates of our Radio­
logical Hygiene Program. Center staff have been most generous in 
giving their time and making thei r facilities available for student 
instruction  in the nonionizing radiations that are characteristic of microwave and laser devices.

Through Dr. Newton Underwood, the Radiological Hygiene Pro­
gram of  the Department  of Environmental Sciences and Engineering , 
School of Public Health . Univers ity of North Carolina, has been on a 
joint project with the Biophysics and Instrumenta tion Section of the 
NIEH S through Dr. Phi llip  Walsh. A very significant development 
of great practical application for the detection of trace metallic toxi­
cants and pollutants in environmental samples of air, water, and soil 
has been the object of intense work by Drs. Underwood and Walsh. 
These investigators have designed a low-cost inst rument tha t utilizes 
the principle of X-rav energy spectrometry for the detection and 
analysis of trace metallic elements in environmental and biological 
samples. There has been joint work on the design of the instrument and 
the fabrication of a prototype  in the instrument shop of  the Depart-
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ment of Environmenta l Sciences and Engineer ing. Experience has 
shown that quantities down to one million th of a gram in the prepared 
sample can be detected with the present configuration. Metallic ele­
ments heavier than magnesium in the Periodic Table can be measured.

Graduate s tudents in the Radiological Hygiene Program have car­
ried on their own research with the Biophysics and Instru mentation 
Section. I)r. Robert Gastineau, an Arm y physician, made an important 
contribution  to the analysis of radiation  doses to uranium mine workers 
doing extensive work on the measurements of the thickness of the 
bronchial epithelium of the human respi ratory tract . Pr ior  to Dr. 
Gastineau’s work tha t information was not known and was necessary 
to the calculation of radiat ion dose from radioactive mater ial de­
posited in the lungs of uranium miners. Mr. Per ry Wheless, who has  
a part icular aptitude for the development of electronic instrumen ta­
tion, worked with Dr. Walsh's group in the development of an ins tru­
ment which greatly facilitates measurements from microwave, which 
is the energy form from radar units.

Center staff, furthermore , have participated in short courses for 
students and for those in professional practice in environmental pro­
tection in North Carolina and in surrounding States.

If  committee members have not read the document “Man's Health 
and the Environment—Some Research Needs,” I commend i t to you. 
This volume, published 2 years ago, was prepared by a Task Force 
on Research Pla nning in Environmental Heal th Sciences, made up of 
44 distinguished scientists including 39 from outside the Government 
service.

As stated in the foreword of this document, “the mission of the Na­
tional In stitu te of Envi ronmenta l He alth Sciences was outlined d uring 
its organizational phases. The Inst itute is to concern itself wi th fu nda ­
mental biomedical research on the health effects of  a wide range of 
constituents in the environment of man. The NIEH S is particularly 
concerned with the deleterious effects on health resulting from long 
term exposures to low levels of chemical, physical, and biological sub­
stances, alone or in combination, in the environment.”

The report goes on to state that,  “The Institute will have failed in 
a major sense, however, if it does not deliberately devote a substantial 
part of its effort toward  better means of anticipating future  difficul­
ties.” Fortunately , the report does not limit itself to the narrowly 
defined mission of the Inst itute , but rath er addresses i tself to the com­
prehensive problems of environmental health. In order for the Insti ­
tute to fulfill a broader mission and to assure tha t the recommenda­
tions of the task force will be addressed, the Institute must itself ex­
tend its limited charge or seek exceedingly close common enterprise 
with other agencies of Government, part icula rly the Environmental 
Protection Agency, and the universities. For example, the  task force 
concluded that  “* * * there is an urgent need to develop on the na­
tional scene a continuing forecasting system which will undertake to 
anticipate  over an a ppropria te time scale future changes in the struc­
ture of the technology and of the community relevant  to human hazard. 
While certa in aspects of the existing methodology of  technologic fore­
casting are applicable to environmental problems, there is need to de­
velop a methodologv specificallv addressed to the environmenta l heal th 
field.”
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I f  we are  to avo id “* * * fig hti ng  t he  las t war  ra th er  th an  the one 
about to er up t” we must , in ter  alia, und er take  research into the fol low ­
ing  problem are as  to ex tend th e mission o f th e I n st it u te :

(1)  We  mu st inv est iga te the  ass imila tive capacit y of  the  envir on ­
ment to accept  wastes wi tho ut im pa irm en t o f th e qu al ity  o f w ate r, air , 
and lan d, and wi tho ut di stu rb ing the na tu ra l life dependent on the  
level of environme nta l qu ali ty th at  exi sted before  the  wastes were  
dis cha rge d. As an example, eng ineers  an d scient ists  can pred ict ade­
quate ly the  ass imila tive cap aci ty of  a bod y of  wa ter  fo r the carbo ­
hy dr at e and prote in  const ituent s of  mu nic ipa l wastewa ters of  huma n 
or igi n wi tho ut deo xygenat ing  th e wa ters . Very much less is known of 
the ass imilat ive  capacity of wa ter  fo r hea vy me tals and complex  
organics, of  a ir  fo r gaseous and pa rt icul ate discha rges, or  o f lan d fo r 
the  bur ial  o f so lid or  radioa ctive  wastes  over l ong pe riods of t ime .

(2) Close ly rel ate d to the  concept of  ass imilat ive  capacit y is the 
fat e of  pa rt icul ar  conta mi nants  an d po llu tant s af te r th ei r discharg e 
into wa ter , ai r, the soil, or  upon  the  l and. The che mistry, biology, and  
physics  of  the  processes by which pa rt ic ul ar  chem ical an d biological 
conta minants  are  cha nge d, are kno wn only in pa rt . Some of  these 
processes may mitiga te  the  effects of  these conta mi nants  whi le oth ers  
may ren de r them more haz ard ous. For example, the fa te  of even so 
common a tox ic gas as carbon  monox ide  is uncerta in.  The pre sen t 
hypothesis , mos t wid ely  accepted, is th a t carbon  mon oxide mi grate s 
int o the up pe r st ra ta  o f o ur  a tmosp her e where  th e incoming  rad ia tio ns  
fro m ou ter  space  tra ns fo rm  it to carbo n diox ide.  Carbo n mon oxide 
does not  persist and does not acc um ula te in ou r atm osp here over pe­
riods  o f mo nths or  ye ars; bu t why  th is is so is uncerta in.

(3) Be lated to the  p rec eding  issues is the need to stu dy  t he  f ea tur es  
of  pa rt icul ar  geo gra phica l areas which gr ea tly  lim it the ex ten t and  
int ensit y to which a com munity  may  use the ai r, wa ter , and lan d 
aro und it fo r th e d ispo sal of its wastes.  T he  term  “ na tu ra l cons tra in ts” 
has been used to express these lim ita tions . T he  me teorology,  the  hy dr ol ­
ogy,  the geology, the  topo grap hy , and the soil con dit ions in an are a 
pu t lim its  on how much, when, and wh at kind  of wastes may  be dis ­
charg ed  wi thou t de ter ior ati on  of  environme nta l qu ali ty  and  wi tho ut,  
indeed , crea tin g intense hazards to peo ple  of  the  area, ha za rds th at  
exe rt th ei r influence over long tim e pe rio ds  by insidious and  chronic 
im pa irm ent of hea lth . For  exa mple, ex ist ing meteoro logical da ta  for 
an are a alo ng  the  Nor th  Ca rolin a-S ou th Ca rol ina  bo rder near Cha r­
lot te reveal meteoro logical phenom ena  th at  pro duc e sta gnation  of 
ver tical and  horiz on tal  ai r movement  fre qu en tly  and fo r several  days 
at a time. These n atur al  occu rrences pro duce con ditions  tha t can result  
in dama ging  con cen tra tions of ai r po llu tant s in th at  area. I t is im ­
perat ive  th at  na tu ra l cons tra int s of  th is  type  be identif ied to guid e 
land-use plan ni ng  so th at  huma n ac tiv ity  ap pr op riate to pa rt icul ar  
regions can lie encourage d, and  in ap pr op riat e ac tiv itie s discou raged. 
Ch ar lo tte  need not follo w an un planned pa th  th at  would result  in the  
exten t and  i nte ns ity  o f ai r pollu tion th at  c ha rac ter ize  t he  L os Ang eles 
basin. No agency in  Gov ernment is now resp ons ible  fo r the sys tem atic  
stu dy  o f the  n atur al  cons tra int s upo n m an ’s use of  h is air . wa ter , and  
lan d resou rces wi th the objective of  achie vin g th ei r con tro lled and 
pla nned  ut iliza tio n fo r ma n’s act ivi ties. We mus t cle arly recognize



61

com mitments  which mu st be mad e to prev en t a slow dri ft  to severe 
and extens ive d eter ior ati on  of  the  env ironm ent .

I might  in ter po lat e one po int . Th is va ria tio n of  n at ur al  c onstr ain ts 
po int s out th at  s tand ards  th at  are  establ ished need  not be n atio nwide . 
Some  sta nd ards  seem to be fa r more a pp ro pr ia te  in some areas, w here as 
in othe r areas these  stan da rd s may  not at all be ap prop ria te . One 
example is the  grea t controvers y con cer nin g the  automobi le and its  
exh aus t con trols. In  ce rta in  urban are as th is is ext rem ely  im po rta nt , 
bu t in ru ra l are as in Nor th  Carol ina . Mr. Ch air ma n, th is will be of 
very lit tle  c onsequence; ye t wi th a un ifo rm  sta nd ar d each per son  will  
bea r an equa l burden . So I  th ink id en tif yi ng  places in the Na tio n 
where co ns tra int s ar e im po rta nt  should have a h igh  p rio rit y.

(4) All of  the  foreg oin g ac tiv itie s will be to no ava il if  we are  
not  m ade con tinuously aw are  o f the  o rig in  of mate ria ls th at can  r each 
the env ironm ent  and how they  are tra ns form ed  in use, du ring  man u­
fa ctur in g processes, and upon  con tac t wi th othe r rel ate d mater ia ls in 
the  envi ronment. Fo r exa mple, more  t ha n a th ird of  o ur  total  po pu la­
tion draw s its  dr in ki ng  wa ter s from sources, portions of whi ch only  
hours  before  had been disch arg ed  from  some mu nic ipa l or  indu str ia l 
sewer.

Some of  the  chemicals th a t are  kno wn to  be dis charg ed hav e been 
identif ied as being carcinogenic, mu tag enic or  ter ato genic . For ex­
ample , even  sma ll doses o f po lyc hlo rin ate d bip heny ls (P C B ’s), widely 
used indu str ia l chemicals th a t were never int ended fo r relea se into 
the  environment even in a small dose can be toxic. Sew er ou tfa lls  
are  major  sources of  PC B ’s in the  environment.  Tr ea tm en t pla nts, 
wh eth er for wastewa ter  or  fo r wa ter  s upply , are  not now ade quate  to 
remove or  even su bs tant ia lly  reduce the concentra tion of  most or ­
gan ic chemicals and th ei r me tabolit es or  the hea vy me tals  th at  are  
likely  to be of concern. M on ito rin g of these chemicals and de ter min­
ing  th ei r fa te  in wa ste wa ter  tre atm en t pl an ts  and in wa ter supp ly 
systems  is most difficult unless we have pr io r kno wledge  of th ei r pres­
ence in these waters.

I f  we are  not to be cont inua lly  su rpris ed  by so-ca lled “new” po llu ­
tion problem s, su rpris e th at  almo st ine vit ab ly res ult s in hasty , ill- 
conside red leg isla tive and regu la tory  response s, we must in iti ate pr o­
gram s of survei llan ce th a t an tic ipate prob lems. Th is mu st be ha n­
dled fro m two di sp arate va ntag e points . F ir st , we must imp rove ou r 
analy tic al ca pabi lity in the sens itivi ty and sim pli cit y of  an aly tic al de­
ter mina tio ns . Cu rre nt ly , ma ny deter mi na tio ns  are  so cos tly th at  ro u­
tin e mo nit or ing is not econom ical ly feasible . Second, because of  the 
large  nu mb er o f chemicals th at  m ay be in a m ajor  ri ve r th at  serves as a 
wa ter  s upply , it  is v irt ua lly  impossible to at ta ck  a wa ter  s amn le wi th 
any confidence th at  all  co nta mina nts of sign ificance  can  be identif ied , 
unless we have pr io r knowle dge  of the  mater ia ls th at  are  disch arg ed  
to  the  wa ter in the  first  place. W ith ou t knowing  wh at to look  for, 
it is alm ost  impossib le to detect  the  presence  of many troublesom e 
con sti tuents , much  less des ign fac ilit ies  fo r th ei r remova l. Suc h su r­
veil lance of mate ria ls th at  may reach the  environme nt may  th reaten  
the  he ret ofo re confide ntia l n atur e o f in du st ria l o perat ion s, b ut we have 
no alt erna tiv e. Ad min ist ra tiv e pro tec tion can  be giv en to  indu st ry  in 
much the  way th at  the  In te rn al  Revenue Ser vice insure s pr ivacy of 
person al and corpo rat e tax decla rat ion s.

80-01 2 0 — 72-
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(5) All of us, as individuals, in associations, in industry, and in 
public agencies are continually making environmental assessments 
with the avowed purpose of mainta ining and improving the quality 
of the environment. Individual and societal decisions are being made 
based upon these assessments. When the investments in protecting the 
environment were small and the options limited, qualita tive and sub­
jective assessments may have been sufficient. Now, with major in­
vestments to be made, not only in resource development bu t also in 
the modification of our life styles, quantita tive and objective assess­
ments have become essential. In Executive Order 11514. the Pres i­
dent specified among the duties of the Council for Environmental 
Qu ali ty: “Promote the development and use of indices and monitoring 
systems 1. to assess environmental conditions and trends; 2. to predict 
the environmental impact of proposed public and private actions; and 
3. to determine the, effectiveness of programs of protecting  and enhanc- ' #
ing environmental quality.’’ While indices of environmental quality 
are difficult to conceive or to use, as John Fisher,  President  of Re­
sources for the Future, points out, Americans want to know how things 
are going with thei r environment. While he recognizes tha t no single 
overall indicator of natura l environmental quality is in sight “. . .  ind i­
cators for  environmental conditions must be found. The more rational 
they are the better, but, in any case, some kind of indicators will be 
used.’’ The research that is conducted at the National Environmental 
Health  Sciences Center can well provide the basis for  the parameters 
that will help establish environmental indices. The development of 
indices tha t incorporate a wide variety of environmental parameters 
can, in turn , help ident ify the research problems that require attention.

Last, as an educator and as a consultant to many public and private 
environmental agencies, I  am constrained to take  this opportunity to 
identi fy and deplore an admin istrat ion policy that  threatens,  if ex­
ecuted, to emasculate our ongoing and projected environmental re­
search and control programs. I am speaking of the curtailment  of 
graduate  research and tra ining programs at our educational institu­
tions. The avowed reason for this position according to the White 
House is that  “There are many trained scientists and engineers cur­
rently unemployed or underemployed who are available to enter en­
vironmental fields.” Needless to say, aerospace engineers are not 
equipped to address themselves to the planning, design, operation, or *
surveillance of facilities for the removal of contaminants from our 
waters, for example, unless they undergo a rigorous and extensive 
program of retraining. And it is funds for just such tr aining or re­
training  in environmental sciences and engineering tha t are now being •
threatened, just as our universities are beginning to meet the need for 
these professionals. The fund  reductions are being made despite the 
recommendations of the task force tha t “* * * expanded and enriched 
programs are needed for educating and training greater numbers of 
scientists, administrators , and specialists  * * * f amil iar with the needs 
and problems in environmental health .”

The areas of study tha t have been commended to the  committee for 
its attention and consideration are very difficult to attack. Were th at 
not so, the work would have been done long ago and the situation would
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be well in hand. The Research Triangle Area of North Carolina has a 
grea t wealth of scientific talent, institutional resources, and physical 
facilities. All of us at  the universities in the Research T riangle Area 
are most willing and anxious to pledge our support and partic ipation 
to joint efforts with the  Federal research establishments in the elucida­
tion and solution of the many problems of environmental health  th at 
face us.

Mr. F ountain. Tha nk you very much, Doctor, for an extremely in­
formative and well thou ght out s tatement. I am extremely interested 
to hear tha t cooperation and working relations between the Inst itute 
and the Triang le universities is so good and mutually beneficial. I 
think this is one of the objectives which the F edera l Government had 
in mind in locating some of its scientific activities outside of Washing­
ton, and we were delighted when the Research T riangle was selected 
for the Institu te. But I might say that it was not selected on the basis 
of political pressures by people in high places. Actually , the Dep art­
ment of Health, Education, and Welfare had crite ria which were 
thoroughly explored and this location was selected for the Inst itute on 
the basis of its  actual merit. So I am proud of this  choice.

You make reference on pages 8 and 9 to what you feel is an undesi r­
able policy of the Federal Government in funding the training and 
retra ining of unemployed aerospace engineers, while at the same time 
curta iling  suppo rt for the training  of graduate  students in environ­
mental science. I can apprecia te your comment about graduate tra in­
ing. However, are you saying, or is it your thinking, tha t Federa l 
funds are not well spent in retra ining people from the aerospace indus­
try, or are you saying you favor such programs and also more support 
at the  same time for graduate  students?

Dr. Okun. Mr. Chairman, I didn ’t say the Government is training 
aerospace engineers now. The problem tha t we face is, with the cur­
tailment of aerospace enterprises and with reduction in activity  of the 
electronics and other similar industries, they claim tha t because em­
ployable scientists from these fields are available i t is no longer neces­
sary to provide tra ining resources in the environmental field. Well, my 
feeling is tha t this situat ion makes training funds in the environ­
mental field even more necessary; to have someone to come into such a 
complex field as the environment, and to have him make environ­
mental decisions based on his experience in the aerospace industry , 
would be very costly to society. Much of  the aerospace industry has 
been based on a psychology of cost-plus financing where there have 
been very few limi ts on expenditures tha t needed to be made.

The technology is quite different in the environmental field. In the 
environmental field we. have first the necessity for knowing something 
of chemistry and biology, as well as engineering. Also, the  moneys 
to be expended are often expended at the local level where it is in 
very short supply and the economy is very poor. Then, the method 
for spending is quite different. So the  transfer  of these people from 
aerospace to environment isn't too readily accomplished. Even more 
important, the areas of the country where these men and women are 
most available is not the area where the environmental problems may 
exist. Environmental problems are d istributed th roughout the country.
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Tn aerospace, on the other  hand, employed and unemployed are located 
in a few major centers, and most of these individuals are not prepared 
to move to where the  problems are.

However, there are now opportuni ties for retra ining in our depart­
ment at the university. We have a young man who just left one of 
the aerospace companies in New York, and is retra ining himself for 
the environmental field. Th is is going to take him 2 years and he will 
be a very welcome addition  to our field. But in order for us to pro­
vide this retra ining  we have to have training funds. We have the 
funds now, but the administration policy is that as these training  
gran ts terminate, they will no longer be renewed. And it is this lack 
of concern for the very complex problems of the environment that  is 
the heart of my testimony.

Mr. F ountain. Thank you very much.
Mr. F uqua. Are you satisfied with the Rann program tha t the 

National Science Founda tion has been operating?
Dr. Okun. Yes; it ’s a very useful program and it is beginning to 

fill the breach somewhat in terms of providing resources for  research 
which isn't the main goal for training; the grant program is just 
getting  started  and they are directing their  attention to problems 
such as the fate of toxic substances in the environment. However, 
one of the other reasons the White House gives for curtailin g training  
programs is that  research funds being provided in other ways— 
through grants and contracts—are available. Well, the format of grants 
and contracts is not appropria te for training  individuals in universi­
ties. Contracts have a fixed objective and termination date. If  a con­
trac t is to be satisfied it must be done with full-time people rather 
than  students. Indu stry  and research institutes, such as the Research 
Triang le Insti tute are adapted to contracts, but not universities.

Mr. F uqua. The other committee I  serve on is Science and Astro­
nautics, and we have jurisdiction over National Science Foundation. 
Dr. Stever, the new president  of the Foundation, appearing before the 
committee, expressed a great deal of concern about what seemed to be 
the abandonment of basic research and more applied research through 
the Rann program, which is fine, and I have been assured by Dr. 
Stever that  he is going to try  to make a balanced program and not 
neglect the very basic research that we need of the type tha t you are 
doing here at the Insti tute.  I appreciate  your comments, and let me 
say that I  share your concern about this.
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Mr. F ountain. Thank you. Dr. Okun.
Our last witness is Prof . Fran k E. Guthrie, director, Program in 

Molecular and Environmental Toxicology, North Carolina State 
Univers ity in Raleigh. Dr. Guthrie will discuss aspects of pesticide 
environmental problems.

I might  say. Dr. Guthrie, I hope you don’t mind our scheduling you 
as cleanup witness. We arranged it this way because the other wit­
nesses have a longer distance to travel and you indicated you had no 
serious time pressure this morning. We appreciate  your cooperation. 
You may proceed with your statement at this  time.

STATEM ENT 0E DR. FR AN K E. GU TH RIE, PROFESSOR, MOLECULAR
AND ENVIR ONMENTAL TOXICOLOGY, NORTH CAROLINA STATE
UN IVER SIT Y

Dr. Guthrie. In  the way of brief credentials, I am the director of 
Research and Train ing Grants (ES-00044, ES-00083) funded by the 
National Insti tute of Environmental Health  Sciences. This interdis­
ciplinary program involves the participation  of seven other faculty 
members (W. C. Dauterman, I). S. Grosch, E. Hodgson. A. R. Main. 
R. J . Monroe. D. E. Moreland, and J. F. Roberts) from a number of 
departments and faculties (biochemistry, botany, cell biology, en­
tomology, genetics, physiology, statistics, and toxicology) and sup­
ports seven postdoctoral trainees, 15 graduate students,  and seven tech­
nicians who work with some 20 organisms to  evaluate environmental 
effects of chemicals.

I have been asked to address this subcommittee about the environ­
mental dangers to health which concern me most in my professional 
work.

The problems in environmental health are legion, and all concern 
me as an environmental scientist and as a citizen. The overwhelming 
causes of environmental health hazard are the interrelated problems 
of population explosion and a technology committed to  industrial ex­
pansion—too many people wanting  too many things. In the not-too- 
distant future,  governmental task forces must address themselves 
seriously to plans which will stabilize a population commensurate with 
our ability  to maintain an agreeable environment requiring concom­
itant stabilization of the economy. We are rapidly  approaching critical 
restra ints within this so lar system. Although I feel compelled to draw 
your attention  to these as the  overriding causes and ultimate  issues, I 
recognize that  your interest at this hearing concerns problems of  a 
more specific nature.

For  the purposes of this discussion I would like to break down the 
environmental problems into two categories—contaminants acciden­
tally added to the environment (mercury, automotive emissions, smog, 
PCB's.  et cetera) and contaminants purposefully added to the environ­
ment (pesticides, food additives, cosmetics, alcohol, drugs, et cetera). 
I am. of course, interested and concerned with accidental contamina­
tion but as our program and my own limited expertise has been con­
cerned with contaminants purposefully added, I  will limit my formal 
presentation to parts of that l att er problem.
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The group at North Carolina State Univers ity has long felt tha t 
contaminants tend to merge in a common basis for detrimental action 
at the biochemical level, and  an explanation of the molecular events 
caused by one group of pollutants would provide information essential 
to an explanation of the action of somewhat unrelated xenobiotics. 
Thus, we should be able to establish principles  for predictive models 
relating to contamination as a unit.

Our work has primarily  dealt with establishment of biochemical 
principles concerning the action of pesticides. We feel th at these p rin­
ciples can be used to more quickly solve the problems tha t arise with 

w pesticides bu t also feel t ha t the same biochemical parameters can be
trans ferred to other pollu tants  for all ultimately act at a common 
level. A lthough such work is p rimarily of the  basic type , i t often has 
direct application as will be repeatedly pointed out in this discussion.

• Our major concern would then be on the lack of information con­
cerning the basic biochemical mechanisms related to pesticide action 
and interaction. Lack of information was the problem that got us into 
the trouble with DDT. We knew a lot about its gross effects and it 
certain ly appeared to be among the  safer insecticides. Bu t the fact is, 
w’e still don’t know how it poisons. This ignorance of its fundamental 
mode of action is a t the root of the controversy concerning whether we 
should continue to use DDT. Suddenly a fter 25 years of use w’e find it 
“migh t” alter  drug and hormone metabolism (through induction of 
oxidative enzymes), it “migh t” be a carcinogen, i t “migh t” cause re­
productive changes in birds (thin-egg shelling effect), and it  certain ly 
has become a common component of human tissues (appearin g in  the 
fat of adults, the new born and  even in mother’s milk). We would hope 
tha t a more thorough comprehension of the  biochemistry of other in­
secticides will enable us to  p redic t such effects within a few years in­
stead of a few decades.

Elucidation of biochemical events leading to an explanation of 
action at the molecular level will require increased knowledge in a 
number of areas some of which are presently under investigation at 
this university. Among these are purification of targ et enzymes (Main 
et al., 1972), kinetics o f the enzymic reactions mediating both toxicity 
and detoxication (Main, manuscript) (Dauterman and Main, 1966), 
studies with chemical analogs (Abernathy et al., 1971), spectral studies 

, on isolated enzyme systems (Ph ilpo t and Hodgson, 1971), and effects
on synthesis of nucleic acids (Moreland et al., 1969) and oxidative 
phosphorylation (Blackman and Moreland. 1971). An appropria te 
motto for this sort of endeavor might be “Safety in Knowledge.”

• Another concern we have is the possibility of accidental introduc­
tion of a chemical into the environment which has subtle, latent  repro­
ductive effects. We all recall the tragic thalidomide episode. Classical 
toxicology normally delineates the toxicity of a chemical—the end 
points being reduction in the life span of the treated animal or its 
immediate death. Attention to reproductive  capacity has received less 
attention—both with regard to reduced fecundity of offspring as a 
result of subtle change in the paren t and effects on the abili ty to repro­
duce at all. Relatively littl e a ttention has been given to  production of 
gametes and subsequent events of fertilization  so necessary to main­
tenance of the human germ plasma.
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In our work a unique biological system is used which can detect 
both reproductive and somatic effects in living organisms fa r below 
those which can be shown in other laboratory animals. Following Miss 
Carson’s “ Silent Spr ing” and her charges that  DDT was a mutagen, 
work was initiated  with a number of pesticides. We were unable to de­
tect any adverse effects on reproductive  capacity with the pesticides 
tested in these preliminary experiments (Grosch, 1967; Guthrie  et ah, 
1971). It  is unfor tunate  tha t the emotional outcry and nonexisting 
effects of DDT on DNA detracted scientists from more importan t r e­
search. More recently we have investigated the biological action of 
aromatic rings of certain “biodegradable” insecticides (Grosch, un­
published manuscript) as well as some of the more degradable deter­
gents (Moffett and Grosch, 1967, 1968) with some surprising results. 
Both tests showed that obvious solutions may introduce new problems. 
Although none of the results to date would be cause for alarm, they 
do prove the point that a constant monitoring program is an absolute 
requirement for this concern.

Development of safer insecticides and more effective therapeutic 
measures is a third  concern. Although a large number of reasonably 
informed persons are involved in extensive occupational use of in­
secticides (pest control operators , aerial applicators, formulators, 
et cetera),  a more important part of the population  from the stand­
point of pesticide safety is the homeowner. There are over 45 million 
single occupancy homes in the Un ited States (1970 Census of Housing, 
U.S. Bureau of the Census), most of which have occasion for  pesticide 
use in and around the premises several times each year. As one example 
of the problem, the common household aerosol bomb also contains a 
compound called piperonvl butoxide, a powerful inhib itor of oxidative 
enzymes (Phi lpot and Hodgson, 1971). When aerosol bombs were 
introduced during  the war  years no one would have thought that their  
use would be commonplace in today’s environment. What sorts of 
problems are being created as these unskilled, pesticide-ignorant, 
applicators treat  the closed environment of their  homes, their  children, 
and th eir sick and aged parents? Obviously the advent of much safer 
insecticides whose effects are easily predictable would give us con­
siderable assurance in this matter. One important approach to such 
an investigation would be to correlate the biochemical action of the 
chemical with changes in structure, picking out those analogs which 
killed insects while sparing mammals (Hast ings and Dauterman, 
1971).

Another approach involves learning  more about the differences in 
the basic physiologv and biochemistry between and among organisms. 
One approach to this problem has been to determine the differences 
among a class of chemicals common to all cellular membranes, the 
phospholipids. Important  differences in these lipids have been found 
between the targe t organism (insects) and mammals (Hodgson et ah. 
1969). Probably the most important factor holding back a rational 
approach to discovery of less toxic chemicals has been our relative 
ignorance about cholinesterase, the enzyme which serves as the target 
for the phosphate and carbamate insecticides in use today. Only when 
this enzyme, cholinesterase, has been adequately purified from target 
and nontarget organisms will we be able to devise chemicals on a
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rationa l basis. W ithin  the last year an enzyme prepara tion some 200- 
fold more pure than  any reported has been prepared (Main et al., 
1972), a giant step toward intell igent design of insecticides.

Another health problem tha t requires attention concerns the dermal 
hazard to agricu ltural workers caused by substitution of “safer” in­
secticides for the chlorinated hydrocarbons. Although phasing out of 
the chlorinated materia ls caused less total  environmental problems, 
many substitutes are appreciably more dangerous  to workers because 
of thei r appreciable dermal toxicity. Persons entering treated fields 
a few days after application to harvest f rui t or engage in other cultural 
operations, may undergo some risk, particular ly if they work in such 
fields for several weeks or months. Even in local situations such as 
tobacco farms, it may be necessary to monitor the accumulative effects 
of pesticides; an expensive program requiring voluntary  contribution 
of blood samples (Guthrie et ah, m anuscript ). Increased use of these 
more dermally toxic subst itutes has aso caused a direct conflict in pest 
management programs designed for more sophist icated insect control. 
In these programs, “scouts” must enter recently treated cotton or 
tobacco fields to determine insect infestations weekly, advising the 
farmer to treat  only when populations of insects are out of balance 
with thei r natural  control factors. Some sort of monitoring program 
must be made available to this agricultura lly exposed population to 
assure them of minimal occupational hazards. A Federal  task force 
has been assigned to establish some priorities to this  problem.

I should be remiss in my testimony i f I did not mention the impact 
tha t establishment of the Environmental Heal th Sciences Center has 
had on the program at North Carolina State  University. The funds 
granted by the Institute have provided us with the suppo rt for our 
entire program. However, I  feel tha t the associations we have had with 
the personnel from the Center  have been equally importan t. Their 
mission-oriented research program complements our research and 
training functions. A number  of well-known scientists from the Center 
serve in our training  p rogram, providing our students with frequent 
opportunities to discuss problem-solving situations tha t are not pos­
sible in most university settings. Soon after  the Center s tarted, a very 
important seminar group was organized in the Triangle area to dis­
cuss problems of environmental health throughout the Triangle area 
and the Nation. This has served as a very valuable person-to-person 
method of informal ly coordinating the activities of th is critical mass 
of environmental scientists. Such activities prevent duplication of ef­
fort. For example, as a result of a large governmental program in­
volving large scale use of Mirex to control fire ants, it became obvious 
tha t some of the toxicological aspects of this chemical were lacking. 
Following discussions at several of our seminars, three subprojects on 
this problem were initia ted. The Center worked out the  persistence of 
this compound in mammals, a second group in the Triangle studied 
degradat ion by micro-organisms, and the group at North Carolina 
State conducted the work on induction  of microsomal enzymes (Hodg­
son et ah, manuscript).

This critically  needed information was presented to our State pesti­
cide board and will enable them to ar rive at a decision relat ive to use 
of this pesticide. This work will also be useful to the entire south-
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eastern region as similar programs have been proposed from Texas to 
Florida . I am confident tha t many o ther such timely complementary 
activities will be commonplace in the Triang le as we cooperate in thi s 
nationwide effort to protect our citizens from environmental pol­
lutants.

Mr. F ountain. Thank you very much. Doctor. You made reference 
on page 4 of your statement  to  the problems created when unskilled, 
pesticide-ignorant, applicators trea t the closed environment of the ir 
homes. I think this may well raise two kinds of questions: (1) do 
pesticide products bear adequate directions for use; and (2) are these 
directions clear enough and understandable enough and so labeled tha t *
homeowners, and also agricul tural and o ther workers, can safely fol­
low them ?

Dr. Guthrie. Yes, I  think, speaking of the immediate effects, not 
the chronic effects, th at  they do bear adequate explanation, i f the peo­
ple would read them. I think  the informat ion is there. I t’s the question, 
if people read them. I doubt tha t most people do. Teaching people to 
read the label is one important part  of the problem.

Mr. Fountain. I might say in connection with the first question, 
the subcommittee held hearings and issued a report in 1969 on “De­
ficiencies in Administration of the Federal Insecticide, Fungicide, and 
Rodenticide Act .”

Among the committee's findings was t ha t some pesticide labeling 
is confusing and contradictory. In one instance, the subcommittee 
investigation disclosed th at a concentrated fly and roach spray, whose 
labeling had been approved in May 1969, cautioned the user to “use 
in well-ventilated rooms or areas only,” while the directions for use 
began by instructing  the user to “close all doors, windows, and tra n­
soms.” Obviously, they can’t have i t both ways.

Dr. Guthrie, what has your experience been with respect to tb ** 
adequacy of labeling and the capabili ty of the consumers to follow 
the directions for toxic pesticides in order to use them safely?

Dr. Guthrie. Well, of course, the information on the  label is very 
minimal. A large par t of the problem, of course, is the general edu­
cation of the people. I  think tha t many of the problems about labeling 
have been cleared up in the last couple of years and they are gettin g 
labels tha t are more explanatory. I don’t think we ever get to the 
standpoint where we can explain everything on a label. It ’s impossible. *
But the information we have on these labels, wi thin the constra ints 
of what we have, is probably minimally satisfactory.

Mr. Fountain. Do you find instances where labels might recom- emend using greater quantities than are needed?
Dr. Gutiirie. This has not been my experience. I  don’t recall. There 

may be some, but I don't recall any.
(Dr. Guthrie 's curriculum vitae follows:)

Curric ulu m  V it ae
Name: Frank E. Guthrie.
Education : University of Kentucky, B.S. agriculture,  1947; University of 

Illinois, M.S. entomology, 1949; University of Illinois, Ph. D. entomology, 1952.
Experience: Teaching assistant, University of Kentucky, 1946-47; research 

assistan t, University of Illinois, 1947-51; infant ry officer, U.S. Marine Corps,
Korea, 1951-52 ; as sista nt professor, North Florida Experiment. Station, 1952-54 ; 
assis tant to full professor, North Carolina State University, 1954 to pre sen t;
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direc tor, resea rch and  tra in ing program in molecular  and  environmental tox i­
cology, North  Carolina Sta te Unive rsity , 1964 to present.

Consu ltan t: U.S.P.H.S., 1965 to pre sen t; E.P.A., 1972; F.A.O., 1971; Nat iona l 
Associa tion on S tandar d Medical Vocabulary .

Soc ieties: American Chemical Society, Entomological Society of America , 
Sigma Xi, North Caro lina Academy of Sciences.

Tra ve l: F.A.O. consul tant to  Bangalore, Ind ia, 1971; CORESTA plenary  le cture 
at  Stockholm, Sweden, Septem ber 1968.

Publicat ions  (five most recent from a  li st of 60 tot al scientific j ourna l a rticle s) :
Guthr ie, F. E., W. B. Tappan,  M. D. Jackson, F. D. Smith, H. G. Krieger, and  

A. L. Chasson. 1972. Cholines terase levels of ciga r-wrapper tobacco workers  ex­
posed to parathion, Arch. Env. Hlth. (Ju ne  issue) .

4 C. O. Abernathy,  E. Hodgson, and F. E. Guthrie, 1971. Structure -ac tivi ty rel a­
tionship in the  induc tion of hepatic microsomal enzymes in the  mouse by DDT 
analogs. Biochem. Ph armacol . 20 :2385-2343.

Guthrie, F. E., R. J. Monroe, and C. O. Abernathy.  1971. Response  of the  lab ­
oratory mouse to selection  for resis tanc e to insecticides. Toxicol. Appl. Pharm.

• 18 :92-101.
Guthrie, F. E., and W. E. Donaldson. 1970. Dis tributio n of DDT and  dieldrin  

in the avian embryo. Toxicology and Applied Pharm acol . 16 :475-481.
Guthrie, F. E., 1968. The n ature a nd significance of pest icide  res idues  on tobacco 

and in tobacco smoke. Bei tr. Taba kforschung 4 :229-246.

Air. F uqua. Than k you for your fine statement.
Mr. Fountain. Tha nk you very much, Doctor. We apprecia te your

coming. I ’d like to say before we recess that the subcommittee will 
spend time this  afternoon at the Research Triangle vis iting the labora­
tories and other facilities  of the National Inst itute of Environmenta l 
Health Sciences. I unders tand the Inst itute scientists will brief the 
subcommittee on the very important research work which is being 
conducted there at the present time, and I am hopeful we will have 
time to see some other areas of the Research Triangle.  Are there any 
other questions, observations, or comments? If  not, the subcommittee 
stands adjourned,  to reconvene subject to the call of the Chair.

(Whereupon, at 1 p.m., the subcommittee adjourned , to reconvene 
subject to the call of the Chair.)

(Following adjournment of the hearing, the subcommittee toured 
the facilities of the National Insti tutes  of Environmental Heal th 
Sciences at  Research Triangle Park, N.C. The tour  was conducted by 
Dr. Rail throu gh the laboratories of the Inst itute , where scientific 
personnel explained the ir work and answered subcommittee questions.)





A P P E N D I X

Subcommittee Tour of F acilities of N IE H S  at Triangle  
Research P ark , N.C.

Summary Description of Interim and Permanent Facilities of the National
Institute of Environmental Health Sciences Given During the April 24,
1972 Visit to NIE HS by Members and Staff of the I ntergovernmental Rela- 
tions Subcommittee of the House Committee on Government Operations 

(By W. W. Payne, Sc. D., Deputy Directo r)

Following the selection of Research Triangle Par k as the location of the Na- 
s  tional Environmental Health Sciences Center, the Research Triangle Foundation

and the State of North Carolina donated a 509 acre tract in the park to the 
Public Health Service for the site of the center. (See figure 1.) Because the 
Secretary of HEW had determined th at no temporary structures  should be erected 
on the permanent site, the Research Triangle  Foundation constructed and leased 
to HEW interim facilit ies immediately adjac ent to the permanent  site. (See 
figure la .)

When the responsibility for developing the center was transferred  in November 
1966 from the former Bureau of State Services to NIH, these interim buildings had 
jus t been completed and were ready for occupancy. These interim facilities, 
which are constructed of brick and steel, consisted of an administration building, 
three laboratory buildings, one animal building, a service building, and a power­
plant  to provide steam and chilled water  for heating and air  conditioning. An 
additional building in the complex was occupied by a data processing activity 
of the National Center for Heal th Statistics.

The first additions to the interim facilities were a preengineered warehouse 
and two temporary office buildings. At about the same time tha t these additions 
were completed, the National Center for Health  Statist ics moved to larger, 
leased facilities in the park and tha t building became available for conversion 
to laboratories. This was the first addition to our laborato ries and provided u r­
gently needed space for the instal lation  of an electron microscope and for ex­
pansion of histro-pathology services. (See figure 2.)

The next expansion of the interim site was the completion of 30,000 square 
feet of additional specialized laboratory  facilities  known as phase II. This com­
plex of three buildings and powerplant was constructed by a private  investor 
in accordance with plans and specifications developed by a firm of a rchitects for 
NIEHS and upon completion in May 1971 was leased to the Institu te. This addi­
tion to our facilities was impor tant not only because it doubled our available 
laboratory space but enabled important program expansion tha t could not take  

f  place until these specialized faciliti es were available. The aerosol toxicology
program could not be initia ted until exposure chambers were available and long­
term animal experiments were limited by the lack of a bar rier  type animal build­
ing tha t would assure the long-term survival of the animals tha t is essential in 
chronic studies at low levels of exposure. At about the same time the interim 

• facilities  were completed, anothe r temporary office building was added adjacen t
to the laboratory buildings to provide office space for the branch chiefs and for 
the biometry branch which would be convenient to the laboratories without using 
specialized laboratory space for office functions.

In the meantime, a firm of architects and engineers was retained to develop 
a master site plan for the 509 acre permanent  site. The design was to include 
a facility for NIEHS that  would accommodate 1,000 to 1,200 persons with pos- 

(77)
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sible expansion to three times tha t size. The National Air Pollution Control
Administration, then a par t of HEW, was also to be located on the site in a
facility approximately the same size as the NIEHS Center. The designers were 
asked to determine whether the site would accommodate additional  centers to­
gether with the support  services tha t would be required for operation. The site 
planning was completed in March 1971. ( See figure 3.)  The focal point of the  site 
plan is provided by the construction of an earthen  dam across a natu ral ravine 
to create a lake around which four centers could be located—one for NIEHS, 
one for Air Pollution (now Environmental Protection Agency), and two unidenti­
fied centers. In addition the master  site plan includes a community center for 
meeting rooms and other facilities tha t would be shared by the four centers as 
well as a service center which includes the powerplant, warehousing, mainte­
nance, and the like. 4

Funds have been appropr iated for the planning of the first unit of the N IEHS 
permanent buildings. The program of requirements for this first unit has been 
prepared and the request for apportionment of the planning funds is now at the 
Office of Management and Budget. It  is hoped tha t an architec t can be retained s
in the next few months to prepare plans and specifications for the first build­
ings with necessary utilit ies and roads to accommodate a staff of approximately 
400. Because of the need to expand our intramura l research program, the empha­
sis in the plans will be on laborato ries and animal facilities. Additional animal 
space of a more flexible design than our present ones will be included in the 
first unit.

Because of t he specialized na ture  of our interim facilities, the plan of develop­
ment is to use the first unit on the permanent site and the interim facility 
concurrently.
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F igure 3

Summary Description of Proposed Mutagenesis P rogram Given During the 
April  24, 1972, Vis it  to NIEHS by Members and Staff  of the I ntergovern­
mental Relations Subcommittee of th e House Committee on Government 
Operations

(By Fred erick J. de Serres, Ph. D., Chief-designate , Mutagenesis  Branch)

(Dr. Serres’ curriculum vitae follows:)
Curriculum Vitae of F rederick J. de Serres 

Bor n: September 24, 1929, Dobbs Ferry , N.Y.
Education : Tufts University, 1947-1951, B.S. biology;  Yale Unive rsity , 1951-

1955, M.S. botany, Ph. D. botany.
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Fel low ships: Pred octo ral fellowship of the  Nat ional Cancer Insti tu te  Public  
Health  Service, 1952-54; Wad sworth fellow, Yale University, 1954-55; resea rch 
associate, Biology Division, Oak Ridge Nat iona l Laboratory, 1955-57.

Presen t posit ion : Senior  staf f biologist, Biology Division, Oak Ridge National  
Laboratory, 1957 to pr es en t; coord inator, Environmen tal mutag enesi s program,  
Biology Division, Oak Ridge Nat ional Laboratory,  1969 to pr es en t; l ecturer, the 
University  of Tennessee, Oak R idge Gradua te School of Biomedical  Sciences, 1971 
to presen t.

Professional ac tiv iti es : Consultant, DDT Advisory Committee, Env ironmental 
Protection Agency (1971) ; member, Committee on Assessment of Ni tra te Accu­
mula tion in the  Environment, Agricu ltural Board,  Division of Biology and Agri­
cultu re, Nat iona l Research Council (1970-72) ; member, Advisory Committee, 
Env ironmen tal Mutagen Society Inform ation Ce nter ; editor- in-chie f, Environ ­
mental Mutagen Society Newslet ter ; member, Council, Environmen tal Mutagen 
Soc iety ; member, Editoria l Board, Mutation  Re search ; member, committee for 
RBE of Neutrons, ICRP task group (1969-1970) ; member, Hon orary Ed itoria l 
Advisory Board, Rad iation Botan y; represen tative, Genetics Society of America 
on the  Division  of Biology and  Agr iculture of the Nat iona l Research Council 
(1970-1973) ; member, Panel  on Non-Psychiatr ic Ha zar ds of Drugs of Abuse, 
Natio nal Insti tute of Mental  Hea lth,  DHEW  (1969) ; Consultan t, Jo in t FAO / 
IAEA/WHO Exper t Committee on Irr ad ia ted Food (1969) ; consultan t. NASA 
biosciences experiment survey (1968) ; consultant , Genetics Study Section, Divi ­
sion of Resea rch Grants, NIH, 1967; chairman,  local committee, Neurospora  In ­
formation  Conference (1966) ; experimenters represe ntat ive,  NASA biosatell ite 
program (1964-1968) ; chairma n, Neurospora Inform atio n Conference (1961).

Soc ieties: Sigma Xi, Botanic al Society of America , Genetics Society of Amer­
ica, Rad iation Resea rch Society, Society of General Physio logists , American 
Association for the  Advancement  of Science, Environmen tal Mutagen Society, 
New York Academy of Sciences.

Field of re se arch : Microbial genetics, rad iation,  chemical and  envi ronmental 
mutagenesis, space biology, mutagenic ity of carcinogens.

The genetic  basis  for many  hum an diseases is now well est ab lished; they can 
res ult  from abnormal  numbers of chromosomes, chromosome rear rangem ents 
or gene muta tions . Well known examples of such diseases include mongolism, 
sickle  cell anemia, cystic fibrosis, muscula r dyst rophy and Tay-Sachs disease.

It  has  been estim ated  th at  from 13 to 36 perce nt of the  hosp ital beds of thi s 
Nation are  occupied by patients  suffer ing from diseases of genetic origin. In 
addit ion, we know th at  the re are genetic  diso rders th at  predispose carrie rs to 
pa rti cu lar  types  of disease,  such as the susceptib ility  to different types of 
carcinomas.

The load of genetic damage in the  human population is respons ible for 
the present levels of those hum an genetic diseases which have been identified. 
Any increase in the genetic load would result  in an increase  in the numbers 

« of ind ividuals  with  these diseases.
Many pat ien ts suffering from hum an genetic  disease have  to be ins titu tional ­

ized eith er for many years or thei r enti re lifetime—often at  public expense. 
The cost of such care  h as been estimated to be on the  average between $100,000 

* to $275,000 per pat ien t for his lifetime. Human genet ic disease is not  only a
personal trag edy  b ut when patients  have to be ins titu tion aliz ed at  pu blic expense 
the expenditure of our nat ional resources on their care becomes an add itional 
consideration .

Many chemicals alre ady  in widespread dis trib ution are  known to be mutagenic 
on expe rimental organisms. Since most chemicals in use have  not been tes ted  
for mutagen icity  we need to know which ones are  mutagenic  and whether any 
of these  provide a hazard to human h ealth .

The prim ary emphas is in the  new mutagenes is branch will be to  develop bette r 
methodology to detec t mutagenic  act ivity and to dete rmin e whether environ­
mental chemicals will cause  undesirable  genetic effects in man. In addit ion, 
methods will be developed to moni tor the population  to dete rmine whethe r the 
genetic  load is inc reasing .

The mutagenes is branch will work  closely with other Government agencies 
and the nat ional laboratories to establish priori ties and to determine how best 
to utili ze the resources of each ins titu tion to provide a coordina ted resea rch 
program on this  imp orta nt heal th problem.
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Sum ma ry  of t h e  T our of th e  P harmacology and  T oxicology B ra nc h D ur ing  
th e  Apr il 24, 1972, Vis it  to NIEHS by  Members  and Sta ff  of th e  I nte r­
gov ern men tal  R ela tions  Subc om mit tee  of th e  H ous e Com mi tt ee  on Gov­
er nm en t Oper ati on s

(By  J. R. Fout s, Ph. D., Chief, Pharmacology and Toxicology Branc h)

(Dr. Fouts ’ curriculum vitae fol lows:)
Cur ric ulum  Vita e

Na me : Dr. Jam es Ralph Fouts.
Date an d p lace of bir th : August 8 ,1929,  Macomb, Ill.
Cit izensh ip: Unite d States.
Ed uc ati on : Jun e 1947—gradua ted, South  Denver High School, va led ict ori an;

Jun e 1951—B.S. (ch em ist ry) , with  hig hes t honors, Nor thweste rn Unive rsity;
August 1954—Ph.D. (bioche mistry,  pha rma cology ), Nor thwe stern  Unive rsity
(Th esis : “On the Specificity and Mechanism of the  Diamine -Diamin e Oxidase  •
Reac tion” ).

Brief Chronology of Employ men t: 1951-1954—Tut ori al fellow. Bioche mistry  
Depa rtment, Nor thwe stern  Unive rsity  Medical School, Chicago, Il l. ; 1952- 1954 — 
labo rato ry ass ista nt,  University College, Nor thwe stern  Univ ersity (Chicago 
campus)  ; 1952-1954—laboratory ins tru cto r, Unive rsity  College, Northwestern  
University (Chic ago camp us) ; 1953- 1954 —ins truc tor,  nur ses ’ course in chemis­
try,  Wesley and  Pas sav ant  Memorial Hos pital s, Chicago, I ll .; 1952 -1954—Re­
search Associate, Biochem istry dep artm ent,  Nort hwestern  Univers ity Medical 
School; 1954 -195 6—U.S. Public Hea lth Service, Laboratory Chemical Ph arm a­
cology, Nat iona l He art  Institu te, NIH Bethesda , Md .; 1956-1957—senior resea rch 
biochemist, Bur roughs  Wellcome & Co., Wellcome Resea rch Labo rator ies, Tucka­
hoe, N.Y.; 1957-1959—Ass istan t professor, Dep artm ent of Pharmac ology, College 
of Medicine, Univ ersity of Iowa, Iowa City, Io w a; 1959- 1965 —Associate profe s­
sor, Dep artm ent of Pharmacology, College of  Medicine, Univ ersity of Iowa, Iowa 
City, Io w a; 1965- 1970 —Professor, Depar tme nt of Pharm acology , College of 
Medicine, Univ ersity of Iowa, Iowa City, Io w a; 1968-1970—Director , Oakdale  
Toxicology Center,  Departmen t of Pharmacolog y, College of Medicine, Univer­
sity  of Iowa, Iowa City, Io w a; and 1970  to pres ent—Chief, pharmacology  and 
toxicology b ranch , NIEHS , Research Triang le Par k, N.C.

Mil itary  service: Commissioned officer, U.S. Public  Hea lth Service (As sis tan t 
scie ntist  and  senior ass ista nt sc ien tis t), 1954-1 956.

Societies : American Society for Pharmacology and Exp erim enta l T hera peu tics  ;
Society of Toxico logy; Society fo r Exp erim enta l Biology and Medicine ; American 
Associat ion for  the Advancement of Science ; and Sigma Xi.

Honors and  Awards:
1. Winner by competit ive exam, Meri t Scholarship, Sta te of Colorado. To any 

Sta te uni ver sity  or college, 1947.
2. Marple  Schweitzer Award in Chem istry—1950—Given to a senior studen t *

majoring in chemis try. Recognition for  best scho larsh ip in chem istry  courses, 
Nor thweste rn Univers ity.

3. Phi Lamb da Upsilon (che mis try hon orary soc iety)—1950—No rthw ester n 
University.

4. Phi Beta Kappa—1950—Northw este rn University.
5. Tuit ion Scholarship s—Northwe stern Univ ersity 1947 -1950—und erg rad uate 

school.
6. B. Sc. with highe st honors—1951—N orth western  University.
7. Tuit ion plus stipend  fellows hips—No rthw estern Unive rsity  1950- 1954 — 

gra duate  school.
8. Abel Award in Pharmaco logy, from  American Society for Pharm acology  

and Experime ntal  Therapeutics, 1964.
9. Claude Berna rd Profe ssor (Cla ude  Berna rd Medal) , In sti tu t de Medicine 

et de Chirurg ie Exper imentales , Uni vers ity de Montrea l, Montrea l, Quebec, April 
1970.

Editoria l Activ ities
Edi tor ial Board, Jou rna l of Pharm acology and  Exp erim enta l Thera peuti cs,

1960-65 .
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Edito ria l Board , Molecu lar Pharm acolo gy, 196 4-6 8.
Ed ito ria l Board , Biochem ical Pharm acolog y, 196 6-6 9.
Ed ito ria l Board , Chemico-Biological Int era ctio ns,  19 69 - .
Edito ria l Board , Xenobiotica, 197 0.

Unive rsity  of Iowa Activ ities
Research Council, Uni vers ity of Iowa, 19 66 -69—chai rman, Subcomm ittee on 

Conflict of Int ere st, 19 66 -6 7;  cha irman, Subcomm ittee on Classified Resear ch,
1967- 68 ; member, Subcomm ittee on Role of the  University  in Publi c Affairs,
1968- 69.

Hos pita l Board , Oakd ale Hospit al, Univ ersity of Iowa, 196 7-1 970 .
Protocol Review Committee,  Gene ral Clinic al Rese arch Cente r, Univ ersity of 

Iowa College of Medicine, 1967 -70 .
College of Medicine Lec ture  Committee, Univ ersity  of Iowa , 196 9-1 970 .
Con sult ant in pharma cology and toxicology, Poison Control  Cente r, Unive rsity  

of I owa Hospital s, 1968-19 70.

Unive rsity  of Nort h Carol ina Acti vitie s
Adj unct prof esso r of pharm acolo gy, Dep artm ent  of Pharma cology , School of 

Medicine, September  197 0 to pre sen t.
Member, Scientific Review Committee, Den tal Rese arch  Center, School of 

Dentis try,  Septemb er 197 0 to pre sen t.
Chai rman, Subcomm ittee for  Review of Den tal Mat eria ls Pro gram of the 

Den tal Research Center.

Nation al and  Int ern ati on al Committe es
Pharm acolog y and Ex per ime nta l The rape utic s Study  Section, Division  of Re­

sear ch Gra nts  NIH , Beth esda , Mary land,  19 62 -66  (P ET  SS became PE T SS-A 
in 19 66 ).

Pharmac ology-Toxic ology Ad Hoc Advisory  Committee,  Na t’l. Ins t. Genera l 
Med. Sciences NIH,  DRG, 19 64 -65 . Advisory to Dr. Shanno n on Pharmac ology- 
Toxicology Centers .

Scientific Group on Prin cip les of Pre-C linical  Testing  for  Dru g Safe ty, World 
He alth Orga nizat ion, Geneva, Switzerl and,  1966 .

Committee on Com parative Pharma cology . Pro gram  Pla nni ng Group, Na t’l. 
Ins t. General Med. Sciences and Na t’l. Cancer  Ins t., Nov. 196 5-F eb.  1967.

Pharmac ology-Toxic ology Revie w Committee, Na t’l. Ins t. Gene ral Med. Sci­
ences, N IH, 196 7-6 8.

Abel Aw ard Committe e of the  Ameri can Society for Pharmaco logy and Exp eri­
men tal Therape utics , 196 7-6 8.

Env iron men tal Hea lth Sciences Nati onal  Advisory Committee  (Co unc il),  Na­
tional In sti tu te  of Enviro nmenta l Hea lth Sciences, NIH,  19 68 -70 —member, Sub­
committ ee on Univ ersity-base d Cente rs, 196 8-7 0.

Pro gram  Committee, National  In sti tute of Gener al Medical Sciences, Sym­
posium on Microsomes and  Dr ug Oxida tions, Beth esda,  Mary land,  1968.

Member, Task  Force on Res earc h Plan ning  in Env iron men tal He alth  Sciences, 
NIE HS,  NIH , 19 68 -69 —chair ma n, Subcommitt ee on Toxicology.

Ad Hoc comm ittee on Anticon vulsant Drugs , Nat iona l In sti tute of Neurologi­
cal Disea ses and Stroke, NIH , Bethe sda, Maryland,  196 9 to prese nt.

Edu catio n Committee, Society of Toxicology, 197 0 to presen t (Ele cted  Office).
Committ ee for Env iron men tal Pharm acology , Americ an Society for  Ph arm a­

cology and  Exp erim enta l The rapeuti cs, October 197 0 to p resent.
Publ ic Inform atio n Committee, Fi fth  Int ern ati on al Congress on Pha rmacol­

ogy, Amer ican Society for Pharmaco logy and  Exp erim enta l Therape utics , March 
197 1 to p rese nt.

Con sulta ntshi ps
Con sult ant in Pharm acolo gy, Salsbury Lab oratori es, Cha rles City, Iowa, 

196 0-6 6.
Con sult ant in Pharm acolo gy, Smith Kline  and Fren ch Lab oratori es, Ph ila ­

delph ia, Penn sylva nia, 196 4-7 0.
Special Con sult ant in Develo pment al Pharmacology’, Na t’l. Ins t. Child He alth  

and  Hum an Development, 19 65 -66 .
Con sult ant in Pharm acolo gy, Hoffman-La  Roche, Inc., Nutle.v, New Jers ey, 

1966-70 .
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Invit ed  Speaker—Conferences and Symposia:
(Seminars and  talks at  other unive rsitie s, governmen t or  ind ust ria l labora ­

tor ies  are not listed .)
1. Fi rs t International Pharmacological Meeting, Stockholm, Sweden, August,

1961, Symposium on “Metabolic Fac tors  Controll ing the  Duration of Drug
Action.”

2. For ty-f irst Ross Conference on Ped iatr ic Researc h No. 1961, San Francisco,
California . Symposium on “Perin ata l Pharmacology.”

3. Federatio n Symposium, Atla ntic  City, N.J., April , 1962, Symposium on “The
Action of Drugs on Subcellular Parti cles.”

4. Gordon R esearch Conference on Toxicology and Safe ty Evaluation, Meriden,
N.H., August, 1962.

5. New York Academy of Sciences Conference, October 1962, New York, N.Y. K
Conference on  “H epatotox icity  of Thera peutic Agents .”

6. In ternational Symposium on “Regula tion of L iver  Enzyme Activity and Syn­
thes is.” Indianapo lis, Ind iana, October, 1962.

7. Gordon Research  Conference on Medicinal Chemistry, New London, N.H., eJuly , 1963.
8. Second International Pharm acological Meeting, Prague, Czechoslovakia,

August,  1963. Symposium on “Drugs and Enzymes II I.  Biochemical Mechanisms 
of D rug Toxici ty I.”

9. Conference at  New York Academy of Sciences—“Evaluation and Mechanism 
of D rug Toxicity.” Session on “Drugs and the  Mam malian Embryo.” Held March,
1964, New York City. Sponsored by th e Inter stu dy  Section Group of the National  
Insti tut es of Health.

10. Second Intern ational Workshop in Bra in Research, sponsored by In te r­
nat ional Brain  Rese arch  Organizat ion and UNESCO. Held in New Delhi, India,
Oct. 4-23, 1964.

11. Symposium on “Developments in the Safe ty Eva luat ion of Pesticides  and 
Food Chemicals.” Sponsored by the  Food Prot ection Committee  of the  National  
Academy of Sciences—National Research Council. Washington, D.C., December 
2-3, 1964.

12. Symposium on “The Embryopathic Activity  of Drug s.” Sponsored by Bio­
logical  Council  C oordinating Committee for Symposia  on Drug  Action. University 
College, London, England, March 29-30,1965.

13. Conference on Developmental Pharmacology . Sponsored by Na t’l. Inst , of 
Child Health and Hum an Development, Niagara Fall s, N.Y. Oct. 10-12, 1965.
Also served as Conference Chairman.

14. Scientific Group on Pre-Cl inical Testing for  Drug  Safety. Sponsored by 
World Health Organization, Geneva, Switzerland, March 21-26, 1966.

15. Meeting of Drug Research Board, Nat iona l Academy of Sciences, National 
Rese arch  Council. Fourth Meeting of the Committee on Applications of Biochem­
ical Stud ies in Eva lua ting  Drug Toxici ty. November 22,1966.

16. Symposium on Comparative Pharmacology. Sponsored by Na t’l. Inst.  Gen­
era l Med. Sciences. Held in Washington, D.C., Jan . 24-27, 1967. Co-chairman of 
Session on “Mechanisms of Detoxification and Transform ation in Living 
Organisms.”

17. Guest Faculty , Workshop on Biochemica l Approaches to Clinica l Pharm a­
cology, June  12-16, 1967, Vanderbilt University , Nashville, Tenn. Sponsored by 
The Drug  Research Board of the National  Academy of Sciences and the  Pharm a­
ceutical Manufactu rers  Associat ion Founda tion. •

18. Food and Drug Adm inis trat ion conference on “Experim enta l Design for 
the  Evalua tion  of Anticonv ulsant Drugs”—section  on Toxicology. August 24-25,
1967, Arlington, Virginia .

19. NIH  Conference on “Diagnosis and Treatme nt of Disorders  Affecting the  
Int rau teine  Pa tie nt .” Dorado, Pue rto Rico, Oct. 29-Nov. 1, 1967. Sponsored by the  
Na t’l Ins tit ute of Child  H ealth an d Human Development.

20. NIH Conference on “Microsomes and Drug Oxidations .” Bethesda, Md.
Feb. 16-17, 1968. Sponsored by Nat’l Insti tu te  of General Medical Sciences and 
the  Drug  Research Board of the National  Academy of Sciences. Also served  as 
cha irman of  one of the sessions.

21. Gordon Research Conference on Toxicology and Safety Evaluations.  Mer­
iden, New Hampshire . Ju ly, 1969.

22. Claude Bernard Professor,  Insti tut e de Medicine et de Chiru rgie Exper i- 
mentale s, Unive rsity  de Montreal , Montrea l, Quebec, April  29-May 1, 1970.
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23. Gordon Research Conference on D rug Metabolism,  Tilton, N.H., Jul y 26-3 0, 
1971.

24. Th irte enth Int ern ati on al Congress of Ped iatr ics,  Vienna, Aus tria , Aug. 2 9-  
Sept. 4, 1971.

25. Symposium on Pharm acolo gy of Anti conv ulsant Drugs, Phoenix , Arizona, 

Sept. 7-10, 1971. Also member, organ izing  committee for  symposium and editoria l 

committee  for  symposium publ icati on (Jun e 1970-present) .

Rese arch  Inte res ts:
Mamma lian drug  metaboliz ing enzyme s ys tem s; fac tors  a ffecting these  enzymes 

(age, disease, induc tion and inhibition by pes ticides ) ; correlat ion of cell ult ra-  

struc tur e and funct ion of thes e enzyme sy ste ms; int rac ell ula r local izatio n of 

these enzyme sy ste ms ; com para tive pharmacology and drug  me tabolis m; the  

metabol ism of drug s by tu m or s; the  pharmacology of ant ime tabo lites and  an ti­
biotics.

> Three pa rts  of the pharm acology and toxicology  branch ’s rese arch  prog ram

were described  for  the  visi tors : (1 ) cell cul ture and terato logy, (2 ) upt ake  and 

release of chemicals  by the lung, and (3 ) aerotoxicology. These were chosen 

since they at  lea st partly  represent  the scope of rese arch  of the branc h and, like 

many of the bran ch’s programs, are  unique—combining faci litie s and  techniques 

applie d in few if any oth er labo rato ries  engaged in stud ies of environm enta l 
effects on mammals.

Cell cul ture  and teratology.—We have set up techniq ues und er the direc tion 

of Dr.  Rober t Staples and his  colleagues, Drs. Donald Elliott, Lail a Moustafa, and 

Ralp h Maurer, for the cu ltu re of fert ilize d eggs and embryos from sever al an i­

mal species. During thi s period of living outs ide the mot her’s body, the  embryo 

can be exposed to known chemicals, in precisely known amounts, for  ex act period s 

of time and  at  selected stag es of development. It  is our hypot hesis  th at  a major 

reason  for the fac t th at  a chemical will produce bir th defects in one anim al 

species, but not in ano the r is th at  the moth er of the  res ist an t anim al prev ents  

the  chemical from reac hing  her  fetu s at  the rig ht time or in an activ e form. We 

propose th at  an und ers tan din g of the dire ct effects of envi ronm ental pol luta nts  

and other chemicals on the  ferti lized  egg (uncomplicat ed by species-specific 

ma ternal  ac tions  on the po llu tan t) will help us iden tify those chemicals, et  c etera , 

most likely to cause  bir th defec ts in man, and to devise ways  to prot ect aga ins t 

these  effects. Eggs and  embryos trea ted  in cul ture  with chemicals  can be tra ns ­

ferred  back into the mother and  allowed to ma ture for vary ing periods or even 

be born before fu rth er  examin atio n for defects  which have resu lted from ex­

posure  to such chemicals. The  cultu re- transf er process is illust rated in figure 1.

We are  also able to expose only cer tain  pa rts  of the  ferti lized  egg to suspected 

toxin s and teratogens. Using micromanipulator s, Dr. Mous tafa and colleagues 

can inje ct the  chemicals into  only cer tain  cells of the  embryo or selected are as  of 

a single cell. One or more cells so tre ate d can also be tra nsfer red  to a recip ient 

embryo and be inco rpor ated  there . Pa rts of a tre ate d cell, such as a nucleus, can 

4 be tra nsf err ed  to an un tre ate d cell or group of cells. Such stud ies help localize

even more precise ly the cri tical cells of an embryo or the most sensi tive pa rt  of 

the crit ica l cell th at  is affected by the  chemical or poll utan t. These techn iques 

are  il lus tra ted  in  figure 2.
To our  knowledge such techn iques of cell cul ture  and micros urgery  have not 

* been applied  by anyone  else to a stud y of bi rth  defects  produced by any en­

vironmental agent, or to such defects produced by any drug. We believe these  

new approa ches can give us much bet ter prediction s of chemicals and pol lutant s 

with liab iliti es as tera toge ns, as well as a st ar t on changing, minimizing, or even 

preventin g such effects by chemicals an d p olluta nts  tha t we have no hope of avoid ­

ing, even with  th e most acti ve cleanu p program s.
The perfu sed lung.—Dr. Thomas Eling and  his colla borato rs, Drs. Ter ry 

Orton and Mar shal l Anderson (Dr . Anderson  is a member of the  biometry bran ch ) 

are  inve stiga ting  the lung as a stora ge site of chemicals and poll utan ts. They 

have been studying  the upt ake  and releas e of chemicals by the  isola ted perf used  

rab bit  lung. The perf used  lung system th at  we use (fig. 3)  allows us to var y 

blood flow and ra te  of respira tion , and to apply  the  pol lutant  e ither by adding it  

to the blood or by addi ng it  to the  a ir  supply being “brea the d” by the lung. This 

isola ted lung system seems to be very close to the  situ ation in the  living  anim al, 

but lets us exclude complication s from the res t of the body w hich can acco unt for



wide varia tions in chemical toxi cities between species and even from one animal 
to another , for example, fear , differenc e in respira tory  rates , and breath-h olding.

At pre sen t we are  study ing the  up tak e of basic chemicals  by the lung. Among 
the wide var iety  of such chemicals are  many common herbic ides such as the 
tria zin es and the  par aqu at-diq uat  family, and widely used drug s such as the 
analg esics  (m orp hin e),  tran quiliz ers  (ph eno thiazines ), and stim ula nts  (am ­
phetamines , imipra min e). We are most concerned with  the ra te  of upta ke of 
these compounds (ext rem ely fast in most ca ses ), their  dur atio n of stay  in the 
lung (of ten  very lon g), and whet her one such chemical can compete with  other s 
for  either upta ke and storage,  or release. This la tte r is of grea t, but  at  pres ent 
only theore tica l concern. We hope to see if such competit ion (which we have 
alre ady  seen with  a few pai rs of chem icals ) result s in more or less storage of 
chemical by the lung, and stora ge for  differ ent period s of time. Also whe ther  a 
chemical store d (an d thereby rendered  rela tively inert  or ina ctive)  can be re­
leased  from the  lung by ano ther  chemical or drug  brea thed  or ingested late r. 
Such interact ions  might result in sudden, and unexpla inab le toxicitie s by oth er­
wise “safe” chemicals—the safe chemical or drug  producing toxic ity because  it 
released a pesticid e or pol lutant  all at  once from its  stora ge site. This  kind of 
study can be done with  several organ s, but the lung system is chosen because it 
is an organ exposed continuously to the  enviro nment, is an organ with larg e but 
relat ively  unknown chemical storage  capacity, and is an orga n where  such 
storage  in tera ctio ns a re rarely  s tudie d or understood.
Aerotoxicoloffy: Dr. Drew and his  c olleagues  (Dr s. Roland Roth and Ray Lo) 

are  conducting severa l studi es of effects of chemicals and mix ture s of chemicals 
when inha led by various animal  species for sho rt or prolonged period s of time. 
Such stud ies are  conducted in a fac ilit y havin g cham bers of vary ing size and 
complexity  to provide for maxim um flexibili ty. Dr. Drew ’s tou r of the facility  
included a look at  anim als inha ling  vapo rs from a commonly used room deodor­
izer, and single components of aeroso l spray deodo rants . Severa l specialized  iso­
lation  units were described  (see  fig. 4 ).  Such uni ts will allow us to expose 
anim als to hig hly toxic or suspected carcino genic mat eria ls such as the ubiqui tous 
ai r p olluta nt benzpyrene, o r very dange rous  pestic ides like paraoxon .

A maj or pa rt  of Dr. Drew ’s effor ts int erd igi tat e with  those of othe r scientists 
in this  and  oth er branc hes who study the  anim als af te r exposure to gases, vapors, 
part icle s, and mix ture s of these. Thu s the effects of deod orant  sprays on lung 
system s for  metabo lizing chemicals  were studied by Dr. Drew working together 
with  scie ntis ts from the  Animal Science and Technology branch and with  Drs. 
Bend and Hook of his own branch . The  combination  of specialized  types of ex­
posure cham bers (for  example, isola tion  un its ) and colla boration with  scien tists 
able to mea sure  so many different kinds of effects of such exposure on the body 
makes  this r ese arch program  unique.
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F igure 1.—Schemat ic drawing showing  how fert ilized eggs a re  collected, grown 
in cul ture  dishes outside mother ’s body, exposed to chemicals being tested, 
and  reim plan ted back in mother’s body for fu rth er  g rowth or even birth .
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Figure 2.—-Schematic  draw ing showin g how various pa rts  of cell or embryo can 
be selectively exposed to chemicals. At top, one cell can be exposed to a chem­
ical, the nucleus from thi s tre ate d cell can be removed and tra nsf err ed  to nor ­
mal cell in place of normal nucleus (tr an sf er  to anuc leate d egg ). Then this 
half -tre ated, half-n ormal cell can be grown in cul ture  or even furth er trea ted  in 
cul tur e before tra ns fer back into moth er for furth er  development of embryo. 
In middle, chemical can be injected  into ferti lized  egg; this  blasto cyst can be 
grown in cul ture  or immediately tra nsf err ed  back into mother for furth er de­
velopment. At bottom, chemic ally tre ate d single cells from embryo can be 
“gra fte d” into otherwise norm al embryos (bl ast ocy st) and then this  “mixed 
embryo” placed into mothe r for  fu rth er  development. Tre atm ent  of single cells 
pri or to gra ftin g can occur in cul ture  or by direct injection s into cells held 
again st a micropipet as shown (see n as though under microscope ).
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Figure 3.—This is a simplified drawin g of the isola ted perfused  lung system 
shown to the visitors. The num bers  iden tify key pa rts  of the system: (1 ) 
artery-blood  ente rs lung h ere ; (2 ) to vacuum and  res pir ato r—lung expands by 

4 negative pres sure  as in living  anim al; (3 ) arti ficial tho rax ; (4 ) artif icia l
he ar t (pu mp ) ; (5 ) vein—blood leaves lung here ; (6 ) trac hea  or windpipe; 
(7 ) ai r ente rs here—po llu tan ts as mist or vapo r can be ad ded here; (8 ) blood 
reservoi r—pollu tant s in solu tion  can be added  to blood here ; and (9 ) blood 
in circulat ion system.



Exhaust

F igur e 4.—This is a simplified drawing of the isolation chambers used for ex­
posing animals to highly toxic materials. Letters  refer to key areas of the 
exposure chambers: (A) Living quarte rs where animals can be observed con­
tinuously and can also be exposed to relatively nontoxic gaseous pollutants or 
clean air;  (B ) aerosols (suspensions of particles, dusts) of nongaseous pol­
lutants can be generated here; (C) doubly isolated exposure chamber—where 
animals can be exposed to highly noxious materials;  (D ) cleanup area; and 
(E ) absolute filters on exhaus t lines to remove all pollutants before discharge 
to outside air.

Exh aust
1

Sum ma ry  of P roje ct to D evelop  Opo ssu m as  an  E nv iro nm ent al  R ese arc h T ool 
Give n D ur ing  th e  Apr il 24, 1972, Vis it  to NIEHS by Memb ers  and Sta ff  of 
th e  I nter gove rnme ntal  R elat ions  Subcomm itt ee  of th e  Com mi ttee  on 
Gove rnm ent  Oper ations

(By William Jurgelsky, Jr.,  Ph. D., M.D., Head, Cellular Control and 
Morphogenesis Section, Pathologic Physiology Branch)

(Dr. Jurgelsky’s curriculum vitae follows:)
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Cur ricu lu m  Vitae

Name: Dr. W illiam Jurg elsky, J r.
Date and place of birth:  May 25, 1931, Englishtown, N.J.
Citi zenship:  United States .
Martia l sta tus : Married, 1954, two children.
Educatio n:

June  1949—Gradu ated  from Jamesburg  High School.
June  1953—B.S. (Ag ricu lture) cum laude, R utgers University.
Jun e 1955—M.S. (Genetics),  Rutgers  University.

, June  1958—Ph. D. (Geneti cs),  Rutgers University (Th esi s: The  variation ,
interrela tionsh ip and inherit anc e of nitrogen , caro tene  and zan thophy ll).

June  1967—M.D., Duke Unive rsity .
Br ief  Chronology of Emp loym ent:

♦ 1953-1955—Research  Ass istant, Rutgers Unive rsity.
1955-1957—Research Fellow, Rutgers University.
1957-1960—Geneticist, Te rri toria l Experiment Station, USDA, Mayaguez, 

Puerto Rico.
1960-1963—Pharmaco logis t, Food and Drug Administ ration, HEW, Wash ­

ington, D.C.
1963-1967—Research Associa te, Dept. of Pathology, Duke University Medi­

cal School.
1967- 1968—Inte rn (Pathology) and Fellow (Neuropathology), Duke Univer­

sity  Medical School.
1968- 1970—Acting Chief, Pathologic Physiology Branch  and  Medical Officer, 

Research,  NIH, NIEH S.
1970-Date—Head, Cellular Control and Morphogenesis Section, Pathologic 

Physiology Branch and  Medical  Officer, Research, NIH, NIEH S.

Milita ry Service: None.
Socie ties:

Phi Beta  Kappa.
Sigma Xi.
American Association for  the  Advancement  of Science.
New York Academy of Sciences.

Honors and Other Special Scien tific Recognition:
Ph i Beta  Kappa.
Alpha  Zeta.

Research Inte res ts:
Carcinogenesis.
Embryogenesis of thyroid bra in.
Experim enta l epilepsy.
Demyelination .
Experim enta l thyroiditis.
The M arsupial as a  biomedical model.

A major concern of the  Nat ional Insti tute of Environmen tal Hea lth Sciences 
is the  identi fication and bette r und ers tanding of agents in the environment  
which may be detrimen tal to t he  human fetus and neonate . The standa rd labora­
tory  approach  to this problem is to expose laboratory  animal s at  different 
stages of pregnancy to the suspect materi als  and to observe the  young at  birth  
for  adverse  effects. While th is technique has  gre at scientific validity  and is 
unlikely to be improved on for  rou tine  screening purposes, our understanding 
of how the  developing fetus responds  to harmful agents would be increased if 
a method  could be found which would perm it the  growth and development of 
fetu ses  ou tside  the u terus w here they could be directly man ipulated  and observed. 
Such a system did in fac t evolve in na tur e eighty million years ago in the  
form of the  opossum ; the  problem has been to adop t thi s “exper imen t of n ature” 
to th e labo rato ry.
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The newborn opossum is semi-embryonic; it  weighs about 5/1 000  ounce, 
is less tha n 7/1 0 of an inch in lengt h, and  is at  a stage of development 
roughly  equivalent to a two-month-old fetus.  (Fig. 1.)  The bra in is 
only ha lf formed, and many othe r organs are  ju st  beginning to grow. In  
comparison to the full grown animal, the neonate is minute. (F igur e 2)  At 
bir th “this  abort ion which has  learn ed to survive outs ide the  womb” uses its  
fro nt legs (th e hind  legs are  undeveloped embryonic stu bs)  (Figur e 1)  to 
crawl from the bir th canal  to the mo ther’s pouch, a moist  envelope of skin 
which prot ects  the young anim als dur ing  the ir first three months of life. Inside  
the pouch, the  neonate finds and att aches to a nipple by an as yet unknown 
mechanism ; within  a few days, its  jaw s fuse so th at  it  cann ot relea se the 
nipple. In this  state, the  inf ant anim al completes, over a period of 2% months, 
much of the  grow th which in other anim als takes place in the  womb. While 
stil l in pa rt developing feta l tissue, the  young opossum is in fact  indep enden t '
of its  moth er excep t for the  milk it dri nks and the protec tion of the  pouch. By 
comparison, a ra t or mouse equivale nt in ma tur ity  to the  newborn opossum is 
only ha lf way through gesta tion and is sti ll in the mother’s uteru s.

To expe rime nt on a rode nt fetus,  the investi gato r must eith er feed or inje ct 4
the tes t ma ter ial  to the  pregna nt anim al, risk ing both damag e to her  and 
alte rat ion  of the  material by h er system and by the place nta, or he must remove 
the embyro surgically,  a highly  un na tur al proced ure which obviously cann ot be 
repeated  in the same animal.  By con tras t, in the opossum growing  embryonic 
tissu e may be di rect ly and repeatedly exposed to test ma teri als  with  a minimum 
of matern al influence simply by opening the  pouch and any expe rime ntal changes 
may be observed a s the y occur.

The gre at labora tory  pote ntial  of the  newborn opossum has  been recognized 
by scie ntist s ever since the  anim al was  first  studi ed in the labora tory  some 
eigh ty year s ago. No progress was made in explo iting this pote ntial  for tox i­
cological and pharma cological stud ies because, despite many atte mp ts over the 
years , no one was able to breed the opossum unde r labo rato ry conditions suffi­
ciently to make adeq uate  numb ers of young available  for  meanin gful investi ga­
tions. Fou r yea rs ago, the Insti tut e began seeking a solution  to thi s problem.
Exp erim ents  which involved observation  of the reproducti ve response of the 
anim al und er diffe rent  methods of c are and housing, have led to the development 
of methods which permit , for the first time, the production of large  numb ers 
of young opossums of known age. Key to thi s success is a semi-outdoor fac ility  
(Figur e 3)  which is designed to minimize or elim inate  the  problems of waste 
disposal, insec t and roden t control, anim al monito ring and exposure of person­
nel to weather while reta inin g some semblance of the  na tur al environment which 
we found the  anim als required if  they were to reproduce in captiv ity.

In this building , 100 females and 50 males are  housed in individual 
cages fea tur ing  a flip-top nest box and walk- throug h shelf. (Fig. 4. ) Breeding 
is contro lled by monitoring indivi dual females.  In the  breed ing season from 
Ja nu ary to June, a technique similar  to the  “Pa p” smear  is used on e ach female  
every oth er day t o determ ine the optimal  t ime  to breed her. Only when the  female  
is in he at and for  a few days the rea fte r is she allowed access to the  m ale’s cage.
Unless the  breeding is controlled in this fashi on, many males are  killed  by non- 1
recept ive females and reprod uction  is reduced. Under the conditions described,
our conception ra te  (th e number  of female s bred which actual ly deliver youn g)
has  reached 90 percent, with a yield of over 100 lit ter s (1 00 0+  young) per
year.  This reproducti ve efficiency, which comp ares favor ably with th at  of many *
labo rato ry and  domestic animals,  has made  it  feasible to explore  the usefulness
of the  newborn and young anim al as a model system for carcinog enic (can ce r),
terato logic  (b irt h def ects) , and toxicologic studies.

However, first it  was necessary to develop special  techniques for  workin g with  
the minute newborn anim als and for exposing them qua ntit ativel y to the  toxic 
materials to be tes ted. Because  of the  neon ate’s miniscule  size and its  firm at tach ­
ment to the nipple, sta nda rd techniques of in ject ion or intu bati on are  no t feasib le 
methods for intro duci ng tes t ma teri al into the  young opossum’s body. In one new 
method we h ave taken advantage of the young opossum’s pow erful suckin g act iv­
ity as it  nurses. In this procedure a fine polyeth ylene  tube is filled with  the  tes t 
mat eria l and gently  placed a frac tion  of an inch into the young ani ma l’s m ou th ; 
as the  anim al nurse s, it also drin ks the contents  of the tube. (Fig. 5.)

Our first atte mp ts to use the opossum in the  labora tory  have  cente red arou nd 
an eval uatio n of the  usefulness  of the  animal  as a model for stud ies of environ-
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men tal causes of cancer. In  the se exper iments, group s of opossums bred in our 

faci lity  and repr esen ting  11 diffe rent  age levels have  been exposed to ethyl 

nitro sour ea, a cance r-producin g chemical which has  been shown to be formed in 

the anim al (an d probab ly hu ma n) stomach from chemicals pre sen t in foods. T his 

experimen t is only ha lf complete. Plans are  to allow the  anim als to live 1 more 

year to complete the  2-ye ar average  life span  of the opossum. However, results  

to d ate  ar e encoura ging in se veral w ay s:
1. The time for  tumo r development app ears  to be sho rt compared to other spe­

cies, a gre at advanta ge in carcino genic studies .

2. The opossum app ear s highly susceptible to tumor induction. One hundred  

percent of opossums exposed have  developed one or more tumo rs with in 1 year 

following exposure.
3. A larg e var iety of malignan t tumo rs is induced. They rang e from skin tu ­

mors (melanom a—fig. 6)  to tum ors of the kidney (figs. 7 and  8 ),  liver (fig. 9 ),  

stomach (fig. 10 ), eye (fig. 11 ),  gum and jaw s (figs. 12 and  13 ), lungs (fig. 14 ), 

and  to ngue (fig. 1 5) .
4. Many of th e tumors are  types  common to childhood which have been hereto­

fore difficult to produce  in labora tor y anima ls. Fo r e xample, the tum or of the  eye 

(fig. 11)  has never  before been exper imentally  induce d in a labora tory  an i­

mal. If  it can be repro duced in larger  numbers of opossums in expe rime nts pre s­

ently underw ay, it may become a valuable tool in the  stud y of tumo rs such as the 

retin oblastom a, a highly malignan t childhood tumo r whose und erst and ing has  

been h andicapped  by th e lack of a  labo rato ry anim al model.

5. There is an association between  developm ental defects (fig. 7)  and cance r 

in the opossums exposed to the  cancer inducing agent.  A possible rela tion ship  

between cancer and cong enita l defects  has  been post ulat ed but  dire ct stud y of 

thi s post ulate d relat ionship,  which might yield clues to cancer mechanisms, has 

not  been possible because  of the  difficulty of inducing both cance r and  grow th 

defec ts simult aneously in sta nd ard  labo rato ry species. The opossum may provid e 

a useful model fo r th e st udy of  th is i ntri gui ng rela tionship .

These findings imply th at  the  young opossum may have  special advanta ges  in 

the  study  of the causes  and  the  mechanisms of cance r common to childhood.

Experim ents to fu rth er  develop the anim al as a biomedical  model will continue. 

Atte mpts to develop a dome stic opossum have  now reache d the second gene ratio n 

of anim als produced in captivi ty. In addi tion  w’e are  especially  inte res ted  in the  

possib ility of furth er  impro ving the efficiency of our anim al production and  ex­

perimen tal procedures. In thi s connection, we are  explo ring the  feas ibil ity of 

developing a special cham ber in which young opossums might  be grown outside 

the pouch in a  k ind of “assem bly line” ar rangem ent.

At present, our opossum popul ation  numb ers over one thou sand  anim als and 

repr esen ts the larg est colony of  its  kind  ever  establ ished .

In summary, a prog ram to develop the  opossum as a laboratory  model for  the 

study of e nviro nmen tal hazards  h as been successfu l in developing methods which 

perm it, for  the  first  time, the  produc tion of larg e numb ers of young unde r con­

trolled conditions. Pre lim ina ry exper iments indi cate  th at  the young opossum may 

have  special adv anta ges  in cance r resea rch and may be a powerful biomedical 

tool in stud ies of envi ronm enta l haz ards .
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F igure 1.—Newborn American Opossum. Note undeveloped hind legs and 
rud imentary  eye (arro ws ).

F igure 2.—Newborn Opossum (arrow ) compared  to ad ult  opossum.
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Figure 3.—Opossum breeding faci lity  designed  on the  basis of research a t NIEHS.

Figure 4.—Indoor view  of opossum breeding fac ility showing cage  arrangement
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F igure 5.—Sequence showing a special techn ique developed for  administering 
tes t materials to the  newborn opossum by mouth.

F igure 6.—Malignant tumor of the  skin of the  snou t of an adult  opossum 
exposed to the  carcinogen ethyl nitrosourea (ENU) as a baby.
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F igure 7.—Massive cancer (lar ge arrow) in the  kidney of a year-old  opossum 
which received a single dose of ENU as a baby. Note large cyst  or growth 
defec t (small arrows)  in the same kidney.

F igure 8.—Massive cancer (large arrows) of right kidney (small arrows) in a 
1-year-old opossum exposed to ENU a s a baby. The lef t kidney, which conta ins 
a sim ilar  b ut smal ler tumor,  is to the  lef t of the photograph.
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F . 46

Figure 9.—Embryonic tumo r of the liver in a 1^- yea r-o ld opossum given ENU 
when sti ll in the  pouch.

F igure 10.—Tumor (arrow ) of the  stomach in an 8-month-old opossum which 
was given ENU by mouth as a baby.
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Figure 11.—Malignant tumor of  the righ t eye (lar ge arrows) of a 6-month-old 
opossum exposed as a baby to ENU. This tumor has never before been pro­
duced in the laboratory. Normal eye  of the same animal (sm all  arrows) is 
on the le ft.

T
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F igure 12.—ENU induced cancer (ar row ) of the gum in a 1-year-old opossum.

F igure 13.—Massive mal ignant tum or (ar row ) of the  opossum jaw  induced 
by ENU.
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Ftgtibe 14.—Multiple canc ers (ar row s) of the  lungs in a 1-year-old opossum 
exposed to ENU at  birth .

*

INI Hill Hill Hill INI Hill INI Nil INI Hill Hill III Hill III, INI Hill Hill Hill Hill HIIU.II HUI Nil 1
>’ 3 ’ 4 5 1 6 7 ’ 8 9 ' IO 1 111 12 13 ' §

F igure 15.—Malignant tumor (arrow’s) of the  tongue induced by ENU in an 
opossum exposed to th e cancer agent a t birth .
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