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ABSTRACX It became obvious in the early 1960's that 
the ready recognition of mutations produced by chemi- - 
cals could have a profound influence on the refinement. 
of' methods to detect environmental mutagens. The ex- 
perience derived over the prwious 30 years in character- 
izing the effects of ionizing and ultraviolet radiation 
on the genetic mechanism came to serve US in good stead. 
Although the effects of chemicals are considerably more 
complicated and often require the analysis of individual 
substances, nonetheless, the area has developed rapidly 
in recent decades. The establishment and historical 

. background of the International Association of Environ- 
mental Mutagen Societies (IAEMS) will be discussed. An 
attempt at the quantitation of chemical effects has been 
developed in comparison wfth radiation muragenesis. As 
a first step, a definition of the "Mutagen Burden" or 
unavoidable exposure to chemicals will be discussed. A 
marhematical appxaach (Haynes/Eckhardt) will. be con- 
sidered and finally an outline for the comprehensive 
investigation of detailed intersciense study will be 
made of less than six chemicals. 

INTRODUCTION 

The study of induced mutagenesis had its beginning 
more than 54 years ago, as all of us are well aware, with 
the work of I!erman Huller (1) who developed a quanritativa 
mafl~od fox the recognition of mutations in Drosophila and 
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who w a s  a b l e  t o  e s t ab l i sh  the  mutagenic e f f ec t  of ioniz ing 
. radiat ion.  During the  1930's, the  f i e l d  of u l t r a v i o l e t  
induction of  mutagenesis developed very w e l l ,  e spec ia l ly  
toward t h e  end of the  1930's with the  recognition t h a t  the  
most e f f e c t i v e  wavelength is the  one absorbed by t he  nucle ic  
acids. I had many i n t e r e s t i ng  discussions with D r .  Muller 
n regard t o  the  impbrtance of these a reas  and i t  became 

obvious t o  us t h a t  t he  next  f i e l d  t o  be studied would be ex* the  e f f e c t s  of chemicals t h a t  r e s u l t  i n  mutation i n  exposed 

t i ssue .  The recognit ion of chemical mutagenesis should 
be c red i t ed  t o  Auerbach and Robson (2), t o  Rapoport (3) ,  
and t o  behlkers (4) whose work during t h e  secaad World 
war was published i n  1346. 

The de tec t ion  and evaluat ion of environmental mutagens 
was a very  l o g i c a l  development but  i t  took almost 20 years  
before p r a c t i c a l  methods became ava i l ab le  f o r  t h e i r  rou t ine  
measurement. When Milis lav  Demerec r e t i r e d  from the Direc- 
torship  of t h e  Cold Spring Parbor Laboratory he  concentrated 
a l l  of h i s  research on developing Salmonella as organisms 
f o r  t he  de tec t ion  of c h k i c a l  mutagens (5). Later ,  h i s  
elegant  mutation techniques were fu r the r  developed by 
Ph i l i p  Hartman (6) of . Johns Eopkins University.  Many 
chemicals w e r e  missed a t  t h a t  t i m e  which l a t e r  turned out  
t o  b e  mutagellls sLflce ir was found that l i v e r  ex t r ac t  i s  
needed for t h e  a c t i va t i on  o t  numerous mutagens. This  
requirement w a s  f i r s t  i den t i f i ed  by HeLnrich Malling (7). 
Lgver microsomes a r e  now used routinely i n  chmilcal muta- 
t ion  w r k .  

The most s i gn i f i c an t  development came when Bruce Ames 
of Berkeley deveioped salmonell< a s  a most ready t o o l  f o r  
the de tec t ion  of many mutagens (8). Amcs developed many 
new s t r a i n s  of ~a lmone l l a  which -have speclfic a b i l i t y  t b  
detec t  c e r t a i n  types of mutagens. The extensive work 
coming from Ames' laboratory has resul ted  i n  many important 
f indings including the  recognition of the  broad overlap 
between mutagenesis and carcinogenesis. This  is not t o  
say that Salmonella hasn't  any l imi ta t ions ,  d e s p i t e  its 
use i n  very many labora to r ies  a l l  over the world. Salmo- 
nel la  is c o s t  use fu l  f o r  very preliminary screening and as - 
a p a r t  of a w e l l  chosen battery of t e s t s .  

I n  the early 1960's i t  became obvious t o  some of us 
tha t  the  rime had come t o  do something systematic so  a s  
to  apply the  knowledge derived through improving methods 



. , 

. of m&tagen. d e t e c t i o n  t o  t h e  problems of environmental  pol- 
l u t a n t s .  The f i r s t  quest ion was, where could t h e  work be  .,.. . .  

: done most e f f e c t i v e l y ?  The Ford Foundation gave m e '  a smal l  . . .. . . 

stravel.  g r a n t  i n  t h e  mid-s ixt ies  t o  explore  t h e  p o s s i b i l i t i e s  . .  

a t  s e v e r a l  un ive r s i t i e s .where  research  c e n t e r s  could .be . . 

developed' f o r  chemical mutagen t e s t i n g .  I was h e l p e d ~ v e r y  
.much i n  t h i s  exploratory per iod by Marvin Legator ( t h e n  .at 
' t h e  Food and Drug Administration) and. Samuel Eps t e in  (then.  
a t  t h e  Chi ldren ' s  Cancer Hospi ta l  of theHarvard  Un ive r s i t y  

.Medical School) . Workshops were i n i t i a t e d  a t  ~ r o w n  Uni- * 

v e r s i t y a  and a t  t h e  Univers i ty  of 2urichb. T h e r e a f t e r ,  
our appea l  became a l i t t l e  e a s i e r  and o t h e r s  became more 
and more convinced t h a t  something should be  done i n  an  

.organized'  way. 
I 

Through my f r i e n d ,  Joe  S l a t e r  , I a p p l i e d "  t o  t h e  newly 
e s t ab l i shed  Anderson Foundation f o r  support  of m y  i d e a s  
and t h e  u rgen t  need f o r  g iv ing  t h i s  f i e l d  a i i m m e d i a t e  

;boos t .  I received a . g r a n t  of $25,000 wi th  no r e a l  s t r i n g s  
a t t a c h e d , t o  u se  a s  I saw f i t  t o  promote t h e  f i e l d  of en- 

'v i ronmental  mutagenesis. I n  1969, I turned .over these ,  
funds t o  t h e  newly organized Environmental Mutagen SocietyC 

,(EMS). Vhi l e  i t  gave the  necessary boost  t o  g e t  t h e  EMS 
underway, t h e  Society  i t s e l f  developed r a t h e r  s lowly,  h i t -  

' t i n g  i t s  s t r i d e  i n '  t he  l a s t  severa l .  years .  

Af t e r  1969, a s  a l l  of you know, s o c i e t i e s  were organ- 
ized i n  Europe, Japan, and Ind ia .  By 1973 we had fou r  
major s o c i e t i e s  f o r  environmental mutagenesis. A t  t h e  EMS 
meeting a t  Asilomar which followed t h e  I n t e r n a t i o n a l  Con- 
g r e s s  of Genet ics ,  the  I n t e r n a t i o n a l  Associat ion of Envi- 
ronmen t a l  'lu tagen Soc ie t i e s  (IAE:.IS)~ was, l o g i c a l l y ,  

. i n s t i t u t e d .  This  was followed by t h e  i n t e r n a t i o n a l  con- 
ference i n  Edinburgh i n  1977, and now our  t h i r d  conference 
here  i n  Japan. The Australian-New Zealand DIS Sas  j u s t  
joined t h e  o the r  four  s o c i e t i e s  of t he  IAEMS. A number 
of a d d i t i o n a l  s o c i e t i e s  have been organized and are j.n 
t h e  process  of applying t o  j o i n  t h s  I E ? ! S .  

aProvidence, Rhode Is land (197 1)  ";lcrl:shop on Mutagenicity" 
b ~ n i v e r s i t y  of Zurich,  S w i t z e r l z , ~ ?  (1973) "Idorkshnp on 
Mutagenicity" 

CEnvironmental Mutagen Soc ie ty ,  4 7 2 0  Montgomery Lane, 506, 
Be thesda ,  Ffxryland 20014 (Verne Ray, Pres iden t )  

d ~ n t e r n a t i o n a l  Association of Environmental Mutagen Soci- 
eties, c / o  I n s t i t u t e  of General Genet ics ,  Box 1031, Blin- 
darn,  Oslo, Norway (Per Of teda l ,  P re s iden t )  
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A number of very  important t h i n g s  had t o  be done i n '  : 
connection wi th  t h e  development of t h e  f i e l d  of enviropmen- 
t a l  mutagenesis. '  Many members of t h e  Society  were 'very 
much i n t e r e s t e d  t o  promote t h e  f i e l d  a s  an e s s e n t i a l  p a r t  
nf  t h e  study of .  the  environment. ' We then ' e s t ab l i shed  an 
informat ion c o l l e c t i v e ,  t h e  Environmental Mutagen Informa- 
t i o n  Center (EMIC)e, which is now one. of t h e  most success fu l  
informat ion sources  i n  t h e  a r e a  of environmental s tud ie s .  
EMIC w a s  organized i n  1969 under . t h e  d i r e c t i o n  af John . . 

Wassom wi th  . . t h e  suppor t . o f  Heinr ich  Mailing.. 

I n  t h e  meantime, many new methods f o r  the de t ec t ion  
and c h a r a c t e r i z a t i o n  of environmental  mutagens were devel- 
oped. A s  a matter of f a c t ,  t h e  number increased so  t h a t  
we have today a g r e a t  abundance of methods including some 
very  e x c e l l e n t  ones. The t r a i n i n g  of s c i e n t i s t s  so  t h a t  
they can use  t h e s e  methods f o r  t h e  i n t e l l i g e n t  d e t e c t i o n  
of mutat ions  has  become i n c r e a s i n g l y  important t o  t h i s  
area .  I n  e a r l i e r  days,  n o t  many r e s e a r c h e r s  saw t h e  fmpor- 
tance of t h i s  f i e l d .  However, ~ a l v e s t o n f  i n s t i t u t e d  such 
a curr iculum and hag s i n c e  become an  important c e n t e r  f o r  
t r a i n i n g  i n  t h i s  f i e l d .  Tzday w e  have many good methods 
f o r  t h e  d e t e c t i o n  of mutagens developed i n  many labora- 
t o r i e s .  However, i n  the  long run ,  i t  is  up t o  i ndus t ry  t o  
use these m~thocia. They have keen most cooperat ive i n  t h i s  
a r ea ,  becoming an e s s e n t i a l  cog i n  t h e  development of 
environmental mutagenesis r e sea rch .  

A number of workshcps and t r a i n i n g  courses  were organ- 
ized  t o  he lp  . i nd iv idua l s  i n  developing coun t r i e s  by demon-. 
s t r a t i n g  techniques  f o r  t h e  r ecogn i t i on  of p o t e n t i a l l y  
dangerous chemicals used e x t e n s i v e l y  i n  t h e  environment 
( i - e . ,  pest ic ides) .  We now have t h r e e  important c e n t e r s  
i n  t he  developing c o u n t r i e s  of Mexico, t h e  P l~ i l i pp ines , .  

'' 

al-~rl Egypt. 

The f i e l d  of Environmental l futagenesis  had gone through 
the 11sual chain of development of any r e l a t i v e l y  new f i e l d ,  
f i r s t ,  wi th  t h e  recogni t ion  of t h e  phenomenon, then t h e  

. . 

. . 
, e~nv i ronmen ta l  Mutagen ~ n f o r m a  tion Center (EIlIC) Oak Ridge . . 
National Labaratnry, P. 0. Bqx Y. Oak Ridge, Tennessee 37830 

f ~ n i v e r s i c y  of Texas Medical Branch, Ga'lveston, Texas, 
Annual ~ e n e t i c  Toxicology. I\7orkshops 
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.development. of .methods for. i ts de t ec t ion ,  folldwed by the  
q u a l i t a t i v e  observat ions ,  and f i n a l l y  a .quanti.tative. eval-  ' -  

ua t ion  which con t r ibu te s  t o  an  understanding of t h e  under- , . , . 
' l y ing  b a s i c  mechanisms. We had gone through these  same s t e p s  
t o  understandink r a d i a t i o n  mutagenesis wi th  many i n t e r e s t i n g  
r e s u l t s .  .Even a f t e r  more than 50 yea r s  of i n t e n s i v e  study, 
t h e r e  are st i l l  q u i t e  a number of unsolved problems r e l a t e d .  
t o  r a d i a t i o n  mutagenesis, j u s t  a s  t h e r e  a r e  very many prob- 

' lems f ac ing  u s  with  environmental mutagenesis. 

There i s  r e a l l y  a g r e a t  d i f f e r e n c e  between r a d i a t i o n  
and chemical mutagenesis. One has  t o  cons ider  t h a t  most 
of t h e  background r a d i a t i 0 n . i ~  a t t r i b u t e d  t o  sources  out- 
s i d e  of t h e  human organism, whereas chemical exposures can 
occur from both ou t s ide  in f luences  o r ,  since.c' , ,emicals 
r ep re sen t  t h e  bu i ld ing  blocks of which w e  a r e  made, t h e  
d i f f e r e n t  i n t e r n a l  pathways by which t h e s e  compounds a r e  
absorbed and become.an i n t e g r a l  p a r t  of t h e  body. By com- 
par i son ,  r a d i a t i o n  is  r e l a t i v e l y  simple w i t h - o n l y  a few 
types  and ' chemicals a r e  .very numerous, wi th  many spec i f i c '  
metabol ic  pathways. Some chemicals a r e  r e a d i l y  e l iminated,  . ' . 

o t h e r s  go through a number of s t a g e s  of metabolism before  
they break down and then combine wi th  o t h e r  compounds o r  
t i s s u e s .  Unfortunately,  t h e s e  complicat ions  a r e  no t  always 
r e a l i z e d  a s  one becomes invol\*.ed i n  working with  chemicals. 
Occasional ly ,  t he  e f f e c t  of some compounds may be t r a n s i t o r y  
and i t  has  been found t h a t  some a r e  even found i n  t h e  gonads-, 
d e s p i t e  t h e i r  i d e n t i t y  a s  soniatic mutagens without germinal 
e f f e c t .  

When i t  became necessary t o  d e f i n e  the  b a s i s  f o r  radia-  
t i o n  mutagenesis some 30 yea r s  ago, i t  was thought e s s e n t i a l  
t o  determine the  unavoidable rod in t ion  t o  which man is  
exposed ( i . e . ,  cosmic r a d i a t i o n ,  r a d i a t i o n  from potassium 
i n  t h e  body, and e s s e n t i a l  medical  X-rays). "Permissible 
l i m i t s "  w e r e  based on mi l l t ip les  of unavoidable background 
r a d i a t i o n  exposure. As a ma t t e r  of fact, t h i s  served as an 
e l egan t  way t o  proceed i n  determining t h e  idea  of a "per- 
mi s s ib l e  dose", o r  mu l t ip l e s  of unavoidable background 
r a d i a t i o n .  

Some of us thought t h a t  a s i m i l a r  approach could be 
appl ied t o  def ining c h e ~ i c a l  exposure and e f f e c t s .  L?e know 
t h a t  there  a r e  certain c h r i a i c a l s  in our bod ies  and many 
o t h e r s  which might be r e g u l z r l y  i nges t ed ,  inha led ,  o r  
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absor~bed through t h e  s k i n .  A f e v  a r e  w e l l  e s t ab l i shed  
. .. mutagens. - Task Force. 4 of t h e  In t e rna t iona l .  Commission ,for. . . .  . . . - 

Pro tec t ion  a g a i n s t  Enviromen t a l  Mu t agens  ( I ( = P E M C ) ~ ,  con-' 
s i s t i n g  of Takashi Sugimura, Verne Ray, Lorenzo Tomatis, 
and myself (as -Chairman), 'has  been working t o  def ine  a  
few uf the basie ehomioal triut'agiss whS.ch a l l  of us. car ry  
wi th in  u s  and a l s o  those which w e  cannot  avoid from exter-  . . 

na l  sources  o r  which a r e  produced i n t e r n a l l y .  O f  the  multi-  
tude  of chemicals w i t h  which man is i n  ' d a i l y  contac t ,  w e  

. 

decided t o  begin w i t h  t h r e e  cornon compounds (which a r e  a l s o  
e s t ab l i shed  mutagens), Aflacoxin,  Benzo(a)pyrene, and 
~ i r r o s a m i n s  , 

AFLATOXIN is a fungus which grows on a g r i c u l t u r a l  
products  and., t he re f  o re ,  is.  e a s i l y  i nges t ed  i n  foods. This  
mutagen is of p a r t i c u l a r  importance t o  developing coun t r i e s  
where funga l  i n f e c t i o n  can spread through crops t h a t  a r e  
s t o r e d ,  o f t e n  wi thout  r e f r i g e r a t i o n , .  Af la tox in  i s  a  v e r y '  
s e r i o u s  mutagen' and' a l s o  a very s t r o n g  carcincgen f o r  both. . . . . 

. . 
.somatic and germinal c e l l s .  

BENZO (A) PYRENE is  'a by-product o f  -.combustion and i s  . . . 

present  i n  smoke and i n  automobile exhaust and is the re fo re  
most p reve lan t .  Th i s  compound h a s  been de tec ted  i n  body 
t i s s u e s  and is a wel l -es tab l i shed  somatic  mutocarcinogen, 

. al though i t  has  nut been e s t a b l i s h e d  as b e h g  mutagenic t o  
germinal, t i s s u e  where it is found i n  s n a l l ' q u a n t i t i e s . '  It. 

. probably doesn ' t  reach t h e  chromosomes i n  the  form which is . 

de tec t ed  by chemical a n a l y s i s  i n  t h e  gonads. .  It i s  e a s i l y  
d e t e c t a b l e  and d a t a  a r e  a v a i l a b l e  from a v a r i e t y  of sources ,  
e s p e c i a l l y  from l a b o r a t o r i e s  i n  Germany' (9).  Some f i g u r e s  
a r e  given I n  Table I. 

NITRO3AMINES are ingested and are  poss ib ly  a l s o  pro- 
duced-by . t h e  n i t r i t e s  iir s a l i v a  o r  by i n t e s t i n a l  bac t e r i a .  
However, n i t rosamines  . a r e . a l s o  found i n  germ-free animals. 

. . 
There must, then,  be some-enzyme system which i s  respons ib le  
f o r  i n t e r n a l l y  producing n i t r ssamine .  The e n z p e s  respon- 
s i b l e . . f o r  this a r e  not y e t  c l e a r .  There i s  eone$derable 
l i t e r a t u r e  i n  t h i s .  a r ea  and much cont roversy .  One problex,  
of course', i s  t h a t  ni t rosamines  pass  through t h e  b0d.y very . . . . 
gT.CPE?IC Task Fcrce 4 ,  s tudying t h e  "Mutagen Burden". Three 
m e e t i n g s  fie13 i n  1979-50 to e s t a b l i s h  pre l i rnf t ia ry  measure- 
ments.of chemical i n t a k e  and e f f e c t .  
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. Table .I . . . . . . . . . .  . . . . . . .  
An Estimate of Man's ~xposure to Mutagenic Chemicals .. 

Carried Within the ~uman System and Unavoidably Ingested, 
. . Absorbed, or Inhaled from the Environment 

. . 

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

Chemical Measurement 

AFL ATOXIN= 250 ng/day person - 3000 nglday/person 
(= 8 x loa' moles) (B1 = 312) . . . . . . .  . . 

10 nglhrlperson - 120 nglhrlperson 
( 5  3 x 10-8 moles) 

' Intake: , 

c1 (plasma) '10 nglkp - 120 ndkg 
(= 3 x 10-8 mmoles.) 

~2 (tissue 29 nglkg - 480 ndkg B (= .9. x 1.0- mmoles) 
. . .  

0.2 g - i~76nghoo g dry .tissue -.  

(3 8 x 10 mmoles - 6 x moles) 

NITRITE (NO2) 0.012 - 0.88 nmoles/person/day 
NITRATE (~03) 0.3 -.9.3 moles/person/day 
NITROS AMINE~ 0.001 - 0.05 moles/person/day 

- .  . . 

The exposure data supplied above were compiled by: 
'~ennis Fsieh, U~iv. California, Davis; b~ames 
Selkirk, Oak Ridge National Laboratory, Tennessee; 
'philip Hartman, Johns Hopkins Universlry , Aalci- 
more; d ~ n t h o n ~  Pegg, Pennsylvania State University. 

readily and are probably present not only in the intestine 
but also in the fecal matter. As a matter of fact, a 
special symposium following this conferenceh will consider 
the different problens of these compounds. 

If we consider the three obvious mutagens as a whole, 
it is remarkable how few detrimental effects have been 
recognized with the relatively significant quantities of 

h ~ e v e n t h  International Neet ing  on Analysis and Fornation 
of N-Nitroso Compounds, Tokyo, September 28 - October 1, 
Helmut Bartsch, I A R C ,  Lyon, France (Chairman) 



mutagens or carcinogens we carry within the body while still-, . 
maintaining our 'present integrity of genetic mechanism. 

This is an interesting problem which requires further 
analysis. There is also the possibil'ity that we carry, 
sufficient "anti-mutagens" to stop the activity &f the 
mutagens within.. There is ood indication that such com- 
pounds exist, but whether t f ese are adequate to take care 
.of the stability of our genetic make-up is not certain 
i . .  , ascorbic acid, uric a c i d )  . . . . . 

As R hasis for consideration. these three chaical com- 
pounds represent common quaritities and'exposures.' Those 
found in smaller quantities ought not to be overlooked as 
potentially effective mutagens as, for example, William L. 
Russell found of Ethylnitrosourea (ENU) . ( lo) ,  ' the strongest 
mutagen ever found in tho mouse yet formerly considered .rather 
harmless'. There may be other substances that are just as 
effective but which exist in lesser quantities and have. 
not yet been recognized to contribute to the Mutagen 
Burden. This is another .iinportant aspect which deserves 
further investigation. . 

I would lilce now to dissuss some of the qi~antitative 
aspects of Environmental Ilutagenesis as I see it from my 
narrow point of view. An interesting approach has been 
used by Committee 17 of the Environmental Mutagen Society 
("Environmental Muta8enl.r l !a~nrr l "  T.n Sciences (1975) 187: 
503-514)  in developing the "REC" oyren-equivalent-chemical 
on the basis of the very extensive data which are available 
in radiation mutagenesis. Although this attempt is a very 
promising one, it is not adequate. A caurianar]r note 
is attached stating that the calculation implicitly assumes 
the response of the organism, while modulated by numerous 
pharmocological factors, remains constant In time. T h i s ,  
of course, is not entirely correct because the physiology 
of the human is a very dynamic system. 

Therefore, reliance..sol.ely upon data derived from 
'means determined for radiation mutagenesis are not adequate 
for an accurate evaluation of the more complex steps in 
chemical mutagenesis. At least this 1975 study was a good 
attempt and should be encouraged with some modification. 

.. ' The systems we are discussing are based primarily on ani- 
mal work. Extrapolating from the mouse to man is a 
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. -  
somewhat dangerous t r a n s i t i o n .  However, a t  t h e  p re sen t  : 
time, t h i s  is t h e  b e s t  t h a t  we can do i f  no o the r  d a t a  a r e  - . . 

ava i l ab l e  on which t o  proceed. This  is t h e  reason I thought 
t h a t  t h e  "Mutagen Burden" concept would o f f e r  some kind of . . 

base f o r  human eva lua t ion  and I w i l l  come back t o  t h i s  . . . . . . . . 

point  l a t e r .  .. 

.The h igh ly  s i g n i f j c a n t  mutat ion d a t a  obtained on the '  . 
. s p e c i f i c  l o c u s  method by Russe l l  and Lyon and Morris on 

. . 
somewhat d i f f e r e n t  l o c i  i n  t h e  mouse gave, u n t i l  l a t e l y ,  " . .. 

the  b e s t  d a t a  on the q u a n t i t a t i v e  g e n e t i c  e f f e c t s  of i on i z -  
ing r a d i a t i o n  on c e r t a i n  hybrid s t r a i n s  of mice.' The 
genet ic  e f f e c t s  of chemicalson mammals i n  vivo is  consider-  
ably more d i f f i c u l t  f o r  t h e  reasons  which we have a l r eady  
discussed. There i s  a  shortage of q u a n t i t a t i v e  d a t a  on 
the  -- i n  v ivo  e f f e c t s  of chemicals i n  -mammals. S tud ie s  show . 

t h a t  t h e  chemical e f f e c t s  on t h e  mouse.produce a  ve ry  low 
number of gene mutations measured by t h e  s p e c i f i c  l o c u s  

' . method. of Russe l l .  This  Gas changed somewhat wi th    us sell ' s 
. f inding t h a t  ENU is  the.most  e f f e c t i v e  mutagen eve r  found. 

- .  

tlhen Ehl ing  reported the  e f f e c t  of i on i z ing  r a d i a t i o n  
on t h e  s k e l e t o n  a s  a  ready way t o  s tudy dominant mutat ions  
i n  t h e  mouse, t h e  p i c t u r e  changed. These s tud ie s .  have 
been cons iderab ly  extended by Selby a t  Oak Ridge and some 
of t h e  r e s u l t s  a r e  shown on Table. 11. 

Table I1 
Frequency of Presumed Dominant Mutations 

Affec t ing  the  Skeleton of t h e  Mouse 

K ~ p r o d u c e d  from " R a d i o b i o l o g i c a l  E q u i v a l e n t s  of Chemical 
Po l lu tan ts" ,  I n t .  A t o m i c  Energy Agency, Vienna, p 78 (1983). 

Dose 
(R) 

0 

600 

600 

I00 + 500 

500 + 500 

Resumed mutations 

(No.) (51 

1 0.06 

10 1.8 

5 0.7 

5 1.8 

2 1.3 

Interval 
bet Weed 
dose 
fractions 

0 

. O  

24 hours 

10 wecks 

Stage 

Post-spermatogonial . 

Spcrmatogonial 

Spcrma~ogonial 

Spctmitogonial 

No. o f  Fa 
skeletons 

1739 

569 , , 

754 

277 

13 1 
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Table I11 . . 
. . 

Specific. Enzyme Activities (Expressed .in X Activity of 
. . 

Normal Lenses) in the, Lenses of Mice with ~zc-cataract. . . ....-- -.. . 
. . 

.Cataract Mutants" 
Enzyme .. Heterozygote Homozygote 

~lucose-6-phosphatdehydrogenase- . . .96 
Malatdehydrogenasa 111 
Isocitratdehydrogenase 9 7 
iiexokinase 161 
Lacfatdehydrogenase . .  . 130 
~l~ceraldeh~d~hos~hatdeh~drogenase 11 6 , 

. Pyruvatkinase . 89 i 
Enolase . 126 
Phosphoglyceratkinase 102 . ,  

. . .. . 

Reproduced from "Elektrophorese Forum '8OW, 2. Diskussion- 
stagung Technische Universitat, Munchen, Munchen (1980). 

Scill newer developments include the observation of 
the inherited cataract method by Ehling's group who recog- 
nized that these can be observed easily with a slir lamp 
on a.iarge number of animals especially since these.again 
are dominant effects. It was .first developid with the 
evaluetPon of ionizing radiation but hac proven most prom- , 

i s i n g  with chemicals. '1 b e l l e v e  tlial, we cvit luok forwtirrl 
to many interesting data available with i n  vfvo genetic 
effects of chemicals in the mouse. 

One of the most Interesting discussions in regard to 
quantitative effects has been given by Hapnes and Eckhardt 
who developed mathematical equations which take into account 
not only the mutation rate, but the survival rate and re- 
pair mechanisms as well. The set of curves thus developed 
show that even with the present rather primitive data, it 
is possible to get significant results. Some of the first 
statistics obtained are given in Figure 1. This approach 
would, of course, be more successful if more publications 
will include, besides mutation data, also exact survival 
curvcc, Joyce NcCann, in a Chapel Hill discussion, rccent3.y 
pointed out very w211 che difficulties in obtaining such 
data by the plate nethod. 



Fig.  1. Nutant  y i e l d s  Y (x) , f r e q u e n c i e s  N(x) and s u r v i -  
v a l s  S(x) p l o c t e d  over  d o s e  i n  a r b L t r a r y  u n i t s  for t h e  
p u r e l y  l i n e a r  k i n e t i c  r e s p o n s e  p a t t e r n .  For  b o t h  case A 
and B, ml = 10-6 (un i t s ) -1 .  I n  A,' k l  = 1.23 x  10-I 
u n i t s ) - l ;  i n  B ,  k l  = 3.7 x 10-I ( u n i t s ) - l ;  t h a t  i s ,  t h e  
c r o s s - s e c t i o n  f o r  k i l l i n g  i n  B is 3-fold g r e a t e r  t h a n  i n  A. 
Note t h a t  t h e  frequency c u r v e  (dashed l i n e )  is t h e  same f o r  
both  A and B whilst t h e  a r e a s  under t h e  y i e l d  c u r v e s  a r e  
ve ry  d i f f e r e n t .  I n  each c a s e  Ymax i s  a t  t h e  dose  fo r  1 
l e t h a l  h i t  ('LD37). Reproduced from " Q u a n t i t a t i v e  bleasures 
of Mutagen ic i ty  and M u t a b i l i t y  based on Mutant Yie ld  Data" 
Fri~derike Eckhardt  and Robert  H. Haynes. Mut. R e s .  7 4 :  
433-458 (1980). 



. A t  a workgh,op on S t a t i s t i c a l  ~ n a l ~ s i s  of I n  V i t ro  Tes t s  
f o r ' ~ u t a ~ e n i c i t ~  he ld  t h i s  s p r i n g  a t  Chapel H i l l ,  cha i red  by 
David Hoe1 and managed by Michael ~ h e l b y  wi'th Fred de  Ser res ,  
a c a r e f u l  analysds  w a s  made of some of t h e  b e s t  da t a  ava i l -  
a b l e  especially on Salmonella bu t  a l s o  of a few t i s s u e  . .- cul-. . . . 

t u r e  t e s t s .  (proceedings . . sponsored by NIEHS & NTP, i n  p re s s ) .  . . . . .  

Thi s  workshop i l l u s t r a t e d  aga in  t h e  d i f f i c u l t y  of 
i n t e r p r e t a t i o n  of mutation d a t a  as they are now appearing 
i n  t h e  l i t e r a t u r e ,  e s p e c i a l l y  s i n c e  s u r v i v a l  d a t a  a r e  
usually n o t  given. However, i t  should be  pointed ou t  t h a t  
more and more i f i ves t iga to r s  are becoming conscious of t h e  
complicat ions  of t h e - p l a t e  resc f o r  SalmonrPla. It Is-eslr_ce-- 
i a l l y  d i f f i c u l t  wi th  t h i s  tes t  t o  c o n t r o l  and determine t h e  
s u r v i v a l  r a t i o ,  t h e  cond i t i on  that f ~ d i v i d u a l  urg;i~iisus 
experience during t h e  t e s t  and many o t h e r  p o i n t s  discussed 
by McCann during t h i s  workshop. W e  w i l l  be  looking forward 
t o  t h e  p u b l i c a t i o n  of t h i s  ve ry  i n t e r e s t i n g  workshop. 

- - - 

Ehrenberg's group i n  Stockholm, i n  a very i n t e r e s t i n g  
paper ,  recommended t h e  use of t h e  appearances of a l k y l a t i n g  
amino a c i d s  i n  hemoglobin t o  be  used a s  a measure of expo- 
s u r e  t o  genotoxic agents ,  a l k y l a t i n g  agen t s  p e r  se, and 
compounds t h a t  a r e  metabolized t o  a l k a y l a t i n g  agents .  They 
i l l u s t r a t e d  the  methods on e thy lene  oxide and dimethyl n i -  
trosoamine. The l a t t e r  compound r e s p i r e s  metabolic oxy- 
genat ion which g ives  r i s e  t o  a l k y l a t i n g  compounds which a r e  
r e spons ib l e  f o r  the genotoxic effects. -Th i s  -methad is of - - - - 

cons iderab le  promise f o r  p r a c t i c a l  a p p l i c a t i o n  in mice and 
could be  very  use fu l  f o r  t h e  d e t e c t i o n  of exposure of people 
i n a d v e r t a n t l y  exposed t o  massive doses of t hese  compounds 
(11) 

P e r  O f  t e d a l ,  i n  a ,  review of Problems i n  the Rekvalua- 
t i o n  of Genetic Risk f ron  Radia t ion  and Other Environmental 
Hazards, gave a very important d i scuss ion  of the shape of 
t h e  mutat ion curve produced by r a d i a t i o n  i n  Drosophila but  
a l s o  discussed the.  e f f e c t s  of chemicals and t h e i r  r e l a t i o n  

- . t o  r a d i a t i o n  e f f e c t s .  H e , a l s o  compared t h e  r i s k  ss t imated 
by . the  UNSCEAR an-d t h e  BIER ' conmitfees . .  Even a f t e r  t h e  . .. .; 

. .many - inves t iga t ions  t o  d a t e ,  i t  was no t  p o s s i b l e  f o r  t hese  
two very important committees t o  ag ree  on t h e  doubling dose . . 
ar: low level expusu,re. S u  i t  i s  no t  s u r p l ~ f s i n g  t h a t  w e  have 
little agreement  in r e g a r d  t o  chemical exposure. 

I n  a l l  of these  d i scuss ions~ ,  I have t r i e d  t o  avoid the  



problems of t h e  recovery phenomena. Of course ,  t he  
of r e p a i r  i s  one of t h e  most fundamental ones f i r s t  observed . 

a f t e r  exposure of b a c t e r i a  and yeas t  t o  u l t r a v i o l e t  radfa-  
t ion .  It w a s  f i r s t  recognized by c a r e f u l l y  c o n t r o l l i n g  
condi t ions  of exposure t o  r a d i a t i o n  a t  temperatures where 
practfcal ' ly  no metabolism t akes  p l ace  and exposing, the. cul- 
t u r e : a f t e r  t o  condi t ions  of a broad v a r i e t y  which makes 
poss ib le  t h e  recogni t ion  of t h e  recovery phenomenon, A l l  
such techniques which make quant i ta t ive . -eva lua t ion .  poss ib l e  
a r e  somewhat d i f f i c u l t  t o  c o n t r o l  wi th  chemicals. 

Another a r ea  which I have no t  touched on is  t h e  work 
i n  cy togene t ics  - not  t h a t  I th ink  t h a t  i t  i s  no t  important,- - - -  - 

r a t h e r ,  i t  has  been d iscussed  so  very  w e l l  i n  symposia and 
s p e c i a l  papers  a t  t h i s  conference,  The cy togene t ic  approacll 
lends i t s e l f  r e a d i l y  t o  q u a n t i t a t i v e  work a s  i t  was f i r s t  - 
developed by Carl  Sax almost 50 yea r s  ago and c a r r i e d  on so  
wel l  by h i s  co-workers. The leadersh ip  of H.E. Evans a n d .  
h i s  group, t h e  new developments i n i t i a t e d  by J .H .  Taylor and- -- - 
l a t e r  by S. L a t t  and then  f u r t h e r  developed and extended 
i n t o  new l i n e s  by S. Wolff a r e  most impressive. 

Most of t he  a t tempts  i n  regard t o  eva lua t ion  of t h e  . 

q u a n t i t a t i v e  a spec t s  of t h e  e f f e c t s  of chemical mutagens 
. a r e  based on experience on r a d i a t i o n  e f f e c t s .  There. t he  

success f o r  q u a n t i t a t i v e  e s t ima t ion  was developed by a sys- 
tematic planning approach t h a t  t ack led  t h e  problem i n  a 
c a r e f u l l y  planned way which took advantage of a l l  of t h e  
differentme.thods t h a t  r a d i a t i o n  biology of fe red .  Th i s  
approach t o  r a d i a t i o n  e f f e c t s  u t i i i z e d  a l l  pos s ib l e  
angles  - working with  v i r u s e s ,  microorganisms, p l a n t s ,  &- 
snphi la ,  and mouse - f r o ~  n u c l e i ~  ac id  t o  p ro t e ins ,  us ing  
all poss ib l e '  t a o l s  a v a i l a b l e  35 years,  a g o ,  taking advantage 
of the  developments vhich were new-a t  t h a t  time, t h e  use 
of  t r a c e r s  included. T ~ L U S ,  i t  was poss ib l e  t o  develop a 

' f a i r l y  comprehensive p i c t u r e  of t h e  e f f e c t s  of i on i z ing  
and u l t r a v i o l e t '  r a d i a t i o n .  Since t h i s  approach was done 
from a very fundamental p o i n t  of view, i t  had a l s o  consid- 

. e r a b l e  impact on other b i o l o g i c a l  sc iences .  S c ~ ~ e t h i n g  o f .  . .. . 

t h i s  type w i l l  have t o  be done wi th  chemical cu tagenes i s .  

Where do we go from %ere? I would. like t o  s e e  an . . 

agreement, poss ib ly  sponsored  by the IAEXS, on. t h e  following 
' points :  

1. Let  a group of u s ,  who a r e  i n t e r e s t e d  i n  t h e  
. . 

b a s i c  a spec t s  of c h e ~ i c a l . m u t a g e n e s i s ,  agree  . on . a 



very  s h o r t  l ist  of compounds t o  be  i nves t i ga t ed  
as thoroughly a s  possj .ble,  i nc lud ing  a l l  t r a d i - .  
t i o n a l  a s  w e l l  a s  modem b i o l o g i c a l  methods. I f  
w e  concentrat 'e '  on a few compounds, w e  w i l l  make 
more p rog re s s  than  i f  w e  spread o u r . e f f o r t s  on t h e  
wide v a r i e t y  of compounds w e  a r e  p r e s e n t l y  s tudying.  

2. What a r e  t h e  compounds on.which one should 
concent ra te?  A committee of t h e  IAEMS should 
prepare  the recommendation. I would l i k ~  LO 

see u s  s tart  with the t h r e e  compounds which form . 

tho basis fot fhe  Mtitagen Burden. i.e., Afla tox in ,  
Benzo (a) pyrene , and' Nitros'arnine. One o r  two addi-. 
t i o n a l  compounds should be  recommended. 

3. .The IAEMS should take t h e  l e a d e r s h i p  and co- . ' 

o r d i n a t e  t h e  i n v e s t i g a t o r s ,  c o l l e c t  a l l  t h e  d a t a ,  
see i f  they are adequate f o r  r i s k  assessment 
poss ib ly  f o r  use i n  s e t t i n g  t o l e r a n c e  l b i t s .  
H. Bar tsch w i i l  have a'workshop on Nitrosamines 
fol lowing t h i s  conference i n  Tokyo. However,' " 

. . 
.. . 

t h i s  type of workshop is very  n s e f u l ,  b u t  i f ,  
too s c a t t e r e d ,  m a y . f a i 1  t o  emphasize t h e  bas i c .  
gene t i c  approaches. The approach by t h e  I.yon 
group is  e x ~ r e m e l y  u s e f u l .  , 

4.  If the i n v e s t i g a t i o n  of t he se  f e w  compounds 
i s  done wel l  enough, I v - i s ~ ~ a l i z e  t h a t  i t  could 
s e rve  as a model t o  o t h e r  s t u d i e s .  I be l i eve  i t  
is time t o  g e t  ak-ay from r e p o r t s  on one o r  two 
Salmonella s t r a i n s  a s  a means of eva lua t ion  of 
such a wide v a r i e t y  of compounds. .Each of t he se  
types  of r e p o r t s  shoald make a t  l e a s t  an a t t e m p t  
t o  s tudy  the underlying mechanisms. 

. . 
This  should no t  d i s t r a c t  u s  from a l l  of t i ~ c  irnporcant 

gene t i c  and t o x i c o l o g i c a ~  r o r k  going on. . . I feel t he  com- 
p l e t i o n  of che' Gene-Tox v c i k  of  rhe U..S.  ~r&ir-cnaental .  
P ro t ec t i on  Agency (EPA) , . t h e  d i f f e r e n t  approacF.es of t h e  
ICPEPIC , t h e  e f f o r t s  of t h e  European Economic Co~?r.lunity, 
and t h e  U.S. National  Acadec~y.of Sc iences  Cori-ittee. (KAS) 
should h e  encouraged i n  every way p o s s i b l e .  P i l l  of t h e s e  
e f f o r t s ,  I b e l i e v e , \ ; i l l  c c n t r i b u t e  important  d s z a  t o  t h e  
l a r g e r  p i c t u r e  which i s  fc rming  on the 'complex problems. 
of environmental mutagenesis.  I should a l s o  ccmplicent 



the miny individual investigators who have. done so much to 
promote this field and who are helping to bring order into 
this complex field. Indeed, we have in front of us some, 
very promising developments in this relatively new field 
which hardly existed twenty years ago. I want to pay my .. , 

special compliments to.our Japanese colleagues who have 
done such a magnificent job in making the s.tudy of environ- 
mental mutagenesis a very prominent field. 
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