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DR. ROBERTS: I  would l ike to  open the second day of  the 

sess ion on Potent ia l  Developmental  Effects  of  Atrazine on 

Amphibians .  We are  pr ivi leged to  have today as  our  designated 

federal  off ic ia l  Execut ive Secretary of  the  SAP,  Larry Dorsey. 

Larry,  do you have any comments? 

MR. DORSEY:  No,  I  jus t  welcome everyone again.  We had a  

few requests  for  copies  of  mater ia ls  f rom the publ ic  presenters .  I  jus t  

want  to  remind everyone that  we are  copying those mater ia ls  now and 

they wil l  be  avai lable  in  our  publ ic  docket  a t  Crystal  Mall  2 ,  wi thin  

the next  two or  three days.  

The phone number  for  the  docket  is  on your  agenda.  All  to  the 

mater ia ls  being used by the publ ic  or  presented as  par t  of  the  Publ ic  

Presenters  Presentat ions  wil l  be  publ ic ly  avai lable  and wil l  be  in  the  

docket .  

Thank you.  

DR. ROBERTS: Thank you,  Larry. 

In  case we have any new folks  in  the audience today I  would 

l ike  to  re introduce the panel  br ief ly  and ask each member  of  the  SAP 

Panel  Session for  this  meet ing to  s ta te  their  name,  their  aff i l ia t ion 

and their  area  of  expert ise .  We'l l  jus t  go around the table  just  l ike  we 

did yesterday,  s tar t ing with Dr.  LeBlanc.  
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DR. LeBLANC: Good morning.  My name is  Jerry LeBlanc and 

I  am a professor  in  the Department  of  Environmental  and Molecular  

Toxicology at  North Carol ina s ta te  Univers i ty. My area of  research 

special izat ion is  endocrine toxicology. 

DR. KLOAS:  My name is Werner Kloas .  I 'm a Professor for 

Endocrinology at  the  Univers i ty  of  Berl in .  I 'm also head of  the  

Department  of  Inland Fisher ies  a t  the  Inst i tute  for  Freshwater  

Ecology and Inland Fisher ies .  My expert ise  is  in  endocrine disrupt ion 

of  amphibians  concerning reproduct ive biology and thyroid systems.  

DR. GREEN:  I 'm Sherr i l Green.  I 'm an Associate Professor in 

the Department  of  Comparat ive Medicine a t  Stanford Univers i ty. My 

interest  and expert ise  is  in  veter inary care  and housing and husbandry 

of  laboratory Xenopus and other  species .  

DR. COATS:  I 'm Joel Coats .  I 'm in the Depar tment of 

Entomology at  Iowa s ta te  Univers i ty. I 'm a  professor  of  Entomology-

Toxicology with  special izat ion in  pest ic ide environmental  fa te  and 

the facts .  

DR. DENVER:  I 'm Robert Denver.  I 'm an Associate Professor 

and Associate  Chair  of  the  Department  of  Molecular,  Cel lular  and 

Developmental  Biology at  the  Univers i ty  of  Michigan,  Ann Arbor. 

My expert ise  is  in  amphibian developmental  neuroendocrinology. 
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DR. GIBBS:  My name is James Gibbs.  I 'm an Associate 

Professor  in  the Department  of  Environmental  Enforced Biology,  the  

State  Univers i ty  of  New York,  Environmental  Science and Forestry  in  

Syracuse New York.  My area of  expert ise  is  amphibian demography. 

DR. RICHARDS:  I 'm Carl Richards .  I 'm a Professor of 

Biology at  Univers i ty  of  Minnesota ,  Deluth.  I 'm Director  of  the  

Minnesota  Sea Grant  Col lege Program. My expert ise  is  in  the  general  

area  of  aquat ic  ecology and landscape ecology. 

DR. DELORME:  My name is Peter Delorme.  I 'm a Senior 

Pest ic ide Researcher  with  the Canadian Government  with  the Pest  

Management  and Regulatory Agency. My area of  expert ise  is  in  

ecotoxicology and r isk assessment  methods.  

DR. SKELLY:  My name is David Skel ly.  I 'm an Associate 

Professor  of  

Ecology at  Yale  Univers i ty. My area of  expert ise  is  populat ion and 

community of  the ecology of  amphibians.  

DR. MATSUMARA:  I 'm Dr. Matsumara.  I 'm a Professor of the 

Environmental  Toxicology. I  a lso run the program cal led "The Center  

for  Environmental  Heal th  Sciences .  My areas  of  expert ise  are  

molecular  toxicology and general  toxicology rela t ing to  pest ic ide and 

pol lutants .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

6 

DR. THRALL:  I 'm Mary Anna Thral l .  I 'm a Professor in the 

Ecology of  Veter inary Medicine and Biomedical  Sciences  a t  Colorado 

State  Univers i ty. My area of  exper t ise  is  veter inary c l inical  

pathology. 

DR. ISOM: Gary Isom, Professor  of  Toxicology in  the 

Department  of  Chemistry  and molecular  pharmacology at  Perdue 

Univers i ty. My area of  expert ise  is  neurotoxicology. 

DR. HEERINGA: I 'm Steve Heeringa,  Research Scient is t  and 

Director  of  the  Stat is t ical  Design Group at  the  Inst i tute  for  Social  

Research at  the  Univers i ty  of  Michigan.  I 'm a  biosta t is t ic ian and my 

special izat ion is  in  the  design of  populat ion-based s tudies .  

DR. ROBERTS:  I 'm Steve Roberts .  I 'm a Toxicologis t , 

Professor  in  the Departments  of  Physiological  Sciences  and 

Pharmacology and Therapeut ics  and also a  Director  of  the  Center  for  

Environmental  and Human Toxicology,  a l l  a t  the  Univers i ty  of  

Flor ida.  

I t  i s  my pleasure  to  chair  again today 's  sess ion.  I  would l ike  to  

welcome again,  Dr.  Steve Bradbury from Office  of  Pest ic ides  

Programs.  

Good morning Dr.  Bradbury. 

DR. BRADBURY:  Good morning.  I  just  wanted to  offer  a  few 
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comments  before  we move on with more discussion from the publ ic .  


Just  a  thank you to  both the publ ic  commenters  f rom yesterday and 

what  we ' l l  be  hear ing today as  wel l  as  the  very thoughtful  and 

detai led del iberat ions  and dialogue that  the  panel  is  having.  

I 'm very appreciat ive as  is  The Agency in  the depth and r igor  of  

these discussion.  I  th ink i t  i s  going to  provide and is  providing a  very 

construct ive and helpful  input  to  the  overal l  decis ion that  we 're 

working through.  So,  once again,  jus t  - -  thank you very much for  the 

in-depth and detai led discussions.  

DR. ROBERTS: Thank you Dr.  Bradbury.  We're  going to  

cont inue with our  publ ic  comments .  And before  we begin,  I  would 

l ike  to  - -  we have an extensive l is t  of  publ ic  commenters  that  would 

l ike  to  present .  I  would l ike  to  remind them that  th is  panel  is  

focusing on scient i f ic  issues  re la ted to  our  specif ic  topic ,  which is  

development  - -  potent ia l  development  effects  of  Atrazine on 

amphibians .  I t  i s  not  within the purview of  this  panel  to  debate  issues  

of  pol icy or  law rela ted to  these topics .  

Those are  very important  subjects  cer ta inly,  but  this  is  not  the  

venue to  ra ise  those issues .  I  would l ike  to  request  that  each of  our  

publ ic  commenters  today res t r ic t  their  comments  to  agencies  - -  I 'm 

sorry - -  to  subjects  or  aspects  of  the  problem that  are  specif ical ly  
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re la ted to  scient i f ic  issues .  That 's  what  we 're  real ly  here  to  discuss . 


Our next  publ ic  commenters  that  were l is ted on our  schedule ,  

Dr.  John Ashby and Charles  Breckenridge,  both on behalf  of  

Syngenta .  Are you here  a t  the  table  and ready to  go?  Welcome,  good 

morning.  

DR. ASHBY:  Firs t of a l l I would l ike to thank the chairman, 

Larry Dorsey,  the  EPA and this  SAP for  the abi l i ty  to  speak to  you 

today.  I 'm John Ashby. I 'm a  Senior  Syngenta  Fel low.  I  come from 

the Center  of  Toxicology,  Laboratory of  Syngenta  in  England.  

Charles  Breckenridge,  who wil l  fol low me is  from the Greens 

Syngenta .  

Now, what  I  want  to  do this  morning is  show you the his tory, 

the  data  and his tory as  we,  the  pr imary regis t rants  of  this  chemical ,  

have seen i t  development .  

The topic  is  r ich in  uncer ta inty. I  hope that  the  comments  I  

shal l  make wil l  help the panel  to  focus their  thoughts .  I  hope what  I  

say wil l  be  a  completely  object ive appraisal  of  the  science.  

The panel  has  copies  of  the  s l ides  I 'm using in  black and white ,  

but  a  lot  of  them are  in  color  and most  - -  some of  them are  animated.  

So,  i f  possible ,  i t  would be bet ter  to  be watching the screen.  

A br ief  his tory.  Atrazine was or iginal ly  regis tered by Ciba.  
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Everything was re la t ively quiet  unt i l  about  '95,  wi thin the context  of 


the  present  meet ing --  was re la t ively quiet  unt i l  report  of  potent ia l  

rept i le  effects  in  the  l i terature  from  Tim Gross ,  which I ' l l  come back 

to  la ter  on.  

In  1997,  the  Endocrine Panel ,  the  Endocrine Panel  was formed.  

This  was mainly for  two reasons.  Firs t  of  a l l ,  once i t  became clear  

that  we may have to  be working the area of  rept i les  and amphibians ,  

that 's  beyond the scope of  most  toxicology laboratory 's  faci l i t ies .  

There  is  - -  actual ly,  in  these days there  is  another  advantage to  

this  process  and that  is  i f  anybody has  problems with  data  i t ' s  real ly  

having problems with  their  academic col leagues ra ther  than industry, 

which is  such an interest ing advantage.  

Now, there  is  some very s t range company movements  going in  

the la te  '90s ,  the  Great  Huebers  of  the  la te  '90s .  Ciba merged to  form 

Novart is .  Novart is  and Zeneca Chemical  Businesses  merged and 

Syngenta  was formed.  

At  that  point ,  both Novart is  and Syngenta  brought  with  them 

qui te  extensive research faci l i t ies  in  endocrine disrupt ion and those 

have been qui te  dramatical ly  developed s ince by Syngenta .  So,  we 

have a  core  knowledge and scient i f ic  research faci l i ty  in  this  area .  

That  br ings us  to  today,  in  2003.  You heard the Endocrine 
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Panel 's  discussion yesterday.  The reason that  we are  giving another 


presentat ion from Syngenta  today,  i t  i s  s l ight ly  different .  

Firs t  of  a l l  wi thin  our  company,  there  is  great  sc ient i f ic  interes t  

in  what  is  going on.  So,  we 're  not  just  responding to  data ,  we 're 

actual ly  very interested in  the  science that  is  going on.  

As the pr imary regis t rants  we are  responsible ,  we have assumed 

responsibi l i ty  for  progressing this  area  amongst  the  var ious people  

who sel l  a t razine and we are  assai led by data  f rom al l  quar ters .  We 

are  constant ly  synthesiz ing those data ,  because ul t imately  we have to  

decide on the safety  or  the  potent ia l  hazards  of  this  product  and i t  i s  

that  process ,  that  his tor ical  process ,  that  I  want  to  ta lk  to  you about .  

Now amphibians  are  the subject  of  this  meet ing.  I 'm just  going 

to  give you a  couple  of  s l ides  about  the  mammalian toxicology 

because a  huge amount  of  work has  been devoted to  i t  in  recent  years  

and i t has been the subject of several SAPs of the EPA.  We're 

in  the s i tuat ion where on the other  effects  we have establ ished NOEL 

values .  

Now, the basis  of  the  - -  essent ia l ly,  a l l  of  them are  made in  

toxicology of  a t razine is  on this  hypothalamic pi tui tary gonadal  axis .  

The main actor  f rom the hypothalamus to  the pi tui tary is  gonadal  

re leasing hormone,  GnRH. That  acts  on a  range of  different  
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cel ls  on the pi tui tary which then re lease lute inizing hormone,  poly- 


s t imulat ing hormone,  prolact in .  These act  on ei ther  the  tes tes  or  the  

ovary and lead to  the product ion of  es t radiol  tes tosterone and dihydral  

tes tosterone.  

Now, the biology --  the  mammalian toxicology biology of  

a t razine is  associated with  i ts  abi l i ty  to  affect  the  post  generate  and 

the hypothalamus for  the  re lease of  GnRH. That  leads  to  

modif icat ions of  the levels  of  LH FSH and P prolact in  and a  range of  

effects .  

The two that  I  have chosen to  show you today,  because they are  

re levant  to  this  meet ing are  changes in  serum hormone levels  and in  

rodents ,  delayed puberty.  One of  the two ways this  mechanism has  

been confirmed --  one is  that  the  s tudies  of  Ralph Cooper  show that  i f  

you add GrNH, you can overrule  this  block and reduce and 

essent ia l ly,  oblate  the  effects  a t  the  bot tom. 

And second is  that  recent ly  my group have been looking at  

s imulat ion of  the effect  by blocking the GrNH receptors  in  the 

pi tui tary with  Anti re l ix  (ph) .  This  produces  the same sor t  of  changes,  

except  they are  much more marked.  

I f  you get  the  dose where you real ly,  t ruly  do block the 

pi tui tary receptors ,  then you generate  what  you could descr ibe as  
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Peter  Pan Rats .  They just  fa i l  to  sexual ly  mature .  They s tay as  young 


ra ts ,  so  while  their  body weight  is  going on,  they are  not  sexual ly  

matur ing --  such an extreme form of  the mechanism of  a t razine.  

Now, this  mechanism --  I 'm sorry you can ' t  qui te  read that .  

There  is  very few small  pr ints  on these s l ides .  This  mechanism was 

ra ised yesterday as  potent ia l ly  applying to  the props of  the  issues  

we 're  approaching with the f rog.  To date  nobody has  actual ly  

assessed that  in  any --  not  assessed i t  a t  a l l .  

In  fact ,  the  only place I  can f ind ment ion of  i t  i s  in  the  Tavera-

Mendoza paper  that  we ' l l  ment ion la ter  on,  where they looked in  the 

pi tui tary for  chromophilous (ph)  and the conclusion was that  the  

pi tui tary was not  secret ing hormones.  But  that ,  I  th ink,  and the panel  

wil l  obviously know about  this ,  i t  could wel l  be  associated with  

exposure carrying at  s tage 56 and the brain connect  occurr ing at  58.  

So,  i t  may not  then have been a  val id  experiment  or  val id  

assessment  of  the GrNH mechanism.  To  my knowledge,  that 's  the  

only GrNH discussion that  has  been about  a t razine in  amphibians .  

Now, one other  piece of  information,  jus t  to  get  i t  out  of  the  

way ear ly  on,  is  that  when you see things l ike  delayed puberty  and 

hormonal  changes,  you immediately  think of  es t rogenici ty. There  has  

been extensive l i terature ,  32 publ icat ions  as  l is ted a t  the  top there  and 
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many reviews.  

I 've  just  shown you here  the data  f rom one rather  imminent  

group,  Tim Zacharewski  Group,  where they went  through a  range of  

invi t ro  assays,  including ant ies t rogen and MCF-7 cel ls  and the yeast  

assay.  They did the uterotropic  assay and some of  the markers  of  i t  

such as  PR levels  and peroxidase levels .  And they also did ra ther  

defini t ive  ant i -yeast  assays .  

Now, there  is  no s ign of  act ivi ty. I  th ink one of  the  few cer ta in  

things in  this  area  is  that  a t razine is  not  an es t rogen or  ant ies t rogen.  I 

saw in  one of  the white  papers  somebody had not iced that  in  the 

uterotropic  assay,  a l though there  is  no increase in  uterus  weight ,  there  

is  a  smal l  decrease,  a  s ignif icant  decrease in  uterus  weight .  

That is actual ly, i f we just go back, that 's exact ly what you 

would expect .  Ant i re l ics  (ph) ,  by blocking the pi tui tary,  actual ly  

reduces  uter ine weight  in  ra ts .  I t  i s  because even prepuberta l  animals  

have some estradiol ,  probably being made by the adrenal  gland.  

I f  you block any product ion of  es t radiol ,  you actual ly  reduce 

your  uter ine weight .  I  th ink that  is  a  ref lect ion of  the  GrNH. That  is  

in  a  way confirmed by the formal  ant ies t rogen assay at  the  bot tom of  

that  s l ide  there ,  where there  is  no s ign of  ant ies t rogen act ivi ty. 

Tim Zacharewski 's  quote  is  the  "Reported Effects  of  a t razine 
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and not  mediated by ER." 


Now, before  our  recent  interest  in  amphibians  there  were no 

aler ts  to  problems in  the area.  And I ' l l  jus t  show you three things.  

Firs t  of  a l l  there  were a  range of  4  f ish ful l  l i fe  cycle  s tudies  

conducted in  three species ,  prolonged exposure.  

These s tudies ,  of  course ,  involve the generat ion of  an F-1 and 

evaluat ion of  i ts  reproduct ive capaci ty  and there  is  no s igns  of  

anything problematic  there  in  those f ish s tudies .  Those data  could be 

made avai lable  to  the  panel  as  whi te  paper  should you wish them. 

Secondly,  f rom the avai lable  s tudies ,  Avenin s tudies ,  there  is  

no evidence of  untoward effects .  There  is  a  range of  effect  s tudies  

where you look at  embryotoxici ty  growth.  Again,  those s tudies  

showed no act ivi ty. 

So,  that  br ings us  to  one of  the  f i rs t  s imple  conclusions,  

a t razine does  not  seem to induce gross  developmental  effects  in  f ish,  

bi rds  or  ear ly  s tage xenopus.  So,  I  suppose in  publ ic  unders tanding of  

what  we 're  discussing here ,  th is  discussion is  nothing to  do with the 

deformit ies  of  f rogs in  the so-cal led Minnesota  f rog syndrome.  I 

th ink there  is  a  very c lear  divide in  that  discussion and what  we 're 

discussing today. 

Now, I  ment ioned ear ly  on that  one of  the  f i rs t  observat ions  
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that  made us  set  up the panel  actual ly,  eventual ly,  was Tim Gross  in 


'95 ,  showing that  a t razine effected tur t le  eggs fol lowing paint ing of  

the  eggs with  a t razine dissolved in  e thanol .  

The actual  data  that  we 're  aware of  in  '95 is  shown here .  This  is  

percentage of  males .  This  is  done under  temperature  condi t ions  

which should be producing males .  Those three doses  of  a t razine 

produced a  depression in  the male  ra t ion --  male  sex ra t io ,  which was 

s ta t is t ical ly  s ignif icant .  

Now, that  panel  which formed par t ia l ly  in  response to  those 

data ,  some of  the  ear ly  ini t ia t ives  - -  f i rs t  of  a l l  the  panel  conducted a  

review of  a t razine and considered there  were insignif icant  r isk  to  

aquat ic  species  but  they recognized at  an ear ly  s tage the need for  

addi t ional  data  on amphibians  and rept i les .  

The panel  - -  one of  the  f i rs t  commissions was a  s tudy on 

amphibian metamorphosis  gonadal  and laryngeal  development ,  which 

was s tar t  - -  which was conducted by Dr.  Hayes and Noriega.  Over  the 

ini t ia l  range of  0 .1  to  25 par ts  per  bi l l ion of  a t razine.  Real ly,  the  

resul ts  of  that  commission and some subsequent  and some 

independent  s tudies  that  formed the basis  of  today 's  review. 

I  th ink i t  i s  important  to  say that  wi ldl i fe  s tudies  over  the  

per iod we 're  looking at  have been conducted against  a  very f luid  
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background,  a  very rapidly developing science.  


We're  a l l  aware of  that  s tack and the var ious  val idat ion 

commit tees  which are  actual ly  ongoing now and the vast  amount  that  

has  been done.  I 'm not  too sure  that  they are  very near  to  a  val idated 

frog protocol  yet .  So,  we 're  in  changing t imes.  Everybody is  working 

very hard.  

Another  problem is  the  s ignif icance of  most  of  the  biomarkers  

we are  consider ing is  qui te  unclear  with  the reproduct ive s ignif icance 

such as  shif ts  in  hormone levels  and the re la t ionship of  biomarkers  to  

individual  funct ion is  again uncer ta in .  So,  we 're  s t i l l  not  sure  what  

tes t icular  oocytes  mean,  for  example.  

Certa inly,  extrapolat ion from the individual  to  the  problem is  - -

to  the  populat ion is  very uncer ta in .  

Now, these problems are  s t i l l  wi th  us .  They wil l  be  with  us  

probably for  the  next  two or  three years ,  a t  least .  

Now, the review of the ta lk .  What I 'm going to concentrate in 

the  res t  is  I  t ry  and synthesize  a t  the  data  you are  consider ing,  is  the  

changes in  sex ra t io  changes in  laryngeal  s ize ,  laboratory s tudies  on 

frog gonads --  f rog and toad gonads,  f ie ld  s tudies  - -  consider ing a  

br ief  considerat ion of  a  the  aromatase induct ion hypothesis  and 

conclusions and recommendat ions.  
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I  would only ta lk  to  the aromatase.  Charles  Breckenridge wil l  

take i t  in  more detai l  to  t ry  and indicate  to  you the great  developments  

that  are  going on in  this  area  a t  the  moment .  

Now, le t 's  look f i rs t  of  a l l  a t  the  sex ra t io  that  s tar ted this  

whole  thing off .  This  is  the  one you have just  seen.  That  was a  

paint ing in  e thanol .  Tim Gross  repeated that  exper iment  in  tur t les  

and this  t ime used drenching and because there  is  obviously,  some 

uncer ta inty about  the  different ia l  amounts  get t ing in  e thanol  or  water, 

there  is  a  high dose in  the  repeat  s tudy. 

This  t ime there  is  non s ignif icant  change;  there  is  no change at  

a l l .  

Tim Gross  a lso did some al l igator  eggs and there  was no 

s ignif icant  effect  on sex ra t io  and as  par t  - -  la ter  on I  wi l l  ta lk  about  

Lou Gil le t te  a l l igator  eggs,  but  as  par t  of  that  s tudy,  he a lso 

determined no change in  sex ra t io  in  the  a l l igators  that  were t reated 

again in  e thanol .  The dose-range there  is  done as  a  s t ra ight  l ine ,  

because i t  i s  actual ly  three logs  fur ther  to  the  r ight .  They are  very 

high-dose levels .  I  wi l l  show you what  that  means la ter  on.  

Then there  is  a  temperature  dependence species  for  sex ra t io .  

There  is  a  range of  xenopus --  not  the  xenopus,  but  the  Hecker  s tudy 

from John Giesy 's  lab.  There  is  Carr  s tudy,  there  is  a  Hex s tudy and 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

18


there  is  a  Hecker  s tudy in  rana.  


So,  there  is  a  row of  nonsignif icant  changes,  in  fact  no changes.  

This  actual ly  is  i l lus t ra ted,  but  one of  the  problems in  this  area ,  you 

can get  a  posi t ive  response and i t  takes  an inordinate  amount  of  

energy --  and energy and effor t  to  actual ly  decide what  the  t ruth  is .  

In  this  case  i t  doesn ' t  appear  to  be any abi l i ty  of  a t razine to  change 

sex ra t ios  in  rept i les  or  amphibians .  

As we 're  ta lking about  mode of  act ion,  I 'm t rying to  dissect  

where we need a  mode of  act ion.  I t  i s  s t i l l  not  too clear  to  me where a  

mode of  act ion wil l  be  applying.  I t  cer ta inly isn ' t  in  this  area .  

Now, I  ment ioned ear l ier  the  ini t ia t ive  of  the  panel  

commissioning,  Hayes and Noriega,  to  s tar t  looking at  the  f rogs.  

There  was a  draf t  f inal  report  which was actual ly  never  issued,  but  

which has  been made avai lable  to  the EPA, which was del ivered to  

Syngenta  in  2000.  

There  are  several  conclusions that  we 're  going to  fol low up.  

One of  them was reduce larynx muscle  s ize  a t  and greater  than one 

par t  per  bi l l ion of  a t razine.  

Now, the data that we had at that t ime from Hayes - - Dr. Hayes, 

I  should cal l  h im Hayes f rom now on,  I  can ' t  keep saying Dr.  Tyrone 

Hayes,  Professor  Tyrone Hayes.  So,  i f  you ' l l  excuse me,  I  know you 
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are  here  Dr.  Hayes,  i f  you wil l  accept  me cal l ing you Hayes f rom now 


on.  

For  s implic i ty  I  have just  shown you the male  muscles  here .  

The female  muscles  are  marginal ly  smal ler  and run along,  in  fact ,  

they are  jus t  below this  red l ine .  In  a l l  of  these experiments ,  the  

female  muscle  is  l ighter. 

Dr.  Hayes had shown ear l ier,  in  his  ear l ier  s tudies  that  

dihydrotestosterone produced an increase in  this  muscle  s ize  and 

that 's  consis tent  with  i t  being an androgenic  model .  I  don ' t  bel ieve 

there  is  a  concurrent  DHT in this  s tudy. 

The f i rs t repeat was from Dr. Carr 's lab and there was no 

s ignif icant  change.  The female  muscle ,  of  course ,  was l ighter. There  

was a  DHT posi t ive  control  in  this  experiment  and the cross  sect ion 

area was up about  .31 to  33,  exact ly  where the box is .  

There  is  a lso a  second s tudy by Hecker. Again in  xenopus and 

again,  no s ignif icant  effects  on the male  muscle .  And Hecker  a lso had 

a  DHT posi t ive  control  which is  s i t t ing exact ly  in  the  same place 

which is  why i t  i s  super imposed on that  box.  

Now, the or iginal reduct ion in muscle s ize is very smal l .  There 

is  no s ign of  i t  in  the  two repeats .  But  the  f i rs t  th ing that  s t r ikes  you 

about  these  data  are  the  muscles  per  se  are  larger,  i t ' s  ra ther  an 
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expanded scale .  So,  i t  i s  not  as  bad as  i t  looks,  but  in  the two repeat 


s tudies  the  muscles  are  larger. 

This  panel  is  aware of  the  potent ia l  reasons for  that ,  because 

you were discussing i t  yesterday.  There  may be some associat ion.  

Firs t  of  a l l  there  is  no obvious re la t ionship to  body weight .  There  is  

qui te  a  big  difference in  body weight  between the Hecker  and the Carr  

s tudies  and i t  doesn ' t  correla te  with  those different  muscle  weights .  

We're  not  aware of  the weights  of  the Hayes animals .  Body weight  

might  be an effect .  

There  is  a lso the s tage delay that  was ment ioned yesterday in  

these two repeat  s tudies ,  because of  co t ree  condi t ions  and Kel ley 

was ment ioning the grow-out  phenomena and at tenuat ion of  this  effect  

as  the  animals  mature .  There  may be something to  f ind out  in  that .  

The take-home message is  the  effect  could not  be repeated.  The 

condi t ions  of  the  experiment  may i l luminate  why the muscle  was 

larger  and perhaps even why i t  can ' t  be  repeated in  these experiments .  

I f  the  effect  is  l imited to  this  s tage specif ic i ty,  and is  

a t tenuated by grow-out ,  then the effect  i tse l f  becomes somewhat  

quest ionable  in  as  much as  tadpoles  are  never  asked to  croak.  I t  i s  an 

interest ing area and i t  i s  one for  the  panel  to  consider. 

The conclusion at  the  moment  is  that  the  two s tudies  have fa i led 
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to  reproduce these reported effects  on laryngeal  s ize .  And at  the 


moment  unt i l  they are  confirmed and i f  i t ' s  decided worthy of  

confirming them there  is  no need for  mode of  act ion.  

Obviously,  i f  they are  repeat  s tudies  i t  sounds l ike  i t  would be 

much bet ter  to  be count ing f i laments  and dis t inguishing between 

hydrotropy and hyperplasia  as  was ment ioned yesterday. 

Now, another  conclusion the draf t  f inal  report  f rom Hayes and 

Noriega was there  is  no abnormal ,  undifferent ia ted or  intersexual  

gonads observed in  any of  the t reatment  controls .  However, 

subsequent  reports  f rom Hayes Lab and other  s tudies  have indicated 

some posi t ive  effects  and that 's  what  we 're  now going to  look at  and i t  

i s  one of  the  main topics  of  this  meet ing.  

A note  in  this ,  because i t  wi l l  have hi t  you already,  as  you look 

through the data ,  in  a l l  of  the  avai lable  amphibian laboratory and 

f ie ld  s tudies  of  gonadal  abnormali t ies ,  there  are  major  qual i ta t ive ,  

quant i ta t ive  and dose response inconsis tencies .  They just  hi t  you the 

moment  you s tar t  looking at  th is  data .  

Underneath that  on numerous differences  and experimental  

design and methods species  s tudy and more logical  terminology 

employed.  Now, a  lot  of  these - -  whenever  anybody t r ies  to  repeat  an 

experiment  they assume al l  the  var iables  going to  bui ld  in ,  because 
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they 've a lways done i t  and not  going to  inf luence the outcome. 


There is  only when you have an outcome difference that  you 

s tar t  having to  look back and wonder  which of  these many small  

changes are  the  actual  cause of  the  disagreement .  

One of  the  biggest  problems are  these def ini t ions .  Now, i t  i s  

ra ther  a  complex s l ide  so,  I  won' t  put  i t  a l l  up.  I  wi l l  jus t  ment ion a  

new things that  everybody is  using their  own terminology and 

individuals  change their  terminology with  t ime and we cer ta inly over  

the las t  few months ,  because of  the importance of  this ,  have made a  

determined effor t  to  t ry  and unders tand this  terminology and I 'm 

afraid  we can ' t . 

There  are  many uncer ta int ies  about  what  people  mean by what  

they say.  At  the  moment  i t  i s  a  ver i table  tower  of  fable .  We're  a l l  

ta lking to  each other  in  different  languages.  The most  important  thing 

to  sor t  out  is  terminology in  this  whole  area .  

So,  for  example,  hermaphrodi t ism,  how is  i t  re la ted to  intersex,  

how is  i t  re la ted to  mixed sex,  how is  this  cont inuous re la ted to  

gonadal  abnormali t ies  re la ted to  segmented tes tes .  

I  won' t  go into  i t  except  you have these data ,  these def ini t ions  

and they may be of  value to  you.  

Now, the lab s tudies ,  I 'm going to  bui ld  these up for  you.  
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Again,  i t  wi l l  be  bet ter  to  actual ly  watch on the screen,  because one of 


the  problems with  mult iple  bui ldup s l ides  is  that  the  las t  s l ide  is  the  

one that  Xeroxed and that  of ten bears  no re la t ionship to  the ear l ies t  

s l ides .  That 's  the  big disadvantage to  power point .  

This  f i rs t  s l ide  is  from the draft  report  on the data  or  in  that  

draf t  report  which the panel  has .  The terminology used there  is  

interspersed by Hayes and Noriega 's  gonadal  abnormali t ies .  

Now, the f i rs t  - -  and this  is  the  PNAS paper  - -  the  f i rs t  paper, 

the  f i rs t  data  gained from Hayes and Noriega are  these ones  here .  The 

dose is  now extended up to  200 par ts  per  bi l l ion and the s ignif icance 

across  the whole-dose range.  This  is  now referred to  as  a  

hermaphrodi te  or  mult i - tes tes .  So,  the  terminology is  di fferent  in  that  

f i rs t  draft  report .  

These data  s t r ikers  are  immediately  interest ing.  They are  large 

and interest ing in  red.  That 's  why I  put  them in red.  The most  

interest ing thing is  the  absence of  a  dose response.  Over  a l l  of  these 

doses ,  the  data  reported in  PNAS as  between 16 and 20 percent .  The 

requirement  for  dose response is  one of  the  pr imary needs in  science 

when you are  deciding what  is  going on.  

When you have a  pla teau and i f  i t  real ly  is  a  pla teau and is  a  

confi rmable  plateau,  then you are  not  ta lking about  a  dose re la ted 
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effect ,  you are  ta lking about  the  acquis i t ion of  a  permissive condi t ion 


where the chemical  has  done something which enables  something to  

happen and the chemical  can ' t  do anymore.  

You have turned a  switch.  Whether  or  not  that  is  what  is  going 

on here  I 'm not  sure .  There  is  a  great  need to  repeat  this  and to  s tudy 

dose response and to  real ly  confirm if  i t  i s  a  pla teau.  And the greater  

the  effect  you see the greater  need is  to  repeat .  

There  is  a lso a  need in  a  s i tuat ion with  data  set  is  important  as  

this  inf luent ia l  as  this  to  actual ly  have access  to  the  base data  so that  

people  can do their  own s ta t is t ical  manipulat ions  and in  the PNAS 

paper  we just  got  the  s ta tement ,  16 to  20 percent  across  the  whole  

dose range.  So,  i t ' s  actual ly  not  very helpful  in  the  scient i f ic  sense.  

So,  a l though i t  i s  dramatic ,  i t  i s  very diff icul t  to  know what  to  

do with i t .  In  the scient i f ic  sense,  you just  s tand back and say,  wow, 

that 's  in teres t ing.  

Now, the f i rs t  a t tempt  to  repeat  th is  was in  Carr 's  laboratory. 

There  was a  s ignif icant  effect  of  25.  This  is  now --  this  was discussed 

yesterday.  This  is  gonadal  abnormali t ies .  Because of  the  effect  of  

25,  par t ia l ly  because of  the effect  of  25 and the effect  wasn ' t  very 

s t rong,  the  experiment  was repeated in  John Giesy 's  lab,  the  Hecker  

s tudy,  and no effects  were seen there  or  no s ignif icant  effects  seen 
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there .  You are  aware of  a  potent ia l  problem with that  s tudy. 


Quite amazingly, in the - - in the e thanol controls there was no 

at razine,  but  there  is  th is  very low-dose level  of  0 .1  a t razine par ts  per  

bi l l ion at razine for  some reason is  in  the  water  controls .  The reason 

for  that  has  s t i l l  not  been resolved.  I t  i s  a  log below the lowest  dose 

of  a t razine evaluated in  this  s tudy. 

Although that  in  a  way does cer ta inly weaken the s tudy, 

because people  don ' t  l ike  - -  nobody as  a  scient is t  l ikes  a  contaminated 

control .  I t  i s  in  my view when I  f i rs t  heard about  i t  I  was qui te  

dismayed.  To  my  mind that  meant  that 's  the  end of  that  s tudy. 

When you look at  i t  that  should - -  the  presence of  a  log lower  

in  one of  the  controls  should not  have the abi l i ty  to  remove effects  of  

high doses  or  orders  of  magni tude higher.  I t  i s  imperfect ion but  I  

don ' t  th ink i t  shouldn ' t  lead to  the dismissal  of  the  data .  That 's  my 

view. 

Also using this  discont inuous terminology of  these blue 

columns,  DuPreez did microcosm study and found nothing.  

Now, the terminology problem,  again,  jus t  recurs  throughout  

this  ta lk .  And the next  set  of  data  I 'm adding on are  the orders  cal led 

intersex in  these three laborator ies .  They are  the  green panels .  

Dupreez didn ' t  record any.  He looked for  them, but  didn ' t  record any. 
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Hecker  asked for  them and didn ' t  record any.  Carr  found some 

at  the  high dose only,  but  i t  i s  an a ler t .  The reason that  those two 

columns are  not  combined,  the  top dose in  Carr,  i s  that  th is  

potent ia l i ty  for  double-scor ing.  

So,  one animal  may have had both condi t ions .  You can ' t  add 

the two columns together. This  is  a  problem of  double-scoring.  I f  

that  should become important ,  i t  probably can be back segregated to  

f ind out  the  number  of  double-scorers  and then up individual  events  in  

animals .  

And in  the Hecker  s tudy,  there  was a lso this  las t  terminology of  

mixed sex as  opposed to  intersex.  Again,  what  a l l  these terms mean 

there  is  the  potent ia l  there ,  jus t  show you in  case you didn ' t  see  what  

happened,  I  brought  up the potent ia l  for  there  being s imilar i t ies  in  

some of  these terminologies  and also in  the intersex,  mixed sex.  

I t  i s  unclear  whether  a  hermaphrodi te  may be re la ted to  

intersex,  may be re la ted to  mixed sex.  So,  in  comparing the different  

s tudies ,  I  th ink we 're  a l l  a  bi t  of  a  hostage to  for tune because the 

terminology is  so  imprecise .  

That 's  the  end of  the  - -  my analysis  of  the  laevis  Laboratory 

s tudies .  That 's  PNAS and subsequent  s tudies .  

Now, fas t on the heels of that paper came the EHP paper, which 
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i s  actual ly  a lso very interest ing from Hayes.  This  is  laboratory 


s tudies  in  rana.  

Here we have the terms, di fferent terms to the ones that Hayes 

was using.  Now the terms are  dysgenesis  and sex reversal .  Those 

terms may be species  specif ic  terms or  they may be just  the  choice of  

different  terms or  they may be the development  of  terminology. I 

don ' t  know. But  they are  different  terms.  

Now, there  is  dose response and that  is  real ly  interest ing,  those 

responses ,  the  inverse ,  especial ly  in  these days of  low-dose effects .  

Now, anybody who sees  an inverse  dose response for  two doses ,  the  

f i rs t  th ing you must  do is  repeat  the  experiment .  

Unfortunately,  I 'm sure  you wil l  know in the ra ther  chaot ic  

s i tuat ion that 's  going on in  low-dose endocrine disrupt ion research,  

the  f i rs t  endocrine disrupt ion is  turning out  to  be - -  publ ish the f i rs t  

exper iment .  Without  except ion al l  of  the  c la imed low-dose effects  

where high-dose effects  are  absent  or  a t tenuated,  the  or iginal  

observat ions  are  not  repeated before  publ icat ion.  That  is  lef t  for  

other  people  to  do and then a  row develops when the effect  can ' t  be  

seen.  

I  th ink we have a  basic  scient i f ic  problem here  of  dramatic  

effects  not  repeated before  publ icat ion or  i f  they are ,  are  not  included 
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in  the  publ icat ion.  The more dramatic  the  effect  the  more work is 


required before  publ icat ion in  my view. Also,  i t  i s  qui te  cr i t ical  to  

have the base data  and some knowledge of  s tandard deviat ion,  

s tandard errors  in  individual  animal  data .  

The cla ims are  so great  of  low-dose - -  the  implicat ions  of  the  

low-dose effect  and inver ted dose response is  so great  that  you should 

provide a l l  the  data  and clar i fy  the  s i tuat ion at  the  moment  of  bir th  

and i t  hasn ' t  happened.  So,  a l though the effect  is  very interest ing and 

very dramatic ,  I 'm not  sure  what  to  do with  i t  and we 're  not  sure  what  

to  do with i t .  

One thing you do is  t ry  and repeat  i t .  Hecker 's  s tudy in  John 

Giesy 's  lab a t tempted to  repeat  i t .  The terminology is  their  

terminology. There  is  no effect  a t  a l l .  

We have the potent ia l  problem --  again,  I 'm just  sweeping 

between changing terminology at  the  bot tom there .  I t  i s  not  too clear  

what  the  terminologies  mean.  That 's  another  problem with us  a l l  to  

the  t ime.  

There  has  only been that  one repeat  of  this  a t  the  moment .  So,  

th is  is  an emotive c la im and i t  requires  fur ther  work.  I t  cer ta inly  

needs resolving;  we need to  know one way or  to  the other  because i f  

lower  - -  i f  the  lower  the dose the greater  the  effect ,  then al l  r isk  
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assessment  paradigms evaporate . 


There is  one more set  of  data  which I 'm going to  show because I  

don ' t  want  to  leave out  data  that  may be considered inconvenient  to  

my ta lk  - -  that 's  the  Tavera-Mendoza data .  I t  i s  ra ther  dramatic .  I t ' s 

a  change within 48 hours  of  the  re la t ive populat ion of  pr ime and 

secondary the appearance of  a t res ia  and changes in  the volume and the 

number  of  nurse  cel ls .  

Now, I  condensed i t  a l l  in to  one s l ide .  On the lef t  are  the  

permanent  which appl ies  to  the  f i rs t  three columns,  which is  a  

reduct ion in  pr ime and an increase in  secondary,  and an increase in  

a t res ia .  Then the next  two just  rever t  to  the  volume of  the  tes tes  and 

the number  of  cel ls .  

Now again,  th is  is  qui te  a  big  c la im and at  th is  s tage,  i t  could 

turn into  an hours 's  lecture .  What  I 'm going to  do is  refer  the  panel  to  

the comments  made yesterday by Dr.  Solomon,  because his  comments  

were actual ly  qui te  provocat ive comments .  He has  wri t ten those up 

overnight  and has  made them into a  white  paper  which wil l  be  given 

to  the  panel .  

I f  you say things about  the  s tudy you must  be prepared to  wri te  

them down and keep those wri t ten down and you wil l  get  those la ter  

on today. 
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Before  I  leave this  s l ide ,  I  th ink the biggest  problem I  have 

with  i t ,  obviously the fact  that  in  the  thesis  there  is  a  repeat  s tudy 

which was not  posi t ive ,  that 's  one problem,  but  a t  the  biology level ,  

that 's  a  t remendous amount  of  res t ructur ing to  have gone on in  48 

hours .  We just  f inished a  genomics  analysis  of  the  uterotropic  assay 

where we are  checking what  is  going on in  the uterus  every few hours  

through the whole  three days of  the  experiment .  

By 48 hours ,  the  process  of  remodel ing is  real ly  just  s tar t ing.  

You just  s tar ted the waive of  cel l  d ivis ion.  You are  beginning to  go 

make new cel ls  and the uterus  is  s tar t ing to  remodel .  That 's  jus t  so  

much biology to  have occurred in  48 hours .  I t  makes me worr ied.  I 

th ink i t  i s  worthy of  great  scrut iny,  th is  s tudy. 

Now, reproducibi l i ty  is  one of  the  real  issues  of  science.  I 'm 

going to  show you now just  one way of  looking at  the  overal l  level  of  

reproducibi l i ty  between the s tudies ,  the  lab s tudies  I  have looked at .  

I t  i s  jus t  a  visual  impression of  the  percentage effected,  the  dose of  

a t razine and the dose responses  joined up as  l ines  which you have 

seen as  bar  char ts  ear l ier.  So,  there 's  the  or iginal  Hayes data .  

I 'm now just  adding up al l  the  Hecker  and Carr  repeats .  This  is  

on gonadal  abnormali t ies .  There  is  the  whole  data  set .  There  is  

reproducibi l i ty  problem there .  On the intersex there  is  to  the  
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original .  In  Hayes c la im there  is  the  dose response of  Hayes and there 


i s  the  several  repeats  we 're  t rying to  do.  

This  is  - -  whatever  the  reasons for  this  reproducibi l i ty,  there  is  

a  problem of  reproducibi l i ty. I  jus t  remind you of  the  NIH 

def ini t ion.  I  th ink we must  s t ick to  this  pr imary cr i ter ia  in  the  

reproducibi l i ty  repl icat ion is  one of  the  most  important  things in  

science.  

Obviously,  l i s tening to  this  panel  and unders tanding these 

s tudies  you could immediately  come back and say,  but  people  have 

done different  things.  They haven ' t  repeated what  I  d id .  They 

changed the s tage,  they 've done this ,  they 've done that .  While  that  is  

a  problem,  i t ' s  a  problem of  science.  I t  i s  not  actual ly  a  problem of  

this  a t razine problem scenar io .  

I  jus t  br ing one other  quote  to  you from the best  in  the  las t  10 

years .  I t  i s  a  condensat ion of  the  whole  fantast ic  l i fe  of  Stephen Jay 

Gould.  You must  read the book.  He makes this  point .  The 

repl icat ion with  difference is  one of  the  most  important  things we 

need.  

We don ' t  want  repl icat ion of  ident ical  exper iments .  We want  to  

see how f i rm,  robust  the  observat ion is  when you s tar t  making 

changes does  i t  s t i l l  hold up.  While  some of  the  changes you are  
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going consider  may weaken some of  the repeats  and some of  the 


original  observat ions  i t  i s  worth bear ing in  mind that  di fference is  

important  when we're  going to  extrapolate  across  a l l  amphibians  and 

in  a l l  par ts  of  this  planet .  

So,  the  conclusion for  this  par t  of  the  lab s tudies ,  I  th ink these 

reported effects  of  a t razine on amphibian gonadal  development  are  

inconsis tent  between laborator ies ,  no get t ing away from that .  A 

subsidiary conclusion is  that  the  major  dramatic  effects  to  date  have 

not  been confirmed.  

There  has  been one s tudy in  Carr  where a  smal l  effect  was seen 

at  the  high-dose but  the  major  effects  are  so far  not  being confirmed.  

Why that  is  must  be one of  the  subjects  that  you consider. 

At  this  s tage,  and I  real ly  feel  s t rongly about  this ,  there  is  a  

requirement  for  a  confirmed effect  that  anybody in  a  competent  

laboratory can reproduce before  you s tar t  worrying about  mode of  

act ion.  

The fact  that  I 've  spent  the  las t  s ix  years  looking at  var ious 

people 's  low claims for  low-dose endocrine disrupt ion is  with  the 

s ingle  goal  of  t rapping one of  them in my laboratory so we can 

understand what  is  going on with toxico-gonadical  analysis .  We have 

been unable  to ,  so  i t  i s  cr i t ical  to  get  the  effect  f i rs t .  
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Field  s tudies .  We are  near  to  the  end.  This  is  the  nature  paper, 

rana pipiens .  In  fact ,  there  is  two papers .  I t  appeared in  the Hayes 

paper,  i t  appeared in  nature  and i t  appeared very rapidly af terwards  in  

DHP. I t  i s  essent ia l ly  did  same data  - -  there  are  differences  between 

the publ icat ions ,  which are  minor  or  typographical  which I 'm not  

going to  go into.  

These are  the  e ight  s i tes  in  America were s tudied across  

America .  In  a l l  except  s i te  seven,  a t razine was measured at  the  t ime 

of  the col lect ion of  the f rogs.  

There  is  qui te  a  range there;  s i te  s ix  obviously has  a  lot  of  

a t razine in  i t .  The res t  have just  got  some atrazine in  i t .  Si te  6  then 

becomes one of  the  real ly  interest ing s i tes .  

The f i rs t  th ing is  that  the  two sor ts  of  abnormali ty  referred to  

by Hayes in  that  paper  - -  there 's  dysgenesis  and hermaphrodi t ism. 

Dysgenesis  occurred only a t  one s i te .  I t  wasn ' t  one of  the  s i tes  which 

at  the  t ime had a  high at razine concentrat ion.  No other  s i te  were the 

dysgenesis .  This  word,  dysgenesis ,  i s  in terest ing because i t  was used 

in  the rana lab s tudies  by Hayes.  I t  i s  presumably the same effect  

being produced by atrazine in  the lab s tudies .  

Because i ts  only in  one s i te ,  I  th ink you can pret ty  def ini t ively 

say that  those dysgenesis  effects  were not  caused by atrazine.  That 's 
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jus t  the  scient i f ic  process  of  correla t ion. 


The second parameter  that  was included was hermaphrodi t ism 

and that 's  i t  here .  In  the rana laboratory s tudies  of  Hayes,  he  used the 

word,  dysgenesis  and sex reversal .  Now we're  having a  dysgenesis  

and hermaphrodi t ism which suggests  that  those two may be the same. 

I  don ' t  know. I  s tand to  be corrected.  

Now,  my f i rs t  s i te  when I  look at  that  is  there  is  no correla t ion.  

I t  seems almost  a  reverse  correla t ion between atrazine exposure  and 

tota l  gonadal  abnormali t ies .  

So,  when you cla im a correla t ion and i t  i s  not  apparent ,  you 

have to  f ind reasons for  the  except ions and one of  the  except ions that  

was ment ioned in  the nature  paper  was that  the  sampling t ime when 

the f rogs were col lected,  i t  was the inappropria te  t ime to  be looking.  

You should have been looking ear l ier  on at  the  a t razine 

concentrat ions  or  the  organogenesis  was going on and the sex 

determinat ion was going on.  That 's  a  two-edge sword.  

For  example,  you can go to  s i te  s ix ,  where you have high 

atrazine and low abnormali t ies  and say,  wel l ,  they have been low 

atrazine levels  a t  that  t ime and then you can go to  s i te  three,  which 

has  got  high low atrazine and high abnormali t ies  and say,  wel l ,  

perhaps ear ly  in  the  year  there  was a  real  load of  a t razine there .  You 
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can do those sor t  of  things,  but  unless  you have got  some data ,  you 


can speculate  forever. 

In  that  paper,  Hayes suggests  that  the  problem that  he is  facing 

in  s i tes  two and three,  where there  is  a  very marked difference in  

hermaphrodi t ism t ime and ident ical  levels  of  a t razine,  the  suggest ion 

is  that  s i te  two was only intermit tent  use  and that  s i te  three i t  was 

sustained use of  a t razine.  I  don ' t  know data  to  support  that .  

There  is  another  speculat ion in  the  nature  paper  that  that  very high 

abnormali ty  level  a t  s i te  three was due to  run-off  f rom neighboring 

s ta tes  because there  aren ' t  any farms in  that  area  or  wind t ransfer. 

Again,  that  could be looked at ,  and the more you look at  i t  the  

more problematic  i t  gets  in  terms of  water  f low in  the Wyoming area 

and the actual  amounts  of  a t razine that  might  have to  be carr ied in  the  

a i r. 

So,  I 'm worr ied about  speculat ions when you haven ' t  got  a  

correla t ion when you are  t rying to  make a  correla t ion.  Again,  another  

problem with this  is  there  are  no base data  in  this  paper.  There  are  

tables  with  means and arrows on them sometimes arrows on them. 

And so the desi re of a scient is t , when he sees his data set , 

which is  cr i t ical ly  important  to  him and this  is  cr i t ical ly  important  to  

us ,  i s  to  t ry  and regenerate  the data .  I  spent  half  my l i fe  now running 
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programs where you can put  the  end value a  mean and an S mean and 


t ry  and generate  individual  data  and you can do i t ,  but  i t ' s  a  lot  of  

work.  People  tend to  avoid that .  

An endocrine disrupt ion based-data  is  very,  very,  rarely  shown.  

I t  i s  a lways means in  s tandard deviat ions .  When you t ry  that  t r ick 

with  this  one --  and I 'm only going to  give you one example,  you hi t  

problems.  That  is  that  in  the  method i t  says  there  are  20 frogs the 

col lected from each s i te .  That  makes one frog equals  f ive-percent .  

So,  then when you turn the page and you s tar t  reading about  92-

percent  of  f rogs effected or  28-percent  of  f rogs effected and they are  

both direct  quotes ,  you just  don ' t  know how that  can be.  Ei ther  f rogs 

have died or  f rogs have been lost  or  s l ides  have been lost  or  there  is  

jus t  no explanat ion and you can ' t  get  back to  the base-data .  

So,  I  th ink there  this  is  another  gener ic  problem of data  qual i ty  

in  endocrine disrupt ion.  I t  i s  not  jus t  th is  par t icular  topic  that  seems 

to  be endemic to  endocrine disrupt ion.  

Now, soon af ter  the  publ icat ion of  that  f ie ld  s tudy,  another  

f ie ld  s tudy came up,  which cer ta inly in  the popular  press  seemed to  

me this  is  game-set  and match the whole  thing is  adding up al l  over  

the world there  are  problems.  That  is  the  Cane Toad s tudy,  Bufo 

marinus of  Tim Gross .  
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Now the Cane Toads in  the f ie ld  - -  in  the sugarcane f ie lds  and 

at razine and many other  chemicals  used in  those sugarcane f ie lds  - -  i t  

was a  very br ight  place to  go and look for  effects .  The Bufo has  got  

these markings,  the  females  below,  the  males  above --  very 

dis t inct ive.  

Tim Gross  looked at  two f ie lds  and Chris ta  McKoy looked at  

two f ie lds .  There  are  the numbers ,  or iginal ly  about  50 in  each of  the  

f ie lds  and the controls  for  the  Univers i ty  of  Miami.  

There  were big effects ;  in  the  f ie lds  there  were no male  

markings.  Apparent ly  every toad you picked up was a  female .  

Amongst  those that  you picked up,  30 percent  were hermaphrodi te  and 

there  were no hermaphrodi tes  in  the  controls  from the Univers i ty  of  

Miami.  These are  big  dramatic  effects .  

The f i rs t  the  world knew about  this  work was from post  to  the 

Chris ta  and Tim gave and Rebecca rana from the Environmental  

Science and Technology,  interviewed them. 

In  this  ar t ic le  she wrote ,  which is  the  f i rs t  we knew about  i t ,  

she gave four  quotes  which is  sor t  of  interest ing.  The f i rs t  one that  

these data  suggests  an external  es t rogen and they do suggest  an 

external  es t rogen.  Tim was aware,  as  we were aware,  actual ly, 

a t razine is  not  an es t rogen.  These are  direct  quotes  f rom that  paper. 
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The next  thing is  the  a t razine levels  as  in  the  Hayes s tudy were 

unknown at  the  crucial  metamorphosis  per iod.  Many atrazine 

measurements  were made but  not  a t  the  t ime of  col lect ion and during 

the t ime of  col lect ion.  There  was an admission that  there  are  other  

chemicals  present  and there  are  many other  chemicals  present .  

This  quote  here  seems to  be the e ternal  quotat ion for  a t razine in  

frogs that  the  data  ra ise  more quest ion than they answer. Our  

problems,  when we t ry  to  br ing these data  in  to  decide what  i t  means 

to  us  for  our  compound is  that  - -  th is  bul le t  point  I  jus t  added here  - -

that  the  physical  and chemical  differences  between the two s i tes  have 

real ly  not  been assessed.  

There  are  chemical  differences  between those f ie lds ,  and the 

Univers i ty  of  Miami and there  probably are  many physical  

di fferences .  Just  l i teral ly  the  physical  di fference between l iving in  a  

chemical ly  modif ied sugarcane f ie ld  and being at  Univers i ty. 

And some of  those differences  require  to  be looked at .  Perhaps 

a lso the potent ia l  of  s t ress  differences  and s t ress  can effect  the  

parameters  we 're  looking at .  There  may have been different  s t ress  

condi t ions  in  col lect ing frogs f rom the Univers i ty  pools  and the 

f ie lds .  

Now you heard yesterday and updated these data  and that 's 
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1 another  interest ing thing.  That  is ,  these f igures  here  in  red,  I  hope 

2 you can see,  af ter  another  year  the previous one was spr ing of  2002.  

3 Now we're  in  spr ing of  2003.  Red numbers  are  the current  numbers .  

4 They have essent ia l ly  doubled in  a l l  the  groups.  

5 Amongst  the markings,  the  incidence has  now dropped from one 

6 hundred percent  to  76 percent .  So,  there  are  now being found some 

7 male markings.  The Hermaphrodi te  percentage in  the f ie lds  has  

8 dropped from 30 to  24 and the controls  have now gone from  0 to  7-

9 percent .  

10 This  is  obviously a  developing scenar io .  There  is  s t i l l  some 

11 uncerta inty there .  I  presume we're  going to  have 2004 data .  

12 There are  two other  s tudies  we ' l l  jus t  br ief ly  look at  you have 

13 in  f ront  of  you.  These are  f ie ld  s tudies  conducted pursuant  to  these 

14 other  f ie ld  s tudies  we have looked at .  These are  expressed as  just  

15 to ta l  abnormali t ies .  The f i rs t  i s  one conducted by Smith,  which is  

16 part  of  the DuPreez Group,  which is  in  South Afr ica .  You heard about  

17 that  yesterday. 

18 The atrazine measurements  - -  qui te  substant ia l  d i fferences  - -

19 10-fold difference between the reference s i te  and the agr icul tural  s i te .  

20 These --  no effects  observed there .  

21 And l ikewise there  has  been one done at  the  Univers i ty  of  
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Michigan,  a  f ie ld  s tudy in  juveni les  and adul ts ,  wi th  a  much larger 


different ia l  between the a t razine concentrat ions  and there  is  no 

effects .  

Now, one of  the  problems --  and I  referred to  this  ear l ier  and 

I 've  jus t  i l lus t ra ted this  and I  hope --  the  panel  must  come to  gr ips  

with  i t  before  - -  I  th ink,  before  you can make any decis ions and that 's 

jus t  terminology. 

Up here  there  is  not  a  vast  l i tera ture ,  actual ly,  but  this  is  what  

we found from the l i terature  in  a  range of  species .  There  is  var ious 

rana species ,  and Bufo species  and xenopus laevis ,  then there  is  the  

cr icket  f rog,  then there  is  the  painted frog,  and then there  is  the  

Afr ican t ree  f rog and in  f ie ld  of  green,  laborator ies ,  b lue.  In  general ,  

people  are  recording abnormali t ies .  

So,  th is  makes i t  in teres t ing.  I  have made this  red - -  th is  here ,  

because in  a l l  of  Tyrone Hayes 's  publ icat ions  there  is  never  anything 

in  the controls .  In  the xenopus laevis  he now has  no abnormali t ies  

amongst  10,000 controls  and that 's  a  vast  control  database.  

In  rana pipiens ,  zero incidence amongst  7 ,000.  We heard 

yesterday from some of  the members  of  the  panel  that  they have not  

seen gross  hermaphrodi t ism in  their  controls .  He have heard from Dr. 

DuPreez that  he had not  seen gross  hermaphrodi t ism.  So,  this  ra ises  
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the  issue of  what  people  are  cal l ing abnormali t ies .  


I  real ly  can ' t  bel ieve that  a l l  of  those data  to  the  lef t  represent  

people  def ining things that  are  never  ever  seen by Tyrone Hayes.  I t  

has  got  to  be terminological .  I  th ink i t  has  got  to  be resolved before  

we can make progress  on this .  Conclusion 5.  There  is  range of  

them that  mat ter  to  us  as  we take care  of  the  safety  and the wildl i fe 

safety of  the use of  a t razine.  The major  effects  reported by Hayes on 

gonadal  development  in  the f ie ld  were not  confirmed in  subsequent  

s tudies ,  the  major  effects .  

The correla t ion between the level  of  exposure  to  a t razine and 

the observed effects  is  in  the f ie ld  s tudies  remarkably weak.  In  fact ,  I  

don ' t  actual ly  think the word correla t ion appl ies .  There  is  high 

var iabi l i ty  between control  abnormali ty  levels  which is  probably not  

absolute .  I t  i s  terminological .  Other  physical  and chemical  factors  

have not  been adequately  evaluated.  

That 's  the  end of  my data  analysis ,  but  I  want  to  end before  I  

hand over  to  Charles  Breckenridge with  just  a  br ief  ment ion of  this  

aromatase,  because every newspaper  or  te levis ion program you read 

about  or  you hear  about  a t razine,  aromatase comes into  i t .  

As I  sa id  ear l ier  on,  we real ly  do need to  agree to  f ix  - -  before  

we s tudy mechanism,  but  this  aromatase is  a t  19,  which takes  and 
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tes tosterone into  an es t radiol ,  i s  the  favored one.  


And the most  quoted data  to  support  th is  - -  and actual ly,  the  

most  re levant  perhaps are  those of  Lou Guil le t te 's  Group.  They did 

this  s tudy in  '96.  I  showed you the sex reversal  data .  The abscess  of  

any fractures .  Later  on they took al l igator  eggs and they gave these 

three doses  of  a t razine.  Now there  are  very high doses ,  they are  

expressed as  par t  per  mil l ion in  the paper,  but  we have been ta lking 

micrograms per  l i ter  or  par ts  per  bi l l ion in  this  discussion.  

So,  that 's  actual ly  14 thousand par ts  per  bi l l ion,  which is  very, 

very high,  approaching the l imits  of  solubi l i ty. 

Lou painted his  eggs with  e thanol  solut ion.  In  the f i rs t  paper, 

which is  usual ly  the one that  is  quoted and i t ' s  not  the  best  one to  

quote  i f  you are  t rying to  make a  point  actual ly,  is  the  HP paper.  He 

had male  and female  temperatures .  

I 'm only showing the male  producing temperature ,  33-degrees .  

This  controls  - -  and this  aromatase is  measured in  the  gonadal  

anurans.  The controls  level  are  low in  this  mal-producing 

temperature  and they are  high.  They are  about  four  or  f ive on that  

scale  of  females  of  31-degrees .  

Now, the es t radiol  and the es t radiol  and the tamoxifen were in  

this  posi t ive  controls .  The funct ion of  a  posi t ive  control  was to  cause 
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to ta l  sex reversal ,  which they did.  The funct ion wasn ' t  actual ly  to  be 


in  a  posi t ive  controls  for  aromatase induct ion.  Estradiol  should not  

induce aromatase and i t  doesn ' t  because there  is  nonsignif icant  

increase there ,  but  i t  i s  increased.  a t razine had this  smal l  increase,  

which was non s ignif icant .  

There  are  three doses  there ,  but  the  f i rs t  s ta t is t ical  analysis  

that  Lou did was to  see i f  those played a  role  and those played no role  

in  any of  these experiments .  So,  dose was taken out  of  the  ini t ia l  

Nova.  That 's  why you have just  got  one bar  for  three dose levels  - -  a  

nonsignif icant  increase.  Tamoxifen did cause a  very clear  induct ion.  

I  don ' t  know why that  is .  Tamoxifen is  a  s t range beast .  I t ' s  an 

es t rogen and an es t rogen antagonis t .  So,  i t  i s  a  mixed agent  used for  

breast  cancer  t reatment .  

Those data  then were subsequent ly  publ ished in  two --

reanalyzed in  two papers .  One in  a  book chapter  and one again in  this  

pi tui tary ar t ic le .  Despi te  the  absence of  a  dose correla t ion,  they went  

back --  and which is  a  legi t imate  things to  do and looked at  the  

s ta t is t ics  for  the  individual  doses .  

When they did that ,  they found that  the  high dose gave a  

s ignif icant  increase in  aromatase.  But  there  is  one thing and that 's 

about  the dose,  which I  have shown you here .  These are  very high 
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doses .  

Al l  of  the  data  we have heard about  so far  in  the f rog s tudies  

are  on the lef t  there  a t  the  l ight  blue area  and these a l l igator  data  are  

par ts  per  mil l ion are  up three orders  of  magni tude to  the  r ight .  

So,  i f  you do s tar t  invoking this  a l l igator,  which is  sor t  of  

c lose  - -  c lose  to  a  f rog --  i f  you s tar t  invoking this  data  to  support  the  

mode of  act ion,  you have a  very weak effect .  The top dose and the top 

dose is  about  three orders  of  magni tude higher  than anything we have 

ever  had in  f rogs.  

The two --  the  three conclusions that  mat ter  f rom this  s tudy --

both es t radiol  and tamoxifen produced 100-percent  reversal  of  sex.  

Normal  sex ra t ios  were noted for  a t razine,  no effect  a t  a l l  in  the  sex 

ra t io .  That  margin induct ion did not  affect  sex ra t io .  

Secondly,  the  es t radiol  tes tosterone and est radiol  tes tosterone 

ra t ios  were constant  across  a l l  tes t  groups.  So,  i t  doesn ' t  sense to  be a  

sensi t ive  marker  for  induct ion of  aromatase which I  think we know 

from other  s tudies .  Lou Guil le t te  does  experiments  wel l .  He looked 

at  tes t icular  morphology and that  was unaffected by at razine.  

So,  that  leads  to  my f inal  conclusion,  real ly,  that  the  a l l igator  

aromatase data  do not  provide a  f i rm foundat ion from which to  bui ld  a  

mode of  act ion.  
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My summary conclusions you have seen them al l ,  so  I ' l l  jus t  run 

through them. a t razine does  not  or  a l ter  sex ra t io  in  rept i les  or  

amphibians .  Two s tudies  have fa i led to  reproduce the reported effects  

of  a t razine on xenopus laryngeal  s ize .  

The major  gonadal  effects  reported for  a t razine in  ini t ia l  

laboratory and f ie ld  s tudies  have not  been confirmed with subsequent  

s tudies .  Further  s tudies  required to  resolve inconsis tencies  between 

the laboratory s tudies .  

Inconsis tencies  a lso evident  in  f ie ld  s tudies  and should be 

examined i f  future  laborator ies  s tudies  warrant  that .  Further  focused 

work required to  produce a  reproducible  within lab and between lab,  

dose re la ted effect  before  evaluat ing a  mode of  act ion.  

Our recommendat ions are actual ly very s imilar to the draft 

recommendat ions of  the EPA, because once you approach things 

scient i f ical ly,  you come to  the same conclusions.  We need to  focus 

on t iered approach to  morphological  gonadal  endpoints  and 

laborator ies  s tudies ,  I  th ink,  f i rs t ,  because you 've got  greater  control  

over  what  you are  doing.  

Probably best  to  select  xenopus laevis ,  because of  i t ' s  data  base 

with  an at razine dose response.  I f  you s tar t  seeing things that  you 

confirm to  be real  then extend rana so that  you are  moving towards 
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natural  populat ions .  

Qui te  cr i t ical ly  there  is  a  need to  define condi t ions  precisely, 

including husbandry,  s tage of  development  and the s ta t is t ical  power 

of  your  s tudies .  Define gonadal  terminology before  you do anything.  

Establ ish background incidence of  the  agreed gonadal  terms in  

the control  populat ion before  you s tar t  tes t ing anything.  

Conduct  the  s tudies  - -  I  know i t  i s  very diff icul t  and we don ' t 

have s tandard protocols  yet  in  GLPs isn ' t  everywhere.  But  i t  should 

be a t  least  according to  GLP,  so there  is  a  data  t ra i l  and so that  

somebody can come in  and see your  data  or  you can make your  

pr imary data  avai lable  to  other  people  in  a  very user-fr iendly form, 

not  one where you have to  s i t  down for  two days t rying to  descr ipt  i t .  

You need pr imary data  and the abi l i ty  to  other  people  to  come 

in  and see your  s l ides .  Of  course ,  i f  the  effects  are  ident i f ied,  s tudy a  

mode of  act ion and determine the funct ional  s ignif icance of  what  you 

found.  

Thank you for  your  a t tent ion.  

DR. ROBERTS: Thank you,  Dr.  Ashby. I f  you are  

wil l ing,  I  would l ike  to  offer  the  panel  the  opportuni ty  to  ask you any 

quest ions  they might ,  have based on your  presentat ion.  I  have a  quick 

one and then I  wil l  le t  Dr.  Kel ley ask one.  
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On the Guil le t te  s tudies ,  the  a l l igator  egg s tudies ,  are  the  

concentrat ions  of  a t razine - -  is  that  the  concentrat ion measured inside 

the egg or. . .  

DR.  ASHBY:  No.  No.  I t  i s  an ethanol  solut ion painted on the 

egg.  I  have been chi tchat t ing on the email  wi th  Lou in  the las t  few 

days,  t rying to  get  to  gr ips  with  a l l  of  this .  So,  he knows --  he  has  no 

idea what  gets  into  the egg.  

The best  guide he 's  got  is  when he does  this  sor t  of  thing with 

the natural  hormones l ike  es t radiol ,  about  e ight  percent  gets  in .  And 

so,  you 've real ly  got  to  take one of  those logs off  of  that  scale  I  

showed you there  when are  you doing the comparison.  But  those two 

comparisons are  made about  a  log apar t .  

DR.  ROBERTS: So,  i t  i s  a  complicat ion in  terms of  t rying to  

compare the concentrat ions? 

DR. ASHBY:  Yes,  i t  i s ,  but  you s t i l l  have one log in  your  

favor. They would be touching each other  i f  you apply the e ight-

percent ,  the  a l l igator  eggs would s tar t  where the f ie ld  s tudies  and lab 

s tudies  have s topped.  

Dr. Kel ley. 

DR.  KELLEY: Just  to  fol low up on the a l l igator. The al l igator  

does  develop,  doesn ' t  i t ,  wi thin a  separate  egg as  opposed to  the 
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amphibians ,  which hatch and are  more c losely to  the medium.


DR. ASHBY:  That 's absolutely t rue, yes . 

DR.  KELLEY: So,  without  know i t ,  we real ly  can ' t  compare the 

rept i les  and amphibians  very easi ly  without  knowing the effect  of  

concentrat ion of  a t razine,  would you agree? 

DR. ASHBY:  Absolutely. I  only ra ised i t  up,  because those 

Guil le t te  data  are  the  pr imary reference source.  So,  I  mean,  Tyrone 

always references  that  paper  when he is  ta lking about  aromatase.  I t ' s 

the  pr imary reference.  Whether  or  not  i t  should be,  I  agree with  you.  

So,  i t  i s  a  different  s i tuat ion.  

DR.  KELLEY: So,  I  would l ike - -  i t  i s  c lear  f rom your  

discussion in  a l l  of  our  discussions that  we have to  be very precise  in  

our  use of  terms.  So,  I  would l ike  to  address  the issue of  sex ra t io .  

In  s tudies  in  xenopus,  could you give me your  def ini t ion of  how 

a sex ra t io  should be determined and in  par t icular,  could you 

dis t inguish between genotypic  sex and phenotypic  sex.  

DR.  ASHBY:  Firs t  of  a l l  I 'm not  an amphibian expert .  So,  I  

th ink that 's  a  very val id  quest ion and I  hope the SAP are  going to  

approach i t  ra ther  than me. 

The reason is  a  par t icular ly  interest ing quest ion is  that  in  

readiness  for  this  panel  I  have been reading the recent  papers  of  Dr. 
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Claris  (ph)  and those have opened my  mind total ly. 


Where we 're  ta lking --  where he is  going with  genotypic  males  

and genotypic  females ,  assessing the levels  of  tes tosterone maternal  

carry over  and then ta lking about  highly specif ics ,  which is  with  f ive 

a lpha reductase  (ph)  determining the phenotypic  sex of  what  may not  

be the same genotypic  sex.  

So, I mean the exper t ise is on this panel .  I t i s not my area.  I 

have not  done a  f rog experiment .  So,  there  is  no need to  ask me. 

Some of  my col leagues have worked with f rogs.  I  don ' t  th ink i t ' s  a  

product ive quest ion to  ask us ,  actual ly,  but  i t ' s  a  highly product ive 

quest ion to  come to  terms with amongst  yourself  as  the  SAP,  I  th ink.  

DR.  KELLEY: So,  typical ly  when you ta lk  about  a  sex rat io  

you ta lk  about  the  percentage of  males  and females  and le t  me just  

point  out  that  in  xenopus the only real  way to  know if  you have a  

genotypic  male  or  a  female  is  to  back cross .  

So,  i f  you have an animal  with  ovar ies ,  i t  could be genotypic  

male  that  had been feminized or  i t  could be a  genotypic  female .  I f  

you then back cross  that  individual  to  a  genotypic  phenotypic  male ,  

which in  this  case  is  bel ieved to  be ZZ and look at  the  percentage of  

to  the offspr ing,  only then can you make an inference about  sex ra t io .  

So,  the  only point  that  I  want  to  br ing here  is  that  i f  you say 
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that  you have not  demonstrated an effect  on sex ra t io  unless  you 


actual ly  know what  the  sex ra t io  is ,  you actual ly  cannot  draw that  

conclusion.  

DR. ASHBY:  That 's r ight .  So, I mean what we 're actual ly 

saying is  the  or iginal  c la im by gross  in  the  tur t les  was badly formed 

in  the context  of  what  you are  saying.  

Your  quest ion is  real ly  addressed to  a l l  the  people  who have 

done al l  these experiments  the  phenotypic  observat ion of  what  they 

cal l  sex ra t io  was not  confi rmed in  the or iginal  def ini t ions  and their  

ongoing def ini t ion is  probably imprecise .  

So,  yes ,  I  th ink we are  def ining fur ther  the  insecuri ty  of  the  

experimentat ion.  

DR. KELLEY: But  you would agree,  wouldn ' t  you,  that  you 

could not  draw a conclusion about  sex ra t io  hand the effect  of  a t razine 

on sex ra t io  without  knowing what  the  sex ra t io  actual ly  was? 

DR. ASHBY:  No,  I  wouldn ' t ,  because we have in  the l i terature  

what  experts  are  cal l ing a  sex change,  a  sex ra t io  change and that  

c la im cannot  be confirmed.  

So,  you may be correct ,  but  i t  appl ies  to  everything.  Nobody 

who has  worked in  this  area  can make any cla ims about  sex ra t io  

because they not  been doing genotyping.  The or iginal  c la im that  the  
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tur t le  had a  sex ra t io  change has  not  been confirmed with other 


experiments  a t  the  same cal iber  with  the  same level  of  defini t ion 

terms.  

So,  we 're  both - -  I 'm agreeing with  you but ,  I  th ink i t  i s  gener ic  

across  the  science,  not  jus t  what  I  was saying.  

DR. KELLEY: So,  you are  saying --  so,  I  th ink we' re  in  

agreement  here ,  that  they can ' t  c la im i t  and you can ' t  c la im i t .  

DR. ASHBY:  Right . 

DR. KELLEY: Thank you.  

DR. ROBERTS:  Dr. Green. 

DR. ASHBY:  But  the problem is  bigger  than that  because what  

you are  saying is  that  everybody who ta lks  about  sex ra t ios  in  the 

l i terature  is  not  ta lking science up unt i l  now,  unless  of  course  have 

you done some of  these experiments .  So --  and others  l ike  you must  

have done some. 

But  what  is  current ly  being cal led sex ra t io  in  issues  such as  

a t razine is  an inappropria te  use  of  terminology. All  you can do is  

repeat  phenomenology and not  repeat  i t .  

DR.  KELLEY: You can just  use  the word,  "Phenotypic"  and get  

out  of  that  bind.  DR. ASHBY:  Okay. Phenotypic  changes were 

not  confirmed in  our  s tudies ,  r ight .  
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DR. GREEN: I  have a  different  quest ion al together. This  

pr imari ly  involves  basic  pharmacology and toxicological  di fferences  

between rept i les ,  amphibians  and mammals .  

I  th ink we would al l  agree that  comparison of  rept i l ian 

pharmacokinet ics ,  for  any compound to  a  mammalian would highl ight  

some of  the differences  between those species .  For  example,  we know 

cer ta in  metabol ic  pathways for  biotransformation aren ' t  present  in  

rept i les  and amphibians  or  a t  least  present  to  the  degree that  they are  

in  mammals . 

So,  a  lot  of  the  var iabi l i ty  in  these s tudies  can be explained by 

intra  and enter-species  differences .  When i t  comes to  the anurans,  we 

have an added level  of  complexi ty  there  in  that  their  metabol ic  ra te  is  

determined pr imari ly  by ambient  temperature .  

So,  there  is  another  confounding var iable  that  wil l  affect  the  

kinet ics .  I  guess  what  s t r ikes  me when I  look through al l  of  these 

s tudies  is  that  I  don ' t  see  experiments  designed to  evaluate  the  

t radi t ional  things that  we look at  f rom a pharmacological  perspect ive 

such as  volume of  dis t r ibut ion,  c learance,  half- l i fe  or  t issue levels  in  

the f rogs that  could correla te  or  help us  def ine exact ly  what  

absorpt ion of  a t razine could or  could not  have an effect .  

I  jus t  want  to  get  your  opinion as  a  representat ive f rom 
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Syngenta ,  is  there  some technical  di ff icul ty  with  doing this ,  wi th 


measuring the t issue levels  in  the  animals ,  so  that  we can get  a  bet ter  

understanding of  what  exact ly  hangs around af ter  exposure.  

And I  wil l  le t  you speak in  just  a  second,  but  one thing I 'm 

concerned about  with  a l l  of  these water  s tudies ,  where we 're  put t ing 

the chemical  in  the  water,  the  frog wil l  absorb i t  and then excrete  and 

in  the case of  xenopus laevis ,  they ' l l  s i t  in  i t  for  three or  four  days 

and reabsorb the act ive metabol i tes  and the inact ive metabol i tes  and 

any of  the  degradable ,  some of  which,  I  bel ieve,  are  as  toxic  as  the 

parent  compound.  So,  those things wil l  f luctuate  over t ime.  So,  

moni tor ing the water  levels  of  a t razine a t  the  beginning of  the  

experiment  or  knowing what  you put  in  and then i t  seems l ike you 

want  to  know at  the  point  of  sacr i f ice  of  the  animal  what  they were,  as  

wel l  as  s tudying the t issues .  

So,  i f  you could explain to  me perhaps or  c lar i fy  why those kind 

of  s tudies  haven ' t  been done by many of  the groups that  were 

supported by Syngenta?  I  assume there  might  be diff icul t ies  with  the 

a t razine t issue level  defects ,  but  I  don ' t  know. 

DR. ASHBY:  Yes.  There are  two points  and then I  hand i t  over  

to  Charles  who has  some other  points  to  make.  

The f i rs t  i s ,  I  agree with  what  you are  saying,  but  again,  i t ' s  a  
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generic  s ta tement .  The science in  general  is  not  doing this  a t  the 


moment  and they probably should be.  When this  got  to  the point  

recent ly,  where i t  was going ahead from SAP we had a  meet ing with 

Mel  Anderson and the process  s tar ted of  t rying to  unders tand this .  

I t  cer ta inly  needs a  lot  of  detai led s tudies  and the fear  is  i t  maybe 

different  for  rana,  i t  may be different  of  a  microbism than a  f ie ld ,  but  

the  actual  t rying to  get  together  of  one of  these model ing 

compartmental izat ions  models  that  Mel  Anderson developed --  we 

s tar ted to  do --  i t  was most  re levant  ini t ia l ly,  we were s tar t ing a  

couple  years  ago to  think about  the GrNH mechanism and that 's  where 

we wanted to  know exact ly  what  gets  in .  

I t  i s  there .  Again,  another  problem is  delaying unt i l  you get  

something you know is  real  and reproducible ,  because at  the  moment  

we don ' t  know which effect  we 're  chasing and we don ' t  know whether  

i t  i s  a t razine or  metabol i te .  

When you know the effect  you can s tar t  asking quest ions ,  is  i t  

a t razine or  is  i t  metabol i te?  And then you can s tar t  doing these 

highly complex and t ime-absorbing s tudies  but  to  jus t  be  looking at  

what  happens to  a t razine and metabol i tes  in  a  system,  i t  would be very 

diff icul t .  

I  th ink i t  should be considered in  the future ,  but  i t  hasn ' t  been 
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done at  the  moment  and nobody ever,  ever  does  i t  unt i l  the  very end 


when they are  t rying to  explain  their  effects  in  terms of  metabol i tes  or  

species  differences .  Is  th is  due to  the fact  that  the  mouse has  got  

more chromatizat ion than the ra t .  But  you have always got  a  def ined 

object  that  you are  chasing and I  don ' t  see  i t  yet  that  we have a  model  

with  an effect  where we can ask these quest ions .  

DR.  KELLEY: Sure,  and i t  may be also qui te  re levant  that  a t  

cer ta in  levels  - -  t i ssue levels  known in  xenopus laevis  that  are  tes ted 

in  the laboratory,  we know that  i t  has  no effect .  Perhaps that 's  the  

outcome,  that  you can have X amount  of  a t razine in  gonadal  t issues  

and do not  produce Hermaphrodi tes .  So,  i t  i s  a  negat ive resul t  but  an 

important  negat ive resul t .  

DR.  ASHBY:  Yes,  I  mean,  the  other  very important  point ,  of  

course ,  is  the  general  pract ice  of  people  to  use  organic  solvents  when 

they are  not  needed.  So,  a  lot  of  this  data  is  involving ethanol  as  a  

solvent .  That 's  jus t  is  not  needed,  because a t razine is  soluble  enough 

in  water  up to  30 mil l igrams per  l i ter. 

So,  there  should be no need for  this  ar t i f ic ia l  breaking through 

of  eggs with  e thanol ,  because i t  confuses  everything.  

So,  I  th ink that  is  probably al l  we need to  say. 

DR. ROBERTS:  Dr. LeBlanc and then Dr. Isom. 
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DR. LEBLANC:  Mode of act ion is an important i ssue that we 

need to  contend with and for  that  reason I  would l ike  to  revis i t  the  

a l l igator  comparison for  c lar i f icat ion.  When we look at  these s tudies  

with  tadpoles ,  the  concentrat ions  of  a t razine used par ts  per  bi l l ion,  

that  is  micrograms of  a t razine per  l i ter  of  tes t  solut ion that  the  

tadpoles  are  in  and for  the  a l l igators ,  these eggs aren ' t  in  water. 

So,  I  wondered what  the  par ts  per  bi l l ion represented.  Is  i t  

micrograms per  ki logram of  egg or  is  i t . . .  

DR.  ASHBY:  I t  must  be the solut ion.  I t  i s  l i teral ly  the solut ion 

that  Lou is  making up in  e thanol  and paint ing on the eggs and he must  

know the volume he is  put t ing on and assuming 100-percent  

absorpt ion would give you those par ts  per  mil l ion in  the egg,  but  of  

course ,  i t  i sn ' t  100-percent  absorpt ion,  i t ' s  probably not  even 10-

percent .  I f  i t  was es t radiol ,  i t  would be 10-percent .  

So,  i t  i s  the  tota l  appl icat ion to  the  egg and the tota l  - -  and the 

assumption of  tota l  absorpt ion is  the  high dose.  

DR.  LEBLANC: So,  i t  i s  micrograms per  uni t  volume of  - -

DR. ASHBY:  I t must be . 

DR.  LEBLANC: I  think i t  i s  to  the egg.  I 'm not  sure  as  wel l ,  

but  I  th ink the take-home message is  - -  f rom the comparison is  that  

the  data  suggests  that  aromatase is  induced by at razine.  Bus this  
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i ssue of  dose comparison is  probably not  val id  because the uni ts  are 


different .  

DR. ASHBY:  Yes.  There again with an effect which is not 

dose-rela ted and yet  is  broken up into  dose and i t ' s  only the high dose 

and i t ' s  only weak,  that  would be nice  to  repeat  i t  before  we bui ld  

anything on i t .  

DR. LEBLANC:  Agreed. 

DR. ROBERTS:  Dr. Isom. 

DR. ISOM:  In fol low-up on the aromatase, i t i s appears from 

what  you presented there  is  some problems with def ini t ions  of  the  

reproduct ive effects .  But  in  the case of  aromatase,  we have an 

enzyme that  can be quant i ta ted.  But  perhaps there  are  some problems 

with regards  to  that  too,  in  def ini t ion.  

How would you def ine induct ion of  aromatase in  these s tudies  

that  you reviewed and made comments  on and then made the 

conclusion that  there  does  not  appear  to  be an induct ion? 

DR. ASHBY:  One is  that  the  measurements  people  make that  

have to  do with enzyme and actual ly  look at  the  conversion with the 

isolated enzyme. You can see how much is  formed.  I t  i s  the  

funct ional  level  of  enzyme. 

Probably the most  re levant  and of ten the inferent ia l  way of  
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doing this  is  to  see tes tosterone go down and you assume tes tosterone 


i s  being used up,  but  that  of  course ,  ignores  a l l  feedback mechanisms 

which is  an unwise thing to  do or  the  es t radiol  levels  must  go up.  

For  the induct ion to  mean anything,  you need the product .  You 

need more es t radiol  in  the  animal .  The real  important  observat ion is  

that  your  es t radiol  levels  go higher  than they should be.  

This  is  one of  the  complicat ions ,  because you can make a  

measurement  of  an induct ion of  an enzyme's  abi l i ty  to  t ransform 

tes tosterone in  vi t ro ,  but  i f  you then go into  the animals  you have to  

show an effect  of  es t radiol .  

That  is  one of  the  big problems,  because John Giesy,  several  

years  ago,  suggested a  very clever  idea,  i f  only i t  was t rue,  that  the  

uterographic  act ivi ty  of  known ethanol ,  which we al l  agree is  a  

neurotrophic  in  the  rodent ,  was actual ly  not  due to  i t ' s  in t r insic  

es t rogen --  the  es t rogen receptor  in  the  uterus ,  but  by i ts  abi l i ty  to  

regulate  es t radiol  and make es t radiol  in  those animals  and i t  was the 

es t radiol  that  was making the uterus  grow. 

So,  I  se t  as ide about  s ix  months  checking this  out ,  because we 

had just  done a  load of  uterographic  assays.  We found no evidence of  

induct ion of  the  enzyme in  vi t ro  and we didn ' t  f ind any increased 

es t radiol  levels  in  the  animals  so,  we had to  conclude i t  was the 
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in t r ins ic  es t ronici ty. 


So,  the  jump  from  measuring enzyme act ivi t ies  to  funct ional  

product ion of  es t radiol  is  a  big  jump.  I  th ink the answer  to  your  

quest ion real ly  is  to  re la te  i t  to  observat ions ,  you need an increase in  

measurable  es t radiol  in  the  animal  or  e lse  i t  doesn ' t  real ly  mat ter. 

But  that 's  in  a  sea  of  feedback mechanism.  So,  i t  i s  horrendously 

complex.  

DR.  ISOM: I t  seems to  me,  when I  look at  enzymes and enzyme 

induct ions  or  act ivi t ies ,  we also are  concerned about  the  message 

level .  We're  a lso concerned about  the  protein  expression in  the 

catalyt ic  act ivi ty. Al l  of  those are  important  when you consider  

induct ion.  

And then,  las t ly,  what  type of  s tandardizat ion of  the  t issues  that  

are  being sampled in  the animal  have occurred in  these s tudies .  Are 

we real ly  sampling the enzyme act ivi ty  from the same t issues  and then 

the developmental  effects  on that  - -  that  enzyme. 

DR. ASHBY:  Yes.  I  mean,  your  previous point  is  very val id  

and Joe ment ioned i t  yesterday.  We are  just  t r ipping r ight  into  the 

edge of  toxigenics  and quant i ta t ive RTCPR. 

And so,  the  future  is  going to  be done at  message level  and 

protein  level  and i t  wi l l  jus t  get  r id  of  a  whole  load of  rubbish that 's 
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knocking around.  I t  wi l l  s t i l l  require  the  second quest ion to  be highly 


specif ic  about  the  t issue are  you sampling.  

Because,  I  mean,  this  whole  area is  so perverse  in  making a  man 

you turn on aromatase in  the brain  to  produce low estradiol ,  but  in  

that  developing male  fe tus ,  there  is  not  going to  be es t radiol  f loat ing 

around the fe tus .  I t  i s  only in  that  par t  of  the  brain.  Likewise,  the  

product ion epidermis  needs required es t radiol  expression of  

aromatase.  

So,  you --  the  more can dissect  the  t issue you are  ta lking about  

and the more you can have precise  RTPCR-type technology,  then we 

answer  these quest ions .  I  agree we 're  playing with  very crude 

terminology here  and crude observat ions  up to  now. 

DR. ROBERTS:  Dr. Delorme. 

DR. DELORME:  I jus t wanted to make a comment on Dr. 

Green 's  quest ion,  regarding why concentrat ions  aren ' t  measured in  

t issues .  I  th ink there  may be another  reason.  

Tradi t ional ly,  when you are  doing r isk assessments ,  you are  

assessing based on concentrat ions  in  an exposure media .  I f  you are  to  

have t issue concentrat ions ,  you add a  couple  levels  of  complexi ty  to  

the  assessment .  

One,  what  t issues  are  you going to  measure i t  in  and two,  we 're 
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then going to  - -  as  r isk assessors ,  we 're  then going to  have to  model , 


somehow using a  PBPK-type model  or  something l ike that ,  

concentrat ions  in  t issues  when we do our  r isk assessments .  

DR.  GREEN: There are  s tandard protocols  for  what  t issues  that  

you would look at .  A good toxicologis t  and a  veter inary pathologis t  

can do that  pret ty  rout inely.  So,  we can discuss  that  between us ,  i f  

you 'd  l ike .  

DR. DELORME:  But , t radi t ional ly, in r isk assessment , what we 

have done is  we have used waterborne concentrat ions  for  organisms 

that  l ive  in  water.  So,  I  mean,  there  usual ly  - -

DR. GREEN: I  think at  th is  point  - -  and I  recognize that  and 

that 's  a  val id  point .  My concern was t rying to  help get  a  handle  on the 

extreme var iabi l i ty  due to  the  husbandry,  mainly temperatures ,  

species  differences  and var ia t ions  in  appl icat ion.  

And I  think some of  that  might  be explained by looking at  - -

direct ly  a t  the  t issue that  i t  would end up in .  

DR. DELORME:  Agreed. 

DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: Could --  I  agree with you,  of  course,  

completely,  about  repl icat ion.  The f i rs t  th ing that  we do in  science is  

to  repl icate  and the typical  protocol  in  repl icat ion is  to  take whatever  
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i t  was that  the  or iginal  s tudy did procedural ly,  and exact ly  dupl icate 


i t  and see i f  we come out  with  that  resul t .  

And I  just  wondered i f  to  your  knowledge,  in  any of  these 

publ ished s tudies  there  was this  kind of  very s t r ingent  repl icat ion of  

the  or iginal  Hayes s tudy in  xenopus? 

DR. ASHBY:  Dr.  Hayes is  going to  ta lk  about  his  own 

repl icat ion,  his  laboratory.  Al l  we have to  run on is  his  publ ished and 

there  is  no repl icat ion in  that .  

Al l I can say is that the s tudies sor t of - - the s tudies were setup 

were intended to  be a  repeat  under  the condi t ions  in  which frogs were 

handled in  that  par t icular  laboratory to  actual ly  go back and --  I  

mean,  you see,  another  problem is  and i t  i s  a lmost  unique to  endocrine 

disrupt ions,  people  don ' t  say what  they are  doing in  their  papers .  

They just  give you minimal  data .  

For  example,  people  very,  very rarely  te l l  you what  the  diet  of  

their  animals  is .  Things l ike  that ,  you just  haven ' t  got  a  c lue.  So,  you 

use your  own diet  and then la ter  on you can ' t  repeat  i t  and people  

come back and say,  wel l ,  you used the wrong diet .  You say,  which 

one should I  have used.  

So,  a  lot  of  these things that  are  not  - -  we haven ' t  probably done 

precise  repeats .  Probably the only way to  do that  is  take some frogs 
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in to  Professor  Hayes 's  lab and actual ly  s tand there  do the experiment .  


You normally  assume in  toxicology that  an effect  which is  real  and 

s ignif icant  wil l  survive the many small  changes that  we don ' t  th ink 

are  important .  

The fact  that  th is  is  not  surviving the many smal l  changes that  

we don ' t  th ink are  important  means that  there  is  e i ther  a  problem with 

the or iginal  observat ion or  some of  these changes are  important  and 

that 's  a chal lenge to  f ind out .  

DR.  KELLEY: Could I  ra ise  a  quest ion? 

On what  basis  do you decide that  smal l  changes aren ' t 

important?  

You know, i t  i s  c lear  f rom this  discussion that  the  s tandards  for  

- -  s tandards  for  regular  husbandry of  the f rogs and so for th  are  not  

very wel l  es tabl ished.  So,  perhaps,  we might  agree that  we actual ly  

don ' t  know the condi t ions  that  might  a lso affect  outcomes in  these 

s tudies .  

DR.  ASHBY:  Exact ly,  and puts  huge pressure  a t  this  s tage on 

development  of  assays in  f rogs for  the  or iginat ing laboratory, 

especial ly  with  very major  c la ims to  check some of  these things 

themselves  and actual ly  repeat  the  experiment  with  a  few changes.  

You know, le t 's  not  be qui te  so fussy about  that  s tage,  le t 's 
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change the protocol .  You know just  check the hear t  a t  the  - -  the 


s turdiness  of  the  observat ion.  I t ' s  a  mat ter  of  whose responsibi l i ty  i t  

i s .  

DR.  KELLEY: Well ,  le t  me ask you a  quest ion.  

Suppose somebody got  a  detai led protocol  f rom Dr.  Hayes,  of  

how he ra ised his  animals  and so for th .  I t  might  be necessary to  get  

water  f rom Berkeley,  but  we could probably manage that  and repeated 

the experiment  and was not  able  to  repl icate  the  resul t ,  would you 

agree we could al l  go home?  DR. ASHBY:  No.  I  would then 

say what  you have to  do and I  have l ived through this  15 t imes in  the 

las t  f ive  years ,  you have to  then s tar t  ta lking very ser iously with  the 

or iginat ing author  and you have to  get  your  heads together. 

I  have done this  several  t imes in  the  spir i t  of  cooperat ion,  not  a  

confrontat ion.  And you have to  say,  I  have done as  much as  I  come. I 

have a  just  done a  s tudy which is  coming out  in  the next  issue of  

Toxicological  Pathology,  where we did s ix  experiments  to  t ry  to  

repeat  low dose back to  PPA that  had been reported in  Japan in  the 

ra t .  

The very las t  th ing --  I  went  through three diets ,  because we 

thought  die t  might  be the important  thing,  because there  was a  die t  

you can only buy in  Japan and I  got  - -  my third  diet  was as  near  as  you 
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can get .  In  the  end,  ta lking to  the Saree (ph)  in  Japan,  we eventual ly 


shipped the diet  f rom Japan,  which is  not  avai lable  in  England --  i t  

cost  me $25,000 --  the  diet  cost  $200,  get t ing i t  to  England cost  

$25,000 and we did the experiment  again using his  die t  and there  is  

s t i l l  a  di fference.  

So,  we just  said ,  we don ' t  know what  is  going on.  He is  going 

to  go back and do his  experiment  again and I  might  do mine.  So,  

someone,  some experiments  however  precise  you get ,  you s t i l l  don ' t 

get  an outcome. You just  - -  th is  is  l i fe  a t  the  moment ,  especial ly  with  

endocrine disrupt ion.  

DR. KELLEY: But  to  re turn to  f rogs just  for  a  second,  you 

would agree there  has  not  been s t r ic t  repl icat ion of  the  or iginal  s tudy? 

DR. ASHBY:  I  think that 's  probably t rue,  yes .  

DR. KELLEY: Thank you.  

DR. ROBERTS: Thank you,  Dr.  Ashby. Let 's  move 

onto Dr.  Breckenridge 's  presentat ion.  

DR. BRECKENRIDGE: Good morning ladies  and gent lemen.  I 

am Charles  Breckenridge.  I 'm a  Senior  Research Fel low.  I 've  been 

working for  about  15 to  17 years  on the mammalian toxici ty  of  

a t razine and the mode of  act ion underlying i t ' s  endocrine effects  on 

mammalian systems.  That  is  not  going to  an easy topic  of  my 
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discussion today.


I  am  more narrowly focusing on the quest ion put  forward as  a  

plausible  hypothesis  to  count  for  gonadal  abnormali t ies  that  have 

been observed in  xenopus and some  models  that  have been used to  

evaluate  those chemical  induced sex reversals .  

I  would l ike  to  put  in  i t  the  context  of  a  l i t t le  bi t  about  what  we 

know about  a t razine 's  act ion.  

I  can also take any quest ions  f rom the panel  that  you might  

have re la t ing to  the mammalian mechanisms because we heard some 

quest ions  yesterday about  that .  

Firs t  s tar t ing point  that  the  - -  an uncer ta inty  associated with  the  

data  sets  that  Dr.  Giesy or  John Ashby has  discussed,  suggests  that  

we 're  a  l i t t le  bi t  premature  to  ta lk  about  mode of  act ion discusses  

unt i l  we have some rel iable  phenomenon we can reproduce in  the 

laboratory environment .  

Nevertheless ,  the  one topic  that  has  come up repeatedly in  

papers  and discussions is  that  a t razine is  operat ing through an 

up-regulat ion of  aromatase.  Estrogenici ty  is  being general ly  put  

as ide.  And because these quest ions  about  this  par t icular  proposed 

mode of  act ion are  present ,  we would l ike to  make a  few comments  on 

that .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

67 

Before  we do that  though,  I  would l ike to  go back to  some basic  

descr ipt ive work.  This  is  not  my area of  expert ise ,  but  I  f ind i t  very 

interest ing and some of  the  new methodologies  that  are  avai lable  can 

be appl ied to  the developmental  process  that  occurs  in  f rogs during 

the cr i t ical  per iod of  sex different ia t ion.  

In  this  s l ide ,  I 'm reproducing resul ts  of  information from 

Iwasawa.  In  this  par t icular  s tudy,  he looked at  the  developing larvae 

at  s tages  of  development ,  pr ior  to  metamorphose and made a  

determinat ion of  sex based on morphologic  character is t ics  and 

observed,  as  would be expected,  that  there  is  - -  the  gonads are  

undifferent ia ted up to  a  point  in  t ime and beginning at  about  s tage 51 

different ia t ion begins  and i t  goes  through complet ion,  a t  least  in  his  

hands,  in  a  short  window of  t ime ending around about  56 or  57.  

This  par t icular  graph represents  the  proport ion of  animals  that  

have reached that  s tage of  determinat ions of  whether  the  gonad is  

ovar ian or  tes tes  in  character. So,  i t  i s  a  morphologic  

character izat ion of  a  group of  animals  a t  d i fferent  s tages .  

He had done a  lot  of  work on this  topic  and cer ta inly to  the 

aspect  of  the  role  of  es t rogen and in  "sex reversal ,"  whether  i t  i s  

phenotypic  or  genotypic  had been wel l  descr ibed in  the past  and 

cer ta inly that  window and at  least  as  def ined by which he was 
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approximately f rom stage 51 through end of  - -  s tage 55.  And he 


establ ished in  those s tudies  as  wel l ,  that  the  dose of  es t radiol  that  

would cause that  sex reversal  to  be about  50 par t  per  bi l l ion or  10 to  

the minus 7  more.  

That 's  an interest ing observat ion in  i t ' s  own r ight  in  so far  as  10 

to  minus 7  more is  about  two orders  of  magni tude or  three orders  of  

magni tude lower  than the KD for  the es t rogen receptor.  So,  the  

inference may be that  perhaps this  isn ' t  operat ing through the normal 

processes  in  terms of  affect ing this  di fferent ia t ion.  

In  addi t ion to  that  descr ipt ion by Witschi  and Chang,  there  

were other  exper iments  - -  i t  was recognized that  the  gonads seem to 

different ia te  f rom rostra l  to  caudal .  There  were about  14 groupings or  

c lusters  of  cel ls  that  sequent ia l ly  different ia ted as  t ime went  on,  in  

which he did a  very e legant  experiment  to  look at  the  t ime sequence 

of  es t radiol  exposure - -  two days of  es t radiol  exposure appl ied during 

this  cr i t ical  per iod.  

This  par t icular  representat ion I 'm  making now is  sor t  of  as  you 

move from the lef t  s ide to  the  r ight  s ide you can regard i t  f rom rostra l  

to  caudal .  He appl ied es t radiol  in  two-day per iods.  He observed kind 

of  a  wave of  feminizat ion of  the males  extend down.  And the 

presumption was that  i f  you miss  some of  these per iods of  t ime,  you 
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would perhaps get  this  intersex descr ipt ion.  That  is  to  say you would 


have par t ia l ly  t ransformed gonads and par t ia l ly  untransformed.  

That  was kind of  an interest ing observat ion in  the l ight  of  some 

of  the discussions we been having the las t  couple  days about  mixed 

sex,  intersex,  hermaphrodi t ism and the appearance of  the  gonad.  

Obviously,  th is  is  an es t rogen mediated phenomenon.  That 's 

not  necessar i ly  what  we 're  ta lking about  here  a l though the aromatase 

hypothesis  implies  that  i t  i s  an es t rogen mediated phenomenon that  

we 're  discussing with  respect  to  a t razine exposure .  

I  a lso have to  point  out  that  even in  the  current  l i tera ture ,  

others  have publ ished things and you wil l  f ind,  in  fact ,  in  your  white  

paper  provided by EPA the suggest ion that  the  cr i t ical  per iod is  

ear l ier  in  t ime.  I  th ink this  is  f igure  3 .  One needs to  careful ly  

look at  a l l  of  these s tudies .  This  one is  inconsis tent  with  the res t  of  

the  l i tera ture  as  far  as  I  can te l l  and pr incipal ly,  i t  shows the problem 

of  the  durat ion i t  takes  for  metamorphosis  to  occur  and the impact  of  

that  perhaps.  So,  the  whole  - -  even within the basic  descr ipt ive 

biology we're  seeing some inconsis tencies .  

There  is  another  factor  re la t ive to  sex reversal  by es t rogen and 

that  is  i t  i s  not  ubiqui tously the  same across  a l l  the  species  and I 'm 

sure  that  many of  you know this  bet ter  than I  do,  this  is  jus t  f rom an 
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extract  of  a  paper  by Wallace. 


And again,  i t  points  to  the fact  that  when we're  ta lking about  a  

surrogate  for  an nat ive species  Anuran,  we have to  think very 

careful ly  about  what  i t  means in  regard to  a  compound induced effect  

in  re la t ionship to  gonadal  abnormali t ies .  

So,  in  summary,  there  is  some discussion yesterday about  the  

cr i t ical  dose of  es t radiol  and why we were get t ing less  than maximal 

effects  in  one hundred par t  bet ter  bi l l  in  some of  these s tudies  when in  

the l i terature ,  people  are  c la iming that  doses  as  low as  50 should be 

effect ive for  100-percent  reversal .  I  make the point  again about  the  

es t rogen receptor  re la t ive to  these kinds of  concentrat ions  and where 

the receptors  normally  expect ing to  see  the hormone regulated at .  

We also note  that  i f  you move a  couple  of  orders  of  magni tude 

lower,  es t radiol  becomes toxic  and creates  malformations and death in  

the developing fetus .  

So,  we 're  ta lking about  a  phenomenon that  has  a  - -  which is ,  I  

th ink,  not  wel l  unders tood even today in  regard to  es t rogen induced 

sex reversal  in  the  pr imary model  we have being considered here .  

The cr i t ical  window of  sensi t ivi ty  is  important  and the 

importance of  s tandardizing the ra tes  of  metamorphosis  of  these 

s tudies  are  to  the  t ime per iod in  which metamorphosis  occurs  by 
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means of  the  qual i ty  of  the  cul ture  methods obviously,  is  important  i f 


we're  going to  be comparing these things to  each other.  And then we 

note  that  there  is  the  species  differences  in  terms of  sensi t ivi ty  to  this  

model .  

In  some of  the  newer  technologies  that  exis t  and I 'm going to  

over lay this  information on the development  of  - -  and I  have chosen 

over  here  because this  was the only place where I  could f ind al l  of  the  

cr i t ical  data ,  so  this  is  the  graph that  I  had previously for  females  

only. 

This is from the paper by Iwasawa, again.  He is c lass i fying 

these animals  as  males  or  females .  These are  the  ones  that  are  female .  

He is  displaying that  a long the developmental  s tage.  I  jump to  a  

second paper,  Miyashi ta ,  to  get  information about  to  the expression of  

the  message for  the  es t rogen receptor  and I  over lay that  on the same 

t ime l ine  re la t ive  to  the  gonadal  di fferent ia t ion.  

And I a lso then from that same paper extract the message 

information for  the z ip  19 and overlay that .  And from a third  paper, 

look at  the  sor t  of  the  morphologic  character  of  wel l ,  when are  the 

fol l ic les  forming and when might  that  be  considered to  be perhaps a  

funct ional  uni t  to  be able  to  manufacture  and secrete  es t rogen and 

convert  tes tosterone.  
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I  suggest  to  you that  there  perhaps methodologies  in  this  

cr i t ical  window that  a l lows us  to  get  a  bet ter  descr ipt ion of  processes  

associated with  different ia t ion and then the impact  of  a  Xenobiot ic  on 

those processes .  

How estrogen is  involved in  inducing or  ini t ia t ing sex reversal  I  

don ' t  th ink is  being worked out  thoroughly up to  now and you are  the 

research community that  probably knows the s t ra tegies  that  could be 

used to  augment  that .  But  I  th ink i t  i s  a  key diff icul ty  associated with  

this  area .  

So, jus t to turn back to a t razine and re la t ive to di rect 

es t rogenici ty  as  Dr.  Ashby had indicated,  the  s tudies  are  general ly  

negat ive across  the  ent i re  spectrum.  So,  that  a t razine is  working 

direct ly  as  an es t rogen in  the sex reversal  process  and feminizing 

male  anurans doesn ' t  seem to be a  plausible  a l ternat ive.  

The idea that  a t razine might  up regulate  aromatase and thereby 

accomplish the same thing by del iver ing endogamous est rogen to  that  

t i ssue and therefore  feminize those males  or  par t ia l ly  feminize those 

males  where you get  some par t ia l  expression or  convers ion,  

phenotypical ly  is  not  ent i re ly  supported by the data  that  we have up to  

now. That  is  the  two s tudies  that  were referenced yesterday in  regard 

to  aromatase measures  and evidence that  they were a l tered in  vivo 
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systems is  not  present . 


We al l  recognize the l imita t ions  of  those kind of  exper iments ,  

but  to  the  extent  they have been evaluated at  environmental  or  

re levant  concentrat ions ,  no change in  aromatase had been observed.  

And we had this  morning ago l i t t le  discussion on is  the  enzyme 

inducible .  When I  f i rs t  s tar ted thinking about  this  problem rela t ive 

to ,  you know, immediately  say i t ' s  a  P-450 enzyme and that  is  t rue but  

i t  i s  not  an inducible  enzyme l ike some of  the  mono-oxygenases  that  

are  there  specif ical ly  for  detoxif icat ion.  

The range of  induct ion in  quotes  is  nowhere in  the range that  

you expect  for  some of  the P-450 enzymes l ike the phenobarbi ta l - type 

inducers  can change the expression of  P-450 enzyme over  several  

orders  of  magni tude,  whereas  the range of  aromatase would say 

expression maybe a  twofold,  threefold,  fourfold and one might  regard 

that  as  within the context  of  the  object  of  those enzymes is  to  convert  

tes tosterone local ly  to  provide a  del ivered dose of  es t radiol .  

I f  we 're  ta lking about  DHT, the same kind of  thing.  I t  i s  a  local  

control  mechanism where there  is  ent i re  pi tui tary hypothalamic access  

to  sor t  of  grossly  regulate  the  hormone in  the  - -  avai lable  to  those 

t issues .  

So,  we discr iminate  then between induct ion versus  expression 
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at  least  in  the  way I 'm thinking about  i t  and we note  that  in  invi t ro 


s tudies  where a t razine has  been shown to  increase aromatase in  that  

Sanderson paper,  which we ' l l  descr ibe br ief ly  and the paper  that  Dr. 

Ashby ment ioned ear l ier  re la t ive  to  tur t le  eggs.  

Sanderson 's  model  was to  take a  cer ta in  cel l  types ,  cel l  l ines  

and put  them in anginous media  and add atrazine to  that  medium, 

concentrat ions  raging from lower  levels  on up to  - -  near  the  solubi l i ty  

l imit .  He went  up to  30 micro molar  or  65 hundred par t  per  bi l l ion.  

In  two different  cel l  l ines  the  adrenal  cor t ical  cel l  and the placental  

cancer  sel l  JEG-3,  he observed a  maximal  two to  two and a  half  folds  

increase in  aromatase over  that  especial ly  a t  the  higher  dose ranges .  

At  the  lower  levels ,  he  saw no effect  - -  73 par t  per  bi l l ion in  

that  solut ion was a  no effect  level  for  aromatase induct ion.  In  regard 

to  other  cel l  l ines ,  the  MCF7 he saw no effect  a t  a l l .  And I  would 

jump down to  the fourth  l ine  on that  graph where he had carp t reated 

in  vivo and took the l ivers  out  and looked for  evidence that  

vi te l logenic  couldn ' t  be  inducted by at razine or  blocking est rogen 's 

abi l i ty  to  induce.  That  was ra ther  a  - -  that  was more indirect  method 

or  measure  of  a t razine 's  effect .  

And then I  f inal ly  wil l  turn to  the Spi ter i  s tudy. These are  the  

data  that  Dr.  Ashby was showing with the lef t  panel  being the 
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information that  he had presented for  the  gonadal  aromatase. 


And you wil l  observe in  the a t razine t reated groups on the third  

grouping there  of  data  in  the  lef t  panel ,  that  there  is  th is  apparent  

increase in  aromatase a t  14 thousand ppb and this  was a  nominal  

concentrat ion.  The authors  painted the a t razine on the eggs with  

e thanol .  They weighed the eggs and they determined the 

concentrat ion as  a  nominal  concentrat ion in  the egg.  

What  is  in teres t ing about  this  aromatase increase that  is  being 

reported here  is  there  was no impact  on "sex reversal ."  This  is  no 

phenotypic  conversion of  those males  back to  females ,  whereas  14 

par t  per  bi l l ion put  to  the  egg in  the same kind of  a  model  did  100 

percent  convers ion of  those temperature  dependent .  

So,  whatever  that  aromatase expression is  ref lect ing at  that  

concentrate  - -  in  that  par t icular  model ,  i t  i s  not  having a  biologic  

consequence of  to  the same way that  es t radiol  did .  So,  the  

endogenous es t rogen product ion probably had to  be below that  level  

of  the  appl ied es t radiol .  

So overal l ,  in  regard to  this  par t icular  mode of  act ion,  and I  do 

want  to  say we recognize that  Dr.  Kloas  has  been doing some of  this  

work also with  the androgen receptor  and the expression of  i t .  We 

were looking to  f ind information on the compliment  of  information,  
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such as  I  showed for  the  es t rogen receptor.  I  wasn ' t  able  to  piecemeal 


al l  of  that  together. So,  we didn ' t  use  that  example.  I t  would have 

been as  equal ly  val id  to  look at  ant igen receptor  expression and the 

DHT message and so on.  

Those kinds of  experiments  would be inst ruct ive.  In  any case,  

as  far  as  aromatase goes ,  we don ' t  see  any evidence that  aromatase is  

up regulated invi t ro .  There  are  some data  invi t ro  that  suggest  i t  can 

be.  We note  that  in  some of  those s tudies  there  doesn ' t  seem to be a  

l inkage to  consequences as  far  as  the animal .  And when do you see a  

change in  aromatase with  an unknown amount  of  appl ied at razine to  

the  egg or  a t  least  to  the  del ivered dose of  the  a t razine to  the  inside of  

the egg is  not  known.  

In  regard to  the basic  model  of  changing in  gonadal  character  

phenotypic  expression,  we think that  there  s t i l l  i s  enough uncer ta inty 

around that  model  a t  least  as  i t  appears  in  the  l i terature ,  people  who 

are  report ing ra ther  dramatic  per iods  of  different ia l  in  the  cr i t ical  

window. The t iming of  the  key events  re la t ive to  the expression of  

the  es t rogen receptor  and the aromatase enzyme or  even the enzyme 

that  converts  tes tosterone to  DHT. 

Just  the  conceptual  f ramework of  understanding how an event  

that  happens la ter  in  t ime can be involved in  the process  of  the  
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induct ion of  the  sexual  different ia t ion is  interest ing.  The dose 


response character izat ion re la t ive  to  es t radiol  or  for  having a  theory 

that  i t  i s  endogenous as  to  being del ivered and doing the same thing.  

One needs to get that in order and in l ine .  The role of es t rogen 

in  - -  the  es t rogen receptor  expression re la t ive  to  this  process ,  i s  i t  

independent  of  the  expression of  the  es t rogen receptor  that  we get  the  

sex reversal ,  the  role  of  aromatase expression and differences  in  

species .  

So,  overal l ,  I  th ink some basic  biology needs to  be done when 

we're  focusing on a  model  that  ta lks  about  gonadal  abnormali t ies  and 

changes in  gonadal  abnormali t ies  re la t ive to  a  exogamous chemical  

that  is  put  into  the system,  especial ly  when we're  invoking 

mechanisms that  are  through the pathways that  have been wel l  

s tudied,  that  is  es t rogen induced sex reversal .  

Overal l ,  there  is  lack of  consis tent  evidence to  suggest  that  th is  

par t icular  hypothesis  is  account ing for  the  phenomenon which have 

many inconsis tencies  in  their  own r ight  and we suggest  that  in  a l l  

cases ,  th is  cal l  for  addi t ional  research is  probably the prudent  and 

necessary thing to  t ry  to  do to  t ry  to  c lar i fy  these mat ters .  So,  I  leave 

off  with  there .  I  would be wil l ing to  answer  any quest ions .  

Thank you.  
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DR. ROBERTS: Thank you Dr.  Breckenridge.  

I  bel ieve Dr.  Denver  has  a  quest ion for  you.  

DR. DENVER: A point  of  c lar i f icat ion,  a  quest ion and a  

comment . 

You ment ioned that  Sanderson 's  s tudy showed a  two and a  half  

fold  increase in  aromatase,  but  I  bel ieve that  was in  the  messenger  R 

and A.  So,  perhaps a  ref lex of  t ranscr ipt ion.  I  th ink they also 

reported a  4-  to  5-fold increase in  the  act ivi ty  of  the  enzyme. I  th ink 

i t  i s  important  to  f i rs t  of  a l l  d i fferent ia te  between the actual  act ivi ty  

that  you are  measuring and also the t ranscr ipt ion of  the  gene.  

DR.  BRECKENRIDGE: Yes,  I  bel ieve you are  tota l ly  correct  in  

that  c lar i f icat ion.  

DR. DENVER: The other  quest ion I  had was,  has  Syngenta  

a t tempted to  repeat  those s tudies  of  Sanderson? 

DR. BRECKENRIDGE:  We have not a t tempted to repeat them. 

They appear  to  be substant ia l  and clear.  That  is  to  say the DOS 

response characters  were seem to be pret ty  re l iable  and s t rong.  We 

did note  some inconsis tencies .  There  was one of  the  metabol i tes  of  

a t razine was tes ted,  dymachloratr izne.  

Intui t ively there  would be no reason to  bel ieve i t  wouldn ' t 

operate  in  the  same way,  yet  i t  fa i led to  have the effect  that  a t razine 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

79


or  s imizine or  propiomazine (ph)  which are  members  of  the  same


class .  We noted in  that  same s tudy,  hydroxy atrazine,  where the 

chlor ine is  removed from the molecule ,  did  not  a l ter  the  expression of  

the  message or  aromatase levels  and that  would be consis tent  with  our  

unders tanding of  perhaps a  s t ructure  basis  for  i t .  

We also in  our  discussions with  our  endocrine people  recognize 

that  es t rogen and aromatase expression --  one can regard Dr.  James 

Simpkins ,  who is  our  endocrine - -  the  leader  of  our  human endocrine 

panel  - -  has  a  model  for  evaluat ing the benef ic ia l  effects  of  es t rogen 

on --  the  protect ive effects  of  es t rogen on cel ls  and basical ly  i t  i s  an 

ischemia model  where he causes  cel lular  damage in  the  brain  and the 

net  resul t  of  that  physical  damage to  cel ls  is  an up-regulat ion of  

aromatase and expression of  es t rogen.  He fundamental ly  bel ieves  

there  is  a  cer ta in  amount  of  protect ive effects  a t  least  in  the  brain  in  

regard to  an aromatase expression.  

We are  mindful  of  that  in  the  context  of  the  cel lular  s tudies .  

We're  not  necessar i ly  c la iming those,  that 's  the  purpose or  the  reason 

why these cel ls  are  responding.  That  is ,  no cytotoxic  or  damage to  

these cel ls ,  but  i t ' s  a  possibi l i ty. 

DR. DENVER:  Well , assuming i t i s not a cytotoxic effect and 

granted that  these are  t ransformed cel ls  and may not  ref lect  the  invivo 
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s i tuat ion,  has  anyone considered using these cel ls ,  perhaps as  a 


benchmark for  aromatase induct ion by atrazine in  any of  the  s tudies  

that  have been conducted --  any of  the  amphibian s tudies  or  even 

mammalian  s tudies? 

Could these cel ls  perhaps be valuable  as  a  bioassay for  assaying 

for  the  bioact ivi ty  of  the  a t razine in  preparat ions  made by different  

laborator ies  or  s imply val idat ing the aromatase assays and showing 

the induct ion by at razine.  

DR. BRECKENRIDGE:  As a bioassay for the presence of 

a t razine across  labs ,  that  - -  I  mean,  obviously,  the  analyt ic  message 

would be preferred just  to  quant i fy  that .  

DR. DENVER:  The reason I br ing that up is there is a lot of 

discussion of  var iance in  the resul ts  obtained with  different  doses  of  

a t razine and also potent ia l  vehicle  effects ,  vehicle  interact ions  with  

a t razine.  

I  wonder  i f  some of  these could be addressed using a  cel l  based 

assay,  which would be re la t ively inexpensive?  The cel ls  could 

potent ia l ly  be cul tured in  the  different  laborator ies  and tes ted with  

the preparat ions  that  were going to  be used in  the amphibian assays or  

the  preparat ions  of  a t razine could be sent  to  a  central  tes t ing lab 

where they could be val idated using a  cel l -based assay of  this  sor t .  
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DR. BRECKENRIDGE: I  guess ,  real ly,  to  properly  answer that  

quest ion in  terms of  ease of  that  kind of  a  program, maybe i t  would be 

bet ter  i f  Dr.  Giesy addressed how rel iable  and uniform are  those 

resul ts  in  repl icate .  That  would be a  cr i t ical  feature  of  a  bioassay of  

that  sor t .  I  would have to  defer  to  Giesy and Sanderson.  

I f  you would l ike,  Mr.  Chairman,  he could probably come up 

and answer  that  quest ion.  

The second phase of  i t  though,  I  didn ' t  unders tand --  i f  you 

could.  You had a  second quest ion as  par t  of  that  two-phase thing? 

As a  surrogate  - -  I  th ink you were using these cel ls  as  a  

surrogate  for  the  aromatase up-regulat ion in  amphibians  and I  didn ' t 

qui te  unders tand what  you are  looking at .  

DR.  DENVER: No,  I  didn ' t  in tend to  use i t  as  a  surrogate ,  but  

ra ther,  I  mean,  they would be valuable  for  a  number  of  reasons as  a  

posi t ive  control  for  actual ly  showing that  the  a t razine that  was being 

used in  the laboratory actual ly  had some effect .  That 's  what  I 'm 

referr ing to .  

DR. BRECKENRIDGE: Thank you.  

Mr.  Chairman,  would you l ike Dr.  Giesy to  come forward or  do 

you want  to  defer  that?  

DR. ROBERTS: I  have a  number  of  other  panel  members  l ined 
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up for  quest ions,  but  i f  Dr.  Giesy could perhaps consul t  with  Dr.


Denver  during a  break and go over  that .  

Dr.  Isom and next  and Dr.  Skel ly  and Dr.  Kloas .  

DR. ISOM: Thank you.  

Dr.  Denver  touched on the f i rs t  point  or  quest ion I  have,  but  i f  I  

recal l  correct ly  the Sanderson s tudy was done in  human tumor l ines ,  

mammalian cel ls  and the quest ion I  would have,  is  there  a  difference 

in  species  effects  on induct ion aromatase and are  you aware of  any 

s tudies  that  have been done across  species  on the enzyme? 

DR. BRECKENRIDGE:  I 'm not aware of those s tudies as i t 

re la tes  to  a t razine.  DR.  ISOM: I t  seems that  the  direct ion that  

Dr.  Denver  was going is  that  perhaps a  s tudy should be done in  

rept i l ian cel ls  or  cel l  cul tures  as  opposed to  humans,  which the human 

cel l  l ines  could be used as  perhaps a  s tar t ing point  and give you some 

dose response s tudies .  But  i t  appears  that  the  - -  real ly  the  end resul t  

should be done in  appropria te  specie 's  cel ls .  

DR.  BRECKENRIDGE: Yes.  My view on invi t ro  versus  invivo 

obviously,  is  you go to  the  model  system that  is  par t icular ly  re levant  

to  the  species  and to  the  impact  on that  species .  We're  never  sure  

what  we 're  looking at  when we're  put t ing high concentrat ions  direct ly  

with  cel ls  in  invi t ro  model .  I t  i s  indicator  of  some potent ia l  
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possibi l i ty  of  induct ion,  but  I  don ' t  th ink i t  implies  necessar i ly 


within the whole  animal  that  that  would actual ly  recur. 

I  would caut ion with having too much exuberance about  the  

prospects  of  having that  par t icular  model  being re levant  to  the  whole  

animal .  

DR.  ISOM: A second quest ion would be:  Are you aware of  any 

s tudies  that  have been done where a  posi t ive  control  inducer  - -  non-

atrazine inducer  of  aromatase has  been s tudied and i t  produces  

induct ion aromatase in  the species  and then secondly,  we see changes 

in  developmental  effects?  

DR. BRECKENRIDGE: We looked long and hard for  inducer  of  

aromatase  in  the  l i tera ture .  

The only thing we have come up with was plast ic  laden,  perhaps 

and I  think the posi t ive  control  that  Dr.  Giesy used in  his  s tudy was 

AMP.  So,  those are  the only two agents  that  I 'm aware of  that  - -  there  

is  a  paper  by Harr is  that  ta lks  about  a  plas t ic  l ine  in  two and the 

posi t ive  control  that  Giesy used within this  model .  I 'm not  aware 

Xenobiot ic  that  actual ly  helps  regulate  aromatase.  

DR.  ISOM: i f  I  recal l  correct ly,  I  th ink Sanderson has  used 

some fungicides  in  his  paper  to  induce aromatase act ivi t ies  through 

inhibi t ion of  phosphodiesterase .  To  me,  i t  seems the logical  way to  
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go is  be able  to  even --  to  show that  aromatase induct ion induces  the 


biological  effect  that  we 're  looking for  here .  

DR.  BRECKENRIDGE: I  f ind i t  in terest ing the concept  of  

posi t ive  control .  Is  a t razine a  posi t ive  control  now for  aromatase 

induct ion?  I  mean,  when does i t  and how does an agent  actual ly  

become the s tandard for  a  par t icular  modal i ty?  I  know there  are  

s tudies  on aromatase inhibi tors  and they descr ibe them as  

nonestrogenic  aromatase inhibi tors .  

How do you actual ly  reach the viewpoint  that  perhaps there  

isn ' t  an - -  through an endocrine mechanism that  those inhibi tors  are  

operat ing.  So,  one has  to  be a lmost  - -  i t ' s  a  scient i f ic  consensus as  to  

what  const i tutes  posi t ive  control  for  a  par t icular  mode of  act ion and 

we're  ta lking about  a  mode of  act ion that  is  aromatase up-regulat ion,  

which from a biologic  perspect ive,  xenobiot ics  aren ' t  - -  or  the  biology 

isn ' t  designed to  react  to  xenobiot ics  for  up-regulat ion whereas ,  in  the  

P450 enzymes,  those enzymes there  are  specif ical ly  for  the  purpose to  

recognize the  ant ibiot ic .  

I  don ' t  know what  to  say about  the  posi t ive  control  di lemma 

associated with  the aromatase par t  of  this  experiment .  

DR. ROBERTS:  Dr. Skel ly. 

DR.  SKELLY:  I  wil l  leave i t  to  you to  decide,  Drs .  Ashby and 
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Breckenridge,  who is  best  able  to  answer  my quest ion,  but  based on 


both of  your  presentat ions ,  I  caught  a  couple  of  themes.  One is  that  

the  resul ts  that  we 're  focusing on here ,  I 've  have shown very s t rong 

context  dependence across  s tudies  within las t  labs  and between labs .  

The second is  that  i t  may be premature  to  look for  mode of  act ion.  

The suggest ion by Dr.  Ashby that  maybe the way to  go --  the  pr ior i ty  

should be to  s tar t  working on lab s tudies  focused on xenopus laevis  

and looking at  gonadal  deformit ies .  

I  wondered what  the  ra t ional  is  for  put t ing f ie ld  s tudies  a t  a  

lower  pr ior i ty  and at  what  point  should the decis ion be made to  do 

f ie ld  s tudies  and how would those be used is  say,  weight-of-evidence 

approach? 

DR. ASHBY:  The s imple answer is  that  you can control  

condi t ions  much bet ter  in  a  laboratory.  I  mean,  perhaps up to  now the 

control  - -  the  condi t ions  aren ' t  being control led precisely  enough as  

was ra ised by ear l ier  quest ions  about  whether  or  not  they are  exact  

repeats .  But  a t  least  you know what  is  in  the  water.  I  mean,  I  th ink 

one of  the  main problems in  f ie ld  s tudies  is  what  e lse  is  around.  So,  

for  example in  the Crain s tudy there  are  13 chemicals .  I f  you 

bothered to  s tar t  looking into  that  and then you have to  s tar t  asking,  i f  

they have played a  par t ,  what  are  they? 
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I t  i s  jus t  a  control  that  you know you are  ta lking about  a  

specif ic  chemical ,  that 's  a l l .  

I  know --  I  don ' t  know there  is  not  enough data  yet ,  but  you 

would not  expect  to  f ind things that  you see in  the f ie ld  that  you don ' t 

see  in  the  laboratory i f  i t  i s  a  s imple  chemical ly  media  to  do defect .  

You wouldn ' t  expect  interact ion with  some environmental  condi t ion,  

which only made i t  act ive in  the  f ie ld .  

So,  theoret ical ly,  you should be able  to  model  this  successful ly  

in  the laboratory and then get  some knowledge of  dose response and 

perhaps mode of  act ion and then extrapolate  into  through to  the f ie ld .  

I t  jus t  seems procedural ,  real ly,  you can br ings f rogs in  much 

easier  than go out  into  the f ie lds .  

DR.  SKELLY:  I  guess ,  as  my fol low-up,  I 've  done a  lot  of  

experiments  on amphibian larvae,  both in  the lab and f ie ld .  There  are  

things that  involve interact ions  - -  you know, synergisms between 

actors  that  you absolutely  can ' t  see  in  the  lab that  you can see in  the  

f ie ld.  

I  guess  I 'm concerned that  you might  real ly  miss  something i f  

there  is  some sor t  of  synergism.  And i f  the  posi t ion --  i f  your  

posi t ion is  that  i t  i s  premature  to  consider  mode of  act ion,  that  sends 

me out  to  the  f ie ld  f i rs t .  Maybe not  f i rs t  but  a t  least  s imultaneously. 
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DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  would l ike to  give a  comments  about  your  

presentat ion on es t radiol  use .  Firs t  of  a l l ,  you ment ioned that  there  is  

a  KD for  the es t rogen receptor  of  about  10 minus 10 molar.  So,  I 'm 

only for  avai lable  for  one paper.  I 'm also a  coauthor  and we had 10 

minus e ight  molar  for  xenopus.  

DR. BRECKENRIDGE: Thank you very much for  that  quest ion.  

I  actual ly  was taking that  f rom  my knowledge of  the human 

est rogen receptor  binding concept ,  so  I  didn ' t  - -  I  was not  able  to  f ind 

one for  the  amphibian and I  appreciate  that .  

DR.  KLOAS: I t 's  Luetz  and Lewis  (ph)  in  1999.  

Secondly,  for  the  cr i t ical  dose things are  a lso many reports  in  

the  past  l i tera ture  but  a lso a  more recent  one,  you can induce --  not  in  

just  male  developing xenopus,  but  you can induce feminizat ion in  

phenotypic  get t ing more phenotypic  of  females  for  being in  

concordance with  the terminology. At  10 minus e ight  molar  and 10 

minus 9  molar  i t  seems to  be a t  least  the  tendency for  get t ing 

feminizat ion.  

I  th ink the doses  you are  deal ing with  - -  the  differences  with  

what  may happen with amphibian es t rogen receptors  is  not  so far  
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re la ted and I  would l ike  to  c lar i fy  i t  more. 


Secondly,  I  th ink aromatase experiments  invivo and using x 

vivo measurements  of  aromatase,  personal ly,  I  th ink,  as  I  ment ioned 

yesterday also,  then i f  you want  to  show up something,  you need 

short- term exposures  not  long-term exposures .  Then you have 

endocrine counter  regulat ions .  

We already discussed that  yesterday,  do i t ' s  not  real ly,  I  th ink i t  

i s  a  good prove long-term experiments  and having no differences  and 

as  we know i t  i s  a  very - -  ra ther  diff icul t  to  assay aromatase and 

s tandard deviat ions ,  I  th ink I  would real ly  re ly  on short - term 

exposures .  

DR. BRECKENRIDGE: Thank you very much for  those 

comments . 

I  put  the  chal lenges out  more as  a  s t imulus  for  thought ,  because 

I 'm not  an exper t  in  this  area .  I  have been reviewing that  l i tera ture  

and looking at  inconsis tencies  even within the l i terature  and also 

recognizing some of  these new methodologies  can give a  bet ter  

resolut ion of  t ime rela t ive to  dose and effect .  

So,  that 's  k ind of  - -  the  point  I  was hoping to  s t imulate  this  

panel  and others  should think about  because I  th ink you get  work 

locked into a  paradigm and you sometimes look beyond maybe some 
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outs ide input  as  to  other  ways of  looking at  that  paradigm. 


DR. ROBERTS: Dr.  Kel ley. 

DR. KELLEY: Could we turn to  your  second s l ide i f  you could 

switch to  that?  

This  is  the  cr i t ical  window side - -  Cri t ical  window for  es t radiol  

induced sex reversal .  

I  would l ike  to  c lar i fy  the lapondo (ph)  in  Lar io 's  (ph)  resul ts ,  

because I  see  that  they are  confusing and hard to  interpret .  I  see  they 

have shown up,  I  th ink also in  an inaccurate  way in  to  the white  paper  

from the EPA. 

So,  one of  the  points  you wanted to  make in  this  presentat ion as  

I  unders tand i t  i s  that  the  l i tera ture  is  somewhat  inconsis tent  in  terms 

of  what  the  cr i t ical  window is  for  sex reversal  and at  what  s tages  i t  

occurs .  

Let  me just  point  out  that  in  this  Vil lapandos s tudy,  what  they 

did was to  begin t reatment  s tage 44 with  100 micrograms per  l i ter  of  

E2 and they cont inued t reatment  for  90 days a t  which point  their  

animals  were somewhere between s tage 56,  which is  the  f i rs t  

morphological  s tage most  people  agree,  except  for  Iwasawa,  who 

somehow see i t  ear l ier.  But  a lmost  everybody else  agrees ,  in  fact  

everybody else  agrees ,  you can see the gonads at  56 and some of  their  
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animals  were a t  s tage 67.  I 'm not  sure  what  that  is ;  I  assume i t ' s  a 


juveni le .  

So,  that  they didn ' t  - -  so ,  what  they did was to  t reat  throughout  

that  per iod.  So,  for  you to  say that  the  cr i t ical  window for  sex 

reversal  is  - -  in  their  s tudy s tar ts  a t  44 is  inaccurate ,  because the 

t reatment  was cont inued through the cr i t ical  window. 

I f I could just read into the record here what their resul ts were 

calculated from this  paper  and I  have the paper  with  me i f  anybody 

would l ike  to  see i t ,  1990,  i f  they begin a t  s tage 44 and t reat  a l l  the  

way unt i l  they sacr i f ice  the  animals ,  they get  100 percent  ovar ies .  

That 's  t rue up unt i l  s tage 50.  Star t ing at  s tage 51,  they s tar t  to  get  

ovotestes .  

There  is  actual ly  a  very nice  pic ture  in  the  l i terature  of  what  an 

ovotest is  is  in  review paper  by Witschi ,  which I  have with  me,  where 

you can see f rank male  gonad and frank,  wel l -developed female 

ovar ies .  This  is  in  an adul t  where i t  i s  easy. 

So,  you get  ova tes t is  beginning --  when you t reat  between 

s tages  51 and 54 in  this  Vil lapando paper  and then s tar t ing at  s tage 

55,  begin t reat ing out  to  somewhere between 56 and 67 you have 

ei ther  ovary or  tes tes .  

So,  in  this  case ,  the  cr i t ical  window for  sex determinat ion 
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agrees  completely  with  the previous s tudies  by Chang & Witschi  and 


so,  you have to  be careful  whether  the exposure is  a  cont inuous 

exposure  given during cr i t ical  per iod.  So,  I  have to  say I  disagree 

with  you that  the  resul ts  are  inconsis tent .  

I t  i s  t rue that  the  Japanese group has  sex different ia t ion of  the  

gonads seen a  l i t t le  bi t  ear l ier,  but  they are  the  only paper. 

Everybody else  can ' t  see  any sex different ia t ion unt i l  s tage 56.  

DR. BRECKENRIDGE: Thank you very much for  that  

comment .  

As I sa id, I 'm not an exper t in this area , but actual ly, the 

cr i t ical  window portrayed on this  char t  is  der ived from the textbook 

chapter  under  by I  Witschi ,  where  he - -  wel l ,  the  blue l ine  represents  

the  data  f rom Iwasawa,  but  the  textbook chapter  by Witschi  has  this  

l i t t le  experiment  where he is  dosing in  two successive day intervals .  

He descr ibes  the feminizat ion occurr ing in  that  per iod of  t ime.  

He uses  a  different  s tage notat ion in  that  text  chapter,  so  maybe you 

can help to  c lar i fy  that  for  me? 

DR. KELLEY: No.  I  th ink I 'm just  te l l ing you that  Vil lapando 

agrees  completely  with  Witschi ,  that 's  a l l  I 'm saying and I  that 's  - -  I  

a lso think that  the  white  paper  graph of  this  is  somewhat  misleading 

and should be corrected.  
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DR. BRECKENRIDGE: Thank you.  

DR. ROBERTS:  Were there any other aspects of presentat ion 

or  publ ic  comment  on Dr.  Ashby,  Dr.  Breckenridge or  Syngenta  

otherwise? 

All  r ight  I  would l ike  to  thank you,  gent leman,  very much for  

your  presentat ion today and the information that  you have given to  the 

panel  and your  discussion and dialogue with the panel .  I  would l ike  

to  now go to  a  break for  about  15 minutes  and then we wil l  cont inue 

with  our  publ ic  comment .  

(Brief  Break.)  

DR. ROBERTS: Welcome back from the break.  Our next  

publ ic  commenter  is  Dr.  Tyrone Hayes,  who is  here  on the behalf  of  

the  Univers i ty  of  Cal i fornia  Berkeley. 

Welcome Dr. Hayes. 

DR. HAYES:  Welcome.  My name is Tyrone.  I f i rs t want to 

thank the panel  for  a l lowing me the opportuni ty  to  speak.  

I 'm from the Univers i ty of Cal i fornia Berkeley and I am the 

Director  of  the  Laboratory for  Integrated Studies  in  Amphibian 

Biology. I 'm current ly  Associate  Professor,  Professor  as  of  this  

coming semester  and I  have been involved in  s tudying amphibian 

developmental  endocrinology for  a t  least  the  ent i re ty  of  my 
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professional  career,  even including my Bachelor 's  work,  Bachelor 's


thesis  work at  Harvard where I  conducted s tudies  looking at  the  

effects  of  temperature  on growth development ,  metamorphosis  and sex 

different ia t ion in  wood frogs.  

I  then completed by PhD in the Univers i ty  of  Cal i fornia  

Berkeley,  under  the direct ion of  Paul  Licht  (ph) ,  where I  s tudied the 

role  of  s teroids  and thyroid hormones in  growth development  

metamorphosis  and sex different ia t ion.  I  then completed a  post-  doc 

of  Chi ld  Inst i tutes  of  Chi ld  Heal th  and Human Development ,  again 

s tudying molecular  and biochemical  mechanisms of  hormone act ion in  

amphibian development .  

I  want  to  s tar t  - -  what  I 'm going to  do today is  f i rs t  cont inue 

introduct ion with some of  my aff i l ia t ions  and funding sources .  I  a lso 

might  point  out  I 'm not  used to  s i t t ing down when I  lecture .  I 'm 

usual ly  a  l i t t le  more animated and so are  my s l ides .  So,  i t  wi l l  be  a  

very visual-based presentat ion.  So,  you might  posi t ion yourself ,  i f  

we could get  the  l ights  down.  

After  int roducing al l  of  my aff i l ia t ions ,  I  wi l l  g ive a  br ief  

in t roduct ion in  my general  in teres t  in  amphibian --  in  my general  

in teres t  in  amphibians ,  in  terms of  their  developmental  

endocrinology,  the  work that  led up to  my work in  endocrine 
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disrupt ion,  i f  that 's  what  we 're  going cal l  i t .  


Then I  wi l l  go direct ly  into  the s tudies  that  we 've done with  

a t razine and descr ibe in  detai l  the  methodologies  that  we have used to  

measure  and document  the endpoints .  

Then from there I would l ike to put the work into broader 

context  and ta lk  to  you about  t rying to  es tabl ish cause and effect  not  

jus t  us ing my work but  using work from the open l i terature  and then I  

wi l l  c lose .  

I  unders tand that  there  might  be pause for  quest ions  a long the 

way and I ' l l  cer ta inly s top to  address  those,  i f  that 's  okay with  The 

Chair. 

Firs t  I  would l ike  to  introduce al l  of  my funding sources .  I 

have been funded by Novart is  and Syngenta  Ecorisks ,  however  you 

want  to  cal l  i t .  I 've  had funding from the Nat ional  Science 

Foundat ion through mult iple  grants .  My students  have been funded,  

several  of  them through the Howard Hughes Medical  Inst i tute .  I 've  

had funding from the World Wildl i fe  Fund,  Jones Foundat ion,  

Homeland Foundat ion,  the Rose Foundat ion,  the Capour  (ph)  

Foundat ion and The Nat ional  Geographic  Society. 

I  have l is ted a t  the  bot tom  my own name,  because I  have also 

donated money from various awards and companies  that  I  was 
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involved in  to  research and to  personnel  working in  my laboratory.


So,  those are  my aff i l ia t ions ,  not  a l l  of  them necessar i ly  contr ibuted 

to  the  work that  I ' l l  present  today. 

This  is  a lso a  l is t  of  the  s tudents  have been involved in  the 

work ei ther  direct ly  or  indirect ly. The ones  underl ined were s tudents  

who have coauthored work such as  the Nat ional  Academy paper  that  

was discussed,  the  paper  in  Nature ,  the  paper  in  Environmental  Heal th  

Perspect ives  and I  wi l l  d iscuss  some of  the  other  s tudent 's  work that  

is  a lso re levant .  

I a lso want to point out that dur ing the t ime I worked with 

Novart is  and the Eco Panel ,  I  was cer t i f ied my laboratory good 

laboratory pract ices .  Kathryn Benz was the person who did the 

t ra ining and so,  my laboratory operated under  the  same --  I  th ink i t  

was cal led GOP operat ion,  a t  least  in  terms of  the  QAQC and al l  that  

in  terms of  my cer t i f icat ion.  

That  being said,  one of  the  things that  has  fascinated me 

personal ly  and professional  about  amphibians  is  the  accessibi l i ty. I 

th ink growing the up as  a  chi ld  and cont inuing now,  the abi l i ty  to  see 

what  you are  looking at  newly fer t i l ized egg that 's  about  the  s ize  of  a  

pin head.  

In  a  few hours  i t  turns  into  this ,  a  few hours  la ter  depending on 
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species ,  you are  now looking at  an animal  that  is  beginning 


neurulat ion,  an animal  that  is  about  to  break free  of  the  egg je l ly  and 

begin swimming and depending on the species  two months ,  e ight  

weeks or  sometimes several  years  la ter  you get  a  mature  f rog.  

What  is  fascinat ing about  the  animal  is  the  abi l i ty  to  watch 

developmental  events ,  including fer t i l izat ion,  f i rs t  c levage,  

gastrulat ion,  neurulat ion and then the metamorphosis  process .  

Pr imari ly,  the  animal  is  accessible  because there  is  no egg shel l ,  

because there  is  no membrane,  there  is  no yolk sac.  

I t ' s  not ,  you know, i t  has  no placenta .  I t  i s  not  ins ide of  the  

female  when i t  i s  developing.  That  same accessibi l i ty  makes i t  a  good 

s tudy tool  a lso makes amphibians  suscept ible  to  chemicals  such as  

endocrine disrupters  or  environmental  pol lutants  that  otherwise  - -

other  animals  might  have membranes  or  egg shel ls  to  protect  them 

from being exposed to  those chemicals .  

In  par t icular  compounds that  might  mimic or  interfere  with  

hormones are  s ignif icant ,  because many of  the changes that  we ta lked 

about  including metamorphosis  and sex different ia t ion and growth 

and development  are  regulated by some of  the  same hormones that  

people  are  concerned about .  

In  that  regard because of  not  only sensi t ivi ty  during 
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development  but  a lso because the animals  are  in  land and they are 


also in  water,  they have a  permeable  skin,  compounds might  have or  

do have I  bel ieve,  greater  accessibi l i ty  to  the  animals .  So,  you might  

see  what  might  be low-dose effects  that  other  animals  might  not  

exper ience.  

The other  interest ing thing about  amphibians ,  of  course ,  is  that  

they have very accessible  end points  that  are  regulated by the very 

hormones that  we are  interested in .  

So,  what  are  you looking at  now is  a  larvae,  this  is  a  

hyperlowase or  leap frog.  That 's  the  adul t  and i t  i s  undergoing 

metamorphosis  - -  the  c l imax of  metamorphosis  in  and four  days and 

that  process  is  control led by thyroid hormone.  

Thyroid hormone is  a  modif ied amino acid and some of  the f i rs t  

s tudies  to  es tabl ish thyroid hormone and thyroid gland,  were avai lable  

as  ear ly  as  1912 by Gudernosh (ph) ,  who,  of  course  didn ' t  have access  

to  crysta l l ized thyroid hormone,  but  fed thyroid glands f rom horses  to  

tap poles .  Real ly,  as  far  as  I  know, f i rs t  d iscovered the role  of  

thyroid hormone in  metamorphose.  

Estrogen,  depending on the species  has  a  role .  As you have 

heard,  i t  can induce feminizat ion,  complete  sex reversal .  I t  can make 

a  genet ic  male  xenopus laevis  grow ovaries  and turn into  a  funct ional  
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female .  That  we have known at  least  s ince Gal l i ian 's  s tudies  1953 and 


f inal ly  androgens in  a t  least  one t issue and --  we ' l l  ta lk  about  others  - -

is  known to  regulate  the larynx or  the  voice box in  xenopus laevis ,  as  

have you heard.  We have known this  a t  least  s ince 1986 from Darsey 

--  Darsey Kel ley 's  work.  

Par t  of  the  reason I  put  this  up is  in  addi t ion to  point ing out  

that  these are  - -  as  you wil l  see ,  these are  visual  endpoints  we can 

easi ly  assess .  

I  a lso wanted to  make the point  whi le  we 're  concerned about  

new problems,  endocrine disrupt ion,  for  example.  I  have heard the 

terms,  "Emerging Science" and "New Endpoints"  used.  These are  

real ly  endpoints  that  endocrinologis ts  and developmental  biologis ts  

have been wel l  character ized and we have known for  qui te  some t ime 

the role  of  hormones in  many of  these things and in  fact ,  and down to  

the molecular  level  and the genes  that  are  involved in  many of  these 

processes .  So,  they are  not  new points ,  new endpoints .  

We  may be applying that  to  s tudies  in  a  different  way,  but  i t  i s  a  

wel l -es tabl ished science.  

One of  to  the  animals  I  got  interested in  for  a  whi le  is  th is  one.  

I t ' s  Hyperl isargous (ph)  and again,  what  you are  looking at  is  a  male  

and we know that  because he is  green.  As you wil l  see  la ter,  females  
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are  different .  You see here  the vocal  sack,  which is  androgen 


dependent  feature  l ike  the larynx that  you would only f ind in  a  normal 

male .  The animals  is  unique in  that  the  males  and females  are  

different  colors .  

This  wil l  show you in  a  minute  this  secondary sex character  in  

the  female  is  hormone regulated and i t  i s  regulated by es t rogen.  

For example, this i s work I did wi th Karen Menendez (ph) that 

we publ ished several  years  ago.  You are  looking at  animals  now, 

digi ta l  photograph 1,  2 ,  3 ,  4 ,  5 ,  6  days.  That 's  the  same individual ;  

that 's  a  control .  I f  tes tosterone is  appl ied,  there  is  no effect ,  but  i f  

es t rogen is  appl ied,  you can see the spot t ing.  You can induce the 

female  colorat ion prematurely or  you can induce i t  inappropria te ly  in  

males .  One of  the  other  things that  we showed while  s tudying the role  

of  hormones in  these animals ,  you are  now looking at  the  unders ide - -

that 's  a  control .  I t ' s  a  newly metamorphosed animal ,  that 's  an animal  

exposed to  .1  nanograms per  male  tes tosterone and then 1 nanogram --

and I ' l l  show you another  view. 

You looking at  premature  induct ion of  the  vocal  sac  in  a  

juveni le  male .  You can also induce this  feature  to  develop in  a  

female.  So,  again we have now we have androgen assay.  The animal  

as  es t rogen assay on i ts  back,  an androgen assay on top on i ts  bot tom. 
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In  a l l  f rogs you can use the back end i f  you wil l  as  your  thyroid assay.


So,  here  is  a  control  tadpole  a t  two weeks of  age,  two months  

la ter  the  animal  should look l ike  that ,  but  i f  you block thyroid 

hormone,  for  example,  th is  two month old animal  is  the  sane as  this  

animal ,  but  a t  the  same s tage as  this  young tadpole .  

So,  what  is  in terest ing is  - -  and what  we have been t rying to  

develop in  my laboratory over  the  las t  - -  oh,  I  guess  s ix ,  seven years  

now are  easi ly  measurable  endpoints  that  are  endocrine regulated by 

the three hormones that  we 're  interested - -  thyroid hormones,  

tes tosterone or  androgens - -  in  this  case  tes tosterone and est radiol .  

This  is  jus t  one assay.  In  fact ,  we patented this  assay.  This  is  jus t  

one assay that  we have used,  because we can t reat  the  animals  and we 

don ' t  know have to  know what  we 're  looking for.  We get  a l l  three 

hormones,  both agonism and antagonism. 

I ' l l  g ive you an example of  the  ut i l i ty  of  such as  assay.  This  is  

work with Karen Menendez and Nigen Noriega,  both former s tudents  

in  the  lab.  That 's  a  control .  This  is  animal  t reated with  es t radiol .  

The point  I 'm going to  make I 'm here  - -  I 'm going to  show you several  

compounds.  The point  I 'm about  to  make is  that  when we have an 

assay that 's  es t rogen specif ic  in  an amphibian but  not  only es t rogen 
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specif ic ,  the  specif ic i ty  of  the  response,  meaning the es t rogen 


responds to  and the types  of  es t rogens that  i t  doesn ' t  d i rect ly  correla te  

with  es t rogen 's  known to  be funct ional  in  humans.  

For  example,  es t rogens that  wi l l  induce mammary cancer  cel ls  

to  divide wil l  a lso induce these color  changes.  I  point  that  out ,  

because I 'm going to  come back to  this  a t  the  end and also - -  someone,  

I  th ink i t  was Dr.  Vandercrack (ph)  s ta ted yesterday that  i f  we know 

something about  the  human androgen receptor  we can assume that  the  

a t razine won' t  b ind the f rog androgen receptor  and I 'm kind of  making 

opposi te  s ta tement  that  knowing something about  f rogs wil l  te l l  us  

something about  animal 's  environmental  heal th  and publ ic  heal th  in  

general .  

In  my  mind,  this  meet ing is  about  much more than amphibians  

but  there  are  broader  implicat ions .  So,  moving along,  here  is  - -

e thanol ,  es t radiol ,  here  is  now a synthet ic  es t rogen,  that 's  used in  

bir th  control  pi l ls ,  so  i t ' s  re la t ive  to  humans.  I t  g ives  a  posi t ive  

effect .  

Here  is  die thyl ,  s t i l l  the  s t raw.  I t ' s  a  nonsteroidal  synthet ic ,  

very potent  es t rogen,  very potent  in  the f rog.  Here is  OPDDT. Again,  

known to  bind the es t rogen receptor,  not  a  s teroid,  not  a  hormone,  but  

a  pest ic ide that  gives  a  posi t ive  effect .  
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And most  interest ing i f  you give es t rogen in  combinat ion with  

tamoxifen,  you can block the effect .  So,  here  we have an ant ies t rogen 

that 's  important  in  humans in  t reatment  of  breast  cancer,  but  i t  a lso 

shows a  s imilar,  posi t ive  response in  a  f rog.  

So,  what  I  wanted to  do is  give you an idea of  in  general  the  

kinds of  work that  we have been doing and how they might  re la te  to  

the problem that  we 're  faced with now. 

So,  le t 's  get  on with  the a t razine thing.  I  probably don ' t  have to  

te l l  you this .  This  is  s t ructure  of  a t razine.  I f  you look at  i t  there  is  

no reason to  think that  i t  might  interfere  with  any of  the  hormones I  

ment ioned.  I t  cer ta inly doesn ' t  look l ike  a  s teroid.  

I t  i s  an herbicide used with monocrops,  corn and sorghum. I t 's 

been used for  40 years .  We use something between --  the  biggest  

numbers  I  have seen are  150 mil l ion pounds per  year. The smal les t  I  

have seen are  60 mil l ion pounds per  year  in  the U.S.  I t ' s  used in  more 

than 80 countr ies .  As you know, i t ' s  a  pret ty  major  problem and one 

of  the  major,  i f  not  the  most  s ignif icant ,  most  common contaminant  in  

water  as  we ' l l  get  to .  

What  I 'm going te l l  you about  now is ,  I 'm going to  go through 

the methodology that  we use in  my laboratory.  I 'm going ta lk  to  you 

about  the  laboratory model  we used ini t ia l ly  to  assess  the  effects  of  
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atrazine.  This  work s tar ted when I  was a  par t  of  the  Eco Risk Panel , 


back in  1998 we s tar ted to  work.  

Then I 'm going to  ta lk  to  you about  how we use those endpoints  

in  xenopus laevis  to  develop comparat ive s tudies  and ask do we see 

this  effect  across  amphibians .  How have we have modeled that?  I 

want  to  point  out  too,  wi th  the comparat ive s tudies ,  because this  has  

come up before ,  the  goal  wasn ' t  in  that  ini t ia l  s tudy to  do a  ful l -dose 

range.  The goal  was to  ident i fy  an endpoint  to  decide i f  we can go 

onto number  three and do the f ie ld  s tudies .  

The goal  was to  take a  nat ive American frog,  ident i fy  an 

endpoint  and then move and to  do s tudies  in  the wild ,  and we' l l  ta lk  

about  that .  The next  thing we went  on to  do af ter  doing our  f ie ld  

s tudies  and some work that  we haven ' t  publ ished,  yet  we have done 

f ie ld  s imulat ions  that  I  th ink address  many i f  the  problems that  come 

up in  the  white  paper  and cer ta inly some of  the  uncer ta int ies  

associated with the f ie ld  s tudies .  Then,  f inal ly  one ongoing s tudy 

that  I  wi l l  te l l  you about  that  real ly  br ings  the f ie ld  back into  the lab.  

So,  something l ike ,  I  guess ,  a  reverse  microcosm or  something.  

So,  the  laboratory model  - -  what  I 'm going to  do now is  I 'm 

going to  te l l  you a  l i t t le  bi t  about  our  procedure.  Somebody said 

something ear l ier,  I  th ink Dr.  Ashby,  about  things hadn ' t  been 
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repl icated.  That 's  not  t rue. 


Typical ly, in my laboratory, we do a ser ies of t reatments .  What 

you are  looking at  here ,  for  example,  represented by the rectangles  

are  negat ive controls .  We have an untreated control  and an ethanol  

t reated control .  So,  i t  i s  not  t rue that  a l l  of  our  t reatments  contain  

e thanol .  

We always have at  least  one ethanol  t reatment  and we can ta lk  

about  why that  is ,  i f  you wish.  Then we ini t ia l ly  tes ted several  doses  

of  a t razine,  .01 al l  the  way up to  25 par ts  per  bi l l ion or  25 micrograms 

per  l i ter.  Then we had a  ser ies  of  what  we cal l  "Posi t ive  Controls ."  

We had a  T-3 or  thyroid hormone control  to  look at  potent ia l  - -  to  

have something to  compare i t  or  look at  potent ia l  thyroid hormone 

l ike  effects  or  antagonis t  effects .  We had an es t radiol  posi t ive  

control  and a  dyhydral  tes tosterone posi t ive  control .  Al l  these 

t reatments  are  repl icated three t imes minimal ly,  three  t imes with  one 

experiment .  

We color  code and do double  bl ind analysis  in  everything in  my 

laboratory.  So for  example,  the  s tock solut ions  for  these t reatments  

might  be made by Nigel  Noriega and I  might  receive a  ser ies  of  

numbered vials ,  1  through 10 or  whatever  that  adds up to  - -  3 ,  8  - -

yes ,  1  through 10,  and then I  wil l  pul l  the  numbers  off  those,  
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recording them and I  wil l  color  code each one with  some unique 


combinat ion of  colors .  

So that  Nigel  does  not  know which solut ion is  which and then 

two other  personnel  - -  in  this  case  Atiff  Col l ins  (ph)  and Mendoza 

might  do the dosing from the solut ions to  the animals .  So,  they have 

no idea - -  in  some cases  the  s tudents  have no idea what  the  t reatments  

even are .  They just  know that  they are  dis t r ibut ing f ive colored vials  

of  solut ion,  making f ive carboys (ph)  of  solut ions,  dividing that  up 

into  f ive s imilar ly  colored tanks using f ive s imilar ly  colored nets ,  

e tcetera .  

As each animal  metamorphoses ,  the  technician or  s tudent  

involved in  harvest ing those animals  gives  i t  a  number.  In  this  case ,  

99 XLAZTR was the experiment  we conducted with Novart ix .  So,  

each animal  is  ass igned a  unique number,  so  when analysis  is  done,  

a l l  we have is  number.  So,  i f  I  go back and I  analyze the larynx of  the 

gonads,  a l l  I  have is  animal  number  99 XLATZ546.  

At  most ,  I  can t race i t  back to  a  color.  I  would have to  go to  - -

or  back to  a  number  and then I  would have to  go to  yet  another  person 

to  f igure  out  which solut ion was solut ion Number 3 .  

So,  that  a l lows everybody to  be able  to  do the analysis  bl indly. 

So,  using that  kind of  setup --  and we' l l  ta lk  la ter.  I  mean,  we do 
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three-day s ta t ic  renew --  that  actual ly  s tar ted with  Novart is  Syngenta 


Ecorisk.  We used to  do renewal  everyday.  We do three-day s ta t ic  

renewal  now and we' l l  ta lk  my feeding and things la ter. 

The endpoints  we examined in  the  ini t ia l  s tudy were mortal i ty. 

We examined development ,  growth and metamorphosis .  We 

determined the s ta te  and s ize  of  the  animals  on a  regular  basis .  We 

documented the t ime of  metamorphosis ,  both the t ime to  form the 

emergence as  wel l  as  to  t ime the complete  ta i l  absorpt ion and the s ize  

a t  metamorphosis .  

And number  two is  thyroid hormone dependent .  So,  i f  a  

solut ion made the animals  metamorphosis  too s lowly,  then i t  i s  a  

ant i thyroid effect ,  too quickly,  then i t ' s  a  thyroid- l ike effect .  

Number  three,  we analyze gonadal  different ia t ion which in  

xenopus is  inf luenced by est rogen not  androgen.  In  some species  

androgens wil l  make 100-percent  males ,  not  xenopus laevis .  Estrogen 

wil l  g ive you 100-percent  females  i f  adminis tered properly  and we 

analyze that  endpoint .  In  number  four,  we looked at  larval  growth,  

which,  as  I  sa id ,  androgen dependent  - -  or  laryngeal  growth,  which is  

androgen dependent .  

So,  a  compound and made the androgen grow big.  I t  i s  act ing 

l ike  and androgen and compound that  inhibi ted the larynx is  somehow 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

107


in terfer ing with androgen act ion. 


Atrazine did not  affect  larval  growth development  or  

metamorphosis .  Mortal i ty  as  a lways in  my laboratory,  was about  90-

percent .  We don ' t  accept  anything below 85-percent  and i t  i s  rare  that  

we get  85-percent .  

DR.  KELLEY: You mean viabi l i ty? 

DR. HAYES: Viabi l i ty. I 'm sorry. 

Mortal i ty  was average 10-percent  and we don ' t  accept  anything 

greater  than 15-percent .  We found atrazine inhibi ted laryngeal  

growth in  males .  

What  I 'm going to  do now before  I  show you al l  the  data  is  I 'm 

going to  show you al l  the  s teps  we went  to  to  val idate  the 

methodology. 

As I  sa id ,  you are  looking at  now a picture  of  a  s tage 58 animal  

drawing.  The gonads a t  that  s tage and a  cross  sect ion through the 

larynx which I  wi l l  ta lk  to  you.  This  is  jus t  to  i l lus t ra te  the  laryngeal  

growth is  androgen dependent .  This  is  jus t  a  car toon to  show 

androgen --  demonstrat ing that  androgen causes  laryngeal  growth.  

We did t ransverse  ser ia l  cross  sect ions  - -  not  in  tadpoles ,  but  i t  was 

easier  for  me to  draw a tadpole  and what  that  means is  we took 

sect ions  in  the  direct ion and in  the plain  that  you are  shown here  and 
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the  muscle  that  we measured is  the  di la tor  larynges,  which I  wi l l  show 


you in  a  l i t t le  more detai l  in  a  minute .  

We  measured the largest  cross  sect ional  area  in  the  end and our  

f inal  analysis ,  we only measured one s ide.  We did not  measure both 

s ides  and I ' l l  show you why.  You are  looking at  a  dissected 

larynx.  I t  has  been s ta ined;  i t  i s  not  normally  that  color.  This  muscle  

here ,  which I  wi l l  b low up is  the  constr ic tor.  This  muscle  is  the  

di la tor,  so  this  pul ls  the  glot t is  open;  this  constr ic ts  i t .  There  i t  i s  

blown up and what  i t  i s  essent ia l ly  is  a  hol low box with an opening or  

glot t is  that  is  control led by these two muscles .  This  one is  the  di la ted 

larynges again.  So,  now you are  looking at  a  s l ice  through i t  and you 

can see that  i t ' s  th is  hol low box.  There  is  the  opening,  the  lungs 

would be back here .  

This  is  now looking down on the larynges,  so now are  you 

looking at  the  dorsal  or  the  top of  the  larynx.  That 's  the  bot tom. 

That 's  is  actual ly  the parathyroid glands on the bot tom of  the larynx.  

And the sect ions  that  we examined were,  as  I  sa id ,  t ransverse  ser ia l  

cross  sect ions .  I ' l l  show you exact ly  which once they were,  taken 

from the larynx about  a  thi rd  of  the  way through the di la ted larynges.  

Now, looking at  a  ser ies  of  sect ions  and the sect ion we analyze in  

each animal  would have been the lef t  s ide some where between this  
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one and this  one.  And in  the end,  we ended up doing i t  based on 


shape.  I  wi l l  show you al l  of  the  analysis  we went  through to  decide 

that .  

Firs t  quest ion is  can we real ly  pick out  the  largest  sect ion and 

can we do i t  object ively? 

Most  of  this  work involved Oll ie  Stewart  (ph) ,  who was in  the 

laboratory a t  the  t ime.  What  you are  looking at  now is  one exercise  

where I  bel ieve we took 20 micron ser ia l  sect ions  throughout  the  

larynx and then we had Oll ie  in  the pink go through al l  the  s l ides ,  

through every s ingle  sect ion and pick out  the  largest  sect ion.  

So,  that  is  his  choice and then we had him go through --  he  

went  through and measured every s ingle  sect ion to  f igure  out  the  

absolute  largest  and then we analyzed the data  - -  a  subset  of  the  data  

asking,  is  his  choice of  the  largest  sect ion s ta t is t ical ly  any different  

f rom the actual  largest  sect ion.  i .e . ,  in  going through and measuring 

every s ingle  sect ion.  

We found he was as  good at  picking the largest  sect ion,  going 

through visual ly  inspect ing and picking the largest  sect ion as  actual ly  

measuring every s ingle  sect ion and picking i t  that  way. 

The next  thing we did was we took a  ser ies  of  s l ides ,  I  th ink 

several  hundred s l ides .  I 'm showing you two examples  and I  used 
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tape to  cover-up the s l ides .  Ol l ie  then picked the largest  sect ion.  We


measured i t .  Ol l ie  picked the largest  sect ion and we measured i t ,  then 

I  taped al l  the  s l ides ,  gave them back to  him again,  to ld  him they were 

a  different  set  of  s l ides ,  had him pick the largest  sect ion again.  

We did that  for  several  specimens,  which amounted to  

reviewing hundreds of  s l ides .  This  just  shows an example of  how 

close he came to  picking the same sect ion each t ime and the tota l  area  

af ter  three t imes he could look at  i t  and say,  look you are  giving me 

the same s l ides  over  and over  again.  So,  we s topped the exercise .  

I  mean,  you could te l l ing that  they were the same. The other  

thing we did is  we taped over  a  ser ies  of  s l ides  that  contained DHT 

estradiol  controls ,  females  and asked them to go through several  

hundred s l ides  represent ing several  specimens and t reatments  and 

pick out  the  largest .  In  other  words,  given a  bunch of  s l ides ,  we are  

asking him,  can you pick out  an androgen t reated animal  out  of  bunch 

of  randomized s l ides?  He was able  to  do that .  

The next  quest ion we asked was is  cross  sect ional  area enough.  

I  should point  out  this  work was done while  I  was par t  of  the  Ecorisk 

panel .  So,  this  was a l l  avai lable  to  the Ecorisk,  overseen by the 

Novart is  Syngenta  Risk Panel .  

For  this  exercise ,  we did f rontal  ser ia l  sect ions ,  because i t  
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created fewer  sect ions .  Then,  we measured every s ingle  sect ion of  the 


larynx and mult ipl ied by the length to  actual ly  generate  the  ful l  

volume of  the lef t  and r ight  of  the  larynx.  In  other  words,  maybe the 

cross  sect ion area wasn ' t  enough to  te l l  you enough about  s ize .  

Maybe we needed to  es t imate  volume.  

I t  turns  out  you can get  data  this  way but  i t  was qui te  t ime 

consuming.  With the sample s ize  that  we 're  t rying to  do,  i t  was qui te  

impract ical .  

The next  quest ion we asked was,  is  the  largest  sect ion 

representat ive?  We did a  ser ies  of  things.  We looked at  land marks 

such as ,  for  example,  a lways measuring a  sect ion that  looks l ike  this ,  

as  opposed to  a lways measuring a  sect ion of  di la ted that  looks l ike  

this ,  we measured the exact  middle  sect ion.  We  measured the tota l  

length as  a  measure .  

This  shows the largest  sect ion,  geometr ic  center  and the two 

landmarks.  This  hor izontal  l ine  represents  the  length of  the  larynx.  

This  represents  the  cross  sect ion area of  the  lef t  and the r ight  and 

essent ia l ly  we showed that  we got  the  same data ,  the  best  data  by 

picking out  the  largest  sect ion,  that  no landmark was bet ter  able  to  

give you same data .  In  fact ,  we ended up using a  landmark because,  

because the  largest  cross  sect ion is  a lways - -  a t  leas t  a t  
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metamorphosis  in  the same sect ion of  larynx. 


So,  in  summary,  the  analysis  of  laryngeal  volume was 

impract ical ,  a t  least  in  the  way that  we were doing i t ,  by count ing 

every s ingle  sect ion and calculat ing i t  that  way.  The choice of  largest  

cross  sect ional  area ,  we deemed accurate ,  re la t ive  to  looking at  

landmarks,  repeatabi l i ty,  abi l i ty  to  do i t  b l indly,  abi l i ty  to  pick out  

the  androgen posi t ive  controls .  The choice of  largest  sect ion was 

repeatable .  In  other  words,  we could bl ind and give back the same 

samples  and get  the  same data .  

The analysis  of  landmarks provided the same information;  there  

was no landmark that  gave us  a  bet ter  measure  than picking the 

largest  sect ion.  

We looked at  the  lef t  s ide versus  the r ight  s ide,  which again I  

don ' t  have to  go into  detai l .  What  I 'm showing here  are  the  untreated 

--  the  negat ive controls ,  the  posi t ive  controls ,  the  a t razine t reated 

ones .  The blue are  the females ,  the  yel low are  the males .  We show 

there  was no difference between lef t  and r ight  s ide.  I 'm going go 

through the data  in  detai l .  

We corrected the data  for  snout-vent  length,  which I  don ' t  th ink 

is  appropria te  and cer ta inly,  col lect ing for  body weight  is  not  

appropria te ,  because of  the  a lmatr i  (ph)  and because the larynx is  
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growing completely  androgen dependent  and not  necessar i ly  re la t ive 


to  body s ize .  But  we were asked to  do i t  and we did i t .  I t  g ives  you 

the same data ,  same effects .  

This  shows the f inal  data  set  which I 'm going to  go through in  

more detai l .  This  shows that  same data  set  corrected for  snout-vent  

length.  

What  I 'm going to  do now is  I 'm going to  ta lk  about  s tar t ing 

with  one.  I  mean,  I 'm going ta lk  about  both of  the  data  sets  f rom the 

PNAS. One of  the  things that  wil l  become clear  a t  the  end of  my ta lk  

now i t  that  we 're  now talking about  a  repeat  or  repl icat ion of  the  f i rs t  

exper iment .  

The f i rs t  experiment  was down under  the auspices  of  the 

Narvata  Syngenta  Ecorisk Panel .  That  was done in  - -  began in  1988 

and was conducted throughout  - -  in to  1999.  

The s tudies  that  we publ ished in  the Nat ional  Academy of  

Sciences  are  now a second and a  third  s tudy. So,  that  is  my --  now a 

third  repl icat ion of  a  s tudy that  had three repl icates  of  each t reatment  

within.  Does that  make sense?  If  anything I  say doesn ' t  make sense 

throw something at  me. 

So,  what  you 're  looking at  now is  laryngeal  s ize ,  the  largest  

cross  sect ion of  the  area of  the  lef t .  For  example,  I  not iced in  - -
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whose was i t  - -  Dr.  Ashby's  ta lk ,  he  had real ly  big larynges and then 


he had mine down there ,  but  that 's  actual ly  only half  the  larynx,  

because we only looked at  one s ide and that 's  s ta ted in  the paper. 

Here is  the  average s ize  for  males .  Here is  the  average s ize  for  

females .  This  is  in  our  controls ,  in  our  e thanol  t reated controls .  

What  I 'm going to  show you now --  individual  data  points  and I  

bel ieve,  i f  I 'm not  mistaken,  you are  looking at  10 males  per  repl icate  

- -  the  points  that  you are  looking at .  I  want  you to  not ice  a  couple  of  

things.  One is ,  th is  is  the  average for  control  males ,  these are  the  

individual  data  points  and they are  evenly dis t r ibuted.  I ' l l  show you 

this  in  a  different  way.  Half  are  above average and half  are  below 

average.  I f  we look at  our  posi t ive  control ,  the  dihydrotestosterone,  

on average they are  larger. There  is  the  mean,  but  more of  the  

animals  are  above where a  control led male  would be,  i f  that  makes 

sense.  

I ' l l show in i t a di fferent way in a minute .  Now, are you 

looking at  the  a t razine in  par ts  per  bi l l ion,  .01,  .1 ,  1 ,  10 and 25.  

What  I  want  you to  not ice  in  the  red bars ,  on average they are  

smal ler,  s tar t ing at  one par t  per  bi l l ion.  What  I  a lso want  you to  

not ice  is  that  more of  the  animals  are  fa l l ing below the mean.  In  other  

words,  the  dis t r ibut ion is  changing.  I f  you do a  tes t  of  homogenei ty  
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variance you wil l  f ind that  you fai l ,  which means that  an analysis  of 


variance is  not  appropria te  of  the  data .  

DR.  KELLEY: Which repl icate  are  these data  f rom? 

DR. HAYES:  This is from work from -- this is work from the 

PNS paper. 

DR.  KELLEY: Okay. So,  this  is  two and three? 

DR. HAYES:  Two and three?  Yes. 

DR.  KELLEY: You just  descr ibed i t?  

DR. HAYES:  Yes. 

There  is  s imilar  data  a t  wel l  presented in  the  report  that  I  sent  

to  you,  Syngenta ,  f rom the or iginal  s tudy. 

What  are  you looking at  now --  the  same data ,  jus t  presented in  

a  different  way.  The blue show the proport ion of  animals  above the 

mean,  above the mean for  the  control  males  in  untreated controls  and 

in  e thanol  t reated controls .  

They are  normally  dis t r ibuted --  about  half  are  above average 

and half  are  below average.  I f  you look at  the  DHT treated animals  - -

so the  es t radiol  t reated animals ,  there  is  no males ,  they are  a l l  

females .  You are  only looking at  male  data  now,  that 's  why there  is  a  

blank.  

For  the  DHT treated animals ,  90-percent  of  the  animals  are  
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above average.  In  other  words,  90 percent  of  the  animals  are  above 


where a  control  male  would be,  above that  average.  

I f  you look at  the  a t razine t reated animals ,  increasingly more 

animals  are  below average with  the dose of  a t razine,  such that  a t  1  

par t  per  bi l l ion,  80-percent  of  the  animals  are  below average,  the  

average for  controls  and 90-percent  of  the  animals  a t  10 and 25 are  

below average.  

The reason we looked at  the  data  this  way were a  couple  

reasons.  One was,  I  wanted to  know if  i t  was inappropriate .  We 

conducted non-parametr ic  analyses  and the quest ion we were asking,  

which I  th ink is  more re levant  to  the  populat ion and I  welcome the 

panel  to  comment .  The quest ion we are  asking is :  I f  you are  in  an 

at razine contaminated environment ,  what  proport ion of  the  animals  

would be effected? 

I t  i s  l ike  the  example I  l ike  to  use  with  my s tudents  is  - -  i t ' s 

l ike  the GREs and SATs. Nobody know their  raw score,  you know, 

your  percent i le .  You want  to  know how am I  doing rela t ive to  

everybody else .  How am I  doing i f  I  weren ' t  exposed as  a  populat ion.  

Maybe I ' l l  s top now if  there  are  quest ions .  Does that  make 

sense how we're  doing the analysis?  

DR. KELLEY: Could you go back to  the previous s l ide? 
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So these ends are  actual ly  different  in  your  - -

DR. HAYES:  No, they are not . 

DR.  KELLEY: They look different .  

DR.  HAYES: Well ,  there  are  points  on top of  points .  There  is  -

-

DR. KELLEY: So,  the  end is  this  - -  could you te l l  us  the ends? 

DR. HAYES: I t  i s  ten animals  per  repl icate ,  i f  I  recal l  

correct ly. 

DR.  KELLEY: But  there  is  def ini te ly  more than 10 in  the 

control  group.  I  jus t  counted up the dots .  

DR.  HAYES: One,  two,  three - -  my recol lect ion is ,  i t  was ten.  

DR. KELLEY: There 's  def ini te ly  more than ten.  

DR. HAYES:  I t was more than ten.  I apologize. 

DR.  KELLEY: But  the ends - -  you bel ieve the end were equal  

for  these groups? 

DR. HAYES:  Yes. 

DR.  KELLEY: Actual ly,  there  a  lot  more than ten.  Okay, 

thanks.  

DR.  HAYES: I  can go back and give you that  number  exact ly. 

The quest ion was could we repeat  these data  especial ly  given 

that  the  doses  were so low and,  in  fact  - -  th is  is  now the same data  
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that  I  jus t  showed you,  so here  are  the  males  and here  are  the  females .  


There is  the  one par t  per  bi l l ion.  In  addi t ion to  repeat ing,  what  we 

decided what  we wanted to  do as  wel l ,  i s  to  look between these two 

doses  to  t ry  and determine i f  there  was a  dose response.  

So,  we looked at  a  zero dose which was our  control .  Then we 

looked at  .1 ,  .4 ,  .8  and one par t  per  bi l l ion and then we also looked at  

25 and 200 in  this  second experiment .  And again,  we got  the  same 

kind of  effect  where i t  appeared s tar t ing at  one par t  per  bi l l ion,  we 

got  the  reduct ion in  laryngeal  s ize .  

What  you are  looking at  now is  another  representat ion now of  

both experiments ,  the  percent  above the mean --  I  bel ieve this  f igure  

was also publ ished in  the PNAS paper.  This  is  percent  above the 

mean rela t ive  to  a t razine dose and s tar t ing at  1  par t  per  bi l l ion,  there  

seems to  be a  threshold effect  where 80-percent  of  the  animals  are  

below average,  s tar t ing at  1  par t  per  bi l l ion.  

I f  we put  that  on a  log scale ,  i t  looks l ike  there  is  a  l inear  dose 

response.  These are  the  same data  just  on a  log scale  and these are  the  

two experiments .  

We looked at  - -  we t r ied to  do or  did  correla t ion analysis  to  

look for  dose response and we did not  get  a  s ignif icant  P value,  

greater  than .05.  That  is  what  you are  looking at  on the lef t .  We also 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

119


did a  Kendal l 's  coeff ic ient  of  rank looking at  whether  or  not  there  was 


a dose response in  the proport ion of  animals  effected.  In  other  words 

we asked,  with  increasing dose is  there  a  greater  number  of  animals ,  a  

greater  proport ion of  the  animals  affected by at razine.  We got  a  

s ignif icant  P value,  less  than .01.  

So,  in  our  f inal  analysis ,  there  were no different ia tes  between 

the lef t  and the r ight  s ide of  the  larynx and so we chose to  use only 

one s ide as  a  t imesaving device.  

DHT treated males  and females  had larger  larynges and Inova 

could not  ident i fy  an effect  of  a t razine and,  in  fact ,  because of  the 

heterogenei ty  of  var iance,  Inova was not  the  appropria te  tes t  to  use  

and that 's  why they moved to  the non-parametr ic  analyses .  The non-

parametr ic  tes ts  revealed an effect  of  a t razine above --  I  should say 1 

par t  per  bi l l ion - -  we 're  s tar t ing at  one par t  per  bi l l ion,  greater  

proport ion of  the  animals  were below average.  

And fur ther  analysis  revealed a  dose effect  with  increasing 

at razine dose increased the number  of  below average males .  

What  I  would l ike  to  do now is  ta lk  about  the  second ends point  

and go through some of  the terminology. In  fact ,  I  have both 

terminologies  here  on the s l ide .  

a t razine produced intersexes  or  hermaphrodi tes  in  16 to  20 
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percent  of  the  exposed animals .  


I  wi l l  show you now the types  of  gonadal  abnormali t ies  that  

have been discussed here  in  detai l  and give you the terminology that  

we have set t led on.  I t  i s  t rue that  we changed terminology between 

the xenopus and the rana and that 's  because the effects  manifest  

themselves  in  a  different  way between the two species ,  as  I ' l l  show. 

Firs t ,  what  I  want  to  do is  te l l  you how we determined the sex 

of  the animals .  Again,  I  want  to  go through some of  the procedures  

we use in  the laboratory.  You are  looking at  now a male  and female .  

I  wi l l  show you how we can te l l .  This  is  a  f reshly dissected kidney of  

a  male  and female  - -  that 's  fa t  body in  the male ,  the  gonads actual ly  

there  and in  the female  the gonad is  actual ly  there .  They are  

t ransparent .  Unless  you f ix  them and this  is  why we f ix  in  Buren (ph)  

solut ion.  I t  contains  Petrac  acid and i t  turns  them yel low. 

I  can show you this  is  i f  same animal  i f  you look at  that  set  of  

pigment .  That  corresponds to  a  set  of  pigments  over  here .  This  is  the  

exact  same animal .  The t ransparent  gonad is  here  and there  is  the  

tes tes .  The tes tes  is  short  in  a  male .  I t  i s  only about  a  thi rd  the 

length of  the  kidney.  I t ' s  typical ly  smooth or  unlobed and xenopus 

lacks  pigment .  

In  the female ,  again,  the  is  the  exact  same animal  now sta ined 
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or  preserved in  Buren,  the  ovary is  usual ly  this  long --  or  is  th is  long 


s t ructure ,  extends the ent i re  length of  the  kidney.  I t  i s  ventral -medial  

to  the  kidney.  I t  i s  lobed and i t  has  black pigment  or  melanin 

interspersed throughout .  

The way we ident i fy  the gonadal  abnormali t ies  in  mammalians  

is  the  fol lowing.  We were t rying to  do a  s tudy where we took animals  

a t  d i fferent  s tages ,  determined their  sex and froze them immediately. 

We were going to  save them for  hormone analysis .  In  other  words,  we 

had a  set  of  animals  that  we could not  preserve in  Buren.  I f  you go 

back,  these a lmost  invis ible  things,  Ol l ie ,  Stewart  and Erin  Vonc (ph)  

and I  - -  these a lmost  - -  I  was t rying to  sex animals  based on these 

a lmost  vis ible  s t ructures .  

So,  I  quest ion whether  or  not  - -  how accurate  I  was.  We took a  

subset  of  animals  where we did just  th is .  I  went  through and sexed 

them, we preserved them in Buren,  and then I  went  back and sexed 

them again to  determine i f  I  were correct .  We did about  a  100 

animals ,  i f  I  recal l  and bl indly.  I  d idn ' t  know which ones  were which.  

I  was r ight  100 percent  of  the  t ime with controls  and somewhere 

between 15 to  20 percent  of  the  t ime,  i f  i t  was an at razine t reated 

animal ,  I  was incorrect .  I  would cal l  i t  a  male  and la ter  f inds  out  i t  

was - -  I ' l l  show you.  That  was ini t ia l ly  how we discovered the 
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problem. 

Here is  what  we do in  my laboratory for  any experiment ,  for  

every experiment .  Once the animals  are  harvested,  the  s tudents  or  

personnel  who have been involved with the project  have only access  

to  a  color.  The ones who have been doing the animal  care  have no 

idea which t reatments  were which.  They might  know, for  example,  in  

this  case  I 'm going give you example of  four  animals  that  came out  a  

blue tanks,  four  animals  that  came out  of  a  red tank.  When the 

animals  are  preserved that 's  a l l  that  is  known.  They are  given an 

individual  number  and they wil l  know the tank number  that  they came 

from. 

Those animals  as  they come out  would be given a  specimen 

number,  something that  has  the experiment  name on i t ,  fol lowed by 

the number  for  that  specimen and then one person involved in  the 

project  such as  Nigel  Noriega would go through and look at  each 

animal .  He would look at  an animal  l ike  this  and say that  one is  a  

male .  He would record they are  male .  What  I 'm going to  do is ,  I 'm 

going to  show you how we double-check on each other  throughout  the 

process .  I 'm also going to  show you how we def ine the abnormali t ies  

that  have been discussed here  today. 

He might  go through a  second animal .  Again that 's  a  female .  
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So,  you see the long s t ructure  the ent i re  length of  the  kidney,  the 


black melanin interspersed throughout  the  lobes .  He would cal l  that  

one a  female .  That  one would be a  female ,  you 've got  another  male .  

Then he would get  to  something l ike  this .  I t  i s  long almost  ent i re  

length of  the  kidney,  but  i t  i s  got  no pigment .  

I  don ' t  know if  you can see i t  f rom there  but  i t  i s  lobed.  I t  

doesn ' t  meet  a l l  the  cr i ter ia  that  we use when we're  s tor ing somebody 

as  a  female .  So,  he would record UO, or  what  we cal l  unpigmented 

ovary in  this  case .  He might  get  another  animal  that  looks l ike  this .  

I ' l l  go through i t  la ter,  but  i t  has  got  what  look l ike  mult iple  

gonads.  We ini t ia l ly  cal l  that  lobed tes tes .  I  th ink this  is  the  same 

thing that  Dr.  Carr  cal ls  discont inuous gonad.  And you might  get  

something l ike  this  that  has  - -  what  looks l ike  unpigmented ovar ies  as  

wel l  as  lumps of  tes tes  and he would record that  as  a  hermaphrodi te ,  

sometimes they are  recorded as  intersex or  i f  i t ' s  confusing,  we might  

record i t  as  a  quest ion mark and go back and review i t .  

A second person,  in  this  case,  Roger  Leu (ph)  would come by 

and review al l  of  those animals  bl indly,  again,  and usual ly  one of  the  

people  involved is  not  involved in  the project  a t  a l l .  I t  i s  somebody 

working on something else  and then we might  have a  t ra inee,  

somebody who is  now sexing animals  for  the  f i rs t  t ime,  again,  do i t  
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bl indly. 

Then I , personal ly, sex every animal that i s used in my 

laboratory.  That 's  in  excess  of  10,000 animals  per  year. Then we' l l 

put  the  whole  thing together. We'l l  go through and we' l l  ask,  for  

example,  are  there  animals  that  we al l  d isagree on and then we ' l l 

review al l  of  those animals  together  especial ly,  for  example,  th is  is  

Mable  Choy (ph)  i f  i t  i s  a  novice and somebody new,  that 's  our  

process  of  teaching them how to ident i fy  gonads.  

Any quest ionable  gonads,  any ones that  get  a  UO or  an LT or  an 

H,  and a  subset  of  normal  males  and females ,  a l l  under  go his tological  

analysis  for  confirmat ion.  

A subset  of  males  and females  would be analyzed.  In  the case 

of  xenopus --  in  rana,  we do everybody. A subset  of  males  and 

females ,  a l l  anomalies  are  analyzed his tological ly. The his tology 

looks l ike  this .  

In  a  normal  male  - -  th is  l ine  represents  t ransfer  cross  sect ion.  

I t ' s  l ike  s l ic ing a  salami. The difference in  color  is  now because i t  i s  

a  s ta ined that  we use when we do the microscopy. The tes tes  is  

a lways sol id  a t  s tage 66,  a t  metamorphosis .  You can see the blue 

r ings  of  connect ive t issue,  so  the  tes t icular  lobules  are  s tar t ing to  

different ia te .  The ovary typical ly  has  this  r ing of  connect ive t issue,  
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ovarian vesic le  and i t  i s  hard for  me to  see f rom al l  the  way back here , 


but  those are  melanin granules ,  the  same  melanin granules  that  you 

see there  in  the  ovary. 

An animal  l ike  this  - -  in  this  case  I 'm going to  do a  sect ion this  

way and I ' l l  b low up now these sect ions .  In  this  case,  i f  you are  c lose 

enough,  you can see these are  a l l  individual  gonads that  have been 

sect ioned ser ia l ly,  that  don ' t  seem to have any connect ion.  

So,  there  are  discont inuous gonads or  as  Dr.  Carr  cal ls  them, 

discont inuous gonad or  as  we have cal led them, lobed gonads or  

broken tes tes  is  another  term that  s tudents  have used,  but  i t  i s  the  

same thing.  There  is  no female ,  there 's  no ovar ian t issue apparent ly, 

e i ther  morphological ly  or  his tological ly. I t  looks l ike  mult iple  tes tes  

res ident  in  a  s ingle  animal .  

Sometimes you get  animals  look l ike  this .  In  this  case ,  there  is  

a  tes tes  on one s ide,  maybe a  l i t t le  ovar ian t issue and an ovar ian 

ovary on the other  s ide.  There  is  a  cross  sect ion to  confirm that .  

That 's  the  renal  ar tery. There  is  the  tes tes ,  there  is  an ovary with  the  

ovar ian vesic le .  Sometimes we get  rost ra l  coddle  arrangements  but  

not  necessar i ly  in  any order. 

So, somet imes we get , in this case tes tes on top with ovar ies 

coddl ing and what  I 'm going to  do now is  I 'm going do one s ide 
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sagi t ta l .  So,  you can see there  is  kidney and there  is  the  ovary. You


should see - -  you could see a  sect ion there .  This  i t  would be the next  

sect ion.  

Again,  that 's  the  sect ion through your  ovary and so,  we 're 

basical ly  s l ic ing up.  When you reach the inter ior  por t ion,  you s tar t  to  

get  in to  tes t icular  por t ion that 's  actual ly  qui te  wel l  d i fferent ia ted.  

You can see these holes  are  actual ly  tes t icular  lobules  s tar t ing to  

form. On the other  s ide,  i f  we do a  t ransfer  sect ion,  that 's  a  large 

tes tes  that  might  be an ovar ian vesic le  s tar t ing in  that  tes t is .  I t  i s  not  

c lear  and fur ther  down i t  i s  ovar ian.  

Here is  an animal  that  has  t ruly  a  mixed hermaphrodi te ,  as  we 

cal l  i t .  So,  i t  has  two tes tes  fol lowed by two ovaries ,  a  large tes tes  

and more ovary. We did ser ia l  cross  sect ions;  I 'm only showing you 

representat ive ones .  There  is  the  fa t  body which is  a lways a t tached to  

the inter ior  por t ion,  two tes tes  fol lowed by two ovaries ,  there 's  the  

large tes tes ,  there 's  ovary and the two ovar ies  a t  the  back again - -

tes tes  ovar ies .  

So,  what  we would do now with this  data  set  is  f i l l  in  the 

his tology,  confirm that  the  his tology matches  the gonadal  mythology. 

Then we go through and we cross  everything out  that  appears  in  

controls .  
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By cross  out  I  mean we have def ined abnormali t ies  as  

morphologies  that  show up in  t reatment  groups once the data  decoded 

that  never  appear  in  controls .  We def ined i t  that  way.  So,  

discont inuous tes tes ,  unpigmented ovar ies  - -  I  wi l l  te l l  you in  a  

minute ,  we have found a  very low frequency in  some controls ,  but  

discont inuous of  the  lobe tes tes  and the hermaphrodi tes ,  we have 

never  in  over  10,000 animals  per  year  a t  least  for  the  f ive years .  

And in  every s tudy,  this  is  how we ident i fy  the abnormali t ies .  

Does that  make sense? Quest ions? 

So,  in  xenopus,  anyway,  there  is  this  range of  abnormali t ies .  

For  example,  what  we cal l  the  s ingle  sex polyglobul ism in  a  mult iple  

tes tes  or  lobe tes tes .  The la teral  hermaphrodi t ism,  where sometimes 

we have one gonad one s ide and one on the other,  an ovary on one 

s ide,  tes tes  on the other,  as  shown here .  

This  is  an animal  with  anter ior  or  poster ior  hermaphrodi t ism or  

caudal / rost ra l .  We also get  these mixed hermaphrodi tes .  But  again,  

these are  a l l  morphologies  that  we 've never  seen in  controls ,  us ing the 

methodology I  jus t  descr ibed to  you.  

This  was another  one of  the  morphologies ,  the  unpigmented 

ovary. So,  the  s t ructure  looks ovar ian but  i t  lacks  pigment .  We have 

according to  the PNAS paper.  We've now ident i f ied in  a  s tudy,  3  
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animals  out  of  300 --  3  controls  out  of  300 that  have the unpigmented 


ovary. As you wil l  see ,  i t ' s  a  very low frequency in  controls ,  but  

there  is  that  di fference now. 

What  I  reported in  the PNAS paper,  the  16 to  20 percent  

hermaphrodi tes ,  were those morphologies  that  I  jus t  showed you and 

I 'm going to  show you now, a  larger  data  set .  I 'm going to  show you 

the individual  types  of  abnormali t ies  that  we found per  dose.  What  

appeared at  the  t ime --  and my thinking now is  a  l i t t le  bi t  d i fferent ,  

but  here  is  a  male  and here  is  a  female .  I t  seemed that  these 

abnormali t ies  were kind of  in  a  cont inuum. So,  for  example,  a  normal 

male  has  one pair  tes tes ,  then we have these animals  that  have 

mult iple  tes tes ,  but  they are  c lear ly  male  they are  not  hermaphrodi te .  

They have mult iple  tes tes ,  but  a l l  of  the  tes tes  morphological ly  and 

his tor ical ly  - -  a l l  of  the  gonads appear  to  be tes tes .  

So,  the  next  intermediate  s tep is  an animal  that  has  both tes tes  

and ovar ies .  Not  necessar i ly  in  this  arrangement .  I  mean,  there  can 

be caudal  rost ra l  or  la teral  or  mixed.  But  this  animal  c lear ly  has  some 

male  character is t ics  as  wel l  as  some female  character is t ics .  In  c loser  

to  the  female  is  th is  sor t  of  unpigmented ovary. I t  i s  a  s t ructure  that  

doesn ' t  look tes t icular. 

On his tological  cross  sect ion i t  looks ovar ian,  but  i t ' s  lacking 
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pigment  and in  some case i t  i s  very shal low --  has  very shal low lobes . 


In  other  words,  i t  i s  not  as  lobed as  a  normal  ovary would 

appear  and lacks a  pigment  obviously. 

What  I 'm showing you now are  a  ser ies  of  colored boxes.  I 'm 

going to  show you graphs.  So,  basical ly,  I 'm giving you the legend 

before  I  show you the graph.  You are  going to  be looking at  males  in  

blue,  females  in  yel low. 

There  are  going to  be s tacked bar  graphs,  then you are  looking 

at  - -  f rom here  i t  looks purple ,  but  that  is  a  hatched bar  that  is  most ly  

blue with  yel low l ines .  This  is  most  male- l ike  of  the  abnormali t ies .  

In  the  middle  i t  i s  a  hatched bar  that  is  equal ly  yel low and blue and in  

the end,  i t ' s  a  f ine  hatch that 's  yel low with thin  blue l ines .  

So,  in  other  words,  I  t r ied to  make this  cont inuum as  i t  

appeared to  be in  the  morphologies .  

This  is  now a data  set  looking at  mult iple  doses  focusing on the 

low doses  and one high dose.  Again,  males  are  in  blue and the 

females  in  yel low.  One thing to  not ice  is  that  in  most  of  the  groups,  

wi th  maybe one or  two except ions,  i t  appeared that  the  females  are  

about  50 percent  and the males  are  under  50 percent .  

So,  in  other  words,  i t  looks l ike  the abnormal  gonads might  be 

due to  inappropria te  development  in  males  as  opposed to  a  mix of  
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males  and females .  Par t  of  the  reason that  - -  the  hypothesis  that  these 


are  males  that  are  being effected and not  females  is  in  par t  because a t  

least  wi th  s teroid hormones,  females  seem to be pret ty  determined.  

In  other  words there  is  not  a  s teroid mixture  that  wi l l  make in  

xenopus females  turn into  males ,  but  es t rogen wil l  make males  turn 

into  females .  So,  the  male  sex different ia t ion seem to be more plas t ic  

and the fact  that  you had --  we had close to  50 percent  females  in  the 

t reatments  and some posi t ive  males  a lso suggested that  i t  was the 

males  that  were being reversed,  i f  you wil l ,  and not  the  females .  

What  I 'm going to  show you now, because you can ' t  real ly  see 

the numbers  when they are  s tacked up there  with  the real  sex animals  

is  I 'm going to  show you the lobe tes tes  and hermaphrodi tes  and the 

unpigmented ovaries  without  the  proport ion of  males  and females .  

Those are  the doses .  

These are  the  proport ions  of  the  different  types  of  

abnormali t ies  over  the  different  doses  and as  I  have said  we have now 

ident i f ied about  one percent  in  one experiment  of  the  animals  had the 

unpigmented ovar ies  in  a  control .  

Quest ions? 

DR. KELLEY: Would you l ike to  comment  on the dose 

response aspect  of  this  s l ide? 
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DR. HAYES: I  wil l .  I  have a  whole  sect ion I  have prepared,  

where I  wi l l  address  to  the  host  response on both to  the larynx and the 

gonads.  So,  i f  we can hold to  that?  

DR. ROBERTS: There are  a  couple  more quest ions.  Dr.  Green 

and then Dr.  Denver. 

DR.  GREEN: Could you clar i fy  what  the s ignif icance is  of  an 

unpigmented ovary at  th is  s tage? 

Do you know that  i t  wi l l  not  go on to  become a  normal 

funct ioning ovary? 

DR. HAYES: I  have absolutely  no idea.  All  I  know --  wel l ,  I  

wi l l  show you some --  a  l i t t le  more data  la ter.  Al l  I  know is  that  in  

this  case  i t  very rarely  shows up in  controls  and i t  seems to  be 

associated with  - -  in  this  case ,  a t razine t reatment .  I  wi l l  show you 

another  int r iguing experiment  that  suggests  a  possible  mechanism. 

But  I  don ' t  know the s ignif icance of  i t .  I  don ' t  know what  i t  

turns  into .  I 'm going address  that  in  jus t  a  minute .  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: Do we know that  i t  i s  not  a t rophied intrarenal  

t i ssue? 

DR. HAYES: Histor ical ly  unpigmented ovary,  his tor ical ly,  i t ' s 

an ovary,  i t  looks l ike  an ovary. I t  lacks  pigment ,  i t ' s  very shal low. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

132


Their  vesic le  is  smal l ,  and occasional ly,  the  medul la  is  s t i l l  in  tact .  


So,  i t  looks somewhat  undifferent ia ted,  but  i t  not  adrenal  t issue or  

int rarenal  t i ssue.  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: Dr.  Hayes,  I  think i t  i s  in  your  PNAS paper  

that  you referred to  a  16 to  20 percent  incidence of  abnormali t ies?  

DR. HAYES:  Yes. 

DR. LEBLANC: This  is  not  what  we 're  looking at  here? 

DR. HAYES:  This is a larger data set now.  This is three t imes 

the number  of  animals .  

DR. LEBLANC:  Is i t included in here? 

DR. HAYES:  I t i s included in here , yes . 

DR. LEBLANC: Thank you.  

DR. ROBERTS: Any other  quest ions? 

Go ahead, Dr. Hayes. 

DR. HAYES: So,  now I 'm going to  address  my ideas  and some 

data  concerning the mechanism a l i t t le  more thoroughly,  but  I  want  to  

int roduce i t  here  for  a  couple  reasons.  

The hypothesis  that  we been working on pr imari ly  because of  

the  data  showing increased es t rogen in  rodents  exposed to  a t razine,  

the  data  f rom Sanderson et  a l . ,  showing the up-regulat ion of  
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aromatase and some other  data  I ' l l  go into ,  we explored the possible 


induct ion of  aromatase as  an explanat ion for  the  two effects  that  we 

observed.  

As you know, normally  in  the  tes tes  tes tosterone is  synthesized 

and secreted.  We have proposed that  a t razine in  the  tes tes  and 

perhaps now in the brain  - -  I  have to  admit  we haven ' t  looked in  the 

brain ,  that  a t razine - -  based on these previous s tudies ,  which I  wi l l  

address  la ter  - -  a t razine induces  aromatase and then two things occur  

- -  we proposed.  One is  tes tosterone levels  are  lowered and as  a  resul t  

you are  demascul inized.  

This ,  for  example,  might  explain  the decrease in  laryngeal  s ize .  

I f  these animals  had low tes tosterone as  a  resul t  of  aromatase 

induct ion and in  turn,  the  es t radiol  product ion might  account  for  the  

feminizat ion of  the  male  gonads.  I ' l l  g ive you some evidence for  that  

as  wel l  for  the  role  of  es t rogen.  

I  do want  to  disagree with  one thing that  came out  in  the  white  

paper.  This  doesn ' t  necessar i ly  mean you would f ind est rogen 

circulat ing in  the blood of  an individual .  

I  th ink Dr.  Ashby gave the excel lent  example of  the  male  brain 

in  mammals  being mascul inized by est rogen,  but  i t ' s  because 

aromatase is  expressed in  the  brain  and the es t rogen is  made local ly. 
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That  es t rogen doesn ' t  necessar i ly  c i rculate .  I  th ink there  are  other 


examples  where you wil l  f ind that  as  wel l .  So,  you might  expect  i t ,  

but  i t  i s  not  necessary,  I  don ' t  th ink.  

I  don ' t  th ink you have to  f ind ci rculat ing es t rogen necessar i ly  

to  support  the  hypothesis  that  aromatase was induced.  So,  there  is  our  

proposed mechanism.  So,  we think i t  would work something l ike this .  

You are  now looking at  xenopus laevis ,  48 to  56.  These are  f igures  

f rom Newquip and Phoper  (ph) .  

What  I 'm going to  show you now is  what  happens in  males  on 

the top what  happens to  females  on the bot tom.  The gonads 

different ia te  in  our  laboratory - -  gonads are  different ia ted his tor ical ly  

somewhere around --  as  ear ly  as  s tage 52 and cer ta inly by 54 you can 

s tar t  to  f ind different ia ted gonads.  I ' l l  ta lk  a  l i t t le  more about  

cr i t ical  per iods la ter.  The larynx at  some point  - -  and we haven ' t  done 

s tudies  in  the  larvae,  but  the  larynx at  some point  in  females  

presumably doesn ' t  grow because there  is  not  androgen.  In  males ,  

androgen from the tes tes  presumably caused the larynx to  grow, 

because males  and females  are  different ia ted,  a t  least  in  terms of  the  

s ize  - -  not  the  f iber  number  but  a t  least  in  terms of  the  cross  sect ional  

area  a t  s tage 66.  

That 's  what  males  do.  What  we 're  proposing in  a t razine- t reated 
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males  is  that  the  tes tes  s tar ts  secret ing androgens,  but  i t  gets 


converted to  es t rogen --  again,  not  necessar i ly  leaving the gonad and 

resul ts  in  the  product ion of  ovar ies  in  the  animals .  And as  a  resul t  of  

this  impairment  of  gonadal  development ,  androgen is  not  avai lable  

and the larynx has  impaired growth.  

In  par t ,  we bel ieve that  that  is  why you don ' t  get  ful ly  

feminized animals ,  because there  has  to  be some tes t icular  t issue 

different ia ted to  give you the tes tosterone substra te .  

We bel ieve that 's  why you get  the  mixed gonads,  because some 

of  the  gonad has  to  have different ia ted to  make the tes tosterone that  

gets  converted to  es t rogen that  then feminizes ,  perhaps,  the  s lower  

developing par ts  of  the  gonad.  

As evidence for  this  - -  I ' l l  g ive you a  lot  more a t  the  end --  th is  

is  the  data  that  we publ ished in  the PNAS paper.  Plasma tes tosterone 

levels  - -  that 's  in  a  control led male ,  that 's  compared to  an a t razine-

t reated male  and these are  adul ts  by the way.  These are  adul t  animals  

that  were exposed to  a t razine.  The at razine- t reated males  is  

s ignif icant ly  - -  a t razine- t reated males  are  s ignif icant ly  - -  have 

s ignif icant ly  reduced tes tosterone levels  but  not  re la t ive  to  

control led males  and aren ' t  d i fferent  f rom  control led females .  

This  is  a  One-Time s ta t ic  measure  of  tes tosterone that  was done 
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on an animal  that  was - -  or  animals  that  were euthanized. 


The other  evidence,  to  be qui te  honest ,  i sn ' t  s t rong.  I ' l l  address  

i t  fur ther.  We didn ' t  publ ish this  data  for  that  reason.  This  is  a  

measure  of  aromatase act ivi ty,  us ing a  t reated water  assay.  You are  

looking at  control  males  and that 's  background --  a  blank tube wil l  do 

that .  Then you are  looking at  some  measurable  aromatase act ivi ty  but  

a t  - -  incredibly var iable  in  terms of  the  individual  animal 's  response.  

I  wi l l  show you the individual  data  points  and te l l  what  you we have 

been t rying to  do about  that  la ter. 

The next  quest ion that  we went  on to  ask,  this  s tar ted the about  

three years  ago --  is  a  quest ion that  has  been asked here  mult iple  

t imes,  is  what  happens to  these animals?  

So,  in  fact ,  when I  was s t i l l  par t  of  the  panel ,  we were doing 

some other  exper iments ,  t reat ing some animals  with  a t razine and we -

-  I  guess  what  we 're  cal l ing a  grow-out .  We grew some of  these 

animals  out .  The design was the fol lowing.  

White  arrows indicate  controls ,  animals  that  weren ' t  t reated.  

So,  again,  same design.  We had three tanks of  each of  these,  three 

tanks of  animals  that  were t reated throughout  larva development .  So,  

a  tota l  of  s ix  tanks.  Are you going to  see two separate  experimental  

regimens.  Here is  another  set  of  tanks that  were t reated with  
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atrazine.  In  one case,  the  animals  were t reated the only into 


metamorphosis  and then grown out  to  see i f  we can reverse  the effects  

and then we had controls  set  up to  compare to .  We also had some 

animals  that  were t reated for  18 months ,  not  as  larvae,  but  t reated 

af ter  metamorphosis  and then we had animals  that  were t reated both 

as  larvae and are  s t i l l  being t reated in  my laboratory today.  They are  

about  three years  old now,  I  guess .  At  18 months  we evaluated al l  

these groups.  

So,  we took a  subset  of  animals .  Some of  them were sacr i f iced 

at  metamorphosis  - -  a  thi rd  of  the  animals .  A third  of  the  animals  are  

grown up for  18 months  and a  third  of  the animals  remain in  my 

possession in  this  design.  

I f  we look at  - -  now at  18 months  animals  that  were not  t reated 

as  larvae and then grown up af ter  metamorphosis  for  a  year  and a  half ,  

the  larynx is  qui te  different .  You can see the di la ted larynges here .  

Female controls  - -  the  example I 'm showing you r ight  now is  actual ly  

in  terms of  snout-  vent  length exact ly  the  same s ize  as  male .  This  is  

male  and female  exact ly  the same snout-vent  length.  

I f  would look at  animals  that  were exposed for  - -  throughout  the 

larval  per iod for  two months  and then not  exposed for  a  year  and a  

half ,  they typical ly  have --  wel l  smal ler  larynx.  Although we couldn ' t 
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f ind a  s ta t is t ical  di fference between the two,  they typical ly  have what 


looks l ike  an impaired laryngeal  development .  I f  we look at  animals  

that  were not  exposed as  larvae and in  exposed as  adul ts ,  they 

typical ly  look l ike  this .  Then i f  we look at  animals  that  are  exposed 

throughout  they typical ly  have very smal l  larynges that ,  in  fact ,  aren ' t 

d i fferent  f rom females  s ta t is t ical ly,  but  a lso aren ' t  d i fferent  f rom 

males . 

We looked at  other  things however. Somebody asked about  this  

yesterday.  We looked at  the  nupt ia l  glands.  So,  males  by --  in  our  

laboratory anyway --  by as  ear ly  as  three to  four  months  post  

metamorphosis ,  typical ly  s tar t  to  develop their  breeding glands.  I f  we 

do his tology through those glands,  i t  i s  looks something l ike  this .  I 

bel ieve cret inized s t ructure  as  compared to  s imilar  sect ion of  female .  

And we also looked at  the  coctolabi les  (ph) .  Here is  a  control  

male .  That 's  what  a  female  would look l ike a t  18 months  and 30 

percent  of  the  a t razine- t reated males  a t  18 months  effect ively,  look 

l ike  a  female .  

So,  we would have animals ,  for  example,  with  breeding glands 

sometimes,  that  a lso had a  female- type concha.  

And there  is  a  big  problem. We were ta lking about  fer t i l i ty  and 

al l  those things.  I  wi l l  te l l  you what  the  problem is  in  a  minute .  
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So,  normally  what  should happen in  a  male  is  that  tes tosterone 

from the tes tes ,  by 18 months ,  should cause the larynx to  grow and the 

nupt ia l  glands to  develop and the cowayka shouldn ' t  grow --  that 's 

es t rogen dependent  and tes tosterone should promote spermatogenesis  

in  the tes tes .  For  example,  you can see nest  of  germ cel ls  developing 

at  var ious s tages  in  the  lobule  of  this  animal  that  I  have shown as  

representat ive .  

With a t razine,  you get  a  whole  host  of  effects .  One is  of ten the 

tes tes  of  animals  that  were t reated with  a t razine that  we can ident i fy  

as  males ,  look l ike  this .  I  have to  say I  can ' t  in terpret  i t  for  you.  I t  

looks l ike  lobules  that  are  f i l led with  debris  or  junk.  

They have varying degrees  of  sex reversal  or  oocytes  in  the 

tes tes  in  cases ,  a l though we have not  seen i t  as  high as  the  levels  that  

we saw some of  the other  labs  ta lking about .  We have seen a  very low 

percentage.  

Some of the males - - again, some of the animals that have 

nupt ia l  glands a lso have protruding cowayka which suggests  that  

there  is  c i rculat ing es t rogen.  I  should say though --  I ' l l  show this  

la ter,  we have never  been able  to  measure  c i rculat ing es t rogen in  a  

male ,  a t razine t reated or  control .  We have never  been able  to  detect  

i t .  
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They have impaired larynges as  wel l ,  30-percent  of  the  animals  

that  we looked at .  The problem with the fer t i l i ty  is  that  we s tar ted off 

with  three repl icates  of  each of  these t reatments  I  showed you,  30 

animals  per  repl icate .  Approximately a  thi rd ,  as  I  sa id  were 

sacr i f iced at  metamorphosis ,  a  thi rd  were sacr i f iced at  18 months .  So,  

we have 30 animals  lef t  and in  the t reatment  groups,  the  most  we have 

are  two males .  There  are  no sex chromes.  I  can ' t  prove to  you the 

animals  completely  t ransformed into  females ,  but  we ' l l  s tar t  doing 

t r ia ls  inject ing with  ACG, giving females  to  the  animals  that  appear  to  

be males  and eventual ly  a l l  of  the  animals  wil l  s tar t  to  lay eggs.  Of  

the two males  we have --  wel l  we can ' t  do anything with two males .  

They have never  fer t i l ized an egg.  I t  has  been diff icul t  t rying to  get  

fer t i l i ty  data  on animals  that  have grown out .  

What  I 'm going to  do now --  I  don ' t  know if  we want  to  s top for  

quest ions  - -  now,  I 'm going to  take what  we have learned in  xenopus 

laevis  with  we have a  few other  things going on,  but  pr imari ly,  I 'm 

going to  take what  we have learned from xenopus laevis  now and we' l l 

ta lk  a  l i t t le  bi t  about  the  leopard f rogs the  rana pipiens ,  the  laboratory 

work f i rs t .  

Quest ions? 

DR. ROBERTS:  Dr. LeBlanc. 
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DR. LEBLANC: The incidence of  cowayco for  that  you 

reported - -  I  th ink you said  is  was 30 percent  in  a t razine t reatment?  

DR. HAYES:  Yes. 

DR. LEBLANC:  Is there any incident in the controls? 

DR. HAYES: Not  that  I  recal l .  I  mean,  those animals  are  a lso 

s t i l l  avai lable .  They are  preserved whole  and they can easi ly  be 

reanalyzed.  

DR. LEBLANC:  In this se t of exper iments , i t i s a s ingle 

concentrat ion of  a t razine you worked at .  

DR.  HAYES: Yes.  I  bel ieve i t  was 25 micrograms per  l i ter  that  

we used.  

DR. LEBLANC:  I t i s higher level? 

DR. HAYES: I  would have to  double  check.  I  can ' t  - -

DR. LEBLANC: But  i t  i s  a  higher  level  in  the range that  we 

discussed? 

DR. HAYES:  Yes. 

DR. ROBERTS: A couple  more quest ions.  Dr.  Kel ley and then 

Dr.  Denver. 

And just  - -  Dr.  Hayes,  for  planning purposes  and the audience,  

my intent ion is  to  go unt i l  about  12:30 and then take a  break for  an 

hour  for  lunch and then resume with Dr.  Hayes 's  presentat ion.  
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DR. HAYES:  What t ime is i t now? 

DR. ROBERTS: That  would be another  20 minutes .  

DR.  HAYES: Is  there  going to  be a  break point  around in  

there?  

DR. ROBERTS:  Yes. 

Dr.  Kel ley and then Dr.  Denver. 

DR.  KELLEY: The s tudies  with  the adul ts  where you t reated 

them for  46 days with  a t razine,  what  t ime of  year  was that?  

DR. HAYES: Do you remember?  Spring?  Melissa  says spr ing 

and she was in  charge.  

DR.  KELLEY: I  br ing this  up because,  as  you know, the levels  

that  you get  are  lower  than levels  we would get  f rom summer animals .  

Our  experience has  been that  they maintain  an endogenous - -  a t  least  

the  populat ion we have maintains  an endogenous ci rcumanal  rhythm 

in the laboratory.  So,  I  th ink --  but  these animals  were a l l  done at  the  

same t ime of  year?  

DR. HAYES: They were done at  the  same t ime and I  have a  

whole  sect ion where we are  going to  show seasonal  cycles .  We have 

animals  we 've carr ied out  for  a  year. We also have shown that  the  

animals  ordered from Nasco have much higher  tes tosterone levels  

than our  Berkeley animals  and we've a lso shown --  those are  measured 
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during the day,  Melissa ,  those ones  in  the PNAS paper  - -  that 's


dayt ime? 

We've a lso shown that i f we measure them at night , levels can 

about  four  or  f ive t imes higher.  So,  now we do al l  of  our  

measurements  a t  n ight t ime.  So,  that  was a  dayt ime measure  in  the  

spr ing from Berkeley animals .  You wil l  see  different  levels  when we 

go fur ther. 

DR.  KELLEY: Could you te l l  us ,  in  the PNAS paper,  what  the 

t ime was to  metamorphosis?  How long did i t  take your  animals  to  go 

through from treatment  to  metamorphosis?  

DR. HAYES: I t  i s  about  45 days.  I  have that  number  in  another  

par t  of  the  ta lk  I  th ink the average is  45 days f rom that  paper,  but  I  

have a  number  that  I ' l l  show you for  sure .  

DR.  KELLEY: One las t  comment  is  that  the  di la ted larynges 

does  not  control  the  glot t is  wi th  the arytenoid disk.  

DR. HAYES:  Oh, I 'm sorry. 

DR.  KELLEY: In rana i t  does ,  but  in  xenopus i t  i s  made with 

the arytenoid disk.  

DR. HAYES: Thank you.  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: I 'm just  t rying to  get  a  handle  on the 



144 

1 character izat ion of  the  repl icat ion.  You ment ioned that  the  

2 t reatments  were repl icated three t imes with  30 animals  per  repl icate .  

3 That  was an N of  3  or  - -

4 DR. HAYES:  That 's three tanks with 30 animals in each. 

5 That 's  been done one t ime in  the Syngenta  s tudy. There  are  two 

6 s tudies  publ ished in  the PNAS. There  is  animals  that  were sampled 

7 from --

8 DR. DENVER: Right .  I 'm not  asking about  the number  of  

9 t imes you did the s tudy. Within a  s tudy,  do you consider  that  an N of  

10 3,  because you remove animals  and character ize  the gonadal  

11 morphology on 10 at  a  t ime,  I  th ink you s ta ted? 

12 DR. HAYES: In  - -  no.  In  the animals  that  we move out  in  

13 terms of  gonadal  morphology,  everyone one of  them sexed by gross  

14 morphology. Every s ingle  animal  is  examined.  His tology is  done on 

15 a subset  of  control  males  and females  and on any animals  that  get  a  

16 quest ion mark,  a  UO or  any kind of  - -  what  we cal l  sex comments .  

17 Those animals  a l l  get  confi rmed by his tology. 

18 DR. DENVER: What  I 'm wondering is ,  do you consider  that  an 

19 N of  30?  I t  i s  a  pseudo repl icat ion --

20 DR. HAYES:  When we do - - sorry. 

21 DR. DENVER: Do you consider  i t  an N of  30 i f  you take 10 
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animals  f rom each tank? 


DR. HAYES: No,  because i f  you are  doing rat ios ,  each tank 

only has  one number.  So,  each animal  has  no value.  You wil l  get  10 

percent  of  hermaphrodi tes ,  40-percent  this ,  b la ,  b la .  Each tank only 

has  one number,  so  each tank is  a  repl icate  as  to  sample - -  i t ' s  an N of  

3 .  

For  larynges i t  i s  di fferent  because you actual ly  have a  

quant i ta t ive  measure  for  each individual .  We do s ta t is t ics  was a  rank 

where we look at  t reatment  by tank by individual  - -  or  by sex as  wel l .  

DR.  ROBERTS: I  think Dr.  Kel ley has  one more before  you 

cont inue.  

DR.  KELLEY: Do you inter  tank --  wel l ,  f i rs t  of  a l l  I  need a  

number.  I  need to  know the - -  or  perhaps you wil l  te l l  us  this  la ter, 

the  number  of  your  f rank hermaphrodi tes  in  your  t reatment  groups.  In  

the PNAS paper,  you lumped together  the var ious gonadal  groups that  

you saw.  But  the number  where you saw both a  c lear  ovary and a  

c lear  tes tes .  

DR.  HAYES: Those are  the ones I  showed there .  

DR.  KELLEY: Right .  Now, did you have enter  tank var iabi l i ty  

in  that  percentage of  those f rank --  what  I  cal l  f rank hermaphrodi tes?  

DR> HAYES: Well ,  i t  i s  not  exact ly  to  the same per  tank.  I 
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don' t  remember off  the top of  my head how many are  which,  but  those 


data  can be made avai lable .  

DR. KELLEY: Did you have any tanks in  which you had none 

and tanks in  which you had a  lot .  

DR.  HAYES: No.  I  mean,  other  than controls ,  no.  

By the way,  in  the analysis  that  we did do,  we do i t  by 

abnormali t ies  and i t  i s  only been now that  people  have asked I  have 

s tar ted to  pul l  out  the  types  of  abnormali t ies .  At  the  t ime of  the  

PNAS paper,  I  bel ieve the only things that  we ta lked about  separate  

were the discont inuous tes tes  and what  were c lear  hermaphrodi tes .  

We've now been t rying to  different ia te  and I 've  a lso been 

working with  Al  Beasly (ph)  to  t ry  and different ia te  the  types  of  

abnormali t ies  and types  of  hermaphrodi tes .  

So,  with  that  as  a  s tar t ing point ,  we wanted to  conduct  

comparat ive s tudies .  In  par t ,  because maybe this  was just  a  weird 

effect  that  we were f inding in  xenopus laevis  and wouldn ' t  occur  

across  species .  What  you are  looking at  now is  a  phylogeny of  anuran 

famil ies .  We decided to  look at  - -  we won' t  ta lk  about  the  high l id ,  

but  we decided to  look at  two species  completely  unrelated to  xenopus 

laevis  in  par t  because i f  we found effects  here  in  this  major  group 

here  and here ,  then I  feel  l ike  we can s tar t  to  make some s ta tements  
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about  how general izable  i t  was to  amphibians  - -  the  effect ,  that  is . 


In  par t ,  we chose a  high l id  because Reeder,  e t  a l . ,  had shown 

some effects  in  the  f ie ld  associates  with  a t razine with  t repidat ions ,  I  

bel ieve,  and we chose rana pipiens ,  because i t ' s  a lso an animal  that 's 

accessible  that  we can breed in  the  laboratory,  that  we can also 

examine in  the f ie ld  and unl ike xenopus,  i t  responds to  both 

tes tosterone and est rogen.  I t  a lso has  a  dual  response to  es t rogen,  

where very low doses  do nothing,  intermediate  doses  make 100-

percent  females  and high doses  of  es t rogen make 100-percent  male .  

We thought  i t  would be an interest ing animal  to  look at  for  that  reason 

as  wel l .  

The gonads are  a  l i t t le  bi t  d i fferent  compared to  xenopus laevis .  

This  is  a lso a t  metamorphosis ,  complete  ta i l  resorpt ion.  I  wi l l  a lso 

point  out  la ter  that  the  gonads are  different  in  terms of  the  level  of  

different ia t ion depending on the populat ion.  What  you are  looking at  

now are  - -  is  a  male  and a  female .  These are  animals  or iginal ly  f rom 

Wisconsin.  These are  the  animals  that  were reported in  the  Nature  

Paper  and in  Environmental  Heal th  Perspect ive Paper.  I 'm going 

show you cross  sect ions to  show you the differences .  In  the male ,  you 

can see a t  the  tes t icular  labials ,  the  spaces  are  the  labials  matur ing.  

Later  I ' l l  show you germ cel ls  in  some of  those animals .  In  the female  
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you not  only have the vesicle ,  but  you can see oocytes ,  a l ready in  the 


cortex of  the  animals  a t  metamorphosis .  You don ' t  do see this  - -  a t  

least  we have never  seen this  in  xenopus laevis  a t  metamorphosis ,  but  

you can al ready see the developing oocytes  there .  

I 'm going to  show you ser ies  of  animals .  Some of  these - -  I  

th ink these are  a l l  the  f igures  that  appeared in  the  Environment  Heal th  

Perspect ive Paper.  Most  of  the  animals  were not  ident i f iable  as  

problematic  just  upon gross  morphology. 

So,  most  of  the  animals ,  i f  they were ident i f iable  looked l ike 

they just  had a  broken tes tes  or  lobe tes tes  l ike  we saw in  xenopus 

laevis .  

I f  you did a  his tology however,  I 'm going show you three points  

on this  animal ,  three  sect ions .  I t  i s  c lear ly  tes t icular,  anter ior ly. I t  i s  

connected,  so  unl ike the xenopus lobe tes tes  or  discont inuous tes tes ,  

there  is  a  connect ion here  a t  th is  juncture .  

In  this  par t icular  animal ,  as  you get  towards the back,  there  is  a  

large oocyte .  We ta lked about  tes t icular  oocytes  in  this  animals ,  in  

par t  - -  I 'm not  sure  i f  we should cal l  them hermaphrodi tes ,  because 

they don ' t  seen to  have ovar ian t issue.  They seem to have tes tes  with  

the wrong germ cel l .  You ought  to  have tes tes  with  oocytes .  They 

don ' t  seem to have tes t icular  t issue.  
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Here is  another  animal  that  again looked l ike  i t  jus t  had 

mult iple  tes tes ,  but  when you do the sect ions ,  i t  i s  c lear ly  male .  

Those are  developing spermatids  inside that  lobule .  

A few sect ions more.  I t ' s  c lear ly  male ,  s t i l l .  When you get  

towards the back,  there  is  large oocytes  and again,  more and more 

increase in  oocytes .  This  was a lways the arrangement .  I t  was - -  the  

animals  were a lways male  anter ior ly  and then more and more female  

as  you progress  back.  

They always s tar ted out  male .  In  this  case ,  even spermatids  and 

then became more feminine.  Here is  an animal  - -  and you know, a  

comment  was made about  1  or  2  oocytes ,  here  is  animal  where this  

sect ion is  tes t icular. I ' l l  b low i t  up for  you.  This  sect ion is  c lear ly  

tes t icular. The back end is  completely  f i l led with  oocytes .  

Here is another animal that has tes tes anter ior ly and the tes tes 

poster ior ly  or  caudal ly,  are  completely  f i l led with  what  appear  to  be 

f ibrogenic  oocytes .  So,  I ' l l  draw cross  sect ions  for  you here  and here .  

You can see now the sect ions  between what  appear,  as  I  sa id ,  even to  

be f ibrogenic  oocytes ,  but  would imply that  there  is  c i rculat ing 

es t rogen.  I  wi l l  address  the  dose response la ter.  Right  now I  jus t  

want  to  present  the  date .  We character ized a  couple  abnormali t ies .  

One is  what  we cal l  "Gonadal  dysgenesis ,"  This  was poorly  developed 
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or  poorly  organized tes tes  with  c losed lobules .  We did f ind i t  a t  a 


very low percentage in  controls ,  much higher  in  the  a t razine t reated 

animals .  

You are  looking at  in  the  black,  gonadal  dysgenesis  in  the  red 

tes t icular  oogenesis .  Again,  I 'm reluctant  to  cal l  i t  hermaphrodi t ism, 

because they appear  to  be males  with  oocytes ,  not  animals  with  a  mix 

of  tes tes  and ovaries .  

One of  the  interest ing things is  i t  appears  rana pipiens  is  

supposedly XY, XX or  male  hetero and l ike in  mammals ,  whereas  the 

whole  - -  I 'm sorry not  l ike  in  mammals  - -  whereas  the  whole  gonad 

appears  to  develop and become the ovary. I t  i s  s t re tched the ent i re  

length of  the  kidney.  In  males ,  i t  appears  that  the  gonad develops 

anter ior ly  and some s ignal  - -  maybe tes tosterone,  causes  the  poster ior  

por t ion not  to  develop.  I t  i s  not  c lear  what  that  substance might  be.  

The implicat ion with  these a t razine- t reated males  is  that  th is  

s ignal  is  not  re leased or  is  blocked.  I f  that  s ignal  is  tes tosterone,  the  

animal  becomes demascul inized and as  a  resul t  feminized.  In  other  

words,  the  poster ior  - -  I ' l l  go back --  the  poster ior  of  that  gonad,  

which technical ly  should now be s ignal- to-regress  f rom the 

developing tes tes  doesn ' t  get  that  s ignal  and by defaul t  appears  to  

develop as  female  or  a t  least  to  a l low germ cel ls  to  develop into  the 
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defaul t  oocyte ,  as  opposed to  inducing sperm.


Maybe now would be a  good --  now,  what  I  was going to  do is  

go into  the f ie ld  s tudies .  I  jus t  want  to  make the point  that  that  

or iginal  laboratory s tudy,  with  the two doses  was only designed to  

determine i f  there  was an effect .  I f  there  was an end point  the  main 

goal  was to  ident i fy  an end point  that  we could assay in  the f ie ld .  So,  

when we ta lk  about  dose effects  - -  cer ta inly in  the paper,  not  now, 

don ' t  c la im to  have done that  and shown and inver ted U,  but  cer ta inly 

with  the data  points  we have might  suggest  that .  

DR. ROBERTS:  Let me ask the panel then, i f they have any 

quest ions  regarding what  you have presented so far?  

I f  not ,  maybe this  would be a  good t ime to  break before  you get  

into  the f ie ld  s tudies .  Let 's  go ahead and take a  break for  lunch for  

approximately an hour. I  have 12:20,  now let 's  reconvene at  1:30 and 

cont inue with your  presentat ion,  Dr.  Hayes.  

DR. HAYES: Thank you.  

DR. ROBERTS:  Before we cont inue with Dr. Hayes publ ic 

comments ,  I  jus t  want  to  make a  couple  of  housekeeping 

announcements .  

One is ,  someone lef t  some glasses  in  here  yesterday,  so,  i f  you 

are  missing some glasses ,  Shir ley is  hold them up.  I f  you recognize 
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them, everybody look quick,  check and make sure  you s t i l l  have your 


glasses .  I f  you don ' t ,  they may be up here .  

We have had a  couple  of  quest ions  about  the  camera here  and 

what  is  the  camera doing and that  sor t  of  thing.  Just  as  a  general  

s ta tement ,  th is  is  a  publ ic  open meet ing and people  are  permit ted to  

take photographs as  long as  i t  does  not  interfere  with  the Panels 's 

act ivi t ies .  

This par t icular case , this i s an independent f i lm company that i s 

making documentary on at razine issue.  

This  is  not  par t  of  EPA taping the meet ing or  anything l ike that .  

Let 's  now cont inue with Dr.  Hayes 's  presentat ion.  Are you 

ready to  go? 

DR. HAYES:  Yes. 

DR. ROBERTS:  All r ight , great .  DR. HAYES:  Before 

we s tar t ,  jus t  one point  of  c lar i f icat ion.  I 'm not  - -  as  a  teacher,  I 'm 

not  normally  nervous in  f ront  of  an audience,  but  I 'm ta lking about  the  

larynx in  f ront  of  the  world 's  only expert .  I  was correct ,  i t ' s  10 per  

repl icate .  There  are  three repl icates ,  as  Bob Denver  and I  were 

discussing,  so,  there  are  30 points  per  l ine .  

I  jus t  got  shaken up there .  So,  as  a  point  of  c lar i f icat ion.  

We were about  to  go into  the f ie ld .  We conducted control led 
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laboratory s tudies ,  ident i f ied gonadal  abnormali t ies  and xenopus 


laevis  and used that  as  i t  a  design to  descr ibe gonadal  effects  of  

a t razine a t  two doses ,  .1  and 25 par ts  per  bi l l ion in  rana pipiens  and 

now we are  off  into  the f ie ld  to  determine whether  or  not  we can 

ident i fy  gonadal  abnormali t ies  in  f ie ld-col lected animals  and also to  

col lect  water  samples  and to  ident i fy  whether  or  not  any gonadal  

abnormali t ies  detected are  associated with  a t razine contaminat ion or  

other  pest ic ides .  

The f i rs t  th ing we did before  taking off  was asked whether  or  

not  the  effect ive doses  were ecological ly  re levant .  In  both rana 

pipiens  and xenopus laevis ,  we see abnormali t ies  a t  .1  par t  per  bi l l ion 

or  .1  micro gram per  l i ter. 

What  I 'm showing now --  a t razine levels .  These are  data  f rom 

the l i terature  in  par ts  per  bi l l ion.  I  don ' t  know how to t ransla te  this ,  

but  the  recommended appl icat ion ra te  is  2 .9  to  29 mil l ion par ts  per  

bi l l ion.  That 's  290 mil l ion t imes the level  that  we 're  using in  the  

laboratory our  s tudies .  This  is  a  range of  levels  gleaned from the 

l i terature .  The f i rs t  you are  looking at  are  min and maximum levels  

reported in  the l i terature  in  runoff .  Temporary pools ,  permanent  

water  and f inal ly  levels  detected in  precipi ta t ion,  including snow and 

rainfal l  and this  was just  through an open l i terature  search that  I  and 
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personnel  in  my laboratory conducted.  


This  is  the  level  we 're  concerned about  when looking for  

gonadal  abnormali t ies  or  hermaphrodi tes ,  .1  par t  per  bi l l ion.  The red 

shadow indicates  that  a l l  of  the  habi ta ts  would be a t  r isk ,  based on the 

.1  par t  per  bi l l ion level  that  we 're  examining,  based on our  laboratory 

s tudies  in  two species .  

This  shows the 200 par ts  per  bi l l ion.  I  bel ieve i t ' s  the  MCL, i f  

that 's  what  i t  i s  cal led and this  is  the  three par ts  per  bi l l ion that  was 

a t  least  the  dr inking water  s tandard a t  the  t ime --  recommended 

dr inking water  s tandard at  the  t ime.  

So,  a t  the  level  we 're  concerned about ,  .1  par t  per  bi l l ion,  is  

considerably lower,  30 t imes lower  than 3 par ts  per  bi l l ion.  

What  I 'm showing you now is  an animat ion that  I  have made of  

a  f igure  from the USGS. I  bel ieve i t  was produced by Wil l iam 

Bat tagl in ,  who I  am now col laborat ing with.  Approximately 60 

mil l ion pounds into  the Midwest .  So,  you are  looking at  the  Midwest  

and US of  the Missouri  r iver.  What  he is  showing here ,  he  has  

conducted a  two-year  s tudy,  measuring at razine levels  in  surface 

water  a t  the  s i tes  indicated.  This  shows the 3  par ts  per  bi l l ion,  which 

is  the  EPA current  s tandard and what  you are  looking at  now is  the  .1  

par t  per  bi l l ion,  the  level  we 're  concerned about .  
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So,  the  idea here  was to  look at  a  map of  measured atrazine 

levels  and ask throughout  the  year  - -  and this  is  a  s tudy done over  two 

years ,  throughout  the year  are  there  places  where you would f ind 

water  that  exceeded the .1  par t  per  bi l l ion that  we were interested in? 

And,  in  fact ,  you do almost  completely  throughout  the year,  but  

you would not ice  in  each year  there  are  spikes  of  a t razine in  - -  when 

you plot  amphibian breeding seasons over  these same areas  you see 

there  is  a  direct  over lap,  such that  for  example,  a t  th is  s i te  amphibians  

would be breeding at  the  r ise  of  the  peak in  a t razine so that  the  larvae 

would be maximally  exposed and metamorphose would occur  r ight  

about  the end of  that  spike.  

The reason for  this  is  a t razine levels ,  I  guess ,  increase during 

f i rs t  ra ins  and that 's  when you see that  spike.  Of  course ,  amphibians  

are  a lso in  these regions,  typical ly  breeding at  f i rs t  range.  So,  the  

t iming --  the  levels  are  there  and the levels  are  there  a t  a  t ime when 

the animals  would potent ia l ly  be exposed.  This  was a l l  jus t  

prel iminary work that  we did.  Before ,  we didn ' t  embarked on taking 

such a  huge endeavor. 

What we at tempted to do was a large, natural exper iment .  You 

are  looking at  a  map of  a t razine use in  ki lograms per  ki lometers  

square ,  based on sales .  These aren ' t  actual  a t razine measures ,  but  we 
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used this  map developed by Wil l iam Bat tagl in  to  develop hypothesis .  


For example we can go to  develop our  hypothesis .  So,  for  example,  

we can go to  areas  in  Utah and examine amphibians  as  wel l  as  the  

water  that  they are  in ,  expect ing that  would be in  controls  - -  a  control  

s i te ,  low atrazine and no gonadal  abnormali t ies .  We can go to  

count ies  such as  here ,  where there  is  some atrazine use as  a  potent ia l  

exposed s i te .  In  Nebraska,  for  example,  we can go to  s i tes  with  high 

at razine use,  expect ing to  f ind high at razine contaminat ion as  wel l  as  

hermaphrodi tes .  We can go to  s i tes  such as  Cherry County,  where 

there  is  very l i t t le  a t razine use and we would expect  to  f ind low 

incidence of  hermaphrodi t ism. 

You are  looking at  the  range of  rana pipiens  now,  the t rue rana 

pipiens ,  a l though we' l l  d iscuss  this  in  a  minute .  

The leopard frog,  the  northern leopard frog.  We took off  t rying 

to  s t ick to  one paral le l  and --  wel l ,  and also fol lowing Iata  (ph)  you 

might  recognize.  Again,  the  idea was,  each point  we col lected water  

and --  I 'm sorry,  Dr.  Ashby errored.  We col lected 100 frogs f rom 

each s i te .  There  were s i tes  - -  i f  there  were s i tes  where we could not  

col lect  100 frogs or  f rogs seemed to  be rare  or  sparse ,  then we did not  

col lect  them, in  fact ,  that 's  why we did not  cont inue with  the high l ike 

work with the t ree  f rog work,  because were only two s i tes  where we 
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could col lect  100 metamorphosis ,  not  adul ts  - -  100 metamorphosis , 


newly metamorphosis  animals .  

These are  leopard frogs in  the f ie ld .  The animals  did not  die .  

Again,  we did not  col lect  20,  as  Dr.  Ashby said,  we col lected 100.  

There  were no deaths  they were euthanized immediately.  Each 

col lect ion took several  hours .  They were euthanized in  benzocaine 

and preserved in  Buren solut ion and then analyzed back in  the 

laboratory. 

There is myself , Mable , Kel ley Hasten and Adrian Brown --

were three of  the s tudents  who accompanied.  To give you some idea 

of  where we looked --  here  is  one of  the  s i tes  in  Iowa.  I t  i s  runoff 

f rom a cornf ie ld ,  so  you are  looking at  a  runoff  di tch there  and there  

is  the  corn.  We t r ied to  look at  a  var ie ty  of  s i tes .  This  is  a  nearby 

area that  is  protected.  There  is  not  a  corn there ,  i t  a  wi ldl i fe  refuge 

that  we have permission to  col lect  on.  Here is  another  s i te  a long a  

r iver  that  is  not  adjacent  to  corn f ie lds .  

Here are some of the a t razine levels .  We had one s i te where the 

a t razine levels  weren ' t  avai lable .  The reason is  the  fol lowing.  We 

had the analysis  done by three laborator ies .  The analysis  was a lways 

done bl ind.  So,  in  other  words,  they got  numbered samples ,  they had 

no idea where the water  came from, the water  was f rozen immediately  
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and the samples  were analyzed for  a t razine by three laborator ies .  


PTRL West ,  i t ' s  a  pr ivate  laboratory;  i t  i s  the  same laboratory that  

Novart is ,  Syngenta ,  Ecorisk was using when I  was on the panel .  They 

were a lso bl indly analyzed by at  the  Iowa Hygienic  Laboratory.  So,  a  

univers i ty  laboratory and they were a lso analyzed by USGS 

Laboratory.  So,  a  pr ivate ,  government  and a  univers i ty  laboratory. 

We only accepted the data  i f  the  numbers  came back within 10 percent  

of  each other  and at  least  one of  the  labs  came back --  I 'm sorry,  two 

of  the labs  came back with nondetachable  levels  and 1 lab gave us  a  

number  of  .2 ,  I  bel ieve,  for  this  s i te .  So,  we didn ' t  use  the data ,  

because they didn ' t  a l l  match.  

Here is  one of  the  s i tes  in  Cherry County,  Nebraska.  There  is  

no corn use,  i t  i s  sand prair ie .  Here is  one of  the  s i tes  in  Nebraska 

that  is  a  corn f ie ld  and .6  par ts  per  bi l l ion at razine was measured 

consis tent ly  a t  both s i tes .  So,  even though there  is  no corn use in  

Cherry County,  Nebraska,  there  is  a t razine contaminat ion.  

This  is  one of  the  s i tes  in  Utah.  This  is  a  s i te  in  Wyoming,  in  

the North Plat  River  and this  is  a  s i te ,  a lso in  Utah,  on a  golf  course  in  

a  county where there  is  local  a t razine use.  This  was the only s i te  that  

we analyzed that  a lso had frogs that  had nondetachable  a t razine 

levels .  a t razine was a lso detectable  in  Wyoming,  which I 'm going to  
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discuss  in  the  North Plat ,  because i t  i s  not  in  the  vicini ty  of  corn 


growing areas .  There  has  been some discussion about  the  s i te .  

Back in  the laboratory,  we analyzed,  we dissected and analyzed 

the animals .  This  is  a  typical  male ,  that 's  a  typical  female .  I 'm not  

prepared to  say that  there  are  no effects  in  females .  I 'm saying with  

the methodology that  we have been using for  rana and xenopus,  we 

don ' t  detect  abnormali t ies  or  and kinds of  effects  in  females  in  any of  

the  assays that  we have used.  

So we --  a t  th is  point ,  we have actual ly  - -  are  only analyzing 

the males .  At  least  in  the  assays we are  using,  we do not  detect  

gonadal  abnormali t ies  or  hormone abnormali t ies  in  females .  This  is  

an animal  col lected from the f ie ld .  I  bel ieve one of  the  pictures  that  

was in  both the Nature  and the EHP Paper  - -  I  wi l l  below this  up 

again.  Very clear,  tes t icular  lobules  with  oocytes .  In  fact ,  i f  you do 

ser ia l  sect ions ,  i t  i s  not  jus t  a  few,  the  ent i re  gonad --  throughout  the  

ent i re  gonad,  every lobule  have one oocyte .  I  won' t  bore  you with 

more pictures ,  I  wi l l  jus t  show you where we found hermaphrodi tes  a t  

some percentage.  I ' l l  show you the percentages  as  wel l .  

One of  the big surpr ises  was the North Plat  River  in  Wyoming.  

The s i te  in  Utah --  again,  there  is  local  a t razine use on the golf  course  

here .  These s i tes  are  a l l  associated with  an area of  high at razine use.  
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So,  that 's  a lmost  unders tandable .  The one big concern was this  one 


s i te  in  Wyoming where there  is  no at razine use.  To  me i t  appeared to  

be qui te  a  pr is t ine  place,  i t  was actual ly  a  lovely place to  camp,  but  

a lso had the highest  percentage --  highest  proport ion of  

hermaphrodi tes  out  of  a l l  the  s i tes .  

Here is  what  - -  jus t  an example of  one of  the  animals .  I f  you do 

the sect ioning through not  only tes tes  with  oocytes ,  but  some of  the 

tes tes  actual ly  have what  appear  to  be ovar ian vesic les  res ident  in  

them as  wel l .  

So,  what  is  going on? Let 's  sor t  of  below that  up a  l i t t le  bi t .  

The North Plat  River  f lows this  way.  Maybe everybody knew this .  I 

d idn ' t  know i t .  The North Plat  River  f lows this  way,  so that  i t  i s  not  

a t razine t ravel ing from Nebraska,  but  i t  or iginates  in  Colorado and 

I 'm working now with Wil l iam Bat tagl in .  We're  sampling in  these 

areas  in  the spr ing,  the  USGSs and in  the summer a  joint  effor t  

between myself ,  my laboratory and the USGS. We wil l  be  explor ing 

this  source of  the  a t razine contaminat ion there .  

Can we blame atrazine?  I  mean,  a t  th is  point ,  we 're  going to  

ta lk  about  the  doses  but  a l l  I  can te l l  you is  that  a t  every s i te  where 

you f ind at razine above .1  par t  per  bi l l ion,  we f ind hermaphrodi tes  in  

some proport ion.  
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Here are  those data ,  so  we look at  the  hermaphrodi t ism or  the  

tes t icular  oogenesis .  They are  probably not  appropria te ly  cal led 

hermaphrodi tes ,  because they don ' t  have ovar ian t issue.  Animals  with  

tes t icular  oogenesis ,  we also had one s i te  with  animals  that  had 

predominant ly  tes t icular  or  gonadal  dysgenesis .  I  wi l l  ta lk  to  you a  

lot  about  that  s i te .  This  is  actual ly  - -  we found out  qui te  a  bi t  about  

these  animals  recent ly. These are  the  a t razine levels  associated with  

those s i tes .  So,  there  is  not  - -  I  th ink l ike  Dr.  Ashby said,  i t  a lmost  

looks l ike  there  is  inverse  correla t ion.  We'l l  ta lk  about  those 

diff icul t ies  in  a  minute .  

One thing that  is  in terest ing --  so  now what  you are  looking at  

are  the range of  rana pipiens  again,  over la id  on the map of  a t razine 

use.  There  is  the  route  we took with  a l l  the  s i tes .  I  can ' t  see  i t  f rom 

back here .  I  hope you can.  There  are  a  couple  other  things to  

consider. What  I 'm put t ing up now are  ranges for  other  leopard frogs.  

I t  used to  be sometime ago that  rana pipiens  was this  huge --  the  

species  with  this  huge range al l  across  the  United States .  I t  was 

determined there  were actual ly  mult iple  species  of  leopard frogs,  

southern leopard frogs,  nor thern leopard frogs,  e tcetera .  

What  is  in terest ing is  that  now,  instead of  fol lowing just  

fol lowing Iadi  (ph)  we have formulated some other  hypothesize  and 
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we have funding now to fol low drainages and r iver  systems.  What 


you are  looking at  now are  some predict ions of  where we would f ind 

high at razine contaminat ion and again expect  to  f ind hermaphrodi t ism 

associated with  some of  these s i tes  and are  you also looking at  r ivers  

now that  we predict  - -  based on where they,  are  based on atrazine 

sales ,  we predict  to  have low atrazine contaminat ion and we would 

predict  low incidences  of  hermaphrodi t ism.  In  other  words,  the  route  

we took even,  with  the hypothesis  that  we had based on use,  i t  was 

diff icul t  to  f ind an at razine f ree  s i te .  

I  don ' t  th ink that 's  a  weakness  in  the  s tudy. I  th ink that  says  

something about  how widespread the problem could be.  I f  you don ' t 

jus t  f ind at razine on the Cornfie lds  - -  I  wi l l  show you in  a  minute  - -  i t  

moves around qui te  a  bi t  - -  we have now permission to  get  into  some 

of  these head waters  and some isolated lakes ,  i f  you hel icopter  - -  f rom 

a guy who owns qui te  a  bi t  of  the  water  up there .  So,  that 's  one of  the 

things we are  doing now. 

What  I  want  to  point  out  now --  i t ' s  qui te  interest ing.  These 

aren ' t  my data ,  a l though I  have manipulated the f igure  a  l i t t le  bi t .  A 

few months ago I  met  a  woman named Rita  Kenadia  (Ph)  who was 

f inishing her  Master 's  thesis  and she --  working at  SS State .  She came 

to  see me because what  she was doing was --  le t  me go back.  What  
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she was doing was she was working along these contact  zones,  using 


mitochondrial  and nuclear  DNA analysis .  She was t rying to  determine 

i f  these were real  boundaries .  So,  for  example,  this  yel low should be 

rana blai reye (ph)  and al l  th is  pink should be rana pipiens .  

I t  turns  out  that  coincidental ly,  th is  s i te  that  had the high 

gonadal  dysgenesis ,  the  animals  that  were unl ike a l l  the  other  rana 

pipiens  - -  one of  the  things she came to  te l l  me was they are  not  rana 

pipiens ,  they are  rana blai reye.  

So,  rana blaireye,  which should be down here  is  now appearing 

at  our  s i te .  I  can ' t  even te l l  i f  I 'm point ing at  the  r ight  thing from 

here  - -  appear ing at  our  s i te  in  there  in  Nebraska.  

So,  there  has  been a  range extension.  What  is  more dis turbing 

is  these black ci rc les  up here ,  th is  should be the range of  rana pipiens .  

This  should be rana blai reye.  What  those gray ci rc les  indicate  are  

animals  that  have random blaireye,  mitochondrial  DNA as  wel l  as  

rana blai reye,  nuclear  markers  that  she was looking at .  

Now, we have done some work now, on this  gonadal  dysgenesis  

thing,  this  poorly  developed gonad and we're  actual ly  formulat ing 

hypothesis  now that  i t ' s  actual ly  a  mechanism of  res is tance.  We don ' t 

get  hermaphrodi t ism when we expose cer ta in  f rogs.  For  example,  

cer ta in  s i tes  in  Utah,  cer ta in  s i tes  in  Nebraska --  we don ' t  get  any 
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hermaphrodi t ism at  a l l .  This  is  work subsequent  to  our  EHP paper.  I


wil l  show you what  the  animals  look l ike .  I t  appears  that  the  animals  

which have a  s low gonadal  development ,  sor t  of  metamorphosing with 

poor  gonadal  development ,  undifferent ia ted gonads,  are  res is tant  in  

par t  because they are  metamorphosing af ter  they leave the water  - -  I 'm 

sorry,  gonads are  developing af ter  metamorphosis  or  af ter  they leave 

the water. 

In  one such populat ion is  the  one down here  f rom Nebraska,  

which shows the high gonadal  dysgenesis .  Let  me just  s top for  a  

minute .  Is  that  making sense a t  a l l  or  am I  rambling? 

So,  we have animals  l ike  rana blai reye,  their  gonadal  

development  seems to  be delayed --  not  seems to  be.  100 percent  of  

the  animals  seem to be delayed,  e i ther  undifferent ia ted or  smal l  

gonads,  the  kind of  thing we cal led gonadal  dysgenesis .  They don ' t 

show hermaphrodi t ism in  response to  a t razine.  The hypothesis  we 're 

working on now is  that  they are  res is tant ,  because the gonads are  

different ia t ing.  Essent ia l ly,  the  cr i t ical  per iod has  been shif ted unt i l  

af ter  metamorphosis .  

Now, the dis turbing par t  about  this  f igure  is ,  everything that  

she has  measured in  here ,  in  Nebraska,  a l l  the  way into South Dakota ,  

the  mitochondrial  DNA is  rana pipiens .  So,  these are  a l l  rana pipiens .  
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Pipiens .  The nuclear  markers  that  she is  looking at  - -  and these s i tes  

with  high pest ic ide use,  are  a l l  random Blaireye.  

So,  in  other  words,  rana pipiens  is  gone.  The females  are  

c lear ly  a l l  rana pipiens  because the mitochondrial  DNA is  rana 

pipiens ,  but  they appear  to  be choosing or  maybe only having a  choice 

of  these random Blaireye males ,  which we have ident i f ied as  a  

potent ia l ly  res is tant  species  to  a t razine.  So,  i t  i s  jus t  one of  the  

things that  we are  working on now. She is  now joining my lab for  a  

PhD. to  combine development  in  endocrinology,  e t  cetera ,  wi th  the 

populat ion and genet ics  and kinds of  things that  she is  doing.  But  i t  

speaks to  the impact .  There  was something about  robust  populat ions  

came up.  One problem is ,  i f  you go to  a  s i te  - -  and we went  to  some 

s i tes  where you f ind no frogs.  I t  i s  hard to  say,  wel l ,  whether  or  not  

the  frogs were affected by pest ic ides ,  there  is  no way to  te l l  why they 

went  away once they are  gone.  

At  the same t ime,  jus t  because you f ind frogs there  and I  think 

we had discussion about  robust  populat ions ,  i t  doesn ' t  mean that  they 

are  what  they used to  be.  She is  now looking,  for  example,  a t  the  

possibi l i ty  of  genet ic  bot t le  necking.  In  this  case  i t  could a lso be 

hybrids ,  which may or  may not  be dr iven by pest ic ides .  There  has  to  

be ways to  get  a t  those kinds of  answers .  
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What  we 're  going to  do now is  - -  we have had these control  

s tudies  where we can ident i fy  end points .  We can t ry  to  ident i fy  

mechanisms and probe into  those mechanisms. Although control  these 

aren ' t  real  s tudies .  We have now gone and t r ied to  do --  I  mean,  they 

aren ' t  real  world,  I  should say.  We have now gone into  the real  world 

and t r ied to  do a  s tudy where we looked at  whether  or  not  the  effect  

occurred and whether  we --  and whether  or  not  there  was an 

associat ion of  contaminat ion.  But  there  are  a  lot  of  things that  are  

uncontrol led in  the f ie ld .  

So,  now what  we 're  going to  do is  look at  some of  those 

uncer ta int ies  in  the  f ie ld .  I 'm going te l l  you how we t ry  to  make more 

real  laboratory experiments  to  t ry  to  look at  what  some of  these 

factors  may be and to  t ry  to  control  some of  these real  factors  that  we 

might  be interested in .  

One problem is  - -  you are  looking at  a  f ie ld .  I 'm going to  show 

you this  again.  In  the winter,  jus t  as  an ice  s tar ts  to  mel t ,  when the 

rana pipiens  breed --  th is  is  a  f ie ld  in  Nebraska.  Everything is  

covered in  water.  Even though you might  t ry  to  look at  plots ,  one 

where there  is  a t razine in  use  and one where there  is  not ,  the  water  is  

a lmost  cont inuous a t  least  par t  of  the  year. So,  this  is  point  .3  par ts  

per  bi l l ion.  You are  actual ly  looking across  an organic  farm that 's 
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across  the  s t reet  from the corn farm that  we work in .  This  is  in  the 


winter  t ime,  so this  is  when the levels  should be their  lowest .  I f  you 

look at  ra in  fa l l  in  the  area,  i t  i s  .4  par ts  per  bi l l ion.  Again,  we 're 

concerned about  .1  par t  per  bi l l ion.  That 's  where we 're  seeing effects  

in  rana pipiens  as  wel l  as  in  xenopus laevis .  

The water  in  this  f ie ld  pond,  jus t  behind the s i te  is  a t  .9  par ts  

per  bi l l ion.  That 's  the  same water  that 's  taken up and i r r igated --  even 

though atrazine is  only appl ied twice 's  year  a t  the  s i te .  the  f ie ld  pond 

is  drainage from the corn f ie ld ,  which is  then reappl ied to  the f ie ld  so,  

essent ia l ly  some level  of  a t razine is  appl ied throughout  the  year. 

Again,  this  is  run off  that  eventual ly  ends up in  the f ie ld  pond 

and appl ied back.  The other  problem is  even in  one di tch,  th is  is  the  

same di tch from one day to  the next  you can go from 15.3 par ts  per  

bi l l ion to  .6  par ts  per  bi l l ion.  This  came up with  some of  the  

Syngenta  Ecorisk s tudies  where one t ime measurements .  Even 

mult iple  measurements  don ' t  g ive you the ful l  range of  what  animals  

are  exposed to .  

Again,  those are  some of  the  diff icul t ies  in  t rying to  make those 

dose response curves  we have been discussing especial ly  with  f ie ld  

data .  I  th ink we may have to  set t le  - -  unless  we can think of  ways 

around i t ,  for  good laboratory s tudies  that  show that  the  animals  don ' t 
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develop this  way normally  in  the lab unless  they are  exposed to  one of 


the  pest ic ides  you are  interested in  and then just  looking for  the  

associat ion or  presence or  absence.  

I  don ' t  know any other  way around that .  Again,  here  is  another  

example.  This  is  the  di tch I  was just  showing you that 's  running off 

of  the  farm that  we 're  working on,  i t ' s  running into a  wildl i fe  refuge.  

This  is  a  protected area.  The other  end of  i t  runs  through a  pipe and 

f loods the organic  farm. 

I f  we wanted to  set  off  and do plots  based on use,  i t  i s  a lmost  

not  possible ,  so  there  are  a  lot  of  uncer ta int ies .  

There  are  an other  problems.  For  example,  in  Nebraska,  I  

guess ,  there  is  a  law that  requires  you to  post  pest ic ides  that  you are  

applying to  your  f ie ld .  So,  here 's  a  s ign --  the  farmer  - -  a l l  the  

farmers  have given us  permission and al lowed us  to  work on the land.  

I  have blanked out  number  of  his  s i te .  

What  he posted here  - -  I  guess ,  what  is  posted here  inside this  

tube i f  you look in  there  i t  says ,  th is  report  l i s ts  the  pest ic ides  appl ied 

to  this  f ie ld .  You can actual ly  go and look at  everything that  has  been 

appl ied to  the f ie ld .  

The problem is  - -  so  we did.  We looked.  We looked in  both 

years  that  we went  out .  The problem is ,  sometimes --  for  example,  
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here you have the compound thyfluomide (ph) .  I t ' s  got  these - -  what 


do they cal l  i t  - -  these EPA numbers  and then the next  year  those same 

EPA numbers  show up on this  government  document .  I t  shows up 

with tedinfeurous (ph)  and syf lufeuren (ph) .  

In fact , the farmer said he never appl ied thyflumoide, so he 

doesn ' t  know why i t ' s  l i s ted there  on his  - -  on his  record.  

Here is  a t razine.  a t razine was appl ied twice.  Each t ime i t  i s  

appl ied i t  has  a  different  EPA number.  I  don ' t  know if  that  means a  

different  formulat ion or  not  and the farmer  wasn ' t  able  to  te l l  us  that .  

The other  par t  of  the  problem is  even i f  you can f igure  out  what  is  on 

this  cornf ie ld ,  i t  i s  of ten t imes adjacent  to  another  f ie ld .  So,  there  

might  be 10 things on the Cornfie ld  and 10 things in  the cornf ie ld  and 

there  might  be another  ten things on the soy f ie ld  and the f rogs are  

being col lected from here .  

So,  I  guess ,  a l l  I 'm agreeing with  is  the  point  in  the  White  Paper  

that  i f  you f ind abnormali t ies  in  the f ie ld ,  how can you know that  

those about  abnormali t ies  were caused by at razine when there  are  so 

many other  - -  in  this  case ,  a t  one s i te  pest ic ide is  used.  

I  would argue some of  the s t rength is  we can raise  those 

animals  in  the  laboratory f rom that  very populat ion.  We can raise  

rana --  we have rana pipiens  year  round.  We can raise  them as  
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controls  and know that  they don ' t  develop that  way in  the laboratory 


unless  they are  exposed to  a t razine.  St i l l  when you get  to  the  f ie ld ,  

again,  how can you know? 

So,  what  we did was - -  th is  is  a  l is t  of  a l l  the  herbicides  used at  

the  s i te .  This  is  a  l is t  of  the  fungicides  used at  the  s i te .  This  is  a  l is t  

of  the  insect ic ides  used at  the  s i te .  We had the USGS, as  wel l  as  Iowa 

Hygienics  Laboratory,  PTR West  was too expensive.  

We had them analyze several s i tes , the s i tes that we were 

interested in ,  Utah,  Wyoming and two s i tes  in  Nebraska.  We had them 

analyzed for  a l l  of  these chemicals .  They had methods.  I  can get  you 

those.  I 'm not  a  chemist ,  but  I  could get  you the methods they used.  

We analyzed the samples  for  a l l  of  these come pounds and the idea 

was and the idea s t i l l  - -  we 're  s t i l l  working on this ,  i s  that  we tes t  

each one of  these compounds.  

I f  i t ' s  real ly  a t razine that 's  causing the gonadal  problems,  

a t razine wil l  show up,  the  other  compounds won' t .  Then we did 

something else  too.  We not  only tes ted them singly,  we tes ted the 

compounds in  combinat ion as  wel l .  We did what  we cal l  the  summer 

and the spr ing mixture .  I t  turns  out ,  a l l  these compounds were 

supposedly appl ied in  the spr ing,  but  only metolachlor ine a t razine 

were s t i l l  there  in  the  summer,  according to  analysis  we had done in  
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two different  laborator ies . 


We tested each compound individual ly. We tes ted al l  10 

compounds combined,  a t  now several  doses .  We s tar ted out  with  one 

dose and then we tes ted metolachlor ine a t razine together  and we also 

tes ted bicep,  which is  the  commercial  metolachlor ine a t razine mix,  

the  two herbicides .  Again,  we color-coated everything.  

I  th ink you are  looking at  what ,  30,  60,  90 cages ,  three 

repl icates  of  a l l  the  t reatments ,  t imes 30 animals  per  repl icate .  

Everything was color-coated.  Same endpoints  - -  we looked at  t ime in  

metamorphosis ,  growth,  development ,  s ize  a t  metamorphosis ,  gonads 

and as  each animal  metamorphosed --  f i rs t ,  I  want  to  give you a  l i t t le  

bi t  about  the  rotat ion,  because what  you are  looking at  now are  the 

tanks.  Each has  their  own color-coated ai r  hose,  each has  i t ' s  own net  

that  is  color-coated that 's  maintained in  a  plas t ic  bag to  avoid 

contaminat ion.  Everything is  covered with  a  drop cloth when i t ' s 

moved around.  We have al l  our  t reatments  and controls  to  analyze for  

contaminat ions as  wel l .  What  you are  looking at  now,  sor t  of  a  

schematic  of  the  different  t reatments  and we do keep them in a l l  in  a  

row to avoid contaminat ion and confusion.  We also do a  few other  

things.  

What  I 'm showing you now is  that  every t ime we do a  water  
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change,  we rotate  the  tank so that  no one tank is  ever  s i t t ing in  the 


same place a t  one t ime.  I 'm going to  make tank number  one white .  I f  

i t  was here ,  on Tuesday,  Wednesday,  Thursday,  Fr iday --  on Fr iday i t  

would end up here .  Three days la ter  i t  would end up here .  So,  we 

have a  rotat ion pat tern.  We don ' t  do i t  random. There  are  reasons for  

that  i f  you want  to  ta lk  about  i t .  We also - -  I  designed where the 

tanks go.  We put  - -  in  this  par t icular  exper iment ,  the  reason these are  

white ,  i s  that  we put  controls  on to  the ends and in  the middle .  But  

they weren ' t  a lways there  of  course ,  they were a lways being rotated.  

What  this  a l lowed us  to  do is  tes t  i f  there  were posi t ion effects ,  f ront-

to-back to  tes t  i f  there  were effects  f rom lef t - to-r ight .  

And I organized this in such a way so that a l l the spr ing 

samples  were blocked together  and al l  the  summer samples  were 

blocked together. I  d id  i t  ra ther  than randomized i t ,  because i f  there  

were a  lef t  l ight  or  a  f ront  back effect ,  par t icular ly  i f  there  was a  lef t -

r ight  effect ,  I  could separate  this  into  two experiments  and have a  

control  as  a  cal ibrator  in  the  middle .  

You now are  just  looking at  t ime to  metamorphosis  and average 

t ime to  metamorphosis  for  each of  these tanks and al l  I 'm doing is  

put t ing this  here  to  te l l  you there  is  no difference between front  and 

back or  lef t  and r ight .  
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In  other  words,  no mat ter  where these controls  were - -  and they 

were never  s ta t ic  - -  every three days they were moving.  We keep 

maps of  every t ime we do a  tank change.  What  I 'm te l l ing you is  that  

there  is  no posi t ion effect .  So,  we have control led and tes ted for  

these things.  There  are  a lso a t razine tanks where we can look for  for  

a t razine by posi t ion effect  or  a t razine by posi t ion by tank,  i f  you wil l .  

So,  we control  for  those things.  The other  thing we did was,  as  

each animal  metamorphosed and got  that  number  that  I  to ld  you about ,  

each one of  those 3000 animals  were individual ly  housed in  a  del i  

cup,  so  that  we can monitor  each individual 's  t ime and metamorphosis  

and s ize  a t  metamorphosis .  For  a l l  3000 individuals ,  we know 

when the four  l imbs emerged,  we know how long i t  took i t ' s  ta i l  to  

absorb and they were s t i l l  maintained in  t reatment  water.  We know --

we knew eventual ly  what  the sex was.  We had data  on individual  

animals  that  we fol lowed from the t ime the four  legs  came out .  

What  I 'm going to  show you --  I 'm going to  break i t  down.  We 

looked at  the  individual  compounds,  plus  the mixtures  and what  I  

want  to  show you actual ly,  i t  i s  qui te  interest ing.  No metalaxle  

wasn ' t  so  good for  tadpoles ,  so  we lost  some data  on the metalaxle .  

No other  compound seemed to  affect  metamorphosis  

s ignif icant ly. No other  s ingle  compound except  a t razine had some 
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inhibi tory effect  on metamorphosis .  I ' l l  te l l  you about  i t . 


What was more interest ing was,  i f  you look at  controls ,  th is  is  

now number  metamorphosing and this  is  day on the X-axis ,  here  is  the  

controls .  That  blue l ine  is  the  average t ime to  metamorphosis .  The 

summer mixture  is  metolachlor  a t razine (ph) .  There  is  a  delay in  

metamorphosis .  The spr ing is  the  ten mixtures  - -  ten compounds 

together  - -  there  is  an even greater  delay in  average t ime to  

metamorphosis .  

What  is  in teres t ing is  i t  a lmost  seems l ike  - -  th is  may spark 

some discussion,  i t  a lmost  seems l ike  the tadpoles  are  somehow 

count ing the number  of  chemicals  they are  exposed to .  For  example,  

th is  spr ing mixture  of  the  ten compounds I  showed you --  there  is  only 

.1  microgram per  l i ter  of  each individual  compound.  So,  there  is  only 

a  tota l  of  one microgram per  l i ter  of  pest ic ide.  Again,  i t  i s  ten things 

a t  .1 .  

Even i f  I  g ive a t razine a t  200 par ts  per  bi l l ion,  i t  won' t  produce 

this  kind of  effect .  Each of  those compounds at  .1  par t  per  bi l l ion 

won' t  produce and effects  on metamorphosis ,  even atrazine a t  200 

par ts  per  bi l l ion won' t  produce this  kind of  effect ,  but  when you put  

a l l  compounds together,  as  low as  .1  par t  per  bi l l ion --  one par t  per  

bi l l ion ki l ls  them al l .  You get  these kind of  delays  in  metamorphosis ,  
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which are  greater  than delays  that  you get  with  the two compounds.  


What is  more is  Paula  Case,  who is  actual ly  here  today,  as  wel l ,  has  

been looking at  the  thyroid glands.  

I f  you look at  the  thyroid glands as  controls  compared to  

animals  f rom these mixtures ,  you get  large - -  what  appear  to  be 

enlarged thyroid glands.  I  don ' t  have the quant i ta t ive  data  yet .  We 

are  s t i l l  doing the his tology. Like I  sa id ,  i t  i s  thousands of  animals .  

We're  looking at  thyroid gland s ize ,  volume,  fol l ic le  s ize ,  col loid  

s ize ,  a l l  those measures  of  thyroid inhibi t ion and we're  a lso,  of  

course ,  looking at  f i rs t  to  las t  animal  per  tank.  We'l l  looking at  

t rends in  the thyroid gland within a  tank and those things.  But  i t  

appears  - -  I  mean,  cer ta inly,  there  is  s ta t is t ical ly  s ignif icant  effect  

wi th  these mixture  on t imed metamorphosis  and i t  may be correla ted 

with  some type of  effect  on the thyroid gland that  we 're  s tar t ing to  

look at .  

One of  the  other  things is ,  I  would never  have looked at  the  data  

this  way,  but  Kel ly  Haston --  th is  is  actual ly  from a different  

experiment  - -  Kel ly  Haston has  been analyzing some data .  These are  

animals  f rom Utah that  she is  looking at  and what  she has  done is  - -

here  are  controls  and she has  looked at  rank order.  She just  looked at  

the  f i rs t  animal  to  metamorphosis  and plot ted the days to  
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metamorphosis ,  animal  number  1 ,  2 ,  b la ,  b la ,  b la .  


What you wil l  not ice  is ,  i t  seems that  they s tar t  to  accelerate  in  

the  las t  th i rd  on the ta i l .  At  .1  par t  per  bi l l ion at razine,  you see the 

same accelerat ion.  I t  seems l ike  they s tar t  to  s low out ,  to  s low down 

when they are  a t  the  25 par ts  per  bi l l ion dose.  

I t  seems and in  the other  data  set  which we ' l l  go back to  in  just  

a  minute ,  i t  seems that  the  inhibi t ion of  metamorphosis  is  due to  the  

las t  th i rd  s lowing down.  The f i rs t  two-thirds  seem to do --  to  be no 

different  f rom the control .  Does that  make sense? 

There  is  overal l  inhibi t ion of  metamorphosis .  I 'm going to  

show you the same thing with the mixtures .  I f  you look at  the  f i rs t  

th i rd  of  the  animals ,  controls  compared to  pest ic ides ,  they are  the  

same. There  is  no difference.  I f  you look at  the  middle  third ,  they 

s tar t  to  s low down.  I f  you look at  the  las t  th i rd ,  they real ly  s tar t  to  

s low down.  

I  don ' t  know if  that 's  because you 're  taking animals  out  of  tank,  

they 're  now effect ively a t  a  higher  dose because there  is  less  animals  

in  the  tank to  deal  with  the load or  i f  i t ' s  jus t  the  s lower  ones  are  

more suscept ible  to  whatever  effect  the  pest ic ide have.  

Let  me s top.  Does that  make sense? 

The reason I  br ing i t  up is  because there  is  a  consequence to  
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th is .  You are  now looking at  t ime to  TR,  t ime to  complete  t ier 


resorpt ion (ph)  in  days.  These are  controls .  In  this  case ,  i t  i s  nine 

repl icates ,  because we 're  ta lking about  the  same experiment .  

This  is  S.  metolachlor,  and that  is  a t razine.  We're  only looking 

at  the  las t  th i rd  of  the  animals .  The f i rs t  two-thirds  come out  - -  there  

is  no s ta t is t ical  s ignif icance difference.  There  is  an overal l  

d i fference,  but  i t  i s  because the las t  th i rd  are  s lower. I f  you look at  

controls ,  S .  metolachlor  a t razine a lone delay metamorphosis  by a  

week,  a lmost  ten days.  Ei ther  one of  the compounds.  

I f  you combine the two compounds,  however,  metolachlor  and 

atrazine mixed together  a t  the  same proport ion that  they would be 

mixed in  bicep or  bicep i tse l f ,  there  is  a  delay of  about  20 days - -  or  

about  two weeks.  Sorry. 

When I f i rs t presented these data to some people in EPA, they 

asked,  i t  i s  s ta t is t ical ly  s ignif icant ,  but  is  i t  b iological ly  s ignif icant?  

Would two weeks make a  real  difference.  

My best  answer  I  l ike  was one that  I  found when I  was actual ly  

in  Bel ize  for  something,  but  here  is  a  cornf ie ld .  I t  turns  out  they have 

a  leopard frog in  Bel ize .  I  was supposed to  be on vacat ion.  There  is  

my kids .  They don ' t  have anything to  do with i t .  

There  is  a  runoff  pool  or  a  pool  here  on the s ide of  the road.  I f  
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you look in  that  pool ,  there  are  leopard frog tadpoles  in  the pool .  The 


very next  day,  they are  gone.  So these are  just  dead tadpoles .  That  

same pool  that  I  showed you ear l ier  has  desiccated.  

There  are  a  lot  of  - -  there  is  a  great  deal  of  data  now that  there  

are  amphibians  - -  especial ly  amphibians  that  breed in  temporary pools  

that  are  adapted to  pond drying and accelerated metamorphosis .  

There  has  been a  great  deal  of  s tudy including work by people  

on this  panel  to  look at  some of  the hormones involved in  that  

accelerated metamorphosis  and involved in  that  response to  pond 

desiccat ion.  

What  is  the  possibi l i ty  that  the  evolut ion,  the  adaptat ion to  

pond desiccat ion and the hormones involved,  thyroid hormone,  

potent ia l ly  cor t icoids ,  what  is  the  possibi l i ty  that  the  most  important  

thing about  pond desiccat ion now is  an increase in  the  concentrat ion 

of  the  pest ic ides  that  are  in  that  runoff ,  for  example,  such as  the 

metolachlor  and atrazine,  which seem to be the only two pers is tent  

pest ic ides  and which combined appear  to  inhibi t  metamorphosis?  

I  th ink there  is  a  biological  s ignif icance when you consider  this  

adapt ive response.  

The other  s ignif icance is  the  fol lowing.  Par t  of  this  res is tance I  

was te l l ing you about  is  th is .  The f i rs t  25 percent  of  the  animals  in  
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several  of  the  rana pipiens  populat ions  we look at  have this 


arrangement  a t  metamorphosis .  So remember  I  showed you before  the 

gonads were c lear ly  different ia ted,  they had spermatids  developing,  

they had oocytes  in  the  ovar ies?  

Populat ions  such as  these in  Nebraska and also Connect icut ,  

one populat ion we have shows this ,  the  tes t is ,  we bel ieve this  is  a  

tes t is ,  s t i l l  has  qui te  a  bi t  of  - -  that 's  not  jus t  weak tes t is ,  qui te  a  bi t  

of  cor tex - -  medul la  in  tact  as  wel l  as  the  cor tex,  so  i t ' s  re la t ively 

undifferent ia ted,  and females  f rom some of  these populat ions  a lmost  

look l ike a  xenopus.  

There  is  a  s ingle  oocyte  here  and an ovar ian vesical ,  but  you 

don ' t  see  oocytes  the way you see in  some of  these Wisconsin 

populat ions ,  some of  the gonads that  I  showed you ear l ier. 

So the hypothesis  we are  working at  now is  that  these animals  

that  metamorphose,  these populat ions  that  metamorphose quickly,  but  

have delayed gonadal  development  re la t ive  to  their  somatic  

development ,  may be res is tant  or  may escape the effect  because these 

gonads aren ' t  going to  different ia te  unt i l  they are  out  of  the  water. 

These animals  have al ready metamorphosed.  Does that  make sense? 

I f  you look at  the  animals  to  metamorphose,  those are  the  ones  

that  tend to  be more sex reversed or  that  tend to  have the oocyte  
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s ta t is t ic  of  the  oocytes .  


I  guess  the  point  I 'm get t ing at  is  the  more severe  

hermaphrodi t ism or  the  more severe  gonadal  abnormali t ies  tend to  be 

in  the  animals  that  metamorphose las t .  

Of  a l l  the  pest ic ides  we looked at ,  that  l is t  I  gave you of  ten,  

the  only one that  produces  the effects  in  our  laboratory so far  is  

a t razine.  

Now what  I 'm te l l ing you is  that  - -  and I 'm te l l ing you not  only 

does  a t razine produce the effects ,  but  the  effects  are  more severe  in  

the  s lower  developing animals .  

And now I 'm te l l ing that  you when you mix atrazine with other  

compounds,  and in  this  case  metolachlor,  you get  delayed 

metamorphosis  in  the  las t  animals  to  metamorphose.  When atrazine is  

mixed with other  compounds,  there  is  - -  I  don ' t  want  to  use the word 

synergism because - -  there  is  an enhanced effect  because essent ia l ly  

durat ion of  exposure has  been increased.  

Again,  by going into the f ie ld ,  there  is  value.  There  is  

uncer ta int ies ,  but  those uncer ta int ies  have al lowed us  to  design a  

more real is t ic ,  yet  control led exper iment  in  the  laboratory. 

What  you are  looking at  now is  another  consequence of  - -  here  

are  controls ,  the  summer mixture ,  which is  jus t  the  two compounds,  
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metolachlor  and atrazine.  The spr ing mixture ,  which is  the  ten 


compounds.  You are  looking at  body weight  and snout  vent  length,  

and on the X axis ,  t ime to  metamorphosis .  This  is  going to  come up a  

couple  t imes.  

In  other  words,  what  you are  looking at  is  you are  looking at  

what  i t  real ly  means to  be a  tadpole .  We ta lked about  that  l i t t le  pin  

s ize  egg with no yolk sack in  the beginning.  The point  of  being a  

tadpole  is  to  get  big  enough so that  you can metamorphose and be an 

insect  or  a  carnivore .  I t ' s  a  growth per iod.  

And so the longer  you take,  i f  you look at  controls ,  the  longer  

you take to  metamorphose,  the  bigger  you should be.  In  other  words,  

i f  you metamorphose quickly you have had a  shorter  growth per iod,  so 

you come out  smal ler.  Whereas ,  you know, your  brother,  which takes  

longer  to  metamorphose or  s is ter  which takes  longer  to  metamorphose 

is  going to  be larger  because they have had a  longer  growth per iod on 

average.  

I f  you mix these two compounds together,  you s tar t  to  reverse  

that  t rend.  I f  you mix ten compounds together,  you s tar t  to  reverse  i t  

even more.  

So there  are  consequences  of  not  jus t  individual  compounds and 

the effects  on the gonads,  but  there  are  a lso consequences  when those 
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compounds are  given in  a  more real is t ic  environment ,  i .e . ,  one of 


these  chemical  mixtures .  

One of  the  other  consequences  especial ly  with  the ten 

compound mixture ,  a l though we see this  a  l i t t le  bi t  wi th  a t razine and 

metolachlor,  here  is  a  control  a t  metamorphosis ,  a  heal thy animal .  

This  is  an animal  exposed to  the ten compound or  the  spr ing mixture .  

And you can see he doesn ' t  look happy and he can ' t  walk s t ra ight .  

Apparent ly,  there  is  some immuno compromise when the 

animals  are  exposed to  this  mixture  of  ten chemicals .  We saw i t  very 

low frequency with the metolachlor  and atrazine.  

But what is happening is this animal has a microbacter ium. 

Apparent ly  they al l  have i t .  I t ' s  a  symbion.  But  they don ' t  succumb 

to  this  inner  ear  infect ion unless  they are  immuno compromised.  And 

now we're  a t  thymus and t rying to  do some immuno chal lenges to  look 

at ,  t ry  and character ize  that  effect .  But  i t  i s  another  effect ,  again,  of  

the  combined chemicals  and something we should consider. 

So we have done these control led s tudies .  Used that  to  f ind 

endpoints  that  we then used to  do f ie ld  s tudies .  Maybe the most  

valuable  thing about  the  f ie ld  - -  cer ta inly one of  the  most  valuable  

things is  we were able  to  use  the information we got  in  the  f ie ld  to  set  

up some real  s imulat ions  in  the  laboratory where we can do more 
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real is t ic  exposures  with  a t razine and i ts  companions.  


The las t  th ing we have done,  I  won' t  be  able  to  give you data  

yet  because the work is  s t i l l  in  process ,  i s  we real ly  brought  the  f ie ld  

home.  

We col lected,  I 'm not  going to  even t ry  to  say the number,  but  

hundreds of  - -  does  anybody remember how much?  A lot  of  water. 

We col lected i t  f rom several  s i tes .  Si tes  that  we expected to  be 

contaminated,  s i tes  that  we knew had high incidence of  

hermaphrodism. 

Temporal ly s tored i t whi le we were on the road just overnight . 

Then we t ransported i t  back to  Berkeley in  an 18-wheeler  t ruck with  i t  

a l l  maintained frozen.  We had somebody freeze Wholefred (ph) ,  a  

solut ion,  back at  the  lab so that  we have --  Wholefred is  jus t  a  

solut ion we use for  rear ing controls .  So we have control  water  f rozen 

back at  the  lab too.  

The reason for  that  is  to  answer  the quest ion that  I  th ink al l  

cr i t ics  are  going to  ask.  And that  is  what  i f  populat ions  just  vary? 

What  i f  i t ' s  real ly  jus t  that  animals ,  f rogs  from some of  these s i tes  in  

Nebraska,  jus t  l ike  their  gonadal  dysgenesis  and tes t icular  oocytes ,  

that  is  jus t  how they are ,  and animals  f rom Utah that  aren ' t  in terested 

in  that?  
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What  we can do is  and what  we have been doing is  each week 

we take out  a  bucket  of  water,  we can raise  Utah animals  in  Utah 

water  and expect  them to be normal .  And i f  i t ' s  real ly  just  populat ion 

var ia t ion,  animals  t ransplanted from si tes  l ike  in  Nebraska and 

Wyoming,  for  example,  wi l l  s t i l l  come out  intersexed even i f  they 're 

in  that  Utah water. 

Whereas  i f  you raise  them in Nebraska water,  i f  i t  i s  jus t  normal 

populat ion var ia t ion,  the  Nebraska water  won' t  affect  the  Utah 

animals .  

The al ternat ive hypothesis ,  of  course ,  is  i t ' s  the  water  and we 

know the chemical  - -  what  chemical  contaminants  are  in  the  water. 

We  measure  i t  over  t ime to  make sure  i t ' s  s table .  USGS has  been 

doing that  for  us .  

I f  i t ' s  the  water,  no mat ter  where you come from, Nebraska and 

Wyoming water  wil l  induce the hermaphrodi t ism.  And that 's  ongoing.  

We also have Wholefreders  controls  for  everybody that  we 're 

using as  wel l ,  and we ' l l  be  br inging back,  hel icopter ing water  out  of  

Montana to  do s imilar  things with  the water  there .  

So you know, the real  quest ion,  I  th ink is ,  I  th ink both the f ie ld  

and the laboratory s tudies  are  important .  I  have l is tened to  groups 

argue about  the  re la t ive importance and what  should be done f i rs t .  
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I  th ink i t  was the las t  group that  was up said  or  maybe i t  was 

someone on the panel  said  maybe you do both a t  the  same t ime.  

I  th ink i t  i s  important  to  do both a t  the  same t ime so that  you 

can character ize  what  is  natural  for  the  individual  populat ions ,  

character ize  what  is  happening in  the f ie ld ,  and t ry  to  s imulate  and 

character ize  what  they are  exposed to  as  wel l  as  maybe br inging water  

back and doing the kinds of  things where you can real ly  have --  as  

c lose to  as  you can get  as  having a  f ie ld  in  the lab where you can 

control  everything and real ly  determine i f  i t ' s  real ly  the  water  that  

makes things l ike  this  and which compounds in  the water. 

So that 's the sor t of lab f ie ld , lab model that we have been 

working on for  the  las t  three years .  I  don ' t  know if  I  should pause 

here  for  quest ions .  Because the next  thing I  want  to  do is  real ly  

address  this  cause and effect  quest ion.  Some of  the quest ions  that  the  

panel  is  charged with  about  dose response,  e t  cetera  and mechanism. 

DR. ROBERTS: Let 's  go ahead and ask the panel  i f  they have 

any quest ions on anything you have presented so far. 

DR. HAYES:  Yes, please . 

DR. ROBERTS:  Dr. Skel ly? 

DR. SKELLY:  I  have some quest ions about  your  f ie ld  methods 

which per ta in  to  the Nature  and EHP papers .  I  guess  they are  
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important  because you are  cont inuing to  use these f ie ld  s i tes . 


DR. HAYES:  Yes. 

DR.  SKELLY:  I  guess  I 'm curious how you selected those 

e ight  locat ions?  You ta lked about  i t  br ief ly,  but  I  would be interested 

in  some  more detai ls .  And then for  those general  locat ions how you 

selected specif ic  wet lands.  

And then how you --  you said you col lected 100 animals .  I 

th ink Dr.  Ashby was referr ing to  - -  the  next  couple  sentences  in  there  

said  you analyzed 20 of  them. Maybe you can clar i fy  that .  I  th ink 

that 's  what  he was referr ing to .  

But  how did you actual ly  col lect  those animals?  And 

specif ical ly,  you said you were target ing metamorphs and you were 

basing that  on s ize .  Were you ident i fying the metamorphs before  you 

picked them up or  were you doing that  af terwards?  And also - -  wel l ,  

that 's  enough for  now. Why don ' t  you chew on that  a  l i t t le .  

DR.  HAYES: Let  me back up for  a  second.  I t  might  be useful  

to  have this  out .  

The f i rs t  par t  of  the  quest ion is  how did we pick the s i tes .  One 

is  I  looked at  th is  map,  and I  made some predict ions  about  what  is  

going to  be a  reference or  what  we cal l  a  control  s i te .  What  is  going 

to  be a  reference s i te .  What  is  going to  be a  contaminated s i te .  
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I  based my hypotheses  on what  was reference and what  was 

contaminated based on this  map which was on sales .  

DR.  SKELLY:  Did you s i t  there  in  Berkeley before  you got  on 

the road and just  picked count ies  and picked l ike  e ight  count ies  and a  

set  of  back-ups? 

DR. HAYES: I  picked the s i te  in  Utah in  par t  because I  was 

working with somebody in  Utah Fish and Wildl i fe  who knew where 

there  were heal thy rana populat ions .  And those were animals  that  we 

already had in  a  colony in  a  laboratory. 

And then because I  was using one in  Utah I  wanted a  nearby 

s i te  that  would l ikely be contaminated.  So I  went  to  this  county 

which,  I  bel ieve,  is  Cash County,  because there  is  golf  courses  and 

cherry growing there .  So I  wanted sor t  of  paired s i tes .  

I  p icked everything along a  paral le l .  I  mean,  I 'm  making a  joke 

about  I  80,  but  I  p icked i t  on a  paral le l  because of  the  differences  in  

the development  t imes as  you go north  south.  

DR.  SKELLY:  (Inaudible)  You got  an al t i tude;  no gradient  

there ,  though,  too.  Right?  

DR. HAYES:  Yes.  We have al l that in the paper and the GPS. 

Yes,  you are  correct .  

But  we recorded that  and took --  or iginal ly,  we were going to  
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col lect  in  Nevada,  for  example.  There  are  just  no viable  populat ions 


there  and the s ta te  wasn ' t  going to  give us  a  permit  to  col lect  100 from 

any s i te .  

We did get some animals - - there was die off here or 

something,  but  we haven ' t  analyzed them and,  of  course ,  there  was a  

die  off  on Nat ive American land.  Somebody was working there ,  but  

we didn ' t use any of that .  So the s i te from Utah was where we 

knew heal thy populat ions ,  then we chose a  s i te  - -  sorry i t ' s  hard see 

f rom way back here ,  we chose a  s i te  where there  might  be 

contaminat ion.  

Wyoming we picked as  a  reference s i te  because we thought  

there  would be no use in  Wyoming.  That  that  would be a  good s i te  for  

a  reference.  

In  Nebraska I  chose Cherry County because i t  was a  reference 

s i te  surrounded by atrazine.  I  knew I  could f ind --  paired as  best  you 

can f ind contaminated samples  or  contaminated s i tes  in  Nebraska.  

Then I  wanted several  s i tes  in  Iowa,  I l l inois ,  and Indiana.  

In  Iowa I  worked with somebody from the univers i ty  who got  us  

permission to  go on the farm lands,  because we wanted some runoff .  

He got  us  permission.  Fred Jasen is  his  name. I  th ink he is  

acknowledged in  the paper  - -  got  us  permission to  go into  the wildl i fe  
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refuge.  

So we had within a  contaminated s ta te ,  i f  you wil l ,  we had 

cornf ie lds  where we expected i t  to  be high and then we had protected 

areas  where they weren ' t  us ing at razine on that  s i te  because i t ' s  a  

wildl i fe  refuge.  

Then in  I l l inois  and Indiana,  we were given permits ,  but  we 

never  found a  s i te  we were comfortable  enough that  there  were enough 

frogs that  we fel t  l ike  we could take 100 and be --  not  e thical ,  but  we 

just  didn ' t  feel  l ike  there  was enough animals  that  we could do i t .  

The s i tes , in general , the count ies were chosen a pr ior i , 

because,  in  fact ,  when you wri te  for  the  col lect ing permit  you have to  

l is t  exact ly  what  count ies  you are  going to .  They were chosen a  pr ior i  

the  s i tes .  My s tudents  can te l l  you,  we dr ive around unt i l  we f ind 

frogs.  

So that  specif ic  s i tes  in  places  we had no knowledge, l ike  in  

Iowa where somebody helped us ,  we just  drove around and went  recon 

unt i l  we found frogs.  

DR.  SKELLY:  So you didn ' t  use  l ike Nat ional  Wetland 

Inventory maps,  or  anything l ike  that?  

DR. HAYES:  No.  I did not .  No. 

DR. SKELLY:  And you didn ' t  put ,  say,  a l l  the  count ies  a long 
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I -80 into  a  hopper,  s t ra t i fy  them by atrazine and then select? 


DR. HAYES: Like in  Wyoming,  we drove unt i l  we saw water. 

We would get  out  and walk and look for  f rogs.  I t ' s  the  same way I  

hunt  in  Lake Victor ia  in  Afr ica .  

In  terms of  picking the metamorphs,  a t  each s i te  with  the 

except ion of  Cherry County,  a t  each s i te  we found a  sample of  animals  

which we have preserved as  a  reference that  s t i l l  had ta i lbud.  So we 

knew they were newly metamorphosed.  We used that  snout  vent  

length as  our  basis  for  choosing who was a  new metamorph and not .  

DR.  SKELLY:  So that  is  going to  vary among s i tes ,  though --

DR. HAYES: That  var ies  great ly  among s i tes .  Yes.  The s ize  a t  

metamorphosis  ranges in  Nebraska from the place in  the cornf ie ld  in  

Nebraska to  about  the  s ize  of  my thumb to  - -  where is  a  big  s i te?  

Some s i tes  they came out  this  big .  

DR.  SKELLY:  You were doing this  in  la t ter  July,  I  guess? 

DR. HAYES: Yes,  because I  was there  for  my bir thday.  I t ' s 

July 29th.  So i t  was in  July,  yes .  

DR. SKELLY:  Did you know that  you were hi t t ing the same 

point  in  the  metamorphic  per iod for  a l l  of  these different  s i tes?  

DR. HAYES: I  can ' t  - -  no,  I  can ' t  know that .  And I  know --

what  I  can te l l  - -  the  reason I  sa id  except  for  Cherry County, 
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Nebraska,  what  I  can te l l  you is  that  a t  each s i te  we col lected a  subset 


of  animals  that  s t i l l  had smal l  ta i l  remaining.  You know, sor t  of  

s tage,  whatever,  43,  44,  45,  except  Cherry County where we could not  

f ind any. 

And there  is  some indicat ion in  Cherry County that  they might  

even overwinter  and that  i t  might  be different  aged animals .  

DR.  SKELLY:  I 'm sorry I  asked a  long quest ion,  but  how did 

you col lect  them, specif ical ly? 

DR. HAYES: Depends on where we were.  So on North Plat  

River,  we walked around with hand nets  and dip nets  and caught  them 

along the r iver. 

In  Cherry County we unsuccessful ly  dug pi t fa l l  t raps ,  and we 

ended up --  in  fact ,  by the picture ,  we ended up t rapping them in the 

grass  with  the same net .  

In  the golf  course we walked,  we could walk along the water  

and they would hop up and rush on land and catch them by hand.  

In  other  places  we walked along with nets .  I t  depended on the 

terra in .  And the animals  behave very different ly  i f  they are  in  a  r iver  

versus  a  pond versus  a  f looded meadow. 

DR. ROBERTS:  Dr. Heer inga. 

DR. HEERINGA: I  have a  quest ion about  the lab f ie ld  
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s imulat ion where you actual ly  look at  the  mixtures  of  compounds.  


And as  I  look at  the  control  in  spr ing,  spr ing summer graphs there  

c lear ly  a t  least  by the number  of  points  on these graphs is  substant ia l  

mortal i ty  different ia l  across  those which --  is  that  the  case? 

DR. HAYES: Let 's  pul l  i t  up.  For  the ten mixture ,  yes .  And --

that  would be the spr ing mixture .  

For  the  summer,  I  don ' t  recal l  that  there  is  any difference in  

mortal i ty. And we suspect ,  in  fact ,  that  the  problem in the spr ing 

mixture  is  the  metalaxyl  (ph) .  That  i f  we pul l  the  metalaxyl  out  of  the  

spr ing mixture ,  we can mix the nine compounds.  Because metalaxyl  

doesn ' t  do so wel l  for  the  animals .  

DR.  HEERINGA: I t  was metolachlor  that  is  par t  of  the summer 

mixture? 

DR. HAYES:  The summer mixture is a t razine plus 

metolachlor.  And the spr ing mixture  is  a l l  ten of  those compounds,  

tebupir imphos,  cyf luthr in ,  the  whole  thing.  

DR. HEERINGA: Since you have t imed data  here  have you 

looked at  a l l  a t  applying a  survival  analysis  technique to  that  data  

which would account  for  the censoring? 

If  you knew when these tadpoles  died,  you do know that  a t  that  

point?  
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DR. HAYES: I  know exact ly  what  happened to  each individual  

of  these 3000.  

DR. HEERINGA: Have you considered or  have you done that ,  

appl ied a  survival  analysis  method that  would adjust  - -  your  endpoint  

that  you are  looking at  is  t ime to  metamorphosis  which is  the  event  of  

interes t  here .  But  there  is  a  compet ing r isk which is  the  mortal i ty  of  

these individuals .  And i f  the  two were confounded in  that  compet ing 

r isk, I  th ink i t  could change the interpreta t ion just  as  a  lot  of  other  

human survival  or  event  s tudies  have.  

DR. HAYES: I  have not  done such a  thing on this  data  set .  

This  is  an unpubl ished data  - -  do you have a  copy of  i t?  Is  that  what  

you are  looking at?  

DR. HEERINGA: No.  

DR. HAYES: I  thought  you were saying you had a  copy. This  

is  an unpubl ished data  set .  This  is  rana pipiens .  We have repeated 

this  now with xenopus laevis  looking at  mult iple  doses  and things l ike  

that ,  but  the  analysis  that  you are  ment ioning is  not  something I  have 

done thus far. 

DR.  HEERINGA: Just  a  comment ,  i t  would be a  very valuable  

thing to  add to  the analysis  of  this  par t icular  data  s ince you have al l  

the  t ime dependent  measures  and you know the fa tes  of  these 
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individuals ,  e i ther  death or  survival  and survival  t ime to 


metamorphosis ,  so  I  recommend i t .  DR.  HAYES: I 

might  cer ta inly ta lk  with  you more about  that .  Because I  am not  

famil iar  with  the type of  analysis  you are  ta lking about ,  to  be honest .  

But  i t  sounds l ike  something we would be interested in  doing.  

DR. ROBERTS: Dr.  Kloas and Dr.  Denver. 

DR.  KLOAS: To the presentater,  I  would l ike to  keep on with 

the inhibi t ion of  metamorphosis .  In  rana pipiens  you f ind something 

of  delay on metamorphosis  by atrazine.  In  xenopus not .  Do you have 

any explanat ion for  that?  

DR. HAYES:  There are some data , not my data that I can show 

you,  that  suggest  that  a t razine inhibi ts  metamorphosis  in  xenopus.  

Rana pipiens ,  the  t rue rana pipiens  vary incredibly. So even 

some populat ions  of  rana pipiens  we get  delays  in  metamorphosis  and 

some we don ' t .  I  can them tel l  you why.  I  th ink why anyway. 

So for  example rana pipiens  f rom  Wisconsin,  I  can pul l  the  data  

up,  I  actual ly  have i t  here ,  don ' t  show any delay this  metamorphosis .  

But  rana pipiens  f rom Connect icut  take about  two months  to  

metamorphose.  Rana pipiens  f rom  Wisconsin,  same room, same 

temperature ,  same tanks take about  f ive months .  

So there  is  such a  larger  var ia t ion that  I  th ink you don ' t  p ick up 
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the  effect .  So I  don ' t  know if  i t  i s  a  real  biological  effect  that  i t 


occurs  in  some populat ions  and not  others  but  jus t  the  nature  of  the  

difference in  t ime to  metamorphosis .  But  t reated the same way,  they 

are  very different  s ize ,  very different  t ime to  metamorphosis .  

So i t  depends on the populat ion,  even with rana pipiens .  I t  doesn ' t 

surpr ise  me that  xenopus and rana pipiens  might  respond different ly. 

DR. ROBERTS:  Dr. Denver? 

DR. DENVER: I  have just  a  general  point  of  c lar i f icat ion.  I 

jus t  wonder  i f  your  data  set  is  more robust  than what  is  actual ly  

presented in  the publ ic  l i terature .  Because you ment ioned a  number  

of  t imes that  you have 10,000 and more observat ions over  the course  

of  f ive or  s ix  years .  And --

DR. HAYES: Sorry. That 's  not  a l l  a t razine,  though.  We do --

DR. DENVER: Okay. But  assuming you have a  subset  of  that  

that  is  a t razine,  are  there  more data  than what  is  presented in  the  

publ ic  l i tera ture  that  can be made avai lable?  

DR. HAYES: Yes.  You wil l  see  more of  that  today. 

So for  example,  some of  the data  involved a  big experiment  we 

did to  look at  tes tosterone and est rogen levels  in  the larvae,  and we 

were unsuccessful .  I  know Dr.  Kel ly  has  measured i t .  I  have 

publ ished and measured on s teroids .  We were unable  to  measure 
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s teroids  in  the  developing larvae in  response to  a t razine in  the 


controls  or  a t razine t reated.  

So some of  the observat ions were that  s tudy,  which hasn ' t  been 

publ ished.  

Some of  them were some work we have done with the 

ant iandrogen,  suprotoacetate  (ph)  which I  wi l l  present  a  l i t t le  of  that  

today.  Some of  them were with the ongoing s tudy,  our  growout  s tudy 

where we are  s t i l l  maintaining the animals  and taking blood samples  

in  the  adul ts .  

DR.  DENVER: Do you recal l  the  sample s ize  in  the 

tes tosterone measurements  in  the PNAS paper?  I  jus t ,  I  couldn ' t  f ind 

i t .  

DR.  HAYES: Melissa ,  do you know?  Four  controls  and four  - -

the  sample s ize  in  the  tes tosterone measurements  in  the  PNAS paper?  

How many animals  per  t reatment?  

Four  individual ly  housed animals .  Yes,  they were individual ly  

housed.  So in  this  case the number  of  animals  and the number  of  

repl icates  are  the  same per  t reatment .  

DR. ROBERTS:  Dr. Coats , Dr. Kel ly, Dr. Green. 

DR.  COATS: I  have a  quest ion about  the laboratory s tudies .  

Your  paper  says  that  the  doses  were confirmed by outs ide labs .  What  
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does - -  how does that  happen? 


DR. HAYES:  We sent bl ind samples . Some of them, for 

example,  went  a long with our  samples  f rom the f ie ld .  We sent  

samples  f rom the s tock that  we make.  We sent  samples  f rom day zero,  

and then we also took samples  a t  the  end of  three days when we 

changed the water. 

What  went  in  on day one and then we changed the water  every 

three days and what  came out ,  we took samples  f rom al l  repl icates  

across  a l l  doses .  That  was done --  when I  was on the Ecorisk panel ,  

that  was done by PTRL West .  

In  the subsequent  s tudy PTRL West  a lso did our  sampling.  And 

then in  the rana pipiens  s tudy and some of  the xenopus s tudy i t  was 

done in  t r ipl icate  by Iowa Hygenics ,  PTRL West ,  and by USGS, 

Wil l iam Bat tagl in .  

But  now we are  solely  working with  Wil l iam Bat tagl in  and 

USGS, because the data  are  the same from al l  three laborator ies .  Al l  

except  that  one sample that  I  ta lked to  you about .  

DR.  ISOM: Did they look for  any metabol i tes  over  the three 

days that  might  have been --

DR. HAYES: Yes.  Those are  publ ished in  the EHP paper. 

De-ethyl  and de-amino atrazine and one other.  And in  the f ie ld  
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samples  they looked for  other  t r iazines  as  wel l . 


DR. COATS: Did they show any --  I  d idn ' t  see  anything about  

the  metabol i tes .  How much they were in  the lab s tudies .  

DR. HAYES:  Oh, in the lab s tudies . 

DR. COATS:  Yes. 

DR.  HAYES: I  do have those data  f rom the lab s tudies  as  wel l .  

They are  publ ished in  the EHP paper  for  the  f ie ld  s tudies ,  but  they 

also send data  on the metabol i tes  in  the  lab s tudies .  

I  don ' t  know off  the top of  my head what  they are .  Atrazine 

over  the  course  of  three days decreases  by 30 percent .  But  I  don ' t 

remember  what  the  major  metabol i tes  are  over  the  three days.  

DR.  COATS: Do you think the metabol i tes  could have any par t  

of  the  act ivi ty  we have seen? 

DR. HAYES: I  would love to  - -  in  fact ,  I  have wri t ten to  

Syngenta  to  ask for  samples  of  the  metabol i tes  to  tes t .  I  th ink i t  i s  

possible .  

We have tes ted,  I  don ' t  have the data ,  because we 're  s t i l l  doing 

the s tudy. But  we have tes ted nine other  t r iazines  and two species .  I 

would love to  add metabol i tes  to  one of  those s tudies ,  but  we don ' t 

have access  to  them. 

DR. COATS: Do you have any body burden data  on the frogs 
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f rom the lab s tudies  or  the  f ie ld  s tudies? 


DR. HAYES: I  do not .  My recol lect ion,  when I  was on the 

Ecorisk panel ,  i s  that  i t  wasn ' t  done because there  was l i terature ,  I  

th ink,  on bul l  f rogs,  you might  have to  ask Allen or  Ron,  that  there  

was data  on bul l  f rogs  that  basical ly  showed i t  d idn ' t  b ioaccumulate  

and that  i t  was water  soluble  and that  was negat ive in  the  tadpoles ,  my 

recol lect ion.  

And that 's  why we chose not  to  do i t  in  the Ecorisk panel .  We 

froze tadpoles  actual ly  for  the  analysis ,  but  i t  was decided we 

wouldn ' t  do the analysis  when I  was on the panel .  I t  i s  not  something 

that  I  t r ied to  do independent ly. No.  

DR. COATS: And you didn ' t  do them in the lab s tudies  e i ther  

then? 

DR. HAYES: No,  oh you mean body burdens from the f ie ld? 

No,  I  d idn ' t  even consider  i t ,  and we didn ' t  do i t  in  the  lab e i ther. 

DR. COATS:  Okay. 

DR. HAYES:  Only the water. 

DR. COATS:  Okay. 

DR. HAYES: And we also had food samples  that  went  to  PTRL 

West  or  the  food dissolved in  the water. 

DR. ROBERTS:  Dr. Kel ly. 
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DR. KELLEY: This  is  fol lowing up on categorizat ion of  the 

kinds of  gonads that  you get  with  exposure to  var ious substances .  

And you use the word hermaphrodi te  in  descr ibing the f ie ld  data .  

But  my understanding is  that  your  conceptual  scheme for  

normal  development  of  the  male  gonad in  rana is  that  they s tar t  out  

with  a  dis ta l  segment  that  has ,  how can I  say,  female  potent ia l  that  

may,  in  fact ,  contain oocytes .  And then during maturat ion that  par t  

of  the  gonad disappears  and the gonad shortens .  

So when you have an animal  that  has  f rank oocytes  and 

maintenance of  that  dis ta l  segment ,  what  you are  get t ing is  fa i lure  of  

different ia t ion of  the  male  gonad that 's  maintaining this  more female  

l ike  par t .  Right?  

DR. HAYES: Uh-huh (Affi rmative) .  

DR.  KELLEY: So we might  begin to  think about  a  different  

word for  descr ibing that .  

DR.  HAYES: No,  I  agree.  I  should be more careful .  I  th ink 

hermaphrodi te  is  inappropria te  for  what  we f ind in  rana.  

DR. KELLEY: And what  do you think about  the word intersex? 

These words,  you know, carry connotat ions.  

DR.  HAYES: Intersex,  in  my recol lect ion,  his tor ical ly  has  been 

used interchangeably with  hermaphrodi te .  I  would be re luctant  to  use  
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the  word intersex. 


DR. KELLEY: Is  i t  possible  that  many of  the effects  you see 

are  due to  developmental  re tardat ion of  some sor t?  

So i t  maybe,  in  fact ,  that 's  par t  of  your  hypothesis  for  how they 

escape at razine effects .  So i f  you keep the poster ior  par t  of  the  

gonad,  i t  i s  avai lable  to  plump up i f  i t  gets  any est rogen and becomes 

vi tol legenic .  

DR. HAYES:  Yes. 

DR. KELLEY: Right .  So that ' s  possible .  And you don ' t  - -  you 

t r ied,  I 'm confused about  this .  But  you have t r ied to  breed some of  

these animals?  

From the or iginal  s tudy you didn ' t  have enough animals  lef t  to  

breed.  I  guess  that  was the xenopus s tudy. 

But  f rom these rana animals ,  do we have any data  on what  the 

fer t i l i ty  of  an animal  with  a  maintained oocytes  and good tes t icular  

t issue would be? 

DR. HAYES: We have from the xenopus,  yes ,  we have t r ied 

mult iple  t imes to  breed the xenopus.  Like I  sa id  - -  and correct  me i f  

I 'm wrong,  but  my experience is  that  the  males  become sexual ly  

mature  ear l ier  and at  a  smal ler  s ize  and then the females  take a  l i t t le  

bi t  longer. 
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And we have t r ied to  breed within that ,  you know, not  to  br ing 

in  other  animals  to  breed with  our  t reated animals ,  but  of ten what  we 

think are  the  l i t t le  males ,  as  I  sa id  ear l ier,  eventual ly  we wil l  in ject  

them and t ry  to  get  them to breed and they ' l l  lay eggs.  

The problem is  you can ' t  prove that  they used to  be males .  You 

just  now know you have a  preponderance of  females ,  so,  in  xenopus.  

In  rana now we do have a  colony that  is  - -  we actual ly  have 

at razine t reated,  Nebraska water  t reated,  Wyoming water,  they have 

been raised in  a  whole  bunch of  different  waters .  And they are  now 

adul t  s ize .  And we have blood samples  and we are  s tar t ing to  measure  

hormones,  but  we haven ' t  a t tempted any breeding.  

And as  you know, rana is  a  tempered species ,  wi l l  be  a  l i t t le  

more diff icul t .  

DR.  KELLEY: And Witchie  in  his  ear ly  s tudies  of  es t rogen 

t reatment ,  par t ia l  es t rogenizat ion of  xenopus pointed out  that  

a l though at  ear ly  s tages  you had ovar ies  that  were - -  you had gonads 

that  were - -  contained both tes tes  and ovar ian t issue,  which is  very 

unusual .  

At  la ter  s tages  i t  looked to  him l ike  some internal  regulatory 

process  happened and the ovar ian t issue actual ly  went  away. 

And I  wondered i f  th is  was a lso t rue with  the animals  that  you 
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had that  were a t razine t reated.  In  your  older  animals ,  do you have a 


lower  incidence of  f rank ovar ian t issue or  does  i t  pers is t?  

DR. HAYES: In  the case of  xenopus,  again,  I  th ink that  they 

actual ly  completely  become  females .  But  I  can ' t  prove that .  So we 

have a  preponderance of  females .  We don ' t  - -  wel l ,  that 's  based on 

external  and on egg laying.  These are  animals  that  are  s t i l l  a l ive .  So 

again I  can ' t  - -  they may hermaphrodi t ic  when we look inside.  

For  the rana we have not  - -  we have grown those up.  I  don ' t 

th ink we have opened any of  those - -  I  don ' t  th ink we have euthinized 

any to  look at  them. So we have ones that  are  now --  gosh they are  a  

year  old  now. I  have no idea what  they look l ike  inside.  

DR.  KELLEY: Here is  my suggest ion,  which comes or iginal ly  

f rom  Witchie  who is  no longer  with  us ,  I  bel ieve.  He pointed out  that  

i f  you raise  - -  he  got  complete  sex conversion and then back crossed 

the animals  when we raised groups of  tadpoles  in  es t radiol .  

Some of those back crossed animals when mated with males 

gave r ise  to  ent i re ly  male  offspr ing.  

His interpreta t ion of those data was that those were feminized 

ZZ individuals  that  normally  would have been male .  

DR. HAYES: We have done that  a lso.  

DR. KELLEY: So you have ZZs around.  
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DR. HAYES:  Estrogen t reated, yes . 

DR. KELLEY: So my suggest ion would be s ince you know that  

a  ZZ individual  wil l  normally  - -  100 percent  of  the  t ime,  a t  least  f rom 

his  data ,  go on to  become  male,  you know in advance of  the 

interpreta t ion of  whether  i t  i s  a  real  female  or  an es t rogenized female  

becomes much  s impler. 

And he suggested that  as  a  major  advantage of  the  system in 

the 50s and 60s when he was working on i t .  So my suggest ion is  that  

that  animal  is  a  more appropria te  animal .  

DR.  HAYES: We have a  huge ZZ colony that  we have already 

screened and f igured out  who is  a  ZZ female and who is  just  a  ZW --

so we have that  a l ready. 

DR. KELLEY: So you have that .  

DR.  HAYES: As a  mat ter  of  fact ,  those are  the animals  that  - -

my post  doc who was doing the molecular  work to  look at  Cyp 19 and 

al l  these things,  those are  the  animals  that  she is  us ing to  do that  

work.  So we have already s tar ted that .  

DR. KELLEY: Thank you.  

DR. ROBERTS:  Dr. Green, Dr. Kloas , Dr. Skel ley. 

DR.  GREEN: Could we look at  that  s l ide again with that  ra ther  

s ickly looking frog that  you col lected from one of  the ponds that  was 
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atrazine contaminated? 


Did you actual ly  cul ture  microbacter ium species  f rom this  f rog? 

DR. HAYES: I  did  not  cul ture  i t ,  but  John Parker,  who is  the 

veter inar ian a t  our  univers i ty  did  i t .  I  misspoke.  I t ' s  not  an inner  ear. 

I t ' s  microbacter ium induced meningi t is .  

DR.  GREEN: I  think that 's  an important  observat ion.  I 'm sure  

you are  aware a  couple  months  ago a  Canadian group publ ished a  

couple  papers  l inking at razine amongst  13 or  15 other  chemicals  as  

being associated with  immunosuppression in  wild  caught  rana pipiens  

and enhancing the virulence of  a  very common lung pathogen in  rana 

pipiens .  

I  would encourage i f  you have these kind of  specimens 

col lected from the f ie ld  to  get  a  postmortem exam and look for  

granulomatous les ions of  both microbacter ium and count  the  number  

of  parasi tes .  Those two things together  wil l  s ignif icant ly  shorten the 

l i fespan of  these wild caught  f rogs.  

This  has  implicat ions  beyond the effects  on the gonadal  

development .  

One other  minor  point ,  a t  least  in  the  laboratory animal  

environment ,  we don ' t  consider  a  marinum (ph)  species  to  be a  

symbiot ic  species  with  an aquat ic  animal .  
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DR. HAYES: Sorry. I  misspoke.  

DR.  GREEN: I t  i s  actual ly  an opportunis t ic  pathogen.  

I t  i s  of  great  interest ,  but  something I  would s t rongly encourage 

you to  pursue.  

DR. HAYES: Sorry. I  used the wrong word.  By symbion,  I  

meant  that  what  John Parker,  the  veter inar ian that  I 'm working with ,  

has  shown is  that  a l l  these  animals  have the pathogen.  But  i t  i s  only 

showing up in  - -  I  misspoke,  regular  red.  Now we have to  change the 

color  code for  the  mixture .  

These are  the  only ones  that  actual ly  show the disease.  I  d idn ' t 

put  in  my presentat ion,  but  we have a  huge data  s i te  on parasi te  loads 

of  the  l iver  and the kidneys.  I  have i t  here  with  me,  but  - -

DR. GREEN: I  think that  might  be as  important  as  the gonadal  

effects  of  herbicides  and pest ic ides  in  the  end.  

T lymphocyte  funct ion is  something that  would be useful  i f  you 

have blood samples  on these animals  when they are  a l ive and are  able  

to  do i t .  I  real ize  i t  i s  complicated in  the  f ie ld .  

I  know John Parker  qui te  wel l  and his  work and I 'm aware.  And 

as  far  as  I  know, the microbacter ium species  hasn ' t  been speciated,  

which takes  t ime and complicated PCR. I t  needs to  be val idated by 

several  laborator ies .  
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So i t  wi l l  be  interest ing to  see  i f  th is  is  marinum or  many of  the  

other  possible  species .  

DR.  HAYES: He has  joined my laboratory for  his  Ph.D.  

DR. GREEN: I  didn ' t  know that .  

DR. ROBERTS:  Dr. Kloas , then Dr. Skel ly. 

DR.  KLOAS: I  would also,  Tyrone,  l ike  to  come back to  the 

PNAS paper. 

Firs t  quest ion that  ar ises ,  i f  you are  honing on the aromatase 

hypothesis ,  why didn ' t  you measure  es t radiol?  

I 'm qui te  sure  you did i t  and you t r ied i t  a t  leas t  in  paral le l .  

DR. HAYES:  I have been unable to detect es t radiol in the 

blood of  adul ts  - -  or  Melissa  has  been unable ,  I  should say.  We can 

detect  i t  in  females  and we were unable  to  detect  i t  in  the  larvae.  

We're  looking at  Cyp 19 now. And we are  a  l i t t le  bet ter  a t  our  

t r i t ia ted water  assays.  But  we have been unable  to  detect  i t .  We have 

t r ied to  measure  i t .  

DR.  KLOAS: You were successful  sometime --  but  I  know 

there  is  a  lo t  of  di ff icul t ies ,  but  - -

DR. HAYES: I 've  done i t  before  too,  but  - -

DR. KLOAS:  I 'm just referr ing to the adul t samples . 

DR. HAYES:  Oh, in the adul ts? 
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DR. KLOAS: Your tes t  showed up tes tosterone.  Next  quest ion 

is  wi th  a  radioimmunoassay you t r ied to  detect  i t .  

Could you discr iminate  between tes tosterone and 

dehydrotestosterone? 

DR. HAYES: In the work that  we have done,  we did not  do 

chromatography to  separate  tes tosterone DHT. We used --  I  can te l l  

you the specif ic i ty  of  the  ant ibody,  but  of  course  there  is  some cross  

react ivi ty  with  DHT. I  don ' t  know i t  off  the  top of  - -

DR. KLOAS: So i t ' s  androgens in  general  probably. 

DR. HAYES:  Yes. That 's correct . 

DR.  HAYES: So i f  you couldn ' t  measure es t radiol  a t  the  same 

t ime,  which would substant ia te  aromatase hypothesis?  I  th ink for  me, 

because tes tosterone or  androgens are  much more pronounced,  so in  

es t rogens in  females  as  in  males ,  of  course .  So i t  looks more ra ther  

l ike  an inhibi t ion of  s teroidogenesis .  

DR.  HAYES: I 'm going to  address  that  la ter.  We did measure 

for  es t radiol .  In  fact ,  I  th ink we extracted ra ther  large volumes of  

plasma. We were unable  to  detect  and have never  detected es t radiol  

in  the  plasma of  males .  We have t r ied.  

DR.  KLOAS: I 'm sorry for  that .  I t  should be present  - -

DR. HAYES:  We can f ind i t in females . 
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DR. KLOAS: At  least  i t  should be measurable .  

Next  point ,  concerning --

DR. HAYES:  Wait .  Sorry.  That 's correct ,  r ight , Mel issa? 

Yes. 

DR.  KLOAS: --  the  abnormali t ies  you are  referr ing to  for  - -  you 

are  covering everything.  I  th ink the biggest  amount  of  abnormali t ies  

you showed up here ,  which is  not  - -  which could not  be seen in  this  

PNAS paper  is  that  you have unpigmented ovaries .  

I f  you put  unpigmented ovaries  to  the females ,  then you would 

have more or  less  a  tendency towards feminizat ion ra ther  than 

demascul inizat ion.  

What  do you think about  that?  

DR. HAYES: I  wil l  address  that .  I  have some  more data .  

DR. KLOAS: Thank you.  

DR. ROBERTS:  Dr. Skel ly and then Dr. LeBlanc. 

DR.  SKELLY:  Just  a  couple  - -  one quick quest ion f i rs t .  Were 

you meaning to  suggest  based on when you were ta lking about  Bel ize ,  

that  leopard frogs in  North America l ive  in  temporary wet lands? 

DR. HAYES:  Sorry.  Say again. 

DR. SKELLY:  You were suggest ing does two weeks matter. 

You showed the picture  of  your  kids  in  Bel ize  and everything.  And 
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you showed the leopard frog tadpoles .  Were you suggest ing that 


leopard frogs l ive  in  temporary wet lands in  North America? 

DR. HAYES:  In North America ,  we do f ind leopard frogs in 

temporary - -  yes .  For  example,  the  l i t t le  runoff  corn di tches  and 

things l ike  that  are  not  permanent  s tanding water. 

And in  other  s i tes .  There  are  other  noncorn runoff ,  but  we f ind 

them in l i t t le  pools  that  dry down.  But  I  a lso used that  as  a  general  

example for  other  amphibians  that  would be in  temporary s i tuat ions  as  

wel l .  

DR.  SKELLY:  The main thing I  wanted to  ask is  have you,  are  

you or  wil l  you be measuring fer t i l i ty  effects  and male  and female  

breeding behavior  of  lab reared and wild caught  animals  across  

a t razine gradients?  

DR. HAYES: Boy,  I  would l ike to .  I  th ink for  the rana pipiens  

we have a  big enough colony of  different  animals  that  we can get  

animals  year-round.  But  could we get  enough animals  breeding in  a  

big  enough sample s ize  that  we can assess  that ,  I  don ' t know. 

I  would l ike  to .  Like I  sa id ,  we have a  colony that 's  been ei ther  

reared in  some of  this  f rozen water  that  we brought  back or  reared in  

a t razine or  reared in  a t razine plus  metolachlor.  They are  a  year  old  

now. They are  big.  But  whether  or  not  they wil l  actual ly  take to  the 
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laboratory and breed,  I  don ' t  know.


DR. SKELLY:  What  about  the f ie ld  research program, your  

f ie ld  research? 

DR. HAYES: Wil l  I  t ry  to  assess  - -

DR. SKELLY:  Fert i l i ty  effects ,  breeding behavior. 

DR.  HAYES: For  this  season,  our  main goal  is  to  t ruly ident i fy  

s i tes  that  are  uncontaminated and to  ident i fy  s i tes  where the incidence 

of ,  i f  such thing exis ts ,  the  incidence of  hermaphrodi t ism are  low so 

we can real ly  have control  or  real  reference s i tes .  

Because r ight  now the only s i te  we have is  the  Utah s i te .  

DR. ROBERTS:  Dr. LeBlanc, then Dr. Gibbs. 

DR.  LEBLANC: I  would l ike to  revis i t  the  f ie ld  s tudy where 

you look at  e ight  different  s i tes  a t  var ious locat ions  across  the  U.S.  

When I  f i rs t  read that ,  the  EHP paper,  I  couldn ' t  for  the  l i fe  of  

me discern any rela t ionship between atrazine levels  and gonadal  

abnormali t ies .  

And i f  I  heard you correct ly  in  your  presentat ion,  though,  you 

made some general izat ion that ,  a t  four  s i tes  where a t razine levels  

were expected to  be higher,  the  incidence of  abnormali t ies  were 

higher  or  something l ike  that .  

DR.  HAYES: No.  All  I  can say is  where there  is  a t razine there  
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i s  hermaphrodi tes .  There  is  no - -  i t  i s  not-- 


DR. LEBLANC: But  there  was at razine everywhere.  Wasn ' t 

there? 

DR. HAYES:  No.  There is one s i te where there was no 

at razine.  And there 's  one s i te  where there 's  no hermaphrodi tes .  Al l  I  

can say is  that 's  the  only a t razine-free  s i te  we can f ind.  And i t  

happened they 're  the  only s i te  with  no hermaphrodi tes  - -  or  no 

tes t icular  ovigenesis .  

DR.  LEBLANC: And then you did have one s i te  where two of  

the  analyses  said  there  was no at razine and one said  there  was very 

l i t t le .  

DR. HAYES:  That 's r ight . 

DR.  LEBLANC: So there  is  real ly  no atrazine there  e i ther,  but  

because of  the  discrepancy,  you didn ' t  consider  that  one.  

DR. ROBERTS:  Dr. Gibbs. 

DR.  GIBBS: In  t rying to  count  for  some of  the discrepancies  in  

the  laboratory resul ts  reported by the var ious research groups,  I  have 

been s t ruck by the smal l  numbers  of  individuals  used to  found the 

experimental  populat ions .  

For  example,  in  your  PNAS paper  basical ly  you 're  working with 

the offspr ing from three pairs .  
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DR. HAYES:  That 's r ight . 

DR.  GIBBS: I 'm not  an amphibian toxicologis t .  Is  that  

s tandard laboratory pract ice? 

DR. HAYES:  I t i s in my laboratory that we use a mixture of 

three animals .  We count  them out  5 ,  5 ,  5 ,  5 ,  5  unt i l  a l l  the  tanks are  

f i l led.  And we use three per. 

We also do natural  breeds and t rack those animals  so that  - -  in  

fact ,  I  know this  came up in  the white  paper,  so  that  I  can actual ly  

give you s ibl ings  of  the  animals  that  I  used in  the Syngenta  s tudy i f  

you wanted to  use those same animals .  

But  we typical ly  do three or  four  pairs  per  experiment .  

DR.  GIBBS: My concern is  that  in  one of  the f igures  you have 

accounted for  a  difference in  the magni tude of  the  resul ts ,  not  the  

effect ,  but  as  a  populat ion difference or  a  s tock difference.  

I 'm just  wondering how widespread those var ia t ions  are  due to  

real ly  found our  effects  or  - -  of  the  individuals  used might  account  for  

some of  the  discrepancies  among the resul ts  of  the  different  groups.  

I 'm curious i f  in  your  perspect ive that  holds  any water,  that  

perspect ive.  

DR.  HAYES: I ' l l  account  for  most  of  the  discrepancies  in  the 

next  par t  of  my ta lk .  I 'm going to  address  when we ta lk  of  cause and 
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effect  the  source of  much of  the inconsis tency.


Well ,  le t  me back up.  Could there  be "s t ra in"  differences? 

Yes.  There  could be.  

Do I  th ink that  there  s t ra in  differences  are  the  pr imary reason 

that  we have discrepancies  between laboratory s tudies  that  we are  

ta lking about  now?  No.  The information I  have suggests  that  there  are  

other  things that  have confounded those data  and that  there  are  a lso 

perhaps some  missing data .  

DR. GIBBS: Thank you.  

DR. ROBERTS: Dr.  Hayes,  I  know you are  going to  move into 

another  aspect  of  your  presentat ion.  

In  terms of  planning for  a  break,  long do you think your  next  

presentat ion,  which I  guess  is  the  las t  phase of  your  presentat ion,  

formal  presentat ion wil l  take roughly speaking? 

DR. HAYES: Depends on how many t imes we s top for  

quest ions .  Maybe an hour. I  have no concept  - -

DR. ROBERTS: In  that  case ,  le t  me suggest  that  we take a  very 

short  break,  about  10-minute  break.  And then move into the las t  

phase of  the  presentat ion.  Let 's  reconvene in  10 minutes .  

(Thereupon,  a  br ief  recess  was taken.)  

DR. ROBERTS:  Before we cont inue with Dr.  Hayes ' 
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presentat ion,  I  would l ike  to  take just  a  moment  for  some publ ic 


recogni t ion of  somebody who has  worked very hard for  the las t  seven 

years  behind the scenes  to  make meet ings  l ike  this  possible .  

Shir ley Pursuval  (ph)  has  worked on the SAP staff  and has  been 

frankly somebody who has  real ly  helped us  get  these meet ings 

together,  has  made sure  a l l  of  our  t ravel  gets  done,  we get  re imbursed 

for  t ravel ,  which I  can say is  very important  to  us  on the panel ,  and 

those of  us  on the permanent  panel  wanted to  take just  a  moment  to  

recognize her  service .  

She is  re t i r ing.  This  wil l  be  her  las t  SAP meet ing.  On behalf  

of  the  panel ,  we wanted to  thank Shir ley very much for  everything she 

has  done for  us  over  the years .  

(A f lower arrangement was presented.) 

MS.  SHIRLEY: Thank you very much.  I t  has  been a  pleasure  

working with you al l .  

DR.  ROBERTS: Dr.  Hayes,  before  you s tar t ,  le t  me just  give a  

heads up,  an announcement .  

We have a  number  of  other  individuals  that  wanted to  comment  

make publ ic  comments .  I  wanted to  a ler t  the  other  publ ic  

commenters  that  i t  i s  my intent ion to  take most ,  i f  not  a l l ,  of  the  

publ ic  comments  today so that  the  panel  can begin our  del iberat ions  
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tomorrow morning. 


I  would l ike  to  request  that  you be prepared to  s tay as  long as  i t  

takes  for  us  to  get  through the publ ic  comments  today. 

DR. HAYES:  I ' l l be quick. 

DR. ROBERTS: That  was not  intended as  a  message to  you,  Dr. 

Hayes.  

I  jus t  wanted to  give everybody a  heads up that  we do want  to  

t ry  and get  through the publ ic  comments  today because we have a  lot  

of  things to  ta lk  about .  We want  to  be able  to  s tar t  on those tomorrow 

morning.  

With that ,  Dr.  Hayes,  please cont inue.  

DR. HAYES:  So the real quest ion is I guess what does i t mean, 

and we have ta lked about  what  is  robust ,  what  is  not  robust  both in  

terms of  robust  data  and whether  or  not  populat ions  are  such.  

In  a  recent  exchange,  the  fol lowing s ta tement  was made,  the  

basic  tenets  required --  in  terms of  what  does  i t  mean,  the  f i rs t  th ing 

we have to  do,  real ly  es tabl ish,  is  there  cause and effect  to  get  

through the data  and decide do we have enough data  to  determine 

whether  or  not  there  is  cause and effect .  

This  is  - -  I 'm now reading from a quote ,  I  bel ieve i t  i s  Solomon 

and Carr,  the  basic  tenets  required for  es tabl ishing causal  
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re la t ionships  between environmental  factors  and disease were 


formalized near ly  40 years  ago.  And I  underl ined the word required.  

And I  have another  quote  here ,  what  I  do not  bel ieve - -  th is  is  

f rom someone else ,  is  that  we can useful ly  lay down some hard and 

fas t  rules  of  evidence that  must  be obeyed before  we accept  cause and 

effect .  

None of  my nine viewpoints  can br ing indisputable  evidence for  

or  against  the  cause and effect  hypothesis ,  and none can be required 

as  a  s ine qua non.  That 's  actual ly  Sir  Bradford Hil l  h imself  saying 

this  so-cal led Hil l  cr i ter ia ,  the  nine Hil l  cr i ter ia  that  they can ' t  be  

required.  

I  do real ize ,  though,  that  some of  the  nine cr i ter ia  are  

important .  And yesterday,  Dr.  Vandercrack (ph)  ta lked about  and 

spoke about  Glen Fox and the use of  the  Hil l  cr i ter ia .  I 've  a lso 

spoken to  Glen Fox.  

What  I 'm going to  do now is  I 'm going to  put  this  in  that  kind of  

framework.  I 'm going to  use the so-cal led Hil l  cr i ter ia .  Dr. 

Vandercrack didn ' t  go into  detai l .  But  there  are  sor t  of  nine cr i ter ia .  

What  I 'm going to  do is  I 'm going to  ta lk  br ief ly  about  each one and 

ta lk  about  whether  or  not  we have met  any of  these cr i ter ia  and the 

value of  them. 
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Strength of  associat ion,  and I ' l l  go through and te l l  you what  

each one is ,  consis tency,  specif ic i ty,  temporal i ty,  b iological  gradient ,  

p lausibi l i ty,  coherence,  exper imentat ion and analogy. 

These are  a l l  f rom Hil l 's  1965 address .  

They are  a l l  gray now. I 'm going to  go through each one,  

explain  what  is  required in  order  to  meet  that  cr i ter ia .  

And then when I  think i t  i s  met ,  I 'm going to  make i t  b lack and 

bold.  And then we' l l  move on to  the next  one.  

Firs t ,  i s  there  a  s t rong associat ion.  Like I  sa id ,  I  hope that  I  

have explained wel l  enough and now made clear  how we have decided 

what  is  a  gonadal  abnormali ty. 

In  most  cases ,  they are  - -  even i f  they are  below 10 percent ,  in  

most  cases  they are  morphologies  and the his tologies ,  

h is topathologies  that  we never  see  in  controls  with  the except ion of  

the three animals  in  one tank out  of  300 where we found the 

unpigmented ovary and controls .  

In  addi t ion,  i f  I 'm correct ,  and we ' l l  go through this  a  l i t t le  bi t  

la ter,  i f  I 'm correct  that  these  are  males ,  that  i t  i s  only the  males  that  

are  being t ransformed in  this  way,  then the actual  percentage of  males  

is  doubled.  

So i f  i t  i s  10 percent  of  a  populat ion and i t  i s  only males ,  then 
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i t ' s  actual ly  20 percent  of  the  males  that  are  being deformed this  way.


And I  do bel ieve that  that  is  the  case.  So we 're  probably 

underest imat ing the number. 

Dr.  Kel ley and I  had a  discussion.  We have in  place an 

al l -genet ic  male  producing l ine  that  we 're  doing that  kind of  work 

with.  

I  th ink the associat ion is  made s t rong by the number  of  

repl icates ,  by our  protocol  for  doing things double  bl ind.  Even i f  we 

only mix three pairs  of  animals ,  each t ime we repl icate  our  

experiments  mult iple  t imes,  especial ly  now when I  know at  some 

point  I  wi l l  have to  come here  and address  and defend papers  the  way 

most  people  - -

The other  thing is  we have,  when I  say tens  of  thousands,  this  is  

a  couple  shelves  double  s tacked deep of  s l ides .  They are  a l l  avai lable  

to  anybody who wants  to  see any of  those s l ides .  

So the sample s izes aren ' t smal l .  Even when we're ta lking 

about  f ive percent  of  animals  had this  morphology,  three percent  had 

this ,  we have huge sample s izes ,  both f rom our  f ie ld  col lected data  as  

wel l  as  in  our  laboratory associated data .  

And I  th ink i t  a t  least  in  terms of  the  s tuff  that  we 're  doing that  

there  is  a  s t rong associat ion.  I  know in the f ie ld  there  are  some 
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problems with dose effects  and what  we f ind doing.  And we're  doing 


more to  extend that  data  set .  

One of the big things that has come up at  this meet ing that I 

want  to  address  is  sor t  of  consis tency.  There  are  seventeen s tudies .  I 

haven ' t  seen them al l .  And cer ta inly there  are  some publ ished s tudies  

and past  s tudies .  

I  want  to  spend a  l i t t le  bi t  of  t ime addressing the consis tency.  I 

th ink that 's  a t  the  hear t  of  this  meet ing.  

Whether  or  not  there  have been consis tent  effects ,  I  have to  be 

f rank.  I  was a  l i t t le  surpr ised when I  read the white  paper  that  sa id  

that  weight  of  the  evidence didn ' t  support  and that  there  were no other  

s tudies  support ing the gonadal  problems.  

And in  par t ,  for  example - -  I  mean another  scient is t  wrote  to  

me,  Tyrone,  I  agree with  you that  the  important  issue is  for  everyone 

involved to  come to  gr ips  with  and s top minimizing the fact  that  

independent  laborator ies  have demonstrated an effect  of  a t razine on 

gonadal  different ia t ion in  f rogs.  There  is  no denying this .  

That was an e-mai l f rom Jim Carr who is the lead scient is t on 

the Ecorisk panel .  That  real ly  wasn ' t  the  - -  in  terms of  consis tency, 

that  wasn ' t  the  message that  I  have got ten today. 

What  I 'm going to  do now is  I 'm going to  go through those 
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s tudies ,  some of  those s tudies  being Carr  s tudies ,  and ta lk  about  why 


there  might  appear  to  be inconsis tencies  and how we might  evaluate  

a l l  of  those s tudies  together,  a t  least  in  my opinion.  

The s tudy that  we al l  jus t  got  done ta lking about  is  the  PNAS 

study where in  that  paper  I  ident i f ied a  percentage of  hermaphrodi tes .  

We did not  t ry  to  c lass i fy  them in any way.  Now we have done that .  

That 's  avai lable  for  anybody who wants  to  see i t .  

Speaking of  which al l  of  my data  - -  John Ashby said i t  was 

impossible  to  reproduce.  All  of  my SOPs have been avai lable  to  the 

Ecorisk panel .  They were developed with the Ecorisk panel ,  wi th  

Novart is ,  Syngenta .  The whole  three-day renewal  was developed with 

them. All  of  my data  has  been avai lable .  I  have mai led al l  of  my data  

to  them  mult iple  t imes.  I  have mai led them thousands of  s l ides  more 

than once.  

So al l  that  has  been avai lable .  And I 'm avai lable  i f  they wanted 

to  evaluate  that  to  t ry  to  solve those problems.  

That  br ings  me to  another  s tudy,  something else  that  was said  

here  today that  wasn ' t  t rue.  These are  just  a  scan of  some data  sheets .  

I t ' s  jus t  an image here .  

I f  you look there ,  you wil l  see  names TBH, GMM, Gloria  

Maglena Mendoza (ph)  s l ide  was here  today.  These are  data  sheets  
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f rom work that  I  conducted with Ecorisk and Syngenta  in  1999. 


I f  you look down the sex column in  those data ,  you wil l  see  

quest ion marks and i 's  indicat ing gonadal  abnormali t ies .  Al though,  

again,  we hadn ' t  c lass i f ied them and found them then,  we s tar ted 

producing these kind of  data  in  exact ly  the same design as  ear ly  as  

1999.  

So those are  two s tudies  now,  both done by me,  one with 

Syngenta ,  Ecorisk funding.  One without .  

There  is  a lso the work by Tavera-Mendoza.  The effect  is  

di fferent .  But  s t i l l ,  i t  shows an impairment  of  gonadal  development  

with  exposure to  a t razine.  The exposure was different .  I t  was done 

under  different  condi t ions ,  which I  wi l l  address .  But  i t  i s  s t i l l  

consis tent  with  a t razine having a  negat ive impact  on gonadal  

development  in  xenopus laevis .  There  are  three s tudies  now looking 

at  xenopus laevis .  

The Carr,  e t  a l . ,  s tudy publ ished in  Environment  Toxicology 

and Chemistry  is  going to  take us  a  l i t t le  bi t  of  t ime.  

In par t , despi te that in February the s ta tement , there is no 

denying this ,  was made some of  the problems in  comparing the Carr  

and Hayes s tudy are  demonstrated here .  Carr  says  in  Apri l  22,  wrote  

to  me,  you are  r ight .  We have not  repeated your  work,  which was 
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admit ted by Dr.  Ashby today,  and I  remind everyone that  I  ta lk  to 


about  this ,  and did ment ion this  c lear ly  a t  the  EPA brief ing that  I  

a t tended in  March.  

The problem is  there  were a  lot  of  differences  between the 

s tudies .  And these differences ,  some of  them explain why they got  

what  appear  to  be different  effects .  And some of  them I  think are  

qui te  detr imental  to  their  s tudy,  but  I ' l l  have more to  say about  that  

la ter. 

At  one point  on Apri l  22nd,  though,  he a lso said  af ter  saying he 

didn ' t  - -  oops,  we 're  back there  again.  Sorry about  that .  

What  I  want  to  do is  now point  out  what  those differences  real ly  

are  and what  they real ly  mean.  So this  is  the  same f igure  I  showed 

you ear l ier  with  low tes tes  hermaphrodi tes  and unpigmented ovar ies  

shown on i t .  

And these are  the data  that  I 've  pul led out  of  Carr 's  s tudy. I 

s tacked them as  a  bar.  I t ' s  a  l i t t le  bi t  d i fferent .  The lobe tes tes  are  

what  he cal led discont inuous tes tes .  

And probably the hermaphrodi tes  f rom the pictures  I  have seen 

from his  work,  the  hermaphrodi tes  that  are  included there  probably 

include unpigmented ovaries  i f  you look at  the  photograph in  the 

paper  as  wel l  as  some of  what  we would cal l  hermaphrodi tes .  
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1 One of  the  points  I  want  to  make is  the  tota l  percent  of  gonadal  

2 abnormali t ies  a t  25 par ts  per  bi l l ion is  not  a l l  that  di fferent  than what  

3 we find at  25 par ts  per  bi l l ion.  

4 A couple  things have to  be addressed,  however. Now you are  

5 looking at  against  jus t  the  Carr  data .  Not  only do we see that  there  

6 are  effects  a t  the  1 ,  10 and 25,  but  i t  a lmost  looks l ike  there  is  a  dose 

7 response.  

8 But there  is  a  problem with the dosing.  I  th ink when we go 

9 through the problems with the dosing,  you are  going to  see why some 

10 of  the discrepancy arose.  

11 I  ra ise  my animals  in  four  l i ters  of  water,  30 animals  in  four  

12 l i ters  of  water  f rom the t ime that  they hatch unt i l  they metamorphose.  

13 In the Carr s tudy, somehow 60 animals were maintained in 100 

14 mils  of  water  ini t ia l ly. What  I 'm going to  do now is  do a  l i t t le  

15 comparison at  the  so-cal led 25 par ts  per  bi l l ion or  25 micrograms per  

16 l i ter  dose.  

17 What that  means for  me is  that  in  four  l i ters  I  have 100 

18 micrograms of  a t razine.  So the concentrat ion is  25 micrograms per  

19 l i ter.  100 micrograms and four  l i ters .  

20 What that means for Carr is that he is actual ly adding two and a 

21 half  micrograms of  a t razine to  his  animals .  Meaning that  I 'm adding 
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40 t imes more a t razine a t  my 25 par ts  per  bi l l ion dose. 


When you consider  that  Carr  has  twice as  many animals ,  my 

animals  are  actual ly  get t ing 80 t imes as  much atrazine.  I t  i s  the  

difference between --  I  have two kids .  You saw that  a l ready.  I t  i s  the  

difference between giving a  spoonful  of  cough syrup to  one of  my 

kids  or  dividing i t  between the two.  

The concentrat ion is  the  same,  but  the  dose is  di fferent .  This  is  

especial ly  important  when we consider  what  I  jus t  to ld  you,  that  

USGS and I  have shown that  every three days the amount  of  a t razine 

is  decreasing by 30 percent .  

That 's  probably a  factor  of  the  number  of  animals  that  the  

a t razine - -  that  are  being exposed.  

By the t ime we get  out  to  - -  I  forget  how many days,  I  th ink I ' l l  

show that  in  a  minute ,  he  has  e ight  t imes less  a t razine.  And by the 

t ime we come to  the end of  this  s tudy,  he has  only half  as  much 

atrazine being added to  his  animal  in  terms of  micrograms of  a t razine 

per  tadpole .  

The concentrat ion is  the  same,  but  the  dose is  di fferent .  And i t  

i s  actual ly  worse because he only changes half  the  water  every three 

days.  So he is  actual ly  only adding half  as  much as  he says  he is  

adding.  
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I f  we look at  the  cr i t ical  s tages  when the gonads are  

different ia t ing,  that  means that  Carr 's  dose is  actual ly  16 t imes lower  

than mine.  So even though we both looking at  25 micrograms per  

l i ter,  he  has  a  fourth  of  volume of  water,  twice as  many animals  and 

only he only adds half  the  water  - -  or  changes half  the  water  each 

t ime.  

And cer ta inly with  the a t razine decreasing by 30 percent  every 

three days,  then this  is  s ignif icant .  So his  25 --  my 25 par ts  per  bi l l ion 

dose is  more l ike  a  one and a  half  par ts  per  bi l l ion dose,  again,  even 

though the concentrat ion is  the  same. 

This  becomes important  when we s tar t  to  look at  s teroid 

hormones as  wel l .  This  is  data  that  I  publ ished back in  1995 showing 

that  over  24 hour  per iods tadpoles ,  for  example,  in  the  case of  

s teroids ,  metabol ized the s teroids  very quickly,  and two tadpoles  can 

metabol ize  e ight  t ime fas ter  than one tadpole ,  such that  a  couple  

micrograms of  es t radiol  would disappear  in  a  mat ter  of  a  few hours ,  

for  example,  when added the xenopus laevis  tadpoles ,  which is  

probably why the es t radiol  didn ' t  work in  those t reatments  that  were 

conducted by Carr. 

So the f i rs t  s tep is  to  correct  the  doses .  I f  we correct  the  doses  

now,  then this  sor t  of  low dose effect  problem star ts  to  go away. His  
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1.5 should be compared to  my one par t  per  bi l l ion dose.  He has  a  .6 


part  par t  per  bi l l ion dose which is  more bet ter  compared to  my .8 .  

And then he sor t  of  fa l ls  below .1 ,  which is  where we s tar t  to  see the 

effect .  

Then Carr  did  something cal led Cochran Armitage Test ,  which 

my understanding is  is  looking for  a  l inear  dose response.  

For  discont inuous tes tes ,  he  got  a  P value .0003.  For  

hermaphrodi tes ,  he  got  a  P value of .0042.  

And most  biologis ts ,  I  th ink,  would accept  .05.  But  Carr  

referred to  P values  as  low as  this  to  weak t rends,  Carr,  e t  a l . ,  in  the 

paper  publ ished in  SETAC. 

I  asked Carr  how can a  P value of .0003 be a  weak t rend.  His  

response was,  wel l ,  i t ' s  a  weak t rend because when the data  f rom the 

top dose are  dropped,  the  effect  is  no longer  s ignif icant .  

So what  I 'm understanding now is  that  we 're  looking for  a  l inear  

dose response in  an experiment  that  has  three doses .  We're 

e l iminat ing the top dose,  the  one that  is  real ly  in  the  range that  we 're 

t rying to  look for.  And now we have two data  points  which makes i t  

even diff icul t  to  draw a l ine .  

So the s ta tement  that  they haven ' t  repeated the effects  or  found 

s ignif icant  effects  I  bel ieve is  a  l i t t le  bi t  faul ty  given the procedures  
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that  have been used to  be able  to  say that . 


Furthermore,  i f  you look through that  SETAC paper,  there  are  a  

number  of  things that  are  s ignif icant  or  that  are  considered s ignif icant  

a t  P less  than .05.  

These are  quotes ,  those animals  reaching NF s tage 66 f i rs t  in  

each tank were s ignif icant ly  larger.  Estradiol  t reated animals ,  but  not  

males  were s ignif icant ly  longer  than ethanol  t reated males ,  P  less  

than .05.  The percentage of  intersex gonads a lso was s ignif icant ly  

greater  in  the  es t radiol  t reated group,  P less  than .05.  

So clear ly  other  points  in  the SETAC paper  we accept .  Carr,  e t  

a l . ,  accepts  P less  than .05.  But  whenever  the effects  were associated 

with  a t razine,  they were referred to  as  weak t rends.  

For  example,  they showed increased edema with a t razine 

exposure,  with  a  P value of  .02,  abnormal  swimming with a  P value of  

.0004,  inhibi t ion for  foreleg emergence.  

So there  is  the  other  reference to  inhibi t ion of  metamorphosis  

in  xenopus laevis  with  a  P value .03,  inhibi t ion of  ta i l  reabsorpt ion by 

atrazine with a  P value of  .04,  increased discont inuous gonads,  as  I  

sa id ,  wi th  a  P value of  .0003,  increased intersex gonads with a  P value 

of .0042.  And or iginal ly,  when the paper  was submit ted there  was an 

increased laryngeal  muscle  s ize  with  a  P value of .033,  but  that  was 
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different  when the paper  actual ly  came out . 


There are  some other  issues ,  and r ight  now I 'm s t i l l  ta lking 

about  the  Carr  paper,  but  I 'm  moving towards the white  paper  because 

I  have some concerns  about  this  bioloading thing and the f low through 

thing.  

And I 'm going to  use now some information from the Carr  paper  

because I  th ink we 're  making an error. 

I f  we look at  the  f i rs t  half  of  my animals  to  metamorphose,  they 

can be any experiment ,  I  don ' t  remember  where I  pul led these data  

f rom, and the f i rs t  half  in  the  Carr  experiment ,  they are  about  the  

same s ize  in  terms of  body weight .  They are  approaching .6  grams.  

I f  you look at  the  las t  half  of  the  animals  - -  I  jus t  looked at  the  

f i rs t  half  l i tera l ly  and the las t  half  to  metamorphose,  they are  s l ight ly  

larger. 

And we just  had this  discussion.  I f  you take longer  to  

metamorphose,  you should be larger. Whereas  i f  you look at  the  las t  

half  in  the  Carr  s tudy,  they tend to  be smal ler. 

So we have a  huge host  of  adverse  effects ,  many of  them 

associated with  a t razine,  that  I  d idn ' t  see ,  the  edema,  abnormal 

swimming,  inhibi t ion to  metamorphosis ,  as  wel l  as  a  growth curve 

that  I  jus t  ta lked to  you about  as  being something that  I  only see when 
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the  animals  are  exposed to  mult iple  pest ic ides  or  mult iple  s t ressors . 


In  this  case ,  we 're  actual ly  looking at  controls .  

Here is  a  bigger  problem. Again,  here  is  the  f i rs t  half  of  the  

animals  to  metamorphose in  the Carr  s tudy in  body weight .  There  is  

the  las t  half . 

And now what  I 'm plot t ing up for  you is  one you were asking --

somebody was asking me about  the s ize  of  my animals .  There  is  3000 

data  points  f rom one big s tudy we did this  year. 

Again,  i t  shows the longer  the  animals  take to  metamorphose,  

the  larger  they are .  There  is  regression through al l  points .  Some of  

these are  t reatments .  These aren ' t  jus t  controls .  Some of  these are  

t reatments ,  controls ,  males ,  females .  I  put  everybody in  there  just  so  

I  can show you what  the  s izes  should look l ike.  

There  is  the  average in  the Carr,  e t  a l . ,  s tudy. Out  of  3000 

animals ,  I  have a  s ingle  animal  that  approaches  the  average s ize  that  

Carr  reported in  his  s tudy. 

And I  think this  is  the  condi t ion that  led the EPA in the white  

paper  to  decide that  there  were poor  condi t ions  and bioloading 

problems.  

In  addi t ion to  that ,  only 30 percent  of  the  animals  

metamorphosed in  80 days.  Essent ia l ly,  in  excess  of  50 percent  of  the  
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animals  were terminated.  And we don ' t  accept  anything below 85 


percent  survivorship.  Not  mortal i ty. And on average,  we get  90 

percent .  

What  the  white  paper  presented was something that  looks l ike  

this .  Now, this  is  a  different  kind of  f igure .  This  is  developmental  

s tage looking at  wet  weight .  This  is  metamorphic  c l imax.  

And this  is  real ly  the  data  set  we 're  interested in .  This  is  the  

animals  a t  s tage 66.  

I  guess  the  recommendat ion was e i ther  four  animals  per  tank --

but  i f  we 're  t rying to  look at  sex ra t ios ,  we cannot  set  up a  protocol  

that  requires  to  have four  animals  per  four  l i ters ,  or  whatever  i t  was.  

I  a lso think,  as  other  people  have expressed,  that  ra is ing 

animals  on a  f low through is  unnecessary,  which I 'm going to  show 

some data  suggests .  

I  th ink i t  wi l l  generate  a  lot  of  problems,  with  a l l  due respect .  

xenopus don ' t  l ike  i t .  I t  wi l l  be  an expensive set-up.  I t  wi l l  mean 

that  anybody who wanted to  do EPA acceptable  research cannot  do so 

without  industry funding or  somebody who is  going to  pay the big 

bucks.  

I t  would generate  a  huge water  loss .  I t  would generate  a  huge 

amount  of  waste ,  depending on what  chemical  you are  t rying to  
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dispose of  and deal ing with,  a  huge amount  of  waste .  A huge cost  to 


pay for  the chemical  to  go through f low through.  

I t  would e l iminate  the  abi l i ty  to  move between comparat ive 

s tudies .  Some animals  s imply won' t  l ive  on f low through at  a l l .  And 

i t  would also - -  we would be s tar t ing over  f rom ground one.  

We're  ta lking about  differences  in  condi t ions  now. I f  we s tar t  

over  next  year  with  a  required f low-through system,  everything we 

have done now wil l  be  done under  different  condi t ions  and you wil l  be  

throwing i t  out .  

Everything that  Vitchie  and everybody else  did i t  wi l l  be  

diff icul t  to  compare based on what  I 'm seeing here  a t  the  meet ing 

now. 

In  addi t ion,  i t  i s ,  again,  wi th  a l l  due respect ,  i t  i s  not  required.  

The recommended t ime for  heal thy animals  in  the  white  paper  is  

55 days,  metamorphic  s ize  a t  .63 grams.  That 's  when you 're  looking 

at  animals  a t  s tage 66.  

So what  they are  recommending is  that  on f low through you can 

get  animals  a t  s tage 66 that  metamorphose by 55 days that  come out  

on average at  .63 grams.  

There  is  3000 data  points ,  a l l  ra ised in  s ta t ic  renewal ,  every 

three days,  the  average is  .67 grams in  s ize  and they metamorphose 
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average in  46.3 days. 


So ta lk  about  weight  of  the  evidence.  There  is  3000 data  

points .  

The problem is  not  the  bioloading and s ta t ic  renewal  in  the  

Carr,  e t  a l .  and some of  the  other  s tudies .  

You're  looking at  a  tank af ter  three days get t ing ready to  be 

renewed.  That 's  what  a  tank looks l ike  i f  the  animals  are  fed properly  

af ter  three days.  I  want  you to  not ice  two things.  

One,  I  want  you to  not ice  how dir ty  the water  is  and imagine 

only changing half  that  water  for  100 days.  The other  thing I  want  

you to  not ice  is  a l l  th is  s tuff  f rom someone in  Michigan s ta te .  I 've  

seen a  picture  of  the  set-up.  There  are  no l ids  on the tanks.  That 's 

probably the source of  the  contaminat ion in  controls .  

Al l this s tuff that i s on the back of our l ids here .  I f there are no 

l ids ,  i t  would be in  the tank that  i t ' s  s i t t ing next  to .  Stuff  grows even 

when you are  scrubbing them and cleaning them every three days,  

which what  we do.  

Now you are  looking at  the  color-coded net ,  you are  looking at  

the  plas t ic  we lay down to  prevent  contaminat ion,  color-coded l id ,  

color-coded tank.  Those are  scrubbed every three days.  You have to  

take a l l  the  water  out  to  scrub them. 
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The other  problem that  Carr,  e t  a l . ,  exper ienced was the 

feeding.  Again,  you are  looking at  our  s tudy design on the bot tom, 30 

tadpoles  in  four  l i ters .  

Carr  apparent ly  fed his  animals  .4  grams every three days,  i f  

I 'm get t ing that  r ight  f rom the paper. 

We s tar t  off  a t  .32.  So his  animals  are  unfed by 1.6  - -  oops,  4 .8  

because they are  only fed every three days.  And then we increase the 

amount  of  food as  the animals  grow. 

So that  by the end,  by days 21 to  80,  our  animals  are  get t ing 48 

t imes more food than the animals  in  the  Carr  s tudy were,  which is  

probably why they weren ' t  growing and the high mortal i ty. 

In  addi t ion,  what  dis turbs  me the most  is  - -  what  you are  

looking at  now,  this  is  a  s tudy that 's  looking at  food levels .  This  was 

our  s tandard food level .  That 's  what  the one X 1 was.  We t r ied half  

that ,  2 .55 t imes - -  you 're  looking at  survivorship.  

On this  s ide you are  looking at  growth for  these different  food 

levels .  That 's  our  food level  that  we use in  the blue.  That 's  the  food 

level  used by Carr,  Novart is ,  Syngeta ,  Ecorisk in  the yel low. 

Essent ia l ly, th is  was their  food level .  There  is  the  high 

mortal i ty. What  dis turbs  me is  this  s tudy was done for  Syngenta .  

They al l  had al l  these data  avai lable .  We turned in  a  f inal  report .  So 
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th is  feeding regime was developed as  a  par t  of  the  Ecorisk panel  when 


I  was a  par t  of  i t .  So these data  were avai lable .  

I  don ' t  know why the animals  were underfed by a  factor  of  48 or  

why they weren ' t  changed.  My point  is  please don ' t  use  that  as  a  

model  for  how we're  going to  conduct  s tudies  in  the future ,  because 

the f low through is  going to  generate  a  lot  more problems and i t ' s 

real ly  going to  set  us  back,  i t ' s  real ly  going to  set  us  back to  s tar t ing 

al l  over  again.  

Anyway,  inspi te  of  a l l  that ,  as  I  pointed out  ear l ier,  the  gonadal  

abnormali t ies  are  s t i l l  there .  There  was some s ta t is t ical  manipulat ion.  

But  I  th ink that  th is  s tudy is  consis tent  with  the other  s tudies  that  

have shown that  even under  those condi t ions  - -  I  agree the condi t ions  

were poor,  but  I  don ' t  th ink you throw the s tudy out .  Even under  

those condi t ions ,  some of  the  same gonadal  abnormali t ies  were 

ident i f ied.  

Again,  here  is  tes tes  and ovar ies ,  mult iple  tes tes  and ovar ies  

ident i f ied with s t rong s t rength of  associat ion,  P value .0003.  

Coady,  e t  a l . ,  was a  s tudy at  Michigan s ta te  - -  another  thing 

that  f rustra ted me yesterday was a  long discussion about  e thanol  

effects  and effects  in  controls  and oocytes  in  controls .  

These are  some data  that  I  obtained from Michigan s ta te  on 
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nominal  a t razine doses .  There  is  25 par ts  per  bi l l ion.  The 25 par ts 


per  bi l l ion nominal  a t razine dose is  in  excess  of  what  i t  i s  supposed to  

be with  large pair. 

What  I 'm  mainly concerned about  is  that  i f  we blow this  up,  

there  is  controls ,  there  is  .1  par t  per  bi l l ion.  There  is  as  much 

atrazine in  the  controls  as  there  is  - -  in  fact ,  there  is  four  t imes .1  par t  

per  bi l l ion a t razine in  the  controls .  

So when we're  having these discussions about  background 

hermaphrodi t ism and how many oocytes  are  in  the controls  and is  

there  an ethanol  effect ,  I  th ink data  l ike  these need to  be upfront  so 

we wil l  know what  some of  the confounding effects  were.  

Nevertheless ,  I  don ' t  th ink --  again,  I  th ink there  are  problems 

with the s tudy. There  were no controls .  But  the  effects  that  they are  

f inding are  consis tent  with  the effects  that  other  and bet ter  control led 

s tudies  a lso found.  

There  is  the  work that  we did in  nature .  I  know that  we ' l l  ta lk  

about  some of  the dose effects ,  f ie ld  effects ,  th ings l ike  that .  This  

was the same work that  we publ ished in  EHP.  I t  was the longer  

vers ion of  the  paper.  The nature  paper  was publ ished as  a  shorter  

vers ion.  We were a l lowed to  publ ish more of  the gonadal  

abnormali t ies  so that  you can actual ly  see the ful l  range of  what  we 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

237


looked at  there . 


There is  the  Reeder,  e t  a l . ,  s tudy. This  is  actual ly  how I  f i rs t  

learned about  tes t icular  oocytes .  Here  is  an animal  with  tes t icular  

oocytes .  Here is  an animal  with  tes tes  and ovary. This  s tudy showed 

gonadal  abnormali t ies  s imilar  to  what  we 're  looking at  in  cr icket  f rogs  

associated with  a t razine exposure .  

I t  has  been dismissed because i t  had a  P value I  th ink of  .06 or  

.07 or  something l ike  that .  

But  I  th ink --  by the way,  Hil l  d idn ' t  l ike  s ta t is t ics ,  i f  you go 

back and read.  He didn ' t  th ink we needed to  re ly  on them. 

But  i f  you look at  the  whole  body of  evidence that 's  bui lding,  I  

th ink we can probably accept ,  especial ly  i f  we 're  going to  error  on the 

s ide of  caut ion,  I  th ink we can accept  the .067 P value,  which is  what  

I  th ink he got  for  the  associat ion.  

Final ly,  there  is  a  s tudy of  McKoy,  e t  a l . ,  on the toads.  One 

thing I  want  to  point  out  - -  th is  came out  I  th ink af ter  the  SETAC 

meet ing in  Utah.  I t  was said  about  this  s tudy that  lends credence to  

Univers i ty  of  Berkeley endocrinologis t  Tyrone Hayes '  hypothesis  that  

a t razine is  affect ing sexual  development  of  amphibians .  

Gross ,  that  would be Tim Gross ,  Dr.  Gross  of  the Ecorisk panel ,  

added that  their  f indings are  consis tent  with  the previous work of  both 
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Hayes and Texas Tech experimental  toxicologis t  James Carr,  Carr 


f inds  an effect  a t  a t razine concentrat ions  that  are  s imilar  to  what  we 

see in  the f ie ld  and to  what  we think the toads are  exposed.  

I  real ly  didn ' t  get  that  feel ing here  today that  we were a l l  - -  that  

Texas Tech and J im Carr  and Tim Gross  and everybody was in  

agreement  that  there  were gonadal  effects .  

I  guess  the  other  thing I  want  to  point  out ,  and then I 'm going to  

move on is  that  not  only do we have nine s tudies  show associat ions ,  

but  1 ,  2 ,  3 ,  4  - -  I  don ' t  know about  the seventeen that  came in  now, 

four  of  those s tudies  are  Novart is ,  Syngenta ,  Ecorisk s tudies .  

And at  least  two of  the people  involved in  those s tudies ,  two of  

the  lead authors  twice have said  that  we were a l l  in  agreement .  There  

is  no denying this ,  James Carr  said .  

The other  thing I  want  to  point  out  is  - -  I 'm not  famil iar  wi th  

weight  of  evidence.  But  my feel ing is  no s tudy is  going to  be perfect .  

In  every s tudy,  you should have measured this  thing,  you should 

have done that  or  you should have designed i t  th is  way. 

We have nine s tudies ,  a l l  imperfect ,  but  we have nine s tudies  

a l l  support ing the same endpoint ,  that  a t razine has  an effect  on the 

gonads.  

Sure.  We can f ind a  problem with my s tudy.  I  can probably f ind 
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a problem with the Carr  s tudy. We  can f ind a  problem with the Gross 


s tudy. But  they al l  point  towards the same thing.  

I  f ind i t  hard to  bel ieve that  i t  i s  going to  be a  quintessence - -

actual ly,  I  was expect ing more.  

Let  me skip to  the  important  par t .  At  any ra te ,  re la t ive  to  other  

things that  are  going on with respect  to  new data  sets  that  you have 

not  seen yet ,  th is  is  J im Carr  to  me,  I  th ink that  the  past  arguments  

over  larynx,  e t  cetera ,  wi l l  become t r ivia l .  There  wil l  soon be bigger  

issues  to  address .  And I  think that  the  biologis ts  wil l  end up on the 

same s ide on these issues .  Bel ieve me on this .  Any biologis t  wi l l  not  

be able  to  ignore the data  that  wil l  soon be coming out .  This  is  f rom 

the leadoff  in  the  panel .  

My concern --  and I 'm not  accusing anybody,  but  my concern 

actual ly  is  in  the  other  paragraph,  is  that ,  we ei ther  haven ' t  seen 

anything or  because there  is  a  l ine  here ,  there  is  a  lot  going on that  

you don ' t  know about .  Trust  me on this .  My differences  with  other  

panel  members  have to  do with  how the new data  are  interpreted.  I  am 

a biologis t .  Others  wil l  be  using s ta t is t ics  to  minimize the impact  by 

the new data  sets .  

So my concern is  that  e i ther  we haven ' t  seen everything or  

everything hasn ' t  been presented.  Because I  thought  f rom this  I  was 
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real ly  expect ing to  see something much more robust .  And now the 


presentat ion seemed to  be that  there  is  nothing robust .  

At  any rate ,  back to  my other  point ,  Hi l l  h imself  sa id ,  I  would 

myself  put  a  good deal  of  weight  upon s imilar  resul ts  reached in  qui te  

different  ways.  

So al l  of  this  discussion about  the  weaknesses  in  the s tudies  

being that  they were a l l  done under  different  condi t ions  and bla ,  b la ,  

b la ,  Hi l l  h imself  saw as  a  s t rength.  I f  a l l  of  these s tudies ,  each with 

their  own independent  f law,  are  a l l  point ing to  the same thing,  doesn ' t 

that  add something to  the weight  of  the  evidence? 

Furthermore,  Fox,  who Dr.  Vandercrack ci ted,  said ,  in  

ecoepidemiology,  the  occurrence of  an associat ion in  more than one 

species  and species  populat ion is  very s t rong evidence for  causat ion.  

Here,  over  the s tudies  we have just  looked at ,  we have 

mult iple  s tudies  in  the  pipidae.  We have several  s tudies  in  ranidae.  

We have at  least  one bufonidae s tudy and then we have Reeder 's  s tuff 

on hyalodae.  

I t ' s  not  only that  we 're  seeing effects  under  different  condi t ion,  

under  different  exper imental  regimes,  but  these effects  are  spread out  

across  anurans and different  famil ies  even.  

I  don ' t  know how we can ignore the s t rength of  that  data  as  
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descr ibed by Hil l  h imself ,  as  descr ibed by Fox himself  as  sor t  of 


mandated by the panel  that  that 's  how we review the data .  

The specif ic i ty  I 'm going to  kind of  skip over,  because even 

Hil l  so  much didn ' t  hang on this .  Specif ic i ty  sor t  of  required that  

there  be one cause,  one effect .  

And we al l  know that  one chemical  doesn ' t  do one thing.  I ' l l  

come back to  the end of  that .  

I  guess  the  only thing I  want  to  say re la t ive to  that  is  a l l  of  the  

effects  are  on the gonad.  They might  be manifested in  different  ways 

because the gonads develop different ly  in  the  different  species ,  but  

there  are  specif ic  effects  that  seem to target  males ,  that  seem to 

involve demascul inizat ion and feminizat ion and,  again,  achieved in  

different  ways.  

The temporal i ty  cr i ter ion requires  that  the  cause come before  

the effect .  

There are several things we need to address here .  In a 

laboratory exper iment ,  i t  i s  real ly  sor t  of  a  moot  point .  I  guess  i t  i s  

not  a  moot  point .  The point  is  we don ' t  see  the abnormali t ies  unt i l  the  

animals  are  exposed to  a t razine.  So the cause in  this  case  because 

we 're  del iver ing i t  does  come before  the effect .  

Other  problems come in  the f ie ld .  There  is  two types  of  
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temporal i ty  issues .  That  is  one is  i f  you are  looking at  animals  in  the 


f ie ld ,  were they exposed to  a t razine when they were developing.  I 

have al ready shown this .  I  wi l l  go through i t  quickly. I  jus t  want  to  

blow up one sect ion.  We have al ready ta lked about  that .  

I f  you look at  a  map l ike  this ,  a  diagram l ike this ,  the  eggs are  

being la id  in  March to  Apri l  a t  the  par t icular  s i te  that  I  chose.  And 

then as  somebody pointed out ,  around my bir thday in  la te  July,  that 's 

when we're  going back to  col lect  the  metamorphs.  At  the t ime we lef t  

(ph)  eggs a t  th is  par t icular  s i te  - -  a t razine level 's  above .1  level .  And 

at  the  t ime we went  back to  pick them up,  they were up at  15.  

So i t  i s  not  l ikely that  the  a t razine disappeared.  Especial ly, 

given that  the  larvae were growing up during this  peak.  I t  i s  not  

l ikely  that  the  a t razine disappeared during the cr i t ical  s tages  that  

we 're  concerned about .  

So here  I  don ' t  th ink there  is  a  temporal i ty  issue.  And I  have 

already shown you that  when you go back here ,  even before  any 

at razine is  appl ied,  the  a t razine from las t  year  is  s t i l l  measurable  

above .1  micrograms per  l i ter.  So the animals  are  l ikely exposed 

during this  per iod.  

The other  temporal i ty  issue is  did  this  these abnormali t ies ,  i f  

they are  abnormali t ies ,  occur  before  the advent  and use of  a t razine.  
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So for  example,  I 'm s tudying these abnormali t ies  here  in  2001,  

'2 ,  '3 .  

Reeder,  e t  a l . ,  has  gone back --  I  don ' t  th ink i t  has  been 

publ ished yet ,  but  has  gone back through museum specimens and 

shown that  he  gets  some of  these gonadal  abnormali t ies  dat ing al l  the  

way back to  1940.  

a t razine,  of  course ,  doesn ' t  show up unt i l  1960.  But  other  

es t rogenic  compounds did show up about  1940,  which in  this  new 

paper  by Val  Beasely (ph)  he discusses  the coincidence of  an increase 

in  gonadal  abnormali t ies  associated with  DDT exposure,  and then 

there  is  the  potent ia l  of  another  increase associated with  a t razine,  

wi th  a t razine use.  

One thing that  comes up a  lot  that  I  d isagree with  is  Vi tchie  

even ear l ier  than this  ta lked about  a  I  guess  what  he cal led a  sex 

changing frog that  s tar ted out  hermaphrodi t ic .  I t ' s  a  European ranid.  

Many of  the papers  were wri t ten on the same populat ion.  I t  wasn ' t 

mul t iple  populat ions .  

The other  thing is  this  morphology is  not  one that  we have been 

looking at  or  one that  has  been descr ibed at  a l l .  And i t  may very wel l  

be  a  natural  occurr ing phenomena,  but  I  don ' t  bel ieve i t  i s  the  same 

phenomena that  we have been looking at .  
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In  addi t ion,  I  want  to  point  out  that  Hil l  h imself  said  i t  does  not  

- -  I 'm sorry.  This  is  Rothman and Greenland,  1998,  i t  does  not  fol low 

that  a  reverse  t ime order  is  evidence against  the  hypothesis  that  C can 

cause D.  Rather  observat ions in  which C fol lowed D merely show 

that  C could not  have caused D in  these instances;  they provide no 

evidence for  or  against  the  hypothesis  that  C can cause D in  those 

instances  in  which i t  precedes D.  

So in  other  words,  even i f  you go back and f ind,  oh,  yes ,  there  

were some hermaphrodi tes  before  the  use ,  i t  s t i l l  doesn ' t  rule  out  that  

a t razine is  the  cause now,  that  a t razine isn ' t  increasing the incidence.  

Here is  the  one that  everyone wants  to  ta lk  about ,  i t  seems,  

biological  gradient .  

Biological  gradients  suggests  that  there  should be some kind of  

dose response,  some kind of  concentrat ion or  dose re la t ionship 

between the cause and effect .  

What  I  have heard and what  I  was disappointed to  read,  

actual ly,  in  the  white  paper,  what  I  d isagreed with  is  that  i t  i s  a lmost  

made a  requirement  i f  a t razine real ly  does  this  th ing that  there  has  to  

be as  is  typical  in  toxicology a  monotonic  l inear  dose response.  

I f  you make that  a  requirement ,  as  an endocrinologis t ,  I  know 

can te l l  you you wil l  never,  I  would guess ,  never  nai l  any endocrine 
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disrupter  and never  get  to  the  mechanism.  I ' l l  show you why.


Fox,  again,  who Dr.  Vandercrack ci ted,  says ,  causal  

re la t ionships  need not  be l inear  or  monotonic .  That 's  jus t  what  I  sa id ,  

actual ly. 

Hi l l  in  1965 even acknowledged this  and said we should then 

need to  envisage some  much more complex rela t ionship to  sat isfy  the 

cause and effect  hypothesis .  

I  th ink we need to  take this  advice that  Hi l l  gave us  in  1965.  

Fox went on to say, in sum, there is a marked threshold. 

And I  hope I 'm going to  convince you that  that 's  what  we 're 

looking at  now and why that 's  why we're  looking at .  

Others  are  Sigmoid.  He said,  yes ,  yet  others  are  parabol ic .  

I  th ink we need to  real ly  take this  to  hear t .  Because I  th ink that  

hormones don ' t  work this  way.  I  th ink I  can provide you with enough 

examples .  

Let 's  look again a t  the  larynx data ,  data  that  we looked at  

ear l ier.  Where there  appears  to  be a  threshold effect ,  whether  you are  

looking at  absolute  laryngeal  s ize  a t  one par t  per  bi l l ion,  the  s l ide  

said  10,  i t  should have said  1 ,  a t  1  par t  per  bi l l ion,  you get  threshold 

effect  where the larynx is  smal ler  than controls ,  but  then i t  doesn ' t  get  

smal ler  as  you go out ,  I  assume is  the  concern of  everyone.  
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And even i f  you look at  the  percent  above the mean,  you get  the  

same effect .  At  one par t  per  bi l l ion,  i t  levels  out .  Even though this  is  

going from 80 to  90 percent ,  i t  i s  essent ia l ly, I  would argue,  a  

threshold effect .  

Here is I think why.  Here is what happens in a control female . 

You should recognize that .  That 's  a  gonad.  That 's  a  larynx.  And in  a  

control  female ,  there  is  no tes tosterone.  The larynx doesn ' t  show this  

accelerated growth.  

In  a  control  male ,  tes tosterone s t imulates  the  larynx to  grow as  

shown in  this  schematic .  

Now let 's  look at  a t razine t reated male  a t  low doses  and high 

doses .  In  an a t razine t reated male ,  tes tosterone,  potent ia l ,  we ' l l  ta lk  

about  other  mechanisms,  potent ia l ly  is  converted to  es t radiol ,  

reverses  the  gonad,  and then there  is  no tes tosterone to  make the 

larynx grow. 

In an a t razine t reated male wi th a high dose of tes tosterone, 

tes tosterone is  converted to  es t rogen and the animal 's  is  reversed.  So 

the larynx doesn ' t  grow. 

I t  i s  not  that  a t razine is  shr inking the larynx.  I t  i s  prevent ing i t  

f rom growing.  Once you prevent  i t  f rom growing,  you can ' t  prevent  i t  

f rom growing more.  I t  i s  done.  
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Giving a  higher  dose of  a t razine can ' t  take away more of  

something that  has  a l ready been taken away. I ' l l  show you in  a  minute  

i t  has  been taken away. We have a  lot  more data  on hormone s tuff 

that  I  th ink Dr.  Kel ley wil l  be  more pleased with  as  wel l .  

So I  don ' t  know how you could expect  with  a  higher  dose,  i f  we 

accept  that  th is  is  a  plausible  mechanism,  that  the  larynx wil l  get  

smal ler  and smal ler. 

You get  some dose.  In  this  case  I  wi l l  argue i t ' s  one par t  per  

bi l l ion.  You get  some dose that  diminishes  tes tosterone.  The larynx 

doesn ' t  grow.  Giving a  bigger  dose won' t  make i t  not  grow more.  I t  i s  

a l ready done.  

Let 's  address  this  other  problem now. Again,  jus t  bear  with  me. 

I 'm not  going to  argue that  i t  i s  a  parabol ic  or  an inver ted U,  whatever  

you want  to  cal l  i t ,  but  we clear ly  did see bigger  effects  a t  the  low 

dose than at  the  high dose when we looked at  gonadal  abnormali t ies  in  

rana pipiens .  

Again,  le t 's  sor t  of  s t ick with  the tes tosterone es t radiol  

hypothesis  again.  And now we're  going to  ta lk  about  mammals  for  a  

second.  I 'm going to  give you an analogy. 

Normally,  gonadotropin re leasing hormone from the 

hypothalamus s t imulates  the gonadotropin 's  FSH and LH from the 
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pi tui tary. Now we're  ta lking about  a  female .  Those hormones 


regulate  the  ovar ian cycle .  

Estrogens in  the ovar ian cycle  are  necessary for  regulat ion of  

the  uter ine cycle  and es t rogens are  necessary for  fol l ic le  growth and 

development .  In  other  words,  you need est rogen for  fol l ic le  growth 

and development .  

In  fact ,  i f  you look at  ovulat ion,  es t rogens increase,  increase,  

increase.  You hi t  some threshold effect  and you ovulate .  

Giving more es t rogen ear ly,  giving a  bigger  dose of  es t rogen 

won' t  make you ovulate  more.  I t  won' t  make you ovulate  fas ter. 

In  fact ,  i f  you give a  big dose of  es t rogen,  you wil l  se t  the  

whole  thing down and not  ovulate  a t  a l l .  

You would never  see a  monotonic  dose response in  what  

everybody in  this  room understands.  Throughout  your  menstrual  

cycle ,  es t rogen levels  increase,  increase.  They hi t  a  peak.  They hi t  a  

threshold,  and you ovulate .  

That  threshold is  different  f rom woman to  woman.  I t  might  be 

different  f rom  month to  month,  but  i t  i s  not  a  dose response.  You 

give a  big dose of  es t rogen,  t ry  and make that  happen ear l ier,  you 

wil l  shut  the  whole  thing down.  That 's  how bir th  control  pi l ls  work.  

We can envis ion,  again,  i t ' s  my hypothesis  now,  that  we are  
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working on,  that  GNRH st imulates  gonadotropins  in  f rogs.  Those 


gonadotropins  normally  in  a  male  would s t imulate  tes tosterone.  

a t razine turns  on aromatase.  And then est rogen resul ts  in  

development  of  oocytes .  Resul ts  in  oogenesis .  

On the other  hand,  i f  you give a  bigger  dose of  a t razine,  i t  i s  

very wel l  possible  that  you make enough estrogen that  you shut  down 

the pi tui tary and you get  no oocytes .  

So at  this  low dose,  you would support  oogenesis .  At  the high 

dose,  you would shut  i t  down or  inhibi t  i t  potent ia l ly. 

I  th ink we have to  real ly  s tar t  th inking about  what  we know 

about  endocrinology and integrat ing i t ,  marrying i t  wi th  toxicology in  

a  way i t  wi l l  a l low us  to  not  s lap on a  requirement  of  a  monotonic  

l inear  dose in  order  to  generate  cause and effect .  

The other  thing that  is  going to  happen is  i f  you look in  the 

f ie ld  - -  we ta lked about  several  problems,  other  chemicals  in  the  

f ie ld ,  the  levels  of  f luctuat ing up and down in  the f ie ld  both 

temporar i ly  spat ia l ly. 

Now if  we accept  that  there  are  threshold effects ,  now we 

accept  that  there  potent ia l ly  could be parabol ic  effects  - -  and again,  

we are  working on i t  r ight  now,  mult iple  populat ions  in  our  lab using 

mult iple  doses  of  both es t rogen and atrazine,  but  you can imagine that  
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th is  threshold effect ,  the  percent  you see of  hermaphrodi tes  might  be 


here,  for  example,  in  terms of  the  dose response at  one s i te .  You 

might  have the same threshold for  another  populat ion,  but  a  greater  

proport ion of  animals  respond.  You might  have over lapping l imits .  

You might  have some l imits  that  don ' t  over lap.  

So there  is  - -  i t  would,  i f  th is  is  t rue ,  make i t  a lmost  impossible  

with  different  - -  sorry,  varying sensi t ivi t ies  between populat ions ,  

varying pat terns  of  gonadal  development ,  which we have already 

documented across  populat ions ,  varying degrees  of  res is tance and 

hybridizat ion across  populat ions ,  f luctuat ing at razine levels .  

I  don ' t  th ink you can ever  expect  to  see i f  we go to  a  s i te  with  

high atrazine and we f ind high hermaphrodi tes .  I  th ink we would be 

very misguided i f  that 's  what  we were looking for. 

But  I  th ink we need to  look for  the  associat ion between atrazine 

contaminat ion and what  we can deem as  gonadal  abnormali t ies .  Get  

those animals  f rom those populat ions  back in  the lab and ask did they 

develop that  way natural ly  or  is  there  something ident i f iable  in  the  

f ie ld  and something that  we can do in  control led laboratory s tudies .  

Again, a t least one member of the panel agreed.  Here ta lking 

about  mechanism,  J im Carr  says ,  wi thout  this  information we wil l  not  

be able  to  determine why not  a l l  animals  respond the same way,  why 
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threshold responses  differ,  and i f  tes t icular  oocytes  observed in  f rogs 


inhabi t ing ag areas  are  due to  a t razine.  

So at least two of us are s tar t ing to think  that way.  I real ly 

want  to  encourage the panel  - -  because I  honest ly  don ' t  th ink we ' l l 

f ind the kinds of  monotonic  l inear  dose responses  that  we have been 

ta lking about  here .  

And Hil l ,  of  course ,  acknowledged,  of ten the diff icul ty  is  to  

secure  some sat isfactory quant i ta t ive  measure  of  the  environment  

which wil l  permit  us  to  explore  this  dose response.  

So i t  i s  going to  go be diff icul t .  Again,  we have just  gone 

through al l  of  this .  Even i f  you are  taking s i tes  one day to  the next ,  

you can get  huge differences  in  a t razine levels .  

I f  we are  going to  t ry  to  bui ld  a  dose response curve,  which one 

of  these concentrat ions  would we use to  bui ld  that  curve on.  

Again,  I  th ink in  a  data  set  l ike  this  I  agree.  I t  i s  a l l  over  the  

place.  Al l  we can say is  where there  is  a t razine there  is  gonadal  

abnormali t ies .  Pul l  these populat ions  into  the laboratory and f ind out  

what  we can learn there .  

So I  th ink that  i f  we 're  looking for  a  monotonic  l inear  response,  

we won' t  be  able  to  make this  black and bold.  But  I  th ink i f  we use 

the endocrine system as  a  model  and look careful ly  a t  the  
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mechanisms,  then I  th ink we can do this  as  wel l . 


The other  big  quest ion.  Plausibi l i ty  and coherence.  Is  there  a  

plausible  mechanism that 's  coherent  with  the types  of  effects  that  

we 're  descr ibing.  

We have proposed one.  And again,  we proposed that  because of  

what  is  known in  mammalian cel l  l ines ,  e t  cetera .  

That  a t razine turns  on aromatase,  that  converts  tes tosterone to  

es t radiol  and resul ts  in  demascul inizing effects  because of  the  loss  of  

androgen and feminizing effects  because of  the gain of  es t rogen.  

Where is  the  evidence? 

So again,  here  is  our  proposed mechanism you have seen before ,  

that  the  inappropria te  expression of  es t rogen causing effect  on the 

gonads and the lack of  androgen causing effect  on the larynx.  

Let 's  ta lk  about  the  gonads f i rs t .  One of  the  reasons that  we 

bel ieve that  th is  is  a  plausible  mechanism is  that  we have a  pret ty  

extensive data  set  on es t rogen t reatment ,  not  jus t  our  data ,  but  a  

his tor ical  data  set .  Controls ,  in  control led males ,  we would expect  no 

ovar ies  and a  normal  or  male  type larynx.  

In  es t rogen t reated animals ,  we would expect  them al l  to  be 

female  and maintain  a  normal  female  larynx.  

We did a  s tudy --  actual ly,  Roger  Lou (ph)  did this  s tudy 
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s tar t ing back when he was in  undergraduate ,  a  former  s tudent  in  the 


lab.  Dr.  Kel ley and Brackenridge were ta lking actual ly  about  this  

exact  kind of  s tudy. You are  looking at  animals  in  days.  

We did a  s tudy where we t reated animals  with  es t rogen from 

stage 50 to  s tage 66.  Or we t reated for  one week from stage 50 to  

s tage 53 and then kept  them without  t reatment .  Or  we t reated them 

for  two weeks,  s tage 55 to  66 was without  t reatment .  

So everywhere you see green the animals  were t reated with  

es t radiol .  So they were t reated for  a  week af ter  hatching and then 

al lowed to  grow up,  t reated for  two weeks af ter  hatching then al lowed 

to  grow up or  t reated throughout  the  larval  per iod.  

This  shows the different  t reatments  f rom one week,  two week 

and the ful l  larval  per iod.  

You are  now going to  look at  the  sex ra t io .  This  is  phenotypic  

sex based on gonads.  You are  looking at  the  number  of  males  and 

females .  

Here is  a  control .  You are  going to  look --  males  are  in  blue.  

Females  are  in  green.  

I 'm going to  show you a  l ine  for  50 percent .  Controls  are  

roughly 50/50.  That  looks l ike  about  40 percent  female ,  60 percent  

male . 
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Now I 'm going to  show you different  t reatments  that  we ta lked 

about .  When we t reat  animals  f rom stage 50 to  s tage 66,  we get  100 

percent  females .  

When we t reat  animals  now from stage 50 to  55,  this  is  that  

two-week t reatment ,  we get  females ,  we get  a  few males  and then we 

get  some of  these abnormali t ies .  I ' l l  show you what  that  is .  

And then when we t reat  for  this  one-week per iod,  we get  

predominant ly  females ,  about  70 percent ,  some  males  and then we get  

this  group of  abnormali t ies ,  about  20 percent .  

So this  incomplete  dosing in  terms of  the  durat ion of  dosing 

gives  us  abnormali t ies .  Those abnormali t ies  look l ike  this .  

Discont inuous gonads or  lobed tes tes  and animals  that  have both 

tes tes  and ovaries  of  varying types .  Some varying types  of  

hermaphrodi t ism. 

Somebody asked about  the unpigmented ovary,  however. What  

I 'm te l l ing you is  that  we can induce lobed tes tes  and hermaphrodi tes  

with  es t rogen.  

So those,  again,  I  th ink support  the  hypothesis  that  the  animals  

are  being inappropria te ly  exposed to  es t rogen.  The morphologies  are  

ident ical  to  what  we see with  a t razine when you give them incomplete  

exposure.  
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There  is  another  t reatment  that  we can give,  and we actual ly  get  

33 percent  unpigmented ovar ies ,  o ther  than at razine and the three 

control  animals  out  of  300,  sporadin (ph)  acetate ,  the  ant i -androgen.  

That 's  the  only compound I  have ever  t reated with  when I  f ind these 

unpigmented ovaries .  

So what  I 'm te l l ing you is  a  normal  male  presumably has  some 

tes tosterone coming from his  tes tes  and he is  a l l  good.  What  you are  

looking at  now,  this  is  the  unpigmented ovary. This  is  the  mixed 

hermaphrodi te  with  tes tes  and ovar ies .  And this  is  the  so-cal led 

broken tes tes  or  lobed tes tes  or  discont inuous tes tes .  

What  I 'm suggest ing is  that  a t razine,  by deplet ing tes tosterone,  

resul ts  in  the  unpigmented ovary. I 'm not  saying that  a t razine acts  

l ike  sporadin acetate .  

I 'm saying a  compound that  blocks androgen act ion produces 

the same effect  as  a t razine which takes  away --  which decreases  

androgen.  And that  es t rogen exposure induces  these other  types  of  

abnormali t ies  that  we have ident i f ied.  

What  is  the  evidence for  effects  on s teroidogenesis?  We did a  

one t ime measure  with  four  animals  in  each t reatment  group.  That  is  

the  data  that  were presented in  the PNAS that  we ta lked about  today. 

But  we have done a  number  of  other  things,  a  number  of  other  s tudies  
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to  address  the  effects  of  a t razine on s teroidogenesis  in  adul t  males . 


You wil l  not ice  the fonts ,  e t  cetera ,  have changed.  This  is  a  

presentat ion that  was given by Melissa  Lee that  I 'm using to  present  

the  data  she has  been working on for  the  las t  year. 

The f i rs t  th ing she addressed was how to opt imize condi t ions  to  

best  measure  plasma tes tosterone concentrat ions .  In  this  case ,  ins tead 

of  decapi ta t ing animals ,  we used cardiac puncture .  

We evaluated a  number  of  things.  I  was unhappy,  I  have to  say, 

with  the f ie ld  s tudies  that  were presented by Dupree (ph) ,  by the 

Ecorisk panel .  

Trapping the animals  in  t raps  and holding them for  unspecif ied 

amount  of  t imes can affect  hormone levels .  We,  for  example,  went  

through a  lot  of ,  as  you can see here ,  through a  lot  of  work to  make 

sure  that  there  was no associat ion between our  handl ing t ime and 

effects  on hormone levels .  There  wasn ' t . So we addressed that .  

We addressed housing effects .  We asked whether  or  not  

animals  should be housed s ingly or  in  groups.  We did that  over  a  

number  of  days.  The green are  the group housed,  and the blue are  the 

s ingle  housed.  They don ' t  care  whether  they have roommates  or  not .  

We looked at  dai ly  f luctuat ions  to  f igure  out  what  t ime of  the  

day.  So the gray shows night t ime measurements .  
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And these are  just  controls .  These are  actual ,  I  forget ,  four  or  

f ive  animals  - -  Melissa?  Is  that  about  the  sample s ize?  Four  or  f ive  

animals ,  d i fferent  groups of  animals  bled at  each t ime.  And then we 

bled some cont inuously shown in  yel low to look at  the  effect  of  

handl ing.  

As I  was te l l ing Dr.  Kel ley,  these are  night t ime levels ,  are  

much higher  than what  we measured in  the PNAS paper. 

How do we character ize  the effect  of  a t razine on hormonal  

prof i les  over  t ime.  That  was just  how we evaluated how to do the 

s tudies .  Here is  a  number  of  other  s tudies  we did.  We exposed 

animals  to  a t razine.  Up to  72 days.  We took blood samples  a t  a l l  the  

data  shown here .  

Here are  some of  the  other  differences  I  to ld  you about .  This  is  

a  Berkeley colony. This  is  a  colony that  we have maintained for  more 

than 10 years .  You're  going to  look at  Berkeley control  males .  They 

do f luctuate .  When we put  them into the experiment ,  they almost  

a lways ini t ia l ly  go down and then come back up and s tar t  cycl ing.  

When you expose animals  to  a t razine,  and these are  a l l  10 par ts  

per  bi l l ion exposures ,  I  bel ieve,  when you expose animals  to  a t razine,  

they decrease and they never  go back up again.  

Par t  of  the  point  I  want  to  make is  that  i f  you measure  a t  the  
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wrong t ime during the experiment ,  l ike  here  for  example,  you wil l  get 


no effect .  But  you are  get t ing no effect  - -  in  this  case,  you would be 

get t ing no effect  because the animals  aren ' t  in  season at  th is  t ime,  

whatever  that  means,  whereas  c lear ly  here  there  are  s ignif icant  

effects .  

Here is  another  example.  Nasco animals .  I f  you look at  those 

levels ,  those are  Berkeley animals .  They also tend to  have smal ler  

larynges than the Nasco animals .  They are  not  as  mascul ine or  

something as  the animals  we order  f rom Nasco.  But  even at  their  

peak,  they are  a t  about  seven nanograms per  mil .  

I f  we order  animals  f rom Nasco and accl imate  them and look at  

control  males ,  th is  is  in terest ing,  f i rs t  of  a l l  they crash.  They come to  

Berkeley. We so-cal l  accl imate  them and they crash.  

I f  you look at  the  a t razine t reated animals ,  they also crash.  But  

this  s tudy was done before  we knew to look at  night .  I f  you look at  

night t ime samples  over  the  same thing,  they are  incredibly different  

a t  the  night t ime.  

Again,  i f  you look at  the  wrong t ime during the wrong par t  of  

the  year  or  dur ing the wrong par t  of  the  day,  you won' t  see  the effects .  

But  non effects  aren ' t  because the a t razine t reated males  are  doing 

okay.  I t  i s  because you are  looking at  the  wrong t ime for  the  control  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

259 

males . 

We s tar ted,  we haven ' t  f inished yet ,  but  we s tar ted addressing 

another  quest ion that  has  come up.  I  th ink the Dr.  Kloas  brought  i t  up.  

Maybe i t  i s  not  th is  aromatase.  Maybe i t ' s  in terference with  

s teroidogenesis  some other  way. 

So at  what  point  in  a  hormonal  axis  is  a t razine act ing.  This  is  

Melissa 's  diagram of  the  hypothalamus showing pi tui tary s t imulat ing 

the gonad to  make tes tosterone.  And we're  suggest ing that  that  

tes tosterone is  being aromatized.  But  i t  i s  a lso possible  that  

tes tosterone isn ' t  being made,  that  the  gonadotropin - -  Dr.  Cooper  has  

cer ta inly shown some effects  on higher  up in  the axis .  

So we did a  l i t t le  s tudy. We t reated animals  for  27 days.  What  

I 'm going to  show you is  - -  we took blood samples  a t  these t ime 

points .  And here  is  again day on the X axis .  Plasma tes tosterone on 

the Y axis .  Control  females .  We did measure females .  We can ' t 

detect  that  a t razine does  anything with  females .  They hardly have any 

tes tosterone.  

And here  now are  the  control  and at razine- t reated males .  

Controls  are  in  black.  a t razine 's  in  red.  

So again,  dur ing par t  of  the  cycle ,  you can detect  differences .  

During par t ,  you can ' t . Then r ight  here  we took half  the  animals  f rom 
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each group and we injected them with HCG. So we inject  them with 


gonadotropin.  

We asked,  even those these a t razine t reated males  have 

diminished tes tosterone re la t ive  to  these control  males ,  can they 

respond to  a  pi tui tary chal lenge.  We inject  with  HCG. There is  the  

control  males .  And there  is  the  a t razine t reated males .  

So the tes tes  can respond.  In  fact ,  Melissa  and I  have argued 

over  this ,  but  i t  looks l ike  they are  responding in  the same way in  

terms of  the  magni tude of  the  response before  and af ter  with  controls  

as  wel l  as  with  the  a t razine t reated ones .  

Here is  the  individual  data  that  I  promised to  show you for  the  

aromatase s tuff .  When we are  get t ing act ivi ty,  i t  i s  h ighly var iable .  

We have now moved to  an invi t ro  system where we can bet ter  control  

th ings - -  I  mean,  a  tota l  invi t ro  exposure  system,  the whole  thing.  

We get  highly var iable  f rom individual  to  individual ,  

exper iment  to  exper iment .  Al l  I  can te l l  you is  we don ' t  tend to  see  

high or  s ignif icant  aromatase in  controls .  And we are  s t i l l  chasing 

that  par t  of  the  mechanism. 

We are  a lso enter ta ining the possibi l i ty  that  there  are  other  

mechanisms act ing and perhaps even more than one mechanism. 

So the important  things to  take out  of  this  are  that  you real ly  
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have to  know the cycles  and watch where you sample.  You can cycle 


on one day and get  an effect  and on another  day not  get  the  effect .  

But  i f  you don ' t  get  the  effect  - -  by the way,  this  big  arrow bar  is  due 

to  one animal  that  had a  huge amount  of  tes tosterone.  

I f  you don ' t  get  the  effect ,  i t  i s  not  because the a t razine animals  

are  recovering.  I t  i s  because you are  sampling at  the  wrong t ime,  a t  

leas t  in  our  exper ience.  

Also,  you have to  keep t rack of  the  fact  that  these are  nocturnal  

animals .  Day sampling,  as  we did for  most  of  our  s tuff ,  i s  probably 

not  the  most  appropria te  t ime table  to  sample the  animals .  

Also,  there  may be other  mechanisms working,  because HCG 

can at  least  s t imulate  probably to  the  same extent  an a t razine exposed 

male  as  a  control .  Again,  there  might  be mult iple  mechanisms. 

Experimentat ion,  what  Hil l  suggested here  was that  sometimes 

you can do an experiment .  And he was mainly ta lking about  

epidemiology. I f  people  are  get t ing s ick because they go to  the wel l ,  

shut  the  wel l  down and see i f  the  i l lness  goes  away. 

We have ta lked qui t  a  bi t  about  experimentat ion.  I  th ink we 

have qui te  a  bi t  of  evidence.  The only other  experiment  I  guess  would 

be to  take at razine away and then do f ie ld  work and see i f  the  

hermaphrodi tes  go away. That  might  be something to  do through 
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temporal i ty. 

The las t  one I  want  to  address  is  analogy.  What  does  analogy 

real ly  mean.  What  does  analogy te l l  us  about  cause and effect .  

Carr  and Solomon in  the learned discourses  exchange also said  

that  i t  was unl ikely that  a t razine caused these problems because,  I  

quote ,  a t razine is  a  potent  phytotoxic  compound specif ical ly  designed 

to  target  a  mechanism of  act ion unique to  plants ,  the  binding of  

plas toquinone II  dur ing photosynthesis .  As such,  there  is  no a  pr ior i  

reason to  suspect  that  a t razine would affect  endocrine funct ion in  

ver tebrates .  

So the idea seems to  be that  the  pest ic ide is  specif ic ,  so  why 

would you expect  i t  to  have these kinds of  effects  that  we 're  ta lking 

about .  

As an analogy, I ' l l use DDT.  I t was pret ty specif ic in what i t 

d id  to  insects .  I t  inhibi ts  mitochondrial  ATP synthase,  but  DDT and 

i ts  metabol i tes  a lso inhibi t  prostaglandin synthesis ,  b ind the es t rogen 

receptor  as  an agonis t ,  b ind the androgen receptor  as  an antagonis t ,  

b ind sex hormone binding globul in ,  induce aromatase,  increase 

progesterone synthesis ,  inhibi t  g lucocort icoid synthesis .  

So here  is  another  compound by analogy that  has  a  pret ty  

specif ic  mechanism,  but  i t  does  a  lot  of  other  things as  wel l .  I f  
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atrazine does  more than one thing,  I  don ' t  th ink i t  should preclude us 


f rom explor ing what  i t  does  to  ver tebrate  - -  in  ver tebrate  sex 

different ia t ion.  

The other  analogy is  there  is  huge l i terature ,  I  th ink most ly  out  

of  Japan showing that  there  is  a  number  of  t r iazines  pharmaceut ical ly  

used that  specif ical ly  inhibi t  aromatase.  So by analogy,  we have 

t r iazine.  

I 'm going to  speak very br ief ly  and then I 'm done.  

By analogy,  we have t r iazine such as  a t razine that  we know at  

least  in  mammalian systems induce aromatase.  We know in some rat  

model  systems i t  wi l l  induce es t rogen dependent  or  tumors  associated 

with  es t rogen,  es t rogen exposure.  

And by analogy,  we have aromatase inhibi tors  that  are  being 

designed and tes ted in  es t rogen dependent  cancer  cel l  l ines  that  are  

being designed specif ical ly  to  do just  the  opposi te .  

On the one hand,  we have t r i - ines  that  we bel ieve turn on 

aromatase and are  associated with  things l ike  gonadal  abnormali t ies  

and mammary cancer.  And then we have t r iazines  that  we know inhibi t  

aromatase but  do just  the  opposi te .  

I  th ink that  analogy should help guide us  as  wel l  in  

unders tanding i t  and unders tanding the mechanism. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

264 

Again,  I  want  to  point  out  Fox 's  point ,  in  ecoepidemiology,  the  

occurrence of  an associat ion in  more than one species  and species  

populat ion is  very s t rong evidence of  causat ion.  

I have pointed this out a l ready.  We have  evidence, f ie ld , 

laboratory in  the pipidae,  the  ranidae,  the  bufonidae,  the  hyaloidea 

done under  a l l  k inds of  different  condi t ions ,  a l l  k inds of  different  

exposures .  

And every one --  we can argue about  a  .067 s ta t is t ic  i f  we want .  

We can argue about  a  lack of  monotonic  dose response.  We can argue 

about  a l l  the  f laws for  a l l  of  those individual  s tudies .  

But  when you l ine them al l  up together,  every one with  i ts  

f laws,  whether  the  animals  are  heal thy or  not ,  they are  s t i l l  producing 

gonadal  abnormali t ies  with  s ignif icant  P values .  

What  about  the  mechanism?  This  has  come up,  the  work of  

Sanderson,  e t  a l .  But  there  has  been a  pret ty  detai led proposed 

mechanism.  Again,  GnRH st imulates  the  pi tui tary to  re lease 

gonadotropins .  The gonadotropins  s t imulate  s teroidogenesis  through 

a  G protein  that  turns  on adenylate  cyclase ,  resul ts  in  a  product ion of  

cycl ic  AMP, and,  through a  number  of  s teps ,  turns  on Cyp 19,  which 

is  the  gene for  aromatase,  and aromatase,  of  course ,  converts  

tes tosterone to  es t radiol .  
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This  whole  thing is  control led over  this  s ide by 

phosphodiesterase .  This  is  a l l  proposed by John Giesy and 

Sanderson,  e t  a l .  

And phosphodiesterase  gets  r id  of  the  cycl ic  AMP, convert ing i t  

to  AMP.  That 's  what  keeps this  whole  system from going crazy. 

Giesy and Sanderson,  e t  a l . ,  propose that  a t razine t ies  up the 

phosphodiesterase  somehow. And the resul t  i s  an e levat ion of  cycl ic  

AMP, an elevat ion of  aromatase and increased est rogen.  

So this  has  a l l  been done,  proposed and work done in  cel l  l ines .  

I t  has  been shown in  ra ts  that  es t rogen increases  in  ra ts  that  are  

exposed to  a t razine.  

I t has been also shown in ra ts that pi tui tary is down-regulated 

by that  increase in  es t rogen.  This  is  work done pr imari ly  by 

Syngenta .  And i t  has  a lso been shown that  es t rogen s t imulates  the  

re lease of  prolact in .  

So at razine-fed ra ts  tend to  have high prolact in ,  high est rogen 

and low pi tui tary gonadotropins .  

Is  th is  mechanism that  we know in some detai l  in  mammals  

re levant  to  any of  the  s tudies  that  we are  ta lking about  now,  re la t ive 

to  this  issue? 

In  par t ,  I  promised you I  would come back to  i t ,  in  par t ,  the  
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connect ion was made by Dr.  Vandercrack.  I f  we know something 


about  the  mammalian androgen receptor,  i t  should te l l  us  something 

about  f rogs.  

Now we're  going to  make that  point  again.  I f  we know 

something about  the  mechanism in mammals ,  does  i t  te l l  us  something 

about  f rogs.  

Elevated es t rogen --  we have al ready made the argument ,  i 'm 

not  going to  hi t  you over  the head again,  is  associated with  the 

hermaphrodi t ism,  a t  least  11 s tudies .  Again,  I  d idn ' t  read the 

seventeen that  jus t  came in .  

The decrease in  tes tosterone associated which,  I  th ink we have 

shown --  we have good evidence for,  i s  associated with  the laryngeal  

growth.  These are  both my s tudies .  Industry funded and not  industry 

funded.  

The prolact in  and es t radiol  both - -  es t radiol  has  a  s t rong 

inhibi tory effect  on metamorphosis .  And prolact in  inhibi ts  

metamorphosis .  

So i f  a  mechanism l ike this  is  working in  amphibians ,  i t  might  

explain  effects  in  inhibi ted metamorphosis .  I 'm sorry.  I  forgot  to  put  

the  reference in ,  but  i t  i s  in  the  paper  that  I  made avai lable  to  the  

SAP. 
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I t has been shown in ambystoma t igr inum that there is an 

inhibi t ion of  metamorphosis  with  a  P value less  than .05.  

And Xenopus Laevis ,  Carr,  e t  a l . ,  showed inhibi t ion of  foreleg 

emergence,  P value of  .03,  inhibi t ion of  ta i l  reabsorpt ion,  P value .04.  

In  rana clamitans ,  McKoy,  e t  a l . ,  in terest ingly enough showed 

an inhibi t ion of  metamorphosis  a t  25 par ts  per  bi l l ion,  accelerat ion at  

10 par ts  per  bi l l ion.  

And Kel ly  Haston in  my laboratory in  work that 's  ongoing now 

has  shown inhibi t ion of  metamorphosis  in  some populat ions  in  rana 

pipiens  and not  others ,  which we have already ta lked about .  

This mechanism and these changes in hormone  levels that we 

know in some detai l  in  mammals  would explain many of  the effects  in  

amphibians .  

In  Sanderson,  e t  a l . ,  John Giesy as  coauthor  wrote ,  a  logical  

concern --  th is  is  based on the mammalian work.  A logical  concern 

would be that  exposure of  wildl i fe  and humans to  a t razine herbicides ,  

which are  produced and used in  large quant i t ies ,  and are  ubiqui tous 

environmental  contaminants ,  may s imilar ly  contr ibute  to  es t rogen 

mediated toxici t ies  and inappropria te  sexual  different ia t ion.  

So this  has  been proposed by a  member  of  the  panel  previously, 

the  observed induct ion of  aromatase,  the  ra te  l imit ing enzyme in  the 
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conversion of  androgens to  es t rogens,  may be an underlying 


explanat ion for  some of  the tumor promoting propert ies  of  these 

herbicides  in  vivo.  

So now we're  going back again.  I 'm te l l ing you just  as  we 

know things in  mammals  that  help us  out  in  f rogs,  now knowing 

something in  f rogs may be te l l ing us  something more about  problems 

with  environmental  heal th ,  but  more important ly,  publ ic  heal th .  

Namely,  there  was a  s tudy in  1990 that  showed exposure to  

a t razine resul ted in  s ignif icant ly  increased incidence of  mammary 

tumors ,  which respond to  both es t rogen and prolact in ,  and 

inf lammation,  sometimes with  abscess  format ion of  the  prostate  

gland,  which also responds to  prolact in  and est rogen.  

And elevated prolact in  and est rogen has  been shown in  ra ts .  

In  another  ra t ,  the  sprague dawley female ,  Charles  Eldr idge 

wrote  in  1999,  nine years  af ter  the  Pinter  s tudy in  1990 --  so  in  1990 

Pinter  showed increased mammary tumors  and inf lammation of  the  

prosta te  glands in  male  Fischer  ra ts  in  1990.  

In  1999,  Eldr idge reported mammary tumors  in  sprague dawley 

ra ts ,  and wrote ,  the  mammary tumor response is  l imited to  one s t ra in  

of  one species  in  females .  

Then again,  Stevens,  e t  a l . ,  in  1999 wrote ,  the  carcinogenic  
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effect  of  high doses  of  a t razine observed in  the female  sprague dawley 


ra t  is  a  s t ra in ,  sex and t issue specif ic  response that  does  not  have 

biological  re levance to  humans.  

So my only point  is  we now have prostate  and mammary cancer  

that  we have known about  in  ra ts  s ince 1990.  We know that  these ra ts  

have elevated es t rogen and prolact in  and decreased pi tui tary 

hormones.  

We now have effects  in  amphibians  that  we 're  looking at ,  what ,  

13 years  la ter  that  tend to  be associated with  the same hormones.  

So this  mechanism,  again,  my point  being may be te l l ing us  

about  a  lot  more than frogs.  I  bel ieve this  meet ing is  about  a  lot  more 

than frogs.  

There  is  s tudies  coming out .  I  have seen the abstract  on 

induct ion of  brain  aromatase in  f ish in  response to  a t razine.  Tim 

Gross  of  course  with  the panel  in  1999,  2000 showed elevated 

es t radiol ,  decreased androgens and vi tol legenin in  male  exposed f ish.  

This  effect  is  consis tent  with  the effects  in  amphibians  and with  

the hormone measurements .  I t  i s  consis tent  with  the some of  the  data  

that  has  been discussed,  the  rept i le  data .  I t  i s  consis tent  with  the 

effects  in  mammals ,  the  effects  in  ra ts ,  e levated es t rogen and 

prolact in  and decreased androgen associated with  these types  of  
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cancers .  

With regards  to  the  re levance in  humans,  in  one s tudy atrazine 

exposure  decreased intrauter ine growth in  Iowa communit ies  with  

contaminated water.  P  value less  than .001.  

And this  is  jus t  a  few.  a t razine exposure  increases  tes t icular  

cancer  and prostate  cancer  in  hispanic ,  R equals  .41,  and black,  .67 

farm workers ,  Mil ls  1998.  Effects  associated with ,  again,  es t rogen 

and prolact in  with  regards  to  the  prosta te .  

a t razine exposure  in  dr inking water  increases  breast  cancer  

with  a  P value of  less  than .0001.  Again,  a  disease associated with  

e levated es t rogen and prolact in .  

Coming up on the las t  s ide,  a t razine exposure increased 

prosta te  cancer  9 .4  t imes in  a  Novart is  plant  in  Louis iana,  again,  an 

effect  that  has  been associated with  increased aromatase and 

prolact in .  

So we have more than effects in just amphibians consis tent wi th 

the proposed mechanism,  f ish,  four  major  c lasses  of  amphibians  and,  

again,  data  that  I  wi l l  suggest  in  a  place l ike  this  in  Afr ica  where the 

runoff  is  the  water  that  they use for  cooking,  I  th ink i f  you told the 

people  in  that  vi l lage that  their  water  was causing some of  the  kinds 

of  effects  that  we 're  debat ing here ,  then I  think there  would be cause 
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for  concern because they know that  water  comes to  their  home.  The 


same is  t rue  for  us .  

With regards  to  amphibian sensi t ivi ty,  I  th ink our  canary is  

t rying to  s ing.  And we should l is ten.  

DR. ROBERTS: Thank you,  Dr.  Hayes.  Let  me now open the 

presentat ion to  quest ions  by the panel .  

Dr. Green. 

DR. GREEN: Regarding the feeding adjustments  that  you made 

that  you feel  are  cr i t ical ly  important  in  some of  your  s tudies ,  d id  you 

base that  on t r ia l  and error  in  your  lab or  publ ished anuran ki localor ic  

requirements?  

DR. HAYES: When I  became involved with Syngenta  - -  the  

way we used to  operate  was we changed the water  and renewed the 

solut ion every day,  every 24 hours .  We would come in  a t  4  a .m. 

change al l  the  water. 

When I  in i t ia l ly  - -  I  can ' t  te l l  you why,  but  when I  in i t ia l ly  

s tar ted operat ing with  Allen Hosmeran (ph)  with  the panel ,  they didn ' t 

want  such frequent  renewal .  You would have to  address  Syngenta  

Ecorisk to  f ind out  why. 

So we did an ini t ia l  s tudy where we t r ied to  do the change every 

three days,  and we found high mortal i ty,  low growth and al l  the  
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animals  died. 


We fi led a  f inal  report  in  1998.  We terminated the s tudy 

because we created an 85 percent  mortal i ty. That  was our  f i rs t  

a t razine s tudy that  we conducted.  The f inal  report  was f i led with  

Syngenta .  

Then we did a  s tudy cal led 98XL Food.  We did two s tudies .  

98XL Food 1 in  2 .  The f inal  reports  were f i led for  those s tudies .  

Those s tudies  looked at  the  food level  that  we used to  feed,  that  

was the 1  X,  that  we used to  feed when we did the changes every day. 

Then we went  half  that  because we were worr ied about  water  qual i ty  

and twice that  and four  t imes.  

So that  i t  was based on what  we did,  but  with  a  different  

f requency of  water  change.  All  of  that  was made avai lable .  The 

s tudies  were s igned off  on and f inal ized by Syngenta  and Ecorisk.  

DR. GREEN: What  is  the food? 

DR. HAYES: We feed Purina rabbi t  chow to everything.  With 

the xenopus,  we gr ind i t  up and dissolve i t  in  the  water.  With other  

animals  we feed i t  as  whole  pel le ts ,  and i t ' s  weighed out  whether  i t ' s 

ground up for  xenopus or  whether  i t ' s  thrown direct ly  in  a  tank.  I t ' s  a 

weighed set  amount  per  number  of  tadpoles ,  as  you saw. 

DR. ROBERTS:  Other quest ions? 
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Dr. Kel ley. 

DR.  KELLEY: In reading over  the Carr,  e t  a l . ,  s tudy,  i t  i s  t rue 

that  in  their  methods they say that  they fed them, whatever  i t  was,  .4  

grams a  day.  But  in  a  la ter  par t  of  the  paper,  in  the  resul ts  paper  they 

said  that  they actual ly  checked the amount  of  food that  was there .  

And i f  i t  was c lear,  they fed them  more food.  

So they do look l ike they were underfed because they were a t  22 

degrees  and they took so long to  go through metamorphosis .  

But  I  jus t  wanted to  correct  that  impression.  The paper  does  

look l ike  they did adjust  the  food for  the  animals  during the course  of  

the  s tudy. 

DR. HAYES:  That may have been my overs ight . 

DR. ROBERTS:  Dr. Isom, then Dr. Matsumura, then Dr. 

Richards .  

DR.  ISOM: Perhaps I  missed this ,  but  did  you measure es t rogen 

levels  in  that  s tudy? 

DR. HAYES: Yes.  We have t r ied to  measure es t rogen levels .  

We have measured --  Melissa ,  correct  me i f  I 'm wrong,  we can 

measure  es t rogen levels  in  females .  We have never  measured 

ci rculat ing es t rogen in  adul t  males .  

DR.  ISOM: You could not  detect  i t - -
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DR. HAYES: We have never  detected i t .  We could not  detect  

i t .  That 's  r ight .  I t  was below the detect ion l imit .  

Correct , Mel issa? 

And we have also t r ied measuring whole  body and larvae.  We 

have been unable  to  measure  es t radiol .  

DR.  ISOM: Why do you think you can ' t  detect  in  the males ,  the  

ones  that  were t reated?  To  me,  i t ' s logical  i f  you are  convert ing 

tes tosterone to  es t rogens and you are  seeing the high levels  a t  n ight ,  

you would see the end product  of  that .  

DR. HAYES:  Not necessar i ly. 

Again, es t rogen has some role normal ly in the tes tes for sperm 

development ,  but  you don ' t  f ind i t  c i rculat ing in  males .  

There  is  local  product ion of  es t rogen where i t  has  i ts  effect  - -

DR. ISOM: I  would have to  ask our  endocrine people  that .  

What  is  the  half  l i fe?  How long would the es t rogen s tay around?  You 

see the f luctuat ion the diurnal  or  the  changes in  tes tosterone.  But  

does  es t rogen s tay around longer?  And would i t  bui ld  over  t ime or  

you would see higher  levels  of  that?  

I  th ink that 's  important  for  the  hypothesis  to  consider  that .  

DR.  HAYES: But  I  don ' t  th ink that  e levated ci rculated es t rogen 

is  necessar i ly  a  requirement .  Again,  we 're  a lso looking at  other  
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mechanisms that  may be act ing. 


An increase in  es t rogen is  consis tent  with  the effects  on the 

gonad,  i t ' s  consis tent  with  the oogenesis  and what  appear  to  be 

vi tol leginic  oocytes  in  rana pipiens .  But  we haven ' t  - -  a l l  I  can say is  

we have t r ied many t imes.  We haven ' t  been able  to  detect  i t .  

DR.  ISOM: What  would you recommend,  then,  for  an 

experimental  design that  we should consider  to  do a  real  complete  

endocrine work-up on these animals  to  val idate  this  hypothesis ,  

support  th is?  

DR. HAYES: In our  place r ight  now, we 're  focusing on 

measuring up-regulat ion of  Cyp 19 and doing the aromatase assays 

invi t ro .  

Because i t  i s  very possible ,  jus t  l ike  in  the  brain  of  males ,  i t  i s  

very possible  that  the  aromatase and the convers ion occurs  local ly  

and never  goes  into  c i rculat ion.  

So we're  focusing r ight  now on t issue expression of  the gene for  

aromatase and biochemical  act ivi ty. 

DR.  ISOM: What  I  t i ssue would you recommend to  look at?  

DR. HAYES: We have been doing i t  in  the gonads.  But  s ince 

reading some of  the s tuff  and John Giesy and others  are  doing,  the  

brain  is  actual ly  a  bet ter  choice of  t issue.  We haven ' t  s tar ted working 
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with the brain  yet . 


DR. ISOM: Thank you.  

DR. ROBERTS:  Dr. Matsumura. 

DR. MATSUMURA: Have you checked specif ic  inhibi tors  for  

those systems that  you are  proposing l ike  aromatase inhibi tors  or  PKA 

inhibi tors?  Have you done that?  

DR. HAYES: Right  now,  we have just  ini t ia ted a  s tudy that  

looks a t  a t razine in  combinat ion with  miconazole ,  which is  an 

aromatase inhibi tor  that  we know to work in  other  f rogs in  our  

laboratory.  So we are  doing something l ike  that  now. 

I  guess  your  proposal  is  i f  you give a t razine plus  an aromatase 

inhibi tor,  would you prevent  the  effect .  I  have two s tudents  r ight  now 

who are  working on that  problem. 

DR. MATSUMURA: I  a lso not iced that  when you added the 

HCG, at razine t reated ones  did not  recover  as  much as  the  control  did .  

DR.  HAYES: I  have argued with my col league about  this .  I  say 

the - -  I  guess  one point  is  i f  you look at  the  percent  response from 

where they s tar ted,  i t  i s  the  same. But  the  a t razine t reated ones  don ' t 

go up to  where the controls  are .  

DR. MATSUMURA: What  do you think? 

DR. HAYES: We have only used --  that  s tudy is  only done with 
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one dose of  a t razine,  and we've only done one dose of  HCG. 


Maybe i f  we give a  bigger  dose,  maybe i t  wi l l  be  a  dose 

response.  Maybe i f  we give a  larger  dose of  a t razine,  they wil l  be  

able  to  recover.  What  i t  te l ls  us  is  that  the  animals  are  s t i l l  able  to  

make tes tosterone.  Suggests  that  the  problem  might  be a t  the  

pi tui tary. 

Did we t ry  to  measure es t rogen after  the  HCG inject ion,  

Melissa? 

I  would imagine we would have.  So the tes tes  isn ' t  ruined.  I t ' s 

able  to  respond.  And the response is  - -  in  terms of  where i t  s tar ted 

and where i t  ended up is  the  same,  but  i t  doesn ' t  go up to  match the 

control .  

DR. ROBERTS:  Dr. Richards , then Dr. Coats , Dr. LeBlanc, 

then Dr.  Denver. 

DR.  RICHARDS: I  br ing this  up just  because you used the data  

source a  couple  t imes.  Most  recent ly  with  respect  to  your  arguments  

about  temporal i ty. I t ' s  the  USGS data  on at razine concentrat ions .  

Those data  represent  concentrat ions  in  the  main s tem 

Mississ ippi and i ts major t r ibutar ies . 

Probably have l i t t le  or  nothing to  do with  the kinds of  

concentrat ions ,  exposures  you would see in  farm ponds or  di tches  in  
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the  upper  midwest . 


The Mississ ippi ,  of  course ,  is  responding to  hundreds or  

thousands and thousands of  square  ki lometer  watersheds.  

The l i t t le  di tches  are  responding to  a  square  ki lometer  or  less .  

I  would expect  the  concentrat ions  or  the  exposures  would be much 

more episodic  as  you have ra ised in  some other  issues .  

But  i t ' s  jus t  a  poor  data  set ,  I  th ink to  t ry  to  character ize  the  

temporal i ty. 

DR.  HAYES: Ini t ia l ly,  the  way we used that  was just  l ike  the 

a t razine used based on sales .  We wanted a  basis  before  we go out  and 

rent  two SUVs and an 18 wheeler  and spend a  whole  month away. Are 

there  levels  that  have been measured.  Are there  s i tes .  And do we 

have reason to  bel ieve that  the  levels  might  be highest  dur ing those 

t imes.  

Certa inly,  in  the runoff ,  r ight  off  the  cornf ie lds  where we 're 

col lect ing and r ight  off  the  r ivers ,  I  th ink that  the  t iming is  a t  least  

re levant ,  i f  not  the  levels ,  that  they are  applying in  March,  la te  

March.  They are  going to  be highest .  

DR. ROBERTS: Did you have a  fol low up,  Dr.  Richards? 

Dr. Coats . 

DR. HAYES:  Sorry.  Remember, we 're a lso taking 
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measurements  before  and af ter  a t  the  s i te .  We're  not  count ing on that 


as  our  measurement .  

DR. COATS:  Just wanted to fol low up on the doses again and 

the measured concentrat ions .  You didn ' t  say measured concentrat ions  

in  the PNAS paper. 

And i t  would be very helpful  i f  those were publ ished,  I  would 

think.  Did you have --  and you said you had decay over  a  three-day 

per iod.  

DR. HAYES:  Sorry.  That wasn ' t f rom the PNAS paper.  Those 

are  brand new data  that  I  jus t  did  with  Bat tagl in  maybe within the las t  

s ix  or  seven months .  

DR. COATS:  Are those data avai lable? 

DR. HAYES: I  can make those data  avai lable .  Those are  brand 

new data .  Those weren ' t  done along with the PNAS paper. 

The quest ion had come up --  put  some discussions between 

myself  and members  of  the  Ecorisk panel  about  s ta t ic  renewal  and bla ,  

bla ,  b la .  So we did a  s tudy where we maintained the animals  or  

maintained buckets  without  tadpoles  and took the measurements .  

That 's  fa i r ly  recent  data .  

DR.  COATS: Without  tadpoles ,  you took the measurements?  

DR. HAYES: With and without  tadpoles .  I t  i s  associated with 
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the  tadpoles .  

DR.  COATS: And how much decay did you get  over  a  three-day 

per iod? 

DR. HAYES: I t  goes  down by 30 percent .  

DR.  COATS: Was that  in  the .1  par t  per  bi l l ion or  25 par t  per  

bi l l ion? 

DR. HAYES: We did two doses ,  as  I  recal l .  I t  was a  25 and a  

.1 .  

DR.  COATS: And i t  was the same percentage decay over  both 

t imes? 

DR. HAYES:  Yes. 

DR.  COATS: My other  quest ion was about  the summer set  that  

you looked at ,  metolachlor  and atrazine together. Was that  a t  25 par ts  

per  bi l l ion? 

DR. HAYES: No.  We looked at  a t razine and --

I  don ' t  remember  the proport ions off  the  top of  my head,  but  

they were mixed at  exact ly  the same proport ions .  They were mixed in  

bicep.  

We've a lso conducted the s tudies  where they were mixed at  the  

proport ion that  we f ind them in the f ie ld ,  which is  c lose to  what  you 

f ind in  - -
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1 DR. COATS:  At what concentrat ion? 

2 DR. HAYES: We looked at  one at  .1 ,  and we've looked at  one 

3 at  10,  I  bel ieve,  in  ini t ia l  s tudy. And in  a  s tudy we just  completed,  we 

4 did .11 and 10 in  a  xenopus laevis  s tudy. 

5 DR. COATS: The graph you showed us  about  the maturat ion 

6 ra te ,  body weights ,  which concentrat ion was that  a t  or  was that  a  

7 pool ing of  a l l?  

8 DR. HAYES:  Which? 

9 DR. COATS: You showed the summer chemicals ,  a t razine 

10 metolachlor.  You showed a  - -

11 DR. HAYES: That 's  the  .1 .  Anything higher  than that  died.  

12 You're  ta lking about  - -

13 DR. COATS:  Not of the 10 mixture .  Just of the a t razine and 

14 metolachlor. 

15 DR. HAYES:  That 's .1 . 

16 DR. COATS: Thank you.  

17 DR. ROBERTS: Dr.  Hayes,  as  a  short  fol low up to  one of  Dr. 

18 Coats '  quest ions  for  c lar i f icat ion.  

19 To what  extent  are  your  data  avai lable  to  EPA as  they t ry  and 

20 sor t  through this?  I f  they pick up the phone and say,  hey,  can we look 

21 at  your  data  on --  to  what  extent  - -
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DR. HAYES: Depending on what  you want ,  I  have already sent  

a  huge amount  of  data  and SOPs and protocols  through Tom Steeger. 

But  anybody in  this  room is  welcome to  get  raw data ,  t ranscr ibed 

data .  Every animal  I  have ta lked about  is  avai lable  in  the  lab.  Every 

s l ide  is  avai lable  in  the  lab.  You can anything you want .  I t ' s  a  publ ic  

univers i ty. I t  i s  a l l  yours .  Anything you want ,  jus t  cal l  and le t  me 

know. 

DR. ROBERTS: Thank you.  

Dr.  LeBlanc and then Dr.  Denver  and Dr.  Green.  

DR.  LEBLANC: I  would l ike to  revis i t  the  issue of  the 

hypothesis  that  a t razine increases  aromatase act ivi ty  and thus  the  

convers ion of  tes tosterone to  es t radiol .  

I  agree with  you that  an increase in  serum estradiol  real ly  isn ' t 

a  requirement  of  the  hypothesis  that  the  induct ion could resul t  in  

t issue specif ic  induct ion and t issue specif ic  increases  in  es t radiol  

levels .  

But  with  a t razine t reatment ,  you observed a  tenfold decrease in  

serum tes tosterone.  So the quest ion is  where is  the  es t radiol .  

DR.  HAYES: I  would love to  show a beaut i ful  graph with lots  

of  es t radiol .  

DR.  LEBLANC: I t  should be up in  serum.  And i t  i s  not .  
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DR. HAYES: Like I  said ,  we 're  explor ing others  mechanisms. 

The most  consis tent  with  the effects  that  we see,  the  feminizing 

effects  and the demascul iz ing effects  is  that  hypothesis ,  which is  

supported in  other  ver tebrates .  That 's  why we focused on i t  and we 

have focused on --

DR. LEBLANC: Perhaps what  you should consider,  I  th ink you 

are  real ly,  i s  that  you might  be get t ing t issue specif ic  increases  in  

es t radiol  levels ,  but ,  in  addi t ion,  you might  be seeing some separate  

decrease in  tes tosterone synthesis .  

And I  think your  data  with  respect  to  evening tes tosterone 

levels  supports  that .  In  control  animals ,  you see an increase in  

tes tosterone levels ,  which is  in  a l l  probabi l i ty  due to  an increase in  

synthesis .  

With a t razine t reatment ,  that  doesn ' t  occur,  implying synthesis  

isn ' t  occurr ing.  Increased synthesis  isn ' t  occurr ing.  I t  has  been cut  

off  in  some  manner. 

DR. HAYES: We have worked with Doug Stocko (ph,  the 

person who is  doing molecular  biology in  my lab,  has  a  whole  host  of  

cyp genes,  not  jus t  cyp 19,  but  a lso s teroidogenic  acute  regulatory - -

the s tar  proteins  he 's  looking at  and a  number  of  other  genes  or  a  

number  of  other  enzymes are  a lso being examined.  
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DR. LEBLANC: I t  may t ie  in  with the LH hypothesis  as  wel l ,  

that  i t  may be that  you are ,  as  re la ted to  tes tosterone synthesis ,  you 

are  interfer ing with  the LH surge that  might  be control l ing 

tes tosterone synthesis .  

DR. HAYES:  Certa inly, the HCG inject ions , they 're 

experiments  that  we need to  repeat ,  but  the  HCG inject ions  support  

that .  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: I  have two quest ions.  I  agree that  the  endocrine 

l i terature  supports  high doses  of  hormones actual ly  having ei ther  a  

lower  effect ,  no effect  or  even sometimes an opposi te  effect .  We 

found that  in  my laboratory with  cer ta in  assays.  

Regardless  of  whether  the effect  of  a t razine is  endocrine 

mediated or  not ,  your  data  in  rana pipiens  shows that  the  higher  dose 

actual ly  resul ts  in  a  lower  incidence of  gonadal  abnormali t ies .  

So would that  lead you to  predict ,  then,  that ,  i f  you went  to  the 

f ie ld ,  that  in  s i tes  with  higher  a t razine contaminat ion you would have 

lower  incidences? 

DR. HAYES: I  think i t  would depend on the populat ion and the 

response of  that  populat ion.  As you know, rana pipiens ,  low doses  of  

es t radiol  do nothing.  A s l ight ly  higher  dose of  es t radiol  make 100 
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percent  females .  Real ly  high dose of  es t radiol  I  th ink at  the 


mill igram levels  make 100 percent  males .  

So given that  the  natural  s teroid can have that  kind of  

var iabi l i ty  in  i ts  effects ,  I  don ' t  know how i t  wi l l  make that  

predict ion.  

I  th ink that 's  actual ly  a  s t rength of  what  we have done in  the 

f ie ld  paper,  not  a  weakness ,  and said,  look,  you can ' t  expect  to  f ind 

these kinds of  re la t ionships .  Or  maybe i t  means that  there  is  not  a  

correla t ion.  

DR. DENVER: My second quest ion has  to  do with the f ie ld  

s tudies .  I  appreciate  the  diff icul t ies  of  interpret ing f ie ld  data .  

And I  was wondering i f  you 've considered the possibi l i ty  that  

there  may be the other  es t rogenic  compounds that  are  not  necessar i ly  

pest ic ides ,  for  example,  PCBs that  may be responsible  for  the  

var iabi l i ty  that  you see across  different  s i tes .  

DR. HAYES:  Absolutely. 

DR. DENVER: Have you addressed the contaminat ion from 

PCBs,  for  example,  in  these different  s i tes?  Or are  any data  - -

DR. HAYES: We've had PCBs and organochlor ines  measured in  

the other  s tudies ,  but  not  in  the  current  s tudies ,  we have not .  

We focused on what  we knew was being appl ied there  now to 
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t ry  and generate  - -  there  were other  things l ike  ni t ra te .  For  example, 


atrazine interacts  with  ni t ra te ,  and ni t ra te  interacts  with  other  

chemicals .  

Just  a l ready the s ize  of  the  s tudy was so enormous that  we can ' t 

put  everything in .  

DR.  DENVER: So there  is  a  possibi l i ty  that  a t  least  the  

incidence of  intersex or  whatever  you want  to  cal l  i t  a t  the  different  

s i tes  may be due to  ent i re ly  different  phenomena.  

DR. HAYES: I t  could be - -  phytoestrogens could be involved 

for  that  mat ter.  I t  could be a  host  of  a  number  of  things.  

We're  l imited also in  what  we can have analyzed chemical ly  

because of  the cost .  We have only analyzed for  compounds that  the  

farmers  report  that  they used at  the  proper ty. 

We didn ' t  go through and do a  sweep of  analyze for  100 things.  

DR.  DENVER: Well ,  as  you got  c loser  to  industr ia l  areas ,  did  

you see any --  I  d idn ' t  recal l  the  incidence.  I 'm wondering i f  you saw 

a higher  incidence closer  to  industr ia l  areas  as  you moved east  

perhaps? 

DR. HAYES: No.  I  don ' t  recal l  there  was any rela t ionship that  

way ei ther. 

DR. ROBERTS:  Dr. Green. 
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DR. GREEN: Could you elaborate  on the concerns  you have 

about  potent ia l  future  s tudies  that  propose using f low through tanks 

and specif ics  about  your  concerns ,  the  ra te  of  water  turnover,  for  

example,  and the detr imental  effects  i t  might  have on tadpole  

development .  

And then i f  we propose future  grow-out  experiments ,  do you 

think that  f low through tanks might  be acceptable  for  juveni les  and 

adul ts?  

The reason I  ask is  because these are  space consuming and 

labor  intensive experiments .  As you know, the f low through systems,  

whi le  expensive,  give bet ter  control  over  water  qual i ty  and are  less  

labor  intensive and they work qui te  wel l  for  adul ts .  

But  I  need to  hear  your  opinion specif ical ly  about  what  is  

wrong with the f low through tank for  developmental  s tages .  

DR. HAYES:  I guess one of the di fferences - - I 'm a basic 

scient is t  a t  a  publ ic  ins t i tut ion who pr imari ly  count  on things l ike  

Nat ional  Science Foundat ion,  which don ' t  fund appl ied s tudies ,  that  

count  - -  funding is  pret ty  diff icul t .  

When I  think about  the  cost  of  - -  some of  these compounds are  

expensive.  The cost  of  the  compound alone to  be able  to  apply i t  

through a  f low through system would be huge.  
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What  my univers i ty  would charge me,  depending on what  the 

compound was --  chemical  waste ,  to  get  r id  of  the  volume of  

contaminated water  that  you would generate ,  what  the  f low through 

rack and systems that  I  know of  that  would be adequate  would cost  

a lone.  

So,  for  example,  the  way we operate  in  our  laboratory,  when 

we order  one of  those mouse boxes you see,  and i t  becomes an 

at razine,  i t  becomes red,  green,  yel low,  whatever  i t  becomes,  i t  never  

gets  used again.  

Now you are  ta lking about  systems where tomorrow i t  i s  not  

going to  be a t razine.  I t  wi l l  be  metolachlor.  You're  going to  go buy a  

whole  new system because your  system is  now contaminated with 

a t razine.  

Those kinds of  costs ,  unless  you are  funded by industry to  do 

the work,  s imply wouldn ' t  - -  you know, i t  should shut  any basic  

scient is t  out ,  because i t  would make i t  - -  none of  your  work would be 

EPA acceptable .  

For  example,  and there  might  be a  lot  gained by looking at  - -

l ike  the assays we developed,  we didn ' t  develop for  direct  appl icat ion.  

I t  was just  in  doing science and things l ike  that .  

So that 's one diff icul ty. 
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The other  diff icul ty  is  for  xenopus,  I  don ' t  th ink --  we can ask 

Dr.  Kel ley,  but  I  don ' t  th ink xenopus --  I  don ' t  th ink they do wel l  in  

f low through water. 

Even i f  xenopus does ,  I  th ink you are  going to  have diff icul ty  

when you t ry  to  move to  other  species .  

For  example,  i f  you remember my diagram  moving from the 

laboratory model  to  the  comparat ive s tudies ,  you are  going to  be 

real ly  l imited because now if  you are  coming to  a  species  that  doesn ' t 

l ive  in  s t reams,  doesn ' t  l ike  f low through,  now you have to  change the 

whole  condi t ions  and the s tudies  aren ' t  comparable  anymore.  

DR.  GREEN: I 'm aware of  a  lot  of  faci l i t ies  that  are  switching 

to  f low through.  And the def ini t ion of  f low through is  kind of  

nebulous r ight  now because you can turn the water  f low rate  down on 

these systems to  be less  than f ive percent  of  the  tota l  volume per  day, 

which is  barely  a  t r ickle ,  but  enough to  keep the water  qual i ty  s table ,  

the  f rogs  happy. I t  doesn ' t  bother  or  s t imulate  their  la teral  l ine  and 

get  them exci ted.  

From that  aspect  of  i t ,  i t  can be qui te  pract ical  because you can 

s tack a  large number  of  animals  in  smal l  rooms and do more 

experiments .  

But  I  was under  the  impression --  I  th ink your  point  is  wel l  
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taken that  tank contaminat ion when you are  doing pest ic ide,  s tudies 


l ike  this  would be a  problem in those systems.  They might  bind to  the 

plas t ic  or  whatever  and i t  would be pret ty  diff icul t  to  get  them clean.  

But  for  juveni les ,  i s  there  a  reason why you couldn ' t  se t  up a  

very s low tr ickle  through a  f low-through system l ike this .  

DR.  HAYES: My f i rs t  react ion for  a  grow-out  s tudy is  that  i t  

would be even more diff icul t  in  terms of  the  cost  and things.  Because 

for  a  tadpole ,  you know i t 's  only going to  be a  couple  months .  

There  are  other  people  who raise  amphibians  on the panel .  

DR.  GREEN: I  jus t  wanted to  hear  your  opinion.  You s ta ted 

very ear l ier  on that  you would discourage the f low-through system. I 

wanted to  hear  i t  f rom you why. 

DR. HAYES: I  a lso think i t  i s  unfounded.  I  th ink i t ' s 

unnecessary. I  th ink the problems that  came up with  regards  to  the  

current  and submit ted s tudies  were not  re la ted to  f low through.  

I  th ink that  - -  again,  I  don ' t  want  to  keep jumping on i t ,  but  my 

3000 datapoints  show that  that 's  not  the  case,  that  you can achieve the 

kinds of  resul ts  in  terms of  t ime to  metamorphosis ,  90 percent  

survivorship,  metamorphosis  in  45 days with  a  s ta t ic  renewal  system. 

DR. GREEN: Thank you.  

DR. ROBERTS:  Dr. Kel ley. 
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DR.  KELLEY: Well ,  I  share  your  prejudices  against  the  f low 

through because the tads  hate  i t .  

I f  you go into the f ie ld  in  South Afr ica ,  we once s tudied two 

rela ted ponds that  were on a  golf  course .  One was above the other. 

Al l  the  tads  and the juvies  were in  the  one above where there  

was no water  f low through.  All  the  adul ts  were in  the one below. 

And ei ther  the  adul ts  had eaten al l  the  tadpoles  in  the  pond 

below since they are  notor iously cannibal is t ic  or  the  animals  had 

segregated themselves  out  by preference for  waterf low. 

I  th ink issues  of  water  qual i ty  are  important .  There  are  things 

that  we have to  check.  I agree with  you about  problems of  cost .  

I  th ink there  are  more important  issues  than f low through,  

however,  in  the whole  thing that  have to  be grappled with.  

I  re turn,  and you and I  have discussed this  before ,  but  le t  me 

raise  this  issue now again in  publ ic  to  the mechanism quest ion.  Of 

course  i t  i s  secondary.  You want  to  make sure  you have this  effect  of  

a t razine.  

I f  you do,  you want  to  know how i t  does  i t .  Your  main 

hypothesis  is  that  i t ' s  aromatase.  

Now, in  your  animals  that  were t reated with  a t razine and had 

oocytes  that  yolked up,  what  are  the only known --  what  is  known 
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about  yolking up oocytes?  What  is  the  vehicle  for  doing that?  Why do 


oocytes  yolk up? 

DR. HAYES: I 'm not  sure  what  you are  - -  they 're  f i l led with 

vi te l logenin.  

DR. KELLEY: Right .  And where does vi te l logenin come from? 

DR. HAYES:  Comes from the l iver. 

DR.  KELLEY: Right .  And the l iver  is  not  the gonad.  Right?  

So i t  must  have been the case that  i f  es t rogen caused the l iver  to  

secrete  vi te l logenin,  that  i t  was secreted at  some point .  Right?  

DR. HAYES: Yes.  But  that 's  in  rana,  not  in  xenopus.  

DR. KELLEY: Oh,  no,  no.  I t  has  been done in  xenopus.  Over  

and over  again.  

DR. HAYES: No,  no,  sorry. The atrazine yolking of  the eggs 

was in  rana,  not  in  xenopus.  Our  work has  been in  xenopus.  We have 

only just  now star ted the bleeding (ph)  the rana,  which are  a  year  old  

that  I  to ld  you about .  

DR.  KELLEY: All  r ight .  But  le t  me point  out ,  and I  wil l  ra ise  

this  again,  that  there  are  good endpoints  for  knowing i f  an animal  has  

ever  been exposed to  a  hormone.  There are  good endpoints  for  

es t rogen and there  are  good endpoints  for  androgen.  And 

contemporaneous hormone measurements  are  misleading.  Right?  
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You know at  some point  X you have Y.  But  you don ' t  know 

what  you had in  between that  might  have caused the condi t ion or  a  

change in  morphology that  you are  seeing.  

One way to  do that  is  to  look at  endpoints  that  are  qui te  wel l  

es tabl ished as  being created by hormones.  So vi te l logenin synthesis  

is  one.  

I f  your  aromatase hypothesis  is  r ight ,  you might  expect  to  f ind 

an increase in  vi te l logenin synthesis .  The harder ian gland has  been 

establ ished by Chieffy (ph)  to  express  male  and female  specif ic  

proteins  that  are  under  control  of  es t rogen.  There  are  androgenic  

endpoints .  

So these can be used,  and I  would suggest  should be used in  an 

assay system if  we 're  going to  go forward with this  kind of  a  s tudy. 

The other  thing I  want  to  point  out  is  that  both myself  and my 

panel  col league to  my r ight  rout inely measure  low but  detectable  

measures  of  es t radiol  in  normal  old male  xenopus.  They are  much 

lower  than female  levels ,  but  there  is  some detectable  es t radiol .  

Maybe we could get  together  and go over  the 

radioimmunoassays.  That  would probably be useful .  Thank you.  

DR. ROBERTS:  Dr. Heer inga and then Dr. Coats . 

DR. HEERINGA: Dr.  Hayes,  I  would l ike to  fol low up on Dr. 
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Green 's  quest ion,  specif ical ly  re la ted to  the white  paper 


recommendat ions on experimental  methodology for  any future  

s tudies .  

In  your  lab protocols  with  the three tanks or  three repl icat ions  

per  t reatment  and I  bel ieve 30 subjects ,  30 tadpoles  per  tank,  when 

you analyzed resul ts ,  le t 's  focus on the laryngeal  muscle  diameter  

resul ts ,  which are  a  cont inuous measure,  did  you do anything to  sor t  

of  look at  the  inter- tank component  of  var iabi l i ty  in  that  outcome? 

You actual ly  had char ts ,  a  box and s temp plots  or  dis t r ibut ional  

plots  that  showed the var iabi l i ty  on that  muscle  s ize .  

Did you decompose that  to  cross  your  three repl icates?  

DR. HAYES: Yes.  We do t reatment  by repl icate  by sex,  by 

individual  - -

DR. HEERINGA: What  component  of  that  tota l  var iance,  say, 

wi thin  t reatment  is  a t t r ibutable  to  the  repl icate  or  specif ical ly  to  the  

tank environment?  Do you have any est imates  on that?  

DR. HAYES: If  I  can ' t  mult iply  three t imes and ten and get  30,  

I  assure  you that  I  can ' t  remember  that .  Occasional ly,  not  in  the  

PNAS studies ,  but  we occasional ly  on different  measures  get  tank 

effects .  I t  depends on the species .  For  example,  in  bufo,  in  toads,  i t  

wi l l  of ten be that  one cage wil l  metamorphose.  
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I  have always suspected that  i t  was the f i rs t  couple  animals  that  

metamorphose can s t imulate  the  others ,  whether  i t ' s  through hormones 

in  the water  or  whatever. We have rarely  seen that  in  xenopus.  

I  do know, for  example,  that  there  are  shelf  effects .  Even i f  i t ' s 

one foot  apar t ,  d i fferent  shelves  metamorphose a t  di fferent  t imes.  

Within a  shelf  in  my laboratory,  especial ly  with  the rotat ions ,  we 

don ' t  see  posi t ion or  tank effects .  

I  d id  show one of  those f igures  when I  ta lked about  rotat ions  

and I  had animal  controls  in  the lef t ,  r ight ,  middle ,  I  d id  show the 

individual  data .  I  t reated those as  individual  exper iments  even,  and 

did an inova and showed that  there  was no difference in  t ime to  

metamorphosis  or  s ize  a t  metamorphosis ,  whether  you were a t  lef t ,  

r ight ,  middle ,  or  end.  

And we do that in every exper iment . 

DR. HEERINGA: Thank you.  

Just  a  comment .  I  th ink that  the  data  that 's  present  in  your  

s tudies  and also in  the Ecorisk s tudies  on these tank effects  are  

extremely cr i t ical  to  set t ing up and designing for  any future  s tudies  

that  would be done.  

Tank effects ,  to  the  extent  that  they are  present ,  could very 

much change assumptions about  s ignif icance of  some of  the resul ts .  
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DR. HAYES: I  wil l  a lso admit  I 'm not  - -  I  know some 

s ta t is t ics ,  but  cer ta inly i f  o ther  people  want  to  look at  th ings in  ways 

that  I  haven ' t ,  then that 's  avai lable  to  anybody who wants  any of  the  

data .  

DR. ROBERTS:  Dr. Coats . 

DR.  COATS: Just  a  comment  on the f low through possibi l i t ies .  

I  have worked with f ish and daphnia .  They do qui te  wel l  in  

f low through.  Daphnia ,  being a  very small  crustacean and the f ish 

f ry  of  fa thead minnows or  medaka (ph) ,  s tar t  out  very small .  They are  

not  bothered by the f low through.  

So I  don ' t  th ink that  should be a  hindrance physical ly  as  far  as  

- -  water  qual i ty  improvement  would be s ignif icant ,  I  th ink.  

A different  quest ion,  then.  I f  you have an inver ted or  i f  you 

have a  threshold which perhaps is  exceeded at  a  high dose,  is  i t  not  

feasible ,  then,  that  you could maybe go downward from point  one and 

create  a  dose response that  would look more toxicological  or  - -

DR. HAYES: I  have seen something l ike that .  I  can ' t  recal l  

where,  but  not  necessar i ly. 

Like,  for  example,  wi th  a  hormone 's  role  in  ovulat ion going 

down in  dose just  s imply has  no effect  in  par t ,  you know, because 

there  may be events  increasing sensi t ivi t ies  leading up to  the  f inal  
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effect .  But  going down in  dose wouldn ' t  g ive - - 


DR. COATS: But  i f  you are  deal ing with a  populat ion where 

different  individuals  would have different ,  os tensibly different  

thresholds  or  different  sensi t ivi t ies ,  you might  - -

DR. HAYES:  I would say that 's t rue in the menstrual cycle .  I 

don ' t  know if  Dr.  ( inaudible)  wants  to  comment .  

DR. COATS: Just  wondering.  

DR. ROBERTS: Any other  quest ions for  Dr.  Hayes?  Dr. 

LeBlanc.  

DR. LEBLANC: When you began your  presentat ion hours  and 

hours  ago --

DR. HAYES: I  was t rying to  get  equal  t ime with Novart is ,  

Syngenta ,  Ecorisk.  

DR.  LEBLANC: --  you introduced an assay involving a  species  

that  we then didn ' t  hear  anything about .  There  was a  s t rong color  

dimorphism as  re la ted to  hormone t reatment .  You must  have used 

atrazine with  these animals .  How did they respond? 

DR. HAYES:  That s ta tement that was made that we 've reported 

effects  of  a t razine on hyperoes  (ph)  was incorrect .  I 'm not  sure  where 

that  came from. 

We have done some s tuff ,  we haven ' t  reported i t ,  but  we have 
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exposed animals  to  a t razine.  I t  doesn ' t  - -  Nigel ,  do you want  to 


comment?  I t  was your  data .  

DR.  NORIEGA: I 'm Nigel  Noriega.  I  worked with hyperoleus 

(ph)  doing some of  the exposure s tudies .  Atrazine was only done on a  

sample of  three or  four  animals ,  which wasn ' t  enough to  do any 

s ta t is t ics ,  because a l l  of  these color  dimorphisms for  the  nonsteroids  

were calculated as  a  percentage.  

And i t  was just  too few animals  to  make any comment  about .  

DR. ROBERTS:  Dr. Noriega, jus t to be c lear for the record, 

your  aff i l ia t ion is  Univers i ty  of  Cal i fornia ,  Berkeley?  Is  that  correct?  

DR. NORIEGA:  I am current ly a post doctoral s tudent wi thin 

the EPA in the laboratory of  Dr.  Ear l  Gray (ph) .  

DR. ROBERTS: Thank you very much.  

Any other  quest ions for  Dr.  Hayes? 

Seeing none,  Dr.  Hayes,  thank you very much for  coming here  

and present ing in  detai l  the  resul ts  of  your  s tudies  and your  

conclusions and interpretat ions  regarding those and for  answering al l  

of  the  panel 's  quest ions  regarding that .  

Thank you very much.  

DR. HAYES: Thank you for  the opportuni ty. 

DR. ROBERTS:  I t i s not my intent to enter ta in a give and take 
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among invest igators  who have different  opinions about  the  data .  But 


s ince the presentat ion you have just  heard included some pointed 

comparisons with Dr.  Carr 's  work,  I  thought  I  would offer  Dr.  Carr  the 

opportuni ty,  i f  he  is  interested,  to  very br ief ly  comment  or  make any 

clar i f icat ions  regarding his  s tudy or  conclusions,  i f  he  wants .  

DR.  CARR: Thank you,  Mr.  Chairman.  J im Carr,  Texas Tech 

Univers i ty. 

There  were just  a  couple  things I  wanted to  c lar i fy  regarding 

some comments  made by Dr.  Hayes.  I ' l l  be  br ief .  I t  i s  get t ing la te .  

The f i rs t  has  to  do with  the issue of  dose versus  concentrat ion 

and whether  by put t ing tadpoles  in  a  one l i ter  beaker  there  was 

actual ly  a  deplet ion of  the  a t razine as  suggested by Dr.  Hayes to  the 

point  that  the  actual  concentrat ion --  or  the  doses  were very smal l .  

The important  thing in  this  type of  s tudy is  what  actual ly  gets  

into  the animal .  And that  can be calculated using the 

bioconcentrat ion factor. I  have done that .  I  can prepare  a  short  paper  

and give that  to  the SAP regarding bioconcentrat ion factor, 

calculat ions  in  rana pipiens .  That 's  the  only data  that  we have.  

But  anyway,  i f  you do the calculat ion using a  value of  s ix ,  and 

this  is  f rom a paper  by Allran and Karasov,  i f  you use a  

bioconcentrat ion factor  of  s ix ,  and bioconcentrat ion factor  would be 
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defined as  the concentrat ion in  the organism divided by the 


concentrat ion in  the matr ix  a t  equi l ibr ium,  and assuming that  dur ing 

the cr i t ical  per iod of  gonad different ia t ion we had a  volume of  two 

l i ters  of  exposure medium and at  our  highest  dose 19.5 micrograms 

per  l i ter,  which was the actual  measured concentrat ion,  and assuming 

a  wet  weight  of  the  tota l  organisms of  about  two grams,  which is  

actual ly  an overest imat ion for  the  animals  a t  that  s tage of  

development ,  about  s tage 49,  the  deplet ion of  a t razine f rom the 

medium would be about  0 .6  percent .  

So that 's  a  re la t ively insignif icant  amount  of  a t razine that  

would be depleted making the concentrat ion re la t ively s table  over  the  

course  of  our  experiment .  

And in  the report ,  the  f inal  report  submit ted to  the EPA, and i t  

i s  avai lable  to  the  SAP,  we have a  graph i l lus t ra t ing at razine 

concentrat ions  over  the  course  of  our  experiment .  And they remain 

re la t ively constant .  Al though,  a t  the  highest  concentrat ion,  the  actual  

average measured value was 19.5 micrograms per  l i ter  ra ther  than 25.  

I t  was a  l i t t le  bi t  less  than nominal .  

So we don ' t  th ink there  was deplet ion of  a t razine f rom the tank.  

We think that  they were exposed to  fa i r ly  c lose to  nominal  

concentrat ion throughout  the  exposure.  
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And we think what  is  important  is  concentrat ion,  not  dose.  I t  i s  

very diff icul t  to  es t imate  the  actual  dose that 's  get t ing into  a  tadpole  

that  is  swimming around in  the s tuff .  

DR.  ROBERTS: I  was going to  say unless  you do the kind of  

measurements  that  Dr.  Green had suggested ear l ier  where you actual ly  

DR. CARR:  Right .  There are some data in f ish and I think 

some prel iminary data  in  xenopus that  were presented at  SETAC last  

year. But  the  ful l  type of  s tudy has  not  been done.  But  those data  are  

avai lable  in  the  report  to  the  EPA. 

There  were a lso some issues  about  water  qual i ty  comparisons 

re la ted to  our  s tudy suggest ing that  the  qual i ty  of  the  water  was poor  

af ter  the  50 percent  change.  

Certa inly,  ammonia levels  did  increase during the course  of  our  

s tudy. We have suppl ied data  on both unionized as  wel l  as  tota l  

ammonia levels ,  as  wel l  as  pH,  dissolved oxygen,  conduct ivi ty,  a l l  

those data  are  avai lable  to  the SAP and to  the EPA. And I  would 

encourage anybody who is  interested to  look and reanalyze those data  

i f  they want  to  see  i f  there  is  a  re la t ionship between some parameter  

and water  qual i ty. 

I t  i s  di ff icul t ,  in  fact ,  to  compare to  the Hayes work because a t  
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least  in  the PNAS paper  and EHP paper,  those data  are  not  avai lable . 


There were a lso some implicat ions .  There  some quotes  

suggest ing implic i t ly  that  data  might  be withheld in  some way from 

our  s tudy or  other  s tudies  to  the EPA. I  jus t  wanted to  remind 

everybody that  a l l  of  our  data  f rom al l  of  the  s tudies  that  the  a t razine 

Ecorisk panel  has  performed are  avai lable  to  the EPA. They were 

made avai lable  by February 28th.  They are  avai lable  to  a l l  the  SAP 

members .  They are  avai lable  to  EPA. And they are  there  for  you to  

conduct  your  own analyses  i f  you would l ike to .  

You may reach different  conclusions based on that ,  but  I  would 

encourage you to  take a  look at  those raw data  i f  you feel  so 

motivated.  But  I  wanted to  refute  the  implic i t  suggest ion that  there  

was some type of  data  withheld or  incomplete  data  sets .  

That 's a l l I have. 

DR. ROBERTS: Thank you,  Dr.  Carr. 

Dr. Matsumura. 

DR. MATSUMURA: Why did you drop the one point  a t  the  25 

microgram per  l i ter?  You disregard i t .  That 's  a  big  quest ion.  You 

real ly  s tand behind the data  or  you don ' t .  

DR.  CARR: That  was another  issue.  Thank you for  reminding 

me. 
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One of  the  other  issues  had to  do with cal l ing something a  weak 

t rend.  Everybody here  has  a  copy of  the ETC paper.  You can look in  

the paragraph where we report  the  P value for  the  correla t ion between 

intersex and discont inuous gonads,  and the word weak is  not  even 

ment ioned in  that  paragraph.  Especial ly,  in  re la t ionship to  the  

correla t ions .  And I  think everyone here  has  the paper.  They can look 

for  themselves .  

One of  the  things that  was done in  the analysis  was to  see what  

component  of  the  data  set  was contr ibut ing to  the t rend.  The data  that  

is  reported in  the  ETC paper  as  wel l  as  in  the  f inal  report  that  was 

submit ted to  EPA and to  the SAP contains  the analysis  for  the  whole  

data  set .  

One of  the things that  Dr.  Sielkin did in  his  report  which was 

submit ted as  an addendum to our  report  was to  see i f  the  t rend 

cont inued at  doses  below 25 par ts  per  bi l l ion.  

In  that  par t icular  analysis ,  the  25 par t  per  bi l l ion dose was 

dropped out  to  see i f  the  t rend cont inued amongst  the  other  

concentrat ions .  Now, given two or  three data  points ,  of  course ,  you 

are  not  s tanding on very s table  ground in  terms of  the  correla t ion.  

But  the  data  that  are  in  the  ETC paper  and in  the f inal  report  

have to  do with  the correla t ion for  a l l  of  the  data ,  for  a l l  of  the  doses .  
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That  report  should have been made avai lable .  I t  can be made 

avai lable .  That 's  Dr.  Sielkin 's  independent  s ta t is t ical  analysis  of  our  

data .  And that  would include al l  of  the  Cochran armitage tes ts ,  as  

wel l  as  a l l  the  other  correla t ions  and other  analyses .  

DR. ROBERTS:  Are there any other jus t real quick 

clar i f icat ions for  Dr.  Carr?  

DR. GREEN: What  was the big announcement  or  f inding that  

was a l luded to  in  that  quote  f rom the e-mai l  that  you said  was - -

DR. CARR: At  that  t ime and looking back,  I  probably should 

have real ized that  I  would have regret  doing something l ike  that ,  but  

there  was a  huge data  set  that  was get t ing ready to  be submit ted to  the 

EPA. And there  was a  lot  going on.  I  had 12 or  13 different  s tudies  

that  were being prepared.  That  is  what  I  was referr ing to  in  that  

par t icular  quote .  

(Thereupon,  the  t ime was 5 o 'c lock p.m.)  

DR. ROBERTS: Thank you,  Dr.  Carr. 

We have more publ ic  comments  to  come. Let  me suggest  that  

we take a  short  break.  10 minutes  or  so.  And then reconvene and we 

wil l  cont inue with  publ ic  comments .  

(Thereupon,  a  br ief  recess  was taken.)  

DR.  ROBERTS: I 'm hoping we can get  through the publ ic  
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comments  by 6:30.  I f  we cannot ,  we wil l  go ahead and adjourn at 


6:30.  So for  those of  you who are  thinking about  t ransportat ion and 

dinner  and so for th ,  our  tentat ive plan is  to  adjourn no la ter  than 6:30,  

hopeful ly,  having completed the major i ty  or  a l l  of  the  publ ic  

comments . 

During the break,  a  quest ion arose as  to  the  avai labi l i ty  of  some 

s tudies .  

Dr.  Skel ly,  do you want  to  pose that  quest ion?  I  think there  are  

some folks  here  in  the audience who can answer  the quest ion for  us .  

DR.  SKELLY:  I  guess  I  wi l l  in i t ia l ly  address  my quest ion to  

Dr.  Hayes.  

Dr.  Hayes,  you ment ioned that  you did a  s tudy and submit ted i t  

to  the  Syngenta  sponsored Ecorisk group that  preceded the ones  that  

were publ ished in  PNAS. And I  wondered i f  you could share  that  with  

the SAP. 

DR. HAYES:  I f I could share what? 

DR. SKELLY:  Share the paper. 

DR.  ROBERTS: Is  there  a  report  f rom that  s tudy that  could be 

examined in  the  docket ,  entered into  the docket?  

DR. HAYES: The s tudies  that  I  did ,  there  was one 98XLATZ1.  

That  was a  s tudy where the feeding wasn ' t  appropriate ,  and we 
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terminated the s tudy because of  high mortal i ty. I  prepared a  f inal 


report .  I  bel ieve i t  was s igned off  on by Syngenta  Ecorisk.  

We then fol lowed that  with two food s tudies ,  98XL Food 1 and 

2,  i t  was cal led.  Those were submit ted as  f inal  reports .  And then we 

submit ted --  I  submit ted another  large s tudy,  99XLAZT2,  which was a  

s tudy that  examined gonads '  growth,  weight ,  development ,  t ime to  

metamorphosis ,  larynges,  and a  f inal  report  - -  several  f inal  reports  

were submit ted for  that  s tar t ing in  1999,  I  bel ieve.  

But  can I  provide i t?  I  don ' t  know exact ly  - -  I  have been given 

a  le t ter  by Syngenta  that  I  can discuss  whatever  is  necessary with  the 

EPA involving my involvement .  But  I  don ' t  know if  I  can give you 

those documents  direct ly. I  don ' t  know what  the  law --

DR. ROBERTS:  Maybe we can ask a representat ive - -

DR. SKELLY:  I bel ieve we just got i t , a package that was on 

our  chairs .  

DR. ROBERTS:  I 'm not sure that that 's what we were asking 

about .  

Let  me ask someone from the Ecorisk group i f  there  are  copies  

of  those reports  that  could be placed in  the docket?  

Just to c lar i fy, Dr. Hayes, there were a number of Ecorisk 

reports  f rom studies  f rom other  members  of  the  Ecorisk group that  had 
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been entered into  the publ ic  docket  and were avai lable  for  panel 


review pr ior  to  this  meet ing.  

And during the discussions in  this  meet ing,  the  ment ion was 

made of  these other  s tudies  that  you had done.  And I  don ' t  th ink 

those were included among the s tudies  that  were on the docket .  So we 

were just  asking i f  you had them. 

DR. HAYES: I  have copies  of  them. I  don ' t  know if  they are  

the property  of  Syngenta ,  Ecorisk.  I  know there  were a  bunch of  

s tudies  in  1999 l ike the f ish s tudies  and things that  were turned in .  

But  I  don ' t  know the s ta tus  of  those.  

DR. ROBERTS:  Then we can ask someone from the Ecorisk 

group about  the  s ta tus  of  the  s tudies .  

I  th ink Dr.  Sielkin is  here  perhaps to  answer  that  quest ion? 

DR. SIELKIN:  This is Dr. Sielkin.  I 'm clar i fying that the 

packet  that  is  in  f ront  of  you is  the  packet  that  I  submit ted that  had to  

do with  the analyses  that  were referred to  on laryngeal  s ize ,  which 

was the f inal  report  99XLATZ. 

I t  was the  f inal  - -  i t  was real ly  a  draft  report ,  but  i t  was the  las t  

"f inal"  report  that  was received.  I t  was the one for  which I  reviewed 

the s ta t is t ical  analyses  and a  copy of  that  report  as  I  saw i t  i s  

provided to  the panel .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

308 

DR. HAYES: What  would be the difference between a  draf t  and 

a  f inal?  I  submit ted several  f inal  reports ,  I  don ' t  know what  happened 

to  them, on those data .  

DR.  SIELKIN: This  is  the  s tudy f inal  draf t  - -  that 's  why I  was 

hesi ta t ing with  the word f inal  draf t .  I f  you submit  several  f inal  

draf ts ,  then I  don ' t  know what  to  cal l  i t .  But  this  is  the  one that  Mr. 

Noriega s igned off  on on 6/23/00.  

DR. HAYES:  No, I mean, there were several repor ts that - - for 

example,  I  submit ted a  report .  And then you would say increase the 

sample s ize  a  l i t t le  bi t .  Then I  submit ted another  report .  I  don ' t  know 

what  happened --  I  have copies  of  those,  but  I  don ' t  know if  the  

regis t rant  - -  I  don ' t  know what  the  law or  rule  is  about  me  making 

those avai lable .  

DR.  ROBERTS: Let 's  inquire  with the Ecorisk group some 

more  then. 

DR.  BENZ: My name is  Kather ine Benz.  And I  was the qual i ty  

assurance off icer  for  the  projects  that  are  sponsored through the 

Ecorisk panel .  I 'm a  consul tant  to  the  Ecorisk panel .  

To answer the quest ion of what is a f inal repor t , we did these 

s tudies  in  the spir i t  of  the  good laboratory pract ices .  So for  those of  

you that  are  famil iar  wi th  the good laboratory pract ices ,  qual i ty  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

309


assurance off icers  tend to  look over  your  shoulder  a  lot . 


And they are  diff icul t  to  do in  univers i ty  set t ings .  We spend a  

lot  of  t ime in  t ra ining and wri t ing protocols  that  we cont inue 

throughout  a l l  of  the  Ecorisk sponsored research,  including protocol  

amendments  and deviat ions .  

But  as  par t  of  that ,  we also did s tandard operat ing procedures .  

We did independent  qual i ty  assurance inspect ions  during the progress  

of  the  s tudies  to  ensure  that  the  s tudies  were being conducted.  

At  the end,  we did a  f inal  report  inspect ion of  the  raw data .  In  

this  case,  as  par t  of  that ,  there  is  a  s ign off  for  the  good laboratory 

pract ice  s ta tement  as  wel l  as  the  qual i ty  assurance s ta tement .  

And we never  s igned off  on the qual i ty  assurance s ta tement  

because we never  got  a  sat isfactory response to  some of  the  qual i ty  

issues  that  were brought  up in  Dr.  Sielkin 's  review. 

So we,  in  fact ,  never  f inal ized that  report .  I t  was submit ted as  a  

draf t .  And I  bel ieve that  Dr.  Sielkin 's  report  was presented to  Dr. 

Hayes a t  a  meet ing in  San Francisco --  excuse me,  a t  Berkeley with  

the unders tanding that  we would --  those anomalies  or  errors  in  

s ta t is t ics  or  in  the  spreadsheets  themselves  would be addressed,  

corrected,  changed,  explained and a  f inal  report  would be re issued 

with  a  sat isfactory qual i ty  assurance s ta tement .  
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I  don ' t  know if  that  answers  the quest ion.  

DR. HAYES: I  sent  i t  back to  you twice.  

DR.  BENZ: I  don ' t  know that  we have ever  got ten a  s ta tement  

to  the best  of  my knowledge that  the  anomalies  in  Dr.  Sielkin 's  report  

were addressed.  

DR. HAYES: I 've  got  a  Fedex receipt .  

DR. ROBERTS:  That 's f ine .  We were interested.  I t appears 

that  there  is  some indeterminant  s ta tus  a t  leas t  wi thin  the  Ecorisk 

group regarding that  report .  But  we were just  cur ious i f  that  was 

something that  we could - -  a  report  that  we could obtain  a  copy of  

and enter  into  the publ ic  docket  so that  we could examine.  

Dr. Kel ley. 

DR. KELLEY: Can we get  the feeding reports  too?  Those 

sound l ike very useful  pieces  of  information.  

DR. HAYES: I  don ' t  know whose property those are .  Of 

course ,  I  have copies  of  both feeding s tudies  and f inal  reports  that  I  

submit ted,  but  I  don ' t  know if  I  have the r ight  - -  I  don ' t  know whose 

property  those are .  I 'm not  a  lawyer. I  don ' t  unders tand legal  

contracts .  

But  I  have copies .  I f  I  get  permission,  I  can turn a l l  the  f inal  

reports  that  I  prepared for  Syngenta  over. 
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DR. MCFARLAND: I 'm Janice McFarland with Syngenta .  All  

of  the information we had received from Dr.  Hayes has  been provided 

to  EPA and also was provided to  the SAP.  We def ini te ly  a l low him to 

re lease any data  that  he might  think is  confusing under  the property  of  

Syngenta  to  you.  

DR.  KELLEY: But  we never  got  this  report  that  he just  

descr ibed,  nor  did we ever  get  the  feeding reports .  And we s t i l l  don ' t 

have them. 

So i f  you could f ind them and provide them to us ,  that  would be 

helpful .  

DR.  MCFARLAND: I  bel ieve that  draf t  report  was copied on 

the CD that  was provided to  the SAP.  We can check on that ,  though,  

and provide a  s ta tus .  

DR.  KELLEY: I ' l l  check my CD. But  i t  wasn ' t  in  the pr intout .  

DR. ROBERTS: Thank you,  Dr.  Hayes.  

DR. HAYES:  My pleasure . 

DR.  ROBERTS: We next  have scheduled a  publ ic  comment  

f rom Mr.  Scot t  Slaughter  on behalf  of  the Center  for  Regulatory 

Effect iveness .  

Is  Mr.  Slaughter  here? 

Just  as  a  heads up,  the  next  person I  have scheduled is  Mr.  Jere  
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White  on behalf  of  the  Triazine Network. 


MR. SLAUGHTER: Thank you very much.  I 'm Scot t  Slaughter, 

and I  represent  the  center  for  regulatory effect iveness .  I t ' s  la te .  I 

wi l l  t ry  to  be as  succinct  as  possible .  

CRE's  pr imary interest  in  this  proceeding is  compliance with  

the Data  Qual i ty  Act .  The Data  Qual i ty  Act  requires  among other  

requirements  that  EPA's  conclusions regarding atrazine 's  effects  on 

amphibian be based on tes ts  that  have been demonstrated to  be 

reproducible  and on data  that  is  t ransparent .  And by reproduceabi l i ty, 

that  includes  inter laboratory reproducabi l i ty. 

The current  data  base f lunks both those tes ts .  No one has  

demonstrated that  their  tes t  resul ts  regarding at razine 's  effects  on 

amphibians ,  i f  any,  have been demonstrated to  be reproducible  by 

other  laborator ies .  

To the best  of  our  knowledge,  a l l  the  tes ts  to  date  have been 

solely  one laboratory tes t .  And no one has  sent  the  exact  tes t  protocol  

to  another  laboratory to  be repl icated to  see  i f  they get  the  same or  

essent ia l ly  the  same resul ts .  

In  regard to  t ransparency,  the  data ,  the  re levant  data  has  not  

been avai lable  to  a l l  members  of  the  publ ic .  For  example,  i t  was not  

avai lable  to  CRE. CRE f i led a  Freedom of  Information Act  request  
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with EPA seeking essent ia l ly  a l l  data ,  a l l  records  within EPA's


possession that  refer  or  re la te  to  the  amphibian effects  of  a t razine,  i f  

any. 

This  went  several  months  ago when i t  was f i led.  Recent ly,  EPA 

responded by saying that  Dr.  Hayes has  submit ted seven data  sets  to  

EPA regarding this  issue.  

And Dr.  Hayes,  af ter  review and consul ta t ion with EPA, had 

only agreed to  re lease f ive of  those data  sets  to  CRE. We got  the f ive 

data  sets  las t  week.  One of  those sets  was encrypted.  And I  have very 

few vir tues .  And one of  those vir tues  is  not  decoding encrypted 

computer  disks .  So I  don ' t  even know what 's  on that .  

Based upon Dr.  Hayes '  tes t imony today as  I  unders tand i t ,  he  is  

wi l l ing to  provide to  anyone who wishes  i t  and cal ls  him al l  the  data  

he has  that  is  re levant  to  this  issue.  We wil l  be  cal l ing you next  week 

when you get  back to  Berkeley to  get  the  missing data  and al l  o ther  

data  you have on this .  

DR. HAYES:  I ' l l be in Brazi l next week. 

MR. SLAUGHTER: Leave a  number. 

That was real ly i t .  Once again, I want to emphasize the 

importance of  this  SAP.  I  don ' t  know whether  you are  a l l  famil iar  

with  the new Data  Qual i ty  Act  and EPA's  data  qual i ty  guidel ines .  
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I t  i s  la te .  I f  you want  to  ask me quest ions  about  i t ,  I  wi l l  be  

glad to  bore  you with c i ta t ions  to  the Federal  Regis ter  and the Code of  

Federal  Regulat ions .  But  my guess  is  the  answer  to  that  quest ion is  

no.  

Comments to the SAP, we discussed this issue a t some length. 

We also gave ci ta t ions  on the internet  where you can obtain  a  copy of  

our  Data  Qual i ty  Act  pet i t ion on the a t razine environmental  r isk  

assessment .  

And on that  pet i t ion,  i t  was not  only CRE, i t  was a lso the 

Kansas  Corn Growers  Associat ion and the Triazine Network.  

EPA's  response to  the - -  the  Data  Qual i ty  Act  a l lows interested 

persons to  pet i t ion EPA or  any other  affected federal  agencies  to  

correct  information that  the  agency has  disseminated which the 

persons bel ieve do not  comply with  the Data  Qual i ty  Act  s tandards .  

Once again,  one of  those s tandards  is  reproducabi l i ty  for 

information of  this  type.  And that  means inter laboratory 

reproducibi l i ty  and also tes t  val idat ion.  

One of  the  cr i t ical  requirements  of  tes t  val idat ion is  that  the  

tes t ,  lab tes t  on an animal  be able  - -  be  demonstrated to  be 

reproducible  among different  laborator ies .  One laboratory runs i t .  

The other  laboratory does  the same tes t  unt i l  they come up with  
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essent ia l ly  the  same resul t . 


I t  was our  unders tanding then and i t  i s  our  unders tanding now 

that  that  tes t  and cr i ter ion has  never  been sat isf ied for  the  a t razine 

database,  especial ly  with  regard to  a t razine 's  effects ,  i f  any,  on 

amphibians  and also on the whole  aromatase induct ion issue.  

This  SAP,  i t  may be the f i rs t  one to  address  tes t  val idat ion 

issues  under  the new Data  Qual i ty  Act  and under  EPA's  new data  

qual i ty  guidel ines .  I  congratulate  you for  having that  honor. 

Actual ly,  I  may sympathize with  you for  being in  that  posi t ion.  

But  I  want  everyone to  be aware here  a t  EPA that  you are  

operat ing on a  new set  of  s tandards  in  terms of  scient i f ic  informat ion 

being disseminated by EPA. 

Once again,  based upon EPA's  white  paper,  based upon what  

we,  CRE, knew about  the data  base before  the white  paper,  and based 

upon what  we heard at  th is  panel  so far,  a t  least  one of  those - -  wel l ,  

assuming that  we get  the  data ,  the  t ransparency tes t  may be sat isf ied.  

But  the  reproducabi l i ty  tes t  has  not  been.  

And consequent ly,  i f  th is  proceeding,  i f  the  a t razine review 

proceeds any longer  or  goes  forward at  EPA, then I  think a  f i rs t  s tep,  

a  cr i t ical  f i rs t  s tep in  order  to  get  out  data  that  is  both scient i f ical ly  

re l iable  and legal ly  re l iable  is  to  make sure  that  you got  val idated 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

316


tes ts  on at razine 's  effects ,  i f  any,  on amphibians  and also on the 


whole aromatase induct ion issue.  

Thank you very much.  I ' l l  be  glad to  t ry  to  answer  any 

quest ions you have.  

DR. ROBERTS: Any quest ions for  Mr.  Slaughter?  Anyone 

want  to  discuss  the Code of  Federal  Regulat ions with  Mr.  Slaughter?  

MR. SLAUGHTER: I  wouldn ' t  recommend i t  a t  th is  point  in  

t ime --  or  any other,  for  that  mat ter. 

DR.  ROBERTS: Thank you very much,  Mr.  Slaughter,  for  your  

comments . 

My apologies  to  Mr.  White .  I  misread the schedule .  The next  

presenter  is  Dr.  Angel ina Dugan with Crop Life  America,  and then we 

wil l  take Mr.  White .  

DR. DUGAN: Thank you.  

Firs t of a l l , Crop Life America thanks the EPA for the 

opportuni ty  to  address  the SAP.  As many of  you know, CLA 

represents  the  manufacturers ,  formulators  and dis t r ibutors  of  plant  

science solut ion for  agr icul ture  and biotechnology. 

We bel ieve that  the  resolut ion of  the  quest ion evaluat ion of  

potent ia l  developmental  effects  of  a t razine is  of  great  importance to  

the determinat ion of  environmental  endocrine effects  for  var ious 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

317


chemical  substances . 


Overal l ,  the  development  of  robust  tes t ing methodology and 

interpretat ion of  environmental  endocrine cause and effects  has  

proven to  be technical ly  qui te  complex.  

More of ten than not ,  there  has  been a  lack of  consensus on 

s tudies ,  designs,  in terpretat ion of  research resul ts  and 

reproduceabi l i ty  of  data  within and between laborator ies .  

Al l of this I might add is not much different than what the panel 

is  discussing within the current  proceedings.  And I  make this  

observat ion not  to  cr i t ic ize  any researcher  or  laboratory,  but  jus t  to  

s ta te  the  issue.  

While  the  lack of  concordance fuels  l ively academic debates ,  

which I  enjoy myself ,  the  outcome  may s t i l l  not  resolve or  inform 

regulatory issues .  

The Food Qual i ty  Protect ion Act  and Safe  Drinking Water  

( inaudible)  s t ipulated that  the  tes t  for  es t rogenic  and other  endocrine 

effects  be ful ly  val idated as  a  means of  ensur ing re l iabi l i ty, 

consis tency and the data  qual i ty  for  r isk  assessment  purposes .  

CLA urges  the panel  to  develop the product  of  their  

del iberat ions  and research recommendat ions in  l ight  of  the  same 

technical  s tandards  and regulatory necessi t ies .  
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Our  t rade associat ion has  long supported the development  of  a  

val idated scient i f ical ly  sound screening and tes t ing program to 

evaluate  potent ia l  adverse  endocrine effects  in  wildl i fe  and mammals  

through both the Endocrine Disrupt ion Screening and Test ing 

Advisory Commit tee  and,  more newly,  the  Endocrine Disrupt ion 's 

Method Val idat ion Subcommit tee  processes .  

I  personal ly  served on the EDSTAC and have cont inued to  work 

with EPA and the EDMVS technical  experts  to  see the process  

through.  

The EPA Office  of  Science Coordinat ion and Pol icy is  

responsible  for  both the SAP and implementat ion of  the endocrine 

screening and tes t ing program. In  CLA's  opinion,  there  is  an over lap 

in  the act ivi t ies  of  this  SAP with many of  the  same technical  issues  

and problems that  the  EDMVS is  current ly  facing.  

We bel ieve that  the  effor ts  of  both forums could benefi t  by the 

shar ing of  EDMVS information from the EPA off ice  of  Science 

Coordinat ion and Pol icy and others  who are  involved in  the EDM 

process .  

I point out Professor Gerald LeBlanc who is a lso a member of 

the EDMVS and the SAP and also Dr.  Les Touart  (ph) ,  who I  bel ieve 

is  in  the audience.  He 's  responsible  a t  EPA to develop,  in  par t icular, 
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the  amphibian endocrine screens and perhaps amongst  others . 


For example,  EDSTAC had recommended development  of  an 

amphibian metamorphosis  assay to  evaluate  the  f rog thyroid axis  as  a  

screen for  potent ia l  mammalian development  effects .  

Unfortunately,  the  protocol  demonstrat ion of  this  assay,  which 

do considerat ion of  several  f rog species  and methodology,  has  proved 

to  be problematic  for  a  var ie ty  of  technical  reasons.  

An al ternat ive assay has  s ince replaced the f rog metamorphosis  

as  a  mammalian developmental  assay,  but  i ts  evaluat ion as  a  wildl i fe 

screen is  s t i l l  under  current  invest igat ion by Dr.  Touart .  And at  the  

recent  June 5th EDMVS, i t  was communicated that  the  protocol  

demonstrat ion of  a  f rog wildl i fe  assay is  projected for  December  

2004.  

CLA stresses  that  the  technical  di ff icul t ies  and delays  

experienced by EPA and contract  laborator ies  point  out  cr i t ical  needs 

for  not  only cont inued research in  the area of  amphibian development ,  

but  a lso fol low on safeguard,  such as  val idat ion,  to  ensure  c lear  

information for  e i ther  a  regulatory decis ion or  addi t ional  endocrine 

tes t ing.  

CLA also emphasizes  to  EPA and the panel  that  i t ' s  premature  

to  draw any conclusions on the disrupt ion of  aromatase as  a  potent ia l  
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human heal th  and wildl i fe  issue for  a t razine or  other  environmental 


chemicals .  

EDSTAC had also recommended the development  of  aromatase 

as  an invi t ro  mammalian assay to  assess  the  abi l i ty  of  environmental  

chemicals  to  inhibi t  the  enzyme. While  there  has  been good progress  

in  developing an aromatase screen,  the  assay is  not  yet  avai lable ,  

s ince the  ini t ia t ion of  the  inter lab val idat ion phase is  s t i l l  several  

months  away. 

As far  as  I  know, there  have been no effor ts  to  date  to  research 

aromatase uptake as  a  potent ia l  wi ldl i fe  screen.  

In  c losing,  CLA supports  thorough evaluat ion of  research 

recommendat ions  to  determine potent ia l  environmental  development  

effects  on amphibians and mammalian species .  However,  we do not  

bel ieve that  the  issue of  potent ia l  developmental  effects  has  been 

resolved for  a t razine or  potent ia l ly  given the s ta te  of  the  science can 

be resolved for  other  environmental  chemicals  as  wel l .  

CLA urges  the panel  to  uphold the laboratory and f ie ld  data  

reproducibi l i ty  and tes t  val idat ion as  s tandards  and condi t ions  for  

implement ing amphibian developmental  assays for  r isk  assessment  

purposes .  

Thank you.  I  wish you wel l  in  your  del iberat ions .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

321 

DR. ROBERTS: Thank you,  Doctor. You jumped r ight  into 

your  comments .  Can I  ask you for  the formali ty  of  introducing 

yourself  for  the  record? 

DR. DUGAN: Sorry. Angel ina Dugan.  I 'm the director  of  

science pol icy for  Crop Life  America.  

DR. ROBERTS: Thank you.  Let  me check and see i f  the  panel  

has  any quest ions for  you.  Apparent ly  not .  Thank you very much.  

Mr.  White ,  who wil l  be  fol lowed by Dr.  Fawcet t .  

MR. WHITE: Mr.  Chairman,  we actual ly  have four  people  who 

wil l  be  par t  of  this  presentat ion.  

DR. ROBERTS: Thank you.  I f  I  could ask each of  you to  

introduce yourself  before  you speak for  the record.  

MR. WHITE:  Mr. Chairman, members of the commit tee , my 

name is  Jere  White .  I 'm the execut ive director  of  the  Kansas  Corn 

Growers  Associat ion,  Kansas  Grain Sorghum Producers  Associat ion 

and also serving in  kind of  an ad hoc capaci ty,  cer ta inly an unpaid 

capaci ty,  as  chairman of  the  Triazine Network.  

A l i t t le  bi t  about  the  Triazine Network.  I t  was formed back in  

1995 as  somewhat  of  a  response by growers  of  over  30 commodit ies ,  

and cer ta inly,  that  many s ta tes ,  to  provide a  vehicle  for  par t ic ipat ion 

in  the US EPA special  review of  the t r iazine herbicides .  And that  
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cer ta inly  is  a t razine,  but  a lso s imazine. 


Our object ive is  to  ensure  that  EPA has and ut i l izes  the best  

sc ience.  That 's  why we par t ic ipate  in  events  such as  today. 

Membership encompasses  farm  groups f rom border  to  border  and 

cer ta inly  sea  to  sea  as  wel l .  

The execut ive commit tee  is  composed of  farm organizat ions  

f rom Kansas ,  Missouri ,  Flor ida,  Cal i fornia  and Hawaii .  We're  a  very 

diverse  group.  

a t razine has  been used as  the foundat ion of  our  weed control  

programs s ince the 1950s.  I t  has  been around for  a  long t ime.  I t  i s  a  

very important  product .  And we know this  product  wel l .  

We know how to s teward i t  in  a  way that  provides  safety for  

ourselves ,  or  a t  least  we bel ieve we do,  and also for  the  environment  

that  we farm and,  probably more important ly,  that  we l ive  in .  We 

have confidence in  the product .  

I  must  say that  I  wi l l  d iverge from some of  my wri t ten 

comments  to  respond to  a  few things that  we have seen over  the las t  

few days.  One of  the things that  real ly  s t ruck me was at  the  end of  

Dr.  Hayes '  presentat ion when he placed the s l ide but  he didn ' t  d iscuss  

about  a  corn yield  increase of  1 .2  percent .  

I 'm sure  in  l ieu of  the  discussion that  had taken place the 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

323


previous four  or  hours ,  i t  was meant  to  minimize the value of  that . 


Let  me clar i fy  what  that  means.  Number  1 ,  the  1 .2  percent  we 

don ' t  agree with .  But  i t  i s ,  i f  you think in  terms of  percentages ,  

maybe a  fa i r ly  insignif icant  number. 

But on Kansas Farms, a t the farm gate , i t i s equivalent in corn 

and sorghum  makers  to  about  120 mil l ion dol lars  a  year. That 's  per  

year  a t  the  farm gate .  That 's  120 mil l ion dol lars  that 's  avai lable  to  

support  educat ion,  medical ,  ambulances .  I t  i s  real  dol lars  a t  the  real  

level .  And qui te  f rankly,  that  is  s ignif icant  where I  come from. 

I  th ink also i t  was placed up in  the context  i f  you looked at  the  

ta i l  end of  the  presentat ion r ight  before  then,  i t  was in  the context  of  a  

lot  of  different  issues  that  are  cer ta inly not  any issues  to  EPA in a  

special  review. Again,  we 're  coming up on the nine year  anniversary. 

These issues are not new to EPA.  Certa inly, not even new to 

the SAP.  Previous SAPs have deal t  wi th  many of  the s tudies  that  were 

la id  up as  a  par t  of  this  f rog funct ioning as  a  canary in  the mind type 

s i tuat ion.  

Many of  the s tudies  actual ly  have been addressed and,  to  some 

extent ,  minimized from the or iginal  assumptions in  the s tudy based on 

review of  previous SAPs.  

In  fact ,  the  posi t ion of  EPA today is  that  a t razine is  not  l ikely 
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to  be a  carcinogen in  humans.  I  don ' t  th ink you would have taken that 


away from the ta i l  end of  the  previous presentat ion.  

Also,  I  must  comment  that  I  was taken back by the picture  of  

the unhappy frog.  I  don ' t  know if  the  f rog is  happy or  not .  I t  was 

obvious that  i t  was a  l i t t le  bi t  d i fferent  type of  f rog or  in  a  different  

condi t ion.  I  wouldn ' t  deny that .  I 'm not  sure  what  that  means.  I 'm 

not  a  f rog guy. I  don ' t  know these things.  

But  i t  jus t  suggested that  this  was representat ive of  perhaps 

unhappy frogs in  the f ie ld ,  which you would expect  af ter  40 years  of  

usage.  And yet ,  I  real ly  didn ' t  hear  the  case made for  that .  In  fact ,  

I 'm not  sure  I  heard a  very s t rong case made for  why the very 

profound laboratory observat ions and even the specif ic  f ie ld  

observat ions that  were shown and very eloquent ly  presented to  the 

panel ,  how we could even have frog populat ions  - -  the  term robust  

was used ear l ier,  I  don ' t  know if  I 'm qual i f ied to  use that  term,  but  

how we could have even surviving frog populat ions i f  th is  was,  in  

fact ,  a  legi t imate  s i tuat ion in  the  f ie ld .  

And that  is  an issue to  growers .  Al l  throughout  this  process ,  we 

have seen s i tuat ions  where models  have been appl ied to  suggest  

impacts  out  in  the  real  world.  I t ' s  been tough to  explain  this  when I  

go home and ta lk  to  my growers  how these s i tuat ions  can exis t  and yet  
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they go out  behind their  house and in  the farm ponds that  are 


surrounded by corn and see very,  to  use the term,  robust  f rog 

populat ions  and cer ta inly not  seeing a  lack of  f rogs or  other  types  

wildl i fe  that  would be associated with  that  type of  heal thy populat ion.  

I  was a lso taken back by the l ink visual ly  between atrazine and 

DDT. Kind of  br ings me back to  my ear l ier  days in  the 60s when 

everybody was reading Si lent  Spring.  And cer ta inly,  I  don ' t  mean to  

minimize the inf luence of  the  work of  Rachel  Carson or  cer ta inly the 

impact  of  DDT. But  I  wi l l  te l l  you atrazine is  not  DDT. I  guess  I  

hope I  shouldn ' t  need to  te l l  you that .  I 'm taken back by that  kind of  

sensat ional ism. 

I  guess  another  thing that  hi ts  me,  here  we are ,  i t  i s  another  

SAP.  And guess  what ,  we had another  press  re lease come out  

yesterday on low sperm counts  in  Missouri  folks  that  had been 

exposed to  a t razine.  

Not  necessar i ly  new data ,  but  we got  a  new press  re lease.  I t  has  

been a  while  s ince we have real ly  seen that .  I  guess  we had one at  the  

technical  br ief ing t ime frame from Dr.  Hayes.  I t  was work that  had 

been around s ince the previous November  and presented at  SETAC, 

but  a l l  of  a  sudden i t  was a l l  over  the  world news.  You could get  hi ts  

- -  a  t remendous job of  sel l ing the news.  Whether  i t  i s  news worthy or  
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not ,  I  guess  that 's  for  others  to  decide. 


Again,  thinking of  this  new study from Missouri ,  I  haven ' t  had a  

chance to  real ly  look at  in  detai l ,  but  i t  i s  in teres t ing to  me that  the  

males  that  were considered viable  candidates  for  the  s tudy were 

par tners  of  pregnant  women.  That 's  how they were selected.  And yet  

the  s tudy is  about  low sperm count .  I  don ' t  know if  that  makes male  

men in  Boone County,  Missouri  nervous or  not ,  but  I  would think i t  

ought  to .  

To some extent , par t of the problem that we see is that the 

s tudies  conducted by Dr.  Hayes in  our  opinion have led to  the SAP. 

Wouldn ' t  have got ten much more than a  snicker  i f  they would have 

been submit ted by a  regis t rant  or  some other  person in  the same 

fashion.  

I 'm pleased to  see  that  there  is  a  very openness  about  the  data  

that  was suggested today.  But  I 'm also aware of  the  s i tuat ion that  Mr. 

Slaughter  ta lked about  ear l ier  where when the data  was f inal ly  

re leased under  a  Freedom of  Information Act  request ,  i t  was s t i l l  

encrypted.  

I f  you look at  the  white  paper  prepared by the agency i tsel f  on 

Page 17,  they ta lk  about  for  these la t ter  s tudies  reviews were less  

detai led because EPA did not  have access  through the s tudy off ice  for  
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the  ful l  range of  raw data . 


You wouldn ' t  assume that  based on the presentat ion this  

af ternoon.  In  fact ,  you saw the shelves  with  reams of  data  that  were 

avai lable  to  anyone that  real ly  had an interes t  i t .  

The las t  t ime there  was a  publ ic  meet ing that  ta lked about  this  

issue and the agency during the technical  br ief ing Apri l  16th of  las t  

year,  there  was actual ly  a  l i t t le  bi t  of  disagreement  whether  data  was 

avai lable  a t  that  point  because i t  was being referenced in  the  technical  

br ief ing.  

In  fact ,  the  director  of  special  review and reregis t ra t ion did 

c lar i fy  to  everyone in  the audience that  they did not  have data  a t  that  

t ime.  

Again,  i t  i s  good news to  hear  that  i t  i s  avai lable  now. We 

expect  to  be seeing i t .  But  i t  i s  a lso interest ing that  when the cameras  

are  rol l ing,  the  data  is  readi ly  avai lable ,  but  the  his tor ic  perspect ive 

of  this  is  that  the  data  has  not  been avai lable .  And I  think you can 

at tes t  to  i t .  I  don ' t  th ink you f ind much of  i t  in  your  packet .  

Dr. Hayes told an audience a t Duke Univers i ty las t January in 

ta lking about  - -  I  suppose he was looking at  the  potent ia l  for  the  

interact ion of  different  products  that  he  ta lked extensively about  this  

af ternoon.  
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He used,  and I  have a  quote  here ,  that  with  other  pest ic ides ,  the  

other  pest ic ides  "act  l ike  f rog bul l ies  because they hold them down 

and le t  a t razine beat  them up."  

And I  guess  my observat ion is  when you are  s t ruggl ing with 

making your  case with  good data  and good work,  a t  least  shared data ,  

you t ry  to  give the herbicide in  this  case  an evi l  personal i ty. And I  

have a  problem with i t .  I  th ink we have done i t  a  l i t t le  bi t  in  t rying to  

suggest  a  l ink in  the same sor t  of  effects  between atrazine and DDT. 

I  would hope that  that  would be thoroughly discussed by the 

panel .  

Well ,  in  Kansas ,  i t  appears  that  the  frog bul l ies  have not  been 

very successful  because the f rogs seem to be doing very wel l .  I  don ' t 

mean to  be too facet ious ,  but  the  implicat ions  that  seem to be negat ive 

to  a  pest ic ide a lways have a  cer ta in  amount  of  implied t ruth  or  

bel ievabi l i ty  about  them. After  a l l ,  how could anything that  has  been 

used on American farms for  40 years  s t i l l  be  good.  How could i t  even 

be effect ive.  

Well ,  t rus t  me,  there  is  plenty of  compet i tors  in  the  weed 

science industry  that  are  looking for  a l ternat ives  to  a t razine.  I f  they 

were t ruly  out  there  in  a l l  the  ways you measure  a l ternat ives ,  they 

would be used by American farmers .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

329 

I  guaranty you,  one of  the  companies  that  would love to  have an 

al ternat ive to  a t razine that  was real ly  funct ioning that  way would 

probably be Syngeta .  They would be several  mil l ion dol lars  ahead.  

They would be sel l ing a  higher  pr iced product  a t  the  end of  the  day. 

They wouldn ' t  have to  deal  with  the cont inual  types  of  issues  that  they 

have had to .  

I 'm very happy that  they have taken i t  upon themselves  to  

provide the science with  a l l  the  def ic iencies  that  have been ta lked 

about .  They have done more than any other  regis t rant  I  can envis ion 

ever  would for  any product  that  is  out  there .  

That 's  par t  of  my concern as  someone represent ing product ion 

agr icul ture  is  that  i f  you can ' t  make the case with  the kind of  science 

that 's  been provided on atrazine,  what  product  do you think would 

ever  susta in  i tse l f  against  the  types  of  cont inuous a l legat ions  that  are  

out  there? 

Now, to  be sure  i f  there  is  a  problem, farmers  want  to  know 

about  as  much as  anyone.  They are  the ones  that  apply the product .  

They are  the ones  that  apply i t  on where they l ive  by and large.  So 

they have an issue in  this ,  a  very ser ious  issue.  But  they also need to  

know that  sound science carr ies  today,  and I  th ink that 's  what  this  

panel  is  about .  
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Most  of  the t imes when we tes t i f ied about  EPA posi t ions ,  we 

unfor tunately  have not  a lways been in  agreement .  Usual ly,  a t  the  end 

of  the  day we 're  get t ing pret ty  c lose.  And al though i t  i s  c lose to  the 

end of  the day now, the issue is  not .  

I  would say that  we do think EPA basical ly  got  this  r ight .  

There  are  confounding conclusions to  be drawn.  I  guess  I  a lmost  

l iken i t  a lmost  a  he said  she said  debate ,  and i t  cont inues  even at  th is  

hour,  where comments  are  made by one person and then the other  

person feels  l ike  they need to  redeem themselves .  This  could go on 

forever. 

And I  think the EPA's  posi t ion to  get  es tabl ished s tandard 

protocols  is  the  appropria te  way to  do thing.  Not  only is  i t  the  legal  

thing to  do i f  they think there  is  an issue with  effects  on amphibians ,  

they don ' t  have a  foundat ion to  make regulatory decis ions on now, and 

I  know that  that 's  not  so much the issue of  the  panel ,  but  I  th ink you 

can do a  lot  to  help EPA get  this  r ight .  Because get t ing i t  r ight  is  

cr i t ical .  Not  jus t  for  a t razine,  but  for  a l l  the  other  products  that  are  

out  there .  

Once at razine is  off  the  radar  screen,  other  products  of  course  

wil l  cont inue to  move forward.  And qui te  frankly,  unless  we want  to  

see agr icul tural  product ion move out  of  this  country,  we have to  come 
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out  with  some systems that  real ly  can es tabl ish the safe  use  or  the 


unsafe  use of  those products  and move on to  others .  

Today,  I  brought  three of  my compradres  up here  to  help a lso 

ra ise  some other  issues  that  they have focused on.  With me here  

today is  Stephanie  Whalen,  president  of  the  Hawaii  Research Center, 

Bi l l  Kubecka,  doctor  of  veter inary medicine from  Texas,  former  

president  of  the  Nat ional  Grain Sorghum Producer  Associat ion,  

current  president  of  the  Texas Grain Sorghum Producers .  

We or iginal ly  had a  farmer  f rom Boone County,  Missouri ,  that  

jus t  happened to  be f rom Boone County that  was here .  He had to  

leave.  I  don ' t  know if  he has  gone back to  get  his  semen checked,  but  

he did have to  catch a  f l ight  ear l ier.  So we have pi tch hi t t ing for  him 

Gary Marshal l ,  my counterpar t  f rom the associat ion from Missouri .  

Now I ask for Stephanie Whalen to speak f i rs t . 

DR.  ROBERTS: Before we go any fur ther,  I  th ink the panel  

wanted to  ask you a  quest ion.  

Dr. Kel ley. 

DR.  KELLEY: So in  the interest  of  tota l  disclosure ,  I  should 

te l l  you I  come from an agr icul tural  family myself .  My family grows 

cranberr ies .  

And I  know that  one of  the things that  we always think about  in  
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growing crops is  we 're  a lways looking down the l ine  to  the next 


herbicide or  pest ic ide because regulat ions  change.  

Now, in  some countr ies ,  I  unders tand in  Europe,  a t razine is  not  

used.  I  th ink even in  Switzer land where Syngenta  is  headquartered.  I 

wondered i f  you are  aware of  what  farmers  in  Europe used for  their  

broadleaf  weeds in  place of  a t razine and whether  we had t r ied that  

here  in  America.  

MR. WHITE:  I think the European system is jus t so much 

different .  I t  i s  not  based --  i t  i s  buy and large,  i f  I  unders tand i t  

correct ly,  which I  maybe do or  don ' t ,  i t  i s  based mainly on a  level  of  

detect ion.  

There  are  some s i tuat ions ,  for  ins tance,  France has  proposed a  

ban of  a t razine for  corn,  but  not  for  grapes .  I  guess  i t  depends on who 

has  the  pol i t ical  power  there .  

I  do unders tand that  there  are  a l ternat ive herbicides  that  are  

used that  are  not ,  how should I  say,  they are  very s imilar,  in  fact ,  

might  even be azine but  they are  not  a t razine because of  the  pol i t ical  

c l imate  that  has  changed that  s i tuat ion in  Europe.  But  i t  used in  some 

places .  I t  i s  not  a  European ban.  

But  there  are  some --  some countr ies  l ike  Germany,  I  bel ieve,  

in i t ia ted more or  less  a  level  of  detect ion in  groundwater  s tandard.  
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And because of  that ,  they have moved to  other  products . 


And they also because of  those changes are  not  as  compet i t ive  

in  the  world market  in  the  product ion of  their  commodit ies .  That  is  a  

fact .  

DR. KELLEY: Thank you.  

DR. ROBERTS: Let 's  move on with Ms.  Whalen 's  presentat ion.  

Welcome. 

MS.  WHALEN: Stephanie  Whalen.  Today I 'm speaking on 

behalf  of  our  research center,  what  is  formerly known as  the White  

Sugar  Planters  Associat ion.  Just  to  le t  you know, I 'm represent ing the 

sugar  industry.  We are  the research and support  organizat ion for  that ,  

the  Hawaiin  industry  for  the  las t  - -  over  100 years .  

We have cooperated with  the government  agencies  a t  the  

federal  and s ta te  level  in  heal th  and environmental  s tudies .  And we 

have a  long his tory of  interact ing in  the regulatory process .  In  fact ,  

we have been involved in  the regis t ra t ion of  pest ic ides  even before  

EPA was formed.  

Scient is ts  f rom our  organizat ion were involved with  the ear ly  

work with  the t r iazines .  Because the Hawaii  soi l  i s  di fferent ,  we did 

plant  and soi l  metabol ism studies  for  the  t r iazines  for  our  industry. 

I  jus t  a lso wanted to  indicate ,  which is  not  in  the handout  
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received,  that  we also inst i tuted a  voluntary water  moni tor ing 


program prior  to  the  t ime that  EPA set  up the MCL level  a t  3 .  

And just  to  give you a  feel  for  how ser iously we take 

s tewardship of  the  products  that  we use - -  and because we exis t ,  our  

industry exis ted on four  of  the  major  is lands and over  200,000 acres ,  

we fel t  that  i t  was incumbent  upon ourselves  to  do that  work even 

though i t  wasn ' t  required at  that  t ime.  

I  won' t  go over  everything I  had to  say.  Some of  i t  i s  dupl icate  

of  what  Mr.  White  has  said .  Though,  I  do want  to  s t ress  the fact  again 

that  a t razine is  one of  the  most  widely researched compounds,  

herbicides  in  his tory of  pest ic ides .  

And l ike you said,  i f  we can ' t  move forward with a t razine,  we 

don ' t  th ink the science wil l  ever  be there  for  any compound.  

Based on our  his tory of  experience with the compound,  the 

sugar  industry and the other  growers  when we formed the Triazine 

Network,  we entered into  this  process  with  some level  of  famil iar i ty  

of  use  and t ime,  but  a lso with  the open mind that  there  may be some 

unknown adverse  effects  out  there  and we real ly  need to  know about  

that .  

We wanted to be sure that the best sc ience would determine that 

and that  we were commit ted to  accept ing whatever  the  science 
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reveals .  

After a l l , as Jere pointed out , i t  we the farmers and our 

famil ies  that  are  on the f ront l ine of  any exposure.  And i t  i s  our  lands 

that  are  going to  be contaminated f i rs t .  

So we real ly  are  commit ted to  the resul ts  of  sound science,  but  

based on reasonable  demands without  pol i t ical  in tervent ion,  f ree  of  

sc ient i f ic  turf  bat t les  or  special  in teres t  agendas.  

I  th ink i t ' s  of  some value for  you to  unders tand the process  

which began,  that  Jere  a l luded to ,  back on November  of  1994.  And 

just  to  give you some kind of  idea of  the processes  we have been 

fol lowing,  this  panel  is  a  br ief  but  very important  par t  of  the  

cont inuum from that  t ime.  

So far  the  process  has  pr imari ly  focused on atrazine as  was 

said .  But  we have been through in  this  process  rumors ,  information 

leaks,  draf ted documents ,  sc ient i f ic  advisory panels ,  proposed 

documents ,  in ter im documents ,  adminis t ra t ive changes,  numerous new 

studies ,  new laws,  the  food qual i ty  protect ion acts  which came in  the 

middle  of  this ,  to ta l ly  upended the t ransparent  regulatory review 

process  that  we s tar ted,  proposed new cancer  guidel ines  that  are  

seemingly now caught  up in  bureaucrat ic  quagmire  which does affect  

th is  process ,  a  lawsui t  which al lows a  s ingle  par ty  to  dic ta te  the  
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process ,  publ ic  scares  generated by act ivis ts  and the press ,  and now 


scient is ts '  chal lenges of  each other. 

We have watched var ious players ,  mainly the government ,  come 

and go.  We've heard about  many speculated heal th  effects .  More 

recent ly,  our  l is tening to  speculat ion on ecological  effects .  

Through al l  of  this ,  i t  has  been an experience for  us ,  an 

experience in  which we cont inue to  have fa i th  that  in  the end sound 

science wil l  prevai l  through the effor ts  of  impart ia led experts  such as  

yourselves  and the panel  that  was heard from yesterday.  However,  the  

speculat ion on human or  environmental  effects  and the t iming of  the  

publ ic  re leases  have not  ceased to  amaze us ,  and their  end does  not  

appear  to  be on the horizon.  

We thought  the  evaluat ion and the speculat ion of  the  sprague 

dawley female  ra t  hormone system and i ts  s ignif icance for  the  

potent ia l  human cancer  r isk  was f inal ly  set t led af ter  three  scient i f ic  

advisory panels  were convened,  1988,  1995,  2000.  And now i t  

appears  that  a  fourth  wil l  be  convened next  month on the same issue 

dr iven by the NRDC. 

We pat ient ly  l is ten and t ry  to  ful ly  comprehend the detai ls  of  

the  ra t  endocrine hormone system and i ts  re levance or  lack thereof  to  

the human populat ion as  we have for  the  las t  two days l is tened 
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in tent ly  to  the  recent  amphibian concerns .  


We have asked for ass is tance from exper ts . In their ra t work, 

we asked for  Canton Heal th  Sciences  Internat ional  to  help explain  

this  to  us  and then to  present  tes t imony for  us .  

In that process , we were upset to f ind that some of the data 

f rom reports  that  were being used in  an ear l ier  document  were not  

avai lable  for  our  exper ts  to  review. 

I t ' s  again t roubl ing that  the  ini t ia t ing raw data ,  th is  is  a  subject  

that  has  come up already,  that  has  generated many of  the  s tudies  

reported on yesterday and today were generated,  the  need for  this  

scient i f ic  advisory panel ,  have been diff icul t  or  next  to  impossible  to  

access .  And hopeful ly,  as  Jere  has  indicated and Dr.  Hayes has  

indicated that  that  data  wil l  be  ful ly  avai lable .  

The inabi l i ty  to  access  raw data  is  par t icular ly  disconcer t ing to  

our  organizat ion.  And the reason that  is  is  that  several  years  ago we 

were involved in  cooperat ing with the EPA sponsored s tudy 

contracted to  thi rd  par t ies  in  which we par t ic ipated through spl i t  

samples  and providing them access  to  our  industry. 

The analyt ical  resul ts  were not  s imilar.  Al though,  we 

voluntar i ly  produced our  raw data  to  the agency,  they were never  able  

to  get  the  raw data  f rom the par ty  they contracted with ,  but  EPA 
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publ ished a  government  report  wi th  quest ionable  resul ts  anyway,


never  acknowledging there  was industry col laborat ion and that  there  

was a  discrepancy in  the  spl i t  samples .  

Our  fol low-up invest igat ion discovered the laboratory involved 

had no previous experience in  pest ic ide analysis ,  and was not  required 

to  report  raw data  in  their  contract .  

I  ment ion this  because of  the  s imilar i ty  of  the  current  s i tuat ion 

and the inherent  problems with decipher ing and reproducing methods 

in  the open l i terature .  And the fact  that  EPA has not  proposed a  

val idated tes t  system to  s tudy is  a lso problematic .  

I t  was not  c lear  yesterday from the var ious comments  that  the  

members  of  the  panel  made --  and I 'm s t i l l  not  sure  that  people  are  

c lear  on the differences  on s tudies  conducted under  good laboratory 

pract ices ,  because i f  you have never  been engaged in  one,  you real ly  

don ' t  know what  i t  requires ,  and those appear ing in  refereed journals .  

The purpose of  good laboratory pract ice  was to  improve the 

abi l i ty  to  reproduce the s tudy,  tota l ly  reproduce the s tudy,  without  

having the bodies  around to  ask at  any future  date .  

So i f  you have reports  that  are  GLP l ike,  and I  don ' t  know 

exact ly  what  that  was supposed to  mean,  but  GLPs are  formal  

regulat ions  that  require  the  submission of  a l l  raw data  and data  audi ts .  
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I t ' s  l ike  a  f inancial  audi t ,  you have audi tors  of  a  f inancial  ins t i tut ion, 


by a  nonpart ic ipat ing par ty. 

I  a lso want  to  c lar i fy.  Scient is ts  don ' t  get  cer t i f ied.  I  have 

been involved in  GL --  that 's  what  we do a  lot  of .  But  we are  required 

to  document  proof  of  t ra ining.  I t ' s  the  s tudies  that  must  meet  the  GLP 

standards  and have qual i ty  assurance s ta tements  as  was indicated 

before  showing any deviat ion that  occurred in  how i t  might  affect  the  

resul ts  of  the  s tudy. 

I  bel ieve - -  there  is  a  big  difference in  reports  f rom the 

l i terature ,  not  reports ,  but  s tudies  or  papers  from the l i terature  which 

seems to  be referred to  versus  reports  that  I  th ink we 're  ta lking about  

GLP l ike reports .  

I  bel ieve that  GLP regulat ions  and complying to  that  provides  a  

level  of  confidence way over  the peer  review system. What  bothers  

me is  why the agency does not  apply a t  least  a  minimum level  of  these 

types  of  requirements  to  data  f rom reported s tudies  that  generate  

s ignif icant  concerns  such as  what  we have here  today. 

I  d id  point  out  a  problem that  I  saw in  the  report  ent i t led 

a t razine Induced Hermaphrodi t ism at  1  ppm in American leopard 

frogs.  I 'm not  going to  go through that .  You can read about  that .  I t ' s 

real ly  something --  i t  was very factual  data  that  was recorded 
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incorrect ly  and that  bothers  me in  terms of  how i t  inf luences  the res t 


of  the val idi ty  of  the  information,  though i t  might  be just  being 

careless .  

I t  bothers  me also that  th is  process  I  descr ibed cont inues  to  

generate  endless  speculat ion.  Firs t  re la ted to  the  sprague dawley 's 

endocrine pecul iar i ty  and now the amphibian endocrine systems.  

As scient is ts ,  you know a phenomena can be s tudied for  the 

length of  a  career  with  tens  of  graduate  s tudents  and many post  docs  

looking at  every conceivable  hypothesis .  Each s tudy leads to  more 

interest ing quest ions  to  explore .  That 's  great .  That 's  what  science is  

about .  And I  enjoy that  discovery process  myself .  

However,  I  th ink i t  i s  important  to  remember  that  th is  is  par t  of  

a  regulatory process ,  which is  expected to  be somewhat  more 

pragmatic .  There  should be a  point  a t  which the explorat ion ceases  

with  a  reasonable  assurance that  a  sound decis ion based on the weight  

of  evidence wil l  be  made.  

That  doesn ' t  preclude that  cont inued discovery and appropria te  

revis i t ing of  decis ions doesn ' t  happen.  

I t  appears  f rom yesterday 's  discussion,  i f  I  unders tood i t  

correct ly,  that  this  process  could embark on a  whole  new area of  

research,  an area in  which endpoints ,  basel ines  and protocols ,  and 
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there  seems to  be a  difference of  opinion there ,  have yet  to  be 


defined,  because I  have heard that  some endpoints  are  very def ini te ly  

es tabl ished in  the  l i terature ,  and yet  I 've  a lso heard that  there  seems 

to  be some concern.  So an area a lso that  seems to  be open to  many 

approaches and potent ia l ly  years  of  s tudy. 

Those of  us ,  and we are  the consumers ,  we are  the consumers  of  

this  extremely useful  product ,  are  looking to  you,  a  panel  of  

prominent  scient is ts ,  to  make decis ions based on the exis t ing weight  

of  evidence.  

We can al l  speculate  on bet ter  ways to  redo the less  than perfect  

s tudies .  But  how much more data  are  real ly  warranted?  How relevant  

or  s ignif icant  are  the  data  to  the  viabi l i ty  of  the  amphibian 

populat ions  which have exis ted in  these environments  for  over  four  

decades and which are  now facing reduced exposures  through 

voluntary ra te  reduct ions and s tewardship programs developed over  

the  las t  e ight  years .  

We do appreciate  the diff icul ty  of  your  task and we thank you 

for  your  wil l ingness  to  ass is t  the  agency in  moving forward on this  

issue.  I  thank you for  this  opportuni ty. 

DR.  ROBERTS: Before  we move to  the next  presentat ion,  le t  

me ask the panel  i f  they have any quest ions for  you.  I  see  none.  
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Thank you very much for  your  comments . 


Let 's  move on to  the next  individual .  

MR. KUBECKA: My name is  Bi l l  Kubecka.  I  am a family 

farmer  f rom Palacios ,  Texas.  We grow sorghum, r ice ,  cot ton and 

cat t le .  Again,  as  Jere  previously ment ioned,  I  have served as  

president  of  the  Nat ional  Grain Sorghum for  two years  and current ly  

serve as  the  president  of  Texas Grain Sorghums Producers .  I  am also 

a  veter inar ian by educat ion and t ra ining.  

As a  farmer,  I  value the importance of  a t razine.  Despi te  

intensive research by weed scient is ts  and makers  of  compet i t ive  

products  for  over  40 years  to  ident i fy  a t razine a l ternat ives ,  the  use of  

a t razine in  herbicide programs cont inues  to  provide benef i ts  a t  a  

re la t ively low cost .  

But  even more important ,  research shows that  without  the  use 

of  a t razine,  yie lds  in  our  grain  crops wil l  drop regardless  of  the  cost .  

a t razine is  the  most  s ignif icant  herbicide,  especial ly  in  conservat ion 

t i l lage programs,  and use about  90 percent  of  those acres .  

A point  that  I  would l ike  to  br ing up and that 's  grain  sorghum is  

not  corn.  We face a  diff icul t  task in  grain  sorghum in that  we are  a  

smal ler  crop,  much smaller  crop,  about  somewhere less  than 10 

mil l ion acres  versus  corn of  80 mil l ion.  
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Therefore ,  there  are  fewer,  substant ia l ly  fewer  weed products  

avai lable  to  produce sorghum and cer ta inly fewer  a l ternat ives  

regardless  of  the  cost  or  the  effect iveness .  

I  th ink the las t  t ime we looked at  EPA, we had one product  in  

l ine  to  be regis tered for  sorghum. That 's  a l l .  That 's  insect ic ide,  

herbicide,  everything.  I t ' s  a  big  issue for  us  in  sorghum even at  10 

mil l ion acres .  

a t razine is  the  corners tone of  our  weed control  opt ions.  I f  there  

are  real  issues  in  our  heal th  and environmental  effects ,  I  th ink this  

has  been pointed out  before ,  we need to  know about  them. 

I  use  this  product  where I  l ive ,  where my kids ,  my grandkids  

l ive .  But  I  must  respond to  the  re l iable  informat ion in  order  to  

operate  my business  and be a  s teward of  my land and family. 

As a  veter inar ian,  I  know that  proper  care  requires  a  proper  

diagnosis .  And in  this  case,  we don ' t  even know if  there  is  a  problem. 

I t  i s  the  posi t ion of  Tr iazine Network,  and I  concur,  that  this  

issue should be par t i t ioned away from other  issues  being deal t  wi th  in  

the  complet ion of  reregis t ra t ion of  a t razine.  

The agency with the advice and counsel  of  the SAP should work 

to  approve a  protocol  and ini t ia te  a  cal l - in  to  help in  the  fur ther  

invest igat ion of  these a l leged issues .  
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I f  they bel ieve fur ther  invest igat ion is  warranted,  the  EPA 

should not  draw any conclusions a t  th is  t ime despi te  a t tempts  f rom 

act ivis t  groups to  regulate  on the asser t ion of  these s tudies .  

Only one needs to  remember  previous excursions involving the 

toxic  soup theory I  think that  was proposed by Tulane,  the  Cornel l  

monarch but terf ly  scare  and,  most  recent ly,  the  Univers i ty  of  

Cal i fornia ,  Berkeley,  GMO corn issue in  Mexico,  to  real ize  that  

sound science wil l  survive the tes t  of  substant ia l  review. But  using 

prel iminary science to  regulate  is  not  in  the  best  in teres t  of  the  

regulated or  the  regulator. 

DR.  ROBERTS: Thank you,  Doctor. I  don ' t  see  any quest ions.  

Let 's  move ahead.  

MR. MARSHALL: Good af ternoon.  My name is  Gary 

Marshal l .  I  am the CEO for  the Missouri  Corn Growers  Associat ion.  

Unfortunately,  Terry Hilgadick who is  a  board member of  mine 

was to  be here  this  af ternoon and offer  this  tes t imony. But  his  t ime 

ran out .  He had to  catch a  f l ight  back to ,  as  Jere  said ,  central  

Missouri .  

I  hope that  I  can adequately  postulate  some of  his  remarks as  

wel l  as  add in  a  few of  my own.  But  I 'm going to  t ry  to  be very,  very 

br ief  in  my remarks.  
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We have actual ly  three different  companies .  We have a  grower  

organizat ion,  which is  kind of  a  lobbying group,  we have a  market ing 

group and we have an environmental  group,  a l l  nonprofi ts  that  work 

for  the  Missouri  Corn Growers  Associat ion.  I  work as  their  CEO 

there .  

In  addi t ion to  that ,  I  have over  30 years  of  experience in  

agr icul tural  products  and background.  I  l ive  on a  farm. I  current ly  

operate  a  farm. And in  a  previous l i fe ,  I  appl ied thousands of  pounds 

of  a t razine on thousands of  acres  of  corn in  a  l iquid fer t i l izer  

operat ion that  we had for  about  15 years .  

So I  do have some,  in  fact ,  probably some extensive background 

in  using the product  in  central  Missouri  area .  

In  the nine years  s ince the special  review began,  more than 200 

s tudies  have been conducted on the safety and benefi ts  of  a t razine and 

have been submit ted to  the EPA. Quest ion af ter  quest ion about  the 

safety  of  a t razine to  humans and the environment  has  been answered 

in  a  t imely fashion by the regis t rant  and growers  through the use of  

sound science.  

I  would l ike  to  add here .  I 'm real ly  pleased to  have the 

opportuni ty  to  par t ic ipate  in  this  whole  process  as  a  grower. I t  has  

been nine years  now,  because I  a lso served,  a long with Jere  and 
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Stephanie ,  on the execut ive commit tee  of  the  Triazine Network,  nine 


long years  that  we have been deal ing with  this  issue.  

But  we 're  hoping that  i t  f inal ly  is  beginning to  come to  some 

sor t  of  conclusion,  we hope.  

Over  four  decades of  on-farm use of  a t razine has  been a  very 

re l iable  indicator  of  a t razine in  the product ion of  corn,  grain  

sorghum, sugar  cane and other  crops.  

The heal th  and environmental  effects  of  the  t r iazine herbicides  

have been more careful ly  s tudied than any other  pest ic ide group.  

Obviously,  I 'm not  a  scient is t .  But  I  do understand some of  the 

benefi ts  of  having atrazine as  a  tool  for  crop product ion on our  

par t icular  farm where we raise  corn,  soybeans and we also have cat t le .  

In  Missouri ,  we have over  three mil l ion acres  of  corn.  We use 

a t razine on over  70 percent  of  that  corn,  or  about  2 .1  mil l ion acres .  

Atrazine a l lows for  good weed control ,  a l lows Missouri  

growers  to  ut i l ize  conservat ion t i l lage pract ices  on the overwhelming 

major i ty  of  the  corn that  we grow today.  That  has  changed a  bunch in  

jus t  the  las t  f ive  to  ten years .  

But  this  helps  e l iminate  or  even reduce plowing of  f ie lds  for  

weed control .  Makes cropland then less  vulnerable  to  soi l  erosion in  

some cases  by as  much as  90 percent .  
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Jere ment ioned the cost di fferent ia l and what i t means.  In 

Missouri ,  we f igured that  cost  di fferent ia l .  To switch to  another  

product ,  you have two problems.  You have a  switching cost  to  go to  

another  product ,  and there  is  a  s ignif icant  cost  to  i t .  And secondly, 

you have a  yield  drop or  a  yield  cost .  And we calculate  that  to  be 

over  $20 per  acre  in  Missouri .  

I f  you f igure  that  on our  70 percent  of  the  acres  that 's  t reated,  

that 's  over  42 mil l ion dol lars  a  year. I f  you want  to  look nat ionwide,  

i t  i s  a  bi l l ion dol lar  a  year  difference a t  a  minimum  for  corn farmers .  

That 's  jus t  corn farmers .  

I t ' s  a  s ignif icant  big  product  that  we use.  We use a  lot  of  

pounds of  i t .  The loss  of  this  product  to  some of  the smal ler  grower 

community would be even as  s taggering probably as  i t  would be to  the 

corn community. 

Missouri  farmers  are  real ly  dedicated to  an ongoing proact ive 

approach,  to  environmental  s tewardship.  And in  fact ,  in  Missouri  we 

have what  we cal l  the  WRASP program. The Watershed Research and 

Stewardship Program was ini t ia ted in  1999.  

Since that  t ime we been col lect ing data  on watersheds,  and we 

have best  management  pract ices  to  producers  s tudying the var ious 

management  pract ices  that  we can ut i l ize  in  a  cost-effect ive manner  to  
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help keep these products  on the f ie lds  where they belong and not  onto 


water  systems.  

Since that  t ime the data  has  been col lected in  two large 

watersheds in  Missouri  encompassing over  a  mil l ion and a  half  acres  

of  watersheds.  And i t  i s  real ly  interest ing to  note  as  far  as  the  EPA is  

concerned these two watersheds are  now being proposed to  be del is ted 

f rom the 303 impaired water  l is t  for  the  s ta te  of  Missouri ,  the  303 D 

l is t  of  impaired water. 

So we think that 's  very s ignif icant ,  and we're  hopeful ly  going to  

be able  to  take these pract ices  then and move them into other  areas  of  

the  s ta te  and perhaps across  the  country to  help again make our  

products  more effect ive where they need to  be and more 

cost-effect ive.  

Regarding the f rog populat ions  in  our  area,  again,  I 'm not  a  

scient is t ,  but  on my farm we have r ivers  that  run --  one r iver  runs  

through the farm. Another  r iver  runs on the south s ide of  the  farm. 

We have wet lands,  one that  I  have bui l t  as  a  conservat ion reserve 

program. We have other  wet lands that  preexis ted there .  We have 

spr ings,  ponds,  we have wel ls .  

I  can te l l  you just  f rom  my observat ions  the f rog and amphibian 

populat ion appears  to  be doing very,  very wel l .  In  Missouri  we have 
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noted no decrease in  populat ion that  I 'm aware of .  Nothing has  been 


noted to  us  by the Univers i ty  of  Missouri ,  the  State  of  Missouri ,  the  

Departments  of  Conservat ion of  Natural  Resources .  

And,  in  fact ,  the  Conservat ion Department  is  act ively pursuing 

as  we have been for  a  number  of  years  a  f rog season which in  

Missouri  s tar ts  about  two weeks f rom today.  So with that ,  I  do hope 

that  your  process  that  you are  involved with  here  does  make a  

difference.  Because we are  count ing on you to  work with the EPA 

regis t rant  and al l  in teres ted par t ies  to  make sure  that  the  informat ion 

that  is  presented is  of  value,  i t  makes sense and we want  to  move this  

process  forward.  

With that ,  Mr.  Chairman,  I  would thank you for  this  

opportuni ty. 

DR. ROBERTS: Thank you very much for  your  comments ,  Mr. 

White .  Is  there  anything else  you or  your  group would l ike  to  say? 

MR. WHITE: Thank you to  the panel  for  your  t ime.  I  know i t  

has  been tough.  I 'm back there  where I  can get  up and move around,  

but  i t  has  to  be merci less  up here .  

Thank you again.  

DR. ROBERTS: Thank you,  Mr.White .  Dr.  Kel ley would l ike to  

fol low up on a  previous quest ion.  
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DR. KELLEY: This  is  a  quest ion directed towards Syngenta  

and also towards Dr.  Hayes.  I  d id  not  see  in  these Ecorisk Syngenta  

documents  that  we were provided as  pr intouts  or iginal ly  the pr intout  

of  one of  the ear ly  reports  f rom Dr.  Hayes that  was supported by 

Syngenta .  And that  is  on the CD. 

I  had not  read i t  unt i l  th is  hard copy was just  provided to  me. 

But  on the CD I  could not  f ind the feeding data .  I f  you could provide 

those to  us ,  one of  you,  that  would be great .  Is  that  possible?  

DR. ROBERTS: Dr.  Mcfar land,  did you want  to  respond to  

that?  

DR. MCFARLAND: Thank you.  I  did  f ind in  - -  for  those of  

you who might  want  to  look for  that  draf t  report  on the disk that  was 

suppl ied to  the  Scient i f ic  Advisory Panel ,  i t  i s  in  the  miscel laneous 

report  sect ion.  And that 's  where that  is  located.  

We did have with us a CD of a l l the raw data and informat ion 

that  Dr.  Hayes provided us  on that  s tudy that  was submit ted to  EPA 

previously,  and we have i t  wi th  us  here ,  so  we ' l l  pr int  that  off  and we 

wil l  be  happy to  provide i t .  

When I  was scanning through i t  I  wasn ' t  seeing the feeding,  

though.  Anything we have we' l l  def ini te ly  provide.  I 'm sure  Dr. 

Hayes wil l  be  happy to  provide that  report  too.  
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DR. KELLEY: So the report  we have been provided with is  a  

report  that  was s igned off  by Dr.  Noriega in  June of  2000,  I  th ink.  Is  

that  what  i t  i s  June of  2000?  So that 's  the  one we have been given on 

our  disk.  Is  that  the  las t  one that  was received from Dr.  Hayes? 

DR. MCFARLAND: Yes,  that  was the las t  report  Syngenta  

received from Dr.  Hayes.  

DR.  KELLEY: Also accompanying this  report  are  a  ser ies  of  

cr i t iques  f rom the s ta t is t ical  consul tant ,  and those are  2002.  

DR. MCFARLAND: I  bel ieve that  was just  a  summary done in  

2002.  The s ta t is t ical  report  that  Dr.  Sielkin discussed with Dr.  Hayes 

in  his  lab were discussed back in  2000.  and I  think that 's  the  date  of  

the  larger  report  a t tached in  your  hard copies  there .  

DR.  KELLEY: Dr.  Hayes,  in  this  report  you actual ly  looked at  

sex ra t ios .  In  the  report  you s ta te  that  there  is  no effect ive a t razine 

on the sex rat ios  that  you observed.  And yet  in  your  next  s tudy you 

did get  an effect  

Could you comment  on this  discrepancy? 

DR. HAYES: Yes,  in  the report  - - I 'm not  sure  which report  you 

are  ta lking about .  

But  in  the  bigger  s tudy that  I  d id ,  the  successful  s tudy that  I  

d id  we reported no effects  on sex ra t io ,  however,  there  were several  
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animals  that  were noted in  the  data  that  were quest ion marked or  that 


were marked for  review. 

And these are  animals  that  did  turn out  and have the same 

gonadal  abnormali t ies .  I  have pointed that  out  to  members  of  the  

panel .  We didn ' t  ful ly  appreciate  the  extent  of  the  gonadal  

abnormali t ies  unt i l  about  November. I t  would have been af ter  that  

report  was turned in .  

DR.  KELLEY: In that  report  you s ta te  those were animals  that  

died before  s tage 66 and they were excluded from the analysis .  I 

mean that 's  what  i t  says  here  I  jus t  read i t .  

DR.  HAYES: I  would have to  look at  the  report  and see,  but  

there 's  - -  even on the s l ide  I  show,  you can see in  the sex column from 

that  data  set  there  are  animals  marked for  fur ther  review for  comment  

or  animals  that  were quest ion marked.  

DR.  KELLEY: In this  ini t ia l  s tudy,  the  mortal i ty  appeared to  

be greater  than that  which you have in  your  current  s tudy. So you had 

mortal i ty  up to  24 percent .  

I  th ink in  the  - -  you had s ignif icant  mortal i ty  associated with  

e thanol .  You did analyze survivorship and there  was a  mortal i ty  in  

the  es t radiol  t reated group of  up to  24 percent ,  but  a lso in  the  other  

groups as  wel l .  
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Do you have a  feel ing for  why your  mortal i ty  has  come down 

since or  what  was going on with  that  ini t ia l  s tudy? 

DR. HAYES: I  don ' t  recal l  that .  I  have to  look at  what  s tudy 

you have.  The s tudy that  I  recal l  where there 's  high mortal i ty,  there  

was ini t ia l  s tudy in  1998 where we got  high mortal i ty,  we terminated 

the experiment ,  then we went  back and then did the two food s tudies ,  

which we f i led reports  on.  And then there  was a  fourth  s tudy. 

I  would have to  look at  those data  to  see which s tudy you are  

looking at .  

DR. KELLEY: Okay. Thank you.  

DR. ROBERTS: Thank you,  and thank you,  Dr.  Mcfar land and 

Dr.  Hayes.  

Dr. Fawcet t , I bel ieve is the next speaker. 

DR. FAWCETT:  I 'm Richard Fawcet t .  I 'm here represent ing 

the Iowa Corn Growers  Associat ion.  I  appreciate  the  opportuni ty  to  

appear  before  this  panel  to  share  a  few issues  f rom an agr icul ture  

perspect ive re la t ive  to  a t razine.  

This  panel  has  been charged with  the pr imary task of  

examining the hypothesis  that  a t razine could direct ly  affect  

amphibians .  I t ' s  a lso been suggested that  a t razine through i ts  known 

mechanism of  act ion of  inhibi t ing the photosynthesis  could cause an 
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indirect  effect  on aquat ic  ecosystems by reducing algae and plant 


growth.  I  want  to  look a  l i t t le  bi t  a t  that  issue.  

I f ,  in  fact ,  a t razine were to  have a  negat ive impact  on an 

aquat ic  ecosystem through reducing photosynthesis  of  a lgae and 

aquat ic  plants ,  that  means we would have to  have current ly  a  def ic ient  

level  of  plant  growth.  

Qui te  to  the  contrary. We're  looking at  a  lot  of  moni tor ing 

data  that  I  wi l l  quickly share  with  you.  In  the conclusions of  EPA's 

Office  of  Water,  the  problem we have with  the vast  major i ty  of  waters  

in  the  a t razine use areas ,  the  corn bel t  pr imary,  our  problem is  of  

having much too much aquat ic  plant  growth,  not  too l i t t le .  

Looking at  the  2000 nat ional  305 B report ,  excessive nutr ients  

are  l is ted as  the  most  common pol lutant  affect ing lakes ,  reservoirs ,  

and ponds,  account ing for  50 percent  of  the  impaired waters .  The 

other  pol lutants  in  order  of  their  occurrence were metals ,  s i l ta t ion,  

to ta l  dissolved sol ids ,  oxygen deplet ing substances  and las t  is  

pest ic ides .  

In  the  past  we haven ' t  had numeric  cr i ter ia  for  nutr ients  to  

measure  impairment  of  waters .  To t ry  to  help with  that  s i tuat ion,  a  

couple  years  ago EPA publ ished eco-regional  nutr ient  cr i ter ia .  We 

have also had Regional  Technical  Assis tance Groups or  RTAGS that  
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have been looking at  the  data  and developing their  own suggest ive 


s tandards .  

The upshot  of  this  is  is  by the year  2004 s ta tes  must  adopt  

enforceable  s tandards  for  tota l  ni t rogen,  tota l  phosphorus and 

chlorophyl l -a  as  a  measure  of  plant  growth 

When you look at  those proposed s tandards  and compare i t  to  

current  monitor ing data ,  which we can see is  real ly  throughout  the  

a t razine use areas ,  the  ni t rogen,  phosphorus,  and chlorophyl l -a  

concentrat ions  are  rout inely two to  four  t imes those EPA cr i ter ia  or  

the numbers  RTAGS have come up with.  

For  example,  i f  you look at  Iowa,  we don ' t  have 10,000 lakes  in  

Iowa,  but  I  guess  we have about  131,  those were monitored 

intensively throughout  a  year. Al l  but  one of  those 131 lakes  

exceeded the proposed s tandards  for  ni t rogen and phosphorous,  with  

some being 20 fold above the s tandards .  

Looking at  chlorophyl l -a ,  98 of  the 131 lakes  exceeded the 

chlorophyl l -a  s tandards .  

We have real ly  too much aquat ic  plant  growth in  that  region,  

not  too l i t t le .  

Just  very quickly,  to  look --  th is  is  a  chlorophyl l  moni tor ing 

data .  The s tandard is  that  l ine  way down almost  a t  the  basel ine.  You 
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can see the vast  major i ty  of  those lakes ,  the  131 there  have far  too 


much algae growth at  least  as  far  as  the  aquat ic  ecologis ts  are  

concerned.  

Quickly,  we can look at  the  nutr ients ,  the  cause of  that  

excessive plant  growth and of  course  the cause - -  the  detr imental  

effect  that  excessive nutr ients  have is  to  cause excessive plant  growth 

which then can lead to  low oxygen or  hypoxia  as  the  plant  mater ia l  

degrades  or  metabol ism can reduce oxygen.  

These are  the  ni t rogen numbers .  You can see that  a l l  except  

one of  those lakes  far  exceeded the ni t rogen s tandards ,  some with - -

t remendous.  You see that  var iabi l i ty. I  th ink i t  i s  one of  the  possible  

confounding factors  in  f ie ld  s tudies .  I  real ly  bel ieve in  the f ie ld  

s tudies  with  these kind of  differences  in  water  qual i ty  can cer ta inly 

have an impact .  

That  shows the phosphorous concentrat ions  in  the lakes .  

Again,  a l l  except  one far  exceeding the proposed s tandards .  

Excessive nutr ients  and/or  excessive aquat ic  plant  or  a lgae 

growth are  common causes  l is ted as  impairments  for  303 D l is ts .  For  

example,  in  I l l inois ,  57 percent  of  impaired waters  l is t  excessive 

nutr ients  and/or  a lgae as  the  cause of  impairment .  In  Iowa,  50 

percent  of  the  impaired lakes  l is t  excessive a lgae as  the  cause of  
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impairment .  


Again,  we have excessive levels  of  aquat ic  plant  growth,  not  

too l i t t le .  Where do al l  these  nutr ients  come  from that  cause these 

impairments?  

Par t  of  i t  in  our  region where we are  we have very fer t i le  soi ls .  

I  th ink we 

may have had higher  levels  of  nutr ients  in  our  waters  than maybe 

some  of  the  ecologis ts  bel ieve in  the past .  

Cer ta inly,  agr icul tural  pract ices  can increase the  loss  of  

nutr ients .  The fer t i l izers  we use,  the  products  you put  in  the land can 

increase losses  of  nutr ients  into  those surface waters .  

Farmers  have been act ive for  years  in  t rying to  reduce nutr ient  

losses .  Both for  economic and environmental  reasons.  They have 

adopted a  lot  of  pract ices  to  t ry  to  reduce nutr ients  and s top this  

excessive 

a lgae growth.  This  may be things l ike  conservat ion t i l lage that  was 

ment ioned ear l ier. 

And of  course ,  by the way,  a t razine is  real ly  one of  the most  

important  tools  that  le t 's  us  use  this  system. They may be 

conservat ion buffers ,  even put t ing in  wet lands.  We heard about  that  

f rom Gary just  a  minute  ago.  Wetlands being designed to  t ry  to  
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deni t r i f ie  ni t ra te .  


So farmers  unders tand they have to  be as  eff ic ient  as  they can 

and t ry  to  reduce nutr ient  losses .  

But  there  is  a  great  fear  with  these s tandards  being set  extremely 

low that  farmers  may be asked or  forced into making even greater  

reduct ions  that  might  reduce their  bot tom l ine,  that  might  cost  more 

money,  reduce yields ,  and reduce their  incomes.  

Because with the EPA Office  of  Water.  the  message they are  

get t ing from that  organizat ion is  they need to  reduce nutr ient  losses  

dramatical ly  to  reduce the growth of  aquat ic  plants  and re la ted 

problems l ike hypoxia .  

We have almost  an opposi te  message that  they may be get t ing,  

depending,  I  guess ,  how some of  this  turns  out .  And i f  we look at  the  

IRED, there  is  a  low t ier  r isk assessment  by EPA that  suggests  that  

a t razine in  surface water  a t  least  could hypothet ical ly  reduce harmful  

or  cause harmful  reduct ions in  aquat ic  plant  growth,  and that  we need 

to  s top that .  

And that  conclusion there  is  we don ' t  have enough plant  

growth.  We need more.  

Well , when a farmer sees those varying messages , they can 

easi ly  ask the quest ion which one do you want .  Which one is  t rue.  
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They both can ' t  be . 


I  th ink EPA wil l  have to  be careful  to  make sure  there  is  a  

consis tent  basis  and a  sound basis  for  their  recommendat ions.  

One other  issue to  quickly hi t  on ponds here ,  farmers  have 

constructed thousands of  farm ponds across  the country that  have 

real ly  changed the landscape.  Most  of  these ponds have been 

constructed with  federal  cost  shar ing money. 

In  fact ,  in  Iowa,  NRCS says over  80 percent  over  the years  of  

ponds put  in  have re l ied on federal  cost  shar ing money.  And while  

there  are  very important  secondary uses  of  these ponds,  recreat ional  

uses ,  f ishing,  swimming,  that  type of  thing,  in  order  for  that  pond to  

qual i fy  for  cost  shar ing,  by law,  NRCS must  cer t i fy  that  i ts  pr imary 

purpose is  one of  the  three things there .  Often,  i t ' s  a l l  three.  Grade 

s tabi l izat ion for  erosion control ,  f lood control  or  water  qual i ty  

protect ion of  downstream waters .  

By design,  these farm ponds are  constructed at  s i tes  that  are  

vulnerable  to  runoff .  Their  pr imary purpose,  i f  you get  government  

cost  shar ing,  and than more than 

80 percent  of  them, the pr imary process  is  to  t rap and process  runoff 

f rom agricul tural  land.  Runoff  that  has  sediment ,  nutr ients  and 

pest ic ides .  
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The presence of  a  compound l ike a t razine or  a  nutr ient  in  a  

pond rather  than being measure  of  impairment  is  a  measure  that  is  

doing what  i t  was designed to  do.  These were placed there  to  catch 

that  runoff  process  and hopeful ly  increase degradat ion and protect  

downstream waters .  

Farmers  are  concerned that  they have taken land out  of  

product ion,  paid their  par t  for  these,  they may be penal ized in  the 

future  regulatory s tandards  are  appl ied to  those ponds.  

We are a lmost to the end here .  These kinds of s t ructures are 

very commonly used in  watershed protect ion projects .  Here is  an 

example f rom southern Iowa,  Lucas County Lakes Water  Qual i ty  

Protect ion Project .  

The town of  Sheri ton (ph)  uses  three reservoirs .  As you can see 

on the top Lake Morr is ,  Lake El l is  and Red haw as  their  dr inking 

water  source.  That  watershed was evaluated,  and NRCS designed a  

number  of  s t ructures  to  protect  that  water  source.  

Every one of  those l i t t le  red t r iangles  there  is  a  water  and 

sediment  control  basin ,  kind of  a  miniature  l i t t le  pond.  The dot ted 

l ines  show what  we would more maybe t radi t ional ly  think of  as  farm 

ponds.  

And i f  you look careful ly,  you wil l  see  some l i t t le  blue c i rc les  
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with a  l i t t le  fountain coming out  of  the  top.  Those are  wet lands, 


constructed wet lands a t  the  tops  of  those reservoirs .  

There  is  more than 50 of  those of  kind of  s t ructures  that  have 

been put  into  that  landscape.  Again,  farmers  are  concerned,  wil l  they 

benefi t  in  the  end or  wil l  they be penal ized for  put t ing them in.  

They do help in  protect ing that  water  qual i ty  of  the  reservoirs .  

But  a lso as  a  s ide benef i t ,  they provide aquat ic  habi ta t .  By the 

construct ion of  those thousands of  farm ponds across  the country,  we 

have created aquat ic  habi ta t  where there  wasn ' t  any before ,  helping to  

replace some of  the  wet lands that  are  lost  because of  development  or  

agr icul ture .  

And another  thing,  jus t  f rom personal  experience,  we have heard 

before ,  but  they are  ful l  of  f rogs.  I  don ' t  know what  - - a  robust  

populat ion ei ther. But  there  is  a  lot  of  f rogs in  those ponds.  

From personal  experience,  I  can re la te  - -  on my own home farm 

in eastern Iowa,  we constructed a  farm pond almost  20 years  ago with 

government  cost  shar ing money.  The thing that  surpr ised us  about  

that  pond was the very f i rs t  year  i t  was ful l  of  water.  Throughout  the 

whole  year  we had an unbel ievably high populat ion of  bul l  f rogs.  That  

pond was surrounded and s t i l l  i s  by corn f ie lds  t reated with  a t razine.  

The frog populat ion remains  there .  
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We have the las t  overhead.  You can applaud for  this ,  

conclusions,  jus t  in  summary,  I  appreciate  being here  to  ta lk  to  you on 

a  busy day.  I  have t r ied to  ta lk  fas t  and get  through this .  

But  in  conclusion,  a lgae and plant  growth in  waters  in  the 

regions where a t razine is  used is  excessive.  I t ' s  not  subopt imal .  I t  i s  

very unl ikely that  a t razine would have a  detr imental  effect  in  these 

areas  by reducing aquat ic  plant  growth when we are  t rying to  reduce i t  

a l ready by reducing nutr ient  losses .  

And in  fact ,  a t razine is  a  cr i t ical  tool  in  the  systems we use to  

t ry  to  reduce nutr ient ,  sediment  and pest ic ide loss .  

Most  farm ponds were designed by NRCS to t rap and process  

farm runoff  that  includes  nutr ients ,  sediment ,  and pest ic ides .  And 

again,  the  presence of  those compounds in  a  farm pond shouldn ' t  be  a  

measure  of  impairment ,  but  a  measure  of  their  effect iveness .  

And las t ly,  those farm ponds that  we have put  on the land have 

created aquat ic  habi ta ts  where there  were none before ,  and at  least  

anecdotal ly  they have a  lot  of  f rogs in  them. 

Be glad to  take any quest ions i f  anybody has  any. 

DR. ROBERTS: Thank you,  Dr.  Fawcet t .  

Are there  any quest ions  regarding his  presentat ion?  I  don ' t  see  

any.  Thanks very much for  coming and shar ing your  comments  and 
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views with us . 


Well ,  ear l ier  today,  I  confident ly  proclaimed that  we would 

complete  the  publ ic  comments  today,  but  la ter  today I  sa id  we 

wouldn ' t  take any new publ ic  comments  af ter  6:30 in  view of  not  

get t ing the panel  too rundown.  

With that  in  mind,  le t 's  c lose  the sess ion today.  There  are  a  few 

people  that  are  regis tered to  present  publ ic  comments .  I thank them 

for  their  pat ience.  And ask them to come tomorrow morning.  We wil l  

convene at  8:30.  We wil l  cont inue and complete ,  I  say with  ut ter  

confidence now, the publ ic  comments  tomorrow morning and then 

we ' l l  begin our  del iberat ions .  

A quest ion in the back? 

MR. HEDBERG: I  would beg the pat ience of  the panel  to  take 

f ive,  about  f ive minutes  of  their  t ime.  

DR. ROBERTS: Are you one of  the publ ic  commentors  that  was 

scheduled? 

MR. HEDBERG:  Yes. 

DR. ROBERTS:  I f i t would be a hardship to present tomorrow 

and your  comments  are  short ,  we can take them tonight .  

MR. HEDBERG:  I would cer ta inly appreciate that . 

DR.  ROBERTS: I  don ' t  th ink that  wil l  be  a  problem at  a l l .  Go 
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ahead and come forward i f  you are  ready now and introduce yourself 


to  the  panel .  

MR. HEDBERG: Firs t  of  a l l ,  I  thank everybody for  your  

pat ience.  I  do have to  leave town tomorrow. 

My name is  Rob Hedberg.  I  am the director  of  Science Pol icy 

for  the Weed Science Society of  America.  

My comments ,  the  Weed Science Society  is  pleased to  be here  

regarding this  assessment  on potent ia l  effects  of  a t razine on 

amphibians .  

WSSA is  a  nonprofi t  organizat ion of  academic research,  

extension,  government ,  industry,  sc ient is ts  commit ted to  improving 

knowledge and management  of  weeds in  agr icul tural ,  aquat ic ,  forest ,  

hor t icul ture ,  range,  r ight  of  way,  natural  area  environments .  Together  

with  our  aff i l ia te  associat ions  around the country we represent  

approximately 4 ,000 scient is ts .  

We're very interested in the special review and re-regis t ra t ion 

because a t razine as  you have heard plays  such a  major  role  in  weed 

management  throughout  much of  the nat ion.  

To preface my comments  too our  impressions that  we 're  going 

to  ta lk  about  today are  real ly  based on review of  the  white  paper.  To 

the extent  that  our  comments  seem cr i t ical ,  i t  might  fol low through 
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with what  Ecorisk said ,  that  the  white  paper  was somewhat  harsh in 


i t s  judgement .  

However,  i t ' s  important ,  I  th ink,  a t  th is  point  to  be cr i t ical ,  

because the endpoint  for  the  use of  this  analysis  is  a  regulatory - -  i t  

wi l l  resul t  in  a  regulatory decis ion.  So I  th ink i t  i s  appropria te  to  be 

ra ther  harsh in  our  cr i t ique of  the  s tudies .  

We would l ike  to  make several  comments .  To provide a  new 

perspect ive on this  discussion,  we are  basical ly  in  substant ia l  

agreement  with  most  of  the  agency 's  analysis  of  the  s tudies  that  were 

evaluated,  but  we 're  not  in  ful l  agreement  with  the proposed s t ra tegy 

from our  perspect ive.  

I  wanted to  s tar t  wi th  general  comments  and then respond to  

some of  the specif ic  quest ions posed to  the panel .  Foremost ,  weeds 

are  a  very s ignif icant  agr icul tural ,  environmental ,  and publ ic  heal th  

problem,  and at razine is  a  very important  herbicide that  has  been used 

more than any other  compound to  control  these weed problems.  

I t  has  been used on mil l ions  of  acres  every year  for  more than 

40 years .  

For  most  recent  years ,  i t  has  been used on over  60 mil l ion 

acres  annual ly  in  this  country. I t  has  been used in  a  number  of  

different  crops,  in  different  weed management  systems,  under  many 
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different  environmental  and cl imat ic  condi t ions . 


The sheer  magni tude of  i ts  use  is  tes t imony that  th is  herbicide 

has  provided and cont inues  to  provide enormous benefi ts  to  many 

different  people .  

Because i t  has  been used so widely and for  so long,  a t razine and 

i ts  impacts  are  bet ter  character ized,  documented and unders tood than 

for  most  other  chemicals  in  the environment .  Certa inly we know 

more about  a t razine than we do about  any of  the  a l ternat ive herbicides  

that  may be avai lable .  

Arguably,  we know more about  a t razine and i ts  impacts  than we 

do about  a l ternat ive weed management  pract ices  whether  they be 

biological ,  mechanical ,  cul tural  type pract ices .  

Based on this  extensive his tory,  i t  i s  only reasonable  and 

prudent  that  we should look beyond the laboratory s tudies  to  detect ,  

confi rm,  repudiate ,  hypothesize  adverse  effects .  Laboratory analysis  

disengaged from real  world val idat ion can give misleading 

impressions.  And this  was recent ly  the case when resul ts  of  

prel iminary lab s tudies  on monarch but terf l ies  and bt  corn pol len were 

extrapolated beyond their  supportable  scope.  

A great  controversy was created,  publ ic  anxiety  was ra ised 

unnecessar i ly  and,  ul t imately,  the  f ie ld  s tudies  demonstrated that  the  
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effects  found in  the laboratory do not  correspond to  real  impacts 


under  real  condi t ions .  

We think i t  i s  important ,  th is  dis t inct ion between effects  and 

impacts ,  because i t  i s  the  crux of  determining ecological  re levancy. 

In  addi t ion to  recognizing the dis t inct ion between laboratory 

effects  and real  world impacts ,  i t  i s  important  to  keep the purpose of  

this  analysis  in  mind as  we unders tand i t .  

This  is  not  a  human heal th  issue that  we have been convened to  

look at .  We are  convened to  look at  ecological  r isk .  

The human heal th  issue has  been addressed by other  SAPs and 

have been,  I  th ink,  fa i r ly  thoroughly considered when the agency 

issued i ts  Inter im RED ear l ier  in  January. 

These amphibian analyses  are  being conducted to  examine 

ecological  impacts .  And as  such,  they must  be to  conducted to  

faci l i ta te  the  r isk  benefi t  comparisons which are  required another  

s ta tue,  namely FIFRA. 

With this  in  mind,  we feel  that  any future  s tudies  and course  of  

s tudies  as  you go forward should be more closely a l igned with 

f inding,  ver i fying,  quant i fying and comparing impacts  under  real  

world condi t ions  and with  tes t ing hypotheses  about  laboratory 

induced effects .  
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In  response then to  the specif ic  quest ions  posed to  the panel  we 

have the fol lowing comments .  

Comment  on the agency 's  conclusions about  the  f ie ld  

experiments  inadequacy to  ascer ta in  absence of  a  causal  re la t ionship.  

In  our  opinion,  the  f ie ld  s tudies  did  not  demonstrate  repeatable  

impacts  of  s ignif icant  magni tude to  be convincing that  there  is  a  real  

world problem under  f ie ld  condi t ions .  Al though this  warrants  

addi t ional  examinat ion,  and we think we should keep going forward,  

i t  appears  that  f ie ld  impacts  do not  even begin to  approach the level  

of  concern that  would be enough to  outweigh the benefi ts  that  this  

herbicide provides .  

Especial ly  compel l ing from our  look at  the  data  was the I l l inois  

f ie ld  s tudy that  found only 2.8  percent  with  a  range of  2 .3  to  3 .6  

percent  of  " intersex" prevalence over  three years  of  sampling in  the  

f ie ld .  That  does  not  seem l ike an extraordinary environmental  impact .  

Quest ion 3A,  comment  on the agency 's  conclusions that  the  

laboratory s tudies  provide the basis  for  a  plausible  hypothesis  about  

a t razine developmental  effects .  

Our read of this was that the s tudies a t this point do not offer a 

good basis  for  es tabl ishing any hypothesis .  I t  appears  to  our  reading 

that  the  s tudies  were plagued with  mult iple  defic iencies  and 
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var iabi l i ty. 

And our  conclusion,  much l ike the agency said,  is  that  we have 

to  some s tandardized protocols  that  wi l l  y ie ld  repeatable  resul ts .  

One of  the things that  s tuck in  one of  our  reviewers  minds was 

the or iginal  Hayes s tudy which t r iggered this  descr ibed the containers  

as  being nondescr ipt  plas t ic  containers  typical ly  used to  house 

laboratory mice.  

Well  maybe the quest ion had been looked at .  But  to  us ,  we 

know there  are  concerns  about  es t rogenic  compounds being released 

from plast ic  containers .  I f  you are  going to  be looking at  hormonal  

impacts ,  you should def ini te ly  qual i fy  what  kind of  containers  are  

being used and how this  was considered in  the s tudy. 

So I  th ink what  we 're  saying is  that  these s tudies  are  not  a t  a  

level  r ight  now to just i fy  the hypothesis  that  the  agency presented.  

Quest ion 3B.  We concur  with  the agency that  the  var iabi l i ty  

makes i t  impossible  to  ascer ta in  a  re la t ionship between atrazine 

exposure and amphibian developmental  effects .  

Quest ion 6A.  Comment  on the agency 's  determinat ion that  

there  is  not  suff ic ient  data  to  re ject  the  hypothesis  that  a t razine can 

cause developmental  effects  in  amphibians .  

We fel t  th is  is  a  very diff icul t  l ine  of  quest ioning,  because i t  i s  
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more subject ive than scient i f ic .  Wil l  there  ever  be enough evidence 


to  prove a  negat ive? 

In  our  opinion the quest ion should be is  there  enough 

information to  prove that  a t razine causes  developmental  effects  in  

amphibians .  And based on the s tudies  which were reviewed,  we think 

that  answer  is  no.  

Quest ion 8A.  Comment  on the proposed sequence of  s tudy 

object ives .  We ful ly  support  the  development  and val idat ion of  

re l iable  laboratory protocols  before  any fur ther  analysis  is  pursued.  

Subsequent ly,  we agree that  the  or iginal  s tudies  indicat ing possible  

developmental  effects  must  be independent ly  reproduced before  

fur ther  s tudies  are  warranted.  

I f  any developmental  effects  are  found in  the laboratory,  i t  

would be appropria te  a t  that  point  to  focus fur ther  invest igat ion on 

careful ly  designed f ie ld  surveys that  can answer  whether  or  not  these 

effects  occur  in  the f ie ld  environment  as  wel l .  

Final ly,  i f  effects  are  found in  the f ie ld ,  fur ther  s tudy should 

focus on determining whether  or  not  there  are  s ignif icant  ecological  

impacts .  Al though elucidat ing the mechanism of  any developmental  

effects  is  of  scient i f ic  interest  and we would not  l ike  to  s top that  

pursui t ,  we think that  impact  is  what  is  important  for  fur ther  analysis  
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in  the  regulatory scheme. 


The f inal  quest ion that  we are  going to  respond to  is ,  comment  

on the agency 's  recommendat ion that  X.  laevis  be used as  a  pr imary 

model .  

This  is  not  our  area  of  expert ise ,  but  there  are  some quest ions  

which come to  mind r ight  away.  There  are  several  concerns  about  the  

species .  The f i rs t  i s  i t s  re levance to  discerning ecological  impacts  in  

North American environments .  

Using this species as an indicator of possible impacts in North 

America would introduce another  interspecies  var iable  into  an 

analysis  that  a l ready seems plagued by unmanageable  var ia t ion.  

Secondly,  as  documented in  the white  paper,  the  species  is  

a l ready known to  have a  unique hormonal  response as  to  

environmental  var iables  which differ  f rom the North American 

populat ions .  

Final ly,  as  an organizat ion,  we 're  very concerned about  

invasive species  and would not  l ike  to  see overuse of  a  species  that  

might  conceivably escape into  the environment ,  such that  Afr ican 

clawed frogs would become the next  northern snake head.  

In  c losing,  what  we would l ike  to  do,  the  take-home message is  

that  WSSA would l ike  to  contras t  the  absolute  cer ta inty we have about  
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the  benef i ts  of  a t razine as  a  weed management  tool  and to  contras t 


that  to  the  current  uncer ta inty and ambigui ty  associated with  the 

amphibian r isk experiments  evaluated by the agency in  the white  

paper. 

Al though the agency has  found the overal l  weight  of  evidence 

so uncer ta in  that  does  not  support  any def ini t ive  conclusions 

regarding amphibian developmental  impacts ,  we are  absolutely  

cer ta in  that  a t razine is  a  herbicide that  provides  s ignif icant  economic 

and ecological  benef i ts  when compared to  the  avai lable  a l ternat ives .  

DR. ROBERTS: Thank you,  Mr.  Hedberg.  I  think there  may be 

a  couple  of  quest ions.  Dr.  Green has  one.  

DR.  GREEN: I  jus t  want  to  make a  comment  because I  would 

l ike you to  know that  we know and are  aware of  some of  the concerns .  

I  don ' t  want  to  speak for  Dr.  Hayes,  but  concerning the 

polycarbonate  ra t  cages  that  you have expressed an interest  in  here ,  

they actual ly  are  designed for  use  in  animal  experiments .  The kind of  

plas t ic  that  they are  does  not  break down to  endocrinological  act ive 

metabol i tes .  

They were designed for  mice because of  that  exact  concern.  

Over  t ime,  though,  those wil l  gradual ly  be replaced.  In  my 

experience,  there  are  containers  that  are  sui table  for  housing xenopus 
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that  are  designed for  use in  s tor ing human food.  Current ly  in  our 


faci l i ty,  that 's  one of  the  requirements ,  that  i f  you are  going to  house 

them in something else  that  is  por table ,  that  i t  i s  smal l .  

There  are  sources  where you can buy the kind of  plas t ic  

containers  that  won' t  do exact ly  what  you propose they might  do.  

Your  concern about  xenopus laevis  being an evasive nonnat ive 

species  is  a  real  one.  As you know, that  happened in  the past ,  in  the 

ear ly  1980s.  

Fortunately,  those populat ions  that  have escaped and gone to  

s ta tes  where they have cold winters  and freezing and thawings,  as  far  

as  I  know, those populat ions  have not  thr ived under  those condi t ions  

and some have disappeared ent i re ly. 

But  as  a  resul t  of  that ,  i t  takes  a  s ta te  permit  in  many s ta tes  

now to actual ly  keep xenopus laevis .  And I  think they wil l  be  even 

more increasingly regulated as  we go into  i t .  So those things that  you 

br ing up here ,  those points  wil l  be  taken into  considerat ion.  

DR. HEDBERG: Very good.  Thank you.  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: I  jus t  wanted to  say that  there  is  some recent  

evidence that  bisphenol-a  can actual ly  be re leased from polycarbonate  

cages .  But  never theless ,  that  should be constant  across  t reatments .  
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So one would have to  invoke an interact ive effect  with  a t razine.  I  jus t 


wanted to  say that .  

MR. HEDBERG:  This is defini te ly very far out of our area of 

exper t ise ,  but  are  there  other  - -  could glass  containers  be used?  I 

ra ise  this  as  an outs ider  quest ioning the quest ions  that  come to  my 

mind.  Are there  other  devices  or  procedures  that  could be used that  

e l iminate  that  quest ion ent i re ly  f rom the analysis?  

DR. GREEN: A big concern is  the  c leanl iness  and the abi l i ty  

to  put  things through very large autoclaves  and cages  washers .  And 

cer ta in  kind of  plas t ics  don ' t  handle  that  very wel l  when you do 

repeated cleanings.  

But ,  yes ,  there  are  other  types  of  plas t ics  and other  containers  

that  are  designed for  animal  use  that  we think,  a l though you never  

know, probably don ' t  re lease any kind of  compounds as  they degrade 

over  t ime that  would affect  animal  exper imental  resul ts .  Glass  

containers  wil l  work as  wel l .  

When you have thousands and thousands of  animals ,  though,  i t  

becomes very diff icul t  to  manage large glass  containers ,  a l though 

some people  s t i l l  use  them. I  th ink with  t ime,  though,  things wil l  be  

replaced to  more sui table  containers  designed specif ical ly  for  

xenopus.  
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DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: Just  to  respond to  the glass .  Glass  is  good,  and 

the f rogs l ike  the glass ,  but  s teroids  s t ick to  glass .  So the way you 

get  around i t  i s  you coat  the  glass  with  something that  prevents  them 

from st icking,  but  then you have some new chemical .  

The problems are endless . 

DR.  ROBERTS: On that  note ,  perhaps we should close the 

sess ion.  I  appreciate ,  Mr.  Hedberg,  your  wil l ingness  to  come and 

give publ ic  comment  this  evening.  

Dr.  Hayes did you have something you wanted to  take care  of  

before  we closed down? 

DR. HAYES: What  has  been handed to  you is  not  my f inal  

report .  I t  doesn ' t  include l imb deformit ies  that  we reported.  I t  

doesn ' t  include snout  vent  length versus  laryngeal  regressions that  we 

included.  I t  doesn ' t  include any of  the  chemical  measurements  f rom 

PTROS or  any of  the  data  that  were a t tached to  the f inal  report .  I  wi l l  

t ry  to  t rack down that .  

DR.  ROBERTS: If  you could t ry  and t rack down that  f inal  

report  for  us ,  we would be grateful  for  that .  Thanks for  c lar i fying 

that .  

Thanks,  Mr.  Hedberg,  for  coming and commenting this  
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evening.  

Thanks to  the other  publ ic  commenters  who presented today.  I t  

has  been a  very useful  sess ion,  I  th ink,  for  the  panel .  We look 

forward to  cont inued comments  tomorrow morning and beginning our  

del iberat ions .  The sess ion is  now closed.  We wil l  reconvene at  8:30 

a .m.  tomorrow morning.  

(Thereupon,  the  sess ion was recessed at  6:55 p.m.) .  
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