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DR. ROBERTS: Good morning.  I  want  to  take the opportuni ty  

now to br ief ly  re introduce the panel .  And le t  me as  we have done in  

days previously begin with Dr.  LeBlanc and ask each member of  the 

panel  going around the table  to  s ta te  their  name,  their  aff i l ia t ion and 

their  exper t ise .  

Dr. LeBlanc. 

DR. LEBLANC: Good morning.  My name is  Gerry LeBlanc.  

And I 'm a  professor  in  the depar tment  of  environmental  and molecular  

toxicology at  North Carol ina State  Univers i ty. And my area of  

exper t ise  is  endocrine toxicology. 

DR. KELLEY: I 'm Darcy Kel ley.  I 'm a  professor  of  biological  

sc iences  on the facul ty  for  the  center  for  environmental  research and 

conversat ion and a  member  of  the  Earth  Inst i tute  a t  Columbia 

Univers i ty. 

And my area of  expert ise  is  sexual  different ia t ion of  the  

amphibian xenopus laevis .  

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

endocrinology at  Univers i ty  of  Berl in .  

I 'm also heading the depar tment  of  inland f isher ies  a t  the  

Leibniz  Inst i tute  of  Freshwater  Ecology and Inland Fisher ies .  And 

my expert ise  is  endocrine disruptors  act ing on sexual  different ia t ion 
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and thyroid system in amphibians . 


DR. GREEN:  My name is Sherr i l Green.  I 'm an associate 

professor  in  the  depar tment  of  comparat ive medicine a t  Stanford 

Univers i ty. My special  in teres t  and expert ise  is  in  the  care  and 

husbandry of  laboratory amphibians ,  xenopus laevis  and other  

species .  

DR. COATS:  My name is Joel Coats .  I 'm in the depar tment of 

entomology,  chair  of  the  department ,  and professor  of  entomology and 

toxicology at .  

DR. ISOM:  State Univers i ty. 

My expert ise  is  environmental  toxicology,  environmental  

chemistry  of  pest ic ides .  

DR.  DENVER: I 'm Robert  Denver.  I 'm from the department  of  

molecular  cel lular  developmental  biology of  the  Univers i ty  of  

Michigan at  Ann Arbor. And my expert ise  is  developmental  

neuroendocrinology of  amphibians .  

DR. GIBBS:  My name is James Gibbs.  I 'm an  associate 

professor  of  conversat ion biology at  the  State  Univers i ty  of  New 

York 's  Col lege of  Environmental  Science and Forestry. And my area 

of  expert ise  is  amphibian demography. 

DR. RICHARDS:  My name is Car l Richards .  I 'm a professor of 
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biology at  the  Univers i ty  of  Minnesota  Duluth,  and I 'm director  of  the 


Minnesota  Sea Grant  Col lege Program. My expert ise  is  aquat ic 


ecologis t  and landscape ecology.


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

environmental  r isk  assessor  with  the Canadian Government ,  Pest  

Management  Regulatory Agency. My area of  expert ise  is  aquat ic  

ecology 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. And my area of  expert ise  is  

populat ion and community ecology of  amphibians .  

DR. MATSUMURA:  My name is Fumio Matsumura. I 'm a 

professor  of  environmental  toxicology. I  a lso serve as  the  director  of  

our  Center  for  Environmental  Heal th  Sciences .  My area of  expert ise  

are  molecular  toxicology. And I  a lso s tudy some neural  effect  of  the  

pest ic ides .  

DR. THRALL:  I 'm Mary Anna Thral l .  I am a professor of 

veter inary pathology at  Colorado State  Univers i ty. And my area of  

exper t ise  is  veter inary c l inical  pathology. 

DR. ISOM: I 'm Gary Isom, professor  of  toxicology at  Purdue 

Univers i ty. And my area of  expert ise  is  neurotoxicology. 

DR. HEERINGA: I 'm Steve Heeringa,  senior  research scient is t  
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with the Inst i tute  for  Social  Research at  the  Univers i ty  of  Michigan.  


I 'm a  s ta t is t ic ian.  My special izat ion is  in  the  design of  research and 


in  special is t  research re la t ing to  human and animal  populat ions . 


DR. ROBERTS:  And I 'm Steve Roberts .  I 'm a professor a t 

Univers i ty  of  Flor ida with  joint  appointments  in  the Col lege of  

veter inary medicine in  the Col lege of  Medicine,  and serve a lso there  

as  director  for  the  Center  for  Environmental  and Human Toxicology. 

My areas  of  expert ise  are  toxicology and r isk assessment .  

Before  we proceed with the publ ic  comments  this  morning,  a t  

the  c lose of  yesterday,  there  was a  l i t t le  bi t  of  confusion about  the  

s ta tus  of  some research reports  that  were - -  f rom research performed 

by Dr.  Hayes while  a t  Ecorisk.  

Dr.  Sielken has  offered to  perhaps c lar i fy  the s i tuat ion on that .  

I  would l ike  Dr.  Sielken to  do that  a t  th is  point  for  the  panel .  

DR.  SIELKEN: Thank you,  Mr.  Chairman,  and good morning to  

the  panel .  

Just  to  be as  c lear  as  possible ,  I  d id  pr int  out  a  copy of  the  

c lar i f icat ion s ta tement  that  I  would l ike  to  make.  And this  is  a  

c lar i f icat ion of  the  mater ia ls  that  I  submit ted yesterday to  the  record 

and to  you al l .  That 's  my  Texan coming through,  you al l .  

On the morning of  Wednesday,  yesterday,  Dr.  Hayes made 
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reference to  his  s tudy number  99XLATZ2.  At  the beginning of  the 

af ternoon session,  I  submit ted four  i tems to  the EPA or  SAP related to  

my review of  the  s ta t is t ics  in  Dr.  Hayes '  report  for  that  s tudy. 

These four  i tems were as  fol lows:  And they are  numbered here .  

I  won' t  read the t i t les .  But  the  f i rs t  one was a  document  that  was 

prepared for  a  meet ing with EPA in June of  2002.  And that  document  

was br ief ly  summarizing the comments  that  I  had made in  my 

presentat ion to  Dr.  Hayes on September  19th of  2000 at  Berkeley. 

There  is  no change in  that .  I 'm just  c lar i fying that  that  was the 

f i rs t  th ing that  I  gave you yesterday. 

DR. HAYES: We didn ' t  have a  meet ing in  September  - -

DR. SIELKEN:  That is the date that was on the front page of 

the  presentat ion that  I  gave.  I t  was a t  the  meet ing in  Berkeley, 

whatever  date  i t  was.  

DR. HAYES:  I t was January or February.  I t wasn ' t September. 

DR. SIELKEN:  I have been corrected.  I t was January.  Boy. 

This  is  what  happens when you go to  bed at  quar ter  to  4  in  the 

morning.  

I t  was a t  the  one and only meet ing that  I  a t tended in  Berkeley 

with Dr.  Hayes.  

The second i tem was the overheads that  I  presented at  that  
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meet ing,  whenever  i t  was.  I t  expressed my professional  concerns  as  

a  s ta t is t ic ian about  character is t ics  of  the  s tudy,  including what  Dr. 

Hayes descr ibed as  "haphazardly select ing a  sample to  analyze for  

laryngeal  s ize"  instead of  taking a  random sample,  the  need to  

expl ic i t ly  provide more of  the  numerical  data  and errors  I  found in  a  

spot-check of  the  numerical  accuracy of  the  report .  

These overheads a lso contain  the resul ts  of  what  I  bel ieve to  be 

more appropria te  s ta t is t ical  analyses  of  the  data  on laryngeal  

cross-sect ional  area .  And the detai ls  of  my  f indings are  wri t ten out  

there  for  you.  

Basical ly,  what  I  found was that  there  was not  a  substant ia l  

reduct ion in  laryngeal  s ize  due to  a t razine.  This  was the same 

conclusion that  Dr.  Hayes had noted in  the body of  his  report ,  but  did 

not  note  in  his  summary. 

The third  thing that  I  handed out ,  which was probably pret ty  

obscure  to  you,  was the copies  of  the  24 t ransparencies  that  I  prepared 

to  show examples  of  some of  the errors  and inconsis tencies  I  found in  

Dr.  Hayes '  Excel  spreadsheets ,  worksheets ,  and which I  had 

presented to  Dr.  Hayes a t  that  meet ing in  Berkeley.  Correct  the  date .  

I jus t l i s ted there some idea of what those errors and 

inconsis tencies  were.  I  had copied the t ransparencies  that  I  used to  
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ident i fy  those things and had provided those to  you yesterday. 

Now, where the confusion real ly  probably ar ises  is  wi th  respect  

to  Number  4 .  And the vers ion of  the f inal  report  s igned by Nigel  

Noriega on June 23rd,  '00,  was the copy that  I  submit ted to  you.  

The f i rs t  three of  the  i tems that  I  br ief ly  discussed above were 

reproduced from original  copies  that  I  had prepared and brought  with  

me to  this  meet ing.  

I  d id  not  think that  I  needed to  br ing my copy of  the  f inal  report  

that  I  reviewed.  I  d idn ' t  th ink I  needed to  br ing those here  s ince I  

assumed that  there  would be plenty of  copies  here  and I  didn ' t  need to  

carry i t  in  my luggage.  

Therefore ,  I  asked Ecorisk s taff  to  provide a  copy of  the f inal  

report  for  me to  submit .  The Ecorisk s taff  provided the only f inal  

report  that  was s igned.  And I  assumed that  that  was the same report  

that  I  had been looking at .  

Unfortunately,  the  only vers ion of  the  - -  and unfor tunately,  the  

only vers ion that  the  f inal  report  that  was on the CD that  was 

provided to  the SAP members .  

In  other  words,  Syngenta  provided to  you the only s igned f inal  

report .  

When I  asked the Ecorisk s taff  to  reproduce the f inal  report  for  
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me, then that 's  what  they did.  They reproduced that  s igned report .  


And that 's  the  same report  that  is  on your  CD. 


That 's  the  vers ion of  the  report  that  was readi ly  avai lable  

yesterday s ince Dr.  Hayes '  s ta tement  therein,  that  there  were no 

abnormal ,  undifferent ia ted or  intersexual  gonads were observed in  

any of  the  t reatments  or  controls  had been discussed over  lunch.  

So that  was why that  copy was just  out  and ready and ready to  

go.  

During Dr.  Hayes '  presentat ion,  he had shown a f igure  showing 

the dis t r ibut ions  of  laryngeal  s izes  in  male  f rogs.  I  unders tood him to  

say that  th is  f igure  referred to  la ter  s tudies ,  that  is ,  la ter  than this  

99XLATZ2.  

I  remember  that  f igure  s ince I  had referred to  i t  extensively in  

my presentat ion at  Berkeley. 

Since I  had given al l  the  copies  of  the  f inal  report  to  the  SAP 

staff ,  I  lef t  the  SAP meet ing during the las t  publ ic  commentor 's 

comments  to  check that  this  f igure  was indeed in  the copies  of  the  

f inal  report  I  had submit ted to  SAP. 

To  my chagrin  (embarrassment) ,  I  real ized that  the  copy of  the  

f inal  report  I  had submit ted could not  have been the copy that  I  had 

reviewed for  that  Berkeley meet ing s ince the f igure  of  interest  was 
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not  in  i t  and I  knew i t  was in  the copy that  I  had seen.  

I  unders tand that  af ter  I  lef t  the  meet ing,  Dr.  Hayes s ta ted that  

the  copy of  the  f inal  report  I  had submit ted was not  the  f inal  vers ion.  

I t  seems that  the  s igned f inal  report  that  I  copied and gave to  

the panel  yesterday was not  the  f inal  vers ion.  In  fact ,  there  is  no f inal  

vers ion.  And there  is  only one s igned and dated vers ion.  And that 's 

the  one I  gave you.  

Furthermore,  a l l  o ther  vers ions of  the  f inal  report  I  could f ind 

said  that  they were f inal  reports .  Al l  the  cover  pages  are  the  same. 

And none were dated except  for  that  one s igned copy that  I  gave you.  

The only vers ion of  the  f inal  report  that  contained the f igure  of  

interest  was an unsigned vers ion of  the  f inal  report  wi th  a  handwri t ten 

note  on the cover  page s ta t ing that ,  "Cathy,  here  is  a  copy of  the 

report  that  was sent  to  Ecorisk several  months  ago.  

And i t ' s  s igned Kathy and then the phone number. 

Here the f i rs t  Cathy is  Cathy Benz,  who is  the  Ecorisk qual i ty  

assurance person.  And the second Kathy with a  K is  Kather ine Kim 

who is  CEO of  Sokoke,  Incorporated,  and also Dr.  Hayes '  wife .  

This  is  the  copy that  one Kathy sent  to  the other  Cathy. 

I  checked this  vers ion of  the  f inal  report .  And i t  d id  contain  the 

f igure  as  I  recal led i t .  Fur thermore,  th is  vers ion contained on Page 41 
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the erroneous correla t ion coeff ic ient  of  minus 2 .61 that  I  had 

remembered commenting on,  s ince a  minus 2  is  impossible .  

Therefore ,  I  went  to  Kinkos las t  night ,  and skipped dinner,  and 

had 26 copies  of  this  vers ion of  the f inal  report  made from the CD that  

had been provided to  EPA. 

So there  was a  copy of  that  s igned vers ion in  the miscel laneous 

mater ia ls  that  Syngenta  had submit ted to  EPA. 

Although this  vers ion contains  the  s ta tement  that  there  are  no 

abnormal ,  undifferent ia ted or  intersexual  gonads were observed in  

any of  the  t reatments  animals  and the f igure  as  I  recal led i t  and the 

erroneous correla t ion coeff ic ient  that  I  remembered,  a  c loser  

examinat ion of  the  f igure ,  about  11 o 'c lock las t  night ,  revealed that  

the  f igure  labels  were s l ight ly  different .  

The dots  and the f igure  were s t i l l  the  same.  But  the  axis  label  

had changed.  And there  was a  l ine  in  there  for  where the female  mean 

was.  

I  sa id ,  wel l ,  th is  can ' t  be  the  report  that  I  reviewed ei ther. 

So of  the  reports  that  were avai lable  and that  Syngenta  had 

provided to  EPA and they had provided only the f inal  or  what  they 

thought  to  be the f inal  to  the  panel  members ,  i t  meant  that  there  had to  

be another  vers ion somewhere.  
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I  recal l  that  a t  the  t ime that  I  d id  my review,  Kei th  Solomon,  

Dr.  Solomon,  had received an electronic  copy of  the vers ion of  the 

f inal  report  and of  the Excel  spreadsheet  that  Dr.  Hayes had provided 

and that  I  had reviewed.  

Therefore ,  th is  morning,  ins tead of  waking at  my off ice  in  the 

middle  of  the night ,  I  asked Dr.  Solomon to  pr int  a  copy of  that  

vers ion of  the  f inal  report .  

And I  wil l  be  dis t r ibut ing copies  of  that  to  the SAP members  as  

wel l  as  to  Dr.  Hayes as  soon as  they come off  the  pr inter  downstairs .  

This  vers ion of  the  report  a lso contains  the s ta tement  about  no 

abnormal ,  undifferent ia ted or  intersexual  gonads were observed in  

any of  the  t reatments  or  controls .  

Let  me  make a  personal  apology for  my  unintent ional  mistake 

of  submit t ing the only s igned vers ion of  the  f inal  report  - -  or  the  only 

vers ion of  the  f inal  report  that  was s igned by the s tudy director  to  

SAP,  s ince,  apparent ly,  f rom Dr.  Hayes '  s ta tement ,  i t  i s  not  the  f inal  

report .  

I  do apologize for  any confusion.  I  have made in  that  box 26 

copies  of  the vers ion that  Kathy sent  to  Cathy.  And as  soon as  they 

come off  the  pr inter  downstairs ,  I  wi l l  g ive you the vers ion that  I  

received pr ior  to  the  Berkeley meet ing and that  I  reviewed at  the  
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Berkeley meet ing.  

Just  for  your  own edif icat ion,  there  is  a  not  a  great  deal  of  

difference in  these reports ,  but  there  are  some differences .  You are  

welcome to  review them at  your  pleasure  and make your  own 

decis ions.  

DR. ROBERTS: Thank you,  Dr.  Sielken,  and thank you for  

your  effor ts  to  c lar i fy  that .  

Dr.  Hayes,  I  see  you rais ing your  hand.  

DR. HAYES:  I ' l l be br ief . 

DR.  ROBERTS: That 's  f ine.  Please approach the microphone.  

Let  me just  explain  that  what  the  panel  is  t rying to  do is  obtain  

copies  of  reports  of  your  ear l ier  work with Ecorisk.  And we're  t rying 

to  get  what  represents  the  best  - -  a  best  representat ion of  that  

research.  And apparent ly,  there  are  mult iple  vers ions going around.  

And i f  you could ass is t  us  by ident i fying which vers ion you consider  

to  be the most  accurate  representat ion of  the  research,  that  would be 

very helpful .  

DR.  HAYES: Yes.  In  terms of  the gonadal  abnormali t ies ,  I 've  

a l ready addressed that .  I  s tar ted out  showing how we discovered the 

abnormali t ies .  I t  was during that  exper iment  where we were t rying to  

measure  s teroids  in  animals .  And we were sexing the animals  without  
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buens (ph) .  And that 's  when i t  was discovered.  And I  reported that  to 


Ecorisk,  not  to  Syngenta ,  to  Ecorisk in  November  of  2000. 


And that 's  when we reanalyzed the data .  So that  is  correct .  I 

a l ready addressed that .  

The other  thing I  wanted to  say,  I  th ink Bob Sielken has  a l ready 

said bet ter  than I  can,  you see the sor t  of  level  of  confusion and the 

round and round they go about ,  there  is  never  a  f inal  report  because 

there  is  a lways we need to  do this ,  you do that .  And things never  get  

s igned.  

That 's exact ly why I lef t the panel .  We s tar ted report ing 

adverse  effects  as  ear ly  as  1999.  And because there  was never  a  f inal  

report  and things never  got  s igned on and they would ask to  change 

this  and that  and this  vers ion and that  - -  I  th ink you see exact ly  why I  

lef t  the  panel .  

So I won' t comment anymore.  I t was exact ly what was just 

descr ibed to  you.  

DR. ROBERTS: Okay. But  we wil l  now have several  vers ions 

of  that  report .  And i f  to  the extent  to  which --  before  we close publ ic  

comment ,  i f  you could look at  those and ident i fy  which one you think 

is  the  most  accurate  - -

DR. HAYES:  I can ident i fy the las t f inal repor t . 
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DR. ROBERTS: That  would be very useful  for  us .  

DR. HAYES:  Also, le t me say, by the way, the data that he , Dr. 

Sielken is  ta lking about  that  he  analyzed was not  sent  by me. I  don ' t 

know where he obtained i t .  I  d id  send data  to  Dr.  Solomon and 

Giesy,  but  that  didn ' t  come from  me. 

DR. ROBERTS:  Dr. Thral l has a quest ion. 

DR. THRALL: Dr.  Hayes,  would i t  be  possible  for  us  to  have a  

copy of  what  you presented to  us  yesterday?  Because that 's  probably 

what  you 're  consider ing to  be your  f inal  a t  th is  s tage of  the  game. I 

th ink that  would help us  as  we del iberate .  

DR.  HAYES: Yes.  I  don ' t  th ink I  have enough recordable  CDs,  

but  I  can burn i t  on to  a  CD and make i t  avai lable .  Yes.  

DR. ROBERTS:  I f a CD can be made avai lable to Mr. Paul 

Lewis ,  our  designated federal  off ic ia l ,  he  can make copies  of  the CD 

--  and entered into  the publ ic  docket .  

DR.  HAYES: Okay. And I ' l l  look at  this  more careful ly,  but  i t  

does  look l ike  the f inal  vers ion.  And i t  does  look l ike  i t  a lso has  the 

raw data  and al l  the  numbers .  I ' l l  look through more careful ly, 

including the numbers  that  Dr.  Sielken just  sa id  weren ' t  avai lable  to  

him. 

DR. ROBERTS: Dr.  Hayes and Dr.  Sielken,  both,  we 
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appreciate  your  effor ts  to  c lar i fy  this  for  the  panel . 


Let  us  proceed,  then,  with  publ ic  comments .  And as  I  have done 

at  the  opening of  each of  the publ ic  comment  sess ions that  we have 

had,  le t  me remind the publ ic  commentors  and the panel  that  we are  

here  focused on some specif ic  issues  re la ted to  potent ia l  

developmental  effects  of  a t razine on amphibians .  

So we're  focused on scient i f ic  issues  because we are  the 

Scient i f ic  Advisory Panel .  We're  not  here  to  consider  pol icy issues ,  

legal  issues  and so for th .  

So we could confine comments  and our  discussion to  the 

scient i f ic  issues ,  I  th ink that  wi l l  be  best .  Let  me see.  Our  f i rs t  

commentor  that  we have s igned up for  this  morning is  Dr.  Jennifer  

Sass  on behalf  of  Natural  Resource Defense Counci l .  

And she wil l  be  fol lowed by Dr.  Diana Post ,  jus t  as  a  heads up,  

Dr.  Post .  She may not  be here .  

DR.  SASS:  Should I  s tar t?  I  was just  going to  introduce myself  

whi le  this  is  - -

DR. ROBERTS: Good morning,  welcome.  

DR. SASS: Thank you.  I 'm Jennifer  Sass .  I 'm a  Ph.D.  with the 

Publ ic  Heal th  Program of  the Natural  Resources  Defense Counci l .  I t  

i s  an environmental  nonprofi t  group.  We're  an advocacy group for  
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publ ic  heal th  here  in  the U.S. 


And we have been fol lowing atrazine very closely.  In  fact ,  i t  i s  

because of  a  consent  decree with NRDC that  EPA is  reviewing 

at razine.  

I  want  to  f i rs t  thank you al l  for  giving your  t ime to  this  

extremely important  issue.  I  know that  you are  a l l  extremely busy. 

And I  know that  this  is  a  t remendous amount  of  t ime,  both in  

a t tending the meet ing and in  previewing pr ior  to  coming to  the 

meet ing.  And I  want  you to  know that  we real ly  appreciate  your  

a t tent ion to  this  important  mat ter. 

I a lso want to thank the EPA for prepar ing the whi te paper.  As 

you know, most  of  the  s tudies ,  in  fact ,  a l l  of  the  Syngenta  submit ted 

s tudies  were not  publ ished and,  therefore ,  not  avai lable  for  peer  

review or  publ ic  scrut iny.  So we rely  on the EPA scient is ts  to  review 

boxes and boxes of  data  that  we would never  even want  to  look at  

were i t  publ ic ly  avai lable  because of  the  t ime and the energy 

required.  

So I  do real ly  appreciate  the  excel lent  review that  the  EPA has  

done in  the white  paper.  Thank you.  

I 'm going to  make my comments  very br ief .  Firs t  of  a l l ,  I  want  

to  point  out  that  the  charge quest ions  to  the EPA in the white  paper  I  
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thought  were unusual ly,  unprecedent ly  vague and ambiguous. 


And that 's  possibly because the charge quest ions  were in  an 

unprecedented interest  of  the  White  House --  actual ly  passed through 

the White  House for  review pr ior  to  get t ing put  into  the white  paper. 

And I  don ' t  th ink they ref lect  the  white  paper  in  terms of  the  scient i f ic  

assessment .  

So I  would l ike  to  s tar t  out  by redirect ing a  l i t t le  bi t .  What  I  

th ink that  the  key quest ions  are  that  the  EPA real ly  needs to  address  

in  i ts  legal  obl igat ions  with  the NRDC in reviewing atrazine - -  in  fact ,  

the  reason that  this  SAP is  here  today is  because NRDC negot ia ted 

with  EPA to send this  data  to  a  scient i f ic  advisory panel  for  review 

and s ince a t  the  t ime the EPA was not  going to  look at  the  data .  

And the key quest ions  in  that  agreement  were,  does  a t razine 

threaten wildl i fe  amphibian populat ions .  And does a t razine act  as  an 

endocrine disrupter. 

Those quest ions  are  not  in  the charge quest ions  anywhere.  But  

those are  the  key quest ions  that  the  EPA needs to  answer  to  fulf i l l  i t s  

legal  obl igat ions  and to  complete  i ts  assessments .  

And those real ly  are  the  quest ions  that  th is  sc ient i f ic  advisory 

panel  can provide input  and advice on because of  the  expert ise  that  is  

here  around this  table .  
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I  a lso want  to  point  out  that  those are  the  key quest ions  that  are  

data  dr iven.  In  other  words,  those are  the  quest ions  that  are  going to  

be answered by a  review of  the  science of  the  data  that  is  avai lable  

and the ful l  body of  l i terature .  And from the answers  to  those 

quest ions ,  the  next  quest ion wil l  be ,  can at razine be used safely. 

At  that  point ,  the  quest ion that  fol lows,  which is  not  a  quest ion 

for  the  SAP,  is  a t  what  concentrat ion or  dose or  under  what  condi t ions  

can at razine be considered to  be safe .  That 's  presuming that  i t  can be 

used safely. Presuming there  is  some  answer  to  that  middle  quest ion.  

At  what  concentrat ions  or  dose can i t  be  used safe .  In  other  

words,  f rom a pol icy point  of  view,  we ta lk  about  a  basel ine or  a  no 

effect  level  or  NOEL or  reference dose and for  human consumption.  

Those are  pol icy dr iven quest ions .  Those are  not  appropria te  

quest ions  for  a  scient i f ic  advisory panel .  And in  that  l ight ,  I  don ' t 

th ink that  the  white  paper  should be cr i t ic iz ing or  cr i t iquing or  

undermining the publ ished l i terature  because i t  doesn ' t  provide that  

kind of  an answer. 

Those aren ' t  answers  that  can be der ived direct ly  f rom the kinds 

of  s tudies  that  the  publ ished l i terature  were designed to  answer,  to  

tackle  a l l  k inds of  quest ions .  

So I  would l ike to  focus on the data  dr iven quest ions and point  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

21 

out  that  i t  i s  not  a  fa i r  cr i t ique to  say that  a  s tudy doesn ' t  come up 

with  a  dose response,  therefore ,  the  s tudy somehow is  insuff ic ient  to  

include in  the  review. 

The NRDC asks that  the  scient i f ic  advisory panel  provide a  fa i r  

and complete  review of  the  avai lable  l i terature  with  greates t  

considerat ion given to  those data  f rom robust  and wel l  designed 

s tudies  publ ished in  the  peer  reviewed and scient i f ic  l i terature .  

We ask that the amphibian data be evaluated as to i t s 

consis tency with the whole  body of  avai lable  data ,  including 

mammalian,  aquat ic  and mechanis t ic  s tudies .  

We ask that  the  scient i f ic  advisory panel  provide i ts  exper t  

sc ient i f ic  opinion as  to  the effect  of  a t razine on amphibian heal th  and 

to  make recommendat ions as  to  whether  or  not  i t  can be used in  a  

manner  that  wi l l  not  harm amphibian populat ions .  

We bel ieve based on the publ ished l i terature  and reviews 

therein  that  there  is  compel l ing evidence that  a t razine is  a  mult i -s i te ,  

mul t i -species  endocrine disrupter. 

Despi te  var iabi l i ty  between s tudy designs,  there  are  data  for  

mutual ly  consis tent  s tudies  with  suff ic ient  s ta t is t ical  power  publ ished 

in  the  peer  reviewed l i terature  demonstrat ing that  a t razine acts  in  

mammals ,  amphibians  and aquat ic  organisms through at  least  two 
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mechanisms of  act ion to  disrupt  hormonal  pathways cr i t ical  to 


reproduct ive development  and funct ion. 


These f indings compel  a  determinat ion that  a t razine is  an 

endocrine disrupter  on wildl i fe  and that  i ts  use  should be banned or  

severely res t r ic ted.  That 's  the  posi t ion of  the  NRDC. 

I 've  handed out  my comments  yesterday or  the day before ,  how 

ever  long we have been s i t t ing here ,  on paper  looking something l ike 

this .  I  handed out  25 copies .  I  hope you have them. 

I t  provides  more of  a  comprehensive l i terature  review. In  the  

back al l  references  are  there  for  everything that  I 'm ta lking about  

here .  What  I 'm going to  do is  very quickly breeze through that .  I 'm 

not  going to  go into any detai l  on any s tudy. They are  not  my s tudies .  

I  can ' t  defend or  answer  to  them in any detai l .  

I  jus t  want  to  put  the  quest ion of  amphibian r isk in  the  larger  

context  of  the  publ ished l i terature  on at razine.  

What  I  want  to  point  out  in  this  graph,  which,  again,  you have 

in  the hand out  is  that  there  are  a  number  of  s tudies  in  ra ts ,  and there  

are  a  number  of  different  s tudies  that  show tumor formation.  But  

there  are  s t ra ined specif ic  responses  or  ra ther  differences  between 

how stra ins  of  ra ts  respond to  a t razine.  

So for  ins tance,  in  one s ingle  s tudy,  a  ful l  l i t ter  resorpt ion was 
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seen at  low doses  in  the F344 s t ra in ,  but  not  in  the Long Evans and 

the Sprague Dawley s t ra in ,  for  example.  And that  was seen at  50 

mil l igrams per  ki logram when t reated through gesta t ional  day 6 to  10.  

There has been tumors seen in some s t ra ins of ra ts and not in 

other  s t ra ins  of  ra ts  and at  di fferent  doses .  

And those tumors  have been reproduct ive organ associated 

tumors  such as  mammary and different  reproduct ive organs.  

There  has  been a  suppression of  lute inizing hormone and 

prolact in  seen in  Long Evans ra ts ,  but  Sprague Dawley rats  did  not  

respond the same way. 

Wistar  ra ts ,  both males  and females ,  showed delayed puberty. 

Females  were less  sensi t ive .  They showed effects  a t  50 mil l igrams 

per  ki logram when t reated during the per iod of  cr i t ical  development  

of  those organs,  whereas  males  showed effects  a t  12.5.  Much less .  

I  want  to  point  out  that  I  th ink that  the  publ ished s tudies  

demonstrate  taken together  that  a t razine acts  as  an endocrine 

disrupter  in  ra ts ,  but  the  different  s t ra ins  respond different ly. 

Stra ins  differ  in  their  response to  different  concentrat ions  and 

also with  different  measured endpoints .  This  does  not  represent  

disagreement  in  the  publ ished l i terature ,  but ,  ra ther,  demonstrates  the  

complex act ion of  a t razine l ike  a l l  endocrine disruptors  on the 
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complex web of  hormonal  regulat ion.  Don' t  th ink of  these pathways as 


l inear.


All  resul ts  summarized below in  this  table  are  of  s ta t is t ical  

s ignif icance.  I  only picked what  the  authors  themselves  picked as  

their  conclusions or  resul ts .  

I  th ink that  in  addi t ion there  are  some  mult iple  mechanisms that  

have been demonstrated.  I don ' t  th ink any of  these have been 

demonstrated in  many s tudies ,  but  they have been demonstrated at  

least  to  be indicat ive or  suggest ive of  wider  implicat ions  in  the  

lute inizing hormone and prolact in  levels .  

There  has  been some s tudies  in  whole  animals .  These have 

been done by EPA scient is ts .  And in  fact ,  i t ' s  some of  these s tudies  

that  the  EPA is  now using to  set  a  no effect  level  for  a t razine.  

As wel l  there  has  been some demonstrat ion of  aromatase 

act ivi ty. You have heard about  that  ad nauseam in this  meet ing.  

I  want  to  point  out ,  though,  that  the  Sanderson s tudy that  was 

referred to ,  the  f i rs t  publ icat ion actual ly  had one of  the  Ecorisk 

people  on that  as  authorship,  John Giesy.  And then la ter  in  the 

subsequent  fol low-up publ icat ion,  his  name was removed --  or  he did 

not  par t ic ipate  in  the second fol low-up s tudy. 

But  he seemed to  be in  agreement  with  those f indings,  a t  least  
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the f i rs t  t ime around.  And there  have been fol low-up s tudies .  So 

again,  I  don ' t  th ink that  that  data  is  t ight ,  but  I  th ink i t  i s  indicat ive.  

Atrazine disrupts  hormonal  pathways in  mult iple  species .  In  

ra ts ,  there  is  evidence that  prosta t i t is  has  resul ted in  the  suckl ing ra t  

pups when the mothers  were t reated with  a t razine.  

These are  interest ing s tudies  because the a t razine does  not  seem 

to have come through the milk to  the  pup.  I t  actual ly  affected the 

mother,  the  dam, and then the pups were subsequent ly  affected by 

al terat ions  in  the  dam hormonal  responses  to  a t razine.  And this  was 

by EPA scient is ts .  

There  has  a lso been demonstrat ion of  reduced tes tosterone,  

reduced sperm  moti l i ty  and the delayed puberty  in  males  and females  

in  the Wistar  ra ts .  Again,  this  was in  the EPA study. 

In  pigs ,  there  is  one.  Delayed est rus  af ter  oral  feeding of  

a t razine- laced feed.  

And in  a l l igators ,  you have al ready heard,  there  is  some 

induced aromatase act ivi ty. 

There  is  one paper  I  found in  t iger  salamanders  that  I  thought  

was interest ing because i t  showed that  the  salamanders  were 

responding different ly  a t  di fferent  concentrat ions ,  that  a t  lower  

concentrat ions  development  was delayed,  but  s ize  and weight  weren ' t 
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affected,  whereas  a t  the  higher  concentrat ions  development 


progressed normally,  but  s ize  and weight  were reduced. 


Again,  I  don ' t  th ink that  th is  represents  disagreement .  I  th ink i t  

accurately  represents  the  complex react ions  of  biological  systems to  

hormonal  disruptors .  

I  th ink that  the  publ ished l i terature  is  consis tent  in  

demonstrat ing that  a t razine may disrupt  hormonal  pathways resul t ing 

in  disrupt ion of  reproduct ive hormones and reproduct ive cycles .  

While  the Ecorisk people  were digging up data  las t  night ,  I  was 

actual ly  on the phone la te  las t  night  with  someone named Shana Swan 

(ph)  who has  just  publ ished yesterday in  EHP on l ine a  new study that  

where she col lected,  her  group col lected semen and ur ine samples  

f rom fer t i le  men,  about  200 each from Minnesota  and Missouri ,  and 

shown that  the  r isk of  poor  semen qual i ty  was elevated with  several  

di fferent  pest ic ides .  But  with  a t razine i t  was e levated 12 fold.  And 

those are  very s ta t is t ical ly  s ignif icant .  

The populat ions  are  re la t ively smal l ,  but  then again,  f inding a  

needle  in  a  haystack.  I f  th is  is  able  to  be seen in  such a  smal l  

populat ion,  I  th ink i t  i s  worth a  fol low-up.  And so does she.  This  

data  wil l  be  fol lowed up.  But  as  of  today,  this  is ,  I  th ink,  consis tent  

with  the body of  l i terature  that  we 're  reviewing.  
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In  frogs,  there  has  been demonstrat ions  in  mult iple  species  both 

in  the wild  and under  control led laboratory condi t ions .  

The xenopus laevis ,  of  course ,  is  what  the  lab is  addressing in  

large par t .  Also,  in  rana pipiens ,  lab and f ie ld  work.  Also,  in  bufo 

marinus,  in  f ie ld  work.  

The interest ing thing about  the  bufo marinus work,  and again,  i t  

i s  not  publ ic ly  avai lable ,  so  I  have not  been able  to  review that ,  any 

publ ished s tudies  in  any way,  but  my understanding from discussions 

with  the  author  is  that  there  is  a  bui l t - in  concentrat ion gradient  

because of  the  f rogs c loser  to  the cane f ie lds  had more effects .  

In  other  words,  more females ,  skin colorat ion,  than the f rogs 

l iving far ther  away from the f ie ld .  But  obviously,  I 'm not  the  one to  

discuss  that  work.  

I  th ink that  the  ecological  r isks  f rom atrazine are  unacceptably 

high and that  there  is  no re l ief  in  s i te  as  the  EPA assessment  now 

stands.  

And I  wil l  quote  f rom EPA environmental  scient is ts ,  the  r isk 

quot ients  exceeded the levels  of  concern for  chronic  effects  on 

mammals ,  bi rds ,  f ish ,  aquat ic  inver tebrates  and non-target  plants .  

The r isks  are  possible  a t  maximum and in  some cases  typical  use  

ra tes .  
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So the EPA ecological  assessors  are  extremely aware that  the  

a t razine a t  current  use  ra tes  under  current  use  pat terns  is  posing an 

unacceptably high threat  to  wildl i fe  populat ions.  And some of  these 

wild  populat ions  include endangered species .  

There  are  concerns ,  again,  I 'm quot ing from the EPA scient is ts ,  

for  adverse  toxicological  effects  on freshwater  and estuar ine plants  

and their  communit ies  as  wel l  as  indirect  adverse  effects  on aquat ic  

inver tebrates  and f ish populat ions  a t  moni tored at razine levels  in  

surface waters .  

So based on real  readings of  real  a t razine in  the real  world,  

there  is  real  cause for  concern according to  the EPA ecological  

sc ient is ts .  

The ongoing use of  a t razine jeopardizes  endangered species  and 

their  cr i t ical  habi ta ts .  The exposure  of  aquat ic  communit ies  to  

a t razine levels  a t  10 to  20 par t  per  bi l l ion,  th is  is  based on an EPA 

assessment ,  can resul t  in  community  level  and populat ion level  

effects .  

This  is  s ignif icant ly  below the EPA's  current  proposal  in  i ts  

current  assessment ,  which is  to  a l low a seasonal  average or  90 day 

average up to  37.5 par t  per  bi l l ion before  any act ion is  t r iggered.  

Up unt i l  37.5 par t  per  bi l l ion,  the  regis t rant ,  Syngenta ,  wi l l  
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voluntar i ly  do more intensive monitor ing. 


So other  than monitor ing,  there  wil l  be  no change in  the use or  

use  ra te  or  use  pat terns  of  a t razine unless  the  37.5 par t  per  bi l l ion 

t r igger  level  is  exceeded for  a  90 day average.  

The U.S.  Fish and Wildl i fe  submit ted comments  on this .  They 

cla im that  EPA's  assessment  underest imates  the  ecological  impacts  of  

a t razine in  par t  because i t  does  not  consider  sublethal  effects  on 

reproduct ive abi l i ty. 

So to  end and to  thank you for  your  t ime,  I  want  to  point  out  

that  there  are  some very ser ious  and more scient i f ic  quest ions  that  the  

EPA needs to  address .  And those quest ions are ,  does  a t razine 

threaten wild  amphibian populat ions  and does  a t razine act  as  an 

endocrine disrupter  in  wildl i fe  populat ions .  

These are  data  dr iven quest ions .  And i f  the  answer  is  yes ,  then 

the onus fa l ls  on the EPA to answer  the pol icy quest ions of  what  

doses  and under  what  condi t ions  a t razine can or  cannot  be used 

safely. 

Thank you for  your  t ime.  

DR. ROBERTS: Thank you,  Dr.  Sass .  

Let  me ask the panel  members  i f  they have any quest ions  for  

you.  
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Dr. Matsumura. 

DR. MATSUMURA: Regarding this  new report  on the human 

sperms,  did  those people  real ly  measure  the level  of  the  a t razine in  

sperms? 

DR. SASS: In  the f luid,  is  my understanding.  

I  spoke with  the author  las t  night  and have read some of  the  

var ious different  reports  of  i t .  And my understanding is  they 

measured in  the f luid  levels .  

Atrazine was one of  a  smal l  handful  of  chemicals  that  came to  

l ight  as  associated with  this .  Alachlor  and diazonal  metabol i tes  were 

the  others .  

DR. MATSUMURA: Thank you.  

DR. ROBERTS: Any others?  I f  not ,  thank you very much,  Dr. 

Sass .  

I t  sounds l ike lots  of  folks  were busy las t  night  working.  

Dr.  Post  has  requested t ime to  speak.  I  don ' t  know whether  Dr. 

Post  is  here  this  morning yet .  I f  not ,  we can move to  the next  person 

and then come back to  her. 

I  have Dr.  Stephen Sheff ie ld  l is ted as  request ing the 

opportuni ty  for  publ ic  comment .  Is  Dr.  Sheff ie ld  here? 

Come for th ,  please,  and ident i fy  yourself .  
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DR. SHEFFIELD: Thank you,  Mr.  Chair.  My name is  Steve 

Sheff ie ld .  And f i rs t  of  a l l ,  I  great ly  appreciate  the  opportuni ty  to  

address  the SAP today. 

In  my  mind,  this  is  a  very important  issue.  I  would echo the 

comments  of  the  previous speaker  in  acknowledging the amount  of  

t ime and your  wil l ingness  to  serve on this  panel .  I t  i s  a  very 

important  issue.  And I  great ly  appreciate  a l l  the  effor ts  you are  going 

to  put  into  this  over  the next  couple  of  days and the effor ts  you 

al ready put  into  i t .  

I  should a lso indicate  that  I  am an aff i l ia te  professor  in  the  

depar tment  of  environmental  science and pol icy at  George Mason 

Univers i ty,  and that  I 'm actual ly  providing these comments  to  the  SAP 

as  a  professional  wildl i fe  toxicologis t  and pr ivate  c i t izen,  and that  

these comments  shouldn ' t  be  construed as  an off ic ia l  posi t ion of  the  

univers i ty. 

I  should probably spend just  a  second giving you information 

on my per t inent  background and experience.  I  have a  Ph.D.  in  

environmental  toxicology from Oklahoma State  Univers i ty. I  was on 

the facul ty  of  environmental  toxicology at  Clemson Univers i ty  for  

four  years .  And I  have been at  George Mason for  four  years .  

I  have experience with  both laboratory and f ie ld  experiments  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

32


examining exposure and possible  effects  of  pest ic ides  on amphibians , 


including both f rogs,  rana species ,  hyla  species  and xenopus as  wel l 


as  salamanders ,  ambystoma species ,  and have coauthored a  book 


chapter  on mult iple  chemical  s t ressors  and amphibians  that  wi l l  be 


publ ished by SETAC press  this  summer.


I  have been fol lowing with  great  in terest  the  a t razine amphibian 

issue as  i t  has  unfolded over  the  las t  several  years .  As a  resul t ,  I  was 

want ing to  share  with  you my perspect ive on the subject .  I  wi l l  

include some thoughts  on at razine in  general ,  some comments  on the 

s tudies  highl ighted in  the white  paper,  some comments  based on the 

peer  reviewed l i terature  and some recommendat ions and thoughts  on 

the subject .  

As a  wildl i fe  toxicologis t ,  one of  the  things that  catches  my 

at tent ion is  the  high volume pest ic ides .  That 's  not  to  say that  a l l  of  

them are  bad.  I 'm just  saying that  when I  go about  looking at  th ings,  

looking at  exposure and effects  of  pest ic ides  on wildl i fe  species ,  i t  

the  high volume ones that  general ly  catch my at tent ion.  

In  the  United States ,  f rom the es t imate  of  the  l i terature  and 

other  sources  I  found,  are  roughly 75 to  150 mil l ion pounds of  act ive 

ingredient  annual ly  over  40 years  on up to  100 mil l ion acres  of  

a t razine is  appl ied or  has  been appl ied.  I t  i s  ubiqui tous  in  the  
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environment .  I t ' s  found in  a l l  environmental  media ,  including surface 

water,  ground water,  soi l ,  sediment ,  a i r,  including fog,  and biota  and 

i t ' s  a tmospherical ly  t ransported.  

I  th ink that  th is  is  an incredible  volume of  a t razine use and i t ' s 

very diff icul t  to  comprehend that  sheer  volume of  amount  of  use  and 

the amount  in  the  environment  that  I  k ind of  l iken i t  to  the  idea of  

t rying to  comprehend how much 100 mil l ion dol lars  is .  I  know I  

cer ta inly can ' t  do that .  I  have a  hard t ime comprehending that  

number.  That 's  why I 'm saying that  this  is  a  very hard number  to  

comprehend because i t  i s  so  high.  

Therefore ,  as  Dr.  Hayes made ment ion yesterday,  control  s i tes  

that  are  f ree  of  a t razine contaminat ion are  most  diff icul t  to  f ind.  

Further,  peak appl icat ion coincides  c losely with  peak 

amphibian reproduct ive seasons.  I  see  this  as  a  scenar io  for  potent ia l  

t rouble  for  amphibians ,  not  jus t  f rom atrazine,  but  f rom the var ious 

chemical  mixture  in  which they are  exposed.  

Dr.  Hayes '  presentat ion yesterday,  he had several  di fferent  

s l ides  showing atrazine levels  found in  the environment .  I  don ' t  need 

to  repeat  that .  The levels  that  he  has  looked at  and that  some others  

have looked at  are  environmental ly  re levant ,  which is  important .  

I  l ike  to  tend to  discount  some of  the  ones  that  look at  real ly  
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high unreal is t ic  levels  and look at  the  ones  that  are  just  - -  focus on 

the ones  that  are  jus t  environmental ly  re levant .  

One of  the  things that  I  l ike  to  focus on a  lot  is  exposure routes .  

And as  far  as  exposure routes ,  I  see  amphibians  get t ing exposed 

through oral ,  dermal  and inhalat ion routes  for  a t razine.  I  don ' t  know 

if  there  is  any data  on maternal  deposi t ion into  eggs or  not .  But  I  

imagine that  that  is  possible .  I t  does  happen for  other  compounds.  

I t  a lso needs to  be considered the pers is tence of  a t razine in  the  

environment .  The es t imates  range very widely. But  i t ' s  general ly  

re la t ively pers is tent .  In  aquat ic  systems,  i t  can vary qui te  a  bi t .  

In  some of  the  experimental  microcosms and mesocosms i t  does  

not  have a  very long pers is tence.  But  in  some natural  farm ponds and 

natural  lakes  i t  can pers is t  a lmost  a  year. That 's  s ignif icant .  

In  terres t r ia l  systems,  one ci ta t ion I  found recent ly,  the  Talber t  

and Fletchal l  paper,  1964,  a t razine pers is ted for  17 months  in  the  soi l  

a t  a  two-pound act ive ingredient  per  acre  appl icat ion ra te .  

Now I 'm going to  move to  a  couple  specif ic  areas  that  I 'm 

concerned with.  One is  bioaccumulat ion.  At  least  one person so far  

in  this  panel  - -  in  this  proceedings has  ment ioned bioaccumulat ion.  

The s tudy by Allran and Karasov of  2000 found levels  of  

a t razine in  tadpoles  that  were s ix  t imes higher  than the concentrat ion 
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in  the  tes t  water.


That  may or  may not  be a  s ignif icant  f inding,  but  i t  ra ises  a  f lag 

with  me. I t  could possibly resul t  in  more cont inuous exposure of  the  

target  organs.  

And amphibians  are  the  only ver tebrate  taxa that  I 'm aware of  

that  a lso accumulate  organophosphate  insect ic ides .  

Another  f inding that  could have a  bear ing on amphibians ,  given 

the suggest ion that  a t razine effects  may potent ia te  or  even synergize 

organophosphate  effects .  

As far  as  possible  f i tness  effects  of  a t razine on amphibians ,  

there  is  a  couple  different  s tudies  that  have indicated possible  f i tness  

effects .  And I 'm very concerned about  that  as  wel l .  

The Allran and Karasov 2001 paper  used exposure ra tes  of  0  to  

20 micrograms per  le t ter.  And frogs a t  the  highest  level  s topped 

eat ing immediately  upon introduct ion of  a t razine and did not  eat  

dur ing the ent i re  14 day experiment ,  an anorexic  l ike  effect  that  could 

have implicat ions  for  f i tness  in  amphibians .  

The Brown-Sul l ivan and Spence 2003 paper,  which was a  s tudy 

that  looked at  a t razine and ni t ra te  in  combinat ion,  th is  par t icular  

s tudy found that  a t  40 micrograms per  le t ter  of  a t razine and 37 

mil l igrams per  l i t ter  of  ni t ra te  using an addi t ive  model ,  the  snout  vent  
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length a t  metamorphosis  s ignif icant ly  decreased.  They saw reduced 

growth and delayed metamorphosis .  

This  possible  select ive disadvantage for  these f rogs could 

resul t  in  f i tness  effects .  

And f inal ly,  the  Diana,  e t  a l . ,  2000 paper  that  examined effects  

of  a t razine on amphibian growth and survival  in  ar t i f ic ia l  aquat ic  

communit ies ,  they looked at  hyla  vers icolor,  which are  the gray t ree  

f rogs,  and atrazine concentrat ions of  0 ,  20,  200 and 2000 micrograms 

per  l i ter. 

They found frogs from two high dose groups were f ive percent  

shorter  and 10 percent  lower  body mass  a t  metamorphosis  than those 

of  the  control  and low atrazine groups.  

Decrease in  amphibian length and weight  a t  metamorphosis  can 

indicate  a  reduct ion in  f i tness  in  wild  populat ions  of  anurans exposed 

to  a t razine a t  these  levels ,  a l though,  I  do admit  that  these levels ,  the  

200 to  2000 micrograms per  l i ter  are  not  common,  usual ly,  except  

dur ing the peak t imes when the runoff  accumulates .  

Now,  moving to  the s tudies  that  have been performed and 

publ ished by Hayes,  e t  a l . ,  f i rs t ,  I  have to  say that  I  was great ly  

impressed with the presentat ion given by Dr.  Hayes yesterday.  He 

was very thorough in  scope and covered the content ious areas  to  my 
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sat isfact ion.  

Overal l ,  I  would character ize  these s tudies  as  very careful ly  

conducted and analyzed,  s ta t is t ical  sound and bel ieve that  the  

conclusions reached were reasonable  given the data .  

Do I  f ind faul t  wi th  some of  his  methodology?  Yes.  But  not  

enough to  discount  the f indings of  the s tudy. 

Regarding the methodology,  there  is  a  few things that  I  would 

do different ly. As an example,  I  would use glass  containers  instead of  

plas t ic .  That 's  what  I  have used in  any previous s tudies .  

I  would also use an at razine formulat ion instead of  technical .  

That 's  an personal  choice of  mine.  Just  as  examples .  

I  don ' t  unders tand the cr i t ic isms of  their  work because they 

suggested a  mode of  act ion for  the effects  seen or  for  fa i l ing to  f ind 

an acceptable  dose response curve.  

Although they speculate  on a  mode of  act ion of  a  par t icular  

fact ,  that 's  a  normal  par t  of  a  discussion sect ion of  any peer  reviewed 

scient i f ic  publ icat ion.  

The high incidence of  males  with  gonadal  abnormali t ies ,  

whether  i t  be  tes t icular  oocytes ,  in tersex or  hermaphrodi t ic ,  how ever  

you want  to  say i t ,  i s  of  great  concern to  me. Par t icular ly,  i f  i t ' s 

shown that  these individuals  are  not  fer t i le  or  otherwise  
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reproduct ively impaired,  which has  not  yet  been looked at .  

From what  I  heard from the group on Tuesday,  the  intersex 

individuals  do not  get  that  way by themselves .  I t  apparent ly  takes  

exposure to  an endocrine disrupt ing compound during gonadal  

development  to  make this  happen.  

In regard to the regis t rant s tudies , there was a re la t ively large 

number  of  s tudies  that  were funded by the regis t rant  over  the  past  

year  or  two.  Just  as  a  personal  comment  or  a  personal  observat ion,  i t  

was apparent  to  me that  the  s tudies  were highly react ionary in  nature .  

And react ionary not  only to  the resul ts  of  Dr.  Hayes,  but  a lso for  

inclusion in  the a t razine IRED document .  

Therefore ,  I  see  that  they are  put  together  and conducted 

rapidly.  They contain many design and other  f laws that  l imited their  

use  and rendered them largely uninformative.  

Further,  only one of  these s tudies  is  peer  reviewed,  the  Carr,  e t  

a l . ,  paper.  And I  real ly  hope that  I  get  the  ul t ra  rapid turnaround this  

paper  was afforded when I  submit  my next  paper  to  Environmental  

Toxicology and Chemistry. 

As far  as  f ie ld  s tudies ,  Dr.  Hayes beat  me to  the punch on this  

one,  but  I 'm going to  expand on his  comments  f rom yesterday. 

The s tudy by Reeder,  e t  a l . ,  1998 appears  to  have been 
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completely  wri t ten off  as  a  s tudy with nonsignif icant  data .  However,


a point  that  seems to  be over looked on their  work is  the  fact  that 


al though they found s ignif icant  correlat ion between PCB and PCDFs 


and sex ra t io  reversal ,  they s ta te  that  there  was an associat ion 


approaching s ignif icance,  the  P value of  0 .07 between the detect ion of 


atrazine and intersex individuals . 


The fai lure  of  this  s tudy to  f ind a  s ignif icant  correla t ion for  

this  was pointed out  in  subsequent  s tudies  on this  topic ,  including in  

the Carr,  e t  a l . ,  2003 paper.  However,  I  have to  point  out  that  I 'm 

very comfortable  in  ass igning a  s ignif icance level  of  P equal  of  0 .1  

for  f ie ld  s tudies  such as  this  due to  the  large inherent  var iabi l i ty  and 

my wil l ingness  to  accept  a  s l ight ly  higher  error  in  these cases .  

In  fact ,  th is  is  a  common s ta t is t ical  pract ice  for  f ie ld  s tudies ,  

including the set  of  f ie ld  s tudies  conducted at  the  EPA Corval l is  

mesocosm  faci l i ty  over  the  past  10 years ,  of  which I  have peer  

reviewed many of  them for  journals .  

Therefore ,  I  would ask the panel  to  consider  the use of  P equal  

0 .1  s ignif icance level  in  f ie ld  s tudies  when appropria te .  

I 'm not  saying i t ' s  a lways appropria te .  I 'm saying that  i t ' s  very 

commonly used in  f ie ld  s tudies  because the var iabi l i ty  is  so  high that  

you are  wil l ing to  accept  a  l i t t le  bi t  more error  to  t ry  to  tease  out  what  
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i s  going on.  That 's  what  I 'm saying. 


As far  as  endocrine disrupt ing abi l i t ies  of  a t razine,  I  s t rongly 

agree with  Dr.  Matsumura 's  asser t ion the other  day that  we should be 

looking at  the  hypothalamic pi tui tary interrenal  axis  in  amphibians ,  a  

system that  is  involved in  the s t ress  response,  metamorphosis ,  feeding 

and mat ing.  

This  is  where the endocrine disrupt ion act ion is  in  mammals ,  

and I  have a  hard t ime f igur ing out  why we are  not  looking at  th is  in  

amphibians .  

As we heard on Tuesday from the regis t rants ,  these hormonal  

systems are  evolut ionary highly conserved through the ver tebrate  

taxa.  So we can reasonably expect  that  the  amphibian HPI axis  

system would closely resemble that  of  birds  and mammals .  

Therefore ,  in  addi t ion to  the examinat ion of  the  hypothesized 

mode of  act ion involving aromatase,  we should be looking at  possible  

impacts  on ACTH, gonadotropin releasing hormone,  FSH, LH and 

prolact in  as  wel l .  

The HPI axis  has  been looked at  in  amphibians  by Gendron,  e t  

a l . ,  1997,  who examined the funct ional  integr i ty  of  the  HPI axis  in  

mudpuppies  exposed to  organochlor ines  in  the f ie ld .  They found 

contaminant- induced disrupt ions within the HPI axis  in  mudpuppies  
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col lected at  most  of  their  contaminated s tudy s i tes . 


There has  been one ment ion so far  in  proceedings about  

immunotoxicology. I 'm very interested in  that  area .  The Chris t in ,  e t  

a l ,  paper,  2003,  that  was publ ished in  the most  recent  issue of  ET&C, 

Environmental  Toxicology and Chemistry,  exposed juveni le  rana 

pipiens  for  21 days to  a  mixture  of  s ix  pest ic ides ,  including atrazine,  

and then chal lenged with  a  parasi t ic  nematode.  

They found that  pest ic ide mixtures  caused diminished 

phagocytosis  and splenocyte  numbers ,  thereby suggest ing a  

compromised immune system in these f rogs.  

I  have three other  considerat ions  that  I  want  to  ment ion.  One is  

an interact ion considerat ion.  Both potent ia t ion and synergy.  I 

a l luded to  this  s tudy ear l ier,  the  Belden and Lydy s tudy,  2000.  

Exposure to  nontoxic  concentrat ions  of  a t razine cause potent ia ted 

toxici ty  of  OPs,  of  organophosphate  insect ic ides  in  amphibians .  

In  a  previous s tudy by Lydy in  1997 showed the toxici ty  of  

a t razine and organophosphates  was synergis t ic  to  inver tebrates .  The 

ubiqui ty  of  a t razine in  the environment  makes me wonder  how much 

addi t ional  damage of  the  OPs are  causing amphibians  due to  an 

interact ion such as  this .  

And another  paper  by Howe,  e t  a l . ,  1998,  there  was an at razine 
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alachlor  mixture  that  was more toxic  than ei ther  of  the  two 


compounds separately.


As far  as  formulat ion,  this  is  a  personal  bias  of  mine,  but  I  

would submit  that  there  is  no such thing as  technical  grade at razine in  

the real  word.  

The real  world,  which is  the  crops and other  plants  in  which 

at razine is  appl ied,  receives  var ious formulat ions  of  a t razine.  I 

bel ieve that  i t  should be formulat ions  of  a t razine that  we should be 

examining and not  technical  grade.  

I 'm ful ly  aware of  the  arguments  for  using technical  grade 

pest ic ides  in  exper iments ,  but  in  my  mind,  that  has  l i t t le  pract ical  use  

i f  i t ' s  not  the  exact  chemical  in  which the organisms are  being 

exposed in  the f ie ld .  

And my other  area  of  considerat ion is  a t razine metabol i tes  and 

degradates .  These compounds such as  hydroxyatrazine and 

de-ethylatrazine and others  should not  be ignored in  any amphibian 

s tudies .  These compounds are  a lso ubiqui tous in  the environment  and 

may be exer t ing some effect .  

So the way I  see  i t ,  the  major  s tudies  that  need to  be done,  are  

intersex frogs fer t i le?  To  me,  that 's  the  Number  1  thing from the two 

days and par t  of  a  thi rd  day that  I  have seen so far.  That 's  the  
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quest ion I  th ink needs to  be addressed immediately.  Are these 


in tersexed frogs  fer t i le . 


I f  yes ,  is  there  a  problem. I f  no,  you have ident i f ied a  big 

problem. And then where do we go from there .  

Number  2 ,  as  I  a l luded to  a l ready,  the  HPI axis  in  amphibians  is  

something that  is  in  bad need of  being examined.  

Number  3 ,  I  s t rongly suggest  including a  salamander  species  in  

the  tes t ing that  wi l l  be  done.  

A s tudy of  mine that  wil l  be  publ ished la ter  this  year  found that  

sa lamanders  are  on the order  of  two to  four  t imes more sensi t ive  to  an 

organophosphate  insect ic ide than three species  of  anuran frogs 

including xenopus.  

In  this  s tudy,  I  used the marbled salamander,  ambystoma 

opacum, and found i t  to  be an ideal  tes t  species  for  s tudying possible  

effects  of  contaminants .  I t  i s  an autumn breeder  with  re la t ively large 

c lutch s izes ,  larvae that  are  re la t ively easy to  ra ise  in  the  lab and eggs 

whose development  can be s tar ted on demand.  

Number  4 ,  the  use of  xenopus as  a  pr imary tes t  species .  I  would 

point  out  to  the  panel  that  there  are  inherent  s t rengths  and weaknesses  

to  going this  route .  

The s t rengths  are  wel l -known.  But  in  addi t ion to  being a  
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non-nat ive species  and only re la ted to  our  nat ive species  a t  the  order  

level ,  there  is  an important  l i fe  his tory difference between xenopus 

and nat ive anurans.  The adul t  xenopus are  100 percent  aquat ic ,  

whereas  nat ive anurans can spend s ignif icant  t ime on land.  Thus,  

di fferent ia l  exposures  to  a t razine can occur. 

Nat ive species  leave the water  and feed on terres t r ia l  pray 

i tems,  move through sprayed vegetat ion and can pick up both dermal  

and inhalat ion exposure  that  could be more s ignif icant  or  a t  least  

di fferent  than in  water. 

For  example,  a  f rog moving through a  f reshly sprayed f ie ld  

could be exposed to  a t razine through oral ,  dermal  and inhalat ion 

routes  where the a t razine would not  be di luted as  i t  would be in  water. 

This  is  the  major  point .  These two differences  can make 

extrapolat ion between xenopus and nat ive anurans less  re l iable .  

Number  5  is  the  tolerance res is tance quest ion.  I  not iced with  

interest  that  th is  has  been touched on al ready in  these del iberat ions .  

I t  i s  important  to  address  this  issue because this  might  be contr ibut ing 

what  is  apparent ly  being seen in  the f ie ld ,  the  populat ions  of  f rogs in  

heavy atrazine use  areas  are  s t i l l  there .  

In  areas  where heavy atrazine use has  gone on for  40 years ,  

such as  some of  the  areas  we have heard about  a l ready,  that  is  more 
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than enough t ime to  have had enough generat ions  in  which to  evolve 

genet ic  res is tance.  

Other  ver tebrates  have done i t .  Mainly,  muroid rodents  and 

gambusia ,  mosqui to  f ish.  But  I  submit  that  the  tolerance res is tance 

quest ion is  very important  to  this .  Par t icular ly,  in  looking at  why al l  

these  frogs  are  s t i l l  there  af ter  40 years .  

And Number 6 ,  populat ion level  effects .  Certa inly,  th is  could 

be argued to  be the ul t imate  quest ion to  examine.  However,  I  f i rmly 

bel ieve i t  may take many years  to  possibly see an effect  a t  th is  level .  

I f  some  males  are  losing reproduct ive funct ion,  other  males  

may hop r ight  in  and be more than happy to  increase their  

contr ibut ion to  the  gene pool .  I f  fer t i l i ty  is  negat ively impacted in  

intersex individuals ,  in tersex males  die  and are  los t  to  the  gene pool  

without  contr ibut ing.  

As the f requency of  intersex individuals  increases  in  the 

populat ion,  the  effect ive populat ion s ize  should decrease as  fewer  

individuals  are  contr ibut ing to  the subsequent  generat ions .  

Also,  as  f rogs die  out  of  a  par t icular  area,  other  f rogs may come 

in  and colonize,  recolonize the area ,  making i t  l ikely  very diff icul t  to  

detect  a  populat ion crash.  

So i f  th is  scenar io  could be maintained for  a  re la t ively long 
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per iod of  t ime,  a  populat ion level  effect  may take many,  many years  

to  be detected.  

My f inal  thoughts .  I  have a  couple  f inal  thoughts  here  and I ' l l  

end.  The s ta t ic  renewal  verse  cont inuous f low-through tes ts .  I  have 

modif ied this  - -  I 've  added this  s ince the del iberat ions  have s tar ted.  

I  s t rongly agree with  Dr.  Hayes and others  on this .  I  bel ieve for  

these  tes ts  i t  i s  imperat ive to  mimic as  c losely as  possible  the  natural  

condi t ions  of  the  tes t  organisms.  

Nat ive anurans and xenopus tend to  be found in  pools ,  ponds,  

vernal  pools  and ephemeral  s tanding water  such as  puddles  and 

di tches ,  not  f lowing waters  l ike  s t reams and r ivers .  And i f  they are  

found in  s t reams,  which I  have found some in  s t reams,  they are  l ikely 

found mainly in  the intermit tent  pools  within s t reams and not  in  the  

moving water. 

Also,  cost  is  a  major  factor  in  this .  As being a  researcher  a t  a  

univers i ty,  s ta t ic  renewal  is  re la t ively inexpensive and cont inuous 

f low-through is  so expensive as  to  be prohibi t ive  to  most  researchers .  

I  do agree that  the  f low-through systems successful ly  deal  with  

the water  qual i ty  issue,  but  i t ' s  probably not  worth the t rade-off . 

Second,  I 'm not  going to  spend any t ime ta lking about  this  other  

than just  ment ioning i t  because i t  i s  get t ing away from things a  bi t .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

47


But i t  i s  proposing that  the  EPA consider  some sor t  of  act ion the 


auspices  of  the  Clean Water  Act  such as  the  Nat ional  Water  Qual i ty 


Cri ter ia  for  Amphibians . 


Something l ike this  was proposed previously in  the 1990s,  but  

no water  qual i ty  cr i ter ia  exis ts  for  amphibians  in  the  United States .  

And i t ' s  automatical ly  assumed that  cr i ter ia  for  f ish  and human heal th  

are  adequate  to  protect  a l l  aquat ic  species ,  when,  in  fact ,  th is  

assumption has  yet  to  be tes ted.  

Final ly,  regarding the white  paper  and the charge to  the panel .  

I  was impressed with a l l  the  work done by Dr.  Tom Steeger  and his  

col leagues for  this  whi te  paper.  And I  commend Tom and his  

col leagues for  their  effor t .  

However, when I got to the e ight quest ions a t the back of the 

white  paper,  that  was a  different  s tory.  To say that  I  was sorely  

disappointed with  them is  an unders ta tement .  

In  my opinion,  they were poorly wri t ten and off  base f rom 

where I  th ink this  SAP should be headed.  I  say this  in  par t  because 

they fai led to  address  one of  the most  fundamental  quest ions one 

could ask regarding at razine and amphibians .  Is  i t  an endocrine 

disrupter  in  amphibians .  

Why is  there  no quest ion that  s ta tes ,  does  the panel  think,  given 
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the data  avai lable  f rom the 17 s tudies ,  a t razine is  causing some level  

of  endocrine disrupt ion in  amphibian populat ions .  And does this  

effect  on the endocrine system have the potent ia l  to  t ransla te  into  

populat ion level  effects .  

That  concludes my comments .  Thank you very much.  And I  

wish you the best  of  luck in  the next  two days in  your  del iberat ions .  

DR. ROBERTS: Thank you,  Dr.  Sheff ie ld.  

Are there  quest ions f rom the panel?  Dr.  Green,  then Dr.  Thral l .  

DR.  GREEN: I  have two short  quest ions.  You refer  to  the 

paper  by Belden and Lydy of  2000,  exposure to  nontoxic  

concentrat ions  of  a t razine cause potent ia ted toxici ty  of  OPs in  

amphibians .  

Do you recal l  jus t  bal lpark what  these nontoxic  concentrat ions  

of  a t razine were? 

DR. SHEFFIELD: I  don ' t ,  but  I  bel ieve I  have --  no,  I  don ' t 

have the paper  with  me. I  don ' t  know what  the compounds were.  But  

I  know that  the  two OPs tes ted were chlorpyrifos  and diazinon.  Those 

effects  were potent ia ted with  the a t razine exposure .  

DR.  GREEN: The second quest ion I  have is  could you clar i fy  

the  difference between technical  grade at razine and other  

formulat ions  of  a t razine? 
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DR. SHEFFIELD:  Yes, absolutely. 

As I  s tar ted into  this  f ie ld ,  i t  jus t  made sense to  me that  i f  you 

are  going to  s tudy something in  the lab,  why not  s tudy something that  

has  appl icat ion.  

As a  toxicologis t ,  the  tendency is  to  use  something that  is  pure  

or  as  c lose to  pure  as  you can get  so that  you can actual ly  say this  is  

causing the effect .  You don ' t  want  these other  things in  there  mixing 

up with  i t .  

But  in  pest ic ides ,  the  s tuff  that  is  used in  the  f ie ld  are  cal led 

formulat ions .  So they take the technical  grade and they make 

formulat ions  out  of  that  so that  you get  a  var ious percentage of  the  

act ive ingredient  in  the  formulat ion.  

For  example,  diazinon,  a  compound that  I  have used qui te  a  bi t .  

50 percent ,  an emulsif iable  concentrate  of  50 percent  is  used.  And 

the other  50 percent  is  iner t  ingredients .  So they wil l  put  other  

compounds in  there  to  dissolve the diazinon and other  things needed 

to  make that  formulat ion go on that  par t icular  crop or  whatever  

appl icat ion is  being used.  

So the technical  grade is  the  pure  or  as  pure  as  i t  gets .  

Sometimes technical  grade is  only 95 percent ,  sometimes i t ' s  99 

percent .  I t  usual ly  ranges in  that  area .  Formulat ions  are  what  is  used 
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in  the  real  world.  And For  a t razine,  there  is  many different  kinds of 


formulat ions . 


I  don ' t  know exact ly  what  the  act ive ingredient  percent  is  in  

these formulat ions.  Offhand,  I  don ' t  know what  i t  i s .  But  i t  i s  some 

percentage.  So what  there  is ,  there 's  other  compounds,  iner t  

compounds in  with  the a t razine.  

And they may have an effect  on their  own.  Some of  the 

compounds in  with  diazinon that 's  mixed in  as  an emulsi f iable  

concentrate  are  known teratogens and other  things l ike  that .  

So you are  moving away from get t ing a  look at  a  pure  

compound,  but  you 're  looking at  something that  is  environmental ly  

real is t ic  because that 's  what  the  amphibians  are  get t ing exposed to .  

Does that help? 

DR. ROBERTS:  Dr. Thral l , then Dr. LeBlanc. 

DR. THRALL:  I was par t icular ly interested in the 

immunosuppression aspect  of  a t razine that  we haven ' t  touched on very 

much here .  And I  was wondering i f  you --  I 'm not  famil iar  with  the 

Chris t in  2003 paper  you al luded to .  I  wondered i f  you could give me 

a  l i t t le  bi t  more detai l  on that ,  the  pathophysiology of  the  nematode 

and how the decreased spleen funct ion interacted with  that  

pathophysiology. 
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DR. SHEFFIELD: That 's  a  real ly  good quest ion.  I  have the 

paper  with  me. I  don ' t  remember  a l l  the  detai ls  of  i t  because i t  jus t  

came out .  But  I  wi l l  te l l  you I  not iced,  because I  have done s tudies  

l ike  this  before ,  what  they did,  they used the pest ic ides  as  a  - -  they 

exposed the organism to the pest ic ides .  And they used a  parasi te  as  a  

chal lenge to  the  immune system and tes ted i t  that  way. 

And they used a  mixture  which included atrazine.  Like I  sa id ,  I  

have the paper  with  me. I  can provide you a  copy of  that  paper  i f  you 

want  to  look at  i t .  I  don ' t  remember  a l l  the  detai ls  offhand because,  

l ike  I  sa id ,  i t  jus t  came out .  

DR. ROBERTS: Dr.  LeBlanc and then Dr.  - -  Dr.  Green,  do you 

want  to  fol low up to  that  quest ion? 

DR. GREEN:  I want to fol low up. 

I a lso have that paper, Dr. Thral l .  I th ink  re levant to this 

discussion about  a t razine,  i t  was used in  the  mixture  to  t reat  these 

rana pipiens  or  var ious rana species .  And then these species  were 

inoculated with  lung worms.  

The conclusion by the authors ,  and there  were two papers ,  the  

f i rs t  paper  jus t  s ta ted that  i t  appeared that  in  the  presence of  a t razine 

in  par t icular,  the  virulence of  the  pathogen was enhanced,  and that  i t  

accelerated their  l i fe  cycle  such that  they matured and were present  in  
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greater  numbers  in  the  a t razine t reated frogs.  And they speculated 


that  i t  might  have something to  do with  immune suppression. 


The fol low-up paper  by the second group came back,  repeated 

the same experiments  and did T lymphocyte  funct ion tes ts .  They 

show lymphocyte  suppression,  and they propose --  I  don ' t  bel ieve they 

fol lowed up with this ,  that  there  might  be B cel l  suppression and 

immunosuppression of  immunoglobul ins  that  would protect  against  

parasi tes .  

But  nei ther  of  those two papers  had any data  that  documented 

that  the  f rogs were compromised in  growth or  that  they died ear l ier  

because of  i t .  

So they didn ' t  extend to  make any speculat ion about  what  this  

might  do to  an amphibian,  a  wild  populat ion that  was exposed to  

a t razine.  

But  I  th ink we have both of  those papers  here  i f  you would l ike 

to  look at  them. 

DR. SHEFFIELD: Thank you,  Dr.  Green.  

The one other  comment  I  make on that  is  that  I  th ink another  

thing that  would be useful  ins tead of  using the parasi te ,  and i t ' s 

something that  I 've  done in  the past ,  i s  use  a  pathogenic  chal lenge.  

That  way your  endpoint  is  mortal i ty. 
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So you get  to  see immediately  what  the effect  is .  So you don ' t 

have to  drag i t  out  and look i f  the  parasi te  is  going to  ki l l  the  animal  

down the l ine  or  not .  

DR. ROBERTS:  Dr. LeBlanc and then Dr. DeLorme. 

DR. LEBLANC: You noted that  a t razine has  a  bioconcentrat ion 

factor  of  s ix  in ,  I  th ink,  f rog tadpoles .  

In  looking at  that  number,  my interpretat ion would be,  wel l ,  a t  

least  one thing we don ' t  have to  worry about  is  a t razine 's  abi l i ty  of  

propensi ty  to  bioaccumulate  in  these animals .  

But  i t  ra ises  a  f lag in  your  mind.  And I  jus t  wondered i f  you 

could expand on that  a  l i t t le  bi t .  Is  there  something unique to  

amphibians  and bioconcentrat ion that  we should be aware of?  Or is  

s ix  real ly  a  s ignif icant  number? 

DR. SHEFFIELD: I  don ' t  know. I t  jus t  s t ruck me as  something 

that  I  thought  was - -  I  guess  maybe i t  was because of  the  fact  that  I  

had the other  paper  in  mind and I  was thinking about  the  Lydy work 

that  showed the potent ia t ion and synergy of  a t razine with  the OPs.  

The organophosphate  insect ic ides  are  a lso very ubiqui tous in  

the environment .  That 's  get t ing away from the purview of  this  panel ,  

but  for  me,  anyway,  i t  has  implicat ions .  

I f  there  is  potent ia t ion and synergy effects  f rom atrazine 
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exposure deal ing with the OPs,  that ,  in  my  mind,  is  s ignif icant .  

That 's  what  i t  was - -  I  don ' t  th ink the s ix  is  a larmingly high or  

anything.  I t  indicates  that  they do accumulate  i t  and because I  know 

that  they are  the  only taxa that  accumulates  OPs also.  

So there  is  something unique about  amphibians  that  the  other  

ver tebrate  taxa don ' t  have.  

DR. LEBLANC:  Atrazine is pret ty water soluble , and s ix is 

pret ty  nonsignif icant .  So I  th ink in  that  respect ,  a t  least ,  the  

amphibians  are  probably responding l ike  everybody else  and they are  

not  accumulat ing the mater ia l .  

DR. ROBERTS:  Dr. Delorme, then Dr. Skel ly. 

DR.  DELORME: With respect  to  your  concerns  about  

formulat ion,  are  you aware of  - -  versus  technical  product ,  are  you 

aware of  any s tudies  that  show concentrat ions  of  the  formulants  that  

are  mixed with  a t razine in  the end-use products  and their  

concentrat ions  in  water?  

Because,  obviously,  a t razine isn ' t  appl ied direct ly  to  water.  I t  

i s  appl ied on f ie lds .  There  is  going to  be different ia l  degradat ions  

and the ra t ios  may change.  

Are you aware of  any data  that  would indicate  what  of  the 

formulants  get  in to  aquat ic  systems? 
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DR. SHEFFIELD: Not  offhand I 'm not .  I 'm not  sure  exact ly  

what  they use to  make the a t razine formulat ions  e i ther. Sometimes --

I  don ' t  know with a t razine,  but  sometimes a  lot  of  chemical  companies  

are  very sensi t ive  as  to  what  they put  in  there .  And that 's  not  publ ic  

information.  I  don ' t  know if  that 's  the  case with  a t razine or  not .  

So I  don ' t  know what  that  is .  And I  don ' t  know how i t  

d i fferent ia l ly  divides .  Once i t  i s  appl ied and i t  s tar ts  i t s  fa te  in  the  

environment ,  I  don ' t  know how i t  d ivides  up or  not .  Al l  I 'm 

maintaining is  that  I  have seen many s tudies  that  have shown,  that  

have looked at  technical  grade pest ic ides  and other  s tudies  that  have 

looked at  the  same pest ic ide with  formulat ions and found very 

different  resul ts .  

So I 'm saying as  a  real  world type s i tuat ion,  I  th ink the 

formulat ions  are  important  to  look at  regardless  of  how they divide 

out .  The chemical  pool  is  s t i l l  going to  be there  in  the  amphibian 's 

habi ta t  regardless  of  how they divide out .  The pool  is  s t i l l  going to  

be there  of  a l l  the  different  chemicals  that  are  in  the  formulat ions .  

Whether  some of  those chemicals  disappear  fas ter  than others  

- -  they probably do.  They have different  fa tes  because they are  

different  chemicals .  

I  don ' t  know. I  don ' t  real ly  know what  e lse  to  say on that  one.  
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DR. ROBERTS:  Dr. Skel ly? 

DR. SKELLY:  Dr.  Sheff ie ld ,  several  other  people  that  have 

presented to  the panel  have given the impression that  f ie ld  s tudies  

should be of  kind of  secondary importance or  they are  messy or  

something.  And you are  one of  the f i rs t  people  to  say that  f ie ld  

s tudies  may be of  pr imary importance.  

And I  wondered i f  you could comment  fur ther  on that  and 

specif ical ly  ta lk  about  the  dis t inct ion between observat ional  f ie ld  

s tudies  and f ie ld  experiments  in  this  sor t  of  work.  

DR. SHEFFIELD:  Well , what I would say to that i s that I 'm of 

the  opinion that  th is  is  - -  th is  and many other  pest ic ide quest ions  are  

very complex.  I t  i s  not  going to  be answered by any one set  of  s tudies  

necessar i ly. 

You have to  use an integrated lab and f ie ld  approach to  this  

thing.  And you may have to  do something in  the lab,  then go to  the 

f ie ld  and at  the  same t ime go back in  the lab and do something fur ther. 

And then maybe you have to  go back in  the f ie ld  again.  

I t  i s  not  anywhere near  - -  there  is  no road map wri t ten for  this .  

I t  i s  kind of  l ike  what  you f ind by t r ia l  and error,  by experimentat ion 

in  the lab you can use to  t ranslate  to  what  you might  want  to  look at  in  

the f ie ld .  
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Plus ,  you can do some things that  Dr.  Haye 's  group and others  

have done with  just  looking at  - -  going out  to  f ie ld  s i tes  that  are  

contaminated.  

They didn ' t  - -  they picked their  s i tes  based on at razine sales  

and then went  there  and looked at  var ious s i tes .  You can do a  l i t t le  

bi t  more as  far  as  preselect ing s i tes  or  actual ly  set t ing up 

experiments ,  exper imental  ecosystems,  for  example.  

There  has  been some work on that  done.  I  would l ike to  see 

some  more on that  with  this  par t icular  quest ion,  se t t ing up 

experimental  ecosystems.  At  that  point ,  you have a  lot  more control  

over  your  system and i t  i s  in  the  f ie ld .  

I  would say that  the  f ie ld  s tudies  are  def ini te ly  harder  to  deal  

wi th .  They are  harder  - -  there  jus t  is  a  lot  more things that  can go 

wrong.  But  they are  very useful .  

And I  my emphasis  on that  may have been s imply because of  the 

fact  that  I  have a  s l ight  bias  towards - -  and a  lot  of  enthusiasm, 

towards f ie ld  s tudies .  

They are  a  group package.  They have to  go together. And just  

doing one at  a  t ime is  not  necessar i ly  anything.  I  mean,  they can 

over lap.  There  is  no wri t ten rules  for  this .  

Basical ly,  i t ' s  adapt ive management .  You are  going along.  You 
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f ind something.  You adapt .  You f igure  out  what  to  look at  next .  I f 


that  quest ion could be best  asked in  the f ie ld ,  then that 's  where you 


go.  And i f  not ,  then you do more lab work. 


So i t  i s ,  l ike  I  sa id  - -  in  some of  these areas  in  wildl i fe 

toxicology,  you are  going down a  road that  has  not  been paved yet .  I t  

i s  adapt ive management .  

But  the  f ie ld  s tudies  are  important .  But  l ike  I  sa id ,  there  is  a  

lot  more inherent  var iabi l i ty. You can possibly accept  a  l i t t le  bi t  

more error  because of  that  inherent  var iabi l i ty. They are  harder  to  do,  

so they haven ' t  been done as  much.  But  they are  valuable .  

DR. SKELLY:  Thank you.  

DR. ROBERTS: Thank you,  Dr.  Sheff ie ld .  We appreciate  you 

coming in  and shar ing your  comments  and thoughts  with  us  this  

morning.  

DR. SHEFFIELD: Thank you very much.  Good look to  a l l  of  

you in  the next  two days.  

DR. ROBERTS:  Next publ ic commenter is Mr. James Tozi (ph) 

on behalf  of  - -  I 'm not  sure  what  the  note  says .  But  I 'm sure  he wil l  

te l l  us .  

And he wil l  be  fol lowed by Mr.  John Hal l .  

MR. TOZI:  Thank you,  Mr.  Chairman.  Good morning.  I 'm J im 
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Tozi  with  the Nat ional  Business  Services .  And with a  t i t le  l ike  that ,  

g iven the chairman's  remarks that  you want  scient i f ic  remarks,  you 

may say there  is  somewhat  of  a  divergence there ,  but  I  assure  you 

there  won' t  be .  

One of  our  main roles  is  to  vent i la te  to  the  publ ic  the  scient i f ic  

basis  or  bases  for  regulatory decis ions.  

And the quest ion is  how do we do that .  We do that  by the use of  

a  web s i te  cal led Cyberact ivis t .US.  You might  not  have heard of  that  

s i te ,  but  i f  you go to  your  web master,  i t  i s  probably by t raff ic  

gradings the highest ,  i f  not  one of  the most  highly t raff icked,  web 

s i tes  in  the  world on the very special ized area of  regulatory pol icy. 

And i t  i s  used throughout  the world.  

Now, quest ions  given that ,  why am I  here .  I  th ink this  panel ,  

and i t  jus t  happens to  be that  you drew this  card,  that  subsequent  to  

the passage of  a  very important  act ,  the  Data  Qual i ty  Act ,  and we look 

throughout  the  ent i re  government  for  proceedings,  th is  proceeding is  

the  f i rs t  major  proceeding that 's  going to  be subject  to  the  Data  

Qual i ty  Act  when the agency goes to  use i t .  

And I  haven ' t  been here  a l l  the  day,  so you might  have heard 

some of  this  before .  

Now, keeping with the chairman's  charge,  I 'm not  going to  get  
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in to  law because I  don ' t  th ink the law is  any different  than which most 


scient is ts  do anyway. 


The basic  two important  por t ions  of  the  law says the data  used 

by the government  and regulatory decis ions f i rs t  must  be reproducible  

and second i t  must  be t ransparent .  

And many scient is ts  when a  law passes ,  big  deal ,  we do that  a l l  

the  t ime.  Well ,  some of  the  regulators  thought  i t  was a  big  deal .  The 

scient is ts  did  not .  

So I  jus t  want  to  say that  those two s tandards ,  reproducible  and 

t ransparency,  are  going to  be judged on anything that  comes out  of  

this  whole  proceeding.  

What  does  that  mean? That  means any third  par ty  such as  I ,  on 

Nat ional  Business  Services ,  or  anyone that  tes t i f ies ,  including this  

commit tee ,  you can wri te  and say anything you want .  I  can wri te  and 

say anything I  want .  I t  need not  be reproducible  and i t  need not  be 

t ransparent .  

However,  i f  the  agency is  going to  use anything that  I  g ive in  

this  proceeding,  anything any other  thi rd  par ty  gave or  whether  they 

are  going to  use your  report ,  i t  i s  going to  have to  meet  those two 

s tandards .  

I f  i t  does  not ,  any third  par ty  can move to  s t r ike  that  
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information from decis ionmaking in  the government . 


Now, a point that I wanted to emphasize here in terms of what 

we 're  going to  do to  advise  this  commit tee ,  we are  very interested in  

this  proceeding because of  the  data  qual i ty  aspects .  

But  I  th ink you can ' t  look at  data  qual i ty  unless  you have data .  

And so,  we are  going to  put  on this  cyber  act ivis t  web s i te  Monday 

evening a  request  that  pet i t ioners  have made from EPA on the data  on 

this  proceeding.  

I  haven ' t  looked at  a l l  the  data ,  so  don ' t  ask me about  a l l  the  

detai ls ,  but  I 'm advised that  - -  and now would I  want  to  compete  with  

you on what  the  data  means.  But  I 'm advised that  there 's  pet i t ioners  

that  have asked EPA for  the data  and i t  comes out  in  these kind of  

categories .  

There  were seven data  sets ,  I  unders tand,  but  this  wil l  a l l  be  on 

the web s i te ,  f ive of  which were given to  people ,  some of  which were 

encrypt ive,  some of  which was withheld.  

We're  not  going to  take a  posi t ion on these mat ters  on the s i te .  

That  complete  data  set  wi l l  be  put  up on Cyberact ivis t .US,  and i t  wi l l  

be  out  for  publ ic  comment .  

And the form,  you are  famil iar  with  forms,  i t  i s  not  a  web s i te .  

I t  i s  a  form and i t  i s  l ive  so any person in  the world,  anyone in  this  
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panel ,  anyone in  this  room can look at  that  data  set  and make a  

comment  on i t  in  real t ime,  which we ' l l  be  expect ing a  lot  of  

comments . 

And I  wil l  te l l  you when we put  i t  up,  we 're  going to  urge 

people  to  ask three quest ions  when they look at  th is  data  set .  Firs t ,  on 

the data  received,  was i t  reproducible .  Second,  how does use of  

encrypted data  f i t  in to  regulatory proceedings.  And third ,  when the 

federal  regulatory agencies  withhold data ,  how does FICA (ph)  

commit tees  and how do people  handle  this .  

We think by put t ing i t  on Cyberact ivis t .US and the charge of  

this  commit tee  as  wel l  as  the  composi t ion of  this  commit tee  on the 

web s i te ,  we think we ' l l  be  able  to  vent i la te  way beyond this  

proceeding an importance how this  type of  information is  used by 

inf luent ia l  bodies  such as  yours .  

We urge you to  look at  that  s i te  and the comments  we ' l l  receive.  

Some of  them, we 've received thousands of  comments .  Thank you 

very much.  

DR. ROBERTS: Thank you.  I  think there  is  a  quest ion from 

Dr.  Heeringa and then Dr.  Green.  

DR. HEERINGA: Mr.  Tozi ,  as  a  scient is t  operat ing in  a  

univers i ty  environment ,  I  bel ieve in  ful l  and open disclosure  on this  
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data ,  obviously,  there  are  proprie tary interests ,  so  and I  commend you 

on that .  

Just  a  comment  too that  data  a lone aren ' t  suff ic ient .  You need 

documentat ion to  accompany i t .  I  presume that  par t  of  your  post ing 

of  these data  wil l  be  to  post  the  re levant  documents  that  descr ibe the 

s tudy designs and protocols  used to  col lect  the  data  too.  Because as  

you open that  up to  analysts ,  i t  i s  going to  be very,  very cr i t ical .  And 

I  th ink par t icular ly  in  the  case of  the  data  sets  we 're  looking at  here ,  

that  those documentat ions  of  procedures  and assessments  be 

avai lable  s imultaneously too.  

MR. TOZI:  Let  me ask you one quest ion on this .  I  th ink that 's 

very good.  What  I  would encourage when we post  these that  anyone 

that  has  something that  they want ,  and i t  i s  very easy,  you just  press ,  

c l ick on a  but ton and you put  an at tachment  and i t  goes  r ight  up,  we 

wil l  put  some of  that  up.  The ini t ia l  th ings are  going to  be what  was 

response to  the FOIA. 

But  I  agree with  you.  There  are  going to  have to  be addi t ional  

post ings  to  interpret  that .  I  have looked at  some of  the  data .  I t  i s  not  

my technical  exper t ise  to  say what  is  there ,  but  I  agree with  you.  

We would encourage anyone that  is  involved in  this  proceeding,  

whether  around this  table  or  in  the  room, that  have re levant  
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informat ion,  because I  wi l l  te l l  you that  a  lot  of  other  agencies  way 


beyond EPA --  which,  by the way,  EPA on third par ty  data  and the 


Data Qual i ty  Act  is  probably one of  the  leading agencies . 


You can cr i t ic ize  some s tuff  they have done.  And I  know the 

agency from when they were born,  they are  doing a  very good job.  I 

agree with  you.  And to  the extent  I  can get  that  kind of  information 

and people  want  to  put  i t  on,  we welcome them. 

DR. HEERINGA: One more addi t ional  comment .  Just  a  

technical  quest ion for  people  who would access  this .  What  data  

s torage format  wil l  i t  be  in .  Wil l  i t  be  in  Excel  spreadsheets?  SPSS 

Sass?  Raw data? 

MR. TOZI:  I  can te l l  you how you do i t  now.  You regis ter  on 

the s i te .  You type something in .  You press  a  but ton.  I  th ink i t  comes 

al l  out  on HTML. There is  a t tachment .  The quest ion is  how do you 

get  that  a t tachment  on there .  

General ly,  the  people  that  put  the  a t tachments  on now ei ther  

have i t  on their  web s i te  and they cut  and paste  i t  over  or  they send i t  

to  us  and we ' l l  scan i t  in .  

We prefer  you have i t  on your  web s i te  because of  the amount  of  

t raff ic .  

DR. HEERINGA: Thank you.  
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DR. ROBERTS: Dr.  Green had a  quest ion.  

DR.  GREEN: Yesterday and today several  presenters  have 

al luded to  encrypted data ,  which I 'm  not  c lear  what  data  people  are  

ta lking about  that  has  been encrypted.  

Is  i t  avai lable  to  the SAP or  could you clar i fy  that?  

MR. TOZI:  Thank you.  One of  the people  told me I  was 

supposed to  say that .  Having worked in  OMB for  years ,  some things I  

don ' t  address ,  maybe because I  don ' t  want  to .  

They asked me this , yes .  From the FOIA requests that I 

unders tand that  people  f i led out  of  these seven -- I  jus t  say I  haven ' t 

gone through al l  the  data ,  f ive  data  sets  came back,  four  of  which are  

data .  

When I  say encrypted,  I  unders tood,  but  others  in  the room 

would know more about  this  than I ,  the  term encrypted means i t  was 

in  some  machine code that  you couldn ' t  in terpret .  

So when they put  that  up,  I  want  to  ask them --  they wil l  

ident i fy  which one was encrypted.  What  i t  meant .  But  I  got  f rom the 

conversat ions  that  unless  you had some t ransi t ion or  t ranslat ion 

codes,  you could not  interpret  the  data .  You needed some other  kind 

of  informat ion to  turn i t  in to  meaningful  data .  

DR.  ROBERTS: Are there  any other  quest ions? 
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1 I f  not ,  thanks very much for  coming in  and your  comments  and 

2 le t t ing us  know about  that .  

3 Mr. Hal l  has  requested the opportuni ty  to  speak to  the panel .  

4 As a heads up,  he wil l  be  fol lowed by Mr.  Bot ts .  

5 MR. HALL: Good morning,  Mr.  Chairman,  members  of  the 

6 panel .  

7 My name is  John Hal l .  I 'm with Hal l  and Associates .  I 'm here  

8 today represent ing the Kentucky Corn Growers  Associat ion.  

9 By way of  background,  I 'm an environmental  engineer  and an 

10 at torney. I  suppose maybe from this  panel 's  perspect ive that  puts  two 

11 s t r ikes  against  me s ince I 'm not  a  scient is t  per  se .  

12 In general , I have spent the las t 20 years of my career deal ing 

13 with water  qual i ty  re la ted issues  under  the  Clean Water  Qual i ty  act ,  

14 development  of  water  qual i ty  s tandards  and the l ike .  

15 The information that  has  been presented over  the  las t  two days,  

16 as  you are  aware,  not  only has  an effect  on the reregis t ra t ion of  

17 atrazine,  but  a lso affects  what  EPA is  doing in  terms of  i ts  water  

18 qual i ty  s tandards  development  for  a t razine.  

19 I come from that perspect ive in terms of my review as to the 

20 informat ion presented.  In  the  water  qual i ty  s tandards  issue area,  they 

21 general ly  look at  impacts  in  terms of  what  I  wi l l  cal l  the  big  picture .  
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They don ' t  typical ly  parse  out  mechanis t ical ly  why an impact  

occurs ,  what  the  exact  cause of  the  effect  is ,  but  they look at  whether  

or  not  there  is  a  s ignif icant  effect  on growth,  reproduct ion or  

survival ,  the  three main endpoints  that  are  of ten the,  i f  you wil l ,  the  

end resul t  of  most  research to  decide what  the  real  world impacts  are .  

I  have just  a  couple  comments  with  regard to  the  informat ion 

presented and some comments  regarding an ear l ier  presentat ion to  this  

panel .  

Dr. Hayes ' presentat ion in my mind raised at least one issue.  I 

guess  others  have thought  i t  ra ised several .  His  analysis  focused on 

abnormali t ies  in  gonadal  reproduct ion.  

And without  looking at  the  environmental  s ignif icance of  that ,  

the  quest ion I  had was that  these abnormali t ies  were c lass i f ied as  such 

because apparent ly  they weren ' t  seen in  cer ta in  controls  dur ing the 

s tudy. But  that  in  possibly la ter  s tudies  that  were conducted,  did  f ind 

some of  these abnormali t ies  in  the  controls .  

And therefore ,  I  guess  there  is  a t  least  a  quest ion in  my  mind as  

to  i f  the  la ter  s tudies  exhibi ted some of  these abnormali t ies ,  should 

the resul ts  of  the  ear l ier  s tudies  that  c lass i f ied cer ta in  things as  

abnormali t ies  kind of  gone back and corrected those char ts .  I f  that ,  in  

fact ,  was the case.  
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The other  thing I  would note  is  that  in  terms of  a t  least  

s ta t is t ical ly,  by class i fying abnormali t ies  as  something you don ' t  see  

in  controls ,  you automatical ly  get  a  zero abnormali ty  in  your  control  

group.  

And then when you do your  s ta t is t ics  and comparison to  that ,  

very of ten you can get  anything being mathematical ly  s ignif icant  in  

terms of  a  difference compared to  a  zero effect  on the control .  

I  would note ,  though,  that  a t  least  out  of  a l l  the  s tudies  that  I  

have heard about  today and in  the pr ior  days,  that  the  environmental  

s ignif icance of  any of  these effects  that  have been noted is  not  

demonstrated.  

I  have not  seen any information presented that  these effects  

actual ly  cause impacts  on frog populat ions ,  which in  the end is  I  th ink 

what  we 're  real ly  concerned about .  

Let  me just  move on to  a  couple  other  points .  In  the NRDC 

presentat ion,  they indicated that  the  charge to  this  panel  was 

misplaced.  I  could not  disagree more.  

The charge to the panel is not misplaced. What we have is 

di fferent  agendas occurr ing on from different  par t ies  that  I  bel ieve 

are  a  l i t t le  misplaced.  

NRDC's  view is  that  endocrine disrupt ion equals  ban.  In  other  
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words,  any level  of  impact  you f ind regardless  of  i ts  s ignif icance to  

the  real  world t r iggers  a  ban.  

And that  t r igger  on endocrine disrupt ion shouldn ' t  be  ecological  

s ignif icance.  I t  i s  s imply s ta t is t ical  s ignif icance.  

That  is  not  the  s tandard.  That  is  appl icable  under  any federal  

law I  am aware of .  

The Clean Water  Act  requires  you to  avoid s ignif icant  adverse  

impacts  on aquat ic  l i fe .  And the endpoints  that  EPA has used for  

three decades are  growth,  reproduct ion and survival .  

In other words, does this have a real world effect in the real 

world.  You may f ind an effect ,  a  his topathological  effect  in  the 

organism. But  the  quest ion is  does  that  cause any s ignif icant  adverse  

effect  la ter  on such as  populat ions  are  affected --  unless  you don ' t 

c lass i fy  something as  a  substant ia l  adverse  effect  and regulate  i t .  

OPP,  the pest ic ides  off ice ,  uses  a  no unreasonable  adverse  

environment  effect  endpoint .  Again,  i t  i s  a  s imilar  type of  legal  

s tandard.  

Al l  these programs in  summary look at  populat ion-based 

impacts .  They require  documentat ion of  those impacts  and not  merely 

speculat ion that  the  impacts  occur. 

And that ,  of  course ,  is  the  charge to  this  panel .  And I  think 
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you wil l  serve us  a l l  great ly  by answering the quest ion of ,  whatever 


impacts  these s tudies  have shown,  whatever  they are ,  i s  there  any 


informat ion that  shows these impacts  are  demonstrated to  impact 


these organisms at  a  populat ion level? 


I f  the  answer  is  no,  then you don ' t  regulate  the  pol lutant  - -  the  

const i tuent  more s t r ingent ly  a t  th is  t ime.  You may research i t  some 

more i f  there  are  quest ions  that  you have,  but  you don ' t  decide that  

you are  going to  cancel  a  regis t ra t ion over  something that  is  not  

connected to  a  real  impact .  

I  wi l l  te l l  you one thing that  was said  in  the  ear l ier  presentat ion 

that  is  c lear ly  misleading and incorrect .  

NRD stated that  EPA's  report  confirmed that  there  were real  

readings and real  world concerns  showing s ignif icant  r isks .  I t  i s  

s imply not  t rue.  

What  EPA does when they do these r isk assessments ,  I  cal l  i t  

t r iage,  I  guess  is  the  best  way to  look at  i t ,  you go through doing a  

very gross  level  of  review and decide,  my god,  i f  you can pass  that  

tes t ,  you are  c lear ly  not  an effect .  

That 's  what  they cal l  a  Tier  1  assessment .  And they make 

mult iple ,  mult iple  worse case assumptions.  And i f  you can pass  a l l  

those worst  case  assumptions,  you are  out  the  door. We leave you 
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a lone.  

I f  you can ' t  pass  the ser ies  of  worst  case  assumptions,  they go 

to  a  higher  level  review. They don ' t  declare  that  they have 

determined something that  is  causing s ignif icant  real  world effects .  

You move on forward.  

One example,  and NRDC rel ied on i t  in  not i fying the EPA, they 

intended to  sue them under  the Endangered Species  Act  on this  issue.  

EPA in the report  took data  f rom what  they cal led es tuar ine 

areas .  The ent i re  Chesapeake Bay.  They took data  f rom areas  that  

were even 30,  50 miles  upstream in non-t idal  waters ,  c lear ly  

f reshwater  systems.  And in  their  report ,  they class i f ied that  as  

es tuar ine data .  

You would have thought  that  the  Chesapeake Bay had 30 par ts  

per  bi l l ion of  a t razine occurr ing in  i t .  In  fact ,  i t  does  not .  

Well ,  i f  you read the EPA report ,  and not  very careful ly,  what  

you think is  the  Chesapeake Bay has  these enormous high 

concentrat ions  of  a t razine.  

When you look at  the  underlying database,  you f ind the 

concentrat ions  of  a t razine in  the Chesapeake Bay proper,  around the 

order  of  10ths  and 100ths  of  a  PPB unmeasurable  levels .  

So in  other  words,  you have to  look a  l i t t le  more careful ly  a t  
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the  data  before  you decide that  what  is  in  that  EPA report  has 


demonstrated there  is  real  readings,  real  world concerns  before  you 


make cla ims that  leather  back tur t les  are  adversely  affected in 


Chesapeake Bay.


I  guess  I  would l ike  to  end with  I  applaud what  this  panel  is  

doing.  I  th ink you wil l  do us  a l l  a  great  service  by clar i fying what  the  

real  effects  are ,  what  the  information real ly  does  show and whether  

and how we should move on to  do fur ther  evaluat ions.  

I  th ink i t  would be extremely helpful  i f  th is  panel  confi rms 

what  I  bel ieve is  a  correct  assessment  on EPA's  par t  that  no one has  

demonstrated a  real  world connect ion to  populat ion-based impacts  

f rom these endocrine disrupter  endpoints .  

That  is  not  to  say no one ever  wil l .  That  is  jus t  to  say that  i t  

has  cer ta inly not  been demonstrated to  date .  

Thank you very much.  I f  there 's  any quest ions ,  I ' l l  be  happy to  

take them. 

DR. ROBERTS: Thank you,  Mr.  Hal l .  Let  me ask the panel  i f  

they have quest ions .  

I  don ' t  see  any.  Thanks very much for  coming in  and shar ing 

your  comments  and thoughts  with  us .  

MR. HALL:  You are welcome. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

73 

DR. ROBERTS: Mr.  Bot ts  is  up next .  Welcome,  Mr.  Bot ts .  

MR. BOTTS: Thank you,  s i r.  My name is  Dan Botts .  I 'm the 

Director  of  the  Environmental  and Pest  Management  Divis ion of  

Flor ida Food and Vegetable  Associat ion.  

And as  such,  we 're  a  voluntary t rade associat ion that  represents  

the  producers  of  about  60 different  commodit ies  in  the  s ta te  of  

Flor ida,  including sugar  cane,  sweet  corn and sod,  a l l  of  which use 

a t razine.  

But  the  reason I 'm here  today is  because I  have been fol lowing 

this  issue for  a t  least  10 years ,  even before  the special  review was 

issued in  1994.  And have looked forward to  some resolut ion at  some 

point  down the road in  determining i f ,  in  fact ,  a t razine is  safe ,  but  

more important ly,  that  t r iazines  as  a  c lass  of  compounds.  Larger  

acreage use of  t r iazines  in  the  s ta te  of  Flor ida is  s imazine use on 

ci t rus .  

And because of  that ,  your  del iberat ions  here  today pave a  

pathway of  how this  whole  c lass  of  compounds wil l  be  deal t  wi th .  

And not  only this  c lass  of  compounds,  but  others  as  we move into the 

new process  of  determining endocrine disrupt ion impacts  and how to 

regulate  those impacts  for  the  off ice  of  pest ic ides  programs.  

I  look forward to  your  del iberat ions ,  and looking extremely 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

74


forward to  your  f inal  report ,  having sat  through many SAPs over  the 


past  s ince 1997 af ter  FQPA passed on al l  k ind of  issues ,  everything 


f rom  model ing for  OP,  cumulat ive exposure to  OPs and dose response 


curves  for  other  issues . 


I 'm extremely encouraged by the discourse  that  has  a l ready 

occurred among the panel  members  and between the panel  members  

and the people  present ing.  I t  i s  a  much more engaged panel  than a  lot  

of  SAP panels  have been in  the past .  

And I  wil l  keep this  extremely br ief  for  that  respect .  I  know 

you are  a l ready a  half  a  day behind schedule .  I t ' s  going to  be 

extremely t ime consuming to  go through the quest ions  that  have been 

presented.  I  would f i rs t  applaud the agency for  taking a  very 

controvers ia l  se t  of  data  and the information and compil ing i t  and 

looking at  i t  in  a  manner  to  put  forward the review that  they did in  

their  whi te  paper  and framing the issue to  go forward.  

And I ' l l  be  honest  with  you.  I  d idn ' t  read the charge of  the  

quest ions  unt i l  the  plane r ide up here ,  so  I  don ' t  have as  great  a  

famil iar i ty  with  the intent  or  tone of  the  quest ions  as  some of  the  

other  previous speakers  have.  

But  af ter  l is tening to  the comments  and conversat ions ,  I  am 

sure  that  any issue that  might  be f loated out  in  the vagueness  or  the  
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general i t ies  associated with  those quest ions  wil l  come  forward as  this 


commit tee  del iberates . 


I  would draw one thing to  your  a t tent ion,  though.  In  the 

presentat ion yesterday af ternoon,  there  was one s l ide that  was put  up 

by Dr.  Hayes re la t ive to  several  epidemiology s tudies  re la t ing to  the 

human heal th  effects  and potent ia l  carcigenoci ty  of  a t razine.  

This  commit tee  can be informed by the del iberat ions  of  the  SAP 

panel  which was held in  June of  2000.  I 'm sure  that  report  is  up on 

their  web s i te ,  and would be avai lable  for  you.  

Most of the s tudies that were referenced in his presentat ion 

yesterday were discussed at  length in  that  document .  Whether  they 

are  re levant  or  not  to  del iberat ions  of  this  panel  I  would suggest  are  

probably not  the  case.  

Some of the mechanis t ic issues that might have come up in the 

previous par t  on determining the cancer  r isk  associated with  a t razine 

probably are .  

There  wil l  a lso be an SAP panel  la ter  this  summer to  deal  with  

epidemiological  information re la t ive to  cancer,  and those discussions 

would probably be more appropria te  a t  that  point .  

With that ,  I  encourage you to  move forward s ince you don ' t 

have to  l is ten to  us  in  the  publ ic  anymore and can del iberate  among 
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yourselves .  And I  look forward to  your  discussions over  the next  day 

and a  half .  

DR.  ROBERTS: Thank you,  Mr.  Bot ts .  We appreciate  you 

coming in  and shar ing your  thoughts  and comments .  Let  me ask the 

panel  very quickly i f  they have any quest ions for  you.  

I  don ' t  see  any.  Again,  thanks very much for  your  thoughts .  

Dr.  Post  had requested the opportuni ty  to  speak.  I  asked i f  she 

was here  ear l ier.  Is  she here  now? 

This  concludes the l is t  of  people  who have asked previously to  

speak.  Let  me ask now if  there  is  anyone in  the audience who has  not  

had an opportuni ty  as  yet  to  address  the panel  and would l ike  to  do so.  

This  wil l  be  your  las t  opportuni ty  to  make a  publ ic  comment .  

Because when the publ ic  comment  sess ion closes ,  the  next  i tem of  

business  wil l  be  for the  panel  to  begin their  del iberat ions .  

So f inal  cal l  to  the  audience.  Is  there  anyone who has  not  yet  

had the opportuni ty  to  address  the  panel  that  would l ike  to  speak? 

Seeing none,  this  c loses ,  then,  the  publ ic  comment  port ion of  

the  meet ing.  Let 's  take a  break for  about  15 minutes  and reconvene,  

and the panel  wil l  then begin their  del iberat ion of  the  quest ions .  

(Thereupon,  a  br ief  recess  was taken.)  

DR. ROBERTS: Before  we begin del iberat ion of  the quest ions 
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posed by the agency,  our  designated federal  off ic ia l ,  Mr.  Paul  Lewis , 


has a  few announcements  about  keeping the docket  squared away,


some announcements  about  submission of  documents . 


MR. LEWIS:  Thank you,  Dr.  Roberts .  Just  br ief ly,  dur ing the 

break we dis t r ibuted to  the panel  two pieces  of  information.  One is  a  

CD that  was provided by the EPA Office  of  Pest ic ides  Programs of  

addi t ional  data  for  the  panel  to  review,  to  consider.  In  addi t ion,  

addi t ional  data ,  addi t ional  c lar i f icat ion provided by Syngenta  based 

on comments  they made yesterday. 

The mater ia l  is  avai lable  to  the  panel  now.  In  addi t ion,  we wil l  

make i t  avai lable  in  the  publ ic  docket .  

DR.  KELLEY: Do you know where this  came from? 

MR. LEWIS:  Let me give this back to the chair. 

DR.  ROBERTS: The quest ion came from Dr.  Kel ley regarding a  

CD that  we were dis t r ibuted,  and she wanted to  know the source.  And 

i t  i s  the  one that  says  Hayes data  sets .  

DR.  STEEGER: The data  sets  on that  CD are  a l l  of  the  data  that  

Dr.  Hayes has  provided to  support  his  report  to  Syngenta ,  the  report  

that  was dis t r ibuted ear l ier  today. 

I t  a lso contains  data  to  support  the  s tandard operat ing 

procedures  that  he  developed in  his  lab to  determine feeding rates .  
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There  is  an addi t ional  f i le  on there  that  provides  the password 

for  the  one password protected data  set  that  is  contained among the 

seven.  

DR. ROBERTS: Thank you,  Dr.  Steeger. 

We have a  fol low-up quest ion by Dr.  Kel ley. 

DR.  KELLEY: For  c lar i f icat ion,  so the feeding data  which 

were a l luded to  yesterday,  does  this  jus t  include the methodology for  

gather ing them and not  the  resul ts?  Or does  this  include the resul ts  of  

different  feeding regimens? 

DR. STEEGER: My understanding is  they are  the resul ts  of  

different  feeding regimens to  determine what  would be the ideal  

feeding rate  for  xenopus in  Dr.  Hayes '  lab.  

DR. KELLEY: Thank you.  

DR. ROBERTS: And just  as  a  general  comment ,  the  panel  very 

much appreciates  the  data  and the reports  that  were submit ted during 

the course  of  the  meet ing and the comments .  

We wil l  t ry  and consider  and ut i l ize  those in  our  del iberat ions  

as  best  we can.  But  t ime is  very short  for  us  to  be able  to  consider  

those.  So we ' l l  do the best  we can with  i t .  

Yes, Dr. Steeger. 

DR.  STEEGER: I  want  to  make one more comment  about  the 
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encrypt ion of  the  data .  

As Dr.  Hayes indicated in  his  presentat ion,  his  t reatments  are  

color  coded.  One of  the data  sets  is  codes dot  X L S.  I t ' s  an Excel  

spreadsheet .  I t  provides  the way of  associat ing the colors  with  the 

actual  t reatment  levels .  

DR. ROBERTS: Thank you,  Dr.  Steeger. 

Dr.  Bradbury,  the  panel  has  received a  great  deal  of  publ ic  

comment  over  the  las t  couple  of  days,  a  lot  of  information.  

We appreciated the opportuni ty  to  hear  f rom the invest igators  

and asked them quest ions.  We now turn to  del iberat ion of  the  

quest ions posed by the agency. And I  wondered i f  you had some 

introductory remarks or  comments  you wanted to  make to  help us  

make sure  we have the r ight  focus as  we begin to  that .  

DR.  BRADBURY:  Thank you,  Mr.  Chairman.  I  appreciate  the 

opportuni ty. 

What  I  would l ike  to  do is  jus t  spend a  few minutes  to  recapping 

where we have been over  the las t  few days and perhaps help set  the  

s tage for  moving through the quest ions .  

What I would l ike to do is sor t of again get  us back into the 

context  of  the  science and the r isk assessment  issue that  we 're  facing 

and to  put  this  quest ion in  the context  of  the  agency 's  ecological  r isk  
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assessment  guidel ines ,  the  process  whereby the science is  evaluated 

to  help inform the regulatory decis ions that  the  agency needs to  make.  

We ta lked about  this  on Tuesday morning,  that  one of  the  

important  phases  of  an ecological  r isk  assessment  is  the  problem 

formulat ion s tage.  I t  provides  the context ,  i t  provides  the foundat ion 

for  proceeding fur ther  in  the  actual  r isk  assessment .  

The r isk assessment , of course , i s designed to help inform the 

r isk management  decis ion,  science for  a  purpose.  The science for  this  

purpose is  to  help inform decis ions about  the  potent ia l  r isk  of  a t razine 

to  amphibians .  

As we discussed on Tuesday morning,  ecological  r isk 

assessments  tend to  be an i terat ive process .  And some of  the  speakers  

over  the  las t  couple  days noted the r isk  assessment  that  has  a l ready 

been completed in  terms of  the  potent ia l  effects  of  a t razine on aquat ic  

community s t ructure  and funct ion.  

As par t  of  that  i t  i terat ive process ,  quest ions  came up from the 

publ ic ,  f rom NRDC and from others .  And in  the context  of  interact ing 

with  our  agency 's  r isk  managers ,  i t  formulates  another  quest ion.  

The quest ion being whether  or  not  a t razine can cause 

developmental  effects  on amphibians ,  and,  i f  so ,  what  could be the 

consequences  i f  that  effect  occurs .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

81 

As one moves in  theory from problem formulat ion into the 

analysis  phase,  that 's  where one blends the exposure information with  

the effects  informat ion and takes  that  in to  r isk character izat ion 

where,  in  fact ,  we at tempt  to  provide an es t imate  of  the  magni tude and 

l ikel ihood of  potent ia l  adverse  effects .  I f  you wil l ,  t ry  to  es tabl ish 

the probabi l i t ies  that  cer ta in  events  can happen at  di fferent  a t razine 

exposure  concentrat ions .  

The goal  of  the  r isk assessment  is  to  provide that  exposure  

response prof i le  and ar t iculate  what  the  ecological  s ignif icance of  

that  exposure response prof i le  is .  And then communicate  that  to  the 

r isk manager. 

And as  we have heard over  the las t  few days,  there  is  a  number  

of  issues  that  come into play in  making a  decis ion about  the  

regis t ra t ion and reregis t ra t ion of  a  pest ic ide.  Science is  only one 

aspect  of  the  overal l  decis ion.  There  are  many other  factors  that  go 

into  making a  regulatory decis ion.  

The chal lenge for  the  scient i f ic  community,  not  jus t  the  

scient is ts  in  the off ice  of  pest ic ide programs and the off ice  of  

research and development ,  but  the  scient i f ic  community  that  spans 

academia industry  and publ ic  groups,  is  to  ensure  that  the  science that  

goes  into  making these decis ions is  c lear  and t ransparent  and provides  
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the  r isk managers  an object ive understanding of  what  we know and 


what  we don ' t  know so that  cer ta int ies  in  their  decis ionmaking is  c lear 


to  a l l  concerned. 


So that 's  the  context .  We're  ins ide the box.  We're  ins ide the 

box of  science,  but  i t  i s  sc ience for  a  purpose and i t  i s  sc ience that  has  

urgency.  Decis ions have to  be made.  Making no decis ion is ,  in  fact ,  

a  decis ion.  And i t  i s  a  decis ion that  is  made in  the context  of  

whatever  scient i f ic  uncer ta inty  or  cer ta int ies  we have at  the  t ime.  

So with  that  in  mind,  le t  us  jus t  walk through again a  l i t t le  bi t  

of  context  on the road map that  we 're  working through.  Let 's  take a  

look at  problem formulat ion again.  And that 's  real ly  where we are  

r ight  now. 

The white  paper  is ,  in  fact ,  a  problem formulat ion.  Problem 

formulat ion is  where  we integrate  avai lable  informat ion to  t ry  to  

es tabl ish some sense of  r isk  assessment  endpoints  in  the  context  of  

environmental  management  goals  and s tar t  to  ar t iculate  what  those 

measures  of  effects  could be to  make est imates  about  those r isk 

assessment  endpoints .  

Based on the integrat ion of  avai lable  information,  we focus on 

the formation of  r isk hypotheses  and t ry  to  develop a  conceptual  

model  that  could be used,  a  working hypothesis ,  i f  you wil l ,  to  re la te  
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the  information that  we do have in  terms of  exposures  and effects  to 


then set  up the analysis  plan for  actual ly  undertaking the r isk 


assessment . 


I t  i s  very cr i t ical  in  a  r isk  assessment  that  has  a  lot  of  a t tent ion 

and has  a  lot  of  implicat ions  to  use  this  problem formulat ion s tep to  

i ts  utmost ,  to  have i t  be  r igorous,  to  gain the input  f rom the scient i f ic  

peers ,  to  ensure  that  we 've thought  this  thing through the way i t  needs 

to  be thought  through.  

At  the end of  the  analysis  phase,  there  are  sor t  of  three broad 

paths  one could imagine going down.  One possibi l i ty  is  that  through 

the analysis  of  the  avai lable  information and dialogue with  the r isk 

managers  i t  could be concluded that  there  is  no need to  do a  r isk 

assessment ,  that  there  is  suff ic ient  cer ta inty  in  the  informat ion,  in  the  

context  of  the  cer ta inty that  is  required to  make a  regulatory decis ion 

that  there  is  no need to  do a  r isk assessment .  That 's  one possible  

outcome of  problem formulat ion.  

Another  outcome,  possible  outcome of  problem formulat ion 

would be that ,  in  fact ,  there  is  suff ic ient  informat ion to  formulate  the  

working hypotheses  in  the conceptual  model .  The analysis  plan lays  

out  how to use the avai lable  information to  proceed with  the r isk 

assessment .  Acknowledgment  of  potent ia l  uncer ta int ies  are  
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recognized in  the analyses  plan,  but  the  decis ion is  that  one could go 


ahead and actual ly  s tar t  doing the r isk assessment  to  move into  the 


analysis  phase and begin ul t imately  to  character ize  r isk . 


A third outcome of  problem formulat ion could be that  there  is  

suff ic ient  informat ion to  formulate  a  reasonable  conceptual  model  to  

formulate  reasonable  r isk hypotheses ,  to  formulate  a  reasonable  

working hypothesis  and to  develop an analysis  plan that  out l ines  the 

amount  of  information that  is  avai lable  and out l ine  the data  gaps that  

are  facing the abi l i ty  to  proceed with the r isk assessment  with  varying 

levels  of  cer ta inty. 

That 's  sor t  of  where we 're  a t  r ight  now in taking a  look at  the  

white  paper,  the  problem formulat ion and gaining your  insight  and 

input  and wisdom on the paths ,  the  possible  paths  to  go forward af ter  

problem formulat ion.  

Is  there  suff ic ient  informat ion to  proceed with  the r isk 

assessment  and quant i fy  to  varying degrees  the probabi l i ty  of  adverse  

effects  to  amphibians  in  terms of  development  based on varying 

at razine exposures? 

Is  there  suff ic ient  informat ion to  say there  is  no need to  go 

forward;  there  is  no plausible  r isk hypothesis  for  the  potent ia l  of  

a t razine to  cause adverse  effects  on amphibian development  or  are  we 
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somewhere in  between.  That 's  the  ul t imate  quest ion before  us .  And a  

ser ies  of  quest ions  to  help us  get  to  where we need to  get .  

One thing I  want  to  point  out  is  that  in  the process  of  going 

through problem formulat ion and ul t imately get t ing to  r isk 

character izat ion,  we 're  ta lking about  uncer ta int ies ,  we 're  ta lking 

about  what  we know, we 're  ta lking about  what  we don ' t  know and 

we're  pul l ing that  informat ion together. 

There  has  been some discussion that  i t  i s  a  weight  of  evidence 

approach.  In  fact ,  i t  i s  not  a  weight  of  evidence approach.  In  fact ,  

the  agency 's  ecological  r isk  assessment  guidel ines  are  very c lear  that  

i t  i s  not  a  weight  of  evidence approach.  

In  fact ,  i t  i s  termed the l ines  of  evidence approach.  And to  

quote  f rom the agency guidel ines ,  the  phrase,  l ines  of  evidence,  is  

used to  deemphasize the balance of  opposing factors  based on 

ass ignment  of  quant i ta t ive  values  to  reach a  conclusion about  a  

"weight ."  in  favor  of  a  more inclusive approach,  which evaluates  a l l  

avai lable  informat ion even evidence that  may be qual i ta t ive  in  nature .  

So the point  is  we 're  not  balancing pounds of  information.  

We're  looking at  l ines  of  evidence.  I f  I  could be so bold as  to  change 

the analogy a  bi t  f rom the r isk assessment  guidel ines ,  you may want  

to  think about  i t  as  pieces  of  evidence,  pieces  of  information and 
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th ink about  how we might  t ry  to  bui ld  a  puzzle .  Think about  bui lding 


a j igsaw puzzle  with  lots  of  pieces  on the table ,  a l l  d i fferent  shapes , 


al l  d i fferent  s izes ,  a l l  d i fferent  contours .  Some with many edges, 


some with a  few edges. 


Are al l  those pieces  of  information on the table  even par t  of  the  

same j igsaw puzzle? I f  they are ,  how many of  those pieces  on the 

table  can one s tar t  to  put  together  to  s tar t  to  bui ld  the  pic ture? Is  

there  enough pieces  on the table  that  are  s tar t ing to  connect  to  each 

other  to  actual ly  see  what  the  pic ture  is  and to  ta lk  about  the  pic ture  

and descr ibe the  pic ture  in  great  detai l?  

Or is  i t  apparent  that  the  pieces  on the table  don ' t  even al low 

one to  s tar t  to  put  the  pieces  together?  Is  i t  even possible  that  the  

pieces  don ' t  even belong in  the same puzzle?  Or are  there  enough 

pieces  s tar t ing to  come together  that  one can s tar t  to  imagine what  

that  puzzle  could look l ike  i f  one could get  more pieces  and can s tar t  

to  see  what  kind of  pieces  would be the most  cr i t ical  to  s tar t  bui lding 

the pic ture ,  to  s tar t  paint ing the pic ture .  

I  th ink the other  idea in  terms of  not  using the term weight  but  

using the term l ines  or  pieces  of  evidence is  that  some pieces  in  this  

puzzle  may be very,  very smal l ,  but  have lots  of  edges and they 

connect  lots  of  pieces  that  are  on the table .  They may be very smal l ,  
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but  they may be very cr i t ical . 


I  th ink another  aspect  of  thinking about  this  in  terms of  

paint ing a  pic ture  or  put t ing together  a  puzzle  is  that  as  we have 

cer ta in  pieces  come together,  there  may be some gaps between some 

of  the pieces .  But  depending upon the shape of  the pieces  and how 

those pieces  are  coming together,  i t  may be very re la t ively easy to  

imagine what  that  missing piece would look l ike,  i .e . ,  we might  be 

able  to  extrapolate  to  what  that  miss ing piece would look l ike ,  a  

reasonable  level  of  confidence.  

In  some cases  the edges of  the  pieces  may lead us  out  into  par ts  

of  the  universe  we haven ' t  been before ,  and that  may require  actual ly  

get t ing some pieces  to  help put  the  picture  together. 

So i t  i s  an inclusive process .  There  is  no r ight  or  wrong.  There  

are  no winners  or  losers  in  this  process .  The only winners  are  the 

people  of  the  United States  get t ing the kind of  information i t  takes  so 

that  the  r isk management  decis ions can be informed.  

The only winners  in  this  operat ion,  in  this  endeavor  is  a  

science,  and the science being blended together  to  maximize a l l  the  

information possible  to  make the most  informed decis ion that  we can 

make. 

In  going through problem formulat ion,  one sor t  of  gets  the  
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impression i t ' s  a  l inear  process .  I t  i s  not .  You sor t  of  take different  

information and you work i t  through.  Let 's  jus t  recap real  br ief ly  sor t  

of  where we are  coming from in the white  paper. 

We ini t ia l ly  la id  out  on Tuesday morning the s ta tement  of  the  

r isk management  goal ,  the  environmental  management  goal  as  wel l  as  

the  r isk assessment  endpoints ,  and those being the reproduct ive and 

recrui tment  capabi l i ty  of  nat ive anurans.  I  don ' t  th ink I  need to  go 

into  great  detai l  on that .  

But  what  I  would l ike  to  do is  s i t  back and think about  what  that  

means in  terms of  being able  to  make some est imates  about  

reproduct ion and recrui tment  of  nat ive anurans.  That 's  a  big  quest ion.  

That 's  a  quest ion that  br ings in  a l l  sor ts  of  f ie lds  of  biology, 

landscape ecology. 

Problem formulat ion helps  us  get  s tar ted on the process  of  

put t ing this  informat ion together  to  answer  that  quest ion.  

When the agency has  to  take on chemical  r isk  assessments  in  

the  ecological  realm,  we take on a  chal lenge that ,  wi th  a l l  due respect  

to  the human heal th  r isk assessors  of  the  agency,  I  th ink we have a  

bigger  chal lenge and a  more exci t ing chal lenge,  because we have to  

work across  many layers  of  biological  organizat ion.  

And the examples  of  the  levels  of  biological  organizat ion on 
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that  s l ide  don ' t  even capture  a l l  the  levels  of  biological  organizat ion 


as  Carl  Richards  and others  on the panel  know, but  to  a t  least  get  i t  a l l 


to  f i t  on one s l ide ,  I  th ink I  can get  the  point  across . 


This  concept  on this  s l ide  has  been publ ished by many folks  in  

many different  venues.  But  I  th ink i t  i l lus t ra tes  very nicely some of  

the  chal lenges  in  the  integrat ion of  informat ion that  is  required as  one 

goes  forward in  a  r isk assessment .  

One could enter  our  examinat ion of  a  quest ion at  any level  of  

biological  organizat ion,  but  the  concept  is  that  in  general  as  one goes  

down levels  of  biological  organizat ion,  one creates  greater  

unders tanding of  the  potent ia l  or  actual  in teract ion of  a  chemical  with  

a  biological  system. 

But  cer ta inly as  one goes  down in  levels  of  biological  

organizat ion,  our  unders tanding of  the  re levancy of  those events  a t  

the  populat ion or  community or  landscape level  become less  and less  

cer ta in .  

So,  in  fact ,  doing an ecological  r isk  assessment  is  a  blending of  

many levels  of  biological  organizat ions to  inform,  to  help us  

unders tand what  is  going on and to  help us  unders tand the re levancy 

of  the  ecological  r isk  assessment .  

I  th ink this  panel  is  a  nice  example of  the  kinds of  ski l ls  and 
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discipl ines  and professions that  need to  come together  to  unders tand 


in  the problem formulat ion context  of  where we are  and where we 


need to  head. 


So i f  I  could t ry  one more analogy. We ta lked about  pieces  of  a  

puzzle  in  terms of  creat ing that  puzzle  and creat ing the picture  to  

unders tand where we are  and what  the  world looks l ike .  We also 

could think about  i t  in  terms of  threads and how threads get  woven 

together  to  create  a  tapestry,  a  tapestry  that  has  texture ,  a  tapestry  

that  has  a  lot  of  vibrant  aspects  to  i t .  

And i t  means we 're  blending in  the ski l ls  and ta lents  of  folks  

that  are  exper ts  in  molecular  biology and interact ions  of  chemicals  

with  receptors  or  enzymes as  wel l  as  interact ing with  folks  that  are  

experts  in  landscape ecology and unders tanding how spat ia l  and 

expl ic i t  descr ipt ions  of  habi ta t  are  cr i t ical  for  unders tanding the 

populat ion demographics  of  amphibians  or  other  species .  

So our  chal lenge is  how to weave these threads together  to  

create  a  coherent  pic ture  that  blends unders tanding and relevancy. 

So that  as  a  context ,  I  would l ike  just  a  couple  more minutes  i f  I  

can,  Mr.  Chairman,  for  Tom,  Tom Steeger,  and I  to  just  touch base 

again on the integrat ion of  avai lable  informat ion for  this  specif ic  r isk  

assessment ,  problem formulat ion for  a t razine,  touch on the conceptual  
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model  again just  to  touch base and kind of  get  us  a l l  reequi l ibrated 

and then to  just  touch base on the f i rs t  aspect  of  our  analysis  blend for  

the  problem formulat ion.  

DR. STEEGER: Over  the past  two days,  panel  members  have 

received range of  input  f rom researchers  engaged in  s tudying the 

effects  of  a t razine on amphibian development .  

Panel  members  have been provided copies  of  each of  the  s tudies  

discussed and EPA's  assessment  of  the s tudies .  

To a  large extent ,  the  presentat ions  have focused on the resul ts  

generated from research effor ts .  As has  been pointed out  by a  member  

of  the  SAP,  i t  i sn ' t  suff ic ient ,  though,  to  look exclusively a t  the  data .  

But  ra ther,  you have to  a lso consider  the s tudy design and s tudy 

condi t ions  in  which the data  were col lected.  

As Steve Bradbury,  Joe Tietge and I  have pointed out ,  the  

agency fol lows a  process  for  conduct ing ecological  r isk assessment .  

The ini t ia l  s tage of  ecological  r isk  assessment  is  problem  formulat ion 

where r isk assessors  work with  r isk managers  to  integrate  avai lable  

informat ion on a  chemical  to  def ine potent ia l  hazards ,  their  impact  on 

assessment  endpoints  and the uncer ta int ies  associated with  the 

measurement  endpoints  used to  ident i fy  potent ia l  hazards .  

Typical ly,  the  agency rel ies  on guidel ine s tudies  to  assess  
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r isks .  However,  open l i terature  and nonguidel ine s tudies  are  a lso 


considered. 


Consis tent  with  the agency 's  process  for  evaluat ing s tudies ,  

s tudies  were evaluated using the fol lowing cr i ter ia :  Experimental  

design,  s tudy protocols ,  protocols  and qual i ty  assurance,  the  s t rength 

of  the  cause effect  re la t ionship,  whether  there  was a  dose response,  

whether  the  observed effects  have plausible  mechanism of  act ion that  

is  consis tent  with  what  is  known about  the  chemical ,  and,  f inal ly, 

whether  the  measured effects  are  ecological ly  re levant .  

Did we know what  to  expect?  No.  While  the agency rout inely 

receives  s tudies  that  have a  very s tandardized protocol  and 

establ ished databases  on which to  gauge the conduct  and outcome of  

the  s tudies ,  the  s tudies  under  current  review on amphibian effects  

represented a  new area of  information.  

Did the agency have expectat ions  on whether  the  data  were 

real is t ic .  As Dr.  Giesy tes t i f ied,  the  data  are  what  they are .  Agency 

reviewers ,  though,  examine how the data  were col lected and analyzed 

to  determine whether  they would have come to  the same conclusions 

as  the  s tudy authors .  

The agency,  however,  is  looking for  input  f rom this  panel  on 

whether  the  data  provided from the current  sui te  of  s tudies  are  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

93


reasonable  for  gauging the effects  of  a t razine on amphibian 


development . 


Also,  there  was some discussion about  the  agency 's  unreal is t ic  

expectat ion of  a  monotonic  dose response curve.  The agency is  not  

focussed on the shape of  the curve as  much as  on the consis tency of  

the  dose response.  

We do not  ins is t  that  a  chemical  exhibi t  a  monotonic  dose 

response,  but  s imply that  we are  able  to  unders tand and project  what  

type of  response might  be expected in  a  consis tent  fashion from 

exposure  to  par t icular  levels  of  a t razine.  

By now, the panel  is  painful ly  aware that  the  agency has  

reviewed seventeen s tudies  that  were received as  a  February 28th 

consent  decree deadl ine.  12 of  the  s tudies  were submit ted by the 

regis t rant .  Five were drawn from open l i terature .  Seven s tudies  were 

conducted in  the laboratory and ten were conducted in  the f ie ld .  

While  the  presentat ions  by researchers  over  the  past  two days 

have focused on s tudy resul ts ,  the  agency has  a  number  of  evaluat ion 

cr i ter ia  that  extend beyond the data  and examine the condi t ions  under  

which the data  were col lected.  

As I  indicated,  the  data  evaluat ion records  for  the  17 s tudies  

focused pr imari ly  on methodological  inconsis tencies  that  were 
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considered to  have potent ia l ly  cr i t ical  impacts  on the s tudy. 

While  Dr.  Sielken was correct  in  point ing out  that  col lapsing 

repl icates  can potent ia l ly  increase the l ikel ihood of  a  type one error, 

that  is ,  drawing a  conclusion that  there  is  a  s ta t is t ical  di fference when 

one does  not  actual ly  exis t ,  agency reviewers  conducted s ta t is t ical  

analyses  based on both the or iginal  s tudy design and on col lapsing the 

data  sets  in  order  to  explore  whether  s ta t is t ical  re levancy could be 

extracted from the highly var iable  data  sets .  

However, i t i s important to keep in mind that regardless of what 

approach was used to  view the data ,  confounding effects  across  a l l  of  

the  s tudies  l imited,  i f  not  precluded,  the  ut i l i ty  of  the  data  regardless  

of  how they were analyzed.  

Thus,  a t razine contaminat ion in  the controls ,  poor  water  

qual i ty,  poor  growth and development  and survival ,  h igh var iabi l i ty  

in  endpoint  measurements ,  lack of  reproduceabi l i ty  and unresponsive 

posi t ive  controls  were recurrent  themes that  were considered cr i t ical .  

One quest ion that  was posed on Tuesday was whether  panel  

members  should use any of  these s tudies  in  determining whether  there  

are  suff ic ient  data  to  gauge whether  a t razine is  impact ing gonadal  

development .  

However,  we look to  the panel 's  col lect ive expert ise  on 
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amphibians '  endocrinology,  plus  extensive laboratory and f ie ld  

research coupled with  the unders tanding of  the  science of  r isk 

assessment  to  provide feedback to  the agency on that  very quest ion.  

The agency views that  the  s tudies  do have ut i l i ty  in  helping to  

ident i fy  potent ia l  effects  on amphibian development .  Addi t ional ly, 

the  s tudies  provide insight  on the sources  of  var iabi l i ty  and they 

provide insight  on the appropria te  tes t  species  and s tudy condi t ions  

that  may be ut i l ized in  future  s tudies .  

I f the r isk managers wish to reduce the  current uncer ta int ies 

regarding the potent ia l  effects  of  a t razine on amphibians ,  the  agency 

recommends that  addi t ional  s tudies  be ini t ia ted.  These s tudies  should 

bui ld  on the current  body of  information.  

I  suspect  that  i t  i s  of ten t imes frust ra t ing for  the  publ ic  to  

recognize that  the  agency is  not  omniscient  in  i ts  unders tanding of  the  

avai lable  research on a  par t icular  subject .  

While  cer ta in  background information would be par t icular  

re levant  to  the  measurement  endpoints  under  considerat ion,  the  

agency may s imply not  be aware of  i ts  exis tence.  

Addi t ional ly,  because of  research l imita t ions ,  the  agency has  

come to  re ly  on the tes t ing of  surrogate  species  to  be representat ive of  

the effects  of  a  very broad range of  organisms.  Thus,  whi le  i t  might  
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be ideal  to  tes t  actual  species  that  may be l ikely to  be exposed to 


pest ic ides ,  these  data  are  not  typical ly  avai lable . 


Addit ional ly,  surrogate  tes t  species  are  not  selected based on 

their  sensi t ivi t ies  to  chemicals ,  but  ra ther  on their  abi l i ty  to  survive 

under  laboratory condi t ions .  

Also,  whi le  laboratory tes t  condi t ions  may not  be deemed as  

ecological ly  re levant ,  they are  intended to  provide suff ic ient  control  

over  environmental  condi t ions  to  permit  bet ter  e lucidat ion of  

potent ia l  t reatment  effects .  

Steve wil l  now recap on the approach that  the  agency is  going 

to  recommend to  address  the  current  uncer ta int ies .  

DR. BRADBURY:  Fol lowing up on what  Tom just  indicated,  a  

wri t ten descr ipt ion of  the  r isk hypothesis  and,  as  the  guidel ines  

recommend to  the extent  possible ,  t ry  to  visual ize  what  the  r isk 

hypothesis  is  in  a  conceptual  model .  And the white  paper  provided an 

image s imilar  to  this .  

Before  we get  s tar ted on ta lking about  this  conceptual  model ,  

I 'm reminded of  a  quote ,  I  th ink i t  i s  by George Fox that  says ,  a l l  

models  are  wrong,  but  some are  useful .  And I 'm real ly  used to  that  

phrase .  My research is  more on quant i ta t ive  s t ructure  act ivi ty  

re la t ionships .  And we're  a lways deal ing with the fact  that  you 're  
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t rying to  predict  what  you don ' t  know. 


So al l  models  don ' t  capture  real i ty. But  i f  used in  the proper  

context ,  they provide insight  into  how to move forward.  

I  th ink another  way to  view i t  and perhaps a  less  harsh way 

would be to  say that  a l l  models  have l imita t ions ,  but  a l l  can be useful  

i f  p laced in  the  proper  context .  

I  th ink a  lot  of  what  we heard over  the las t  few days and we' l l 

be  discussing over  the  next  day and a  half  wi l l  be  the context  of  

models ,  be  they biological  models ,  be  they experimental  models ,  be  

they representat ions  of  the  f ie ld  to  t ry  to  capture  what  a l l  of  the  

ecosystems in  the country do,  they are  models .  And they are  models  

used to  t ry  to  help us  f ind a  path to  move forward.  

So in  that  spir i t ,  a  conceptual  model  is  a  working hypothesis ,  

but  you have to  s tar t  somewhere.  You have to  s tar t  somewhere.  

So in  our  conceptual  model ,  we 're  focusing on that  top,  for  me, 

the  top lef t -hand corner  of  our  conceptual  model .  That 's  the  focus and 

we're  going to  move forward.  We have ta lked about  the idea of  

l inking the potent ia l  molecular  effects  to  the  effects  in  the  working 

hypothesis  in  e levated E 2 (ph)  to  the concentrat ion on or  the  focus 

ini t ia l ly  on gonadal  effects  in  males  which would then lead to  the 

issue of  impaired fer t i l i ty,  reproduct ive and success  and then to  our  
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r isk assessment  endpoint . 


As we discussed in  the white  paper,  the  analysis  plan of  moving 

forward is  a  phased approach.  Again,  the  idea that  one doesn ' t  have to  

know everything to  know something to  then moved forward in  a  r isk 

management  cr i ter ia .  

This  then lays  out  the  f i rs t  par t  of  our  analysis  plan,  which gets  

a t  taking a  look at  the  apical  effects  of  gonadal  development  in  

amphibians ,  provide the logical  point  to  break through that  logic  t ra in  

that 's  in  the  conceptual  model .  Again,  to  go back to  the  ear l ier  s l ide ,  

unders tanding combined with  ecological  re levancy. 

This  working hypothesis  s tar ts  off  with  sor t  of  posing the 

quest ion on ourselves ,  can we establ ish with  greater  confidence the 

potent ia l  of  a t razine to  cause developmental  effects ,  s tar t  to  get  a  

handle  on what  the  s t ressor  response prof i le  is  for  that  effect  as  a  

launching pad to  e i ther  s imultaneously look for  ecological  re levancy 

as  wel l  as  mechanis t ic .  

That 's  what  we ' l l  be  looking forward to  hear,  the  panel 's 

discussion on the pathway of  moving forward.  

The phase one aspect  of  the  analysis  plan we feel  is  the  most  

important  par t  or  a t  least  would hope that  the  panel  would spend a  fa i r  

amount  of  t ime on what  we 're  proposing as  phase one.  Or i f  you feel  
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there  is  a  different  phase that  we should s tar t  on,  of  course  we ' l l  be 


very happy to  enter ta in  that . 


But a t  least  f rom our  perspect ive as  a  working hypothesis  for  

you al l  to  tes t ,  our  phase one component  then is  focusing on whether  

or  not  a t razine exposure  resul ts  in  gonadal  effects  in  males  and 

perhaps females ,  and again,  to  t ry  to  determine what  the  dose 

response re la t ionship is .  

We have no preconceived not ion of  what  a  "r ight"  dose 

response re la t ionship is .  That 's  not  the  issue.  The issue is  what  is  the  

dose response re la t ionship and what  kind of  confidence do we have in  

quant i fying that  dose response re la t ionship.  

In  the context  of  the  phase one s tudies ,  we indicated on 

Tuesday morning a  number  of  issues  in  terms of  get t ing s tar ted.  We 

s tar ted a  l i t t le  bi t  of  discussion on Tuesday morning about  the  choice 

of  the  biological  model  to  get  s tar ted on.  There  probably wil l  be  a  

number  of  biological  models  we can consider. 

Again,  a l l  models  have l imita t ions ,  but  a l l  can be useful  i f  

p laced in  the proper  context ,  the  context  of  unders tanding chemical  

toxici ty,  the  context  of  s tudying ecological  re levancy. 

There  is  probably not  one model  that  can answer  a l l  our  

quest ions.  But  what  are  the types  of  models  we should use for  the 
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different  types  of  quest ions  a t  hand. 


We spent  a  lot  of  t ime as  Tom summarized in  looking at  the  

avai lable  informat ion in  terms of  some s tandards  that  exis t  in  the  

scient i f ic  l i terature  as  a  funct ion of  scient i f ic  bodies ,  in  terms of  

some of  the  basic  condi t ions  that  are  required to  do aquat ic  

toxicology tes t ing.  

The his tory of  aquat ic  toxicology is  about  35 year  old now. 

Over  35 years  there  has  been a  lot  of  advancements  in  the technology 

of  how to do aquat ic  toxicology tes t ing.  There  has  been a  lot  of  work 

to  descr ibe what  the  condi t ions  of  organisms should be expected and 

the terms of  doing those tes ts .  

And in  this  context ,  the  American Society  for  Test ing Mater ia l  

has  es tabl ished s tandards ,  expectat ions  of  qual i ty  in  terms of  

undertaking an aquat ic  toxicology tes t ,  including tes t  wi th  

amphibians .  We feel  that 's  an important  cr i ter ia  to  take into  account  

in  terms of  doing aquat ic  toxicology. 

This  wil l  be  one of  the  exci t ing par ts  of  the  discussion,  because 

the methodologies  used in  aquat ic  toxicology may not  be the same 

methodologies  that  are  used in  developmental  biology and they may 

not  be the same  methodologies  that  are  used in  f ie ld  biology 

protocols .  We're  going to  have to  weave that  tapestry,  weave those 
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threads together  to  t ry  to  create  a  vibrant  textured tapestry. 

Obviously,  you know where we 're  coming from  in terms of  how 

we think there  is  a  way to  approach maintaining appropria te  qual i ty  in  

the bioassays and combined with keeping t rack at  the  end that 's  going 

to  be required to  tes t  some of  these hypotheses .  

We obviously have a  proposal  on the table  in  terms of  using a  

f low-through technology to  meet  those ASTM standards .  That  doesn ' t 

mean that  a l l  tes ts  that  could be done to  answer  these quest ions  have 

to  be done with f low through.  In  our  opinion,  the  most  important  

cr i ter ia  is  going to  be whatever  method is  used,  i t  has  to  meet  ASTM 

standards .  

Whatever  is  needed then to  answer  the s ta t is t ical  power issues ,  

le t  i t  be  what  i t  wi l l  be ,  but  ASTM standards  we feel  are  important  

because they are  based on 35 years  of  aquat ic  technology and we're 

somewhat  nervous in  backing away from what  people  have been 

developing over  the  years  of  aquat ic  toxicology,  to  not  belabor  the 

point ,  some of  the  data  qual i ty  indicators  that  we discussed 

previously and which I 'm highl ight ing just  in  the las t  few minutes .  

So with that ,  we ' l l  wrap i t  up.  Again,  jus t  to  br ing i t  back home 

to  the r isk assessment  issue a t  hand,  is  there  suff ic ient  informat ion 

avai lable  to  descr ibe the  cer ta int ies?  What  are  the  cer ta int ies?  What  
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are  the  uncer ta int ies?  

Risk managers  can use that  information to  decide i f  we should 

go ahead and do a  quant i ta t ive  r isk assessment  or  i f  no r isk 

assessment  needs to  be done.  Under  the assumption there  may be a  

request  for  greater  cer ta inty in  performing a  r isk assessment  for  

a t razine,  we la id  out  an analysis  plan to  descr ibe what  we considered 

would be important  information to  reduce the uncer ta inty. 

We look forward to  the dialogue with the panel .  

DR. ROBERTS: Thank you,  Dr.  Bradbury.  I  think your  

presentat ion and your  comments  by Dr.  Steeger  are  very important  to  

help us  refocus as  we begin our  del iberat ion of  the quest ions posed by 

the agency. 

A considerable  amount  of  effor t  has  been taken to  put  the  

avai lable  information regarding potent ia l  effects  of  a t razine on 

amphibians  before  the panel .  I t  i s  now t ime for  the  panel  to  go to  

work and offer  our  best  scient i f ic  evaluat ion and recommendat ions.  

I  would l ike  to  go ahead and take the f i rs t  quest ion and ask 

ei ther  Dr.  Bradbury or  Dr.  Steeger  i f  they would pose the f i rs t  

quest ion to  the  panel .  

DR. BRADBURY:  I ' l l turn i t over to Tom to read the quest ions . 

DR. STEEGER: Firs t  quest ion.  
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In  reviewing the avai lable  laboratory and f ie ld  s tudies ,  the  

agency used a  number  of  cr i ter ia  to  evaluate  individual  

invest igat ions .  Cri ter ia  such as  exper imental  design,  tes t  protocols  

and qual i ty  assurance informat ion were used to  ascer ta in  the 

re l iabi l i ty  of  the  generated data  in  terms of  i ts  abi l i ty  to  adequately  

assess  the  hypothesis  that  a t razine e l ic i ts  developmental  effects  in  

amphibians ,  and,  i f  so ,  the  nature  and s t rength of  associated dose 

response re la t ionships .  

Then par t  one of  a  two-par t  quest ion.  

Does the SAP have any comments  and recommendat ions 

regarding the EPA's  approach and cr i ter ia  used to  evaluate  the 

s tudies?  

And secondly,  given the evaluat ion cr i ter ia  employed by the 

agency,  please comment  on EPA's  overal l  character izat ion of  the  

current ly  avai lable  s tudies .  

DR.  ROBERTS: Dr.  Kel ley,  as  lead discussant ,  I  wi l l  ask you 

to  s tar t  out  on this .  I  wi l l  leave i t  to  you.  Do you want  to  take both 

par ts  together  or  do you want  to  have discussion on Par t  A and then 

discuss  Par t  B? 

DR. KELLEY: What  I  thought  I  would do is  to  read a  response 

to  the  quest ion that  I  have wri t ten af ter  discussion with  several  but  
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not  a l l  panel  members ,  and i t  includes  both par ts .  And then ask the 

panel  for  comments  on what  I  have wri t ten so that  i t  can be revised to  

more accurately  ref lect  the  viewpoint  of  the  panel .  

Let  me ask the panel  to  begin with  whether  that 's  an acceptable  

procedure to  them. 

DR. ROBERTS:  Sure . 

DR.  KELLEY: And le t  me just  te l l  you.  Feel  f ree  to  disagree 

violent ly. Not  a  problem. 

DR. ROBERTS: I  don ' t  want  them to disagree violent ly. 

DR.  KELLEY: Violent ly  in  the academic sense.  That  is  to  say 

how could you possibly say that .  That  would be violent  for  an 

academic.  

DR. ROBERTS: Proceed then.  

DR. KELLEY: Bear  in  mind we may amend this .  Al l  r ight?  

We fel t  that  the  review was thorough and the conclusions were 

appropria te ,  g iven the data  reviewed by the EPA. And here  I 'm 

referr ing to  the seventeen s tudies .  

We agreed that  addi t ional  s tudies  are  warranted.  There  are  

several  s tudies  supported by the regis t rant  or  by other  agencies  that  

indicate  that  a t razine can cause developmental  abnormali t ies .  On the 

other  hand,  a  range of  abnormali t ies  are  reported and they are  not  
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consis tent  f rom study to  s tudy (bear ing in  mind that  the  l i terature  

includes  several  anuran species . )  

Further,  though not  considered in  the white  paper,  the  f indings 

are  consis tent  with  s tudies  in  other  ver tebrate ,  both aquat ic  (e .g .  f ish)  

and terres t r ia l  (some rodents . )  Given the conservat ion of  many basic  

pathways for  endocrine regulat ion,  these s tudies  are  re levant  to  this  

white  paper  focused on anurans.  

Comments from the panel? 

DR. ROBERTS: I  have one and then I ' l l  open i t  up to  other  

commenters .  A asks  regarding the approach in  the cr i ter ia  used by the 

EPA to evaluate  those s tudies .  

And maybe I  missed i t .  But  did  you basical ly  agree with  their  

cr i ter ia?  

DR. KELLEY: I  thought  - -  yes .  The review was thorough.  I 

th ink that 's  implic i t .  So le t  me add a  phrase saying that  the  cr i ter ia  

were appropria te .  

DR.  ROBERTS: Yes.  I f  you bel ieve so.  I  think we should 

make that  expl ic i t  in  the  response.  

DR. KELLEY: I ' l l  add that .  

DR. ROBERTS: And then Dr.  Coats .  You had a  comment .  

DR.  COATS: Yes.  I 'm a  secondary discussant  on this .  I  would 
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l ike  to  read my opinion which is  cer ta inly consis tent  with  the 

opinions expressed already by Dr.  Kel ley.  The agency 's 

approach on cr i ter ia  are  val id  and address  a  number  of  very important  

points  f rom the exposure s ide of  the  r isk assessment ,  which is  where 

some of  my concerns  are .  

Number  1 ,  the  data  evaluat ion reports  could include a  

descr ipt ion of  the  analyt ical  methods,  that  be ELISA or  

chromatographic  methods to  enhance the completeness  of  the  reports  

and their  in terpreta t ion.  

Measured concentrat ions  which are  extremely important  of  the  

chemical  in  the  water  need to  be obtained and any potent ia l ly  

bioact ive metabol i te  should a lso be quant i f ied as  ment ioned in  the 

white  paper. 

In  some research papers ,  the  exposure  concentrat ions  are  

nominal  with  no measured concentrat ions  provided or  recovery 

confirmed given,  but  no values .  

The importance of  having measured concentrat ions  could be 

addressed more direct ly  in  weighing the val idi ty  of  the  work.  

Thirdly,  the  s ignif icance of  the  exposure method was pointed 

out ,  including some of  the shortcomings on the s ta t ic  renewal  

systems.  The ASTM standards  for  f low-through systems should be 
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fol lowed and the method s t rongly encouraged. 


Fourth,  body burdens must  be measured in  the organisms to  

ref lect  the  degree of  exposure and help explain the mode of  act ion.  

Once again,  bioact ive metabol i tes  a lso should be included.  

Determinat ion of  res idues  in  specif ic  t issues  would also be very 

valuable ,  but  a t  the  very least  the  whole  body res idues  could confirm 

the exposure.  

On the hazard s ide of  the  r isk assessment  equat ion,  i t  i s  cr i t ical  

that  the  dose response re la t ionships  be shown as  pointed out  by the 

agency.  Even i f  i t  i s  an a typical  inver ted U shape,  nonmonotonic  

response,  a  dose response curve can be generated i f  appropria te  

concentrat ions  are  tes ted.  

This  of  course  would help del ineate  safe  versus  unsafe  

concentrat ions ,  but  a lso could ass is t  in  e lucidat ing mechanism of  

act ion.  

DR.  ROBERTS: Dr.  Coats ,  I  th ink I  heard three different  kinds 

of  comments  there .  One was perhaps some def ic iencies  in  report ing 

among the exis t ing s tudies .  

Some were aspects ,  exper imental  aspects  that  perhaps should be 

addressed in  other  s tudies .  But  the  quest ion real ly  asks  about  the  

EPA's  character izat ion of  current ly  avai lable  s tudies .  And I  think 
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some of  your  comments  touched on that .  

But  I  want  to  be sure  that  when we respond to  this  quest ion that  

we sor t  of  don ' t  mix other  things,  other  points  that  we want  to  make in  

with  i t .  So I  th ink i t  i s  going to  be important  that  we give i t  as  c lear  a  

response as  we can to  be about  things that  you feel  and other  panel  

members  feel  that  any def ic iencies  in  their  character izat ion where 

there  are  things  that  they didn ' t  descr ibe or  that  they inaccurately  

descr ibed that  perhaps could be tweaked in  the document .  

Dr. Kel ley? 

DR. KELLEY: I  actual ly  did in  my wri t ten comments  separate  

out  A and B,  I  see  here .  And so I  did  have an addi t ional  comment ,  

which is  that  the  design of  the experiments  reviewed by the EPA and 

the analysis  of  the  data  were f lawed in  many instances ,  which was the 

EPA's  conclusion.  

And then this  re la tes  to  the  dose response - -  i f  there  is  a  

threshold effect  for  a t razine,  that  threshold is  not  f i rmly es tabl ished.  

With respect  to  dose response,  any requirement  that  funct ions  

be monotonic  are  c lear ly  inappropria te .  And as  we 've heard,  I  th ink 

the EPA would agree with that .  

So I think these were in discussions of the panel members 

among the most  important  issues  that  came to  mind,  the  threshold 
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dose for  observing an effect  i f ,  in  fact ,  an effect  can be observed 

s t r ikes  us  as  a  very important  piece of  information to  be gathered.  

DR.  ROBERTS: So you think that  perhaps the report  as  the 

EPA said should c lar i fy  that  in  their  cr i ter ia  to  evaluate  the  s tudies  

there  was not  an insis tence on a  monotonic  dose response 

re la t ionship.  Is  that  correct?  

DR. KELLEY: And I  think actual ly  that  i t  i s  jus t  a  wording 

mat ter.  I  th ink use of  the  word threshold is  useful  here ,  unless  i t  has  

some technical  meaning that  escapes  me. So threshold is  the  quest ion 

here .  

And then of  course  i t  wi l l  have a  shape,  and we can ' t  predict  in  

advance what  shape that  wil l  be .  

DR. ROBERTS:  Dr. Green. 

DR. GREEN: I 'm the third  discussant  on that  quest ion.  And 

fol lowing up on what  Dr.  Coats  just  read to  you,  I  th ink what  we were 

t rying to  convey is  that  we would l ike  for  the  EPA to include in  their  

approach and cr i ter ia  for  evaluat ing the s tudy the fact  that  so few 

s tudies ,  i f  any,  evaluated water  levels  and t issue levels  in  the  animals .  

And that  should be emphasized in  an EPA report  descr ibing 

their  approach and cr i ter ia  and not ing that  so  few studies  did  that  wi th  

any.  That  would be qui te  helpful .  
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DR. ROBERTS: Thank you.  

Comments  f rom other  panel  members? 

Dr. Matsumura? 

DR. MATSUMURA:  I real ly appreciate what Dr. Kel ley said 

about  the  comparat ive aspect  in  comparing the act ion of  a t razine to  

other  organisms,  par t icular ly  in  the  ver tebrates ,  so  that  we formulate  

some idea what  happens in  other  organisms.  I  th ink this  document  

could have more information on the other  organisms.  Some people  

have pointed out  too.  

And regarding the quest ion that  Joel  Coats  ra ised,  you are  using 

the water  concentrat ion of  a t razine.  In  some set t ing,  i t  i s  jus t  crazy. 

As Dr.  Hayes pointed out ,  the  next  day when you come  a 

concentrat ion may be qui te  different  i f  i t  has  ra ined the next  day or  

dr ied up.  

So cr i ter ion that  one should use real ly  is  the  res idue levels  in  

the  frogs themselves ,  including metabol i tes .  

So I  know our  chairman don ' t  want  to  mix up with la ter  

quest ions ,  but  s t i l l  o ther  cr i ter ion we should include whether  res idues  

can be found.  

In  the Reed s tudy from I l l inois ,  they were measuring the 

res idues .  And real ly  using the water  concentrat ion is  not  a  real ly  
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good method.  We have to  ident i fy  the res idues ,  including the 

metabol i tes .  Even i f  i t  i s  sor t  of  ephemeral ,  s t i l l  we have to  do that .  

DR. ROBERTS:  Dr. Richards? 

DR. RICHARDS:  I bel ieve that in a general way that the 

agency 's  review of  these is  pret ty  much in  l ine ,  par t icular ly  with  

respect  to  the  f ie ld  s tudies .  I  th ink that  they have done a  fa i r ly  

reasonably qual i ta t ive  look at  avai labi l i ty  of  the  s tudies  and the data  

and information that  was provided.  

DR.  ROBERTS: Are there  other  cr i ter ia  that  you would l ike  to  

see  added or  ar t iculated? 

DR. RICHARDS: I  think that  we wil l  address  that  in  other  

quest ions ,  specif ical ly. 

DR. ROBERTS:  Okay.  Dr. DeLorme? 

DR. DELORME:  I jus t wanted to concur that for the most par t 

the  cr i ter ia  they used were reasonable  and that  they are  ref lect ing the 

need for  sound science and consis tency in  the science used to  conduct  

ecological  r isk  assessments .  That 's  their  job.  And they want  to  make 

sure  that  the  science that  they are  using and the s tudies  that  they are  

using are  sound.  

With respect  to  the  overal l  character izat ion of  the  s tudies ,  I  

found i t  to  be reasonable .  Certa inly,  there  were some  minor  points  
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that  we might  disagree with  on specif ic  s tudies ,  but  the  overal l 


character izat ion,  I  th ink they did a  good job.  They have ident i f ied 


their  concerns  with  the s tudies  f rom a r isk assessment  and from  a


scient i f ic  perspect ive. 


They have also ident i f ied any conclusions or  information or  

contr ibut ions that  they fe l t  the  s tudy made.  And they have also 

ident i f ied uncer ta int ies  that  resul t  f rom the s tudies .  And I  th ink they 

have done a  reasonable  job in  doing that .  

DR. ROBERTS:  Dr. Skel ly. 

DR. SKELLY:  Overal l ,  I  th ink the EPA did a  good job of  

character iz ing the s tudies .  And I  jus t  want  to  make a  comment  about  

how studies  were divided into  categories .  

The dis t inct ion between laboratory and f ie ld  s tudies  was made.  

And in  a  couple  places  in  the  report ,  I  don ' t  know whether  i t  i s  

referr ing to  a l l  of  the  s tudies  that  were submit ted,  but  they were 

character ized as  exper iments .  

I  jus t  would l ike  to  point  out  that  the  f ie ld  s tudies  that  are  

included here  include something cal led a  microcosm experiment ,  

which,  in  my experience,  is  actual ly  a  mesocosm experiment .  That 's 

probably just  technical .  

But  mesocosm experiments  are  not  f ie ld  experiments .  I  th ink 
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that 's  an important  dis t inct ion when we're  thinking about  this .  And 

most  of  the  f ie ld  s tudies  were observat ional ,  which isn ' t  a  cr i t ic ism, 

but  I  th ink the cr i ter ia  for  evaluat ing a  f ie ld  observat ional  s tudy,  a  

f ie ld  experiment ,  of  which from what  I  can te l l  there  are  none here ,  

and a  mesocosm experiment  might  be dis t inct .  

DR.  ROBERTS: So some of  the terminology may need to  be 

tweaked a  l i t t le  bi t  in  terms of  how they are  descr ibed or  c lass i f ied,  is  

that  your  recommendat ion? 

DR. DELORME: So that  the terminology might  be tweaked and 

also the cr i ter ia  for  evaluat ing things l ike  the  dis t inct ion between a  

f ie ld  observat ional  s tudy and a  f ie ld  experiment  in  terms of  what  sor t  

of  expectat ions  you have for  var ia t ion and environmental  condi t ions  

could be different .  

And I  think we 're  going to  ta lk  about  that  a  bi t  more when we 

get  to  the  next  quest ion.  

DR. ROBERTS: Thank you.  Just  a  heads up for  Dr.  Kel ley --

DR. KELLEY: Would you l ike me to  put  that  wording into this  

f i rs t  th ing? I ' l l  put  i t  in .  You can check i t  la ter. 

DR. ROBERTS:  Just as a heads up for Dr. Kel ley as the lead 

discussant ,  when we f inish our  discussion,  I 'm going to  ask you to  

sor t  of  give me your  sense of  the capsule  summary of  this .  
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DR. KELLEY: Thank you.  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: I  just  want  to  support  a  point  that  Dr.  Coats  

made.  And that  goes  to  the  cr i ter ion used to  evaluate  especial ly  the 

endocrine data  and the need to  real ly  val idate  the  assays that  are  used,  

especial ly  the ELISA assays.  And that  wil l  come up in  another  point  

la ter  and we ' l l  d iscuss  i t  fur ther.  But  I  th ink that  that  can be ra ised at  

th is  point  a lso.  

DR. ROBERTS:  Dr. LeBlanc. 

DR.  LEBLANC: Firs t  of  a l l ,  I  fe l t  that  the  cr i ter ia  cer ta inly 

was appropriate ,  and I  was very thankful  of  the EPA for  making our  

l i fe  a  lot  easier,  I th ink,  in  reviewing this  document  and ass is t ing us  

in  that  manner. 

I  would l ike  to  comment  on a  somewhat  minor  but  I  th ink 

important  terminology considerat ion.  Par t icular ly,  in  l ight  of  the  fact  

that  we have had discussions re la t ing to  aqueous,  measuring aqueous 

concentrat ions  versus  measuring t issue res idues .  

I  cer ta inly  think t issue res idues  are  important ,  cer ta inly  from  a 

mechanis t ic  s tandpoint ,  to  unders tand what  the  burdens are  and the 

effect  that  organs might  be carrying in  terms of  a t razine loads.  

Concentrat ions ,  aqueous concentrat ions  are  important  because 
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the  bot tom l ine is  that 's  probably how the regulatory agency is  going 


to  make decis ions,  based upon exposure concentrat ions  and not  t rue 


doses  that  the  animals  get . 


Throughout  the document ,  there  is  discussion of  dose response 

re la t ionships ,  and I  would just  advise  that  considerat ion be given 

where appropria te  to  use  the term concentrat ion response re la t ionship 

and use dose response re la t ionship where appropria te ,  but  don ' t 

in teruse the two.  

DR. ROBERTS:  I agree.  Any other comments? Dr. Delorme. 

DR. DELORME: I  just  wanted to  add something.  Dr. 

Matsumura and I  bel ieve Dr.  Kel ley indicated that  one of  the  cr i ter ia  

that  they fel t  might  have been addressed was inclusion of  data  on 

other  ver tebrates .  

I  th ink that  was - -  especial ly  as  goes  to  ecological  re levance,  i t  

might  be - -  had some considerat ion.  

DR. ROBERTS:  Other comments? 

I 'm thinking about ,  t rying to  think about  whether  or  not  I  agree.  

I  th ink their  in tent  was to  a t  leas t ,  I  th ink what  this  s ta tement  is ,  to  

summarize s tudies  on a  par t icular  topic .  

I  th ink at  some point  you have to  t ry  and perhaps put  that  in  

context ,  in  broader  context .  I  th ink at  that  point  you would look for  
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analogy from other  species .  

But  I 'm not  sure  I  would cr i t ic ize  this  summary for  not  going --

making that  broader  look.  I  th ink i t  had a  very specif ic  purpose,  not  

to  say those other  comparisons might  not  be important  in  terms of  

unders tanding potent ia l  effects ,  but  I  thought  i t  was very wel l  

focused.  

Personal ly  speaking,  I  was sat isf ied with  i t .  

Any other  comments?  Dr.  Gibbs.  

DR.  GIBBS: Just  one quick quest ion in  terms of  the 

case-by-case t reatment  of  a l l  the  s tudies .  I  fe l t  that  on the possibi l i ty  

for  type 2 s ta t is t ical  errors  to  be commit ted in  a l l  of  the  s tudies  wasn ' t 

very f requent ly  considered.  

I  th ink the focus was on the s ta t is t ical  s ignif icance reported,  

but  I  d idn ' t  - -  and clear ly  EPA is  aware of  the  problems with sample 

s izes .  But  I  fe l t  many of  the  s tudies  had ser ious issues  with  not  being 

able  to  detect  effects  should they have occurred.  And I  jus t  fe l t  

across  s tudies  that  that  considerat ion of  type 2 errors  wasn ' t 

par t icular ly  prevalent .  

DR. ROBERTS:  Dr. Heer inga. 

DR. HEERINGA: I  just  add my support  to  that  comment .  I 

th ink --  as  I  reviewed these s tudies  and the EPA's  assessment  and 
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review of  them, I  general ly  agree with  the conclusions,  but  I  a lso 


support  the  las t  comment ,  too,  that  I  th ink i f  we look at  these and the 


other  contr ibut ing sources  of  error  we have ta lked about ,  that  many of 


these s tudies  are  underpowered to  detect  the  type of  effects  that  we 


are  measuring. 


In  spi te  of  some of  the  ident i f ied measurement ,  contaminat ion 

or  qual i ty  problems,  a l l  of  these contr ibute  potent ia l ly  to  biases  in  

resul ts ,  but  there  are  other  sources  of  var iable  errors  that  I  th ink 

real ly  would lead us  to  assume that  even given nominal  sample s izes  

that  a  lot  of  these s tudies  are  underpowered.  

And a  recommendat ion I ' l l  make la ter  on is  that ,  i f  anything,  

when we s tar t  in to  new studies ,  i f  they are  conducted,  that  they be 

overpowered to  s tar t  wi th  s imply so we don ' t  f ind ourself  in  this  

quandary of  being r ight  on the edge of  type 1 versus  type 2 error  

problems.  

DR. ROBERTS: Any other  comments  or  responses  to  1  A and 1 

B? 

Dr.  Kel ley,  I  know you have been taking notes .  To the extent  

possible ,  can you t ry  and summarize your  discussion? 

DR. KELLEY: Yes.  I 'm not  total ly  up to  speed on Dr.  Skel ly 's  

comments .  But  I  wi l l  t ry  to  summarize them. 
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So in  general ,  the  panel  fe l t  that  both the evaluat ion cr i ter ia  

and the thoroughness  of  the EPA's  white  paper  were appropria te .  

The panel  wil l  get  to  the  hypothesis  in  a  moment .  But  the  panel  

did  support  the  hypothesis  that  there  was enough data  out  in  the 

l i terature  given this  evaluat ion to  proceed with  evaluat ing the 

hypothesis  that  a t razine may contr ibute  to  developmental  

abnormali t ies  in  amphibia .  

Some concerns were ra ised by the panel wi th regard to the 

evaluat ion,  areas  of  emphasis  that  the  panel  fe l t  should have been 

weighed in  more heavi ly  than other  areas .  That  includes  possibi l i ty  

of  type 2 errors ,  which is ,  for  the  publ ic ,  a lso my s ta t  s tudents  a lways 

get  th is  confused,  but  the  inabi l i ty  to  detect  effects  that  are  real ly  

there  for  whatever  reason.  And some of  the possible  reasons were 

out l ined here .  So that  was one area of  concern.  

Another  area  of  concern was the abi l i ty  to  compare across  

s tudies  between nominal  concentrat ions  of  appl icat ion of  a t razine and 

actual  t i ssue concentrat ions  of  a t razine.  

And the third  was that  the  character izat ion of  the  f ie ld  data  in  

terms of  what  was actual ly  obtained was fe l t  by panel  members  to  be,  

how can I  say,  somewhat  superf ic ia l ,  I  th ink would probably be the 

best .  
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DR. GREEN:  Observat ional . 

DR.  KELLEY: Observat ional .  Thank you.  

Although,  there  were experiments  in  those f ie ld  data ,  r ight ,  so  

i t  wasn ' t  completely  observat ional .  The microcosm experiments  did  

have experimental  and control  groups.  

DR. ROBERTS: Dr.  Skel ly  can,  I  th ink,  f i l l  in  on that .  

DR.  SKELLY:  We can ta lk  about  i t  af terwards 

DR. KELLEY: Anyway,  he 's  going to  f ix  my terminology here .  

DR. SKELLY:  The point was that a mesocosm  exper iment is 

not  real ly  a  f ie ld  experiment .  There  is  an important  dis t inct ion.  

DR.  KELLEY: Yes.  So that  the  use of  the technical  terms.  

In  a  f ie ld  experiment ,  you don ' t  take the animals  out  of  the  f ie ld  

and throw them into a  tank.  You manipulate  them in their  environment  

in  s i tu .  You get  r id  of  the  red on the red wing black bird 's  wing,  

r ight ,  or  something of  that  sor t .  That  would be a  f ie ld  experiment ,  as  

opposed to  br inging them into a  mini  lab.  So there  was some concern 

about  that .  

But  these concerns  were fe l t  by the panel  to  be re la t ively minor, 

and to  not  abrogate  the  conclusion of  the  panel  that  the  ini t ia l  

analysis  by the EPA was thorough,  that  the  cr i ter ia  were appropria te  

and that  the  evaluat ion was a  complete  one.  
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DR. ROBERTS: Would anyone l ike to  edi t  or  make suggest ions 

regarding that?  

Dr.  Bradbury,  is  our  response reasonably clear?  

DR. BRADBURY:  One quest ion of  c lar i f icat ion.  

In  interpret ing or  evaluat ing future  s tudies ,  am I  to  unders tand 

the consensus of  the  panel  that  future  s tudies  should have measured 

aqueous concentrat ions  of  a t razine a t  a  minimum and,  depending upon 

the nature  of  the  hypothesis  being tes ted in  a  given s tudy,  perhaps 

t issue concentrat ions  as  wel l  and perhaps act ivated metabol i tes?  

DR. KELLEY: I  think actual ly  the panel  might  feel  a  bi t  more 

s t rongly than that .  I t  might  feel  that  measured t issue concentrat ions  

of  a t razine is  not  a  perhaps but  should be a  requirement  going 

forward.  

But  I  don ' t  want  to  speak for  the  panel  as  a  whole .  

DR. ROBERTS:  Dr. Green. 

DR.  GREEN: I  s t i l l  th ink in  the laboratory environment  that  

water  concentrat ions  of  a t razine are  important  to  know through the 

exper iment .  

DR. ROBERTS:  Others want to weigh in on this?  Dr. Coats 

and then Dr.  LeBlanc.  

DR. COATS:  I want to reemphasize .  I bel ieve that the t i ssue 
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concentrat ions  would be very helpful  and water  absolutely  needs to  be 


measured.  


DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: I t  i s  my opinion that  measuring aqueous 

concentrat ions  is  mandatory and measuring t issue levels  is  desirable  

based upon the quest ions  being asked in  a  given experiment .  

DR.  ROBERTS: And speaking for  myself ,  I  would concur  with 

that  as  wel l .  

Anyone else  want  to  weigh in? 

Are there  any other  fol low-ups or  c lar i f icat ions? 

Dr. Steeger. 

DR.  STEEGER: I  would l ike to  make one addi t ional  comment  

for  the benefi t  of  many of  the researchers .  

Dr.  Heeringa is  correct  that  type 2 errors  are  a  cr i t ical  

considerat ion in  the design of  s tudies .  Many of  the  researchers  did 

a t tempt  to  design their  s tudies  with  that  in  mind.  The data  evaluat ion 

records  that  were prepared didn ' t  ful ly  capture  those effor ts ,  but  I  

th ink that  a  genuine effor t  was made.  

Unfortunately,  as  things progressed in  the labs  and things didn ' t 

turn out  as  wel l  as  they had hoped,  the  s tudy designs didn ' t  support  

the  data  in  terms of  control l ing some of  the  var iabi l i ty  that  real ly  got  
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out  of  hand.  

DR. ROBERTS: I  bel ieve Dr.  Heeringa wanted to  respond to  

that .  

DR.  HEERINGA: Thank you very much.  I  agree completely. I 

d idn ' t  in tend to  say that ,  you know, forehand that  there  was 

inappropria te  planning in  terms --  I  th ink across  these s tudies  that  

adequate  planning went  in .  

But  as  you say,  dur ing the course  of  the  s tudies  as  we learn 

more about  some of  the measurement  problems and some of  the other  

issues  that  came in ,  that  c lear ly  this  caused those sor t  of  a  pr ior i  

expectat ions  to  be modif ied and in  a  way that  my recommendat ion is  

real ly  that  for  the  future  that  we can ant ic ipate  these things  wil l  

reoccur  to  varying degrees ,  and we may have even other  unmeasured 

sources  of  error  in  the  experimental  process .  

And instead of  sor t  of  delaying the resul t  of  this ,  le t 's  sor t  of  

design with  a  margin of  error  on these type 2 error  problems so that  

we can accommodate  them as  they ar ise  in  laboratory and tes t ing 

s i tuat ions .  

DR. ROBERTS:  Dr. LeBlanc. 

DR.  LEBLANC: I  would just  l ike  to  revis i t  aqueous 

concentrat ions  again for  a  moment .  Certa inly,  in  many of  the  s tudies  
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that  I  have read,  i t  appeared to  me that  concentrat ions  of  a t razine 

were measured only in  solut ions  that  were f reshly prepared.  

And cer ta inly depending upon the del ivery system that 's 

se lected and the design of  the  exper iments ,  u l t imately,  I  th ink 

considerat ion should be given to  make sure  that  concentrat ions  are  

measured at  t imes at  which you would expect  high levels  of  a t razine,  

but  a lso the lower  levels  that  might  be resul t ing in  these t reatments .  

DR.  ROBERTS: Any other  comments  or  points  to  add on 1 A 

and 1 B?  We also had a  1  C.  

DR. BRADBURY:  We have a 1 C and a 1 D. 

DR. ROBERTS: I  don ' t  have a  D on mine.  

DR. STEEGER: Actual ly,  i t ' s  pret ty  much l ike 1  C.  

1  C is ,  Please comment  on the avai labi l i ty, as  of  February 28th,  

2003,  of  addi t ional  re levant  s tudies  in  the  open l i terature  that  were 

not  addressed in  the white  paper. 

And 1 D is ,  Since February 28th,  2003,  is  the  panel  aware of  

any s tudies  that  would be re levant?  

DR. ROBERTS: We have both of  those.  The second one,  a t  

least  on mine,  was not  separately  marked as  D.  

Let me then go back to Dr. Kel ley. 

DR.  KELLEY: Yes.  So the review of  the panel ,  whi le  very 
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thorough and complete ,  was narrow in i ts  focus.  So the quest ion is 


what  kind of  guidance would the EPA l ike from us about  what  we 


consider  to  be the  re levant  l i tera ture . 


Let  me te l l  you what  I  have in  mind.  So omit ted from this  were 

several  s tudies  that  I  found in  the open l i terature  on effects  of  

a t razine,  usual ly  a t  very high doses  on ear ly  mortal i ty,  say,  in  

xenopus,  tadpoles  and some  more recent  effects  on s l ight ly  la ter  

animals .  So those were omit ted.  

The EPA analysis ra ised issues of consis tency in the data and 

consis tency of  things l ike  the s tages  of  sexual  different ia t ion.  Yet ,  

of  course ,  there  were none of  the background papers  on sexual  

different ia t ion in  that  panel .  So those are  two areas .  

And the third  is  of  course  the issue that  the  panel  has  ra ised 

that  are  re levant  to  things l ike  the mechanism of  act ion of  a t razine i f  

i t ,  in  fact ,  has  an effect  that  might  be addressed product ively by 

references  that  included work on other  than amphibians .  

So I 'm in the midst of col lect ing a ser ies of papers of that sor t . 

But  what  I  would l ike  to  know --  but  I  have to  say I  didn ' t  f ind a  paper  

that  you guys had lef t  out  on effect  on gonadal  development  in  

amphibia  due to  a t razine.  I  haven ' t  found such a  thing yet .  

So I do bel ieve that in terms of the focus of review that you 
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didn ' t  omit  any obvious and glar ing paper.  But  in  view of  the panels 's


desire  to  provide scient i f ic  guidance to  the process  going forward,  I 


th ink that  there  are  probably a  number  of  s tudies  that  we would l ike  to 


bring to  your  a t tent ion. 


DR. ROBERTS:  Other panel members? 

Dr. Matsumura. 

DR.  MATSUMURA: I  would l ike to  ask the panel  to  consider  

to  add the paper  by Bevan appeared in  the EHS regarding act ion of  

a lkylphenols .  Of  course  i t  i s  not  the  a t razine,  but  this  par t icular  

paper  real ly  shows what  the  es t rogenic  effect  of  the  a lkylphenol  

real ly  look l ike .  

I t i s summarizing their work on some of the ear ly s tages of 

development ,  and the curvature  that  develop in  the tadpoles  are  very 

c lear  on the melanocyte  s i te  format ion.  You can see what  real  

es t rogenic  compounds could look l ike .  

This  is  the  one endpoint  s tudied in  the xenopus.  And i t  i s  a  

very c lear  cut  effect  that  you expect .  

And knowing that  a lkylphenols ,  par t icular ly  in  nonylphenol  can 

be found in  many detergents ,  including the t r ia tonix 100 and al l  those 

agents  that  you use in  the lab washing your  cages  as  wel l  as  in  the 

formulat ion in  some of  the  pest ic ides .  
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We should real ly  show that  this  is  a  kind of  thing,  i f  i t  i s  a  

direct  effect  on the es t rogen receptor,  th is  is  what  you expect .  So I  

would l ike  to  suggest  that .  

I  a lso would l ike  to  suggest  that  the  Chris t in 's  papers  that  Dr. 

Green ment ioned too and,  yes ,  we are  looking very narrow way and 

there  are  other  effects  of  the  a t razine on the immuno competency. So 

that  I  would l ike  to  suggest .  

DR. ROBERTS:  Dr. Isom. 

DR. ISOM:  I would just l ike to point out for the record that the 

Hayes paper  in  EHP came out  in  Apri l  2003.  I t  has  been referred to  

several  t imes throughout  the  proceedings.  And that  is  actual ly  a  

detai led publ icat ion of  the  nature  paper  that  appeared this  past  year. 

DR. ROBERTS:  Dr. Steeger. 

DR.  STEEGER: The requirement  for  the review is  that  s tudies  

had to  be submit ted by February 28th.  You are  correct  that  the  

publ ished hard copy of  that  report  came out  in  EHP in Apri l .  

However,  the  onl ine vers ion was indeed publ ished or  avai lable  

in  October.  And that  was the vers ion that  was reviewed for  the  white  

paper. 

DR. ROBERTS: I  think Dr.  Isom's  response is  of  1  D.  

DR. STEEGER: That  Apri l  publ icat ion is  ident ical  to  the 
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October  one.  

DR. KELLEY: Could I  ask my quest ion again of  the EPA? 

What  sor ts  of  guidance would you l ike to  have?  Clear ly,  we can 

give guidance going forward.  I  s t i l l  see  no --  wi thin the very narrow 

focus of  what  you reviewed,  I  don ' t  th ink you missed anything,  but  we 

have compiled a  bibl iography that  we thought  would be helpful .  

Would you l ike that?  Or do you want  to  s i f t  through i t?  

DR. BRADBURY:  This is sor t of an awkward quest ion to 

answer  because i t  presumes the path the panel  may or  may not  go 

down.  

Hypothet ical .  I f  the  panel  is  thinking about  a  pathway about  

gather ing addi t ional  information,  my sense is  that  some of  the  

information you are  ta lking about  would be very inst ruct ive in  

thinking about  the  design and nature  and aspects  of  other  information 

that  would provide greater  ins ight  e i ther  to  do a  r isk  assessment  today 

or  insights  into  what  kind of  information and pathways to  gather  new 

information would be helpful .  

So my feel ing is  that ,  yes ,  i t  would be very helpful  is  more in  

the context  of  the  proceedings - -

DR. KELLEY: But  what  about  my quest ion about  the omission 

of  acute  toxic  effects  of  a t razine on very ear ly  tadpoles  f rom the 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

128 

bibl iography? 

DR. BRADBURY:  I ' l l  turn i t  over  to  Tom some,  but  in  looking 

at  gonadal  developmental  effects  and I  think a  sense of  what  those 

exposure concentrat ions  were sor t  of  kept  us  focused in  that  context .  

Put t ing i t  a l l  in to  the context  of  ful l  dose response and ful l  effects  

endpoints ,  that  could be helpful  in  the white  paper  now because i t  

provides  some founding in  terms of  effects  of  exposures .  

DR.  STEEGER: From  my perspect ive as  a  scient is t ,  I  would 

very much appreciate  to  have access  to  that  informat ion to  improve 

our  unders tanding and representat ion of  the  effects  of  a t razine.  

DR. BRADBURY:  In the context  of  get t ing through --

DR. ROBERTS:  Right . 

DR.  KELLEY: I  br ing this  up because,  of  course ,  mortal i ty  was 

an endpoint  that  was s tudied in  a l l  these s tudies .  

And even though the doses  in  these acute  s tudies  were much 

higher  and the mortal i ty  was much fas ter,  s t i l l ,  in  a l l ,  that 's  the  

compound that  you are  interested in  and the species  that  you are  

interes ted in .  

So their  exclusion seems to  me inappropria te  even i f  they are  

not  direct ly  re levant  to  gonadal  development  because they die  before  

they had any gonad.  
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DR. ROBERTS: Perhaps the panel  could recommend that  they 

be included i f  for  no other  reason to  help provide a  perspect ive for  the  

doses  a t  which developmental  effects  may or  may not  occur. 

For  suggest ions  on other  papers ,  I  th ink we should clear ly  

ident i fy  that  i f  the  agency is  in teres ted in  s tudies  that  do not  re la te  

specif ical ly  to  gonadal  development  but  may in  fact  inform --  by 

analogy help unders tand whether  or  not  a  potent ia l  phenomenon 

occurred,  here  are  some examples  that  we can point  out  so that  i t ' s 

very c lear  that  we don ' t  necessar i ly  consider  them omissions for  the  

focused purpose of  this  paper,  but  they may be useful  for  the 

ecological  r isk  assessment .  

DR.  KELLEY: Let  me te l l  you how I  would l ike to  proceed.  

What  I  would l ike  to  do is  to  complete  my l is t  of  addi t ional  sources  of  

information that  would be helpful  categoriz ing the papers  as  we have 

just  discussed under  different  categories ,  s tudies  and other  species ,  

acute  effects  on toxici ty,  s tudies  that  might  be useful  i f  a  r isk  

assessment  goes  forward and why they might  be useful .  

And I  wi l l  compile  that  l i s t  over  lunch,  and I  wi l l  get  i t  pr inted 

up and I  wi l l  d is t r ibute  i t ,  and then I  wi l l  a l low --  of  course  I  wi l l  

a l low --  the  panel  wil l  make me  make sure  that  we haven ' t  missed 

s tudies  that  individual  panel  members  have discovered.  And then at  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

130 

that  point  I  th ink I  would be able  to  s ign off  on both 1 C and 1 D.  

At  this  point  I  would just  l ike  to  revis i t  them afterwards .  

DR. ROBERTS: Thank you.  Other  comments? 

We're  coming r ight  up on 12 o 'c lock.  I 'm suspect ing that  - -  I 'm 

looking at  Dr.  Richards  as  the lead discussant  on Number 2 .  I  suspect  

we 're  probably going to  want  a  l i t t le  t ime to  discuss  responses  for  

Number 2 .  

So le t 's  go ahead and break now for  lunch.  And we can come 

back replenished and res tored at ,  say,  1  o 'c lock and take up Quest ion 

Number 2 .  

Let 's  adjourn now,  and we' l l  see  everyone at  1  o 'c lock.  

(Thereupon,  a  luncheon recess  was taken.)  

DR. ROBERTS:  Before we take up Quest ion Number 2, our 

designated federal  off ic ia l ,  Mr.  Paul  Lewis ,  has  an announcement .  

MR. LEWIS:  Thank you,  Dr.  Roberts .  

The panel  were dis t r ibuted addi t ional  comment  f rom Syngenta  

in  reference to  c lar i fying some of  their  remarks a t  yesterday 's 

meet ing.  I t  i s  avai lable  to  the  panel  and wil l  a lso be avai lable  in  the  

publ ic  docket  for  publ ic  review and inspect ion.  Thank you.  

DR. ROBERTS: Thank you,  Paul .  

Dr.  Bradbury,  le t 's  go ahead and proceed to  Quest ion Number 2 .  
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DR. STEEGER: In i ts  evaluat ion of  the exis t ing f ie ld  s tudies ,  

the  agency has  concluded that  these invest igat ions  are  of  l imited 

value.  

The reasons include,  one,  the  high var iabi l i ty  in  environmental  

condi t ions  and uncer ta int ies  in  the  preexis t ing s ta tus  and condi t ion of  

f ie ld  col lected animals .  

Two,  the  spat ia l  and temporal  aspects  of  a t razine exposure ,  i .e . ,  

spat ia l  and temporal  var iabi l i ty  over  the  course  of  the  s tudies  and the 

extent  to  which such aspects  of  a t razine exposure  were empir ical ly  

measured or  otherwise accounted for. 

And three,  the  possible  cooccurence of  addi t ional  chemicals  

and/or  non chemical  s t ressors .  

Quest ion 2 A is ,  to  the  extent  that  the  f ie ld  s tudies  appear  to  

indicate  that  a t razine may not  adversely affect  development ,  p lease 

comment  on EPA's  conclusion that  the body of  data  f rom the f ie ld  

s tudies  does  not  provide the means to  ascer ta in  whether  the  lack of  a  

re la t ionship between atrazine exposure  and developmental  effects  is  

due to  the  absence of  a  causal  re la t ionship or  l imita t ion in  s tudy 

methodologies .  

DR. ROBERTS:  Dr. Richards is our lead discussant on this 

quest ion.  I  wi l l  ask Dr.  Richards  to  begin our  response.  
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DR. RICHARDS: Thank you.  I 'm going to  make some general  

comments  on a  number  of  different  aspects  of  this  quest ion.  I  th ink I  

wi l l  tend to  t reat  A and B together,  a l though,  wil l  cer ta inly address  

both par ts  of  that  quest ion.  

And I  invi te  the  second and third  readers  on this  quest ion to  

jump in  a t  any point .  

In  essence,  the  f ie ld  s tudies  that  have been presented in  the 

l i terature  and the presentat ions  over  the  las t  couple  days are  very 

good.  

In  one respect ,  they provide a  great  deal  of  information.  I  th ink 

one of  the  most  important  things that  they seem to indicate  is  that  the  

abnormali t ies ,  gonadal  abnormali t ies  that  appeared in  some cases  in  

laboratory experiments  are  seen in  the f ie ld .  

These abnormali t ies  sometimes are  seen in  very different  

geographic  regions to  some degree among different  species .  

And from that  s tandpoint ,  I  th ink that 's  cr i t ical ,  because I  th ink 

al l  these  quest ions  ul t imately  re la te  to  an ecological  role  and a  

populat ion role .  And without  looking at  sor t  of  natural  f ie ld  type of  

s i tuat ions ,  we can ' t  real ly  see  whether  some of  the  things that  we 're 

looking at  are  re levant .  

Now, however,  the  s tudies  do not  seem to provide substance to  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

133


the  nature  of  why these gonadal  abnormali t ies  or  other  endpoints  are 


re la ted to  a t razine. 


And that 's  where i t  breaks down to  problems in  experimental  

design.  Often t imes,  the  experiments  were never  real ly  designed to  

ask such quest ions .  Typical ly,  they have very poor  s ta t is t ical  power to  

address  such of  a  quest ion.  

Most of them are essent ia l ly descr ipt ional s tudies . 

Descr ipt ional  s tudies  or  observat ional  s tudies  can be very good.  They 

can be powerful .  They can give you rela t ionships .  But  they require  

that  a  number  of  parameters  be accounted for  in  order  to  der ive any 

use f rom them. 

In  the s tudies  that  have been set  up to  use  a  control  or  a  

reference s i tuat ion,  those control  and reference s i tuat ions  have 

usual ly  not  been adequately descr ibed or  they have some fundamental  

f laws.  And the sample s izes  used,  the  end s ize  used is  typical ly  

tota l ly  inadequate  given the var iabi l i ty  and some of  the  measures  that  

we 're  looking at .  

The s tudies  that  have been descr ipt ional  in  a t tempting to  use  

more of  aggression based approach have not  adequately  deal t  wi th  the 

problems of  scale .  

The s tudies  we have looked at  have included scales  including 
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looking at  cont inental  scales ,  looking at  the  s ize  of  a  county,


comparing a  few ponds within a  smal l  area . 


All  of  those have very s ignif icant  things that  have to  be 

accounted for  in  order  to  account  for  the  var iance associated with  

individual  assessment  endpoints .  

And I  wil l  jus t  begin to  l is t  a  few of  those things.  But  the  

Number  1  thing that  we 're  deal ing with  here  is  aquat ic  organisms,  

organisms that  have a  very s ignif icant  par t ,  a t  least  one par t  of  their  

las t  cycle  t ied to  the  aquat ic  medium. 

In  order  to  do a  descr ipt ional  s tudy or  to  set  up a  good f ie ld  

experiment ,  you have to  adequately account  for  the  movement  of  

water  in  and out  of  those systems.  

A smal l di tch is very different than a r iver, i s very different 

than a  wet land.  I t ' s  very different  than a  backwater  on a  r iver. 

So i t  comes back to  both descr ibing the environment  that  the  

animal  l ives  in ,  but  very much descr ibing in  a  general  way or  a  

specif ic  way the exposure  that  these animals  actual ly  encounter  in  the  

f ie ld.  

And for  smal l  exper imental  s tudies ,  that  needs to  be accounted 

for  and in  much detai l .  But  on the larger,  more descr ipt ive s tudies ,  

that  can be accounted for  in  a  much bet ter  way than has  even been 
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a t tempted in  any of  these s tudies .  

There  are  many tools  avai lable  that  a l low us  to  look at  even 

re la t ively large geographic  scale  s tudies  that  can quant i fy  and al low 

you to  par t i t ion some of  that  var iance in  a  s t ra t i f ied experimental  

design.  

And basical ly,  that 's  re la t ing to  how does surface water  interact  

wi th  the bodies  of  water  that  these experiments  are  being conducted in  

or  observat ions  are  being made,  what 's  a  re la t ive contr ibut ion of  

groundwater,  what  are  f low events  during a  per iod of  exposure,  what  

are  the  f low events  that  actual ly  occur  amongst  seasons,  in  cases  

where experiments  have been run,  have there  been f looding events  

that  may inf luence exposure or  may inf luence the movement  of  

organisms in  or  out  of  those experimental  s i tuat ions .  

And also re la ted to  hydrology is  - -  to  have an adequate  

depict ion of  hydrology,  you have to  know what  the watershed is .  You 

have to  know what  is  upstream of  the event  that  you are  observing.  

And there  are  some fair ly  easy,  re la t ively powerful  ways to  

descr ibe watersheds both in  a  s t r ic t ly  hydrologic  sense,  but  a lso in  

terms of  what  the watershed is  composed of .  

Things l ike  soi l  character is t ics  and hydrology connect ivi ty  to  

other  water  bodies ,  these are  a l l  th ings that  are  fundamental  both to  
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the  biology and movement  of  these creatures ,  as  wel l  as  the  chemical 


and physical  environments  that  the  animals  l ive  in . 


Basical ly,  some of  the  s tudies  have provided that  type of  

information perhaps in  an appendix or  l is t ing of  things they may or  

may not  have measured.  Some of  them did not  provide any of  that  

informat ion.  

But  essent ia l ly,  none of  the  s tudies  a t tempted to  use  that  as  a  

co-correla te  in  any way to  t ry  to  par t i t ion var iance amongst  characters  

that  again provide var ia t ion in  these populat ions  that  have been 

observed.  

So in  essence,  I  th ink what  we 're  looking at  is  that  s ta t is t ical  

designs have not  been suff ic ient  to  actual ly  address  quest ions  

specif ical ly  re la ted to  a t razine.  

And I  think that  that  fa l ls  into  the B par t  of  this  quest ion,  a lso,  

is  that  there  are  co-s t ressors ,  potent ia l  co-s t ressors .  Many of  those 

we can guess ,  many of  those that  we could potent ia l ly  s t ra t i fy  out  in  

an appropria te  s ta t is t ical  design or  to  par t i t ion into  in  the  analysis ,  

but  that  takes  a  great  deal  of  forethought  in  terms of  development  of  a  

design.  

In  many cases ,  had we seen as  much at tent ion given to  sound 

experimental  design as  we have at  least  to  date  with  some of  the  
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laboratory measures ,  I  th ink we could have been a  l i t t le  bi t  fur ther  

forward.  

I  th ink I ' l l  ask my co-readers  to  jump in  af ter  that .  

DR.  ROBERTS: Dr.  Gibbs,  you are  an associate  discussant .  Is  

there  anything you want  to  add?  Or do you want  me to  take Dr.  Skel ly  

f i rs t? 

DR. SKELLY:  Firs t of a l l , I would l ike to point out that that 's a 

s ingle  sentence up there ,  and so i t  took me a  while  to  f igure  out  what  

i t  means,  but  I  th ink I  got  a  handle  on i t .  

I  guess  the  end of  the  sentence is  the  most  cr i t ical  par t .  So do 

we think that  the  absence of  causal  re la t ionship or  l imita t ion and 

s tudy methodologies  is  the  reason why the EPA's  conclusion that  f ie ld  

s tudies  don ' t  provide the means to  ascer ta in  whether  there  is  

something going on here .  

I  guess  in  my opinion,  I 'm going to  agree with  Dr.  Richards  and 

say that  the  l imita t ion and s tudy methodologies  is  probably most  

important  here ,  and comment  that  the  absence of  causal  re la t ionship 

has  never  s lowed down any ecologis t  I  have ever  met .  

We of ten l ike to  pretend that  we know why things happen when 

we're  working in  the f ie ld ,  but  that  shouldn ' t  s top us  f rom  moving 

forward and t rying to  unders tand what  the  associat ions  are .  
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Because af ter  a l l ,  everything that  we 're  doing is  keeping our  

f ingers  crossed that  we get  the  mechanism r ight .  Even in  the f inest  

laboratory,  us ing the best  laboratory pract ices ,  we can never  know for  

sure  that  we have the mechanism r ight .  

So specif ical ly,  I  th ink the l imita t ions  and s tudy methodology 

that  were most  important  concur  largely with  what  Dr.  Richards  said .  

I  th ink the lack of  power is  an issue,  but  i t  i s  very easy to  be cr i t ical  

of  that  in  hindsight .  

These s tudies  that  have been done can now be used moving 

forward to  come up with bet ter  ideas  with  what  needs to  happen.  

Having said  that ,  the  scale  of  the  f ie ld  s tudies  and I  say this  

f rom the s tandpoint  of  having qui te  a  bi t  of  experience in  f ie ld  

sampling amphibian populat ion,  these were not  large s tudies  in  terms 

of  the  number  of  s i tes  that  were examined.  

There  are  many more ambit ious  s tudies  and I  think we can look 

to  a  lesson from how the UV l ight  on amphibians  controversy is  being 

resolved now. 

I t  has  taken very large scale  s tudies  looking at  hundreds of  

wet lands over  very large areas  deal ing with  many of  the  same issues  

that  we have been ta lking about  here  today. 

Some of  the people  in  this  room have been involved in  this  
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work,  so they know what  i t  takes  to  pul l  inference out  of  these sor ts 


of  big observat ional  s tudies .  


That  leads  me to  the second point ,  which is  the  issue of  s i te  

select ion.  I  th ink i t  i s  hard to  go out  and use a  map ahead of  t ime or  

jus t  go out  and look at  a  place and say,  there  is  a  cornf ie ld  here  or  

there  isn ' t  a  cornfie ld  here ,  to  say whether  this  is  the  r ight  s i te  to  be 

an exposure  s i te  or  a  control  s i te .  

And some of  the s tudies  that  were not  considered here  and are  

not  necessar i ly  par t icular ly  re levant  to  this  issue but  where people  

have taken an al ternat ive approach,  they might  take a  year  or  two 

years  jus t  to  pick their  s i tes .  

I 'm going to  come back to  this  point  when we ta lk  about  some 

of  the  quest ions  la ter  on.  I ' l l  leave that  for  now. 

The f inal  point ,  the  l imita t ion in  the s tudy methodologies  may 

be this  is  not  a  l imita t ion s tudy methodology,  but  a  s ignif icant  

l imita t ion in  the s tudies  that  I  saw was to  me looking at  what  the  EPA 

is  going for  here ,  the  assessment  endpoints  that  are  ta lked about  are  

fer t i l i ty  reproduct ion recrui tment .  

Ul t imately,  what  we are  t rying to  think about  - -  something 

about  viabi l i ty  of  populat ions  and those people  in  this  room who 

know about  measuring populat ion viabi l i ty  know what  a  giant  task 
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that  is .  

Even i f  we go back to  the assessment  endpoints  here  the 

motivat ion for  doing f ie ld  s tudies  should be to  get  a t  those things.  I 

don ' t  th ink most  of  the  f ie ld  s tudies  that  have been done to  date  

address  that  issue.  In  moving forward that 's  something that  should be 

tackled very concretely. 

In  response to  B,  to  the extent  that  we do see something going 

on here ,  is  i t  t rue  that  these s tudies  don ' t  provide suff ic ient  

informat ion to  resolve the potent ia l  role  of  addi t ional  cooccuring 

s t ressors?  

I  guess  that  is  a lways,  a lways going to  be t rue to  some extent  

with  the f ie ld  s tudy,  but  for  reasons that  we ' l l  probably ta lk  about  

la ter  on I  s t i l l  th ink i t  i s  extremely important  for  much of  this  work to  

be done in  a  context ,  in  a  f ie ld  context .  

To that  end,  as  I  have harped on before  and I  wil l  say now, 

vir tual ly  a l l  the  f ie ld  work that  is  ta lked about  here  and i f  we exclude 

the mesacosm experiment  a l l  of  i t  has  been observat ional .  

I t  i s  possible  even in  this  diff icul t  k ind of  context  of  working 

with  pest ic ides  to  do f ie ld  experiments .  Especial ly  - -  we 've got  a  

regis tered pest ic ide here ,  we can use i t  in  the  world out  there  and see 

what  i t  does  a t  populat ion scales .  
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That  can help us  s ignif icant ly  get  a t  the  issue of  co-occurr ing 

factors  because we can choose s i tes  that  are  sor t  of  tabularasas  to  

begin with  and add our  s t ressor  that  we 're  interested in .  

I 'm going to  echo --  in  f inishing,  I  wi l l  echo what  Dr.  Richards  

said .  That  is  that ,  I  th ink,  the  cr i t ical  th ing here  that  we can ' t  ignore  

is  we can ta lk  about  l imita t ions  of  any s tudy we want  a l l  day long,  

mult iple  groups have gone out  and looked for  gonadal  abnormali t ies  

in  nature  and they have found them and these match the morphological  

characters  people  are  seeing in  the  lab.  

At  this  point ,  I  th ink i t  i s  fa i r  to  say we don ' t  know why,  but  the  

fact  that  those abnormali t ies  exis t  I  th ink is  s ignif icant .  I  th ink i f  a  

bunch of  groups had gone out  there  and had not  found them we would 

be thinking about  this  different ly. I  wi l l  end there  and pass  to  Dr. 

Gibbs.  

DR. ROBERTS:  Dr. Gibbs. 

DR.  GIBBS: We have spoken extensively as  a  group,  so I  don ' t 

want  to  re i terate  too many points .  I  do personal ly  agree with  the 

s ta tement  that  essent ia l ly  s tudy designs have precluded real ly  

determining whether  there  is  or  there  is  not  an associat ion between 

the occurrence of  gonadal  abnormali t ies  in  the f ie ld  populat ions  of  

amphibians  in  the  presence or  absence of  levels  of  a t razine.  
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We don ' t  want  to  imply that  observat ional  s tudies  cannot  

address  these issues .  I  th ink they are  actual ly  very important  for  the  

reason that  Dr.  Skel ly  just  ment ioned.  

The r isk assessment  goal  here  real ly  does  focus on populat ion 

viabi l i ty. One needs to  go to  the f ie ld  essent ia l ly  to  measure  many of  

these  parameters .  

I  would --  perhaps this  is  get t ing away from the quest ion,  but  

there  are  other  modes of  s tudying and tackl ing these problems which 

essent ia l ly  fa l l  in  the  realm of  f ie ld  experimentat ion.  

We have been discussing some other  s i tuat ions  that  occur  in  the  

f ie ld  with  temporary breeding --  temporary pool  breeding amphibians  

such as  the  amphibians  that  use  vernal  pools .  

Vernal  pools  occur  in  isolated,  smal l ,  populat ions  in  great  

numbers  in  homogenous landscapes that  are  real ly  qui te  amenable  to  

exper imental  manipulat ions  that  could get  a t  both - -  would yield  

information both f rom his tological  perspect ive but  a lso f rom 

demographic  perspect ive qui te  re levant  to  many of  the  issues  that  the  

r isk managers - - r isk assessment folks have to deal wi th.  I 

th ink that 's  worth explor ing at  some point .  But  to  get  back to  the point  

a t  hand,  I  agree broadly with  many of  the s ta tements  that  Dr.  Richards  

ra ised,  issues  with  inappropria te  or  not  out l ining sampling frames,  
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low levels  of  repl icat ion in  terms of  using wet lands as  actual ly 


repl icates  and the amphibians  therein . 


And real ly  a  diff icul ty  in  es tabl ishing whether  there  is  or  is  not  

causal  re la t ionship here  between what  are  some fair ly  high levels  of  

abnormali t ies  being seen in  the f ie ld ,  but  whether  or  not  there  is  a  

re la t ionship with  a t razine.  In  my  mind that  can ' t  be  a t t r ibuted based 

on the designs of  many of  these s tudies .  

DR. ROBERTS: Thank you,  Dr.  Gibbs.  Let  me ask other  

members  of  the  panel  i f  they agree or  disagree? 

DR. MATSUMURA:  I agree with Dr. Skel ly and Dr. Richards . 

I  cer ta inly emphasize  the importance of  the  f ie ld  s tudies .  

I  was t rying to  think what  the  precedence I  could think of ,  and,  

of  course ,  l ike  Gil le t te 's  work on the a l l igators  and how long did i t  

take,  and what  s tar ted that  whole  project ,  and l ike  f inding a  real ly  

contaminated s i te  l ike  Lake Apopka was very important  for  that  s tudy. 

And comes from f ie ld  s tudies  l ike  eggshel l  th inning,  i t  took a  long,  

long t ime to  say i t  was DDT. 

But  again,  f ie ld  observat ion that  a l l  those eggs are  crashing and 

that 's  a  problem and the bald eagles  not  jus t  th inning but  by the 

weight  of  their  mothers  jus t  s i t t ing on those eggs are  crashed.  Those 

observat ions  real ly  helped.  
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And f inal ly,  I  would l ike  to  make sure  that  one aspect  to  

emphasize,  that  means analysis  of  burden of  other  contaminants .  I 

was reading this  Reeder 's  paper  report ing this  intersex confined to  

the  - -  correla ted to  a t razine.  But  a t  the  same t ime they had the PCDD 

and PCDF. 

And so you have to  leave some quest ions a lways.  Knowing 

what  the  other  s t ressors  and other  chemicals  are  there ,  that  could 

real ly  help.  

DR. ROBERTS:  Dr. Green. 

DR. GREEN: I  agree with your  comments .  For  my own 

edif icat ion,  I  would l ike to  know from your  experience and 

perspect ive what  denotes  a  heal thy amphibian populat ion 

observat ional ly  in  a  f ie ld  s tudy?  What  implies  that  the  

populat ion is  s ickly and on the decl ine,  absolute  head counts  and how 

long does i t  take to  get  that  kind of  information? 

DR. GIBBS: Insofar  as  you l inked heal th  to  decl ine,  you are  

ta lking about  a  temporal  phenomenon.  That  may indicate  the need for  

repeated sampling to  actual ly  detect  a  change in  populat ion s ize ,  

populat ion s t ructure .  

With these par t icular organisms, some of them have - - with 

f rogs,  incredibly short  l i fe  spans and then generat ion t imes and hence 
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populat ion turnovers .  

So one can fai r ly  quickly,  unl ike working with many other  

ver tebrates ,  see  i f  there  actual ly  are  populat ion decl ines  or  increases  

occurr ing because you need much less  t ime with  generat ion t imes and 

sometimes one to  two to  three years  to  see these kinds of  effects .  

Sheer  abundance is  one good measurement .  Dr.  Skel ly  may 

have other  ideas .  

DR. SKELLY: I would agree with what Dr. Gibbs just sa id.  I 

would just  add that  we have set t led on a  group here  that  has  

notor iously volat i le  populat ion dynamics  and going out  in  a  given 

year  and seeing recrui tment  fa i lure  for  some species  is  actual ly  the  

norm. 

Having tota l  cohort  fa i lure  is  - -  i f  we were ta lking about  gr izzly 

bears  in  Yel lowstone people  might  get  qui te  upset  about  that ,  but  

most  of  the  wood frog populat ions  I  survey every year  in  most  years  

crash out . 

This  year  they are  f loat ing across  the roadways and they are  

doing qui te  wel l  wi th  a l l  the  ra in .  In  most  years  they dry up with  

their  pond.  I t  def ini te ly  is  something you have to  look at  over  t ime.  

We're for tunate many of the species that we would be interested 

in  in  terms of  nat ive amphibians  do have short  l i fe  spans.  I t  does  
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have to  be looked at  over  t ime i f  we 're  interested in  any sor t  of 


understanding of  populat ion robustness . 


DR. ROBERTS:  There 's that word again.  Dr. Delorme, then 

Dr.  Richards.  

DR. DELORME: Just  fol lowing up on Dr.  Green 's  quest ion.  

Could you give us  any indicat ion of  some  measurement  endpoints  or  

what  var iables  you might  be looking for  to  look for  effects  in  

populat ions  i f  you are  out  there  with  your  rubber  boots?  

DR. SKELLY:  Populat ion --

DR. GREEN: I  think that  wil l  be  addressed in  quest ion f ive.  

We have some est rogenic  biomarkers  we put  together  that  - -

DR. DELORME: I  was asking from a populat ions perspect ive,  

l ike  what  populat ion var iables  might  you go out  and measure .  

DR.  ROBERTS: Were you planning on br inging i t  up la ter  in  

the context  of  f ive or  do you want  - -

DR. SKELLY:  I  actual ly  think we wil l  address  that  la ter. 

DR. ROBERTS:  Dr. Richards . 

DR.  RICHARDS: Another  context  sor t  of  thing is  amphibian 

populat ion is  of ten very var iable  that  is  the  way they are .  That  is  the  

nature  of  the  waterbodies  they l ive  in ,  to  get  back to  the hydrology of  

these s i tuat ions .  
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One of  the  things that  we know about  amphibians  is  that  they 

interact  over  a  re la t ively large geographic  scale .  You just  can ' t  look 

at  a  pond the s ize  of  the  space between our  tables  here ,  you have to  be 

cognizant  of  the  larger  network of  waterbodies  that  they are  

connected to .  

Because when one local  populat ion disappears  they are  

colonized by another  populat ion that  may be half  a  ki lometer  away. 

Looking at  a  ser ies  of  smal l  di tches  that  are  by nature  connected is  

very important  as  opposed to  an isolated pool .  

Are you looking at  a  species  l ike  the South Afr ican animal  that  

l ives  ent i re ly,  i t s  whole  l i fe  cycle  in  water  versus  something l ike  the  

rana species  that  are  out  moving around? 

These are  very cr i t ical  quest ions .  Both designing the 

experiment  and asking quest ions  about  is  a  populat ion heal thy in  par t  

i t  i s  re la ted to  a  l i t t le  bi t  larger  scale  than we frequent ly  focus on.  

DR. ROBERTS: Dr.  Skel ly  has  a  fol low up,  then Dr.  LeBlanc.  

DR. SKELLY:  I  guess  as  a  fol low up to  that ,  we 're  paint ing a  

pic ture that can seem to get more and more diff icul t . 

Actual ly,  the  genet ic  techniques that  are  being developed now are  

get t ing us  to  the  point  were we can actual ly  dis t inguish the 

boundaries  of  populat ions .  Up unt i l  recent ly,  people  just  kind of  
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crossed their  f ingers  and assumed a  pond was a  populat ion.  I 

th ink we 're  moving wel l  beyond that .  So we are  actual ly  s tar t ing to  

unders tand in  a  much more detai led way how much movement  there  is  

and over  what  scales  we should be assessing populat ion level  

responses  in  order  to  say whether  a  populat ion is  going to  remain 

there  or  is  i t  l ikely  to  go ext inct .  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: This  quest ion is  posed to  the discussants .  

Based on what  I  jus t  heard,  my quest ion is  would i t  be  - -  due to  the 

volat i le  nature  of  the populat ion dynamics  of  f rogs would i t  be  

diff icul t  to  discern populat ion level  effects  of  environmental  

contaminants?  

DR. RICHARDS: Yes and no.  I  th ink sometimes with some of  

these measures  dropping down out  of  the sky on one occasion and 

l is tening for  how many frog cal ls  there  are  you are  not  going get  a  

real  good answer. I  th ink because of  the f luctuat ing dynamics  

of  these populat ions  in  their  actual  environment  some  manner  of  

looking at  more of  a  prolonged view of  the populat ion is  needed.  

There  are  some things as  genet ics  that  give us  a  backward view 

of  what  is  going on there ,  and that 's  great ,  but  there  is  much room for  

innovat ion on this .  The book is  not  completely  wri t ten.  
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DR. ROBERTS: I  think Dr.  Skel ly  wants  to  respond as  wel l .  

DR.  SKELLY:  I  guess ,  I  would say in  order  to  make the picture  

a  l i t t le  less  bleak here ,  there  are  very volat i le  dynamics .  But  i f  you 

fol low a set  of  populat ions in  a  def ined area over  a  long per iod of  

t ime,  you see this  volat i l i ty  f rom year  to  year. 

You also see very s t r iking pat terns .  I  wi l l  g ive you an example 

that  is  di rect ly  re levant  to  the  sor t  of  thing we 're  consider ing here .  

For  many,  many years  people  have been doing experiments  in  

mesacosms in  the laboratory that  were showing that  amphibians  

undergo interspecif ic  compet i t ion and that  in terspecif ic  compet i t ion 

could even be possible  for  populat ion ext inct ion.  

That  was the way --  that  was the inference that  was coming out  

of  this  work.  There  is  excel lent  laboratory and mesacosm based 

evidence that  there  was compet i t ion going on,  and i f  we change the 

words,  that 's  exact ly  what  we have been ta lking about  here ,  the  same 

sor t  of  thing where people  were doing these very focused s tudies ,  they 

were get t ing mechanis t ic ,  they were looking for  interference 

compounds,  they were looking for  resource based compet i t ion,  and so 

for th .  

We have been able  to  show more recent ly  that  f rom everything 

we can te l l  even though this  is  an actor  in  these experimental  context ,  
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i t  does  not  seem to be important  for  the  kinds of  pat terns  that  the  EPA


i s  in teres ted in  for  assessment  endpoints  and for  their  overal l  cr i ter ia .  


Instead we have been able to discover s tar t ing with f ie ld 

observat ions ,  then moving to  f ie ld  experiments ,  and then into  

laboratory experiments ,  that  other  factors  such as  hydroperiod and 

such as  the  l ight  level  in  these ponds that  inf luences  temperature  and 

food gradients  is  much more important .  

That 's been a real lesson for me in how we discover what is 

real ly  going on,  how to parse  this  out  f rom the perspect ive of  a  f ie ld  

scient is t  so  that  the  lab scient is ts  are  working on the r ight  s tuff  so  

they are  not  jus t  going down the garden path.  

DR. ROBERTS:  Dr. Isom. 

DR. ISOM: Since at razine has  been appl ied to  the environment  

for  over  40 years  in  North America,  is  there  his tor ical  populat ion data  

that  perhaps could be looked at  to  give us  some answers  to  these 

longer  term populat ion issues? 

DR. SKELLY: There has  been --  because of  the overal l  in terest  

in  amphibian decl ines ,  everything that  exis ted and much work over  

the  las t  12 years  or  so has  been done along those l ines .  

We probably for  the  purposes  of  this  panel  can parasi t ize  a  
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much larger  database than you might  bel ieve.  There  is  much known 


on that .  The problem of  course  is  going to  be a t t r ibut ing cause to 


these  his tor ical  s tudies  where the  other  measurements  that  we are 


in terested in  were not  made.  


I  can give you as  an example,  there  were surveys done in  the 

ear ly  par t  of  this  century in  Iowa that  descr ibe high abundances  of  

amphibians  over  many,  many count ies .  When the resurvey was done 

in  1980 's ,  abundances  and species  composi t ion over  large areas  had 

changed.  

Now that 's  over  the  same t ime span as  the green revolut ion.  

Does i t  have anything to  do with that ,  does  i t  have anything to  do with 

pest ic ides? We have absolutely  no idea.  

In  general ,  the  consensus seems to  be now that  many,  many 

amphibian populat ions  are  decl ining.  So that 's  the  s ta te  of  our  

knowledge,  the  s ta te  of  our  sciences  that  many populat ions  have 

decl ined.  

When people  go out  in  their  back yards  - -  and I  give lots  of  

lectures  to  the  publ ic  and the f i rs t  quest ion I  get  f rom the publ ic ,  

which is  an excel lent  one,  is  I  can be deafened s i t t ing on the back 

porch by the spr ing peepers .  So are  amphibians  decl ining? 

What  I  say to  them is  because this  is  a  temporal  phenomenon 
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maybe you would have gone deaf  in  one week instead of  two,  100 


years  ago.  We don ' t  know what  i t  was - -  we don ' t  have enough data  to 


be able  to  say over  very broad scales  what  amphibian abundances 


were l ike .  


But Dr.  Gibbs maybe can answer  this  a  l i t t le  bi t  bet ter  than I  

can.  One of  the  things that  has  happened over  that  same t ime per iod 

is  that  wet lands have disappeared or  been modif ied,  of ten in  an 

agr icul tural  context ,  in  ways that  change their  sui tabi l i ty  for  different  

amphibian species  over  the  same t ime span.  

There  has  been ta lk  about  mult iple  co-occurr ing factors .  I t  i s  

there .  I  th ink the most  interes t ing his tor ical  data  that  we could get  

are  in  the  animals .  So this  issue of  evolved res is tance could be real ly  

important  in  showing or  in  evaluat ing whether  there  have been broad 

scale  evolut ionary responses  to  pest ic ides .  

DR. ROBERTS: Dr.  Gibbs,  did you want  to  respond also? 

DR. GIBBS: Just  quickly,  amphibian monitor ing in  a  

systematic  and large scale  fashion only has  begun s ince 1990 or  so 

with  var ious ini t ia t ives  such as  the USGS and other  groups have put  

together. There  real ly  is  not  a  lot  of  data ,  even that  effor t  i s  l imping 

along.  

Unfortunately,  we are  constra ined and we wil l  remain so for 
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qui te  a  few more decades before  we can get  something l ike the US -- 


the  breeding bird  survey on l ine  for  amphibians ,  that 's  the  goal .  We


real ly  don ' t  have any good sol id  basel ines  over  large areas .  And a 


decade of  data  on a  few spots  is  about  as  good as  we can do. 


This  underl ies  a  lot  of  the  controvers ies  and debates  over  

amphibian decl ine this  lack of  monitor ing data .  Unfortunately,  that  is  

the  s ta te  of  the  science on amphibian monitor ing.  

DR. ROBERTS:  Dr. Richards . 

DR.  RICHARDS: I  would l ike to  hopeful ly  dispel  a  l i t t le  bi t  of  

the  gloom here  that  I  myself  have been rais ing.  

At  one level  amphibians  are  no different  than any other  aquat ic  

organisms that  are  deal t  wi th  by EPA and aquat ic  ecologis ts  for  a  long 

t ime.  

They s t i l l  reproduce,  they s t i l l  have fecundi ty,  they s t i l l  recrui t  

to  a  populat ion,  there  is  predat ion,  there  is  densi ty  and nondensi ty  

dependent  aspects  to  their  populat ion s izes ,  and that  makes them 

par t icular ly  amenable  to  exper imentat ion.  That  doesn ' t  mean 

we can ' t  exper iment  with  these animals  and can ' t  der ive some creat ive 

ways of  examining populat ion parameters .  

They do things just  l ike  when you are  chasing l i t t le  f ish  a long 

the margins  of  a  s t ream. I f  you have ever  done that  you know you can 
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go there  one t ime and they wil l  be  there ,  next  t ime they won' t .  

That  doesn ' t  keep us  f rom having a  great  body of  regulatory 

approaches to  deal ing with  toxic  ant ieffects  on f ish.  

DR. ROBERTS: Dr.  Delorme,  did you want  to  respond to  that  

as  wel l?  I  have a  couple  of  other  folks  who have quest ions .  

DR. DELORME:  I wanted to make a comment on an 

observat ion.  I  can wai t .  

DR. ROBERTS:  Let me go to Dr. Denver, then Dr. Heer inga, 

and then you.  

DR. DENVER:  I jus t wanted to comment on something that Dr. 

Skel ly  said .  I t  has  to  do with  s ingle  species  experiments  versus  

compet i t ive  interact ions ,  and at  the  r isk of  making this  even more 

complicated I  th ink i t  i s  important  to  real ize  the  importance of  the  

compet i t ive  interact ions .  Most  of  the  s tudies  that  we have 

reviewed have been s tudies  of  s ingle  species .  We publ ished a  s tudy 

actual ly  las t  year  that  showed that  exposure  to  PCBs can actual ly  

change the compet i t ive  interact ions  among species .  

These were s tudying the northern leopard frog and also wood 

frogs.  That 's  another  layer  of  complexi ty  that  needs to  be considered.  

DR. ROBERTS:  Dr. Heer inga. 

DR. HEERINGA: With much more expert ise ,  Dr.  Denver  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

155 

ant ic ipated my quest ion.  Mine is  much more direct  and I  deal  a  l i t t le  

bi t  wi th  waterfowl populat ions .  

Is  there  evidence,  e i ther  f rom zoological  samples  in  museums,  

e t  cetera ,  or  other  s tudies ,  on sor t  of  e i ther  a  lack of  increased 

hybridizat ion or  compet i t ion in  these natural  populat ions? 

Are there  species  that  are  invading his tor ical ly,  turf  for  other  

species  that  have been a  concern to  ecologis ts ,  i s  that  pract ice ,  i t  

could happen natural ly,  but  do you see that  happening and are  these 

populat ions  s t i l l  re la t ively isolated and nonhybridized? 

DR. GIBBS: Certa inly,  and the bul l f rog is  a  c lass ic  example of  

invasions,  but  very much associated with  the act ivi t ies  of  people  and 

moving them around.  

I 'm t rying to  think of  an analogous s i tuat ion with a  hybrid  zone 

shif t ing or  one nat ive species ,  a  sympatr ic  species ,  one moving into  

the other 's  range.  I 'm fai l ing to  - -

DR. SKELLY:  The example that  Dr.  Hayes ta lked about  that  

was the f i rs t  one that  I  had seen evidence for. 

DR. ROBERTS:  We've got Dr. Delorme, then Dr. Matsumura. 

DR.  DELORME: I  was s i t t ing here  l is tening to  Dr.  Skel ly  ta lk  

in  response to  Gary Isom's  quest ion and i t  occurred to  me that  one of  

the  things that  EPA has asked us  to  look at  is  the  assessment  
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endpoints  and they put  for th  an assessment  endpoint  of  the  

populat ion.  

You guys can shoot  me down if  you want  but  some of  the 

measures  that  you are  ta lking about ,  species  divers i ty  and rela t ive 

species  abundance,  perhaps maybe an al ternate  assessment  endpoint  is  

a lso communit ies ,  in  terms of  their  composi t ion.  

I t  gets  into  sensi t ivi ty  of  different  species  and whether  i t  i s  

di fferent  or  not .  Just  want  to  know if  you guys think this  idea has  any 

meri t  as  a l ternate  assessment  endpoint?  

DR. ROBERTS: You three are  on the spot  again.  Who wants  to  

take i t?  

DR.  RICHARDS: I ' l l  touch a  l i t t le  bi t  of  i t .  

There  are  some s tudies  out  there  that  have indicated over  

re la t ively large geographic  areas  that  anuran communit ies  can be a  

fa i r ly  useful  way of  looking at  re la t ionship to  landscape parameters .  

Whether  they ' l l  be  useful  for  looking at  toxic  re la ted quest ions ,  I  

don ' t  th ink has  been del ineated.  

Certa inly,  communit ies  can be manipulated - -  the  data  from 

communit ies  can be manipulated into  a  ser ies  of  metr ics  much l ike  we 

use f ish or  inver tebrates  or  other  things in  a  way to  look at  pat terns  

over  re la t ively large geographic  scales .  
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DR. ROBERTS: Dr.  Skel ly,  did you want  to  add anything? 

DR. SKELLY:  I  guess  I  would just  inser t  a  note  of  caut ion that  

i t  can be - -  i f  we are  t rying to  l ink these s tudies ,  eventual ly,  back to  a  

mechanism and l ink them to laboratory s tudies ,  logis t ical ly  and 

pragmatical ly,  i t  may be chal lenging enough to  do on a  s ingle  species  

level .  

I 'm very interested in  communit ies .  I  th ink that  they can 

sometimes show responses  that  may give us  more information than 

s ingle  species .  

But  on the idea that  we need to  walk before  we run,  I  guess  I  

would say that  we should t ry  to  get  out  into  the f ie ld  more working 

with  the s ingle  species  before  we look at  mult iple  species  

s imultaneously. 

DR. ROBERTS:  Dr. Matsumura.  DR. 

MATSUMURA: I 'm not  doing that ,  but  I 'm col laborat ing with the 

good herbatologis t  in  the  pi t  s tudies ,  on the s tudy on the yel low 

legged mountain f rogs,  rana muscosa.  

As far as that par t icular species is concerned, i t i s decl ining, 

everybody agrees ,  a t  least ,  in  Cal i fornia .  I t  has  a  long larval  l i fe  span 

that  i t  spends in  such a  cold place for  three to  a lmost  four  years  in  the  

water,  and they are  disappear ing.  



158 

1 When we made a  survey,  we found that  there  are  s t i l l  some 

2 ponds and lakes  teamed with the yel low legged frog but  they al l  on 

3 the  eastern s lope.  On the western s lope,  there  are  only about  three 

4 s i tes  that  we found.  

5 There is  no quest ion that  you can ta lk  to  those rangers .  They 

6 say,  wel l ,  I  used to  know that  par t icular  pond had the muscosa,  lo ts  of  

7 them and they are disappear ing in the las t year 10 years . 

8 They are  species  that  you can real ly  count  on not  jus t  by vir tue of  

9 long l i fe  in  that  par t icular  case .  You can real ly  see  that 's  how they 

10 are  disappear ing.  

11 So,  i t  i s  not  re la ted to  a t razine.  

12 But by s tudying those,  we s tar t  f inding also,  hyla  regi l la ,  

13 pacif ic  t ree  f rogs,  are  a lso disappear ing from the same western s lope.  

14 That 's  the  reason why we are  suspect ing ai r  pol lut ion and par t icular ly  

15 PCBs.  

16 In  the lowland area a lso the red legged frogs a lso disappear ing,  

17 but  they are  being displaced by bul l f rogs.  So that  is  the  same 

18 example that  you are  c i t ing.  

19 I  get  the  feel ing that  jus t  looking at  those mountain f rogs 

20 endangered species  which we cannot  s tudy wel l ,  that  there  could be 

21 some combinat ion of  r ight  kind of  species ,  very sensi t ive  ones  that  
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you could pick on and t ry  to  see whether  those are  the ones  who are 


effected the most  by this  kind of  pol lut ion.  


So some f ie ld  biologis ts  can real ly  look for,  they may f ind a  

good combinat ion.  I  jus t  wanted to  add.  

DR. ROBERTS: Thank you.  

I  haven ' t  heard much in  the way of  disagreement  in  this .  

Let  me ask the panel ,  i s  there  anything that  they disagree with  

that  has  been s ta ted or  are  there  any other  important  points  that  have 

been lef t  out  of  the  discussion that  perhaps should be included in  the 

response? 

Dr. Kel ley. 

DR.  KELLEY: I  don ' t  d isagree with  the conclusion as  s ta ted 

based on the avai lable  data .  I  jus t  s imply wish to  make a  comment  

about  the f ie ld  s tudies  in  South Afr ica ,  which is  that  i f  the  EPA 

decides  that  i t  wants  to  adopt  xenopus as  some sor t  of  model  system 

for  s tudying a  sex environmental  effects ,  including atrazine,  but  there  

are  others  as  wel l  for  which i t ' s  being the considered,  inclusion of  

f ie ld  s tudies  in  gather ing f ie ld  data  in  xenopus wil l  be  extremely 

useful .  

I t  wi l l  enable  you to  take the best  s tudied laboratory anuran and 

correla te  those resul ts  wi th  the f ie ld .  I  don ' t  th ink i t  i s  possible  for  
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any other  animal .  We have neglected in  our  l i terature  survey the data  

on xenopus which exis ts  in  the South Afr ican l i terature .  

I  would,  i f  that  route  is  taken,  I  th ink --  going forward more 

careful ly  designed and bet ter  powered f ie ld  s tudies  in  xenopus wil l  be  

useful  in  t rying to  re la te  laboratory resul ts  to  potent ia l  effects  in  the  

f ie ld . 

Now they won' t  te l l  you anything about  our  North American 

anurans,  necessar i ly,  but  they wil l  te l l  you something about  the  

l imita t ions  of  the  t ransform. 

DR. ROBERTS: Thank you.  Dr.  Bradbury,  i t  looks l ike there  is  

s t rong endorsement  for  the  value of  f ie ld  s tudies  and the panel  has  a  

number  of  comments  about  what  is  required to  real ly  get  good 

information from those s tudies .  

Are there  any fol low up quest ions that  you have for  the panel  

on this  topic? 

DR. BRADBURY:  Just  for  the record,  we have quest ion 2 B.  

DR. ROBERTS: I  sor t  of  sense that  our  discussion has  covered 

both 2 A and 2 B.  I  wi l l  defer  to  the discussants  on that .  

DR. BRADBURY:  I feel comfortable that we got the pic ture 

between the two aspects  but  i f  there  is  something lef t  in  your  laptop.  

DR. ROBERTS: Dr.  Richards ,  is  there  anything lef t  in  your  
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laptop? 

DR. RICHARDS: My f ingers  are  f ingered out ,  but  I  think in  my 

own comments  I  was implying that  i t  was very diff icul t  to  examine the 

effects  of  costressers  given the s tudies  we have seen so far. 

DR. BRADBURY:  I  think we're  in  good shape on our  end.  

DR. ROBERTS: Are there  any other  points  that  need to  be 

made or  anything we need to  resolve before  we move onto the next  

quest ion?  If  not ,  le t 's  move on to  quest ion three.  

DR.  STEEGER: In evaluat ion of  the exis t ing laboratory based 

s tudies  the  agency concluded that  there  was suff ic ient  information to  

es tabl ish a  hypothesis  that  a t razine could cause adverse  gonadal  

developmental  effects .  

However,  due to  the different  experimental  designs and 

var iabi l i ty  in  the  nature  and extent  of  exper imental  condi t ions ,  i .e . ,  

level  of  excessive mortal i ty,  delayed developmental  and untreated 

organisms,  lack of  response to  posi t ive  controls ,  i t  was not  possible  to  

adequately  assess  the  hypothesis  that  a t razine causes  developmental  

effects .  

I t  was fur ther  concluded that  the  current  body of  information 

did not  prove the means to  character ize  the nature  of  any associated 

dose response re la t ionships .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

162 

Please comment  on EPA's  determinat ion that  the  laboratory 

s tudies  provide a  plausible  basis  for  the  means to  es tabl ish hypothesis  

concerning the potent ia l  for  a t razine to  cause development  effects .  

Also,  please comment  on whether  the overal l  body of  avai lable  

data  are  adequate  to  demonstrate  whether  or  not  a t razine causes  

developmental  effects  under  the  condi t ions  descr ibed in  these s tudies .  

DR. ROBERTS: An important  quest ion Dr.  LeBlanc,  what  do 

you think? 

DR. LEBLANC: I  concur  with  the EPA, their  determinat ion 

that  laboratory s tudies  on the affects  of  a t razine on anuran gonadal  

development  are  suff ic ient  to  es tabl ish the hypothesis  that  a t razine 

interferes  with  normal  gonad development .  

Clear ly,  the  avai lable  data  are  l imited.  However,  the  exis t ing 

data  as  re la ted specif ical ly  to  the  laboratory invest igat ion,  I  bel ieve,  

support  the  hypothesis  of  the  e ight  laboratory s tudies  that  we were 

provided with that  evaluat ing effects  of  a t razine on gonad 

development .  

Five of  these s tudies  detected such abnormali t ies  f rom three 

different  laborator ies .  Certa inly,  in  my laboratory,  i f  a  s tudent  comes 

to  me with an observat ion,  be i t  induct ion of  enzyme,  suppression of  

protein ,  or  a  message RNA level ,  the  f i rs t  th ing I  te l l  them is  go do i t  
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again.  

They come back and I  te l l  them to go do i t  again and perhaps 

af ter  s ix ,  seven,  or  e ight  t imes I  wi l l  accept  that  data ,  which doesn ' t 

mean that  perhaps two of  those t imes they weren ' t  able  to  reproduce 

the effect .  

But  i f  the  preponderance of  the  evidence consis tent ly  shows the 

effect  that  they ini t ia l ly  observed and that  we were pursuing,  I  

wouldn ' t  d iscount  the  data .  

There  cer ta inly were differences  observed among the var ious 

s tudies  that  we examined as  re la ted to  the effects  that  were observed 

and many at t r ibutes  were ascr ibed that  could have contr ibuted to  

these differences ,  including species  differences ,  di fferences  in  

exposure design,  and specif ic  endpoints  that  were selected in  the 

individual  evaluat ions .  

Signif icant  data  gaps exis t  in  our  unders tanding of  the  affects  

of  a t razine on anuran development .  These include a  lack of  

unders tanding of  the  mechanism by which at razine e l ic i ts  i t s  

developmental  toxici ty,  the  nature  of  the  concentrat ion response 

re la t ionship,  def ini t ion of  suscept ible  windows of  exposure,  and 

ident i f icat ion of  a  threshold concentrat ion.  

However,  i t  i s  cer ta inly my view,  that  the  exis t ing data  does  
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support  acceptance of  the  hypothesis  that  a t razine interferes  with  

normal  anuran gonadal  development .  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  agree a  great  deal  with  what  Gerald a l ready told 

you.  I  th ink one of  the points  why we f ind so many differences ,  and 

the big difference should be that  we have no s tandardized protocols  in  

var ious s tudies .  

I  th ink one of  the  goals  for  the  future  in  future  s tudies  is ,  f i rs t ,  

to  design more or  less  a  s tandardized protocol  to  work on amphibians ,  

especial ly  on xenopus laevis ,  but  a lso i f  you use ranids .  

So,  we are  comparing apples  with  pears  i f  you don ' t  go ahead 

with  a  real ly  s tandardized protocol .  That 's  one comment  on i t .  

DR.  ROBERTS: Dr.  Denver,  do you have something to  add? 

DR. DENVER:  I jus t agree that we have suff ic ient data to 

generate  a  hypothesis  but  insuff ic ient  data  to  tes t  the  hypothesis .  

DR.  ROBERTS: Other  members  of  the panel?  Dr.  Matsumura.  

DR.  MATSUMURA: I  agree with Dr.  LeBlanc 's  s ta tement  so 

long as  i t  i s  l imited to  gonadal  abnormali t ies .  I 'm not  convinced 

about  the  whole  scale  developmental  effect  even including laryngeal  

effect .  

But  regarding the abnormali t ies ,  I  feel  that  the  having Dr. 
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Carr 's  independent  experiment  as  wel l  as  John Giesy 's ,  I  feel  that 


qual i ta t ive  there  is  some clear  cut  independent  ver i f icat ion of  the 


phenomenon.  But  others ,  I  would not  s t ick my neck.  So that 's  jus t  my


personal  feel ing. 


That 's why I asked Dr. Carr to just te l l me that he can real ly 

s tand behind the data .  He told me that .  So,  I 'm sat isf ied by 

independent  ver i f icat ion.  But  other  parameters  I  would not  agree that  

there  is  suff ic ient  base.  

DR. ROBERTS: Dr.  Matsumura raised the point  - -  you know 

the quest ion asked about  developmental  effects .  I  guess ,  we need to  

be careful  how we def ine those in  terms of  our  conclusions.  

I  would also l ike  to  point  out  that  I  want  to  be c lear,  when the 

quest ion asks  whether  or  not  the  overal l  body of  avai lable  data  is  

adequate  to  demonstrate  whether  or  not  a t razine causes  developmental  

effects .  

I  thought  I  heard two different  answers  to  that  quest ion among 

panel  members .  I  want  to  sor t  of  see  what  people  think.  

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: I  think the quest ion is  whether  the data  is  

suff ic ient  to  enter ta in  the  hypothesis  that  a t razine produces  

developmental  effects .  
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The answer was a narrowly focused one.  I t sa id that the data on 

gonadal  development  coming from two very different  f rog species ,  

one tota l ly  aquat ic  and one at  leas t  par t ia l ly  terres t r ia l ,  terres t r ia l  

dur ing most  of  the  l i fespan,  did  indicate  an effect  on gonadal  

development .  

So for  that  reason,  enter ta ining the hypothesis  was regarded as  

an appropria te  thing to  do.  

DR. ROBERTS: So,  not  to  put  words in  your  mouth,  but  your  

opinion is  that  the  data  are  suff ic ient  to  support  the  hypothesis  or  to  

just i fy  the hypothesis ,  but  not  necessar i ly  to  demonstrate  which I  

would interpret  as  prove the hypothesis .  

DR.  KELLEY: I t  was very wel l  put  by the EPA. You could 

look at  the  data  and say the data  is  such that  we could re ject  th is  

hypothesis .  I  do not  bel ieve the panel  would support  that  conclusion 

al though we haven ' t  heard from everybody. I  do not  bel ieve that  we 

could re ject  the  hypothesis .  So,  what  that  means is  the  

hypothesis  is  s t i l l  v iable .  Is  the  hypothesis  more than a  hypothesis ,  

do we actual ly  bel ieve that  a t razine wil l ,  a t  some dose that  we don ' t 

know now and some range of  species  that  we don ' t  know now, re l iably 

resul t  in  gonadal  abnormali t ies?  

I  don ' t  th ink nor  do I  bel ieve the panel  thinks that  the  data  are  
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suff ic ient  to  accept  that  hypothesis .  But  the  data  are  cer ta inly  

suff ic ient  not  to  rule  i t  out  and to  cont inue to  enter ta in  i t  as  a  model  

for  looking fur ther. 

DR. ROBERTS:  Dr. LeBlanc. 

DR.  LEBLANC: I 'm going to  push you a  l i t t le  bi t  more though.  

I 'm just  going to  reread the s ta tement  jus t  to  make sure  we answer  the 

quest ion as  asked.  The s ta tement  - -  the  quest ion ends with  essent ia l ly  

avai lable  data  - -  EPA is  quest ioning whether  avai lable  data  is  

adequate  to  demonstrate  whether  or  not  a t razine causes  developmental  

affects .  So,  you 're  saying no.  

DR. KELLEY: Read the las t  phrase.  

DR.  LEBLANC: Under  condi t ions descr ibed in  these s tudies .  

DR. KELLEY: So we have data .  We have data  f rom  a 

reasonably large number  of  s tudies  that  indicate  that  a t  least  one dose 

there  was a  gonadal  defect  in  a  varying proport ion of  animals .  

I  have a  where there  is  smoke there  is  f i re  react ion to  that .  I 

th ink there  is  something going on,  that  is  my bot tom l ine,  but  I  don ' t 

know there  is  something going on.  

I  bel ieve i t  i s  worthwhile  invest igat ing the hypothesis  fur ther, 

but  I  wouldn ' t  bel ieve that  i t  was proven at  th is  point .  I t  cer ta inly  

ra ises  concerns .  
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DR. ROBERTS:  Whenever we 're not sure exact ly what the 

quest ion is  asking,  we sometimes ask the agency to  c lar i fy  for  us .  

Is  this  quest ion asking whether  or  not  the  data  provided by the 

exis t ing s tudies  is  suff ic ient  to  demonstrate  that  affect  or  is  i t  more 

along the l ines  of  what  Dr.  Kel ley is  ta lking about?  

Is  i t  jus t i fy  pursui t  of  the  hypothesis  but  not  necessar i ly  

demonstrate  the phenomenon which is  what  I ,  sor t  of ,  read into the 

white  paper.  I f  you can clar i fy  that  for  us .  

DR. BRADBURY:  I t 's amazing how one can wordsmith, and 

work and work,  and think i t ' s  c lear,  and then you need to  work on i t .  

The second phrase is  commenting on whether  the  overal l  body 

of  avai lable  data  is  adequate  to  demonstrate  in  the  descr ibe s tudies .  

I  th ink that 's  an important  phrase.  Based on the body of  

informat ion is  there  some sense,  given the qual i ty  of  the  s tudies  and 

the character is t ics  of  the  s tudies ,  i s  there  something going on,  is  there  

some smoke? 

That  is  sor t  of  in  the  context  in  is  there  enough smoke to  say,  I 

th ink i t ' s  reasonable  to  formulate  a  hypothesis  to  look to  see i f  there  

is  f i re  associated with  the smoke.  That 's  the  context  of  the  quest ion,  

intended meaning of  the quest ion.  

I  apologize i f  you 're  confused.  
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DR. ROBERTS: With that  c lar i f icat ion,  then,  both of  you have 

answered in  the aff i rmat ive then? 

DR. LEBLANC:  I have. 

DR. ROBERTS:  Dr. Kel ley? 

DR. KELLEY: I  have as  wel l .  

DR. ROBERTS:  Dr. Denver? 

DR. DENVER:  Yes. 

DR.  ROBERTS: Is  there  anyone else  that  would l ike to  weigh 

in  on this?  

Dr.  Kloas  you were a  discussant  did you want  to  indicate  one 

way or  the other  on this?  Dr.  Coats?  

DR. COATS: Yes,  I  wi l l  weigh in .  I  th ink there  is  enough data  

to  pursue forward movement  to  tes t  the  hypothesis .  

DR.  DELORME: I  would concur  as  wel l .  I  th ink one of  the 

things we saw is  there  are  a  number  of  factors  with  the husbandry and 

whatnot  that  might  have resul ted in  something going on.  So,  i t  i s  not  

real ly,  real ly,  c lear  that  a t razine is  the  root  cause.  So,  we need to  

pursue the hypothesis .  

DR.  ROBERTS: Would anyone else  l ike to  weigh in  on this  

before  we move on to  B? 

DR. SKELLY:  I  wil l  concur  broadly.  I  th ink the way that  Dr. 
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LeBlanc and the others  responded ref lects  my feel ings  as  wel l .  

DR. ROBERTS:  Dr. Green? 

DR. GREEN:  I concur as wel l . 

DR. ROBERTS: Good.  Dr.  Richards? 

DR. RICHARDSON:  I ' l l jo in the par ty. 

DR. ROBERTS:  Then le t 's go ahead and take par t B? 

DR. STEEGER: Please comment  on EPA's  conclusion that  

given the var iabi l i ty  in  the  avai lable  dose response data  across  the  

s tudies ,  e .g . ,  approximately 250-fold difference in  reported 

thresholds  for  observed developmental  effects  as  wel l  as  reports  of  

monotonic  and nonmonotonic  dose response curves ,  i t  i s  not  possible  

to  ascer ta in  the re la t ionship,  i f  any,  of  a t razine exposure  to  

developmental  effects  in  amphibians .  

DR. ROBERTS: Dr.  LeBlanc,  what  do you think? 

DR. LEBLANC: The short  answer  is  I  agree wholehear tedly, 

and I  th ink I  only need to  expand on that  a  l i t t le  bi t .  

There  is  c lear ly  major  def ic iencies  that  exis t  in  the  data  as  

re la ted to  descr ibing the re la t ionship between atrazine exposure  and 

gonadal  toxici t ies  that  have been reported.  

We can extract ,  I  th ink,  a  smal l  amount  of  data  as  re la ted to  that  

re la t ionship that  presumed rela t ionship,  a t  th is  point  in  t ime,  a l though 
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the  conclusions are  very,  very l imited.  


For example,  I  th ink,  I  hope,  we 're  a l l  in  agreement  that  

a t razine a t  a  concentrat ion of  0 .01 microgram per  l i ter  appears  to  

have no effect  on anuran gonadal  development .  

The data  seems to  suggest  that  exposure  to  f rog larvae to  

a t razine concentrat ions  greater  than or  equal  to  .1  microgram per  l i ter  

can el ic i t  developmental  abnormali t ies ,  not  does  but  can.  

There  is  l imited data  avai lable  to  us  to  make any judgments  as  

to  whether  or  not  concentrat ions  in  the range of  .1  to  10 micrograms 

per  l i ter  t ruly  e l ic i t  adverse  effects .  

However, when we consider concentrat ions in the vic ini ty of 25 

micrograms per  l i ter,  there  seems to  be some reasonably good 

concordance that  th is  concentrat ion does  e l ic i t  gonadal  effects .  

Clear ly, more data is required to define the concentrat ion 

response re la t ionship between atrazine and gonadal  development  of  

anuran larvae.  

At  this  t ime,  I  would have confidence only in  concluding that  

the  threshold concentrat ion for  this  mater ia l  exis ts  between .01 and 

25 micrograms per  l i ter. 

DR.  ROBERTS: Thoughts  f rom other  panel  members?  I  wil l  

s tar t  wi th  the lead discussants ,  Dr.  Kloas ,  did  you want  to  add 
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anything or  comment  on this? 


DR. KLOAS:  Concur. 

DR. ROBERTS:  Dr. Denver? 

DR. DENVER:  I would just concur wi th the s ta tement that we 

put  together  las t  n ight .  

DR.  ROBERTS: Other  comments  f rom other  members  of  the 

panel?  

Does anyone feel  that  the  data  are  adequate  to  descr ibe the dose 

potent ia l  dose response re la t ionships? 

Dr. Matsumura? 

DR. MATSUMURA: I  don ' t  th ink i t  i s  adequately descr ibing,  

a l l  we 're  saying is  that  the  threshold concept  can be appl ied and that  

some experiments  indicate  that  there  is  such a  thing.  

Real  threshold experiments  must  be done ra ther  careful ly. I t  i s  

not  that  easy.  How many years  i t  took to  have any agreement  on the 

cancer  dose and the effect  re la t ionships ,  par t icular ly  with  the 

hormones,  there  are  feedbacks and --  you know, Jere .  

So,  I  would vote  for  the  s ta tement  that  the  threshold is  a  good 

way to  go about  i t  and there  are  some indicat ions ,  incipient  

indicat ions .  

DR. ROBERTS:  In the spir i t of Dr. LeBlanc 's ear l ier comment 
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which I  concurred that  these were actual ly  concentrat ion response 

re la t ionships  and not  dose response re la t ionships .  So,  I 'm going to  

correct  myself  in  agreement  with  that .  

DR.  LEBLANC: I  think we need to  recognize that  the  great  

major i ty  of  the  s tudies  that  we have reviewed,  I  can think of  one 

except ion,  were not  designed to  evaluate  the concentrat ion response 

re la t ionship.  Cer ta inly, future s tudies need to be designed 

appropria te ly  so that  the  response re la t ionship can be appropria te ly  

evaluated.  I  made some at tempts  to  dr ive some general  unders tanding 

of  what  this  re la t ionship might  be based upon al l  the  information that  

was provided to  us .  

The best  that  I  could come up with ,  and I  don ' t  have a  lot  of  

confidence in  i t ,  i s  that  .01 micrograms per  l i ter  has  no effect  and al l  

concentrat ions  evaluated greater  than that  had an effect  on average.  

And on average,  that  effect  regardless  of  the  concentrat ion 

seemed to  have been around 20 percent  incident  of  effect  whatever  the 

invest igators  may have been monitor ing.  

Now, I  don ' t  know what  that  means.  I t  could mean that  the  

maximum response that  we should ant ic ipate  is  20 percent .  And that  

the  concentrat ion response is  going to  occur  between .01 and .1 ,  the  

threshold wil l  be  between there .  I  don ' t  know that  that 's  the  case.  I t  
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i s  jus t  a  suggest ion. 


And there  are  precedents  for  observing par t ia l  effects  where 

perhaps we would be ant ic ipat ing greater  effects?  What  comes to  

mind are  my own s tudies  looking at  in tersex in  snai ls  as  re la ted to  

t r ibutal  10.  In  laboratory exposures  where we t ry  and repl icate  

what  we see in  the environment  in  10 contaminated environments  

where the incidence is  100 percent  intersex,  the  best  we can generate  

is  about  30 percent .  We're  not  a lone,  other  labs  have had 

s imilar  success  in  generat ing intersex in  only about  30 percent  of  the  

animals .  We real ly  don ' t  know why.  We assume i t  i s  a  def ic iency in  

our  experimental  design.  

We know the animals  are  capable  of  - -  the  populat ion is  capable  

of  tota l ly  responding,  but  in  the lab they s imply don ' t .  I  don ' t  th ink 

we need to  go into  these experiments  with  the ant ic ipat ion that  we 're 

going to  see 100 percent  response in  a  populat ion i f  20 percent  is  

t ruly  the maximum that  we can ant ic ipate ,  we should accept  that  and 

l ive  with  i t .  

But  we should s t i l l  be  able  to  def ine that  re la t ionship between a  

threshold concentrat ion and that  maximum effect  whatever  i t  might  

be.  

DR.  ROBERTS: Okay. Are there  other  comments  you want  to  
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express  regarding this?  

I ' l l  say for  myself  personal ly,  I  agree that  I  don ' t  th ink the data  

are  adequate  to  descr ibe the dose response re la t ionship.  

I  have not  gone through the analysis  you have.  I  have no idea 

where an apparent  threshold might  be.  Speaking personal ly,  I  have no 

idea what  the  shape of  the  dose response curve might  be.  But  I  do 

agree there  is  not  enough data  to  es tabl ish that .  

Anyone else?  Let 's  go ahead and move on to  the next .  

DR.  STEEGER: Many of  the avai lable  s tudies  proposed that  

aromatase induct ion resul ts  in  e levated es t rogen levels  that  lead to  

feminizat ion as  character ized by ovotestes ,  in tersex,  and 

hermaphrodi t ism in  genet ical ly  male  amphibians .  

Please comment  on EPA's  conclusion that  to  date  aromatase 

induct ion by atrazine has  not  been demonstrated in  any anuran in  

control led laboratory invest igat ions .  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: Firs t  of  a l l ,  I  would l ike  to  say that  i t  i s  not  the  

only hypothesis  which could ra ise  such phenomenons,  there  are  

feminizat ional  demascul izat ion phenomenon.  

We would have two ways how to obtain them estrogenic  and 

ant i -androgenic  ones ,  that 's  the  f i rs t  remark I  want  to  make.  
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Answering quest ion 4 A,  of  course  i t  i s  correct .  There  are  no 

data  showing up any aromatase induct ion or  s t imulat ion caused by 

atrazine.  But  however,  I  th ink we have al ready discussed there  is  no 

approach done which would be appropria te  to  demonstrate  i t .  

So,  I  th ink that  experimental  designs done up to  now,  they don ' t 

support  this  hypothesis  but  they cannot  support  such a  hypothesis  for  

aromatase s t imulatory effects .  

Would you l ike to  add something? 

DR. ROBERTS: Thank you.  So in  your  opinion i t  i s  s t i l l  an 

open quest ion? 

DR. KLOAS:  Yes. 

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: I  would agree.  I  would l ike to  point  out  that  the  

aromatase gene or  a t  least  one of  them, they probably have two,  the  

spene laevis  (ph)  has  been cloned in  xenopus laevis .  I t  wi l l  be  

possible  to  s tudy the expression of  the  aromatase gene in  the 

developing gonad in  the presence and the absence of  agents  that  are  

thought  to  affect  i t .  

While  the MRNA expression is  not  defini t ive  with  respect  to  

protein  expression or  the  act ivi ty,  the  enzymatic  act ivi ty  of  that  

protein ,  on the other  hand,  you do have to  have the gene expressed to  
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have i t  there .  So we now have avai lable  the  tools  to  tes t  th is 


hypothesis  in  a  r igorous fashion.  I t  should be possible  to  tes t  that . 


I  do concur  absolutely  that  a l though this  is  a  popular  

hypothesis ,  i t  i s  not  the  only hypothesis  that  could provide a  

mechanism of  act ion for  effects  that  have been reported.  

And so to  focus on this  hypothesis  to  the exclusion of  other  

kinds of  ideas  l ike  changes in  hormones within the animal 's  body and 

s teroid hormones changes in  the  hypothalamic,  pi tui tary,  gonadal  axis  

is  a lmost  cer ta inly a  mistake.  There  are  bound to  be other  

mechanisms that  are  involved.  DR. ROBERTS: Dr.  Kloas .  

DR.  KLOAS: I  would also l ike to  add one comment .  I t  could 

be a lso due that  there  is  a  direct  in teract ion with  the  enzyme 

aromatase.  So I  think i f  you could invi t ro  assay,  you should add 

atrazine a t  di fferent  concentrat ions  to  show up i f  there  is  any 

s t imulatory effect  which could be done very easi ly  because a l ready 

aromatase was assessed biochemical ly  in  several  labs .  And i t  i s  a  

rout ine assay. 

I  th ink that 's  second possibi l i ty. Not  only looking on gene 

expression,  but  a lso on direct  in terference with  the enzyme as  a  

second possibi l i ty  to  rule  out  i f  there  is  any interference with  

aromatase and the output  for  es t rogens.  
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DR. ROBERTS: Thank you.  

Dr. Denver. 

DR.  DENVER: The data  to  a t  least  generate  the hypothesis  are  

based on s tudies  in  human cel l  l ines  and a  l imited analysis  in  

a l l igators .  The hypothesis  has  not  been direct ly  tes ted in  amphibia .  

Just  one point  I  would add,  to  tes t  i t ,  not  only do we need to  

take advantage of  the  molecular  tools  that  are  avai lable ,  but  a lso do i t  

a t  the  appropria te  developmental  s tage a t  least  in  one that  is  

hypothesized to  be sensi t ivi ty  to  a t razine.  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC:  Firs t , I would l ike to just agree with 

everything that  has  been said .  But  I  would l ike  to  make the point  

s t rongly that  in  agreeing that  aromatase induct ion has  not  been 

demonstrated,  i t  should not  be construed to  mean that  i t ' s  not  induced 

from  my perspect ive.  

I t  s imply means that  the  appropria te  exper iments  haven ' t  been 

done to  demonstrate  whether  or  not  induct ion occurs .  

And cer ta inly,  a  point  that  I  feel  extremely s t rongly about  in  

future  s tudies  looking at  aromatase induct ion is  that  the  experiments  

need to  be conducted in  the r ight  l i fe  s tage,  not  in  the  adul t ,  but  in  the  

larvae that  we 're  interes ted in .  
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DR. ROBERTS: Dr.  Kel ley,  you are  nodding.  Agreed? 

DR. KELLEY: Yes.  To demonstrate  that  you have an effect  of  

an agent  in  an adul t ,  say,  for  example,  hormone levels ,  and then to  

infer  that  that  same effect  with  an unknown mechanism should have 

happened at  developmental  s tage is  taking the hypothesis  qui te  far  

down the l ine  without  evidence.  

So real ly,  you have to  go back to  the s tage when the effects  are  

thought  to  occur  in  order  for  the  mechanism to be es tabl ished or  not  

es tabl ished.  

DR. ROBERTS:  So the comments so far I think have expressed 

the opinion that  i t  has  not  been demonstrated that  aromatase is  

induced.  However,  the  experiments  have not  necessar i ly  been 

appropria te  design to  adequately  tes t  that .  

There  have been some suggest ions about  how the best  to  

approach that  tes t  as  wel l  as  a  caut ion from the panel  that  about  

focusing specif ical ly  on aromatase as  a  possible  mode of  act ion that  

there  are  other  endocrine mechanisms that  need to  be considered as  

wel l .  

Does everybody sor t  of  agree with  that  summarizat ion?  Are 

there  any other  points  or  is  there  disagreement?  

Dr. Matsumura. 
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DR. MATSUMURA:  Just I want to make sure that - - yes , our 

chairman real ly  summarized r ight .  We should not  real ly  lock into  

that .  Dr.  Kloas  a lso suggested some different  approaches such as  the 

antagonis t  of  the  tes tosterone.  

This  is  not  the  typical  es t rogenic  response.  I t  doesn ' t  happen in  

the females .  I t  doesn ' t  look l ike any effects .  So should not  be locked 

in .  I  agree with  Dr.  Kel ley 's  s ta tement  that  there  are  other  

possibi l i t ies  that  we have to  keep our  minds open.  

DR. ROBERTS: Any other  thoughts  or  comments  about  A?  Is  

the  feedback clear?  Great .  

Let 's go to B. 

DR. STEEGER: The var iabi l i ty  associated with plasma sex 

s teroid concentrat ions  and aromatase act ivi t ies  is  high.  Is  th is  

var iabi l i ty  normal .  

Please comment  on any readi ly  apparent  or  avai lable  

methodological  improvements ,  for  example,  changes in  sampling 

design,  analyt ical  techniques  that  could eff ic ient ly  address  this  

var iabi l i ty  in  future  s tudies .  

DR. ROBERTS: Dr.  Kloas  and Dr.  Kel ley I  bel ieve during 

some ear l ier  discussions you made some points  about  the  sex s teroid 

measurements .  
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What  is  your  response to  this  quest ion? 

DR. KLOAS:  Firs t of a l l ,  I  th ink al l  of  us  being aware of  this  

kind of  determinat ions  agree that  there  is  a lways in  lower  ver tebrates  

a  high var iabi l i ty  and s teroid levels  in  general  and also act ivi t ies  in  

aromatase may vary widely. 

I  th ink there  should be agreement  here .  So the var iabi l i ty  

shown up,  unt i l  yet  measured,  seems to  be normal ,  what  you wil l  

normal ly  get .  

Anyhow, we have to  commend or  we have some remarks about  

ELISA data ,  especial ly  for  es t radiol  measurements  presented.  

I  th ink there  are  a t  least  one order  or  two orders  of  magni tude 

higher  than al l  the  old data  measured also in  some of  our  labs  that  

would suggest  to  be in  this  level .  So they are  much higher.  So there  

should be any proof  that  th is  real ly  is  the  r ight  way to  assess  es t radiol  

in  xenopus.  

For  anything else ,  I  th ink changes in  sampling design --  I  

would l ike  to  show up set  ser ies  (ph)  involvement  in  s teroid or  in  

sexual  s teroid genesis .  I  th ink f i rs t  of  a l l  there  should be short  term 

exposures  and short  term  measurements  for  es t radiol  as  wel l  as  for  

androgens.  

I  would also refer  that  there  could be a lso some interference 
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with ra t io  of  tes tosterone,  dehydro (ph)  tes tosterone.  And I  would 


also refer  that  there  should be a lso some improvements  to  include f ive 


alpha reductase  measurements ,  because this  could be a lso another 


hypothesis  how i t  works and how i t  could work in  ant i -androgenic 


way (ph) . 


DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: I 'm going to  read my remarks.  

The var iabi l i ty  associated,  the  largest  var iabi l i ty,  two orders  of  

magni tude,  in  other  words,  1 ,000 t imes,  in  the s tudies  reviewed by the 

EPA ref lects  differences  in  resul ts  obtained in  s tudies  sponsored by 

the regis t rant  using ELISA assays and s tudies  in  the  open l i terature  

using radioimmunoassay. 

The most  l ikely explanat ion for  this  large discrepancy is  the  

method used to  measure  hormone levels  - -  so  that 's  the  analyt ical  

comment  up here .  Resolving these discrepancies  should be 

s t ra ightforward.  

Within the open l i terature ,  on the other  hand,  var iabi l i ty  is  

more typical  typical ly  in  the  two t imes range,  a  range wel l  wi thin  

diurnal  and seasonal  var ia t ion.  

I t  should be recognized that  species  s tudied extensively in  the  

laboratory,  xenopus laevis ,  may have or iginated from different  
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populat ions  in  their  nat ive habi ta t . 


Populat ions  can differ  in  seasonal i ty  even within the same 

country. For  example,  in  South Afr ica ,  the  Cape populat ion breeds in  

the Afr ican winter,  and the Johannesburg populat ion in  the Afr ican 

summer. 

And we would thus expect  differences  between the two 

populat ions  in  the  f ie ld  and in  the laboratory as  this  species  maintains  

c i rcannual  rhythms even af ter  many,  many generat ions  in  the 

laboratory. 

When wild caught  animals  are  brought  into  the laboratory for  

s tudy,  they should be character ized genet ical ly  to  ident i fy  the 

populat ion of  or igin,  th is  is  possible  now based on l i terature ,  and 

also to  ver i fy  species  because I 'm sorry to  te l l  you every xenopus 

looks l ike  every other  xenopus pret ty  much,  except  some are  big and 

some are  smal l .  Al though,  i f  you l is ten to  their  songs,  you can te l l  

the  difference.  

And the same approach must  be employed in  character iz ing 

groups of  animals  that  are  used for  laboratory s tudies .  So this  is  by 

way of  saying that  i f  we 're  going to  s tandardize the animal  as  a  tes t  

species ,  we have to  develop s tandards  that  don ' t  jus t  involve the 

laboratory assays that  we do,  but  that  involve the biology of  the  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

184


animal  that  we 're  looking at . 


DR. ROBERTS:  Dr. Denver. 

DR. DENVER:  I jus t want to re i terate the importance of 

val idat ion of  immunoassays,  especial ly  assays for  es t radiol .  

Estradiol  is  known to  be present  a t  very low concentrat ions  in  plasma 

and is  rout inely measured at  least  in  the  laborator ies  that  are  

represented here  by radioimmunoassays.  

And his tor ical ly,  radioimmunoassays have been used to  

measure  plaza sex s teroids  and tend to  be more sensi t ive  than 

ELISA's ,  a l though some of  the current  generat ion of  ELISA's  may be 

just  as  sensi t ive .  

But  I  th ink i t  i s  important  to  compare the two methods to  make 

sure  that  they are  in  concordance and to  val idate  the  assay methods 

for  each species  under  s tudy. 

There  is  a  tendency these days to  purchase a  ki t  and put  things 

into  i t .  I 'm not  saying that  this  is  what  was necessar i ly  done by the 

invest igators  here ,  but  i t  i s  real ly  important  to  evaluate  that  ki t  for 

the  species  under  s tudy and show that  you 're  actual ly  measuring what  

you think you are  measuring and that  you 're  actual ly  recovering from 

your  sample.  

In  experiments  where you add known amounts  of  cold s teroid,  
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you can actual ly  recover  that  in  the  assay. 

So those are  important  things.  Because the data  that  you 

generate  are  only as  good as  the  methods that  you are  using to  

generate  them. There  has  been a  lot  of  discussion about  animal  

husbandry,  which is  important ,  but  I  th ink there  should be s imilar  

discussion of  the  methods used to  analyze s teroids ,  because perhaps 

much or  perhaps some of  this  var iabi l i ty,  a t  least ,  could be due to  

analyt ical  methods.  

The fact  that  one lab can use a  ki t  and get  the  same resul t  

doesn ' t  necessar i ly  mean that  resul t  i s  correct .  You can repeat  an 

ar t i fact  unt i l  you are  blue in  the  face and i t  doesn ' t  necessar i ly  mean 

that  that  is  a  correct  number. 

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  think also another  possibi l i ty  to  overcome such 

a  problem for  measuring es t radiol  could be to  measure  an es t rogenic  

biomarker.  A lot  of  es t rogenic  biomarkers  are  now already avai lable .  

The methodology is  wel l -es tabl ished.  For  instance,  

vi te l logenin,  you can measure  i t  in  the  plasma,  but  a lso as  

vi te l logenin MRNA by RTPCR techniques.  That 's  rout ine 

measurement .  

You can also maybe in  an indirect  way demonstrate  that  there  
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could be any est rogenic  interact ions  or  interference caused by 

at razine.  

So This  is  another  possibi l i ty  to  have another  methodological  

approach to  demonstrate  es t rogenic  pathways.  

DR. ROBERTS:  Yes.  Dr. Kel ley ra ised that i ssue ear l ier in 

discussion with one of  the  presenters .  

I f  she wants ,  we could include that  as  par t  of  our  response to  

this  quest ion.  

DR.  KELLEY: I  a lso want  to  make the comment  that  snapshot  

measurements  of  hormone levels  a t  a  par t icular  point  in  t ime do not  

give a  val id  picture  of  the  his tory of  exposure of  animal  to  the 

hormone in  quest ion.  

What  you real ly  want ,  what  I  want ,  are  biomarkers  that  show 

you in  l iv ing real t ime color  what  the  animal  is  seeing.  We are  

for tunate  with  xenopus that  those are  avai lable  now,  actual ly. We 

wil l  be  able  to  look at  f lashing green frogs and know what  t issue is  

being exposed to  what  level  of  hormone,  when and how, which is  an 

unusual  s i tuat ion.  

But  even without  this  fancy molecular  method,  the  biomarkers  

such as  have just  been descr ibed are  real ly  very wel l  character ized.  

And you know that  i f  you see a  male  that  has  any vi te l logenin 
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or  fur ther  that  shows rapid response to  es t rogen chal lenge,  you know 


that  male  has  seen a  level  of  vi te l logenin that  is  not  present  in  the 


l i tera ture . 


So these are  avai lable  assays and should be used and added to  

the  armamentar ium. 

DR. ROBERTS:  Dr. Kel ley, can we provide some specif ics and 

ci ta t ions  in  our  minutes?  

DR. KELLEY: I  have them in my giganto reference l is t .  

DR. ROBERTS: Somehow I  knew you would.  

Dr.  Tietge I  bel ieve has  a  quest ion.  

DR.  TIETGE: I 'm a  l i t t le  confused on one point  here .  Maybe I  

didn ' t  catch i t  qui te  correct ly. 

Dr.  Kloas  said  that  there  is  high var iabi l i ty  in  these 

measurements  and that 's  somewhat  normal .  

Dr.  Kel ley said  that  the  typical  range of  var iabi l i ty  is  twofold.  

Are you in  agreement ,  the  two of  you?  Did I  get  that  r ight?  

DR. KELLEY: The typical  range --  would you agree that  the  

typical  range of  var ia t ion is  not  two orders  of  magni tude?  1,000 

t imes? 

DR. ROBERTS: That 's  100.  

DR. KELLEY: Sorry. 
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Well ,  you know what  I  mean.  I t ' s  not  1 ,000 t imes? 

DR. ROBERTS: I  think she meant  two orders  of  magni tude 

perhaps.  

DR. KLOAS:  Not twofold. 

DR.  KELLEY: I 'm sorry. I  meant  two orders  of  magni tude.  

DR. TIETGE: That  c lar i f ies  i t .  Thank you.  

DR. KLOAS: We agree with each other. 

DR.  KELLEY: We agree that  twofold is  normal ,  and 1,000 

t imes is  not  normal .  I  actual ly  wrote  that  down.  

DR. ROBERTS: Two orders  of  magni tude,  yes .  Three orders  of  

magni tude,  no.  

DR. KELLEY: Is  twofold two orders  of  magni tude?  No.  

Twofold is  within an order  of  magni tude.  I t ' s  wi thin 10 t imes.  

DR.  MATSUMURA: I  would l ike to  support  the  Werler 's  (ph)  

comment .  Real ly,  those s teroid levels  can change real ly  by the hour. 

So I  would l ike  to  real ly  recommend that  the  endpoint  of  those 

s teroid act ion --  actual ly,  I  have plasmid for  the  vi te l logenin on the 

control  by ERE. I t  comes from xenopus.  I  got  i t  f rom Shapiro.  And I  

a lso have a  PS2,  which is  very sensi t ive .  

I t i s wel l constructed.  I t works.  I offer to Joe Giesy, i f he 

wants ,  and anybody who wants  I  have i t .  Of  course ,  I  have to  wri te  to  
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Shapiro saying that  I  wi l l  t ransfer  that .  

But  real ly,  those are  sensi t ive .  I  was so amazed.  I  compared 

that  to  mammalian construct  and the xenopus is  bet ter.  Much purer  

ERE.  You can detect  the  PS2 very easi ly  or  PGR, progesterone 

receptor. 

Those are  wel l ,  wel l  accepted.  You can run that  easi ly. I 

support  that .  Because that  is  more s table  a  way of  measuring.  

Some t ime ago hormone was up,  but  i ts  effect  is  s t i l l  here .  

DR. ROBERTS: Any other  comments  on this  before  we move 

on to  the next  one? 

Clar i f icat ion? 

DR. BRADBURY:  I 'm sure  you al l  do i t .  I f  you can get  a l l  th is  

wri t ten down,  some of  the dialogue.  That  wil l  be  very helpful .  

Based on the discussions over  the  las t  few days,  s t i l l  wi thin the 

realm of  this  quest ion,  but  one of  the  hypotheses  was i t  was - -  the  

increase in  es t radiol ,  that  the  es t radiol  doesn ' t  get  in to  the  plasma,  i t  

s tays  within the t issue.  

Are there  techniques  avai lable  to  measure  changes in  es t radiol  

concentrat ion within the t issues? 

Could you comment  on that?  

DR. ROBERTS:  Dr. Kloas . 
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DR. KLOAS:  I think i t i s easy to measure a lso from t issue 's 

cystorrheic  (ph)  levels .  You can extract  them easi ly. But ,  however,  I  

th ink i t  i s  a  completely  l ipophi l ic  compound,  how to keep i t  - -  i t  has  

to  be real ly  completely  resorped by receptors  a t  the  same t ime.  

Normally,  there  should be any leakage to  the c i rculat ion.  I 

wouldn ' t  expect  that  could be s tored,  of  course .  So should be a  

change.  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: As Dr.  Kel ley said a lso,  i t  i s  real ly  a  snapshot  

that  we 're  taking be i t  in  the  serum or  be i t  in  a  given t issue.  

And that snapshot tends to ref lect very wel l the level of 

synthesis  that 's  taking place in  that  t i ssue a t  that  point  in  t ime.  

So another  a l ternat ive would be ra ther  than looking at  t i ssue 

levels  a t  a  given hormone,  i f  we 're  working with gonads would be 

perhaps to  remove the gonads and in  t issue cul ture  look at  the  

product ion s teroid synthesis .  

And another  s t rength to  that  approach too is  you could be a t  the  

same t ime looking at  product ion of  mult iple  s teroids ,  androgens and 

est rogens.  

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: Meashi ta  (ph)  and coworkers  in  Japan have 
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rout inely cul tured the Stage 51 gonad.  In  the presence of  aromatase 


inhibi tors  and also in  the presence of  es t rogen,  are  able  to  observe 


sexual  different ia t ion invi t ro  and are  able  to  observe effects  of  the 


agents  that  they add. 


That assay is very avai lable . 

Also,  I  want  to  point  out ,  I  know I  pointed this  out  before ,  but  

the  l iver  is  not  that  c lose  to  the  gonad.  Typical ly,  i f  you have 

evidence of  vi te l logenin - -  le t  me explain  for  the  publ ic  what  

vi te l logenin is .  I t  i s  the  yolk proteins .  Birds  have i t .  We don ' t  have 

so much yolk.  But  the f rogs have a  lot  of  i t .  A mature  egg has  to  yolk 

up in  order  for  i t  to  be oviposi ted,  ovulated and oviposi ted.  

I f  you see vi te l logenin in  the l iver,  i t  had to  have arr ived there ,  

I  bel ieve there  is  agreement ,  v ia  the  c i rculat ion.  So i t  had to  have 

ci rculated at  some point .  That  would mean that  i t  got  out  of  the  

organ.  

I t  i s  worth point ing out ,  i t  has  been pointed out ,  for  example,  

females  use tes tosterone as  a  precursor  for  es t rogen.  Dr.  Hayes was 

r ight ,  that  he  didn ' t  get  the  yolk up except  in  rana.  

But  xenopus uses  tes tosterone as  a  precursor  for  es t rogen.  You 

can measure  real ly  high levels  of  tes tosterone in  females  when their  

ovar ies  are  act ivated.  
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So circulat ing levels  can be useful  and shouldn ' t  be  denied,  but  

there  are  other  tools  avai lable  to  us .  

DR. ROBERTS:  Let me ask Dr. LeBlanc and Dr. Kel ley a 

quest ion of  c lar i f icat ion for  my edif icat ion.  Not  for  the  agency 's . 

The experiments  in  gonadal  cul ture  that  you descr ibed,  are  

those - -  are  you envis ioning an exvivo experiment  where they are  

exposed,  you are  removing gonads from exposed animals  and 

cul tur ing them and then measuring synthesis  ra te?  

DR. LEBLANC:  Yes. 

DR.  ROBERTS: So the exposure would occur  in  the animal ,  but  

not  whi le  in  consul t  (ph)  cul ture .  

DR. LEBLANC:  That 's correct . 

DR.  ROBERTS: And you would s t i l l  expect  to  see a  cont inuing 

effect  of  the  a t razine even though the gonads in  cul ture  would not  be 

exposed to  a t razine? 

DR. LEBLANC:  I t cer ta inly depends on the mechanism of the 

effect .  But  i f  i t  were induct ion of  the  enzyme,  then in  the short  term, 

yes ,  you would expect  to  see - -

DR. ROBERTS: Short  term unt i l  i t  decl ines ,  okay. 

DR.  KELLEY: Just  to  echo a  point  made here  about  short  term 

exposure,  i t  i s  a  t remendous advantage that  you can get  sexual  
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different ia t ion over  a  48 hour  per iod in  xenopus.  

Because of  that ,  you can do i t  in  cul ture .  You don ' t  have to  

worry about  the rundown of  the cel ls  so much.  You don ' t  have to  

worry about  the  compensatory mechanisms within the ent i re  animal .  

And that 's  a  big  experimental  advantage.  

DR. ROBERTS: Are there  any fol low-up quest ions f rom the 

agency on this?  Any other  comments?  

Let 's  then move on to  the next  quest ion.  

DR. STEEGER: Please comment  on whether  there  are  

addi t ional  data ,  o ther  than those summarized in  the  white  paper,  that  

suggest  la te  exposure  of  amphibians ,  i .e . ,  juveni les  or  adul ts  to  

es t rogens or  es t rogenic  chemicals  can induce ovotestes  format ion.  

DR. KLOAS: As far  as  we are  aware,  not  in  xenopus,  a t  least .  

I  cannot  give you the c i ta t ion,  but  there  is  some Japanese 

people  ta lking about  ranids  where you could reverse  probably in  la te  

s tages  of  rana rugosa.  You can induce sex reversal .  But  not  for  

xenopus.  I t  i s  not  reported,  a t  least .  

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: In ranids ,  i t  has  long been known that  aging 

animals  wil l  show gonadal  changes spontaneously. Whether  those are  

associated with  environmental  agents  has  never  known.  
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I  remember  reading an old report  where old female  ranids  wil l  

shed sperm.  In  xenopus,  this  has  never  been reported,  to  my 

knowledge.  

So I  don ' t  know of  any data  on this ,  but  there  may be people  

who know bet ter  than we do.  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: No,  I  don ' t  have any addi t ional  data  to  add.  

DR. ROBERTS: Anybody else  on the panel?  

DR. ROBERTS:  Let 's go ahead on to the next one. 

DR. STEEGER: Please comment  on whether  there  are  

addi t ional  data  other  than those summarized in  the  white  paper  that  

suggest  a l ternat ive mechanisms that  could explain  the apparent  

feminizat ion of  genet ical ly  male  amphibians .  

DR.  ROBERTS: I  suspect  Dr.  Kloas  has  an idea or  two on this .  

Go ahead.  

DR. KLOAS: I  think we don ' t  have real ly  completely  new data  

and not  been included in  the white  paper.  But  f rom the las t  days and 

from some presentat ions  we saw,  we feel  that  you can create  qui te  a  

lot  of  hypothesis  more or  less  which could account  for  these f indings 

presented by different  groups.  

I  jus t  would l ike  to  summarize  a  l i t t le  bi t  which possibi l i t ies  
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could happen.  

Firs t ,  aromatase induct ion or  effect  - -  change in  act ivi ty  of  

aromatase could be one.  St i l l  one of  the  hypotheses  which could 

work.  The next  one,  we could also have ant i -androgenic  effects .  A 

third  one would be as  a l ready ment ioned yesterday,  inf luence by the 

hypothalamus pi tui tary gonad axis .  So more than ( inaudible)  

endocrine pathway. 

Firs t  possibi l i ty  would be inhibi t ion of  s teroidogenesis ,  

especial ly  on sex reverse  s teroids .  

We have shown very easi ly  that  i f  you expose animals  to  

a t razine,  a t  least  tes tosterone levels  went  down and real ly  

pronounced.  

And I  th ink fur thermore there  is  not  completely  evidence for  me 

that  you can exclude any interference with  the thyroid system. There  

is  s t i l l  some data  avai lable  a lso f rom the publ ic  comments .  Dr. 

Sheff ie ld  a lso he reminds me again to  one paper  on larval  salamanders  

that  shows the inhibi t ion or  delay of  metamorphosis .  I  th ink s t i l l  

f rom the data  we got  and because of  conduct ion arose (ph)  f rom the 

husbandry,  i t ' s  not  completely  c lear  that  there  couldn ' t  be  any 

interference with  the thyroid system. 

Next week we 're going to present some data that somet imes you 
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wil l  not  - -  you cannot  see  i t  real ly  for  developmental  s tages ,  but  you 


wil l  s t i l l  have counter-regulat ion i f  you have inhibi tory effects  on the 


thyroid system.


This  could be counter-regulated by more pronounced TSH 

product ion.  This  way,  with  this  pathway we couldn ' t  exclude also.  

I 'm  making up everything.  I 'm sorry for  that .  But  the  data  

presented here  s t i l l  suggests  that  we have so many faci l i t ies  and 

possibi l i t ies  which could be one of  the  pathways or  several  pathways 

how i t  could work.  

DR. ROBERTS: Dr.  Kel ley,  do you have anything to  add? 

DR. KELLEY: Let  me comment  a  l i t t le  bi t  on the thyroid 

hormone quest ion.  Metamorphosis  in  xenopus is  completely  

dependent  upon thyroid hormone and requires  as  has  been shown in  a  

number  of  s tudies  the expression of  thyroid hormone receptor,  which 

there  are  two which exis t  in  a  var ie ty  of  isoforms. 

I  was not  able  to  detect  thyroid hormone receptor  a lpha in  

developing gonads.  So I  do not  know if  the  developing gonad needs 

expression for  format ion,  for  what  I  cal l  sex determinat ion.  

In  fact ,  in  that  s tudy in  which thyroid hormone was blocked,  the  

gonad proceeded to  develop to  the point  of  having spermatids .  

Al though,  of  course ,  f rank spermatid  gonia  did not  develop because --
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th is  is  the  other  s ide of  the  equat ion,  you cannot  get  effects  of  s teroid 


hormones in  xenopus unless  the  animal  has  f i rs t  been exposed to 


thyroid hormone. 


And some effects  require  thyroid hormone induct ion of  

prolact in .  

So i t  i s  c lear  in  xenopus that  there  is  th is  s t rong interact ion in  

terms of  s teroid hormone effects  for  many t issues  between pi tui tary 

hormones,  thyroid hormones,  this  is  extending now to the axis ,  the  

pi tui tary hypothalamic gonadal  axis  now to the thyroid and the s teroid 

hormones.  

While  this  may sound l ike  a  nightmare l ike  the ecological  

s tudies  in  point  effect ,  i t ' s  an exquis i te ly  regulated developmental  

system which provides  then a  very good assay system for  a  var ie ty  of  

endocrine per turbat ions .  

So I agree that we can ' t a t this point completely exclude thyroid 

hormone effects .  I  don ' t  know about  the gonads.  But  i f  there  are  any 

other  effects  of  the  agents  that  are  being s tudied,  we should take this  

into  account .  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: I  don ' t  know of  any addi t ional  data  that  would 

support  any al ternat ive mechanisms,  but  I  th ink i t  i s  important  to  a t  
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least  enter ta in  the hypothesis  that  i f  there  are  gonadal  effects ,  that 


they could be mediated by nonendocrine mechanisms,  that  is ,  that 


there  could be direct  effects  on genes  that  are  important  for  gonadal 


determinat ion that  may have nothing to  do with  hormones. 


I  don ' t  th ink that  should necessar i ly  be ruled out .  

DR. ROBERTS:  I t seems we didn ' t have a lot of specif ic data to 

offer,  but  the  panel  members  did have suggest ions for  a  number  of  

a l ternat ive mechanisms and seemed to  s t rongly think that  those ought  

to  be considered as  wel l .  

Are there any other comments? 

Dr. Matsumura. 

DR. MATSUMURA:  I was int r igued at least by the fact that the 

HCG reversed some of  those act ions,  but  not  a l l  the  way. 

I  would l ike  to  suggest  a t  least  that  area  should be fol lowed up 

to  see  what  i t  i s .  

I t  remind me of  the  Precosin (ph)  s tudies ,  insect  s tudies .  This  

real ly  is  par t  of  capsulatum  (ph) .  

In  that  case ,  you can reverse  i t  except  that  i t  doesn ' t  come back 

to  the same level  because par t  of  the  funct ion of  the  capsulatum is  

gone.  I t  looks l ike  that ,  but  again,  jus t  one experiment .  I 'm qui te  

sure  Dr.  Hayes is  int r igued by that  too.  So we' l l  see  what  happens 
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then.  

DR. ROBERTS:  Any other comments? 

Dr. LeBlanc. 

DR. LEBLANC:  I jus t want to make a point that in re la t ion to 

a l l  the  possible  effects  that  Dr.  Kloas  ta lked about  with  terminal  

hormones,  the  androgens,  the  es t rogens,  thyroid,  hormone,  that  the  

effects  need not  be self  exclusive,  that  there  could be effects  a t  the  

level  of  the  hypothalamus,  the  pi tui tary that  resul ts  in  several  effects  

on these terminal  hormones resul t ing in  decreased tes tosterone,  

increased est radiol  and some effect  on thyroid hormone perhaps.  

So they don ' t  have to  be self  exclusive.  There  could be a  

common target  upstream that  is  affect ing many hormones.  

DR. ROBERTS:  Anything else? 

Any fol low-up quest ions or  c lar i f icat ions needed? 

DR. ROBERTS: I  would l ike to  go ahead and take quest ion 5 

and then do a  break.  

DR.  STEEGER: With regard to  specif ic  endpoints ,  the  agency 

does  not  have current ly  have suff ic ient  informat ion to  quant i ta t ively 

re la te  gonadal  laryngeal  effects  to  reproduct ive outcomes.  

A major  underlying uncer ta inty is  the  ecological  re levance of  

ovotestes  occurrence to  the maintenance of  anuran populat ions .  
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Can the panel  provide sources  of  data  on background rates  of  

ovotestes  occurrence in  amphibian species  and any associated 

considerat ions  for  interpret ing this  informat ion in  the  context  of  the  

reviewed s tudies?  

DR. ROBERTS:  Our lead discussant on this is Dr. Green. 

DR.  GREEN: Witchie  reported sporadic  cases  of  

hermaphrodi t ism ear ly  - -  in  the  la te  1950s.  

And there  is  a t  least  one s tudy in  which the prevalence of  

ovotestes  in  a  control led populat ion of  laboratory f rogs has  been 

recent ly  descr ibed.  And this  is  a  paper  by Dr.  Kloas  which is  in  press  

r ight  now. 

To our  knowledge,  however,  the  background rates  of  ovotestes  

in  any amphibian populat ion have not  been reported.  

The panel  members  bel ieve the f requency of  occurrence of  

ovotestes  in  normal  heal thy populat ions  of  amphibians  is  probably 

very low. 

This  is  of  course  based on the rare  occurrence and our  

observat ions  of  ovotestes  in  our  own laboratory animal  populat ions .  

So without  information on the background rates  of  ovotestes ,  i t  

i s  not  possible  to  assess  the impact ,  i f  any,  of  the  presence of  

ovotestes  on anuran populat ions .  
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DR. ROBERTS: Comments  by other  discussants?  

Dr. LeBlanc. 

DR. LEBLANC:  No comments .  I agree. 

DR. KLOAS:  I agree. 

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: Yes,  I  th ink this  fa l ls  into  the category of  data  

that  we had descr ibed by the EPA panel  before ,  which was that  in  

some cases  you wil l  only have anecdotal  data .  

None of  us  ever  thought  i t  was important  to  document  how 

many ovotestes  you saw in opening up thousands of  f rogs.  There are  

no publ ished data  on those.  

But  i f  you wil l  take the col lect ive wisdom of  people  who have 

opened up thousands of  f rogs wil l  te l l  you that  Witschi  reports  only 

one case,  actual ly,  in  the 50s by somebody else .  And I  actual ly  have 

never  seen one in  the  laboratory. 

DR. ROBERTS:  Is this an issue for which we need - - is there 

reasonably clear  unders tanding about  what  you mean by ovotestes?  

DR. KELLEY: I  have made a  PDF f i le  of  the Witschi  paper. 

I t ' s  actual ly  a  chapter  f rom a book.  I t  i s  has  a  very nice  picture  of  a  

mature  gonad with  c lear  tes t icular  t issue and very wel l  yolked up 

eggs.  
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I  submit  that  that  was what  I  would cal l  an ovotest is .  And 

everything else  I  regard as  kind of  subpar  and up for  grabs.  But  when 

you have an ovary that  has  a  tes t is  and eggs,  which are  pret ty  

unmistakable ,  that 's  what  I  would cal l  i t .  And this  is  an important  

issue,  the  terminology issue is  very important .  

The quest ion of  whether  the  occasional  oocyte  in  a  tes t is  is  

normal  or  not ,  Witschi  himself  in  this  - -  for  you guys who don ' t  know 

who Witschi  is  - -  was he German or  Swiss?  I  bel ieve he was Swiss .  

He was Swiss ,  and he s tar ted working on xenopus.  He brought  

them in a  tea  ket t le  to  Bozzle  (ph) .  He performed almost  a l l  the  ear ly  

experiments  with  Chang and McComo (ph)  on sexual  different ia t ion 

in  xenopus and was a  very gif ted biologis t ,  I  bel ieve.  

He has a very nice pic ture of this in this chapter summarizing 

many,  many years  of  work.  

Anyway,  I  have given this  to  the EPA. I  have the paper  with  

me. And the book should be avai lable  in  the  l ibrar ies .  I t  wi l l  be  in  

the  bibl iography. 

DR. ROBERTS: Perhaps i t  would be useful  s ince I  bel ieve 

we 're  probably going to  comment  subsequent ly  on the problems 

created by lack of  terminology that  we clar i fy  in  our  response what  

we mean by ovotestes .  
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DR. KELLEY: That ' s  a  very good suggest ion.  

DR. ROBERTS: Any other  comments  to  add on this  one? 

Let 's go to B then. 

DR.  STEEGER: Can the panel  character ize  any evidence that  

suggests  that  the  presence of  ovotestes  in  male  anurans resul ts  in  

reproduct ive impairment  via  reduct ions  in  fer t i l i ty?  

DR. GREEN: To our  knowledge,  there  are  no s tudies  that  show 

that  the  presence of  ovotestes  in  male  anurans resul ts  in  reproduct ive 

impairment .  However,  the  panel  recommends that  feminized males  be 

included in  grow-out  s tudies  for  the  purposes  of  using them in 

breeding experiments  to  tes t  th is  hypothesis .  

DR.  ROBERTS: Other  responses?  Other  panel  members? 

And by no evidence,  you mean that  there  is  no evidence,  but  is  

there  any evidence that  they do not?  There  is  jus t  no evidence? 

DR. GREEN: There is  no evidence ei ther  way. 

DR. ROBERTS: Ei ther  way.  We should make that  c lear  in  our  

response.  

Dr. Skel ly. 

DR.  SKELLY:  This  may be the most  appropriate  point  to  make 

this  comment .  I  was glad to  hear  that  Dr.  Green ment ioned 

reproduct ive behavior. Because I  th ink fer t i l i ty  is  only par t  of  the  
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s tory. 

I  th ink i t  i s  going to  be very important  i f  we 're  interested in  

ecological  re levancy to  see  what  these genet ical ly  male  and 

phenotypical ly,  whatever  they are ,  how they behave when they are  

given the opportuni ty  to  mate .  

And I  see  three broad categories  of  possibi l i t ies  a t  the  

populat ion level .  One is  that  there  may very wel l  be  no effect .  And I  

think someone else  ment ioned this  ear l ier.  I f  you remove a  few males  

f rom a populat ion of  f rogs out  in  nature  - -  I  mean,  ecologis ts  make 

jokes  about  how males  are  superf ic ia l  a l l  the  t ime.  

DR. KELLEY: We  make jokes about  that  too.  

DR. GREEN:  I lef t those out . 

DR.  SKELLY:  Thank you.  I t  may not  take very many many 

males  to  keep a  populat ion going.  

This  is  a  group of  organisms for  which minori ty  of  males  in  

many populat ions  may rout inely do most  of  the  mat ings.  

However, i t may be possible i f these animals that have 

developmental  abnormali t ies ,  i f  they actual ly  behave as  males  but  are  

not  fer t i le  and they convince females  that  they are  fer t i l iz ing their  

eggs and leave a  bunch of  rot t ing unfer t i l ized eggs around,  that  could 

be a  ser ious  populat ion level  effect .  
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On the other  hand,  i f  these developmental ly  abnormal  genotypic  

males  actual ly  funct ion and act  as  females ,  you could increase the 

populat ion s ize .  You could increase viabi l i ty  of  populat ions .  

I  don ' t  know how that 's  going to  work genet ical ly. Maybe Dr. 

Kel ley can comment  on that .  

But  I  see  those three broad categories .  And I  don ' t  see  any way 

of  f igur ing out  how to get  towards the broader  goals  of  ecological  

re levancy that  the  EPA set  out  without  looking at  th is  in  a  f ie ld  

context  on nat ive species .  

DR.  ROBERTS: Perhaps our  response could include that  

caut ion.  

Anything else ,  Dr.  Gibbs and then Dr.  Matsumura.  

DR.  GIBBS: Just  another  body of  evidence that  per ta ins  to  this  

par t icular  quest ion is  that  in terspecies  comparisons have shown that  

tes tes  s ize  and sperm product ion are  posi t ively correla ted.  

So i t  s tands to  reason that  within the individual ,  any s t ructure  

such as  - -  over  that  reduce the s ize  of  tes tes  would reduce the sperm 

product ion.  

I  don ' t  know if  that 's  too much of  an extrapolat ion to  make.  But  

there  is  that  correla t ion there .  

DR.  ROBERTS: Perhaps we should ment ion that ,  then,  with  
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some appropria te  c i ta t ion in  our  response. 


DR. MATSUMURA: I  think i t  i s  pret ty  important  to  a t  least  

tes t  in  the  lab that  those individuals  with  the abnormali ty  would 

indeed be reproduct ively successful  or  not .  

But  I  was just  thinking how would you do that .  You can ' t  do 

any invasive method to  say which one was,  real ly  had discont inuous 

ovotestes .  

How would you design,  Dr.  Green or  Dr.  Kel ley? 

DR. ROBERTS:  Dr. Green. 

DR.  GREEN: I  have not  actual ly  tes ted this  myself ,  but  I  have 

been to  amphibian workshops where I  have seen this  done.  

Some amphibians  are  smal l  enough that  as  you know you can 

see through them. I f  you hold them up to  the l ight ,  you can see 

internal  organs.  

One method would be to  ul t rasound the animal 's  abdomen 

because there  are  ul t rasound probes now that  have been miniatur ized 

for  the  purpose of  use  in  mice.  So that 's  a  possibi l i ty  that ,  i f  you are  

good enough,  you might  be able  to  detect  gonadal  s t ructures  with  an 

ul t rasound probe.  

Another  possibi l i ty  would be minimal ly  invasive endoscopic  

techniques.  There  are  endoscopes now that  have been miniatur ized 
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for  mice,  again,  that  would be a  smal l  puncture .  You could go in  and 


look and suture  the animal  up.  Very s imilar  to  harvest ing oocytes .  


They would probably recover  just  f ine and go on.  So those are  two 


methods.  


And then,  of  course,  fancier  methods would be MRI and that  

sor t  of  thing,  and which they now make coi ls  that  are  smal l  enough for  

mice,  so  I 'm sure  they would easi ly  accommodate  xenopus laevis ,  

which would not  require  sacr i f ic ing the animal ,  any of  those three tes t  

methods.  

DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: I 'm going to  make my pi tch,  a l though not  

ent i re ly  appropria te  now,  for  using known ZZ individuals .  

I f  you ran this  experiment  in  animals  where the offspr ing of  sex 

converted females  that  had been phenotypical ly  female  because they 

have been grown up in  es t rogen,  and males ,  a l l  of  their  offspr ing are  

male ,  so  then you know that  you have nice  s ibs  to  compare to ,  and 

then you can actual ly  run a  very wel l -control led experiment  under  

those condi t ions .  

And you can s tudy not  only tes t icular  development  invasively 

and noninvasively,  but  you can also s tudy clasping,  which is  the  

major  reproduct ive behavior  re la ted to  fer t i l izat ion,  and also 
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courtship song,  whose importance in  xenopus for  successful  


reproduct ion is  not  c lear,  but  is  a  very good marker  for  sexual 


different ia t ion. 


DR. ROBERTS: I  think what  I  have heard is  our  panel 's 

response that  there  is  no def ini t ive  information one way or  another  

regarding ovotestes '  effects  as  an impairment ,  perhaps some basis  to  

speculate  that  i t  might ,  and some discussion of  chal lenges associated 

with  running those kinds of  tes ts  to  provide the answer  to  the quest ion 

and some suggest ions as  to  approaches and some discussion about  

diff icul t ies  in  set t ing up that  kind of  tes t  and interpret ing i t .  

Any fol low-up quest ions  or  c lar i f icat ions  needed?  Let 's  go to  

the next  one.  

DR.  STEEGER: Reduct ion in  laryngeal  muscle  area suggests  

diminished tes tosterone in  males .  I f  th is  is  found to  be a  val id  

observat ion and i f  es t rogen concentrat ions  do increase as  tes tosterone 

concentrat ions  decrease,  what  other  endpoints ,  for  example,  

secondary sexual  character is t ics  and reproduct ive behavior  would 

l ikely be affected? 

DR. ROBERTS:  Dr. Green again. 

DR.  GREEN: The panel  came up with a  l is t  of  ten addi t ional  

es t rogenic  biomarkers .  The f i rs t  f ive  that  I  have here  are  not  invasive 
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and would not  require  sacr i f ic ing the animal  and are  easy to  ident i fy  

phenotypical ly. 

Obviously,  the  measurement  of  snout  to  vent  length and body 

weight  in  feminized males  should be bigger  than the control  males .  

As Dr.  Hayes pointed out  yesterday,  nupt ia l  pads,  the  presence 

or  absence or  diminishment  of  nupt ia l  pads and enlargement  of  the  

ventral  folds  of  the  c loaca s t rengthen the pat tern of  the  male  cal l ing 

s ignal .  

Dr.  Kel ley has  some real ly  nice  recordings i f  anybody maybe 

wants  to  hear  them during the break.  We were impressed with  how 

reproducible  and how subject ively these might  be measured.  

We also were impressed by the fact  that  i f  you want  to  correla te  

loss  of  funct ion,  potent ia l ly  the shr inking of  the  larynx muscles ,  wi th  

the morphological  f indings,  then this  would be a  good way to  show 

that  not  only is  the  larynx small ,  i t  i s  not  funct ioning.  You could do 

that  by recording their  cal l ing.  

Last ,  of  course ,  l ike  Dr.  Kel ley just  ment ioned,  c lasping.  

There  were some addi t ional  biogenic  or  biomarkers  that  people  

suggested.  One of  them we have ta lked about  a t  length al ready.  I 

won' t  go into  i t .  But  i t  i s  a  t ime course  examining the synthesis  or  the  

presence of  vi te l logenin in  response to  an es t rogen chal lenge.  And 
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then,  of  course ,  checking oviduct  development . 


There are  proteins  expressed in  xenopus laevis  in  the  harder ian 

glands around the eyes .  Three different  proteins  are  expressed by 

those animals  that  are  uniquely female  and just  one protein  by the 

males . 

Also,  the  number  and the s ize  of  muscle  f ibers  in  the larynx and 

myosin expression in  the larynx muscle .  

And las t ,  we have had some addi t ional  discussions on this  one,  

but  i t  seems l ike  seminal ,  I 'm not  sure  seminal  f luid  analysis  is  the  

appropria te  term in  amphibian,  but  analysis  of  the  sperm in some of  

these feminized males  would be important  to  look at .  

For  example,  are  they morphological ly  normal  when they 

mature .  Do they have normal  moti l i ty. Is  the  f luid  they are  found in  

normal .  

So there  would be an addi t ional  assessment  of  the  fer t i l i ty  in  

some of  these feminized males .  

DR.  ROBERTS: Comments  by other  panels  members? 

Dr. Heer inga. 

DR. HEERINGA: I  would l ike to  make a  s ta t is t ic ian 's  comment  

on the use of  the  laryngeal  muscle  or  some other  sor t  of  cont inuous 

measure  of  mascul ini ty  as  dis t inct  f rom other  endpoints  such as  the  
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gonadal  abnormali t ies . 


Looking at  the  data ,  I  th ink --  and secondari ly  to  these other  

measures ,  I  th ink having a  cont inuous endpoint  or  cont inuous measure  

on a  character is t ic  that  appears  to  be and demonstrated to  be re la ted 

to  tes tosterone levels  in  the  male  f rog,  I  th ink would be important  as  

sor t  of  a  secondary confirmat ion.  

I t  may actual ly  get  a  l i t t le  fur ther  ahead in  looking at  mode of  

act ion than just  a t  whether  there  is  an effect .  But  I  th ink to  the  

extent  that  th is  was not  cost ly  or  disrupt ive to  measure  when these 

animals  are  sacr i f iced,  I  th ink that  i t  would add value to  the  

exper imental  data .  

DR. ROBERTS:  Other comments .  Dr. Kel ley. 

DR.  KELLEY: As I  have pointed out  before ,  the  measurement  

of  cross-sect ional  area of  laryngeal  muscle  is  a  funct ion of  two 

propert ies ,  the  s ize  of  the  muscle  f ibers  and the number  of  the  muscle  

f ibers .  

Now, both ref lect  the  his tory of  exposure to  androgen.  So the 

two of  them together  are  some kind of  indicat ion of  the his tory of  

exposure to  androgen.  

However, le t me just point out that whi le the s ize of the muscle 

cross-sect ional  area  is  not  very wel l -documented developmental ly  in  
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the l i terature ,  the  number  of  muscle  f ibers  is  very wel l -documented.  

And becomes s ta t is t ical ly  s ignif icant ly  different  between males  and 

females  a t  the  s tage which we cal l  PM 1,  which we have also 

character ized.  

I  want  to  point  out  that  one of  the  advantages  of  xenopus are  the 

very wel l -character ized metamorphic  s tages ,  which al low 

standardizat ion of  experiments ,  so  that  when we ta lk  about  s tage 56 

animal ,  we know what  we 're  ta lking about .  

We carr ied out  a  s imilar  set  of  s tudy for  post  metamorphic  

development .  Because the development  of  the  larynx is  largely post  

metamorphic .  The brain  is  premetamorphic .  

So we have those s tandardized data  for  numbers  of  muscle  

f ibers .  You can do i t  in  the  paraff in  sect ion and you can repl icate  

previous s tudies .  

So that  wi l l  provide - -  i t  i s  a  cont inuous var iable  because a  

number  of  f ibers  is  dis t r ibuted.  But  the  data  are  very clear  on when 

those are  expected to  become different  and at  what  t ime.  And i t  

should provide a  sensi t ive  marker. 

DR. ROBERTS:  Dr. Heer inga and then Dr. Richards . 

DR. HEERINGA: Thank you very much,  Dr.  Kel ley.  I  yield  to  

the  experts  on the exact  nature  of  the  cont inuous measurement .  I 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

213 

think that 's  an excel lent  contr ibut ion.  

My point  is  I  th ink we would l ike  to  add this  cont inuous 

measurement ,  something that  is  di fferent ia ted in  terms of  i ts  outcome 

potent ia l ly  a t  least  in  terms of  observat ion from the abnormal  gonadal  

development .  

DR.  KELLEY: The point  I  forgot  to  make was that  in  the model  

that  EPA wants  to  develop for  xenopus,  you are  going to  terminate  

your  experiments  a t  s tage 66.  And there  is  var iabi l i ty  in  the  resul ts  

that  we have been presented here  as  to  whether  there  is  a  sex 

difference in  laryngeal  cross-sect ional  area  a t  s tage 66.  

We don ' t  get  a  difference in  weight .  I  never  measured a  

cross-sect ional  area .  Dr.  Hayes does  get  a  difference in  

cross-sect ional  area .  Other  people  don ' t .  

I f  you are  going to  do a  grow out ,  the  shortes t  per iod you 

should grow out  is  three months  when the animals  are  PM 1.  I  refer  to  

Tobias ,  e t  a l . ,  1991 A,  for  a  descr ipt ion of  those experiments  and 

these s tages .  

DR. ROBERTS: '91 A? 

DR. KELLEY: The f i rs t  was the s tages .  The second one was 

when during those s tages  the processes  are  hormone sensi t ive .  

Developmental  biology. 
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DR. ROBERTS:  Great .  Dr. Richards . 

DR.  RICHARDS: I  wanted to  echo that  the development  of  

some of  these measures ,  par t icular ly  Dr.  Kel ley ment ioning the 

vocal izat ion,  the  sounds re la ted to  the  laryngeal  muscles  and clasping 

behavior,  these would be real ly  s t rong l inks  to  then begin looking at  

real  populat ion level  s tudies .  

I f there is some concrete analyses and re la t ionships that can be 

developed there ,  that  would be par t icular ly  s t rong for  the  next  s tep of  

s tudies .  

DR. ROBERTS:  Dr. Gibbs. 

DR.  GIBBS: One quick comment .  I 'm a  l i t t le  bothered with 

what  seems to  be an implic i t  assumption that  bigger  is  bet ter  when i t  

comes to  laryngeal  muscle  area.  Because females  are  cuing in  a l l  

sor ts  of  qual i t ies  to  male  cal ls .  Not  s imply volume and repet i t ion.  

I  jus t  don ' t  th ink i t  i s  necessar i ly  that  s impler  a  re la t ionship 

that  larger  laryngeal  muscle  area  corresponds to  greater  mat ing 

success  via  the  effects  on the vocal izat ions  of  these males .  

DR.  KELLEY: That ' s  cer ta inly t rue in  rana,  which are  highly 

discr iminat ing animals .  

In  xenopus,  how can I  put  i t ,  in  xenopus,  unless  you have a  

male  number  of  muscle  f ibers ,  you don ' t  cal l  a t  a l l .  So i f  you make a  
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genet ic  female  have a  male  number  of  muscle  f ibers  and have a  male  

s ize  of  muscle  f ibers  and she has  c i rculat ing androgen,  this  is  a  

tes t icular  t ransplant  s tudy,  she wil l  cal l .  

There  is  very good --  I  can te l l  you how much circulat ing 

androgen you need to  have in  a  male  for  him to  cal l .  I t  i s  a  central  

effect .  Once his  larynx is  mascul inized,  i t ' s  mascul inized forever. 

But  what  I  can ' t  te l l  you and what  nobody knows in  xenopus is  

whether  the  cal l ing male  gets  the  females .  

This  is  wel l -known in  rana where you can do phono taxas  

experiments  in  the ponds in  South Afr ica .  Finding out  whether  the 

cal l ing male  gets  the  female  has  not  yet  been es tabl ished.  

So unfor tunately,  the  t ractable  experimental  prep is  not  the  

prep for  which we have those same kinds of  data  that  you have in  

rana,  which is  - -  I 'm not  going to  cal l  them a more sensi t ive  system, 

but  in  some ways a  more subt le  system. 

DR. GIBBS: But  laryngeal  area may not  wel l  per ta in  to  being a  

success  in  rana.  

DR.  KELLEY: That ' s  perfect ly  possible .  And the other  thing is  

of  course  in  rana,  you guys don ' t  ta lk  about  female  cal ls ,  but  in  

xenopus,  females  have two cal ls .  They have an acoust ic  aphrodis iac  

cal l  that  dr ives  a  male  nuts ,  and they have a  turn-off  cal l .  
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So they have a  very highly developed vocal  system which they 

use in  their  social  behaviors  beyond sex --  centered around sex,  but  

get t ing a  l i t t le  bi t  fur ther  out .  

So these are  actual ly  ra ther  different  vocal  systems.  The 

xenopus one is  much more complex in  terms of  cal l  number  than the 

rana one.  And you are  absolutely  r ight  about  ranae.  We don ' t  know 

the re la t ionship.  

DR. ROBERTS: If  you think i t  i s  important ,  Dr.  Gibbs,  we 

could perhaps include the caut ion about  extrapolat ion of  the  f indings 

to  reproduct ive success .  

Dr.  Skel ly,  did  you want  to  add? 

DR. SKELLY:  No.  That 's what I - -

DR. ROBERTS:  We can cer ta inly put that in our report . 

Anything else  to  add on this  one?  If  not ,  le t 's  go ahead and take a  

break.  I t ' s  3  o 'c lock.  Let 's  reconvene at  about  3:15.  We are  

miraculously ahead of  schedule .  

(Thereupon,  a  br ief  recess  was taken.)  

DR. ROBERTS:  Let 's go ahead and get s tar ted.  Before we take 

the next  quest ion,  jus t  before  lunch Dr.  Kel ley promised to  assemble a  

bibl iography.  This  was in  response to  Quest ion 1,  I  bel ieve,  and some 

l i terature  that  we could perhaps recommend to  the agency. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

217 

She has  put  that  together.  That  has  been dis t r ibuted to  the 

panel .  I  would just  ask each panel  member  to  go over  the  l is t  to  see  

whether  or  not  you agree with  i t .  I f  you have papers  that  you might  

want  to  add to  i t  and get  back with Dr.  Kel ley on that .  

DR.  KELLEY: I  apologize.  They are  s l ight ly  out  of  order  and 

jumbled,  but  I  d idn ' t  have very much t ime.  I f  there  are  papers  that  

aren ' t  on i t ,  jus t  put  the  papers  on i t  and I ' l l  add them. I f  there  are  

papers  you want  me to  take off ,  I ' l l  take them off ,  except  i f  they are  

my papers ,  in  which case that 's  nonnegot iable .  They s tay on.  

DR. ROBERTS:  Let 's go ahead to Quest ion 6. 

DR.  STEEGER: While  some of  the avai lable  data  suggests  that  

there  may be an associat ion between atrazine exposure  and 

developmental  effects  in  amphibians ,  the  agency 's  evaluat ion of  the  

exis t ing body of  laboratory and f ie ld  s tudies  has  determined that  there  

is  not  suff ic ient  sc ient i f ic  evidence to  indicate  that  a t razine 

consis tent ly  produces  effects  across  the range of  amphibian species  

examined.  

However,  the  current  body of  knowledge has  def ic iencies  and 

uncer ta int ies  that  l imit  i t s  usefulness  in  assess ing potent ia l  

developmental  a t razine effects  and the extent  of  any associated cause 

effect  in  dose response re la t ionships .  
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Consequent ly,  the  agency has  determined that  there  are  not  

suff ic ient  data  to  re ject  the  hypothesis  that  a t razine can cause adverse  

developmental  effects  in  amphibians .  

Does the SAP concur  with  these conclusions?  If  not ,  what  l ines  

of  evidence would lead to  an al ternat ive conclusion? 

DR. ROBERTS: Dr.  Delorme,  do you concur  with that  

conclusion? 

DR. DELORME: What  I 'm going to  do is  I 'm going to  actual ly  

go through the conclusions and break i t  down.  I  t r ied to  put  i t  

through chromatic ,  and my computer  crashed.  

The f i rs t  conclusion that  I  pul l  out  is  that  there  is  not  suff ic ient  

sc ient i f ic  evidence to  indicate  that  a t razine consis tent ly  produces  

effects  across  the range of  amphibian species  examined.  I  had to  

agree with  the conclusion.  

We as  a  panel ,  I  th ink,  a l ready concluded that  a t razine could 

produce or  might  produce effects  on gonadal  development .  However, 

the  consis tency of  the  response across  a  species  s tudied was diff icul t  

to  asses  because of  the  problems ident i f ied with  respect  to  the design 

and conduct  of  both the laboratory and the f ie ld  s tudy. That  

confounds their  in terpretat ion.  

The second conclusion is  the  current  body of  knowledge has  
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defic iencies  and uncer ta int ies  that  l imit  i t s  usefulness  in  assess ing 

potent ia l  developmental  a t razine effects .  I  in terpreted this  as  a  r isk  

assessor  as  meaning l imits  i ts  usefulness  in  a  r isk  assessment  contact .  

Certa inly,  I  don ' t  th ink I  would want  to  conduct  a  r isk  

assessment  with  the data  that 's  been presented.  So I  agree with  that  

conclusion.  

Further,  EPA needs to  have resul ts  f rom studies  done where 

other  factors  can be ruled out  as  a  cause in  e i ther  the  presence or  the  

absence of  effects .  I  th ink that 's  one of  the key things that  you guys 

have brought  out .  

You need s tudies  that  are  done where i t ' s  unequivocal  that  

a t razine is  the  route  cause of  the  effect .  For  example,  you need good 

husbandry in  the lab s tudies ,  good design for  both the f ie ld  and lab 

s tudies  and some of  the  other  factors  that  have been discussed in  the 

other  quest ions .  I  th ink that 's  key in  gaining the data  you need to  do 

the r isk  assessment .  

Another  conclusion,  i t  was s ta ted as ,  and the extent  of  any 

associated cause effect  and concentrat ion response re la t ionship.  I 

th ink we had already agreed that  f rom the data  that  has  been 

presented,  we can ' t  say anything about  the  exact  nature  of  the  

response,  e i ther  the  shape of  the  dose response funct ion or  thresholds  
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or  whatnot .  

We just  can ' t  character ize  i t  a t  th is  point  f rom the data  that  has  

been presented.  I t ' s  recognized --  th is  is  a  necessary e lement  to  

conduct  a  r isk assessment .  You're  going to  need to  have some sor t  of  

idea,  whether  i t ' s  a  threshold response,  i f  i t ' s  a  dose response.  What  

is  the  nature  of  the  funct ion of  the  dose response in  order  to  conduct  a  

r isk  assessment .  

Consequent ly,  the  agency --  th is  is  the  next  conclusion.  

Consequent ly,  the  agency has  determined that  there  are  not  suff ic ient  

data  to  re ject  the  hypothesis  that  a t razine can cause adverse  

developmental  effects  in  amphibians .  Agreed.  

We agree that  wi th  the avai lable  - -  we agree with  EPA that  the  

avai lable  data  does  suggest  that  a t razine can affect  amphibian gonadal  

development .  However,  the  avai lable  data  does  not  a l low for  a  proper  

character izat ion of  the  nature  and magni tude of  the  response,  nor  does  

i t  offer  suff ic ient  support  for  the  ident i f icat ion of  a  plausible  

mechanism. 

I  guess  in  the end,  i f  you add i t  a l l  up,  we agree with  the 

conclusions,  or  a t  least  I  do and Joel .  We wrote  this  together. 

Joel ,  d id  you have anything to  add? 

DR. ROBERTS: That  sor t  of  answers  my next  quest ion,  but  I ' l l  
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le t  Dr.  Coats  respond.  

DR.  COATS: I  concur  with  the opinion there  s ince i t  includes  

some  of  my  ideas . 

One other  comment .  We have spent  over  this  t ime per iod and 

through 17 or  so s tudies  an awful  large amount  of  t ime picking them 

apar t  and looking at  every detai l .  

On the other  hand,  they do real ly  const i tute  the body of  what  we 

do know about  this .  There  is  a  lot  we don ' t  know yet .  And I  wanted 

to  make the point  they al l  have made contr ibut ions  toward the 

progress  here  and the unders tanding of ,  i s  i t  a  problem,  is  i t  not ,  or  

how big a  problem is  i t  or  not .  

That 's  one thing we should acknowledge.  

DR. ROBERTS: Dr.  Richards,  did you have anything to  add? 

DR. RICHARDS:  That I concur wi th the s ta tements that the 

two previous speakers  have made.  I  have nothing more to  add.  

DR. ROBERTS: I  think Dr.  Isom had a  quest ion.  

DR.  ISOM: I  have a  quest ion for  c lar i f icat ion.  What  do you 

mean by adverse  developmental  effects  as  opposed to  just  

developmental  effects ,  which we have been ta lking about  previously? 

DR. BRADBURY:  Good quest ion.  And i t ,  I  th ink,  t ies  back to  

the some of  the  previous quest ions  in  terms of  the  responses  that  have 
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been descr ibed in  the  l i terature  thus  far  in  the  context  of  the  r isk  

assessment  endpoint ,  which is  get t ing at  issues  of  reproduct ive 

f i tness .  

So again,  had we probably pol ished the quest ion a  l i t t le  bet ter, 

i t  would have been clearer,  but  in  the context  of  these endpoints ,  

measures  of  effects  in  the  context  of  the  r isk assessment  endpoint  that  

we la id  out  in  the  problem formulat ion.  

So to  the extent  these,  for  example,  gonadal  abnormali t ies  

could be re la ted to  male  fer t i l i ty  or  reproduct ive f i tness  measures .  

DR.  ISOM: With that  def ini t ion,  would that  change then the 

discussion we just  had? 

DR. ROBERTS: Does anyone feel  that  that  would change the 

response based on --  change the panel 's  answer  based on the response 

by Dr.  Bradbury? 

Dr. Green. 

DR. GREEN: Would you repeat  that  one more t ime? 

DR. BRADBURY:  I  should pul l  out  the problem formulat ion.  I 

th ink we 're  a l l  t racking,  but  we should make sure .  

That  abnormali t ies  that  have been descr ibed in  the  l i terature  for  

an ecological  r isk  assessment  then need to  be connected to  the  

measures  of  effects ,  the  r isk assessment  endpoint  in  the 
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environmental  management  goal .  The environmental  management 


goal  was maintain  or  viabi l i ty  of  anuran populat ions ,  the  r isk 


assessment  endpoint  being connected to  reproduct ion and f i tness  of 


populat ions ,  and the measures  of  effects  being connected to  those 


developmental  processes  that  go on in  amphibians  that  are  re la ted to 


their  abi l i ty  to  reproduce successful ly  and then hence maintain 


populat ions . 


So i t  i s  t rying to  maintain  that  causal  chain.  Does this  

toxicological  effect  move up the levels  of  biological  organizat ion?  If  

you go back to  that  s l ide  I  had at  the  beginning of  today,  this  

midmorning,  sor t  of  the  connect ion between the effects  a t  di fferent  

levels  of  biological  organizat ion connect ing to  the r isk assessment  

endpoint .  

DR.  GREEN: I  guess  in  my  mind the quest ion too implies  the 

difference between whether  or  not  the  effect  that  we see is  going to  

have an adverse  effect .  

For  most  of  these parameters  we have been looking at ,  we don ' t 

know yet  because they haven ' t  been carr ied out  in  grow-out  s tudies  far  

enough.  

So at  th is  point ,  any developmental  effect  would be just  a  

developmental  effect .  And maybe we should s t r ike the word adverse  
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because we don ' t  know if  i t  i s  adverse  yet  or  not  unless  i t  i s 


associated with  mortal i ty.


DR. BRADBURY:  Right . 

DR. GREEN:  Is that fa i r? 

DR. ROBERTS: We can clar i fy  that  in  our  response that  we 

interpreted this  as  being developmental  effects  and as  we have s ta ted 

ear l ier  a t  least  wi th  respect  to  some of  these effects  that  we don ' t 

know yet  the  consequences  of  these observat ions.  

DR. BRADBURY:  Right . 

I f  we go back to  some of  the ear l ier  quest ions ,  you al l  were 

discussing sor t  of  the  connect ions between changes in  the larynx to  

potent ia l  cal l ing or  other  kind of  secondary character is t ics ,  which is  

par t  of  that  discussion of  what  is  the  causal  l ink,  what  is  the  

toxicological ,  the  ecological  pathway that  we 're  addressing.  

DR.  ROBERTS: We can put  that ,  draf t  that ,  put  the  caveat  in  

there .  

DR.  DELORME: The way i t ' s  wri t ten now is  actual ly  kind of  

broad.  Because what  I  sa id  is  the  avai lable  data  does  not  a l low proper  

character izat ion of  the  nature  and magni tude of  the  response.  

What  we 're  saying is  we don ' t  know how far  i t  i s  going,  but  I  

can amend that  to  say at  the  organism or  populat ion level ,  i f  that 's 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

225 

agreeable .  

DR. ROBERTS: Sure.  Does anyone disagree with the 

s ta tements  that  have been made so far?  

I  don ' t  see  any.  Any clar i f icat ions or  fol low-up quest ions f rom 

the agency? 

Let  me clar i fy  one thing for  the  audience.  From t ime to  t ime 

now as  the panel  have given their  responses ,  they have indicated that  

they have worked with somebody else  on the panel  in  terms of  wri t ing 

something up.  

Under  the Federal  Advisory Commit tee  Act ,  individual  panel  

members  can ta lk  to  other  panel  member  is  they have responsibi l i ty  on 

a  same topic ,  and sor t  of  discuss  the issues .  

But I want to make very c lear that the panel has not met and 

undergone any del iberat ions  other  than in  this  room in open session.  

There  have been discussions among panel  members  during 

breaks and in  the evening,  that  sor t  of  thing.  As individuals ,  that 's 

a l lowed,  but  there  has  not  been any closed sess ion of  this  panel  to  

del iberate  any of  these issues .  

Let 's go Quest ion 7. 

DR.  STEEGER: Assuming the agency determined an ecological  

r isk  assessment  with  a  greater  degree of  cer ta inty concerning 
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developmental  effects  of  a t razine on amphibians  were needed,  please 


comment  on EPA's  conclusion that  addi t ional  information is  required 


to  evaluate  potent ia l  causal  re la t ionships  between atrazine exposure 


and gonadal  development . 


Please a lso comment  on the added ut i l i ty,  i f  any,  of  addi t ional  

information to  interpret  the  shape of  dose response curves  for  

potent ia l  developmental  endpoints  and the extent  to  which threshold 

or  nonthreshhold response re la t ionships  can be quant i f ied.  

DR. ROBERTS:  Dr. Delorme. 

DR. DELORME: I 'm going to  handle  the f i rs t  par t  of  this  

quest ion and le t  Dr.  Coats  handle  the par t  about  the  ut i l i ty  of  

interpret ing the shape of  the  dose response curve.  

I  th ink we agree with  that ,  the  s ta tement  that  - -  or  EPA's 

conclusion that  addi t ional  informat ion is  required to  evaluate  the  

potent ia l  causal  re la t ionship between atrazine exposure  and gonadal  

development .  

The re la t ionship is  there ,  we think.  There  is  tantal iz ing 

evidence that  something is  going on.  But  i t  needs to  be confirmed.  Or 

what  is  being suggested needs to  be confirmed.  And we need to  

character ize  the nature  of  the  dose response funct ion.  

One of  the  tenets  of  the  scient i f ic  methods is  the  repeatabi l i ty  
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of  experiments .  Certa inly,  we have had at tempts  made to  repeat  this 


that  have been submit ted to  EPA and we have looked at . 


But defini te ly,  we need to  f i rm up the exis tence of  the  causal  

re la t ionship,  and,  i f  i t  i s  there ,  i f  i t  does  exis t ,  we need to  

character ize  the nature  of  the  dose response funct ion.  

There  is  a lso a  need to  ident i fy  a  plausible  mechanism.  I  th ink 

one thing we have to  recognize is  the  ident i f icat ion of  the  mechanism 

is  important  because i t  can in  par t  a id  in  the  extrapolat ion of  the  

resul ts  f rom the surrogate  tes t  species ,  the  species  of  concern in  the 

environment .  

DR. ROBERTS:  Dr. Coats . 

DR. COATS: I  have a  few things to  add.  

The plausible  mechanism explanat ion needs to  be put  for th  with  

some data .  

Secondly,  there  needs to  be some s imilar i ty  of  data  or  pat terns  

or  t rends f rom several  research groups to  show repeatabi l i ty  of  the  

experiments .  

The dose response curves  are  extremely important  to  the  

quest ion of  any detr imental  effect  of  any toxicant  on an organism, 

regardless  of  whether  the  re la t ionships  demonstrate  a  typical  or  

a typical  concentrat ion response curve for  a  given endpoint .  
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I t  should be possible  to  ascer ta in  the shapes of  the  curve given 

enough concentrat ions ,  enough repl icat ions  and control led condi t ions .  

Repeatabi l i ty  in  other  labs  should a lso be feasible  i f  the  same 

species ,  s tage,  water  concentrat ions  and t iming are  ut i l ized.  

Another  point  is  that  s tudies  on quant i ta t ive  s t ructure  act ivi ty  

re la t ionships  can of ten provide information about  the  mechanism of  

act ion as  wel l  or  provide ra t ionale  for  the  data  is  generated from 

comparat ive tes t ing.  

Experiments  that  use  a  ser ies  of  c losely re la ted compounds,  

a t razine,  cyanazine,  propazine,  s imazine,  terbutyl  azine (ph)  e t  

cetera ,  could e lucidate  pat terns  that  can help explain  the  interact ion 

between the molecule  and the putat ive receptor  addressing the causal  

re la t ionship.  

This  approach seems to  be lacking so far  and could be valuable  

in  the  invivo tes t  for  gonadal  development  as  wel l  as  enzyme 

induct ion or  MRNA expression.  

DR. ROBERTS: Thank you,  Dr.  Coats .  

Dr.  Kel ley,  did  you have anything to  add? 

DR. KELLEY: No.  I  completely concur. 

DR. ROBERTS: Anyone else  have any comments? 

DR. GREEN:  I a lso concur. 
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DR. ROBERTS: Thank you,  Dr.  Green.  Anyone else  l ike to  

weigh in  on this  one? 

Does anyone disagree,  I  guess  I  should ask that .  I  don ' t  hear  

any disagreement .  

Any fol low-ups or  any clar i f icat ion needed? Let 's  then go on to  

Quest ion 8,  which I  wi l l  point  out  is  a  seven-par t  quest ion.  

Dr.  Richards  has  got  that  one.  

DR. RICHARDS: Being the nonexpert  that  I  am on almost  

every par t  of  this  - -

DR. ROBERTS: Let 's  le t  the  agency go ahead and pose the 

quest ion to  us .  

DR.  STEEGER: The agency has  developed a  conceptual  model  

f rom which to  develop a  set  of  s tudy of  protocols  for  evaluat ing the 

potent ia l  effects  of  a t razine on gonadal  development  on amphibians .  

The agency has  proposed a  research approach using focused 

empir ical  laboratory s tudies  based on ini t ia l  invest igat ions  with  

xenopus laevis  fol lowed by select ive confirmatory s tudies  with  f rog 

species  nat ive to  North America.  

This  is  a  proposal .  I t  i s  not  set  in  s tone.  We have --  as  has  been 

indicated in  a  number  of  fol low-up quest ions.  Please comment  on the 

proposed sequence of  the  s tudy object ives .  
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DR. ROBERTS: Dr.  Richards ,  we ' l l  go through these I  guess  

one at  a  t ime.  Do you want  to  take the f i rs t  one? 

DR. RICHARDS:  Yes.  I 'm going to invi te the persons l is ted 

and not  l is ted on this  quest ion to  jump  in  on an open discussion here .  

But  on the please comment  on the proposed s tudy of  sequence 

object ives ,  I  th ink Dr.  Kel ley had already and several  others  have 

ment ioned about  the  potent ia l  and importance of  some types  of  f ie ld  

or iented s tudies .  

That  was the one comment  that  I  had on this  a lso,  and not  to  

preclude them in a  paral le l  t rack with  some of  the  other  laboratory 

based s tudies .  

DR. ROBERTS: Dr. Skel ly and then Dr. Kel ley. 

DR. SKELLY: Just  to  support  what  Dr.  Richards  just  said ,  I  

th ink i t  i s  going to  be important  to  get  the  f ie ld  component  of  any 

evaluat ion undergoing as  soon as  any of  this  happens in  par t  because 

f ie ld  s tudies  for  lots  of  reasons take a  long t ime to  set  up and get  

going.  

They are not necessar i ly as money intensive as some of the 

laboratory s tudies ,  but  observat ional  s tudies  and experimental  s tudies  

take t ime to  f ind locat ions  as  we have seen in  evaluat ing some of  the  

past  data .  That  can make a  lot  of  difference in  how useful  these 
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s tudies  wil l  be  when i t  comes to  interpret ing them. 

I  guess  I  jus t  can ' t  emphasize  enough that  I  th ink i t  i s  going to  

be cr i t ical  to  get  that  s ide of  things moving in  order  to  meet  the  

object ives  la id  out  in  the conceptual  model  by the EPA. 

DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: Could you remind me again,  what  is  the f i rs t  

th ing that  you plan to  do? 

DR. BRADBURY:  Phase one in the whi te paper. 

DR. KELLEY: Oh,  yes .  

DR.  DELORME: Test  for  apical  gonadal  effects  of  - -

DR. KELLEY: So I  concur  with that .  I  would argue that  we 

should a t tempt  to  s t r ic t ly  repl icate  some of  the  s tudies  that  show an 

effect ,  especial ly  a  low dose effect .  

I  accept  the  fact  that  in  a  repl icat ion one wil l  of ten want  to  add 

groups and so on.  But  we have a  real  discrepancy in  the threshold for  

an effect  i f  in  fact  one exis ts .  

I  would argue for  a  s t r ic t  repl icat ion,  perhaps a  repl icat ion of  

the  high dose and a  repl icat ion of  the  s tudy that  did  the low dose.  

I  th ink i t  i s  worthwhile  knowing how rel iable  and repeatable  

the  ini t ia l  observat ions  are  before  we go forward.  

Now, there  has  been --  anyway,  I  could go through i t .  But  I  
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th ink i t  i s  very important  to  t rack down the sources  of  var iabi l i ty  and 


the  resul ts  before  going forward.  Because suppose you were never 


able  to  repeat  any of  them or  you always repeated them and in  a  much 


lower  dose. 


I t  would affect  so s t rongly the next  s teps  in  the sequence that  I  

would argue very s t rongly for  s tar t ing with  that .  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  concur  with  the comments  a l ready made.  

I  would also point  out  maybe i t  i s  t ime saving and saving money 

i f  you could s tar t  again a l ready in  paral le l  wi th  doing some 

mechanis t ic  s tudies .  

For  ins tance,  there  was some claim there  is  no interference with  

es t rogen receptors ,  wi th  androgen receptors .  

There  are  some experience which could be very easi ly  maybe to  

say there  is  nothing going on.  Especial ly,  I  have some concern maybe 

i f  there  is  only a  smal l  effect  on thyroid system,  you wil l  not  see  i t  on 

morphological  - -  looking just  on morphological  s tages .  

There  could also be one biomarker,  for  instance,  TSH, to  show 

up any inhibi tory effect  in  addi t ion which could be done in  paral le l  

for  doing such a  developmental  s tudy. 

DR. ROBERTS: I 'm going to  jump in and make a  comment  too.  
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I  th ink that  i f  we do addi t ional  mechanis t ic  s tudies ,  i f  there  are  

var iable  aspects ,  I  th ink we -- as  Dr.  Kel ley pointed out ,  I  th ink we 

have to  get  a  handle  on those f i rs t  because we have to  know when 

animals  respond and when they don ' t  respond.  

Because we want  to  be sure  we 're  looking in  animals  that  are  

responding to  do,  to  see  whether  or  not  the  mechanisms we think 

might  be operat ing are ,  in  fact ,  in  place.  

I  don ' t  d isagree that  mechanis t ic  s tudies  are  important ,  but  I  

th ink get t ing a  real  sol id  handle  on the phenomenon and being able  to  

reproducebly observe that ,  I  agree with  Dr.  Kel ley,  is  a  f i rs t  pr ior i ty. 

Dr.  DeLorme and Dr.  LeBlanc and Dr.  Denver. 

DR. DELORME:  I jus t wanted to concur wi th Dr. Kel ley.  I 

th ink that  what  has  been proposed is  qui te  a  logical  sequence.  The 

f i rs t  th ing you real ly  need to  do is  confirm whether  or  not  there  is  any 

rela t ionship between atrazine and the effect .  

And cer ta inly what  Dr.  Kel ley had proposed was repeat ing the 

experiments  to  see i f  you can f ind that ,  but  do i t  under  control led 

condi t ions  where the husbandry and whatnot  is  - -  any factors  that  

might  affect  i t  are  control led for. 

Fol lowed by looking in  possibly nat ive anurans f rom North 

America to  see whether  or  not  you are  going to  get  the  same kinds of  
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effect .  I  th ink that 's  another  good logical  s tep to  take. 


DR. ROBERTS:  Dr. LeBlanc and then Dr. Denver. 

DR.  LEBLANC: From  my perspect ive,  the  fur ther  you go up in  

that  cascade of  complexi ty  that  Dr.  Bradbury had up there  ear l ier  on,  

you are  reducing your  chances  of  seeing the effect  that  you are  t rying 

to  confirm upfront  and sor t  of  give you some evidence that  you should 

proceed.  

Certa inly,  I  wouldn ' t  do prel iminary s tudies  or  ini t ia l  s tudies  a t  

the  populat ion level .  I  th ink gonad development  is  the  cr i t ical  

endpoint  of  interest ,  but  I 'm not  sure  I  would do i t  a t  that  level .  

I  th ink that  perhaps the f i rs t  exper iments  that  I  would do would 

be looking at  some cel lular  response that  I 'm  more l ikely to  see .  And 

once I  have ident i f ied doses  a t  which that  response occurs  and I 'm 

comfortable  that  that  response is  occurr ing,  I  th ink I  would bui ld  

upon that .  

And then I  would look at  t i ssue level  effects  in  terms of  

gonadal  development  and ul t imately effects  of  the  individual  and the 

populat ions ,  is  my perspect ive.  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: What  we real ly  want  to  know here,  we want  to  

know whether  there  are  populat ion level  effects  ul t imately.  Is  that  
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correct?  

And that 's  something that  is  going to  take presumably a  while  to  

sor t  out .  

The next  level ,  I  assume,  is  to  unders tand what  might  be f i tness  

effects  a t  the  individual  level .  

And I  wonder  - -  th is  actual ly  is  a  more general  quest ion that  

goes  beyond just  s imply at razine.  But  I  wonder  i f  we can begin to  get  

a  handle  on those f i tness ,  those individual  f i tness  effects  by looking 

at  individuals  or  individuals  that  are  presumably intersex or  have 

gonadal  abnormali t ies  in  the f ie ld ,  which I  th ink we agree has  been 

documented,  and f ind a  way to  ident i fy  those individuals  which we 

discussed a  bi t  ear l ier  perhaps using some MRI approaches or  

something of  that  sor t .  And do the grow-out  experiments  and 

determine i f  there  are  real ly  f i tness  consequences  of  having these 

intersex gonads.  

Is  that  something that  we should be doing now?  As I  said ,  i t  

goes  to  a  larger  issue,  larger  than just  s imply at razine.  

And these intersex individuals  may resul t  f rom contaminants  

other  than at razine.  But  is  that  something that  we want  to  consider  

sooner  ra ther  than la ter?  

DR. ROBERTS: We're  get t ing some interest ing differ ing views 
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on sequence of  or  highest  pr ior i t ies . 


Any other  panel  members  want  to  weigh in  on this?  

Dr. Delorme. 

DR. DELORME: That  is  actual ly  an interest ing thought .  I 

never  thought  of  that  before .  

But  i f  there  was some chemical  that  you could come up with to  

induce intersex that  you knew for  search was going to  the happen,  that  

might  answer  some of  the  quest ions  with  respect  to  fer t i l i ty  and 

possibi l i ty  of  effects  a t  higher  levels  of  biological  organizat ion.  

Instead of  wai t ing to  f ind out  what  is  actual ly  going to  go on and 

ident i fy  - -

You could do i t  in  paral le l  wi th  a t razine.  Because cer ta inly as  

we go through --  as  r isk assessor,  I 'm ta lking,  as  we go through other  

chemicals ,  there  cer ta inly are  going to  be cases  where these kinds of  

effects  ar ise .  

I t  i s  a lways a  quest ion.  What  is  the  ecological  re levance of  

ovotestes .  I  know in the f ish community i t  i s  something they are  

grappl ing with  now. Because in  a  lot  of  the  r ivers  in  Bri ta in  and in  

the s ta tes ,  they have ident i f ied f ish populat ions  where ovotestes  type 

effects  do occur.  The so what  quest ion is  s t i l l  there .  Well ,  do they 

contr ibute  to  the  populat ion or  does  i t  have a  populat ion level  effect .  
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So that 's  actual ly  an interest ing take on things.  

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: So there  is  good news.  There is  a  chemical  that  

does  i t .  In  xenopus,  es t rogen does i t .  I t  i s  very wel l  worked out .  The 

cr i t ical  per iod is  worked out .  How much ovotestes .  I 'm using that  

word in  the sense in  which I  used i t  before ,  and I  refer  you to  the 

f igure  in  the  Witschi  paper.  I t  i s  very wel l  worked out .  

The animals that were in that paper were adul t .  They pers is ted 

unt i l  adul thood.  I t  looked l ike  i t  wasn ' t  resorbed.  I  would suggest  

that  there  is  no necessi ty  to  run this  as  a  ser ia l  exper iment .  I 'm 

tota l ly  opposed to  that .  

You run i t  in  paral le l .  You run i t  in  paral le l  a lso with  

beginning your  ecological  assessments ,  because I 'm in  tota l  

agreement .  Field  work takes  forever.  Get t ing i t  publ ished takes  

forever.  Anyway,  just  doing the work takes  forever. 

So I  would s tar t  the  f ie ld  s tudies  and I  would s tar t  a  repl icat ion 

of  the  previous s tudies  on the a t razine effects .  I  would do i t  in  ZZ 

animals .  You know what  genotype you were deal ing with.  

I  would do i t  in  a  wel l -character ized populat ion of  animals  and 

I  would run a  group along with i t  wi th  es t rogen at  var ious t ime 

per iods during the def ined cr i t ical  window. 
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And then you have to  grow those animals  out .  I t ' s  a  male .  

That 's  the  good news.  I t ' s  only s ix  months .  And then you run those 

animals  in  behavioral  and fer t i l i ty  tes ts .  And then you know if  

animals  with  66 percent  ovar ies  and 33 percent  tes tes  or  something 

produce fewer  offspr ing than animals  with  a  different  ra t io .  

Those s tudies  are  actual ly  fa i r ly  easy to  do in  a  wel l -def ined 

control led way.  You can ei ther  use  natural  behaviors  or  you can ki l l  

the  animals  and mush up their  tes tes  and fer t i l ize  eggs with  them. 

You don ' t  have to  ki l l  the  animals .  You can just  take their  

tes tes  out .  

DR. ROBERTS: Other  thoughts?  

Lots  of  different  ideas ,  Dr.  Richards ,  unfor tunately for  you to  

capture .  

DR.  RICHARDS: I 'm sure  many of  those words wil l  be  on to  a  

text  f i le  and given to  me. 

DR. KELLEY: Yes,  af ter  dinner. 

DR. ROBERTS:  Before we move on to B, le t me make sure .  Is 

there  any fol low-up quest ion or  is  i t  as  c lear  as  i t  can be given the 

fact  that  there  are  some differences  of  opinion about  sequences? 

DR. BRADBURY:  I  think i t  would be helpful  for  the dialogue 

to  cont inue a  bi t .  I 'm approaching this  careful ly. 
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And with  a l l  due respect  to  a l l  members  of  the  panel ,  in  the  

context  of  science,  for  a  purpose,  which is  t rying to  incremental ly  

improve our  abi l i ty  to  reduce the uncer ta int ies  on the r isk  assessment  

and how that  marr ies  up with  and is  complimentary to  advancing 

knowledge,  because i t  i s  important  to  advance knowledge,  and to  the 

extent  the  panel  has  any feel  of ,  for  lack of  a  bet ter  word,  where you 

could get  the  biggest  bang for  your  buck to  s tar t  e i ther  sequence how 

you would s tage information gather ing or  a  sense of  what  information 

we s tar t  to  c lar i fy  or  reduce some of  the  uncer ta int ies  in  the  current  

abi l i ty  to  go through the r isk assessment  process .  

I t  i s  sor t  of  - -  the  dia logue has  been interest ing.  I  th ink Jere  in  

thinking about  the  endocrine disrupter  screening assays and some of  

the other  descr ipt ions about  using QSAR and then going from the 

f ie ld  down sor t  of  to  i l lus t ra te  very legi t imate  differences  of  opinion 

in  terms of  how you blend mechanis t ic  unders tanding with ecological  

re levancy and where are  you in  that  cont inuum, i t  seems l ike we 're 

get t ing advice to  do everything al l  a t  once.  

And while  maybe that 's  the  only way we can solve this  problem, 

i f  that 's  the  conclusion,  then that 's  the  conclusion.  

I  th ink i t  would be helpful  to  hear  about  what  some of  the 

t rade-offs  would be a t  least  in  picking different  places  to  s tar t  in  the  
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phased approach that  we provided. 


I t  may mean you may al l  feel  that  you should s tar t  a l l  f ive  

phases  a l l  a t  once,  and that 's  cool .  But  i t  would be helpful  to  a t  least  

get  input  f rom the panel  in  terms of  the  t rade-offs  i f  one couldn ' t  do 

a l l  f ive  phases  a t  the  same t ime.  

DR. ROBERTS: Let 's  ask the panel .  What  i f  you couldn ' t  do 

them al l  a t  once,  where would you s tar t?  Dr.  Kel ley and then Dr. 

Green.  

DR. KELLEY: One in  f ive.  

DR. ROBERTS: Beg your  pardon? 

DR. KELLEY: That  was i t .  

DR.  GREEN: Test ing the working hypothesis  phase experiment  

Number  1 ,  the  tes t  for  apical  gonad effects  and Number  5 ,  ecological  

re levancy of  the s tudy. I  concur  with  Dr.  Kel ley 's  comment .  

But  s ince you have sol ic i ted addi t ional  dia logue,  I  have a  few 

more things that  I  th ink are  imperat ive to  s tandardizing the 

condi t ions.  And this  should be done in  Phase 1.  So r ight  f rom the 

get-go we can do the best  we can.  

One of  the  things that  s t ruck me yesterday about  the  housing 

and the husbandry condi t ions  was the extreme var iabi l i ty  and the fact  

that  one of  the  things we were measuring was growth rate  and t rying 
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to  make a  connect ion between the effect  of  a t razine on growth rate  

and then on the growth rate  in  the control  tank when between labs  and 

within the lab there  were specif ic  issues  with  water  qual i ty  and 

feeding and other  things that  could account  for  var iabi l i ty  in  growth 

ra te  a lone whether  a t razine was there  or  not .  

So I 'm going to  take the opportuni ty  to  make a  plea .  And par t  

of  this  bleeds into  Quest ion Number  4 ,  which I  was actual ly  wai t ing 

to  answer,  about  two issues .  

And the f i rs t  one is  wi th  water  qual i ty.  This  is  not  per ta ining to  

measuring levels  of  a t razine.  But  I  th ink we should make some 

at tempt  to  def ine the s tocking densi ty  f i rs t  off  for  both embryos and 

adul ts  and juveni les  for  xenopus laevis .  

Unfortunately,  that  hasn ' t  been s tandardized in  Laboratory 

Animal  Medicine even yet ,  but  there  are  some recommendat ions .  

The proceedings for  the Nat ional  Academy of  Sciences  has  

recommended one to  two l i ters  for  adul ts .  And there  are  var ious 

textbooks and or iginal  papers  for  tadpole  s tocking and densi ty. I 

th ink we ta lked about  that  a  l i t t le  bi t  a l ready.  So that  would be one 

thing.  

One thing that  was lacking in  the descr ipt ions of  many of  the 

papers  was the kind of  water  that  was used.  I  couldn ' t  te l l .  Was this  
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deionized or  R O t reated or  reconst i tuted sal t  water.  Was i t  wel l  water 


f rom a source.  Was i t  chlor inated or  chloraminated,  potable  tap water 


that  had been f i l tered. 


And I  think al l  those water  sources  are  perfect ly  sui table .  But  

i t  needs to  be s ta ted and,  i f  possible ,  s tandardized so that  everybody 

who runs the tes t  on at razine uses  the same kind of  water. 

The other  thing would be water  qual i ty  tes t ing.  For  this  

purpose,  because there  is  evidence in  the  l i terature  that  a t razine and 

ni t r i tes  interact  and that  they have some by-product  of  ammonium 

metabol ism,  when the ammonia levels  get  high in  tanks,  i t  may falsely  

e levate  the  detr imental  effects ,  i f  any,  that  any other  chemical  has  in  

there .  I t  could be chlor ine.  I t  could be a t razine.  

So water  qual i ty  should be measured on a  regular  basis .  

Depending on the durat ion of  the  experiment  and the s tocking densi ty  

and the water  turnover,  I  would say once a  day.  I t  could be done with  

a  quick dip s t ick that  is  a  re la t ively inexpensive tes t .  I t  doesn ' t  have 

to  be the Hawk (ph)  analyt ical  tes t  every day,  but  some notat ion of  

water  qual i ty  parameters  on a  regular  basis .  

That  would include pH,  conduct ivi ty,  water  temperature ,  

ammonia,  ni t ra te ,  n i t r i te .  And because we want  to  know what  kind of  

water  is  used,  we should be measuring for  chlor ine and chloramine 
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and the heavy metals  that  we know interfere  with  tadpole  development 


l ike  copper  and some of  the  other  things. 


So I would l ike to see that in most of these reports a t least have 

been par t  of  the  qual i ty  control .  

So water  qual i ty  is  one issue in  Phase 1  that  I  th ink i f  we could 

s tandardize.  And you can ' t  go to  the l i terature  and f ind this .  

There  is  a  paper  that  was publ ished in  the Laboratory Animal  

Medicine Journal  that  reported a  survey across  the  nat ion of  what  

most  xenopus users  are  doing r ight  now that  you can use as  a  guide.  

I  have the reference here  that  I ' l l  add to  the  l is t  for  Dr.  Kel ley 

on al l  these  parameters .  

The second issue that  I  wanted to  br ing up was feeding.  I 'm 

sure  Dr.  Kel ley wil l  br ing this  up as  wel l .  

But  Dr.  Hayes pointed out  that  he fe l t  that  maybe some of  the 

animals  in  the Syngenta  s tudies  had been underfed.  And I  looked at  

that  - -  I  went  back and looked at  that  paper  and looked at  some of  his  

publ icat ions on what  he was feeding.  

I t  s t ruck me that  he  is  feeding rabbi t  chow. I  f ind this  a  l i t t le  

bi t  d isconcer t ing because adul t  xenopus are  s t r ic t  carnivores .  And 

that  is  an herbivore  die t .  

DR.  HAYES: The adul t  xenopus were fed t rout  chow, not  rabbi t  
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chow. 

DR. GREEN: Dr.  Hayes in  the back said his  adul t  xenopus were 

fed t rout  chow. But  i f  we cont inue these s tudies  into  grow-out  

experiments  where juveni les  and adul ts  are  used,  then we should 

probably feed them a diet  that 's  a t  least  14 percent  protein ,  which is  

more appropria te  for  a  carnivore .  

There  are  references .  Kevin Wright  has  publ ished in  another  

textbook,  Amphibian Medicine and Husbandry,  a  chapter.  In  that ,  he  

recommends that  we not  feed adul t  and juveni le  xenopus laevis ,  

anyway,  diets  for  omnivorous f ish and tur t les  or  for  herbivores .  

So you can go to  a  feed company,  there  are  several  reputable  

ones ,  that  wil l  make xenopus chow for  you or  you can buy i t  f rom the 

big dis t r ibutors .  Nasco and Xenopus 1 have their  own that  they sel l .  

I  th ink in  an a t tempt  to  s tandardize  across  labs ,  that 's  probably 

the appropria te  food for  that  age.  

Now, tadpole  feeding --  those companies  a lso sel l  food,  i f  I 'm 

correct ,  for  younger  metamorphs and juveni les  as  wel l .  And they eat  

phytoplankton.  

I 'm not so cer ta in how important i t i s that they have a high 

protein  diet  to  maximize growth and heal th  under  these condi t ions .  

But  i f  you are  going to  make those comparisons in  growth rates  
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and fecundi ty,  then probably s tandardizing to  a  carnivorous 


amphibian diet  would be the best  th ing to  do. 


The companies  a lso have based those diets  and the amount  of  

feed on growth rate  curves  that  they have developed.  I  bel ieve they 

wil l  share  them with you.  I  have asked for  them and they have been 

very helpful  in  advis ing me. 

They also make recommendat ions on how much to feed per 

animal .  That 's  based on known anuran ki localor ic  requirements  a t  

d i fferent  temperatures .  

So i f  we hold tanks for  some of  the juveni le  and adul ts  a t  19 

degrees  versus  25,  we should feed them accordingly.  There  are  ways 

to  do that .  

I f  you look to  the f ish l i terature ,  as  young f ish grow,  they are  

regular ly  weighed once a  month on mass .  The tank feed is  adjusted 

accordingly. 

I  know that  i t  i s  not  s tandard pract ice  r ight  now to do that  for  

xenopus.  Usual ly,  you have about ,  whatever,  5 ,  50 or  100 in  a  tank 

and you throw so much food and make sure  they eat  i t  a l l .  

But  in  terms of  water  qual i ty  level ,  what  is  not  eaten and the 

amount  they excrete  wil l  affect  the  amount  of  ammonia,  which in  turn 

affects  the  amount  of  a t razine that  is  or  isn ' t  avai lable  or  potent ia ted.  
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Those are  two condi t ions ,  a t  least ,  the  water  qual i ty  and the 

feeding that  I  th ink this  Phase 1  should be spel led out  as  best  we can.  

And the temperature  that  we al l  agree would be the r ight  place to  s tar t  

wi th  in  conduct ing these experiments .  

DR.  ROBERTS: I  think i t  wi l l  be  important  for  us  to  convey 

Dr.  Green 's  recommendat ions in  our  report .  I  don ' t  th ink i t  

necessar i ly  belongs as  par t  of  8  A,  but  we ' l l  get  i t  in  there .  I  th ink i t  

i s  important  to  pass  that  informat ion along to  the  agency. 

With regard to  the quest ion posed by Dr.  Bradbury,  i f  you 

couldn ' t  do them al l  a t  once,  what  would you do? 

Dr. Delorme. 

DR. DELORME: I  would concur  with Dr.  Kel ley that  probably 

the f i rs t  th ing you want  to  do is  - -  i f  your  goal  is  to  move the a t razine 

r isk assessment  forward,  then I  think you have to  confirm the causal  

re la t ionship.  That 's  the  f i rs t  th ing you need to  do.  That  would be the 

f i rs t  pr ior i ty  to  do.  

DR. ROBERTS:  Dr. Coats . 

DR.  COATS: I  th ink that  the  laboratory approach as  descr ibed 

in  Phase 1  is  probably the most  obvious and least  r isky from a benefi t  

- -  f rom the point  of  t ime invested and money invested.  

And so that 's  where I  th ink we should s tar t .  
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DR. ROBERTS:  Dr. Skel ly. 

DR.  SKELLY:  At  the r isk of  boring everyone,  I 'm going to  

re i terate  that  I  th ink pushing ecological  re levancy off  to  Phase 5  

could be a  mistake.  

We're  tes t ing for  apical  gonadal  effects  in  Phase 1 .  Then Phase 

2  is  sex s teroid measurements .  Phase 3  is  aromatase act ivi ty  

measurements .  Phase 4  is  aromatase inhibi tor  s tudy. Phase 5  is  

ecological  re levance.  

I  th ink there  could be a  giant  woops there  i f  we get  to  the  end 

and f ind out  that  the  populat ion level  effects  aren ' t  what  we 're  a l l  

being concerned about  here .  

DR. ROBERTS:  Dr. Delorme. 

DR. DELORME: Just  as  a  point .  I f  you look at  f igure  one in  

the white  paper,  i t  actual ly  shows af ter  the  tes t  for  apical  gonadal  

effects  and a  yes  being found,  there  is  a  l ine  off  to  the s ide with  

Number 5 .  

Can EPA comment on what was intended with that?  I t wasn ' t 

c lear  whether  or  not  you intended the ecological  re levance tes t  to  

s tar t  a t  that  point .  

DR.  SKELLY:  Is  ecology f i f th  level  pr ior i ty  or  not?  

DR. TIETGE:  I t jus t so happens that we used numbers .  We 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

248 

could have used colors  I  guess  to  indicate  what  order  to  do them in.  

Clear ly,  as  Dr.  Delorme pointed out ,  we had that  spl i t  in  the  

sequence to  suggest  that  i f  you get  effects  a t  the  individual  level ,  then 

i t  may be more prudent  f rom a r isk assessment  point  of  view to  

conduct  some f ie ld  work.  

I  wouldn ' t  read into  the ordinal  numbers  here  very much.  

DR. ROBERTS:  Does that help, Dr. Skel ly? 

DR. SKELLY:  Yes.  I f I can fol low up. 

I 'm f ine with that wi th one important caveat .  That is , we 're 

going to  get  to  this  a  l i t t le  bi t  far ther  down.  But  i f  the  panel  feels  

that  there  are  s ignif icant  concerns  about  context  dependence between 

species ,  and at  least  in  my case I  th ink we have seen some evidence 

that  that  could be the case,  then I  don ' t  see  that  a  no on apical  gonadal  

effects  in  xenopus necessar i ly  means that  we shouldn ' t  be  thinking 

about  an ecological  re levance s tudy for  nat ive species .  

DR. ROBERTS: Dr.  Bradbury. 

DR.  BRADBURY:  Just  to  get  a  c lar i f icat ion,  because the white  

paper  ta lks  about  using xenopus to  get  s tar ted as  a  biological  model  

bla ,  b la ,  b la ,  but  a lso ta lks  about  other  species  to  a lso be looked at  in  

the  context  of  phase one s tyle  experiments .  

I  guess  the  c lar i f icat ion that  i f  xenopus didn ' t  reproduce the 
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previous resul ts ,  would the panel  feel  i t  would be useful  to  t ry  i t  out 


in  rana in  the Phase 1  s tyle  experiment  or  to  immediately  go to  a  long 


term reproduct ive s tudy or  go out  to  the  f ie ld  to  look at  rana or  other 


nat ive species? 


DR. ROBERTS: Expression of  preference on that?  

Dr. Kel ley. 

DR.  KELLEY: Well ,  you know, I 'm for  paral le l  processing.  

Let 's  face i t .  We don ' t  care  here  in  America about  the  survival  of  our  

xenopus because they are  wel l  taken care  of  in  the lab.  

But  we care  about  the  survival  of  our  nat ive f rog species .  You 

are  just  going to  have to  s tar t  the  f ie ld  s tudies  r ight  away. But  I  do 

agree that  i t  would be useful  to  see i f  we could run some rana 

experiments  in  the  lab.  

Of course the problem is rana is a lot harder to run in the lab. 

And rana is  about  a  z i l l ion t imes more diff icul t  to  work on than 

xenopus and so for th .  

But  that  isn ' t  to  say that  i t  shouldn ' t  be  a t tempted,  because i t  

wi l l  be  very informative.  There  are  folks  that  are  good at  rana.  I 'm 

not  one of  them. But  I  know there  are  people  that  are .  

I t  would be worthwhile  to  t ry  in  a  l imited way to  see i f  we 

could get  that  to  go.  But  i t  i s  going to  be a  lot  harder. The 
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background l i terature  that  is  avai lable  for  xenopus is  jus t  not  

avai lable  for  rana.  

I t  wi l l  be  somewhat  more diff icul t  to  interpret  the  resul ts .  But  

those are  the resul ts  we care  about .  Because these are  our  f rogs,  our  

North American frogs.  We care  a  lot  about  them. 

We should s tudy them along with the indicator  species ,  which 

has  many,  many advantages ,  but  is  not  nat ive to  our  country. 

DR. ROBERTS: Other  thoughts?  

Dr. Richards . 

DR. RICHARDS: I  concur  with what  Dr.  Kel ley has  brought  up 

here .  I  th ink that  ul t imately  the agency is  going to  have to  go there  

no mat ter  what  answer  we get  f rom xenopus.  And i t  could lead us  

down some very good t ra i ls .  

Ul t imately,  the  quest ion is  going to  come to  is  what  does  that  

mean to  ranid species .  And i f  we don ' t  s tar t  now in t rying to  fur ther  

hone or  develop methods that  are  appropria te  for  them, i t  i s  jus t  going 

to  prolong the whole  process .  

DR. ROBERTS:  Dr. Tietge. 

DR. TIETGE:  I think what we have to keep in mind is that 

us ing the rana species  or  the  intent  of  using the rana species  is  to  do 

the confirmatory work.  
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But  you do the hard work I  think in  xenopus because i t  i s  a  

more useful  model  a t  th is  point  in  t ime.  So I  don ' t  th ink we meant  one 

or  the  other. 

I  th ink --  I  agree with  what  I 'm hear ing here  that  you probably 

wil l  end up doing i t  in  both species  a t  least  in  that  Phase 1  s tudy. 

But  the  intent  of  the  xenopus is  to  go fas ter  and far ther  to  

unders tand,  for  example,  mechanis t ic  pathways that  you would then 

go back and in  a  more focused approach look at  with  the rana species .  

DR. BRADBURY:  Just  to  help clar i fy  because you 've been 

get t ing some understandably different  kinds of  views.  

At  one point  we heard we should t ry  taking account  of  

var iabi l i ty  associated with  some of  the  current  s tudies  to  t ry  to  see  i f  

we could repl icate  what  had happened in  the past .  

And al l  there  is  a  ranid s tudy. There  are  several  xenopus 

s tudies .  That  would imply get  s tar ted with  xenopus to  see i f  you can 

get  i t  to  happen in  xenopus again.  Star t  wi th  ranid.  

Again,  I  know you are  probably thinking this  through as  we go.  

But  as  the  panel  del iberates ,  i t  wi l l  be  helpful  to  get ,  i f  not  defini t ive  

answers ,  a t  least  some thoughts  of  the  cost  benef i t ,  that 's  not  the  r ight  

word,  but  the ups and downs,  the  t rade-offs  associated with some of  

the  different  choices  in  the  pathway. 
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DR. ROBERTS:  Dr. Denver and then Dr. Green. 

DR. DENVER:  Let me sor t of echo the comments of Dr. 

Richards  and play devi l 's  advocate .  

What  i f  you are  unable  able  to  repl icate  the  xenopus resul ts  and 

you are  unable  to  show in fact  any effects  of  a t razine?  What  decis ion 

would you then make? 

Would you then decide to  go on to  ask the quest ion in  North 

American ranid species  or  would you conclude that ,  in  fact ,  there  is  

no basis  for  concern? 

DR. BRADBURY:  I  think some of  that  dialogue --  some of  the 

issues  that  one would face in  making that  decis ion are  some of  the 

la t ter  quest ions  we have in  the ser ies  of  quest ion eight  which gets  a t  

some of  the  issues  about  toxico dynamic and toxico kinet ic  

differences  among frogs.  

And to  not  dodge the quest ion,  I  th ink I  would benefi t  great ly  

f rom the panel 's  dia logue on those issues  that  could dr ive interspecies  

extrapolat ion.  

DR. ROBERTS: Fair  enough.  

We've had a  lot  of  dia logue.  I  hope Dr.  Richards  has  been 

keeping up.  

Let me see i f we can decide whether or not the - - is there some 
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sor t  of  consensus in  terms of  pr ior i ty  or  are  there  s t i l l  d i fferences  of 


opinion? 


Dr.  Richards ,  what  is  your  sense? 

DR. RICHARDS:  I 'm hear ing that most of the panel seems to 

feel  comfortable  that  some of  the  - -  the  Phase 1  experiments  need to  

be repl icated,  techniques c leaned up.  That  work needs to  go forward.  

I 'm hear ing that  f rom  most  people .  

I  have heard from a l i t t le  bi t  smal ler  number  that  some aspects  

of  Number 5  need to  go forward in  terms of  grow out  or  some of  the 

other  basic  ecological  s tudies .  Not  necessar i ly  ful l  ecological  

s tudies .  

DR.  ROBERTS: I  sor t  of  heard unanimity in  the desirabi l i ty  for 

the Phase 1 s tudies  to  proceed.  And some support  for,  i f  possible ,  

beginning the Number  5  ecological  s tudies ,  because recognizing that  

that  - -  demonstrat ing that  re levance would be very important  for  the  

r isk  assessment .  

Does somebody else  have a  different  take? 

Dr. Gibbs. 

DR. GIBBS: I  would concur. I  thought  Dr.  Kel ley had out l ined 

a  sequence that  is  real ly  qui te  doable  in  a  fa i r ly  short  t ime frame in  

terms of  looking at  the  f i tness  consequences  with  intersex in  normal 
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males  and then you could actual ly  put  those in  a  natural  environment 


and look at  the  consequences  and mat ing with maybe even molecular 


genet ic  markers  get t ing the tadpoles  or  metamorphs. 


But I  don ' t  th ink unt i l  there  is  - -  ra ther  than a  ful l -blown 

ecological  s tudy,  100 wet lands,  e t  cetera ,  we 're  not  ta lking about  that  

necessar i ly  for  Phase 5 .  I  th ink just  a  shorter  term study l ike  Dr. 

Kel ley out l ined I  th ink is  qui te  doable .  

DR.  ROBERTS: Does that  sound reasonable  to  the panel?  All  

r ight .  Good.  Then le t 's  t ry  and have the minutes  the ref lect  that  

recommendat ion.  

Any fol low-up quest ions f rom the agency?  Dr.  Green and then 

Dr.  Isom. 

DR. GREEN:  I wasn ' t c lear now.  Was the decis ion that ranA 

and xenopus experiment  should be run in  paral le l ,  i f  possible?  

DR. ROBERTS: I  think we're  going to  take up the species  - -

DR. GREEN:  Later on? 

DR. ROBERTS: Yes.  As we go a  l i t t le  bi t  fur ther  down.  

Hopeful ly,  af ter  we have that  discussion,  then we ' l l  be  able  to  c lar i fy  

our  recommendat ion for  that  aspect .  

Dr. Isom. 

DR. ISOM:  I wasn ' t c lear a lso with regards to the f i rs t s tudy. 
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A lot  of  data ,  mechanis t ic  data ,  can be obtained,  re la ted 

mechanis t ic  data  can be obtained from that  s tudy. Are we just  

advocat ing looking at ,  say,  anatomical  gross  abnormali t ies  in  these 

animals ,  the  survivabi l i ty,  or  are  we also saying we should be looking 

at  blood levels  of  hormones and other  associated effects  in  those 

animals?  

I f  you have those t issues  of  those animals ,  why not  get  the  

mileage out  of  them? 

DR. BRADBURY:  8 B s tar ts to get a t some of the very issues 

you are  br inging up.  

DR.  ROBERTS: I  guess  my ini t ia l  response,  Gary,  would be to  

encourage doing super imposed mechanis t ic  s tudies  while  they are  

doing these.  

DR. ISOM:  I t wasn ' t c lear. 

DR.  BRADBURY:  In fact ,  Quest ion Eight  B charged the panel ,  

very expl ic i t ly  asks  the panel  for  advice and counsel  on the a t t r ibutes  

of  these s tudies .  

DR. ROBERTS:  Then le t 's go to Eight B. 

DR. STEEGER: Please comment  on whether  the agency 's  f i rs t  

se t  of  proposed s tudies  has  accounted for  the  major  sources  of  

uncer ta inty associated with  the potent ia l  effects  of  a t razine on anuran 
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sexual  di fferent ia t ion. 


In  addi t ion to  the  t ime to  metamorphosis ,  gonadal  

abnormali t ies  and sex ra t ios  in  the proposed Phase 1  assays,  please 

comment  on any other  endpoints  that  should be considered in  this  

in i t ia l  phase.  

DR. ROBERTS:  Dr. Richards . 

DR. RICHARDS:  No.  The f i rs t par t I think we pret ty much 

elaborated on,  i t  seems to  me,  in  several  of  the  other  quest ions .  No,  

we haven ' t  accounted for  the  major  sources  of  uncer ta inty associated 

with  potent ia l  effects .  

And I ' l l  le t  the  discussion open up in  terms of  the  other  

measures  as  Dr.  Isom and others  have ini t ia l ly  brought  up.  

DR. ROBERTS:  Dr. Green would l ike to comment on that . 

DR.  GREEN: I  think I  a l ready commented basical ly  on the 

husbandry issues .  But  in  terms of  in  addi t ion to  t ime to  

metamorphosis  gonadal  abnormali t ies  and sex ra t ios ,  p lease comment  

on any other  endpoints ,  and we addressed that  with  the 10 different  

es t rogenic  biomarkers .  

I 'm not  c lear  i f  the  goal  here  is  to  get  these s tudies  done quickly 

and in  what  level  of  detai l  we want  to  look at  these things.  Because 

al l  10 of  them would be a  lot  of  work.  The f i rs t  four  or  f ive,  which 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

257


are  observat ional  and easy to  see,  I  wouldn ' t  suggest  would be the 


place to  s tar t . 


DR. BRADBURY:  I  think that  kind of  a  discussion would be 

helpful .  What  would be the experimental  investments ,  t ime,  effor t  

associated with  adding the different  endpoints  in ,  what  is  the  kind of  

informat ion that  is  gained as  one gets  that  informat ion.  

Some of  the  logic  in  the different  phases ,  probably isn ' t  the  

r ight  word,  but  the  components  or  the  t rying to  sequence things is  sor t  

of  an approach to  i f  we get  the  f rank apical  effects ,  then --  par t  of  this  

quest ion is  get t ing at  are  there  ways to  maybe blend some of  the  

concepts  that  are  in  the  analysis  plan and t ry  to  l ink some things up 

more quickly.  That 's  the  quest ion.  

Get t ing some insights  on what  some of  the effor ts  would be and 

some thought  about  what  would this  experimental  design s tar t  to  look 

l ike  I  th ink is  important .  

DR. ROBERTS: Go ahead and fol low up,  Dr.  Green.  

DR. GREEN:  We're t rying to decide here - - in Phase 1 le t 's say 

we 're  going to  s tar t  wi th  xenopus laevis .  And in  Phase 1 we 're  going 

to  grow them out  to  three months .  That  was something Dr.  Kel ley 

suggested.  And I  concur  that  would be the minimum because then we 

could see some of  the  secondary sexual  character is t ics  s tar t  to  emerge 
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or  not .  

And we would look at  different  s tages  and ages  a long the way 

out  to  three months .  Is  that  correct?  

DR. KELLEY: Let  me just  ta lk  about  a  moment  the sex ra t io .  

You are  not  going to  be able  to  interpret  the  sex ra t io  unless  

you have a  uniform genotype.  Here is  what  I  would do.  I  would get  

Nasco or  Kel ley Evans at  Xenopus 1 to  es tabl ish for  me a  s tock 

colony for  researchers  to  draw their  animals  f rom. 

They wil l  be  wil l ing to  do this .  I  would l ike  to  point  out  to  the 

audience that  these  places  are  agr icul tural  faci l i t ies  in  their  home 

s ta tes .  They support  the  greater  agr icul tural  goods.  Xenopus is  a  

farm product .  

Regulate  is  a  farm product  in  many s ta tes .  We're  growing frogs 

here .  I t ' s  not  corn,  but  f rogs.  

Anyway,  so you have to  s tar t  wi th  ZZ animals ,  o therwise the 

sex ra t io  becomes very diff icul t  to  interpret  wi thout  long breeding 

experiments .  I t  takes  two years  to  get  a  female  to  breed.  You don ' t 

want  that .  I t  wi l l  real ly  s low you down.  

How long wil l  i t  take to  get  ZZ animals .  I f  you get  donated ZZ 

animals  that  people  have,  you would have to  confirm they real ly  are  

ZZ by mat ing them to normal  males  and having al l  male  offspr ing.  
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That  would take three months . 


I f  you have to  make them, that  wil l  take s ix  months .  Three 

months  minimum, s ix  months  maximum. 

Then you would run your  experiments  in  the presence and 

absence of  a t razine and var ious other  things,  and you should be able  

to  get  data  on that  in ,  I  would say,  s ix  months .  That 's  a  year. 

Nine months  to  a  year  minimum.  With things going wrong,  

that 's  12 months  basical ly  for  sure  and maybe 18 months .  

So 18 months  to  repl icate  with  a  known populat ion under  

def ined growing condi t ions .  That 's  what  that  would take in  a  lab that  

was up and funct ional .  

In  a  lab that  had never  deal t  wi th  f rogs before ,  though,  I  would 

l ike  to  point  out  that  i t  wi l l  take longer.  I f  you contract  th is  out  or  

something to  people  who have never  ra ised xenopus,  i t  wi l l  take 

longer  because there  is  a  learning curve,  learning how to keep the 

animals  and keep them happy and so for th .  Just  catching them. 

Learning to  put  l ids  on so they don ' t  hop.  These are  major  things.  

Is  that  the  sor t  of  thing you want?  That 's  how long i t  i s  going 

to  take just  wi th  xenopus.  

DR. BRADBURY:  In the whi te paper we la id out a t t r ibutes that 

may or  may not  be consis tent .  Some  may be,  some probably not  
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consis tent  with  what  you just  descr ibed.  

On the screen, we have la id out some of the detai ls of that . 

DR.  KELLEY: I  disagree deeply with some of  the detai ls .  

DR.  BRADBURY:  Again,  i t  was a  plan to  get  this  kind of  

dia logue going.  I 'm t rying to  f igure  a  way see i f  I  can get  the  

chairman to  help us  sor t  of  systematical ly  explore  some of  these.  

DR. ROBERTS:  I think there is lots of issues .  In CS for range 

and spacing and number  of  concentrat ion,  some of  those things are  up 

here  - -  you are  looking for  feedback on what  should be done in  these 

experiments .  And I  think we can go sor t  of  go through those aspects .  

I  th ink your  f i rs t  quest ion was in  B is  what  endpoints  should we 

look for.  And so le t 's  answer  that  quest ion.  And then we can go on to  

provide you with feedback on other  aspects  of  the  experimental  

design.  

You asked for  a  l i t t le  bi t  of  dia logue for  us  in  terms of  i f  you 

did this ,  i t  adds this ,  but  i t  costs  this  kind of  thing.  Not  only in  terms 

of  dol lars ,  but  just  to  give you some sor t  of  feedback in  terms of  what  

you get  for  what  extra  effor t  and resources  are  invested in  terms of  

adding different  endpoints .  

I f  I  unders tood you correct ly,  Dr.  Bradbury,  that 's  the  kind of  

advice they are  seeking from the panel  r ight  now as  par t  of  this  
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part icular  quest ion. 


So i f  we have some suggest ions for  them in addi t ion to  the 

endpoints  that  are  ident i f ied here ,  some information about  what  e lse ,  

pros  and cons.  

DR.  KELLEY: Since you are  concerned about  fer t i l i ty,  you 

have to  add a  ra te  of  fer t i l izat ion of  eggs as  an endpoint .  And there  

are  a  number  of  different  ways to  do that .  

Some less var iable than others .  But that 's an important 

endpoint .  And that  wil l  require  growing animals  out  longer.  Six 

months .  

So that  wi l l  add to  the  cost  of  i t .  But  i t  i s  an important  

endpoint  for  your  goal .  I  would argue the most  important  endpoint  for  

your  goal .  

Do you need more detai l  on how to do that?  There  are  42 

different  ways.  

DR.  ROBERTS: I  don ' t  th ink at  this  point .  But  I  th ink that 's 

exact ly  what  - -  provide you with  this  information which is  important ,  

but  i t  means the experiment  has  to  go longer. 

DR.  KELLEY: Right .  But  i t  i s  not  very fancy.  You don ' t  have 

to  learn to  do a  vi te l logenin induct ion assay. 

You get  the  tes tes  and mush i t  up and fer t i l ize  the  eggs,  you 
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know. 

DR. ROBERTS: Other  suggest ions?  Dr.  Isom and then Dr. 

Skel ly. 

DR.  ISOM: We have ta lked around this  and some of  our  

speakers  have ment ioned this .  I  th ink perhaps this  accounts  for  some 

of  the  var iabi l i ty  we have seen among s tudies .  

That  is ,  c lear  def ini t ion of  the  endpoints .  We real ly  - -  even to  

def ine sex ra t ios ,  how are  we doing that?  There  is  a l l  k inds of  

var iabi l i ty  in  the  terminology,  and I  would real ly  encourage 

somebody to  s i t  down and come up with some s tandardized 

terminology and endpoints  and how you are  going to  evaluate  those 

before  these s tudies  are  conducted,  a t  least  th is  phase one.  

DR.  ROBERTS: I  think that 's  something that  everyone on the 

panel  wil l  concur  with ,  is  that  the  agency,  as  you begin this  effor t ,  i s  

going to  have to  s tandardize the terminology for  the  endpoints  by 

convening a  workshop or  whatever  mechanism is  the  best  way to  do i t .  

But  there  has  to  be some terminology that  everybody is  using 

and agrees  upon.  We clear ly  saw the issues  as  the  agency has .  This  is  

not  something new.  You are  not  surpr ised by this  recommendat ion.  

But  I  th ink that 's  something we ' l l  make in  our  minutes .  

Other  endpoints?  Dr.  Skel ly. 
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DR. SKELLY: Just  to  bui ld  on what  Dr.  Kel ley suggested,  i f  

you are  going to  grow animals  out  and add that  extra  investment ,  I  

th ink i t  i s  going to  be important  to  beyond castra t ing the males  and 

mashing up their  tes tes  to  f igure  out ,  and I  don ' t  know enough about  

xenopus to  know how this  could work,  but  in  the species  I  work with,  

i t  would be possible  to  measure  reproduct ive behavior  and 

reproduct ive endpoints  of  whole  l iving animals .  

That  would measure their  reproduct ive funct ion.  Because what  

Dr.  Kel ley suggested is  taking a  look at  some index of  male  fer t i l i ty. 

But  we don ' t  know what  is  going on in  this  animal 's  brain  and whether  

i t  i s  going to  act  l ike  a  male  or  female  or  what  i t  i s  going to  do.  I 

th ink that 's  cr i t ical  to  get t ing beyond the kind of  physiology to  the 

behavior  in  the  ecology. 

DR.  ROBERTS: So you are  suggest ing another  possibi l i ty  is  to  

add reproduct ive tes ts  that  involve behavioral  component ,  but  the  

downside is  that  there  is  - - is  the  methodology rela t ively s tandard or  

this  something they would have to  work through? 

Dr.  Kel ley is  - -  I ' l l  le t  you respond to  this .  

DR.  SKELLY:  Before Dr.  Kel ley bui lds  on something that  I  

say,  jus t  le t  me say that  I  don ' t  know that  the  methods are  

s tandardized.  They probably vary qui te  a  bi t  f rom species  to  species ,  
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because you are  turning on frogs.  They al l  have their  own l i t t le 


th ings they l ike . 


But i t ' s  cer ta inly possible  to  do.  And I  think i t  adds 

s ignif icant ly  too,  and then you can mash their  tes tes  up.  

DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: So that ' s  what  we s tudy,  the reproduct ive 

behavior  of  male  f rogs and female f rogs.  You can do i t .  And we have 

s tandardized assays for  doing i t .  

There  are  uncer ta int ies  associated with  this .  I  f ind in  my lab 

that  the  more things you t ry  to  get  out  of  a  s ingle  animal ,  the  greater  

the  possibi l i ty  that  you wil l  compromise one of  the  measurements .  

I  don ' t  l ike  ki l l ing animals .  I  a lways t ry  to  get  everything 

possible  from the animal  i f  i t  i s  going to  give i ts  l i fe  in  the  name of  

science.  But  there  are  problems with running that  kind of  experiment  

where you end up confounding i t .  

I f  you have a  protocol  for  s t imulat ing the tes tes  that  is  very 

re l iable  and then you take that  same animal  and tes t  i t  behavioral ly,  I  

th ink you could do that .  And you could tes t  c lasping for  which there  

is  normative data .  The papers  are  on the l is t .  You could tes t  the  

vocal  behavior  qui te  easi ly. 

So you could do that .  I t  would add to  the s tudy. I t  wi l l  be ,  to  
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be honest  with  you,  behavior  is  hard and more var iable  than numbers 


of  fer t i l ized eggs.  I t  wi l l  add a  level  of  uncer ta inty and a  level  of 


in ter lab var iabi l i ty  that  wi l l  not  be  t r ivia l .  


But i t  i s  doable .  I  agree with  you that  i t  i s  important .  

On the other  hand,  you have to  say to  yourself ,  hey,  suppose 

you could never  get  these male  xenopus to  c lasp.  Is  that  going to  be 

something that  you are  going to  regard as  a  val id  endpoint  or  not .  

I 'm a  l i t t le  bi t  worr ied about  that ,  par t icular ly  s ince i t  won' t  be  

very easy to  t ranspose that  same paradigm to rana where the hormonal  

requirements  for  male  reproduct ive behavior  are  ra ther  different .  

Very different .  

DR.  ROBERTS: Dr.  Green,  did I  see your  hand up?  And then 

Dr.  Denver. 

DR.  GREEN: I  was just  thinking along the l ines  you brought  

up,  Dr.  Skel ly,  that  an endpoint  might  be to  just  see  i f  these animals  

can natural ly  mate  in  a  laboratory.  I t  i s  a  s imple  easy way to  do.  I t  

doesn ' t  require  castra t ion or  anything.  

And the evaluat ion of  that  would be the number  of  fer t i l ized 

eggs a t  the  end of  the  t ime they have been in  the bucket  together  or  

something s imple  l ike  that .  There  is  a  lot  of  var iabi l i ty  in  that .  

I  know. I  have seen that .  And the females  wil l  eat  the  eggs 
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sometimes and that  kind of  thing.  But  one way to  assess  their 


behavior,  and I 'm sure  you can elaborate  on this ,  Darcy,  would be i f 


you put  them together  af ter  hormonal  pr iming,  can they --  do they 


mate l ike  control led animals  do. 


DR. KELLEY: So again,  I  s t ress  that  you need a  very 

wel l -def ined s tock to  do that  experiment  with .  You need to  make sure  

that  your  controls  and your  exper imental ly  t reated animals  are  

equivalent  in  es tabl ishing that  group that  everybody agrees  are  going 

to  be the - -  whatever  those mice are ,  C J  B 57 or  whatever,  you know, 

of  the  xenopus world is  going to  take a  l i t t le  bi t  of  work.  

DR. ROBERTS:  I think as we make some comments , i t i s 

important  to  give the agency some advice about  how stra ightforward 

these assays are .  Let 's  be  honest ,  some things may be possible .  But  i f  

there  is  one laboratory in  the world that  can do i t  because they have 

enough experience,  that 's  an important  pract ical  considerat ion for  the  

agency as  opposed to  other  techniques that  are  more s t ra ightforward 

that  depending upon who happens to  do i t ,  they are  l ikely to  get  

decent  resul ts  as  opposed to  something that  is  t r ickier. 

I  th ink i t ' s  maybe important  to  make i t  c lear  to  the  agency as  we 

discuss  these things,  give them some sor t  of  sense about  that .  

DR.  KELLEY: I  can give you a  protocol  for  watching mating.  I 
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have this  long boring paper  i f  you want  to  go read i t  f rom  my 

disser ta t ion on hormone levels ,  amount  of  t ime spent  in  amplexus,  

number  of  c lasp at tempts  and control l ing for  females  and so for th .  

I t  i s  spel led out  very c lear ly. I  bel ieve i t  could be repl icated,  

a l though I  not iced nobody has  ever  wanted to  do i t .  I  th ink i t  i s  

possible  to  do.  

In  my experience,  ki l l ing the animal  and mushing up the tes tes  

is  far  and away the easies t  way to  get  a  f i rs t ,  easy measurement .  

I  th ink you would have to  take eggs f rom a var ie ty  of  females  

and you wil l  have to  have a  good control  and you wil l  have to  make 

sure  i t  i s  done double  bl ind bla ,  b la ,  b la .  

But  you wil l  end up with i f  you fer t i l ize  X number  of  eggs,  you 

get  X number  of  offspr ing.  You wil l  get  a  quant i f iable  measure that  

can be subjected to  robust  s ta t is t ical  procedures  as  opposed to  

nonparametr ics  requirements ,  which are  required for  these 

noncont inously dis t r ibuted var iables  l ike  percentage of  males  

c lasping,  which is  what  I  used in  my or iginal  s tudies .  

I 'm happy to  teach anybody how to watch frogs c lasp each other  

and score  i t .  I  th ink i t ' s  pret ty  easy to  do.  I 'm just  te l l ing you that  i t  

would be about  a  z i l l ion t imes easier,  even for  me,  to  do a  fer t i l i ty  

assay f i rs t .  
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I 'm not  against  s tudying reproduct ive behavior. I t  i s  what  I  do.  

I 'm just  te l l ing you i t  i s  a  more var iable  endpoint  in  a  f ie ld  in  which 

the endpoints  are  a l ready very var iable .  

DR. ROBERTS:  My point in ra is ing this is I 'm not t rying to 

discourage any par t icular  kind of  assay.  I  jus t  want  to  disclose as  best  

we can the advice - -  take advantage of  the  experience of  you 

individuals  and experts  who have done these kinds of  things to  le t  

them  know how easy or  how hard they are  to  do.  

Dr.  Richards ,  Dr.  Green and then Dr.  Delorme.  

DR. DENVER:  I want to say that get t ing an es t imate of 

reproduct ive output  when the putat ive species  is  the  male  is  going to  

be real ly  diff icul t .  

On the face of  i t ,  i t  sounds fa i r ly  s t ra ightforward to  do invi t ro  

fer t i l izat ion with  oocytes ,  mash up the tes tes .  But  you don ' t  need a  

lot  of  sperm to  get  a  reasonably eff ic ient  ra te  of  fer t i l izat ion.  

Also,  i t  depends on the qual i ty  of  the oocytes ,  as  you know. So 

s tandardizing something l ike  that  I  th ink would be a  nightmare.  I 

th ink --  i f  the  target  species  were a  female ,  i t  would be a  lot  easier  to  

quant i fy,  say,  yolk deposi t ion or  other  aspects  of  female  fecundi ty. 

But  I  th ink that  given i t  i s  a  male ,  we may need to  think about  

other  ways to  do that .  Maybe the behavioral  tes ts  might  be more 
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informat ive or  more capable  of  s tandardizing the - - 


DR. KELLEY: I  have the behavior  paper  with me. You guys 

can read i t  and see what  you think.  

DR. DENVER: But  what  do you think about  that ,  Darcy?  You 

ment ioned the invi t ro  fer t i l izat ion as  a  way to  measure  - -

DR. KELLEY: You are  absolutely  r ight .  I t  i s  a  problem. The 

other  way to  do i t  i s  s imply to  do his tology on the gonads and look at  

the  spermatozoa.  You can s tage spermatozoa.  I t  i s  not  as  wel l  worked 

at  as  mice,  but  you could s tage i t .  

I f  you get  a  big  effect ,  i t  i s  never  a  problem. I f  you have a  

marginal  problem,  i t  i s  a lways a  problem. Right?  What  I  would l ike  

to  do is ,  i f  you wouldn ' t  mind,  to  go back and reread my disser ta t ion 

paper  f rom 1975 and see what  the  error  bars  are  l ike ,  basical ly. See 

how var iable  the measure  is  for  looking at  c lasping.  

Cal l ing is  not  going to  do you any good.  Ei ther  they cal l  or  

they don ' t .  That 's  i t .  You could look at  amount  of  t ime cal l ing at  

var ious levels ,  but  that  ref lects  internal  androgen.  And cal l ing is  

real ly  diff icul t .  To get  robust  cal lers  a t  cer ta in  t imes of  year  is  real ly  

hard.  But  c lasping is  much less  diff icul t ,  the  amplectant  (ph)  

posi t ion.  

Let  me go back and look at  the  c lasping data  and get  back to  
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you.  

DR. ROBERTS: Dr.  Richards,  Dr.  Green,  Dr.  Delorme.  

DR. RICHARDS: I  jus t  want  to  point  out  I  have never  worked 

with  behavior  in  amphibians ,  but  I  have done a  l i t t le  bi t  wi th  f ish and 

inver tebrates .  

Doing behavioral  exper iments  in  the  lab are  problematic .  They 

are  very complex.  They are  diff icul t  to  ant ic ipate  outcomes of ten 

t imes.  

And I  think behavior  is  best  viewed in  the f ie ld .  I  th ink that  

some of  the mashing and count ing things might  be bet ter  

measurements  a t  th is  point  in  the  game. 

Plus ,  I 'm not  sure  that  federal  employees  are  a l lowed to  watch 

clasping behaviors .  

DR. ROBERTS: Good point .  

Dr. Green. 

DR. GREEN: You had asked to  indicate  how feasible ,  how easy 

some of  these proposed experiments  might  be to  do.  

Just  to  communicate  to  you,  in  our  animal  faci l i ty,  natural  

mat ings are  qui te  common just  for  the  purpose of  col lect ing the 

fer t i l ized eggs and s tudying the eggs.  

And usual ly  in  the fa l l ,  we have the arr ival  of  150 or  so new 
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graduate  s tudents  and post  docs  who have never  deal t  wi th  f rogs 


before .  I ' l l  go through the f rog rooms and there  may be as  many 20 to 


50 buckets  l ined up on the f loor  where animals  are  paired.  They have 


been pr imed hormonal ly. They are  put  together  and essent ia l ly  lef t 


overnight  undis turbed.  Some labs  have video cameras  to  watch.  I


don' t  know why.


So there  is  a  way to  record the behavioral  aspects  of  the  mat ing 

without  dis turbing the f rogs.  And then the s tudents  come back the 

next  day hopeful ly  ear ly  enough that  the  females  haven ' t  eaten the 

f rogs,  but  there  are  ways to  prevent  that  f rom happening with a  mesh 

gr id  a t  the  bot tom. 

And then they take the eggs on upstairs .  And as  I  ment ioned,  I  

th ink that  seems rela t ively s t ra ightforward.  I  know al l  about  the  

var iabi l i ty  in  that .  You go to  the dissect ing scope and you look for  

the  ones  that  are  fer t i l ized,  and you could carry that  one s tep fur ther  

to  see how many actual ly  become viable  tadpoles .  

The endpoint  could go on and on and on.  But  that  basic  par t  is  

fa i r ly  s imple  to  do.  

DR. ROBERTS: Dr.  Bradbury. 

DR. BRADBURY:  I jus t wanted to do a check-in to see i f I 'm 

synthesizing the dialogue properly. 
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At  one point  there  was a  s ta tement  that  seemed to  be accepted 

by several ,  a t  least ,  that  there  should be an at tempt  to  t ry  to  repl icate  

the s tudies  that  have been discussed over  the  las t  few days,  the  lab 

s tudies .  And that  that  was an important  task at  hand.  

And that  xenopus and/or  rana s imultaneously or  - -  we 're  going 

to  think about  that  a  l i t t le  bi t  la ter,  the  Phase 1 ,  and again,  don ' t  get  i t  

too sequenced,  was a  proposal  to  get  out  to  the panel  that  wasn ' t 

in tended to  be a  detai l  by detai l  repl icat ion of  the  previously 

publ ished s tudies  in  par t  because we had concerns  about  growth and 

water  qual i ty  and those kind of  things.  

But  in  the  spir i t  of  many of  the  discussions over  the  las t  few 

days,  that  i f  a  response seems to  be consis tent  and is  occurr ing in  a  

reproducible ,  logical  pat tern,  that  s tudy designs don ' t  have to  be 

ident ical ,  but  there  are  cer ta in  pr inciples  they are  holding to  to  see  i f ,  

in  fact ,  they are  get t ing concordance of  the  information development .  

Phase 1 is designed in that spir i t .  And seemed -- was sor t of 

our  proposal  for  your  considerat ion in  terms of  "repeat ing what  had 

been done in  the previous s tudies ."  

Am I to interpret that that i s one aspect of an exper iment or a 

s tudy that  would go on,  and some of  the other  discussion we have 

been hear ing would be in  the context  of  aspects  of  s tudies  we have 
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been using as  phase f ive?  Or am I  to  interpret  that  not  only do you 

want  us  to  come up with  an experimental  design that  can capture  

"what  has  been previously s tudied,"  but  a lso include al l  these 

addi t ional  endpoints?  

I  could imagine an experimental  design that  would do that .  But  

I  would be cur ious i f  that 's  what  you mean.  Or are  we ta lking about  a  

ser ies  of  separate  s tudies?  

DR. ROBERTS: Responses?  Dr.  Delorme,  actual ly  you were 

next  up anyway. DR. DELORME: Actual ly,  I  was going to  

br ing up that  point ,  because I  was get t ing confused as  to  what  is  going 

on.  

And I  f l ipped back to  the s l ide on phase one which is ,  tes t  for  

apical  gonadal  effects ,  and the object ive was to  determine i f  a t razine 

exposure  resul ts  in  gonadal  effects  in  males  and females  in  brackets .  

When I  had put  in  my consensus that  repeat ing the experiments ,  

basical ly,  that 's  what  this  one is  about ,  and then the s ide bar  with  the 

ecological  re levance is  sor t  of  the  next  thing,  I  mean,  br inging i t  back 

and wearing my r isk assessor  hat ,  because that 's  what  I 'm doing,  I  

th ink we have to  recognize that  EPA wants  to  move this  r isk 

assessment  forward.  

And the f i rs t  s tep in  doing that  is  determining whether  or  not  
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that  cause effect  between atrazine and gonadal  effects  is  there .  

So perhaps maybe we want to consider an exper iment which 

would t ry  and repl icate ,  not  repl icate ,  but  a t  least  f i rm up that  cause 

effect .  

DR. ROBERTS:  Dr. Green. 

DR. GREEN: I  think the issue was whether  or  not  those 

gonadal  effects  that  you see morphological ly  have any physiological  

consequence.  I t  i s  hard to  answer  that  quest ion i f  a l l  you are  looking 

for  is  gonadal  abnormali t ies .  

That  would be the endpoint ,  I  guess ,  and a  place to  s tar t  in  

phase one.  I f  they do,  then maybe go on with other  experiments  to  

then tes t  the  hypothesis  as  to  whether  or  not  that  has  any effect  on 

fer t i l i ty  and fecundi ty. 

DR. ROBERTS: Dr.  Bradbury. 

DR. BRADBURY:  The way that  discussion was going is  good.  I 

th ink i t  would be helpful  for  us  to  hear  you explore  is  i t  sor t  of  a  

sequent ia l  - -  get  this  information,  check in  what  to  do next  or  do you 

t ry  to  do i t  a l l  a t  once.  

And I  think you opened up dialogue that  would be good to  hear  

some  more about .  

DR. ROBERTS:  Dr. Delorme, then Dr. Skel ly and then Dr. 
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Coats .  

DR.  DELORME: You may be able  to  design a  s tudy that  you 

could actual ly  phase the resul ts  where you get  the  resul ts  of  the  ini t ia l  

s tudy but  you have enough animals  lef t  over  that ,  i f  you need to  take 

i t  to  looking at  the  physiological  consequences  of  having disrupted or  

abnormal  gonads whether  or  not  that  has  effect .  

I  guess  that  would be possible .  But  again,  I  come back to  what  

Dr.  Green said ear l ier.  The more things you t ry  and get  out  of  a  

s tudy,  then you r isk having uncer ta inty creep in  or  los ing animals  or  

whatever. 

So you are  going to  have to  evaluate  the re la t ive meri ts  of  what  

you are  going to  get  out  based on the design.  

I f  you want  to  design a  s tudy where you could ini t ia l ly  t ry  and 

repl icate  or  look at  the  causal  effect  wi th  the idea that  you are  going 

to  have enough animals  bui l t  in to  i t  that  you can take i t  beyond that  

should you f ind out  that  there  is  effect ,  cer ta inly you could do that .  

DR. ROBERTS:  Dr. Skel ly. 

DR. SKELLY:  Dr. Delorme said much of what I wanted to say. 

I  guess  one way to  phrase the recommendat ion back to  EPA would be 

in  the context  of  doing a  power analysis  and thinking about  how many 

animals  need to  be avai lable  a t  each s tage.  How many of  them are  
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going to  have to  be sacr i f iced at  each s tage.  

Some things that  we 're  not  doing when we're  s i t t ing here  

ta lking about  i t  may become obvious one way or  another  that  i t  makes 

sense to  economize and break those up or  i t  makes sense to  economize 

and put  them together. 

DR. ROBERTS: Good point .  Dr.  Coats .  

DR.  COATS: My thinking is  that  phase one is  presented up 

there  and as  descr ibed in  the book is  pret ty  much where we need to  

s tar t .  But  that  there  has  been discussion of  maybe adding one more 

endpoint  on to  the end of  that  or  two i f  they are  not  too complicated.  

DR. ROBERTS:  Others?  Dr. Gibbs. 

DR.  GIBBS: I f  I  can just  add one point .  Molecular  genet ics  

gets  r ight  to  the  hear t  of  the  mat ter,  which would be paterni ty. There  

are  s imple ways without  get t ing into  behavior. For  male  f rogs,  

paterni ty  is  the  bot tom l ine.  However,  they get  there .  And I  think 

you could devise  some fair ly  s imple experiments ,  toe  c l ips  f rom al l  of  

your  adul ts  and al l  of  the  metamorphs and you 've - -  genotyping them 

and ass igning paterni ty. And you have got  some good data .  I t  gets  

r ight  a t  the  issue.  

DR. ROBERTS: Any other  comments?  What  do you think,  Dr. 

Bradbury,  is  that  - -  we have sor t  of  honed in  on i t  a  l i t t le  more? 
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DR. BRADBURY:  Yes.  I  know you are  going to  be wri t ing.  I  now 

have a  feel ing that  I  can imagine some of  the  dialogue that  wil l  be  on 

paper  that  wil l  be  helpful  based on this  las t  round of  discussions.  

DR.  ROBERTS: I  hope Dr.  Richards  can also imagine that  

dialogue.  Dr.  Coats .  

DR.  COATS: One point  had not  been discussed very much was 

the dose response possibi l i ty  as  descr ibed in  the t ier  one,  phase one 

there .  

And I  think i t  i s  an extremely important  par t  of  i t ,  and would be 

very informative to  e laborate  on the dosing scheme. That  may be 

discussed at  a  la ter  point .  

DR. ROBERTS:  I think i t comes up in C as I would interpret C. 

Have we f inished then with B,  Dr.  Richards?  Do you want  to  

pol l  the  panel?  Do you have a  pret ty  good feel  for  where we are  on 

this?  

DR. RICHARDS: I  don ' t  know if  the point  about  condi t ions and 

this  thing about  the ASTM standards  and f low through --

DR. ROBERTS: I  think we're  going to  get  to  that .  

DR. RICHARDS:  - - is that going to come la ter? 

DR. ROBERTS: I  think so.  We're  s t i l l  sor t  of  what  components  
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need to  be in  that  phase one and that  sor t  of  thing.  

Dr. Delorme. 

DR. DELORME: I  jus t  want  to  ask for  a  c lar i f icat ion.  You 

have repl icat ion up there  as  two.  Does that  mean two tanks or  two 

species  or  two xenopus? 

DR. TIETGE:  I t was meant to represent two tanks.  I think we 

have s ince - -  th is  is  an older  vers ion of  the  s l ide  for  some reason.  

DR. DELORME: Do you want  to  comment  on whether  or  not  

you think that 's  appropria te  given the context  of  the  discussion? 

DR. TIETGE: No.  In  the context  of  the power analysis  and the 

discussion that 's  been going on,  i t  i s  probably not  suff ic ient .  

I t  i s  a  commonly used approach in  aquat ic  toxicology,  a t  least  

two.  

DR. ROBERTS: Should we go on to  8  C then? 

DR. STEEGER: Please a lso comment  on the range,  spacing and 

number  of  a t razine concentrat ions  that  should be employed in  the 

proposed tes t ing sequence to  resolve uncer ta int ies  in  the  shape and 

nature  of  the  dose response re la t ionships  for  any observed 

developmental  effects .  

DR.  ROBERTS: I  th ink for  this  par t icular  quest ion --  I 'm sor t  

of  looking ahead.  We have some quest ions - -  most  of  the  res t  of  them 
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deal  ra ther  specif ical ly  with  the species  involved and differences  and 

those kinds of  things.  

I  th ink this  is  probably the best  quest ion to  ra ise  not  only issues  

regarding to  spacing and dosing of  a t razine concentrat ions ,  but  

perhaps some of  these other  things about  experimental  design that  we 

have been sor t  of  eager  to  br ing up.  

With that sa id, le t 's go to Dr. Richards . 

DR.  RICHARDS: I 'm going to  open i t  up to  those f i rs t  

s ta tements  on range and spacing.  I  know some of  you had some 

s t ronger  feel ings  about  that  i f  you want  to  just  jump in  here .  

DR. ROBERTS:  Dr. Heer inga had to leave for the a i rpor t .  But 

he did give me typed up comments .  With your  forbearance,  le t  me 

read them, because I  th ink that 's  probably the best  way to  get  them 

into the record.  And I  would not  dare  t ry  and paraphrase his  points  

for  fear  of  not  get t ing them r ight .  

In regard to 8 C, he says , this quest ion must be answered in the 

context  of  a  

presumed constraint  on the cost  and effor t  that  can be devoted to  a  

s ingle  repl icat ion of  the  s tudy to  determine i f  aqueous concentrat ions  

of  a t razine bears  a  re la t ionship to  gonadal  i r regular i t ies  and any 

associated mechanicism for  endocrine disrupt ion in  f rogs.  
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The scope of  the  s tudy is  determined by the number  of  

concentrat ions  and controls  tes ted,  the  number  of  int ra lab 

repl icat ions ,  for  example,  tanks for  each control  concentrat ion level ,  

and the number  of  tes t  animals  per  exper imental  repl icat ion.  

Range in  spacing of  the  experimental  concentrat ion levels  is  

obviously re la ted to  the number  of  feasible  experimental  points .  

Range in  spacing should also be governed by the specif ic  tes t  

hypothesis  concerning the potent ia l  shape of  any underlying 

concentrat ion response re la t ionship.  

Consider  the components  of  this  design in  the fol lowing order. 

One,  select ion of  controls .  Two,  range of  observat ions for  

experimental  concentrat ions .  Three,  number  of  independent  

repl icates  per  t reatment .  Four,  number  of  tes t  animals  per  

experimental  repl icate .  And f ive,  number  in  spacing of  experimental  

concentrat ions .  

Number  one,  select ion of  controls .  The experiment  should 

include untreated control  repl icates  and a  posi t ive  control  under  

which tes t  animals  are  exposed to  a  concentrat ion of  es t rogen.  I 

support  the  EPA sta tement  that  a  posi t ive  androgen control  group is  

not  needed,  a l though would be benefic ia l  i f  laryngeal  muscle  

measurement  is  included as  an endpoint .  
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As a  protect ive factor  in  the tes t  of  hypothesis  concerning the 

dichotomous or  polyotomous,  (ph)  Dr.  Hayes '  c lass i f icat ion,  gonadal  

deformity endpoint ,  which is  based on exis t ing data ,  suggests  a  one-

s ided tes t .  The sample s ize  for  the  untreated control  should be 

increased beyond the levels  that  would be ass igned to  concentrat ion 

points  in  the nonzero domain of  the  tes t  range.  

Number  two.  Range of  observat ions.  Set t ing as ide the posi t ive  

controls ,  the  range of  experimental  concentrat ion should span zero or  

untreated at razine concentrat ion across  ecological ly  re levant  

concentrat ions  and extend to  concentrat ions  that  meet  and at  least  one 

point  exceeds the upper  percent i le  bounds that  have been measured in  

natural  aquat ic  environments .  

Number  three,  number  of  repl icat ions  for  each experimental  

t reatment .  For  the xenopus,  and that 's  Hayes and 

Carr  s tudies ,  and the rana s tudies ,  Hayes,  es t imates  of  the  empir ical  

in t rarepl icat ion or  int ra tank correla t ion should be obtainable .  

Based on concordance of  the  values  or  maximum of  es t imates  i f  

h ighly var iable ,  the  es t imated intraclass  correla t ion should be used to  

determine the number  of  repl icates  per  t reatment  arm and the 

a l locat ion of  tota l  sample s ize  to  repl icat ions  and tes t  animals  per  

repl icat ion.  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

282 

This  should be based on the best  empir ical  data  f rom the 

exis t ing s tudies .  Underest imat ing the intrarepl icate  correla t ion and 

planning the sample s ize  a l locat ion may ser iously a t tenuate  the  t rue 

power of  the  tes t  of  the  hypothesis  concerning the chosen endpoints  

and in  par t icular  tes t  of  hypotheses  concerning a  dichotomous that  is  

deformity outcome or  the  different ia ted polytomous class i f icat ion of  

deformit ies  proposed by Dr.  Hayes in  his  presentat ion to  the panel .  

Number  4 ,  number  of  animals .  Subjects  per  repl icat ion having 

es tabl ished a  working value for  the  int rarepl icate  correla t ion for  the  

c lass  of  outcomes of  interest  and a  desired level  of  s ta t is t ical  power 

for  a  specif ic  hypothesis  tes t .  

The determinat ion of  the  opt imal  number  of  animal  subjects  can 

be determined joint ly  with  the determinat ion of  number  of  t reatment  

repl icates .  

This  a l locat ion is  obviously constra ined by bio- loading and 

water  qual i ty  considerat ions  that  are  discussed in  the EPA white  

paper. 

Final ly,  Number  5 ,  opt imal  determinat ion of  the  number  in  

spacing of  t reatments  as  governed by the hypothesized shape of  any 

underlying concentrat ion response re la t ionship.  

The panel  has  determined that  data  f rom exis t ing s tudies  lend 
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support  to  fur ther  tes t ing the hypothesis  of  a  re la t ionship between 


atrazine concentrat ion and gonadal  abnormali t ies  in  f rogs. 


Dr.  Hayes provided data  and arguments  that  the  re la t ionship is  

not  monotonic  potent ia l ly  in  inver ted response.  But  this  has  not  been 

repl icated in  other  s tudies .  

At  this  s tage,  there  is  insuff ic ient  basis  to  set  the  spacing of  

t reatments  to  opt imize the experimental  design for  a  funct ional  form 

for  a  potent ia l  concentrat ion response curve.  

A robust  design would use mult iple  concentrat ion points  to  

accommodate  the possibi l i ty  that  any effect  is  monotonic  or  

a l ternately  that  there  is  a  s imple  nonmonotonic  or  convex 

rela t ionship.  

There  was a lso an advantage to  re ta ining concentrat ion points  

that  have been used in  the pr ior  research by Hayes,  Carr,  Hecker  and 

others ,  0 ,  0 .01,  1 ,  10 and 25 micrograms per  l i ter,  and adding an upper  

concentrat ion level  that  exceeds the 25 microgram per  l i ter  value,  a t  

which Dr.  Hayes and Carr  s tudies  have detected increases  in  the 

number  of  abnormali t ies ,  such as  basing of  concentrat ion t reatments  

should be suff ic ient  to  tes t  the  hypothesis  of  an effect  and to  

secondari ly  tes t  whether  any real  effect  is  monotonic  or  

nonmonotonic .  
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Obviously,  these concentrat ion levels  would not  permit  tes t ing 

threshold responses  below the .01 microgram per  l i ter  level .  

I  wi l l  g ive these to  Dr.  Richards  to  work into our  comments .  

Dr.  Green,  did you want  to  - -

DR. GREEN: I  was just  going to  say I  support  his  

recommendat ions ,  and I  par t icular ly  l ike  the dose range that  he  has  

proposed in  that .  

DR. ROBERTS:  Other comments .  Dr. Coats . 

DR.  COATS: Yes.  I  l iked some of  the comments .  I  don ' t  th ink 

that  dose range is  going to  depict  the  curve any more c lear ly  than --

concentrat ion response any bet ter  than what  we have al ready seen 

other  than one laboratory doing al l  those concentrat ions ,  which Dr. 

Hayes has  most ly  done.  

I  th ink i f  there  is  an unusual  response at  which point  .1  par t  per  

bi l l ion is  a  s ignif icant  concentrat ion,  that  points  near  that ,  above and 

below ought  to  help del ineate  the  response curve i f  i t  i s  a  curve.  

And that  i f  you are  going by orders  of  10,  orders  of  magni tude,  

you would miss  that .  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC:  I agree completely wi th Dr. Coats .  I think we 

need to  recognize here  or  a t  least  acknowledge what  the  intent  of  the  
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exper iment  is  and design i t  appropria te ly. 

We can design the exper iment  to  repl icate  ear l ier  exper iments ,  

that  is ,  determine whether  or  not  a t razine is  e l ic i t ing the effect ,  or  we 

can t ry  and character ize  the shape of  the  concentrat ion response 

curve.  

But  I  don ' t  know that  we can do both unless  we get  lucky.  And 

I  would suggest  that  probably the f i rs t  t ime around we fol low the 

recommendat ions of  Dr.  Heeringa recognizing that  we 're  probably not  

going to  character ize  the concentrat ion response curve,  but  wil l  have 

a  good design to  repl icate  previous observat ions  and,  i f  we get  lucky, 

perhaps we ' l l  gain information on the concentrat ion response curve as  

wel l .  

DR. ROBERTS:  Dr. Green.  Then Dr. Delorme. 

DR. GREEN: The aspect  I  l iked about  the dose responses  or  the 

doses  that  he has  proposed is  that  they do include the ones  that  have 

been looked at  previously. 

And I  agree.  They could be added to .  And I  l ike  the fact  that  

he exceeded the maximum dose that  was looked by both labs .  I  can ' t 

recal l  how many fold,  how many t imes he said  higher  than the 25.  

What  was the next  value?  Did he give one? 

DR. ROBERTS: Based on some percent i le ,  I  bel ieve,  of  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

286 

observat ions f rom the f ie ld .  

DR. GREEN:  That seems important to do. 

DR. ROBERTS:  Dr. Delorme. 

DR. DELORME:  I jus t wanted to ask a c lar i f icat ion of EPA. 

Were you intending this  as  an inova (ph)  design s tudy which is  a  

hypothesis  tes t ing or  one which --  a  l inear  design --  or  a  regression 

type of  design where you actual ly  want  to  get  a  dose response? 

Because that  actual ly  makes a  difference on how you space your  

doses  and how many animals  you have in  your  repl icates .  

This  actual ly  goes  to  some of  the  other  comments  that  have 

al ready been made.  

DR. ROBERTS:  Dr. Tietge. 

DR.  TIETGE: To the extent  possible ,  I  th ink dose response,  but  

I  th ink recognizing what  Dr.  LeBlanc said is  you may not  be able  to  

hi t  the  proper  range of  concentrat ions  to  achieve that .  

DR.  ROBERTS: As Dr.  LeBlanc said,  of ten t imes when you do 

these kinds of  s tudies ,  especial ly  i f  there  is  a  sharp inf lexion in  the 

curve,  then you have to  go back and s tar t  loading in  in  that  cr i t ical  

range.  So i t  wouldn ' t  be  surpr is ing.  

But  I  th ink at  least  the  recommendat ions by Dr.  Heeringa span 

the r ight  range of  doses .  
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Any other  recommendat ions or  comments  about  spacing,  e t  

cetera? Dr.  Delorme.  

DR. DELORME: Just  out  of  cur iosi ty,  are  you worr ied about  

the low end of  the dose response curve or  the upper  end?  From  a 

regulatory perspect ive,  of ten t imes what  we 're  looking for  is  near  to  

no effects  or  what  we would putat ively cal l  acceptable  effects .  

DR. BRADBURY:  I think we 're sor t of get t ing into a phase 

within a  phase.  I  th ink the f i rs t  quest ion is  can you reproduce the 

effect  and can we use that  in  dose basings that  were recommended I  

think are  reasonable  to  get  some sense of  consis tency across  s tudies .  

Give me a  concentrat ion response curve to  s tar t  work even i f  

i t ' s  crude,  then we can s tar t  ta lking about  those kinds of  things.  I 

th ink i t ' s  premature  unt i l  we get  a  response re la t ionship.  

DR.  ROBERTS: Using the chairman's  prerogat ive,  I 'm going to  

change my  mind about  ta lking about  other  experimental  design 

aspects  a t  th is  t ime.  Let 's  go through the res t  of  the  quest ions ,  and 

then at  the  end i f  there  are  recommendat ions  regarding other  aspects  

of  the  experimental  design or  other  points ,  le t 's  go ahead and br ing 

them in  a t  that  t ime.  

Are there  any other  comments ,  then,  on the specif ic  issues  

ra ised in  this  par t icular  quest ion on the range,  spacing and number  of  
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atrazine concentrat ions? 


Let 's  move on,  then,  to  D.  

DR. STEEGER: Please comment  on the agency 's  

recommendat ion that  xenopus laevis  be used as  the  pr imary biological  

model  in  the  proposed s tudies  and whether  or  not  the  mechanisms 

involved in  sexual  different ia t ion of  the  ranid and pipid species  are  

suff ic ient ly  s imilar  to  predict  effects  and associated dose response 

curves  for  rana and/or  to  eff ic ient ly  design rana s tudies .  

DR. ROBERTS: Dr.  Richards,  do you want  to  lead off  or  throw 

i t  open for  discussion? 

DR. RICHARDS:  Let me make a comment .  I think that the 

agency and others  have indicated there 's  lo ts  of  reasons you use 

xenopus,  for  a  var ie ty  of  laboratory tes ts  and quick techniques and so 

for th .  

I think we have also previously ident i f ied some need to s tar t 

in i t ia t ing a  t ighter  rana procedure in  the  laboratory. 

But  I  would l ike to  throw i t  over.  I  hope Dr.  Kel ley wil l  

respond on the differences  in  the  different ia t ion.  

DR. KELLEY: I  don ' t  th ink we know enough to  be able  to  

answer  this  quest ion.  We know a huge amount  about  xenopus laevis ,  

and we know so much less  about  rana that  I  couldn ' t  te l l  you.  I 
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couldn ' t  answer  this  quest ion.  

DR. ROBERTS:  Dr. Skel ly. 

DR.  SKELLY:  I  guess  Dr.  Kel ley 's  point  suggests  to  me that  - -

just  to  support  what  EPA has proposed,  that  rana is  used as  a  

corroborat ing species  for  these ear ly  experiments .  

DR.  ROBERTS: Any other  comments  or  any comparison of  the 

species  or  the  sui tabi l i ty  of  one to  serve as  a  model  for  the  other?  Dr. 

Denver,  and then Dr.  Green.  

DR. DENVER:  I jus t want to concur wi th Dr. Skel ly that the 

ranid species  do need to  be considered ear ly  in  the  game. 

DR. ROBERTS:  Dr. Green. 

DR. GREEN: I  think i t  i s  probably obvious,  but  we could 

probably a l l  predict  that  there  wil l  be  differences  between the two 

species .  

DR. ROBERTS: Any other  comments  on this  one?  Dr.  Gibbs.  

DR.  GIBBS: Only that  the  rana maybe should be clar i f ied.  I t  

should be a  North American rana.  There 's  rana on different  

cont inents .  

DR. ROBERTS:  Then le t 's le t our minutes ref lect that 

c lar i f icat ion.  

Let 's  go ahead and go to  E which is  sor t  of  the f l ipside of  the 
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quest ion.  

DR.  STEEGER: In this  regard,  are  there  important  differences  

between the species  to  conclude that  any affected developmental  

processes  observed in  xenopus laevis  would not  occur  in  rana? 

DR. ROBERTS:  Dr. Richards . 

DR. RICHARDS: I  wil l  throw that  one open.  

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: Every species  develops in  i ts  own way,  but  they 

al l  develop their  gonads,  and they different ia ted,  you know, not  too 

roughly inappropria te  t imes.  

There  actual ly  are ,  a l though I 'm not  sure  how val id ,  there  are  

tables  that  re la te ,  the  tables  of  normal  development  in  xenopus to  

roughly equivalent  s tages  in  rana.  So i t  i s  possible  to  normalize  a  

l i t t le  bi t  in  that  way. 

The developmental  biologis ts  bel ieve,  a l though they now 

most ly  s tudy xenopus,  in  the old days they s tudied rana,  and the 

developmental  biologis ts  bel ieve that  the  fundamental  processes  are  

extremely s imilar,  shpay mons (ph)  organizer,  induct ion and so for th .  

I  don ' t  know of  any s t rong species  difference that  would lead 

me to  bel ieve that  there  would be some fundamental  reason --  some 

fundamental  di fference at  the  developmental  level  that  would lead 
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anything affected in  xenopus to  not  necessar i ly  be affected in  rana. 


So that 's a very couched s ta tement , but I bel ieve that the 

developmental  biology community would agree with  me. 

DR. ROBERTS:  Dr. Skel ly. 

DR.  SKELLY:  I  wil l  support  everything Dr.  Kel ley just  said  

with  just  an added comment .  I t  seems l ike  t iming is  important  here .  

And one aspect  that  xenopus differs  f rom almost  a l l  o ther  f rogs is  in  

how,  say,  the  onset  of  reproduct ion and the development  of  

reproduct ive morphology differs  with  respect  to  the onset  of  other  

sor t  of  metamorphic  characters  in  a lmost  a l l  o ther  f rogs .  

So there  are  things that  jus t  never  happen in  xenopus.  

Transi t ions  that  e i ther  don ' t  take place or  take place different ly  in  

xenopus than they would in  rana and almost  a l l  o ther  f rogs that  

undergo metamorphosis .  

That  suggests  that  e i ther  the  genes  that  control  development  

and some of  the developmental  pathways,  and I 'm get t ing way out  on a  

l imb,  I 'm going back to  grad school  to  remember  this  s tuff ,  but  

suggest  to  me that  developmental  pathways and t iming of  things are  

somewhat  different .  

And s ince t iming of  the  exposure to  a t razine or  whatever  can 

happen at  di fferent  t imes re la t ive  to  developmental  sequence,  even 
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though there  are  these tables  that  re la te  xenopus development  to  rana 

development ,  what  is  going on inside and when genes are  turning on 

and those sor ts  of  things,  I  don ' t  know that  we know that  much about  

that  r ight  now. 

I guess that 's jus t a note of caut ion in assuming that these 

things are  going to  happen s imilar ly.  I  wi l l  jus t  f inish by saying that  

I  th ink we have seen pictures  anyway that  suggest  that  some of  the 

outcomes in  gonadal  abnormali t ies  seem to manifest  themselves  

somewhat  different ly  in  the  two species .  

DR. ROBERTS:  Other points? 

Should we go to  F which is  again re la ted to  the same --

different  way of  sor t  of  tackl ing the same kind of  issue? 

DR. STEEGER: Alternat ively,  are  there  developmental  

pathways in  rana but  not  in  xenopus laevis  that  ra ise  concerns  about  

using xenopus laevis  as  the  pr imary biological  model  in  any future  

a t razine s tudies?  

DR. ROBERTS: Dr.  Richards.  You were going to  defer  to  the 

person who just  walked out  the door. 

DR. RICHARDS: Like a  f l ipside of  what  we just  spoke of  here .  

DR.  SKELLY:  I  guess  I 'm get t ing t i red,  but  I  was hoping to  

make  the  comment  I  made for  E for  F. 
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You can move that . 

(Thereupon,  the  t ime was 5 o 'c lock p.m.)  

DR. ROBERTS: I  think we could sor t  of  take these up kind of  

col lect ively.  Because i f  I  unders tand i t  correct ly,  I  th ink the agency 

is  t rying to  ask in  different  ways to  what  extent  can we extrapolate  

data  f rom xenopus to  rana,  and does  i t  serve as  an effect ive surrogate  

or  is  there  any reason to  be concerned i f  we used i t  as  our  pr imary 

model  that  i t  would mislead us  about  what  was going on in  rana.  

Dr. Denver. 

DR.  DENVER: I  don ' t  have any evidence that  would suggest  

that  the  basic  developmental  pathways would differ,  a l though,  there  

are  dis t inct  differences ,  obviously,  in  l i fe  his tory and physiology and 

we have documented differences  in  the development  of  the  s t ress  axis  

when the s t ress  axis  becomes responsive,  the  product ion of  s t ress  

hormones in  the two species  throughout  development ,  th ings l ike  that .  

So the t iming of  things are  different  in  the two species  as  Dr. 

Skel ly  pointed out .  But  I  don ' t  have any evidence to  suggest  that  the  

basic  mechanisms  are  that  di fferent .  So I  th ink the main point  there  

is  to  real ize  that  the  cr i t ical  per iods  or  the  sensi t ive  per iods  may 

differ  between the two species .  So that  needs to  be considered in  any 

experiments  that  are  designed.  
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DR. ROBERTS:  Other points?  Dr. Delorme. 

DR. DELORME: Just  s tepping back and taking the broad 

picture ,  I  guess  what  I 'm hear ing is  that  you can make the assumption 

that  there  may be not  too many differences ,  but  you are  making an 

assumption.  

And at  some point ,  you are  going to  have to  tes t  that  

assumption.  I t  may not  have to  be r ight  away. But  cer ta inly, 

sometime in  the future  you are  going to  have to  do some work to  work 

on i t .  

DR.  BRADBURY:  I  think I 'm picking up the message that  

xenopus is  a  reasonable  biological  model  to  fur ther  confirm  a 

toxicological  s ignal  re la ted to  gonadal  development  and tes t  that  wi th  

a t razine.  That  that 's  a  reasonable  biological  model  to  get  s tar ted.  

Does that  mean that  a l l  amphibians  wil l  respond exact ly  the  

same way as  xenopus does?  I  real ize  we 're  not  saying that .  But  jus t  

as  we do our  aquat ic  toxicology tes t ing,  we don ' t  have the luxury to  

tes t  a l l  the  thousands of  species  of  f ish in  North America.  We have to  

set t le  on a  few surrogate  species  to  give us  a  sense of  the  

toxicological  potent ia l  of  the  chemical  and then through other  

analyses  one deals  with  species  extrapolat ion and other  aspects  of  l i fe  

his tory to  ref ine our  r isk assessments  as  needed.  
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So for that mat ter, we have a handful of mice and ra ts that we 

use to  go to  humans.  But  a t  least  we have several  species  to  go to  one 

species .  Ecological  toxicology,  we 're  going from a handful  of  species  

out  to  potent ia l ly  several  or  many. 

So what  I  th ink I 'm hear ing is  that  xenopus is  a  reasonable  

biological  model  to  get  a  handle  on the consis tency of  previous 

s tudies  in  terms of  the  potent ia l  for  a t razine to  ini t ia te  these  

developmental  effects .  

The proposal ,  then,  is  to  use a  North American species  to  get  

some sense of  species  var iabi l i ty  and to  be using a  species  of  North 

America.  Does that  represent  a l l  the  North American species?  No.  

But  a t  th is  point ,  I  would say that  we 're  sor t  of  in  the venue of  

a l l  of  the  chal lenges  we have in  ecological  r isk  assessment  across  the  

board in  how to extrapolate  across  many species  when you only have 

data  for  a  few,  unless  the  panel  wants  to  probe that  a  bi t .  

DR.  ROBERTS: I  think I  heard not  only just  now but  

discussions ear l ier  dur ing the las t  couple  of  days that  there  are  some 

--  s ince a  pr imary object ive as  we just  discussed at  least  in i t ia l ly  is  to  

get  a  handle  and do some wel l  control led s tudies ,  that  there  are  a  

number  of  advantages  in  using xenopus to  do that  because i t ' s 

wel l -character ized.  There  is  a  lot  of  exper iments  and i t  lends i tse l f  to  
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doing those kinds of  experiments  that  real ly  need to  be done ini t ia l ly. 

But  as  you say,  we ' l l  a lso have to  do at  least  some experiments  

on rana because of  uncer ta inty about  the  extent  to  which xenopus 

would be representat ive.  

Does anybody else  want  to  add anything? 

DR. DENVER:  I jus t wanted to add a re la ted point .  That came 

up ear l ier  with  regard to  measurements  of  uptake of  a t razine and 

body burdens and that  sor t  of  thing.  

These two species  have very different  feeding ecology as  

tadpoles .  And that  could t ranslate  into  different ia l  ra tes  of  uptake 

and different  exposure to  the compound.  

And so I  th ink that  a t  the  outset  i t  i s  important  to  address  those 

issues .  I  th ink as  a l ready been --  that  point  has  been made,  I  don ' t 

know that  has  been made today,  but  i t  has  been made previously that  

that  be  measured and perhaps compared between species  and the 

s tudies .  

DR.  ROBERTS: Dr.  Denver,  can you provide a  reference that  

we can include in  our  minutes  so we can be sure  and pass  that  

message? 

DR. DENVER:  A reference to the previous discussion - -

DR. ROBERTS: No,  to  the different  feeding behaviors .  
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DR. DENVER:  Oh, yes , sorry. 

Xenopus tadpoles  are  f i l ter  feeders  whereas  ranids  tend to  feed 

on --  t ry  to  s i t  a t  the  bot tom of  the pond.  So they have qui te  different  

modes of  feeding.  And so their  ra tes  of  uptake of  compounds from the 

environment  may be different .  

DR.  ROBERTS: If  you can draf t  a  couple  of  l ines  or  two and 

throw in a  few ci ta t ions  for  a  report ,  that  would be very helpful .  

Any other  comments  on this?  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: Maybe i f  you want  to  general ize  the effects  on 

sexual  different ia t ion on amphibians ,  I  th ink I  would l ike  to  ment ion 

that  we have also another  order  of  amphibians ,  oradales  (ph) ,  which 

have different  androgens.  

I f  you would l ike to  have some comprehensive s tudies ,  of  

course  I  agree ful ly  that  you should go ahead to  s tar t  out  with  

xenopus.  But  i f  you would expect  something different ,  then you 

should more go to  oradales  to  look in  this  - -  a l l  of  amphibians .  

Because they have probably a lso a  l i t t le  bi t  d i fferences  or  more 

pronounced differences  concerning sexual  different ia t ions  in  

comparison to  xenopus and ranids .  

DR. ROBERTS:  Dr. Delorme. 
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DR. DELORME: Just  a  comment  on Dr.  Denver 's  l i t t le  

discourse  there  on uptake from feeding.  

I  don ' t  know if  there  is  any data ,  but  i t  might  be worthwhile  

looking at  the  re la t ive contr ibut ion from food and bioconcentrat ion 

from the water. 

I  don ' t  know if  one would outweigh the other,  but  cer ta inly i t  i s  

a  thing to  consider,  something to  consider  in  the exposure,  because 

we 're  real ly  t reat ing the water  here ,  not  the  food.  

DR. ROBERTS: Any other  points  or  comments  on this ,  on the 

appropria teness  of  the  models?  

Let 's go ahead and take G, then. 

DR. STEEGER: Assuming xenopus laevis  and rana are  

suff ic ient ly  concordant  f rom a toxico dynamic perspect ive with  

regard to  potent ia l  developmental  effects  of  a t razine,  what  cr i t ical  

toxico kinet ic  processes  should be considered for  extrapolat ing 

xenopus laevis  dose response re la t ionships  to  rana and/or  for  

designing subsequent  s tudies  with  rana.  

DR. ROBERTS:  Who wants to tackle this one?  Dr. Delorme, 

then Dr.  Green,  then Dr.  Coats .  

DR.  DELORME: I  think we already touched on one of  them. 

That 's  uptake.  The second one would be looking at  whether  or  not  the  
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degradat ion or  the  depurat ion from the animal  is  s imilar.  I  can ' t  te l l 


you. 


DR. ROBERTS:  Dr. Green. 

DR. GREEN: I  can ' t  answer  this  direct ly,  but  I  know from 

looking at  pharmacokinet ic  s tudies  again for  the  purpose of  t rying to  

apply veter inary drugs to  t reat  s ick animals  that  there  are  differences  

between rana pipiens  and mammals .  There  have been some 

comparisons in  smal l  rodents .  

Differences  between rana pipiens  and X.  laevis  in  

pharmacokinet ic  s tudies ,  the  comparisons aren ' t  usual ly  direct ly  

made.  But  the margin of  safety for  many drugs has  been proposed to  

be much lower  for  X.  laevis  because i t ' s  a  ful ly  aquat ic  species ,  which 

means that  when they get  s ick or  weak,  they can ' t  get  up to  the surface 

to  gulp a i r. 

So they die  f rom drowning,  which I  might  envis ion that  i f  a t  the  

higher  ends of  this  dose range that  we propose for  a t razine,  the  

mortal i ty  perhaps,  maybe not ,  could be higher  in  the  juveni le  and 

older  animals  that  are  ful ly  aquat ic  a t  that  point ,  because they wil l  get  

s ick and weak,  and not  being semiterres t r ia l  l ike  rana pipiens ,  you 

might  see  more of  them die  ear l ier  on in  the s tudy than you would for  

rana pipiens .  
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That 's  speculat ive on my par t .  But  there  is  some suggest ion in  

the  l i terature  that  when i t  comes to  some veter inary drugs,  that 's  what  

happens to  xenopus laevis .  

So you can ' t  apply a  drug dose for  a  rana to  a  xenopus to  t reat  a  

par t icular  condi t ion without  being aware you could ki l l  the  xenopus.  

DR. ROBERTS:  Dr. Coats . 

DR.  COATS: I  agree there  is  basis  to  probably expect  different  

pathways of  degradat ion.  Most  of  them probably are  detoxif icat ions.  

There  is  possibi l i ty  of  some of  them not  being at  detoxif icat ion and 

s t i l l  resul t ing in  a  molecule  that  would be bioact ive.  From the uptake 

perspect ive,  I  agree that  the  water  and the food are  both important  

probably and need to  be s tudied.  

And cer ta inly absorpt ion through the skin is  something 

rela t ively unique or  a t  least  feasible  that  would have to  be looked at  I  

th ink in  the  aquat ic  forms.  

DR. ROBERTS: Just  to  comment  on my par t ,  I  th ink you could 

do a  lot  of  toxico kinet ic  s tudies  in  terms of  absorpt ion and 

depurat ion.  But  an easy thing to  do to  sor t  of  see  what  the  summation 

of  those processes  are  is  to  look at  the  t issue levels  in  animals  a t  

di fferent  concentrat ions ,  which real ly  gives  you sor t  of  the  

integrat ion of  the  intake and outf low. 
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And we have al ready ta lked about  the  desirabi l i ty,  i f  possible ,  

of  put t ing that ,  get t ing that  information as  par t  of  the  s tudy so you 

can see whether  or  not  a t  a  par t icular  concentrat ion of  a t razine and 

water  you get  the  same concentrat ions  in  xenopus as  you do in  rana.  

On a very s imple level , that might be very useful for 

extrapolat ions .  

Dr. Delorme and then Dr. Kloas . 

DR.  DELORME: I  guess  my only concern with this  would be 

that  the  development  of  the  different  organs,  especial ly  the  l iver, 

which is  probably going to  be the major  detoxif icat ion organ,  you 

have to  be aware of  any differences  between the two species  and how 

that  can affect  what  is  going on.  

I  don ' t  know how you are  going to  do that .  I 'm not  a  

developmental  biologis t .  I t  theoret ical ly  I  guess  could have an effect .  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: For  toxico dynamics  I  think during the larval  

developments  there  shouldn ' t  be  a  big  difference between ranid and 

xenopus.  

But  af ter  metamorphosis ,  the  skin of  xenopus is  re la t ively 

impermeable .  So there  should be a  big  difference in  toxico dynamics ,  

especial ly  i f  some experiments  for  the  modes of  act ions  might  become 
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designed for  juveni le  or  adul ts .  This  should be taken in  account  that 


there  is  severe  differences  between ranid species  versus  skin s t i l l  that 


keeps on being qui te  permeable  in  xenopus. 


DR. ROBERTS: Good.  Any other  comments  or  suggest ions on 

this  point?  

Dr.  Bradbury,  is  the  input  reasonably clear?  

DR. BRADBURY:  Yes. 

DR.  ROBERTS: This  was the las t  par t  of  the las t  quest ion.  But  

during the course  of  some discussions,  I  th ink there  have been some 

aspects  of  potent ia l  exper iments  that  the  panel  has  been anxious to  

recommend or  offer  their  advice in  terms of  how some of  these s tudies  

should be performed.  We have already heard some of  them. And I  

think Dr.  Green has  provided some excel lent  suggest ions on issues  in  

terms of  pract ical i t ies  of  doing s tudies  and things that  need to  be 

considered.  

Maybe i f  we could go back to  the s l ide which sor t  of  la id  out  

the  things in  some of  the  ini t ia l  phase one s tudies  to  sor t  of ,  to  serve 

as  prompts .  

I  wi l l  ask the panel  now as  we sor t  of  move beyond the 

quest ions  posed to  use i f  there  are  any specif ic  suggest ions  that  they 

might  have that  haven ' t  been ment ioned so far. 
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Dr. Green and LeBlanc. 

DR.  GREEN: I  think we ta lked about  water  qual i ty  issue and 

nutr i t ion and feeding a  l i t t le  bi t .  But  the  issue of  what  kind of  tanks 

these s tudies  would be performed in ,  whether  they were f low through 

or  s ta t ic  renewal ,  I  don ' t  know if  that  was resolved.  

I  was just  wondering i f  the  EPA were to  conduct  these s tudies  

in  their  lab,  and I 'm not  saying that  they would,  what  kind of  tanks are  

rout inely used for  such s tudies?  

DR. TIETGE: We typical ly  use glass  tanks using f low through 

condi t ions .  

DR.  GREEN: What  is  the  water  turnover  ra te  in  the f low 

through? 

DR. TIETGE:  In terms of f low rate , i t i s 25 mils per minute , 

which is  about  36 l i ters  per  day. 

DR. GREEN: And the total  volume of  the tank is  how much? 

DR. TIETGE: In  that  par t icular  system,  the s tanding tank 

volume I  bel ieve is  four  l i ters  and our  s tocking densi ty  is  f rom 20 to  

25 organisms.  

And i f  you calculate  the  maximal ,  the  approximate  maximal 

weight ,  the  tota l  loading approaches the ASTM standard of  one gram 

per  l i ter  per  day. 
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DR. GREEN: I  don ' t  have a  feel  for  how diff icul t  th is  would be 

for  labs  that  might  be asked to  perform these s tudies  to  reproduce.  

DR. TIETGE:  Well , I k ind of got prepared for this .  I was 

ant ic ipat ing these quest ions  las t  night  whi le  everybody else  was 

awake.  

I  have a  br ief  l i t t le  presentat ion here .  

Perceived problems.  We hear  a  lot  of  different  problems 

brought  up.  And one is  system costs .  

Actual ly,  system costs  are  not  necessar i ly  high because there  

are  proport ional  di luter  devices  which work on hydrol ic  pr inciples  

that  real ly  cost  probably a  few hundred dol lars  to  bui ld .  

These have been publ ished.  There  is  publ ished designs for  

these that  date  back to  the 70s,  I  bel ieve.  One of  them is  cal led the 

Mount  Brungs (ph)  Deluter.  There  is  a  Banoi t  (ph)  Deluter.  These 

kinds of  technologies  are  very old.  We have many of  them in our  

laboratory. 

I  th ink the not ion of  cost  is  of ten considered an impediment  

because there  are  fancier  systems that  can be computer  control led and 

can do very complicated exposure  or  can be used to  achieve very 

complicated exposure  designs.  

But  the  basic  systems can be very inexpensive and very 
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reproducible  because you are  re lying on gravi ty  to  make them work.  

They are  very low cost  systems.  

There  are  concerns  about  operat ional  costs .  For  example,  waste ,  

chemical  costs  in  terms of  the  tes t  chemical ,  which I  don ' t  th ink in  

this  case would be a  great  impediment ,  and then costs  for  water.  And 

I ' l l  get  in to  a  few of  those a  l i t t le  bi t  more in  a  moment .  

We of ten hear  that  i t  i s  subopt imal  for  anurans.  And I  guess  I 'm 

wondering what  the  biological  basis  is  for  that .  I  have read 

anecdotal ly  that  i t  i s  a  subopt imal .  Al l  I  know is  empir ical ly  i t  seems 

to  work pret ty  wel l .  So i f  someone has  a  biological  basis  for  that  - -

Dr.  Kel ley ment ioned yesterday that  s t imulat ion of  la teral  l ine  could 

re la te  to  - -  could re la te  to  some s t ress  response,  and I  have seen that  

in  the  l i terature ,  but  I  have never  seen i t  actual ly  documented.  I t  

seems to  be kind of  an informal  opinion.  

Just  a  quick his tory about  these methods.  As I  ment ioned,  some 

of  the technology for  doing the f low through methods were developed 

back in  the 1970s at  the  end of  the per iod of  aquat ic  toxicology where 

i t  was cal led the ki l l  them and count  them per iod where acute  le thal i ty  

in  short  term sta t ic  tes ts  were kind of  the  norm. 

As water  qual i ty  cr i ter ia ,  for  example,  became more 

complicated or  more,  what  do I  want  to  say --  wel l ,  we s tar ted to  move 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

306


toward more sophis t icated approach to  water  qual i ty  cr i ter ia .  And we 


began using s tudies  that  were more capable  of  deal ing with  chronic 


and subchronic  sublethal  endpoints . 


That 's  where f low through systems real ly  became developed,  

was to  achieve those ends.  And when you get  into  more subt le  

effects ,  such as  endocrine disrupt ion,  these types  of  systems provide 

highly reproducible  exposures ,  which minimizes  the var iance in  the 

system. 

Current ly,  EPA requires  f low through s tudies  in  different  

off ices  of  a t  least  12 species .  We just  kind of  threw these numbers  

together  las t  night .  And typical ly,  there  is  300 s tudies  submit ted 

annual ly.  These are  pr imari ly  f ish  s tudies .  

But  the  point  is  that  there  is  adequate  faci l i t ies  in  the  research 

community  to  do this .  There  is  the  toxicological  exper t ise  and,  in  

fact ,  guidance such as  in  the ASTM guidel ines  on how to conduct  

these s tudy was amphibians  as  wel l  as  f ishes .  

In general , a t our laboratory, we also maintain a very large 

database for  aquat ic  toxici ty.  And I  can te l l  you that  there  is  

thousands of  s tudies  that  have been conducted over  the  las t  20 years  

using f low through methods with  a t  least  30 aquat ic  species .  This  is  

not  anything new.  That 's  my point  here .  
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So there  is  two main l ines  of  reasoning to  use f low through 

methods.  The f i rs t  i s  the  biological  ra t ionale .  Maintenance of  water  

qual i ty. These issues  have been brought  up.  Temperature ,  pH,  e t  

cetera .  

Reduced s t ress  caused by repeated exchanges or  handl ing of  

organisms during s ta t ic  renewal  s tudies .  In  a  f low through s tudy,  you 

don ' t  need to  do that .  

And with most  species ,  a t  least  the  species  that  we have worked 

with,  these methods have been demonstrated to  promote survival ,  

growth and development .  

Now, the toxicological  ra t ionale  for  the  f low through methods,  

f i rs t  of  a l l ,  i s  the  maintenance of  a  s table  chemical  concentrat ion.  

Remembering that  in  this  par t icular  case  we 're  not  t rying to  achieve 

an ecological  approach,  i t  i s  a  toxicological  approach,  to  reduce the 

var iables  involved so we can,  you know, assess  the chemical  in  a  

t ight ly  control led system. 

I t  i s  par t icular ly  good for  highly hydrophobic  chemicals  

because i t  e l iminates  the  mass  l imita t ions  that  occur  when you are  

deal ing with  chemicals ,  le t 's  say,  that  are  in  the 6  to  7  KOW range 

with  labi le  chemicals  which may be - -  wi l l  degrade due to  

metabol ism,  hydrolysis ,  photolysis ,  or  they might  be volat i le  in  a  
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system. 

I t  a lso has  the  added benefi t  that  i t  reduces  or  e l iminates  the  

accumulat ion of  chemical  metabol i tes .  That 's  of  the  parent ,  which 

was brought  up as  an issue yesterday.  And we get  improved dose 

response or  concentrat ion response data  f rom that .  

So at  our  laboratory in  Duluth,  we have f low through methods 

that  we have used for  xenopus laevis .  And we have gone through some 

of  these basel ine s tudies  that  have been ment ioned previously. 

We have done loading s tudies  to  evaluate  whether  or  not  we 

needed to  approach the ASTM or  ut i l ize  the ASTM recommendat ions.  

And indeed,  when we pushed the loading organism performance based 

on most ly  growth and development ,  i t  became problematic .  So we 

have s tuck with the ASTM guidel ines .  

We have done some feeding comparisons.  I  could get  into  the 

detai l  i f  anybody is  interested.  And we have done some basel ine 

developmental  s tudies  looking at  developmental  ra te .  

One of  the added improvements  that  we see in  the f low through 

is  we have bet ter  developmental  synchrony,  which makes the tes ts  a  

l i t t le  bi t  eas ier  to  conduct  and reduces  some var ia t ion.  

I f  you use the ASTM standards ,  you can conduct  s ta t ic  tes ts  or  

you can conduct  f low-through tes ts .  And I  have l is ted the biological  
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loading ra tes  for  the  two there . 


And the reason I  was able  to  pul l  that  number  off  the  top of  my 

head a  l i t t le  bi t  ear l ier  is  because I  went  through the calculat ions  las t  

night .  In  our  s tudies ,  we typical ly  use 25 organisms.  Their  maximal 

weights  are  about  one and a  half  to  1 .8  grams.  Occasional ly,  we ' l l  get  

a  2  gram organism. That  usual ly  occurs  a t  about  s tage 61,  62,  I  th ink.  

So we base our  loading on our  maximum weights .  

And as  you can see,  i f  you go through the math,  we 're  a t  about  

one gram per  l i ter  per  day. 

One of  the  things to  note  here  is  i f  you choose the s ta t ic  route  

and you are  going to  adhere  to  this  guidel ine,  because we 're  working 

in  the  absence of  other  val idated protocols ,  then you wil l  see  that  i f  

you want  to  run 25 organisms,  I  d id  the calculat ion just  for  

comparison,  you would need 75 l i ters  per  day for  those 25 organisms 

as  opposed to  in  a  f low through condi t ion where you would only need 

38 l i ters  per  day. 

So I  th ink i f  you make the decis ion that  you are  going to  s t ick 

to  the guidance that  was developed and f i rs t  publ ished in  1980 and i t  

had --  i t  has  taken a  lot  of  - -  taken advantage of  a  lot  of  information 

that  was developed up to  that  point ,  then I  th ink i t  i s  more eff ic ient  to  

go with the f low through.  
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At  our  laboratory,  we have conducted approximately 35 

toxicological  s tudies .  I f  you are  interested,  12 to  15 of  those s tudies  

are  publ ished,  and there  are  several  in  press .  But  the  thing I  want  to  

point  out  here  is  that  we have worked with xenopus laevis ,  rana 

pipiens ,  c lamitans ,  sylvat ica ,  septent ional is .  And al l  those species  

are  amenable  to  these methods.  

Some are  bet ter  than others .  I  know someone was complaining 

about  a  doing green frog work.  I  k ind of  had to  smile  because i t  jus t  

takes  them forever  to  develop.  So I  wouldn ' t  recommend doing green 

frog or  mink frog work with these methods.  But  they can be done i f  

you are  s tudying larval  per iod.  

But  i f  you want  to  go through metamorphosis ,  I  th ink the 

xenopus laevis ,  rana pipiens  and rana sylvat ica  would be the 

organisms of  choice.  

We also hold in  cul ture  - -  a l l  of  our  cul tures  f low through.  And 

we have current ly  xenopus laevis  and xenopus t ropical is  in  cul ture .  

That 's  a l l  in  f low through condi t ions .  

I  would be happy to  take any quest ions on that .  

DR.  ROBERTS: Are there  any quest ions or  comments  on the 

f low through versus  s ta t ic  issue? 

Dr.  Green.  I  bel ieve Dr.  LeBlanc had indicated previously you 
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wanted to  - -  no?  Then Dr.  Kloas . 


Dr. Green. 

DR. GREEN: I 'm in  ful l  support  of  using a  f low-through 

system,  I  th ink --  for  the  reasons you just  pointed out  there .  

Al though,  I  had many people  complain about  having to  do that  seems 

l ike  once they switched they are  overal l  more sat isf ied.  

And I  can ' t  f ind anything in  the l i terature  e i ther  except  

anecdotal  reports  that  i t  i s  detr imental  to  the  development  of  e i ther  

xenopus laevis  or  rana pipiens .  

One thing I  did  note  was several  people  fe l t  l ike ,  and these are  

big commercial  suppl iers  of  these s tock sources  for  these f rogs,  sa id  

that  they feel  that  laboratory reared and condi t ioned frogs actual ly  

adapt  qui te  wel l  to  being in  a  f low-through system. 

You wouldn ' t  want  to  take wild caught  f rogs or  tads  and put  

them in a  system. They probably wouldn ' t  deal  with  i t  as  wel l .  

The quest ion I  had for  you was what  kind of  water  is  i t .  Is  i t  

reconst i tuted R O treated water?  

DR. TIETGE:  No.  The water we use is for the most par t 

unmodif ied Lake Superior  water,  which is  a  re la t ively low 

conduct ivi ty  water. 

I t  goes  through several  t reatment  - -  wel l ,  f i l t ra t ion s teps  and 
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UV ster i l izat ion.  But  beyond that ,  i t  i s  Lake Superior  water.


DR. GREEN: I t  i s  potable ,  chlor inated,  f i l tered water  that  goes  

through UV ster i l izat ion? 

DR. TIETGE:  I t i s not chlor inated. 

DR. GREEN:  Chloraminated? 

DR. TIETGE:  I t i s not chloraminated. 

This  is  taken from the bot tom of  Lake Superior. We're  located 

r ight  on the lake.  And we have an intake that 's  about  a  quar ter  of  a  

mile ,  I  th ink,  f rom the laboratory out  into  the lake where there  is  a  

special ized f i l ter  system that  is  bui l t  in to  the  lake.  

And then the water  comes in ,  and then there  is  fur ther  

f i l t ra t ion,  and then the f inal  s tep is  UV ster i l izat ion.  There  is  no 

chemical  addi t ives  in  the  water  whatsoever. 

DR.  GREEN: I  know this  is  being detai led,  but  i f  we were to  

t ry  and reproduce this  system or  recommend that  something l ike  this  

be used,  when you ta lk  about  f i l tered,  do you know --  you are  f i l ter ing 

par t iculates .  Do you know what  s ize  - -  the  reason being is  a l l  the  

runoff  that  goes  into  the lake you want  to  make sure  you get  

pathogens l ike  - -

DR. TIETGE: We have several  types  of  f i l ters  involved in  our  

system. Firs t  of  a l l ,  in  the  lake i tse l f ,  there  is  a  graded,  gravel  
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sandbag that  has  fa i r ly  crude,  I  th ink maybe,  25 micron,  I  th ink,  is  the  

cutoff  range for  that .  But  when i t  comes into  the bui lding,  i t  goes  

through some f ive micron f i l ters ,  a t  which point  i t  i s  UV ster i l ized.  

And then pr ior  to  int roduct ion to  the system,  i t  goes  through a  

more typical  laboratory f i l ter  that  I  th ink is  probably two and a  half  

or  f ive  microns or  in  that  range.  

One thing I  meant  to  ment ion ear l ier  in  terms of  eff ic iency is  

f rom experience,  I  can te l l  you that  these systems require  much less  

labor. And we actual ly  e lected to  conduct  a  s ta t ic  renewal  s tudy 

about  two years  ago for  very specif ic  purposes .  

And af ter  we got  into  i t ,  we real ly  regret ted i t  because i t  was so 

much work.  These systems require  very low maintenance.  

DR. GREEN: That 's  what  makes me a  bigger  fan too,  low 

maintenance.  

DR.  TIETGE: There are  numerous univers i t ies  and contract  

laborator ies  that  use  these.  I t  i sn ' t  necessary to  use  our  lake water  

supply.  There  is  numerous examples  of  waters .  

Of  course,  I  th ink that ,  i f  you wanted to ,  you could modify a  

water  with  addi t ives ,  sa l ts ,  whatever  using the appropria te  

technology. 

DR. ROBERTS:  Dr. Kloas . 
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DR. KLOAS: Did you perform --  not  just  for  the performance 

of  the  animals ,  th is  is  qui te  convincing.  I  agree that  i t  would grow 

and so on.  

But  do you have any comparat ive s tudy using posi t ive  controls  

for  ins tance in  endocrine disrupt ion,  es t radiol  t reatment ,  something 

l ike  this ,  where you can compare s ta t ic  renewal  system with f low 

through and the sensi t ivi ty  of  both exposure regimes? 

DR. TIETGE: No,  because we don ' t  do s ta t ic  renewal .  Our  

work pr imari ly  is  focused on thyroid axis  disrupt ion.  So we've used 

numerous chemicals  to  inhibi t  or  to  s t imulate  metamorphosis .  

But  we have also run a  couple  of  chemicals ,  nonaromatizable  

androgen,  and we have also - -  we did see androgenic  effects .  We have 

also run est radiol  where we do see - -  off  the  top of  my head,  I  don ' t 

remember  the concentrat ions  of  the  s tudy,  but  I  know that  we do have 

feminizat ion in  that  case .  

DR.  KLOAS: Because there  is  a lways some concern about  i f  

i t ' s  the  same or  i f  you lose  sometimes --  maybe you can also lose  by 

permanent  loading of  humero (ph)  compliments ,  you may lose a  l i t t le  

bi t  sensi t iv i t ies .  

DR.  TIETGE: Loss  of  sensi t ivi ty  based on what?  I 'm sorry. 

DR. KLOAS:  In comparison to s ta t ic renewal system.  I can ' t 
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compare.  We don ' t  have f low through.  But  i f  you compare,  some


people  found --  I 'm aware of  one or  two s tudies  in  a  lab with a  f low 


through.  They use same concentrat ions  of  es t radiol  but  are  get t ing 


much lower  sensi t ivi ty  concerning feminizat ion of  xenopus and also 


ranid species . 


DR. TIETGE: I  th ink I 'm  famil iar  with  a t  least  some of  the  

work you are  ta lking about .  I 'm not  sure  i f  they used --  that  was a  

posi t ive  control .  I 'm not  sure  that  they had analyt ical  ver i f icat ion of  

that .  

We can ta lk  about  that .  But  I 'm not  sure .  

One of  the  things that  a lso I  should ment ion has  to  do with the 

ra te  of  development  in  some of  the s tudies  that  we reviewed for  the  

white  paper.  The developmental  ra tes  for  xenopus were very long,  in  

our  opinion.  

And in  our  laboratory,  using the f low through systems,  we 

typical ly  have metamorphosis  wel l  underway at  seven weeks.  About  

50 days post  fer t i l izat ion.  And i t  i s  usual ly  completed within three 

or  four  days af ter  that .  

Certa inly,  wi thin 56 days,  we are  general ly  done with  

metamorphosis  a t  that  point ,  unless  there  is  a  chemical  effect ,  and 

then,  of  course ,  that  is  another  s tory.  But  I 'm referr ing to  controls  in  
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that  case .  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: Joe,  I  agree with your  recommendat ions for  a  

f low-through system as  wel l  as  recommending the proport ional  

di luters .  

But  i t  seems that  proport ional  di luters  scare  a  lot  of  people .  I t  

must  be a l l  those tubes  and boxes or  something.  I  was just  wondering 

i f  there  are  a l ternat ives  that  you are  aware of  in  terms of  per is ta l t ic  

pump systems --

DR. TIETGE: Yeah.  During the per iod that  those were 

designed,  pump systems weren ' t  qui te  as  re l iable  as  they are  today. 

There  are  many,  many rel iable  pump systems that  can be used.  

And some of  our  newer designs do not  use the proport ional  f low 

through devices .  They have s imple di lut ion or,  I  should say,  solut ion 

cel ls  that  serve as  a  s tock for  a  per is ta l t ic  pump that  might  have s ix  

or  e ight  l ines  coming out  of  i t  or  other  pumps.  

We have very many systems in  our  laboratory that  represent  

different  design ideas .  

I  th ink when you get  into  a  more complex exposure paradigm, 

then the system has  to  be more complicated to  accomplish i t .  But  

pumps work f ine,  actual ly. 
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DR. ROBERTS:  Any other comments?  Dr. Skel ly. 

DR. SKELLY:  Just real quickly, Dr. Tietge. 

We're  ta lking about  this  I  assume because this  is  going to  be 

what  EPA recommends as  people  go forward or  requires .  

I  th ink Dr.  Bradbury or  somebody said before  that  there  doesn ' t 

necessar i ly  need to  be a  requirement  that  people  that  want  to  do 

experiments  that  are  going to  be evaluated and used by EPA to make 

judgments  wil l  use  one method or  another. 

I  thought  i t  would be helpful  i f  you could comment  on that .  

DR.  TIETGE: I  think in  the absence of  a  val idated protocol ,  

one needs to  adhere  to  a  s tandard.  And the s tandard is  r ight  now this  

most  appropria te  ASTM. There is  the  f low through recommendat ion.  

And there  is  the  s ta t ic  renewal  recommendat ion.  

I  th ink i f  you take a  look at  the  two,  i t  i s  more eff ic ient  to  do 

the f low through.  Because for  ends that  you need to  ut i l ize  for  your  

s ta t is t ical  design,  I  th ink you would be in  a  lot  of  t rouble  with  a  s ta t ic  

tes t .  

DR.  ROBERTS: Dr.  Skel ly  I  think wanted to  respond.  

DR. SKELLY:  Just  to  fol low up.  Maybe the economics of  

working in  a  government  agency versus  a  univers i ty  can be a  l i t t le  bi t  

d i fferent  where labor  can be qui te  cheap in  a  univers i ty  set t ing,  
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people  get t ing credi ts  or  whatever,  whereas  equipment  costs  whatever 


i t  costs . 


I  guess  what  I 'm wondering is  wil l  the  EPA have an al l  f lowers  

can bloom sor t  of  a t t i tude towards this?  Or are  they going to  say f low 

through or  nothing.  

DR. STEEGER: I  think one of  the things we ' re  looking to  see 

happen is  that  the  s tudies  that  are  conducted for  regulatory purposes  

are  consis tent  or  as  consis tent  as  they can be with  our  guidel ines .  

And al though we don ' t  have any guidel ines  r ight  now for  

amphibian s tudies ,  we do have the A 50 guidel ines  for  water  qual i ty  

s tandards .  And we would hope that  whatever  s tudies  are  conducted 

adhere  to  those guidel ines .  

DR. BRADBURY:  I think some of the sor t of minimal issues in 

terms of  data  qual i ty  that  we 're  ta lking about  are  the ASTM 

guidel ines .  They are  measured concentrat ions .  

As Dr.  LeBlanc ment ioned ear l ier  today,  i f  i t  i s  a  s ta t ic  

renewal ,  you probably need to  do more analyt ical  chemistry  in  terms 

of  numbers  of  samples  over  t ime than one would have to  do in  a  f low 

through tes t  to  ensure  that  you real ly  know what  your  concentrat ions  

are .  Because that 's  one of  the  other  chal lenges of  a  s ta t ic  renewal ,  

can be,  depending on the chemical  and toxicokinet ics ,  that  aspect .  
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So I  think i t  i s  more of  the ,  i f  you wil l ,  performance issues ,  

loading,  DO, ammonia,  measuring the concentrat ions  that  are  the  real  

important  issues  to  the  extent  that  some s tudies  would be done 

because people  read these documents  and think they would be l ike  - -

they would l ike  to  pursue some research,  they wil l  have some ideas  on 

the kinds of  qual i ty  indicators  that  would be important  for  the  agency 

to  use  - -  looking at  - -  when they look at  the  open l i terature  to  the  

extent  the  regis t rant  may be performing some of  these s tudies .  

That 's sor t of a di fferent venue in which some of these s tudies 

potent ia l ly  could be done,  i f  they are  done,  which gets  a t  what  Tom 

was saying in  terms of  the  kind of  guidel ines  the agency requires  for  

data  that 's  submit ted as  par t  of  regis t ra t ion or  reregis t ra t ion.  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: Concerning atrazine effect ,  obtained up to  now 

they have been just  obtained in  s ta t ic  renewal  systems.  Maybe 

metabol ism of  a t razine and so on could also play a  role  for  get t ing the 

effect .  

I f  there  is  real ly  concern about  a t razine and --  I  agree with  

several  advantages .  And from a logical  point  of  view,  I  agree 

completely. I  would also l ike  to  have f low through in  my lab to  t ry  

doing that .  
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But  there  is  concern about  what  was done and resul ts  obtained 

up to  now. I  th ink to  repeat  this  should contain  both a t  least  s ta t ic  

renewal  and maybe an advance s tudy using the f low through.  Because 

otherwise,  we cannot  rule  out  i f  there  is  no effect  in  a  f low through 

anymore.  

DR. BRADBURY:  One point .  I  guess  we would be curious to  

hear  the  panel 's  response in  terms of  ASTM loading guidel ines ,  

ammonia,  D O,  those kind of  a t t r ibutes  that  have to  be met  in  terms of  

evaluat ing the qual i ty  of  the  s tudy regardless  i f  i t  was done f low 

through or  s ta t ic  renewal .  

I  th ink the agency in  put t ing out  the  document  to  get  a  response 

was f i rs t  unders tanding your  impressions about  basic  data  qual i ty  

parameters .  How you get  there .  I t  could be s ta t ic  renewal .  I t  could 

be f low through.  

DR. ROBERTS:  Dr. Delorme, then Dr. Green. 

DR. DELORME: Dr.  Bradbury just  answered my quest ion.  He 

said  that  you had to  meet  the  water  qual i ty  s tandards  that  have been 

set  out .  

But  just  as  another  note  for  the  panel ,  as  somebody who does 

r isk assessments  and gets  s tudies  in ,  typical ly,  when you get  a  s tudy 

in  on f ish or  inver tebrates ,  they have to  provide information on the 
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water,  which includes  the presence of  other  contaminants ,  be  they 


heavy metals ,  pest ic ides  or  whatnot . 


So the water  is  character ized typical ly  a t  the  labs  that  do the 

s tudies ,  whether  i t  be  an industry  lab or  a  contract ing company. 

DR. ROBERTS:  Dr. Green. 

DR. GREEN: I  think Dr.  Kloas 's  point  is  wel l  taken too.  There 

may be something inherent  with  the s ta t ic  renewal  system that  mimics  

wildl i fe  pond s i tuat ions  c loser  than the f low through.  Par t icular ly, 

wi th  regards  to  ammonia and other  things in  the  water  a t  h igher  

levels .  

And some of  the s tudies  we looked at  yesterday clear ly  had 

higher  levels  of  ammonia.  And that  might  play a  role  in  interact ion 

with a t razine that  i f  we put  them in f low through systems and we 

adhere  to  the  guidel ines ,  we might  not  see  that .  

I f  i t ' s  feasible ,  i t  seems a  reasonable  thing to ,  i f  you don ' t  get  

resul ts  in  the  f low through system that  are  repeatable ,  that  perhaps a  

s ta t ic  renewable  system would be on a  smal ler  scale  something to  look 

at  as  wel l .  

DR. ROBERTS: Dr.  Bradbury. 

DR. BRADBURY:  I want to get c lar i f icat ion. 

I f  our  quest ion at  hand is  to  evaluate  the hypothesis  that  
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a t razine can cause developmental  effects ,  sor t  of  put t ing on my 

toxicology hat ,  I  would l ike  to  t ry  to  get  a  system that  gives  me the 

c leanest  possible  way to  interpret  whether  or  not  I 'm get t ing a  

toxicological  s ignal .  And then I ' l l  get  more complex as  I  need to .  

I  guess  I  would l ike  to  get  a  response to  that .  

DR. ROBERTS:  I think Dr. Green 's point i s i f the answer is i f 

you get  a  negat ive response,  i t  i s  possible  that  a t razine under  

condi t ions ,  under  something less  than clean condi t ions  that  may be 

more re levant ,  in  fact ,  to  the  environment  might  give a  posi t ive  

response,  you might  want  to  check that  before  you s top,  I  guess .  

I 'm not speaking for Dr. Green.  But that 's what I think the 

point  is .  

DR.  GREEN: I  think that 's  r ight .  Otherwise,  we ' l l  be  open 

scient i f ical ly  to  the  cr i t ic ism that  i t  wasn ' t  a  s ta t ic  and you get  

negat ive resul ts  on a  f low through,  and we're  back to  phase one again.  

DR. BRADBURY:  Hopeful ly  i f  some of  our  discussions about  

the  hi l l  cr i ter ia  hold up,  we ' l l  - -

DR. ROBERTS:  Dr. Richards . 

DR.  RICHARDS: This  is  par t ly  a  quest ion,  par t ly  response.  

I  th ink maybe to  s tep back a  bi t ,  some of  the  people  I  have 

heard over  the  las t  few days express  that  the  s ta t ic  was more 
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appropria te  because maybe i t  more mimicked a  pond-type s i tuat ion. 


I  was t rying to  think back.  I  don ' t  know a great  deal  about  the  

development  of  the  ASTM standards ,  but  when I  think of  a l l  the  

species  of  f ish that  have been used in  the development  of  those 

s tandards ,  how many of  them  might  you place into the category of  

being species  that  might  inhabi t  these mesotrophic  or  eutrophic  sor ts  

of  ponds be exposed to  re la t ively high ammonia levels ,  and that  might  

be considered a  normal  environment ,  as  would be xenopus and 

possibly rana pipiens  too.  

DR.  STEEGER: Our tes t  species  are  chosen again because of  

their  abi l i ty  to  be ra ised under  laboratory condi t ions .  

There  are  large mouth bass  and blue gi l l  sunfish.  There  are  

other  choices  we get .  Fathead minnows.  

They can l ive  under  eutrophic  condi t ions .  But  those are  

chal lenges  that  can impact  the  s ignal  that  Steve is  ta lking about  in  

terms of  jus t  t rying to  create  a  s i tuat ion where we have removed as  

many of  those var iables  as  possible  to  have as  c lean a  s ignal  as  

possible ,  i s  what  the  agency uses  for  regulatory purposes .  

Otherwise , i t gets to be very diff icul t to sor t out what the real 

cause of  effect  was.  

DR.  RICHARDS: In par t ia l  response,  am I  hear ing,  then,  that ,  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

324


yes,  other  organisms l ike fa theads and so for th  that  do l ive  of ten 


t imes in  mesotrophic  or  eutrophic  s i tuat ions  seem to respond very 


well  and repeatably in  f low through condi t ions . 


DR. ROBERTS: I  guess  in  response I  would just  say that  i f  you 

f ind yourself  in  the s i tuat ion where you use f low through and you 

don ' t  get  a  response,  the  quest ion wil l  be ,  and I  th ink I  would be sor t  

of  compel led to  go back and see whether  or  not  the  reason you don ' t 

get  a  response has  something to  do with f low through versus  s ta t ic  

condi t ions ,  and then the quest ion wil l  come up,  which is  more 

re levant .  

I  don ' t  know --  of  course ,  unt i l  you understand the basis  for  the  

difference between s ta t ic  and f low through,  I  don ' t  suppose you could 

answer  that  quest ion,  but  we can envis ion the s i tuat ion where you 

would be sor t  of  drawn down that  path.  

And i f  you can ' t  dupl icate  i t  in  s ta t ic  condi t ions ,  you can just  

say,  wel l ,  we can ' t  dupl icate  i t  under  s ta t ic  or  f low through.  

I f  you get  i t  under  s ta t ic ,  you don ' t  get  i t  under  f low through,  

then you are  going to  have to  f igure  out  why and f igure  out  which one 

is  more re levant .  

I guess we 're just saying that . 

DR. BRADBURY:  Can I  ask one more quest ion? 
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Let 's  say we go down a path,  you do a  f low through and you 

don ' t  get  the  effect .  Maybe that  has  something to  do with  the physics  

of  a  s ta t ic  renewal  is  what  is  important  to  t r igger ing whatever  event  

occurs .  

This  is  jus t  because I  couldn ' t  remember  the dialogue.  Would i t  

s t i l l  be  the  recommendat ion of  the  panel  that  one would t ry  to  meet  

ASTM standards  in  running that  s ta t ic  renewal?  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  think i t  should be the same condi t ions  whereas  

people  obtained the effect .  

I 'm completely surpr ised i f I can - - 25 animals and 75 fe tus or 

something.  I t  i s  hard to  handle .  But  the  effect  a l ready observed have 

been used in  volumes of  four  l i ters  or  something l ike  that .  

I  th ink i t  wouldn ' t  make sense to  use  another  s ta t ic  renewal  

system. Real ly  in  agreement  with  ASTM standards .  I 'm a  dir ty  

endocrinologis t .  I 'm sorry. I  would l ike  to  have a  s tudy repeated 

under  the  same condi t ions .  Whatever  i t  might  make any difference.  

I  would l ike  to  have f low through and to  see that  there  are  

resul ts .  But  i f  you change in  another  way and doing s ta t ic  renewal  

under  different  condi t ions  and you can ' t  repeat  again,  i t  i s  the  same 

quest ion.  I f  you can ' t  repeat  i t  in  f low through,  then you are  again 
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next  s tep and one s tep backwards.  

DR. BRADBURY:  I jus t have this - - I get a feel ing that I 'm 

going down a path that  gets  us  back to  some of  the white  paper 's 

analysis  that  i t  was very diff icul t  to  interpret  the  responses  f rom the 

previous s tudies  because of  concern over  the  ammonia levels ,  the  

feeding issues ,  the  DO issues .  

Then we're  being asked to  t ry  to  repl icate  scenar ios  that  - -  I 'm 

t rying to  t rack the - -  I  feel  l ike  we 've s tar ted get t ing into  a  do- loop.  

DR. ROBERTS: I  guess  Dr.  Green can respond.  

We got  I  th ink some responses  by at  least  a  couple  different  

labs .  I  don ' t  know they al l  had real  high ammonia levels .  I  don ' t 

know that  that  - -  I  don ' t know that  you 're  going to  have to  real ly  

make awful  condi t ions  to  get  - -

DR. BRADBURY:  I  think some guidance on,  i f  not  ASTM 

guidel ines ,  where do you feel  a  reasonable  s ta t ic  renewal  in  terms of  

those issues ,  a t  least  bracket  that .  

DR. ROBERTS:  Sure .  Dr. Green. 

DR.  GREEN: I  don ' t  th ink our  intent  was to  recreate  the dir ty  

water  with  a  s ta t ic  renewal  system.  That  wasn ' t  i t  a t  a l l .  

We have s ta t ic  renewal  systems that  house 400 and 500 adul t  

f rogs.  No matter  how hard we work on i t ,  we cannot  produce ASTM 
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clean water  to  that  degree. 


I  th ink what  is  important  is  the  dynamics  of  the  animal  s i t t ing 

and reabsorbing the drug that  they are  absorbing and excret ing for  the  

few hours  that  they do i t  in  between water  changes and for  the gradual  

increase in  ammonia.  

And cer ta inly they don ' t  have to  go up to  the toxic  le thal  levels  

that  one of  those papers ,  I  bel ieve,  had in  i t ,  but  that  system alone 

would be something I  th ink --  would be a  jus t i f iable  a t tempt  to  

reproduce the resul ts  they got  in  the  s ta t ic  system. 

Try to  keep the water  as  c lean as  possible .  But  you are  never  

going to  get  i t  as  c lean as  you would with  the f low through system. I 

would say change the water  as  they did in  the  s ta t ic  renewal  system, 

as  f requent ly  as  you need to  to  keep the ammonia down and al l  that  

s tuff .  

And i t  i s  s t i l l  going to  go up enough that  i t  i s  only speculat ive 

that  the  interact ions  in  the  water  chemistry  dynamics  wil l  be  there  in  

a  way that  they are  not  there  in  the f low through system. 

DR. ROBERTS:  Dr. LeBlanc. 

DR.  LEBLANC: I t  jus t  seems l ike we 're  get t ing into  the realm 

of  what  i f ,  what  i f  we don ' t  - -  what  i f  we get  a  negat ive resul t ,  what  

do we do.  
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I  jus t  don ' t  know that  we should be crossing that  br idge.  I 

recognize you need recommendat ions and you are  looking for  advice 

and help.  But  I  th ink we should proceed with the assumption that  we 

wil l  repl icate  the  resul ts .  

And i f  we don ' t ,  a t  that  point  we have to  look at  the  new data  as  

compared to  the old data  and make some judgments  as  to  why perhaps 

we can ' t  repl icate  the resul ts .  And then design some basic  

exper iments  to  address  those var iables .  Leave i t  a t  that .  

DR.  ROBERTS: I  want  to  ask i f  there  are  there  other  comments  

by panel  members  regarding any of  the  topics  - -  th is  topic  and the 

discussions we have had over  the las t  few days,  any points  that  are  

important  you think that  have not  been made as  yet  but  that  would be 

important  to  make and introduce into  the minutes .  

Dr. LeBlanc. 

DR. LEBLANC: Quick technical  point .  The experimental  

design that  was up there ,  you had a  posi t ive  control  of  es t radiol .  We 

have seen some experiments  with DHT. I  don ' t  see  any reason why we 

would be looking at  DHT as  a  posi t ive  control .  

But  we are  interested,  I  th ink,  in  some ant i -androgenic  effects ,  

not  necessar i ly  due to  the  abi l i ty  of  a t razine to  compete  a t  the  

receptor  level ,  but  perhaps to  interfere  with  convers ion of  
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tes tosterone to  DHT or  jus t  to  overal l  cr ipple  the  synthesis  of 


hormones. 


So you might  give considerat ion to  a  control  for  

ant i -androgenic  propert ies .  I  guess  you would have to  look at  an 

ant i -androgen.  And one that  I  have seen in  the l i terature  with  frogs 

and I  th ink Darcy or  Sherr i l  ment ioned,  i t  was cyproterone acetate .  

That  would be something to  consider. 

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  can add three suggest ions.  You can use 

cyproterone acetate ,  which works as  an ant i -androgen,  or  you can use 

para  para  DDE. Also,  vinclozol in  would work also.  

DR. ROBERTS:  Dr. Gibbs. 

DR.  GIBBS: I  s t i l l  have l inger ing concerns  that  far  too 

individuals  use  the found,  the  experimental  larval  populat ions  in  some 

of  these laboratory s tudies .  

I t  i s  not  my area of  exper t ise ,  but  as  a  populat ion genet ic is t ,  i t  

real ly  concerns  me when three pairs  are  used.  One onymous 

individual  with  three pairs  wil l  potent ia l ly  skew an ent i re  exper iment .  

I  th ink boost ing numbers  up into  the 10s of  pairs ,  I  th ink i t  seems 

l ike  a  good idea to  me. 

DR.  SKELLY:  Just  a  point  that  has  been touched on a  l i t t le  bi t ,  
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but  I  wanted to  make sure  i t  made i t  c lear ly  into  the  record.  

That  is  that  i t  may be s tandard pract ice  in  toxicology,  but  I  was 

s t ruck by the kind of  f luctuat ing use of  different  levels  of  s ta t is t ical  

uni ts .  

In  some cases ,  people  were using individuals .  In  some places ,  

people  are  using tanks as  their  uni ts  of  analysis ,  even though al l  the  

individuals  are  ra ised in  group tanks.  

And in  ecology,  that 's  jus t  to ta l ly  tabu.  You don ' t  do that .  I f  

th ings are  ra ised in  a  tank,  they can inf luence each other.  And you 

don ' t  use  individuals  as  repl icates  in  analysis  i f  they came out  of  the  

same tanks.  

I  don ' t  pretend an SAP can change pract ice  in  an ent i re  f ie ld .  

But  i f  that  is  s tandard operat ing pract ice  and i f  we are  going to  get  

into  ecological  re levance at  some point  and ecologis ts  are  going to  be 

evaluat ing this  s tuff ,  they are  going to  care  about  that  a  whole  lot .  

That  a lone wil l  e l iminate  a  paper  from peer  reviewed l i terature  

in  ecology. 

DR. ROBERTS: Any other  suggest ions f rom panel  members? 

Dr.  Bradbury,  I  th ink the panel  has  given you our  best  advice on 

this  subject .  Are there  any f inal  c lar i f icat ions  or  fol low-up 

quest ions? 
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DR. BRADBURY:  No.  I think i t has been a very helpful 

discussion this  af ternoon and mid morning.  I  appreciate  a l l  the  hard 

work and input .  

DR.  ROBERTS: I  think as  came through in  our  comments ,  I  

th ink the panel  was very impressed with  the job that  the  agency had 

done on the white  paper  and your  analysis  and your  thoughts  on how 

to move forward.  

I  th ink we thought  in  general  you did a  very good job with that .  

We had some suggest ions here  and there  for  things maybe to  add and 

consider. But  overal l ,  we thought  the agency did an excel lent  job on 

a  very diff icul t  subject  area .  

Before  we close the meet ing,  I  would also l ike  to  thank our  

publ ic  commenters .  We had many of  them that  t ravel led sometimes a  

great  dis tance to  come and speak to  us  and share  with  us  their  data  

and their  viewpoints  on this  subject .  We always welcome different  

perspect ives  and viewpoints  on the issues  that  we face.  And we thank 

the publ ic  commenters .  

I  would also l ike  to  thank the hear ty  soles  in  the  audience who 

have s tayed with us  now for  a  number  of  days through our  

presentat ions  and our  discussions.  I  l ike  to  thank you.  

And of  course,  a lways,  I  would l ike to  thank the SAP staff  for  
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put t ing this  meet ing together. They assembled an outs tanding panel 


of  experts ,  got  us  a l l  here ,  got  us  a l l  the  documents  we needed and 


have been very support ive. 


Final ly,  I  would l ike  to  thank the panel  members ,  a  very 

impressive panel .  Your  expert ise  was obvious.  The fact  you came 

prepared was obvious.  We have had excel lent  discussion.  Excel lent  

quest ions  r ight  f rom the beginning.  I  th ink you guys did a  terr i f ic  

job.  

Do we have any other  announcements  before  we close the 

session?  Paul ,  anything you need to  say? 

MR. LEWIS:  Just a few remarks.  I want to f i rs t thank Dr. 

Roberts  for  serving as  our  chair  for  the  past  three days.  Did an 

excel lent  job in  managing the process  for  this  meet ing.  

Members  of  the  panel ,  i t  was a  pleasure  working with  a l l  of  

you.  And looking forward as  we work in  wri t ing our  report  that  for  

the  publ ic 's  in terest  wi l l  be  avai lable  in  about  four  weeks,  avai lable  

on our  SAP web s i te  and also in  the docket .  

And I  thank the members  of  the  publ ic  for  l is tening to  our  

discussion and for  the  contr ibut ions they made as  par t  of  the  

del iberat ions  that  we had in  the  past  three days.  

Final ly,  my col leagues a t  EPA, both in  EFED (ph)  and my 
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col leagues with  the SAP staff  in  working with me,  pleasure  working 

with you in  get t ing this  meet ing off  the  ground.  Thank you.  

Dr. Rober ts . 

DR.  ROBERTS: Immediately  fol lowing the close of  this  

sess ion,  I  would l ike  the panel  to  meet  in  the  meet ing room for  a  short  

c losed sess ion just  to  discuss  the logis t ics  of  wri t ing up our  minutes .  

As soon as  we 're  f inished here ,  i f  we could convene there  for  a  

short  meet ing,  that  would be great .  

I f  there  no other  announcements  or  no other  topics  to  discuss ,  I  

would l ike  to  now close this  sess ion of  the FIFRA Scient i f ic  Advisory 

Panel .  

(Thereupon,  the  sess ion concluded at  6  p .m.)  
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