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DR. ROBERTS: Good morning.  Welcome. I  would l ike to 

open this October 23rd session of  the FIFRA Scient i f ic  Advisory 

Panel .  

Today is the f i rst  day of  a three-day consul tat ion between the 

agency  and the panel  on the OPP's prel iminary  eval uat ion of  the 

non-dietary hazard and exposure to chi ldren from contact wi th 

chromated copper arsenate (CCA)-treated wood playground structures 

and CCA  contami nated soil . 

Before I introduce the panel,  I would l ike to introduce our 

designated federal  of f ic i al  for  today's meet ing, Ms. Olga Odiot t ,  and 

ask i f  her i f  she has any announcements or instruct ions for the panel.  

MS. ODIOTT:  Thank you, Dr.  Roberts.  I  would l ike to 

welcome the panel  members and to thank them for agreei ng to serve 

and for thei r  t ime and for preparing for  th is meet ing. 

We also appreciate representat i ves from other federal agencies 

for their  support ,  for  their  involvement and for their  act ive role in 

preparing for today's SAP meet ing.  I  al so want to thank my EPA 

coll eagues and presenters and SA P staff  for their  efforts in  thi s 

meet ing over the next  several  days. 

We have chal lenging science issues being presented today and 

we have a ful l  agenda. And I want to remind everybody that the 
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meet ing t imes on the agenda are approximate. So i t  might not  keep to 

the exact  t imes as they  are noted. 

We want to ensure adequate t ime for everybody to do their  

presentat ions. We want to ensure adequate t ime also for the publ ic 

comments to be presented and also for the panel del iberat ions. 

So we ask that  al l  the presenters and the panel  members and the 

publ ic commenters,  that  they ident i fy  themselves. Also,  they speak 

into the microphones that are provided. This meet ing is being 

recorded. 

And of  the publ ic commenters,  we ask that  you l imi t  your 

comments to  the issues at hand and that you are as concise as possible 

so that as many people that want to address the panel have the 

opportuni ty to do so. 

We have asked the publ ic to provide wri t ten comments of  the 

topics and the issues to be presented in advance of the meeti ng.  And 

these comments has been provided to the panel for  their  review and 

their  analysi s. 

Al l  the mater i als that the panel has been provided are avail able 

f rom the EPA docket and most of  them  are al so avai lable f rom the 

FIFRA SA P web site. And the address for both of  those places are at  

the top of  your agenda. 
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As the designated federal  off ic ia l ,  I  am responsible for ensur ing 

that  the provis ions of  the Federal  Advisory Committee Act are met.  

And as the designated off i c ia l for thi s meeti ng,  I  work with 

appropr iate agency off i c ia ls to ensure all  appropr iate ethics 

regulat ions are sat isf ied. 

I n that capaci ty,  panel  members are br iefed with provis ions of  

the federal  conf l ict  of  interest laws. Each part ic ipant has f i led a 

standard government ethics report  and I, a long with our deputy ethics 

off icer for the off ice of  prevent ion of  pest ic ides and toxi c substances, 

and in consul tat ion with the off ice of  the general  counsel ,  have 

reviewed the report to ensure that all  ethics requirements are met. 

For those of  you from the press that have quest ions about 

today's meet ing, Mr.  David Deegan (ph) f rom the off ice of  media 

relat ions is avai lable to assist  you. Mr.  Deegan, i f  you are around 

here, please stand. 

Thank you. 

At the conclusion of  the meet ing, the SAP wi l l  prepare a report  

as a response to the quest ion posed by the agency: The background 

mater ial s,  the presentat ions and the publ ic comments.  The reports 

wi l l  serve as meet ing minutes and we ant ic ipate complet ing th is report  

wi th in 30 days of  the meet ing. 
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DR. ROBERTS: Thank you. We have a rather large panel wi th 

an impressive array of  expert ise avai lable to us over the next  three 

days. And I would l ike to introduce the panel by f i rst  start ing with 

Dr.  Freeman on my r i ght  and ask each member of  the panel to  i ndicate 

thei r  name, af f i l ia t ion and expert ise.  Dr.  Freeman? 

DR. FREEM A N:  I 'm Natal i e Freeman f rom Robert Wood 

Johnson Medical  School and the Environmental  and Occupat ional  

Heal th Sciences Inst i tute in Piscataway, New Jersey. And I study 

chi ldren's exposure to environmental  contaminants and look at  

chi ldren's behavior patterns and how they contr ibute to exposure. 

DR. MacDONALD: Peter MacDonald from the Department of  

Mathemat ics and Stat ist ics at  McMaster Universi ty in Canada. I  have 

general  expert ise in appl ied stat ist ics.  

DR. KOSNETT:  I 'm M i chael  Kosnett .  I 'm a physi ci an 

speci al iz ing in occupat ional  and environmental  toxi cology. I 'm on the 

cl in ic al  facul ty  at  the Universi ty of  Colorado Heal th Sciences Center. 

I  have been part icular ly  interested in the toxi cology of  arsenic.  And I  

recent ly served on Nat ional  Research Counci l 's  subcommittee on 

arsenic in dr inking water. 

DR. GINSBERG:  I 'm Gary Gi nsberg f rom the Connect i cut 

Department of  Publ ic Heal th.  I 'm al so adjunct  facul ty  at  Yale  and the 
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Universi ty of  Connect icut  Health Center. I  have been involved in 

arsenic exposure issues from pressure-treated wood for a number of  

years since research in  Connecti cut showed some leaching, and also 

involved in some projects wi th EPA on chi ldren's pharmacokinet ics.  

DR. BRUCKNER: I 'm Jim Bruckner f rom the Universi ty of  

Georgi a.  Areas are pharmacology, tox i cology, tox i cokineti cs.  I  was a 

member of  the or iginal  pest icides in chi ldren NRC commit tee and 

have been on several  NRC commit tees s ince then, deal ing wi th 

chi ldren's issues. 

DR. KISSEL:  I 'm John Kissel  f rom the Department of  

Environmental  Heal th at  the Universi ty of  Washington. And my 

i nterest area is human exposure assessment. 

DR. GORDON: I 'm Terr i  Gordon from NYU School  of  

Medicine. I nhalat ion toxi cologi st  - -  which looks at  the effect  of  

pressure-treated wood in the lungs. 

DR. LEES: Good morning.  My name is Peter Lees. I 'm from 

the Johns Hopkins Universi ty School  of  Publ ic Heal th.  I  am an 

industr ia l  hygi enist  t ra ined in exposure assessment issues. And I have 

worked actual ly for many years now on exposure assessment of  an 

occupat ional  cohort  exposed to chromium. 

DR. HOPENHAY N-RICH:  My name i s Cl audi a 
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Hopenhayn-Rich. I 'm an  epidemiologi st  at  the Universi ty of  Kentucky 

at  the Department of  Prevent ive Medicine and Environmental  Heal th.  

And I have been involved for a number of  years on several  

epidemiologi c studies of  arsenic exposure in dr inking water. 

DR. LEIDY:  Good morning.  I 'm Ross Leidy f rom the Pest ic ide 

Residue Research Laboratory at North Carol i na State University  i n 

Raleigh,  North Carol ina. 

We are interested in non-food source exposures fol lowing 

pest ic ide appl icat ions in and around structures and are also interested 

in the movement of  pest icides from urban and rural  areas into publ ic 

dr inking water suppl ies.  

DR. SOLO-GA BRIELE:  I 'm Hel ena Sol o-Gabri el e.  I 'm an 

associate professor at the University of  Mi ami .  I 'm a civ i l 

environmental  engi neer. For the past several  years,  I've been working 

on environmental  issues associated with CCA-treated wood. I n 

part icular,  we have been looking at  issues associated with in-service 

and both disposal  of  the treated wood product.  

DR. ROBERTS:  Dr. Bates? 

DR. BATES: I 'm Michael  Bates.  I 'm wi th the arsenic heal th 

effects research group at  the School of  Publ ic Health,  Universi ty of  

Cal i fornia  at  Berkel ey. I 'm a v is i t ing researcher f rom New Zeal and at 
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the moment.  I 'm involved in a number of  epidemiologi c studies into 

health effects,  parti cular ly cancer,  associated with arsenic.  

DR. STYBLO: Good morning.  My name is Miroslav Styblo.  

I 'm with the Department of  Pediatr ics and Department of  Nutr i t ion,  

Universi ty of  North Carol ina at  Chapel  Hi l l .  And my expert ise covers 

basical ly mechanisms responsible for  b iotransformat ion of  arsenic.  

And I have also been involved in research of  mechanisms under lyi ng 

some tox i c and carcinogenic effects of  arsenic.  

DR. STEINBERG:  I 'm J.J. Stei nberg.  I 'm a prof essor at the 

Albert  Einstein Col lege of  Medicine on the facul ty of  pathology.  I 

work in genet ic toxi cology and have been involved in environmental  

publ ic heal th.  

DR. CHOU: I 'm Karen Chou from Michigan State Universi ty 

and the Inst i tute for  Environmental  Tox i cology. I  al so assist  the 

facul ty  in the Department of  Animal Science,  adjunct professor in the 

Inst i tute for  Internat ional  Heal th,  osteopathic medici ne. I  do research 

in reproduct ive toxi cology. And I teach r isk assessment and 

environmental  tox i cology, societal  i ssues. And I a lso do outreach 

programs with the community wi th --  i f  they have contaminated 

problems. 

DR. MUSHAK: I 'm Paul  Mushak. I 'm a toxi cologi st  and human 
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heal th r isk assessment special ist .  I  d i rect  a group in a consul t ing 

f i rm. I 'm al so v is i t ing professor of  pediatr ics at  the Albert  Einstein 

Col lege of  Medicine working in John Rosen's group. 

Most of  my work has been involved with chi ldren over the 

years,  working with lead, arsenic,  mercury and, to some extent,  the 

other metals.  

DR. FRA NCOIS:  My name i s Rony Francoi s.  I 'm an 

occupat ional  medicine physic ian. I 'm also an assistant professor at  

the Universi ty of  South Fl or ida, Col lege of  Publ ic Heal th in Tampa, 

Flor ida. My  areas include exposure assessment and tox i cology. 

DR. SM ITH:  My name i s Andrew Smi th.  I 'm the di rector of 

environmental  tox i cology program at the State of  Maine Bureau of 

Heal th.  We have been involved in doing some l imi ted f ie ld work,  

looking at  exposure to arsenic f rom pressure-treated wood. We're also 

current ly involved in a jo int  study with CDC evaluat ing the 

signi f i cance of bathi ng as a route of  exposure for chil dren from 

arsenic in well s wi th elevated concentrati ons. 

DR. SHI:  I 'm Xiangl in Shi .  I  come from Nat ional  I nst i tute for  

Occupat ional  Safety and Health.  And also I'm a adjunct facul ty at  the 

West Vi rgin ia Universi ty. 

My  area of research focuses on mol ecular mechanisms of 
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chromi um  tox i c i ty and carcinogenesis. 

DR. MORRY:  I 'm Davi d Morry.  I am tox i col ogi st and ri sk 

assessor.  I  work for the State of  Cal i f ornia in  the Off i ce of  

Environmental  Heal th Hazard Assessment,  which is part  of  the State 

of  Cal i fornia Environmental  Protect ion Agency. 

I  worked a few years ago on developing a publ ic heal th goal  for  

chromium in dr inking water.  And I have also worked in other 

hex-chrome exposure issues in  the State of  Cal i f ornia.  

MR. CLEWELL :  I 'm Harvey Cl ewell .  I  j ust recentl y became a 

pr incipal  wi th Environ. I  have been doing pharmacokinet ic and dose 

response model ing for both arsenic and chromium for a number of  

years,  and recent ly have been involved in pharmacokinet ic issues 

regarding chi ldren. 

DR. HEERINGA: Good morning.  I 'm Steve Heeringa. I 'm a 

biostat ist ician.  I  d i rect  research design  and operat ions at  the Inst i tute 

for Social  Research at the University of  Mi chigan. My  training and 

special ty is in research and sampl ing design for populat ion-based 

studies drop. 

DR. MATSUM URA :  I am Fumi o Matsumura f rom the 

Universi ty of  Cal i fornia at  Davis.  My  area of  expert ise could be in 

the area such as the mol ecular biology, biochemi stry or pesti ci des and 
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d ioxins.  

DR. THRA LL :  I 'm Mary Anna Thral l .  I 'm a prof essor of 

veter inary pathology at  Colorado State Universi ty. 

DR. ROBERTS:  And I 'm Steve Roberts.  I 'm a tox i col ogi st .  I 'm 

a professor wi th a jo int  appointment in the Col leges of  Medicine and 

the Col lege of  Veter inary Medici ne at  the Universi ty of  Fl or ida.  I 

a lso serve there as director for the Center for Environmental  and 

Human Toxi cology. 

My  research interests incl ude mechanisms of  toxi ci ty, 

part icular ly involv ing the l iver and immune system as wel l  as 

toxi cokinet ics,  incl uding the measurement of  b ioavai labi l i ty . 

I 'm pl eased that we have wi th us thi s morni ng the di rector of  the 

Off ice of  Science Coordinat ion and Pol icy of  OPPTS, Dr.  Vanessa Vu. 

Good morning, Dr.  Vu, and welcome. 

DR. VU: Good morning.  Thank you, Dr.  Roberts.  

Good morning, ladies and gent lemen. On behalf  of  the agency, 

I  would l ike to welcome al l  of  you members of  the panel, 


d ist inguished panel ,  and the publ ic to th is important  meet ing in


addressing very important environmental  publ ic heal th issues related


to CCA-treated wood in playground sett ings,  part icular ly chi ldren's


exposure. 
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Fi rst ,  I would l ike to thank al l  the panel  members for  thei r  t ime 

and effor t  in prepar ing for th is meet ing, and also Dr.  Roberts,  

part icular ly,  to chai r  for  th is meet ing. 

I n addressi ng thi s important i ssue, the agency Of f i ce of 

Pest icide Programs has been working col laborat ivel y wi th our s ister 

agency, Consumer Product Safety Commission, as wel l  as di ff erent 

parts of  the agency's program within the EPA. We look forward to 

having our col leagues within EPA as wel l  as CPSC and ATSDR to 

part ic ipate in th is presentat ion and del iberate in discussion wi th the 

panel  members the next  few days. 

And Mr.  Jim Jones, the deputy director of  the Off ice Pest ic ide 

Programs, would further speak on the agency's act iv i ty surrounding 

these issues. 

As you know, th is meet ing is a publ ic open meet ing and the 

agency welcomes the publ ic part ic ipat ions.  And as Ms. Odiot t  has 

indicated, al l  the mater ia ls support ing this meet ing are avai lable on 

the OPP's publ ic docket for  publ ic inspect ion.  

With th is br ief  introductory remark,  I would l ike to thank 

Dr.  Roberts for  gi v ing me this opportuni ty. And I am real ly looking 

forward to the agency's presentat ions to the panel  th is morning as wel l  

as tomorrow morning, and looking forward to your del iberat ions on 
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these very important issues. And al l  the advice and recommendat ions 

to the agency wi l l  be  a very valuable  asset for the agenci es to 

del iberate further next  steps in our addressing these environmental  

issues. 

Thank you, Dr.  Roberts.  

DR. ROBERTS: Thank you, Dr.  Vu. 

As you indicated, also we have with us Mr.  James Jones, who is 

deputy director of  Off ice of  Pest ic ide Programs. Good morning, 

Mr.  Jones. 

MR. JONES: Good morning.  Thank you. I 'm Jim Jones, deputy 

director of  EPA's Off ice of  Pest ic ide Programs. I  would also l ike to 

thank members of  the panel  for  thei r  publ ic service. 

We are struggl ing wi th a complex set  of  scient i f ic  issues and we 

very much  appreci ate your wi l l ingness to provide us wi th your 

expert ise and advice.  I  wi l l  br ief ly  provide some of the context  for  

th is meet ing  and then we wi l l  g et  r ight  into our presentat ions.  

I n recent months,  much publ ic at tent ion has been focused on the 

potent ia l  r isks to chi ldren from exposure to residues of  arsenic,  a 

known human carcinogen, f rom playing on play structures bui l t  wi th 

wood treated with copper chromated arsenate.  Al though the agency 

was already moving forward on a comprehensive reassessment of  CCA 
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as part  of  i ts  rout ine re-regi strat ion review of  al l  pest icides,  the level 

of  publ ic concern regarding chi ldren and playgrounds prompted a 

focused, expedited review of the r isks associated with  the use of 

CCA-treated wood in playground sett ings. 

The agency has convened this SAP to obtain advice and counsel  

on EPA's prel iminary  assessment of  ex ist ing data regarding the 

hazards of  arsenic and chromium, the potent ia l  exposures of  chi ldren 

to  these chemi cals as they come into contact wi th  CCA -treated wood 

playground equipment and associated CCA-contaminated soi l .  

Given the unique exposure parameters and the resul t ing 

exposure scenarios,  we are seeking expert scienti f i c peer review to 

ensure the agency has taken into account al l  key data and methodology 

aspects of  est imat ing r isks to chi ldren in playground sett ings. 

Further, OPPTS scient ists bel ieve that i t  would be premature to 

develop a r isk assessment or attempt  to character ize r isks to chil dren 

without seeking expert  scient i f ic  advice from the SAP f i rst .  

Two maj or areas of uncertai nty  i n  the exposure assessment are 

ex ist ing data regarding avai lable residues of  arsenic  and chromium in 

playground soi ls and untreated wood are highly  var iable.  Secondly, 

there is some uncertainty  as to what  assumpt ions are best  used to 

est imate chi ldren's behavior in playground sett ings. 
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As i t  re lates to hazard,  our assessment is unusual  because 

laboratory  animals have proven to be substant ial ly  less suscept ib le to 

arsenic than humans. Thus, the agency has developed an atypi cal  

hazard assessment for arsenic based on human epidemiology studies 

and case reports. 

OPPTS intends to use the Off ice of  Water 's hazard endpoints 

for cancer effects which have undergone extensive scient i f ic peer 

review, including a recent reassessment by the NRC.  OPPTS has been 

and wi l l  cont inue to work cl osel y wi th the Off ic e of  Water in 

developing the most scient i f ical ly sound approach to carcinogenic 

r isk f rom exposure to inorganic arsenic.  

Fol lowing th is meet ing  and taking into considerat ion the 

comments of  the panel ,  the agency wi l l  determine whether the ex ist ing 

database is suff i ci ent  to all ow an accurate assessment of  the r isks to 

chi ldren from exposure to CCA from playground equipment 

constructed with CCA-treated wood. I f  so,  the agency wi l l  be in a 

posi t ion to release a prel iminary draf t  chi ldren's r isk assessment 

somet ime in ear ly 2002. 

Recent ly,  EPA and the Consumer Product Safety Commission 

released a draf t  study protocol  for  publ ic comment on the design and 

implementat ion of  a study. The study wi l l  c ol lect  actual  data 
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regarding avai lable residues of  arsenic and chromium in playgrounds 

throughout the country. The data from the playground study may be 

used dur ing the r isk assessment process to conf i rm est imated 

exposures cal culated f rom the ex ist ing data that  wi l l  be discussed here 

th is week. 

The EPRA /CPSC sampl i ng efforts are expected to begi n in 

December of  th is year wi th resul ts avai lable in May of  2002. 

As I ment ioned ear l ier, the playground assessment is part  of  the 

overall  reassessment of  CCA  that the agency i s doing as part of  i ts 

re-regi strat ion review process for al l  pest ic ides. 

Other uses of  CCA wood include decks, fences, landscaping, 

walkways, gazebos, boat decks, highway noise barr iers,  s ign posts,  

ut i l i ty  posts and retain ing wal ls.  

During the overall  reassessment,  the aggregate r isks posed to 

chi ldren from these var ious potent ial  avenues of  exposure wi l l  be 

considered where prudent to do so. 

As you wi l l  see th is week  as the presentat ions are made by 

agency staff  and other invi ted experts,  tough scient i f ic  quest ions 

ex ist .  Our goal  is  to ensure r igorous scient i f ic  process with ample 

publ ic part ic ipat ion resul t ing in a robust regulatory decis ion.  

With that  background and context ,  I would l ike to turn i t  over to 
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Dr.  Norm Cook. 

DR. ROBERTS: Thank you, Mr.  Jones. 

Mr.  Cook --  just  to let  the panel  know, the agency has several  

presentat ions they would l ike to make to us regarding thei r 

prel iminary evaluat ion.  Mr.  Cook wi l l  lead off ,  and he's wi th the 

ant imicrobial s div is ion of  the Off ic e of  Pest icide Programs. 

Mr.  Cook, judging by the mater ia ls that  you have submit ted to 

the panel  in advance, I would say that you and your col leagues have 

been very busy over the last  s ix months.  

MR. COOK: That 's correct .  No vacat ion t ime. 

Good morning, Mr.  Chairman, members of  the panel,  ladies and 

gent lemen. My  name is Norm Cook and I'm chief  of  the r isk 

assessment and science support  branch which is located into the 

ant imicrobials div is ion,  Off ice of  Pest ic ide Programs. This branch is 

responsible for the human and environmental  r isk assessments for 

chromated copper arsenate,  also known as CCA. 

Addit ional ly,  we are responsible for the chi ldren's r isk 

assessment for CCA-treated playground structures. 

Before I  cont inue my remarks,  I would l ike to introduce some 

key people as wel l  as those si t t ing at  the table wi th me. Fi rst ,  f rom 

the ant imicrobials div is ion, there are scient ists and staff  who are 
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act ively involved with CCA issues present.  These include Mr.  Frank


Sanders,  d i rector,  Dr.  Deborah Edwards, associate director,


Ms. Connie Welsh, regulatory branch chief ,  and a number of  scient ists


who are involved with me in the evaluat ion of  chi ldren's hazards, 


exposures and r isks. However,  i t  i s possible that the most cr it i cal 


person here today is Ms. Kay Montague, lead biologist  for  the CCA


environmental  i ssues, because she is handli ng our PowerPoint s li des. 


Thank you, Kay.


Those making today's presentat ions include, to my far lef t  - -

and I don't  bel ieve he has arr ived yet --  Dr.  Charles Abernathy.  He 

wi l l  be here a l i t t le  later.  He is the lead toxi cologi st  for  arsenic f rom 

the Off i ce of Water. 

To Charles ' r ight  is  Dr.  Bob Benson, lead toxi cologi st  on 

arsenic issues from U.S. EPA regi on 8.  

To  Bob's r ight,  we have Dr.  Jonathan Chen, one of  two lead 

toxi cologi sts for  arsenic f rom the ant imicrobial  d iv is ion.  

And to Jonathan's lef t ,  we have Dr.  Timothy McMahon, the 

other lead toxi cologi st  for  arsenic f rom the ant imicrobial s div is ion.  

And last ,  but not least,  we have Dr.  Nader Elkassabany, lead 

biologist  for  overal l  CCA issues from this div is ion as wel l .  

The format for today's presentat i ons i s as fol l ows: 
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Fi rst ,  I wi l l  s tart  wi th an overview of  some major points 

associated with  the avail able hazards data for arsenic and chromi um 

as wel l  as some of our exposure assumptions. 

Fol lowing my presentat ion, Nader Elkassabany wi l l  present an 

overview of CCA use patterns, fo l lowed by overview of the chemistry 

of  arsenic and chromium. 

Next,  Dr.  Timothy McMahon wi l l  present a descr ipt ion of  the 

agency's hazard assessment and toxi cology endpoints for arsenic and 

chromium. 

Fol lowing  Tim, Dr.  Jonathan Chen wi l l  present an overview of  

ex ist ing bioavai labi l i ty  data for  arsenic  and chromium. 

After these four presentat ions, Dr.  Bob Benson and Dr.  Charles 

Abernathy wi l l  speak. Dr.  Benson wi l l  present a discussion of  

Superfund development and use of  short- term arsenic hazard ends 

points.  

Fol lowing  Bob and closing out the presentat ions for  today, 

Dr.  Abernathy wi l l  present a br ief  overview of  where the Off ic e of  

Water is relat ive to the arsenic in dr inking water rule. 

I n cl osi ng, to gi ve the panel  some idea of  the extent of  the 

cross-cutt ing  aspects of  the CCA review  ef for t ,  I would l ike to point  

out  that ,  in addi t ion to those scient ists working on CCA in the 
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ant imicrobials div is ion,  we also have present scient ists and staff  f rom 

a var iety of  other programs and agencies.  

M any of  these sci ent i sts and staf f  are worki ng wi th us as we 

develop our CCA assessments,  and they have graciously agreed to 

part ic ipate today to provide further c lar i f icat ion on issues when 

needed. 

Some of  these staf f  are as fol l ows:  I have ment i oned Dr. Bob 

Benson, Dr.  Charles Abernathy.  We also have Dr.  Peter Grevatt  f rom 

the Superfund program. Tomorrow, we wi l l  have staff  f rom the Off ice 

of  Sol i d  Waste. We have also been working wi th  the Off i ce of  

Chi ldren's Health Protect ion, the Off ice of  Research and 

Development,  the immediate Off ic e of  the Director of  Pest icide 

Programs, the Off ice of  Science Coordinat ion and Pol icy.  We have 

been working with Dr.  Vanessa Vu and Mr.  Greg Shreer wi th the 

Bi ological  and Economic Analysis Div is ion.  

Outside of  the agency we have with us today Dr.  Selene Chou 

from  the Agency for Tox i c Substances and Disease Regi stry. We also 

have scient ists f rom the Consumer Product Safety Commission and 

scient ists f rom Canada's Pest icide Management Regulatory Agency. 

On behal f  of  the ant imicrobials div is ion,  I want to thank al l  

those who are part ic ipat ing today, wi th a special  thanks to Dr.  Benson 
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and Dr.  Abernathy for agreeing to make presentat ions to the panel,  as 

wel l  as to Dr.  Vanessa Vu and Greg Shreer for al l  the support  and 

assistance they have provided us in our efforts.  

Now,  at  th is t ime, I wi l l  provide a br ief  overview of some CCA 

hazard and exposure points which we bel ieve should be emphasized. 

Please note that  these are summary points which wi l l  be discussed in 

more detai l  la ter today, tomorrow,  and Thursday. 

Fi rst sl i de, pl ease. 

I t 's probably pret ty obvious why we are here for the next  three 

days, but let  me begi n by emphasizi ng two points.  

The agency always takes pesti ci de r isk character izati on or r isk 

assessment ser iously. However, for the character izati on of  chil dren's 

r isks,  we become even more concerned because i t  is  such a cr i t ical  and 

important act iv i ty. Consider ing th is,  our goal  is  to develop and use 

the most appropr iate hazard and exposure inputs in any chi ldren's r isk 

assessment that we perform for CCA-treated wood. Of course, for th is 

meet ing, we are focused on CCA-treated playground structure and 

CCA -contami nated substrates such as soil . 

Consider ing what I  have just said,  the agency welcomes and 

invi tes scient i f ic  as wel l  as publ ic and stakeholder discussion on the 

proposed hazard and exposure components that we plan to use in the 
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r i sk assessment for chil dren who are exposed to  CCA -treated 

structures and CCA-contaminated substrates. Speci f ic al ly ,  we wi l l  be 

asking the panel  for  comments and recommendat ions in three major 

areas. 

Let me provi de some exampl es.  In the area of  avai l abl e 

exposure and hazards data or ends points,  we wi l l  ask,  what does the 

panel  th ink about the scient i f ic  soundness and uncertaint ies 

associated with  these data? 

In the area of  using avai lable exposure and hazards data or 

endpoints in a planned r isk assessment,  what does the panel th ink 

about appropr iate ways to use these data? 

Approaches to take. Should we use determinist ic or 

probabi l is t ic methods? Can the avai lable data be combined or 

col lated or is  there too much var iabi l i ty  in data sets to do so? 

In  the area of addit i onal data needed to reduce the uncertai nt i es 

in the planned chi ldren's r isk assessment,  what does the panel  th ink 

about obtaining addi t ional  exposure data? Types of  addi t ional  

exposure data that should be obtained. And relat ive to th is area, I  

wi l l  say more on a current effort  underway between Consumer Product 

Safety Commission and U.S. EPA later in th is talk.  

Agai n,  the agency bel ieves that  i t  is  important  to invi te a 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

24


thorough scient i f ic  d iscussion pr ior  to even  at tempt ing to character ize 

chil dren's r isks from exposure to  CCA -treated structures and 

CCA -contami nated substrates. We plan to review and consider all 

panel  as wel l  as publ ic and stakeholder comments as we f inal ize the 

chi ldren's r isk assessment.  

Now I would l ike to make some comments about certain 

exposure components of  the planned chi ldren's r isk assessment.  

Let me talk f i rst  about routes of  exposure. The agency bel ieves 

there are two major routes of  chi ld exposure to CCA-treated wood or 

CCA-contaminated substrates such  as soi l :  Vi a dermal  contact  and 

via oral  contact.  By oral ,  I mean incidental  ingest ion or 

hand-to-mouth contact where the chi ld touches the wood or soi l  and 

then puts the hand to his or her mouth.  

We don't  bel ieve that exposure via inhalat ion is a route of  

concern because it  appears that neither arsenic nor chromi um residues 

are volat i le on surfaces of  wood. Also, we are assuming that 

respirable airborne part ic les containing arsenic or chromium are not 

present in s igni f ic ant concentrat ions.  Further, i t  appears that  other 

r i sk assessors agree with  thi s approach because today we haven't  seen 

other assessors develop this exposure scenario for the playground 

set t ing. 
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Based upon our v iew of the major routes of  exposure, we have 

developed four chi ld exposure scenarios for the playground sett ing. 

These are the two dermal and the two oral or incidental  

i ngesti on routes, each with one scenario for contact wi th  CCA -treated 

wood and one for contact wi th a CCA-contaminated substrate such as 

a soi l .  

We recognize that  at tempt ing to assess durat ions of  chi ld 

exposure in a playground sett ing is di ff icul t .  To address exposures 

associated with non-cancer hazards, we have developed two scenarios:  

A short- term scenario def ined as an exposure from one day to one 

month, and an intermediate term scenario def ined as an exposure from 

one month to s ix months.  

We have developed these scenarios based upon the Cal i fornia 

Department of  Health Services' 1987 study which states that a chi ld 

may spend up to 130 days per year in a school playground. This is 

based upon an exposure frequency for a chi ld who uses a school 

playground f ive t imes per week and 26 weeks per year,  resul t ing in 

130 days. 

We consider a chi ld exposure of  130 days a central  tendency 

value, recogniz ing that  th is durat ion l ikel y is  not  representat ive of  al l 

p layground exposure durat ions for a chi ld.  
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To address exposures associated with cancer hazards, we have 

developed a chi ld exposure durat ion of  s ix years as a t ime a chi ld 

might spend over a l i fe t ime using playgrounds containing 

CCA-treated playground structures.  We consider a chi ld exposure 

durat ion of  s ix years a central  tendency value, which is based upon 

U.S. EPA's 2000 draf t  r isk assessment guidance for Superfund. 

Now I would l ike to make a few comments about the hazard 

assessment for CCA . The agency recogni zes inorganic arsenic and 

inorganic chromium as compounds of  toxi cologi cal  concern. 

Because copper is general ly recognized as having minimal 

toxi c i ty to humans, we have not considered copper in our hazard 

assessment for playground sett ings. However, copper wi l l  be 

considered in  the agency's environmental  r i sk assessment for 

CCA-treated wood structures because we recognize copper as a 

compound of ecotoxi cologi cal  concern. Of the three, arsenic,  

chromium and copper, copper has been shown to be the most toxi c to 

aquat ic organisms. 

For arsenic and non-cancer hazards, the agency recognizes that 

most laboratory  animal data show that  animals are less suscept ib le 

than humans to arsenic tox i c i ty. 

Consider ing th is,  OPP proposes to use the exist ing 
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epidemiologi cal  studies and case reports to develop short  and 

immediate-term non-cancer endpoints for use in assessing the short  

and intermediate-term chi ld exposure durat ions.  

For cancer hazards, we are aware of the recent 2001 Nat ional  

Research Counci l  update of  the '99 arsenic in dr inking water report .  

We bel ieve this update is an important document that provides 

relevant i nformati on such as r isk models used to character ize cancer 

r isk f rom arsenic exposure via dr inking water. 

Further, OPP considers the NRC updated informat ion as 

relevant to character izi ng cancer r isk f rom exposure --  arsenic 

exposure via CCA-treated wood. We bel ieve that whether exposure is 

f rom dr inking water or CCA-treated wood, both routes ul t imately 

involve exposure to inorganic arsenic.  Addi t ional ly,  OPP intends to 

work cl osel y wi th EPA's Off ic e of  Water to develop a scient i f ic al ly 

sound approach to a cancer hazard assessment for inorganic arsenic.  

Now I would l ike to present some summary points about 

chromium hazards.  

For chromi um,  the avail able hazards data i ndicate that 

Chromium 6 exhibi ts more s igni f ic ant toxi ci ty  than Chromium 3. Of 

course,  we recognize that  there are minimal data indicat ing which 

valence state of  chromium is found as dis lodgeable residues or as 
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residues in substrates such as soil .  Even so, we are consider ing use of  

the Chromium 6 toxi ci ty  database to develop short  and 

intermediate-term non-cancer endpoints for use in assessing the short  

and intermediate-term chi ld exposure durat ions. This approach would 

provide for a more conservati ve hazard assessment as well  as a more 

conservati ve chil dren's r isk character izati on than if  one were to use 

the Chromium 3 hazards data.  Our goal ,  obviously,  is  to be as 

protect ive as possible in our assessment.  

For chromi um cancer hazards, we note that Chromi um 6 i s 

c lassi f ied as a group A or known human carcinogen via the inhalat ion 

route of  exposure. Of course, we have already stated ear li er  that we 

are assuming that  chi ld exposure to chromium residues v ia inhalat ion 

is  minimal .  

For the oral route of  exposure, Chromi um 6 is c lassif i ed as a 

group D, not c lassi f iable carcinogen. 

Now I would l ike to make some comments about a sampl ing 

effor ts that  the Consumer Product Safety Commission and U.S. EPA 

have jo int ly undertaken. Fi rst ,  let  me provide some background as to 

how this effort  evolved. 

Several  months ago, the two agencies began meet ing to discuss 

the pros and cons of  undertaking sampl ing to obtain further arsenic 
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and chromium and, in some cases, copper residue data that would be 

speci f ic to playground sett ings. Both agencies recognize that a 

number of  studies are avai lable for dis lodgeable and soi l  residues of  

arsenic and, to a lesser extent,  for  chromium. However, when we met,  

we both agreed that much of the avail able data had not been coll ected 

in playground sett ings. 

The two agencies decided that residue sampl ing in playgrounds 

containing CCA-treated structures could provide data that  would be 

useful  in the development of  chi ld exposure and r isk scenar ios.  With 

th is in mind, the two agencies developed protocols to address 

dis lodgeable residues of  arsenic and chromium and copper on 

CCA-treated wood playground surfaces and residues of  arsenic and 

chromium and copper in playground substrates such as soi l ,  wood 

chips,  pea gravel  or shredded rubber. 

The pr imary focus of  the substrate sampl ing is sampl ing of  

soi ls,  but  considerat ion wi l l  be gi ven to sampl ing of  other substrates 

i f  they prove to be signi f icant mater ia ls found in playground sett ings. 

The two protocols were released for publ ic comment on 

September 20th,  2001. At around the same t ime, the two agencies 

arranged for an external  peer review of the protocols by independent 

peer reviewers.  The publ ic comment per iod ended on October 22nd 
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and the external peer review is now compl ete. Both agencies plan to 

incorporate al l  appropr iate comments into the protocols and begi n 

sampl ing in November 2001. 

Rel at i ve to the two protocol s, CPSC and U.S. EPA agreed to the 

fol l owi ng approach: CPSC  i s the lead for the dis lodgeable residues 

from wood protocol .  U.S. EPA is the lead for the substrate sampl ing 

protocol .  CPSC wi l l  col lect  al l  d is lodgeable  and substrate samples,  

and U.S. EPA wi l l  a nal yze al l  substrate samples,  whereas CPSC wi l l  

analyze dis lodgeable residues from wood samples. 

Further, we agree that  col lected samples wi l l  be anal yzed for 

total  arsenic,  total  chromium, and copper. 

Some analyses for speciated forms of arsenic,  but more li kely 

for chromium species may occur, depending on the resul ts found in 

the pi lot  ef for t .  

Now I would l ike to make a few comments about the overal l  

design of  the sampl ing study. Fi rst ,  as ment ioned, sampl ing for  

dis lodgeable and substrate residues of  arsenic and chromium wi l l  

occur at  var ious playground si tes.  Before sampl ing begi ns,  CPSC 

f ie ld staff  wi l l  contact local  author i t ies,  such as school boards, county 

and state park departments,  to obtain access to playground areas. 

Once si tes are located, a two-t ier  study is planned. For the pi lot  
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s tudy, the two agencies wi l l  locate three playgrounds in one 

geographic regi on and perform the planned sampl ing in those 

playgrounds. The purpose of  the pi lot  study wi l l  be to standardize the 

f ie ld sampl ing techniques to be used in the larger f ie ld study. 

Speci f ic al ly ,  af ter  reviewing the sampl ing techniques, 

approaches and anal yt ical  resul ts f rom this pi lot  ef for t ,  the two 

agenci es wi l l  address sampl ing procedures in the larger f iel d study as 

needed. 

For the larger f ie ld sampl i ng study, the two agencies plan to 

locate and perform sampl ing in 15 playgrounds --  excuse me --  in 25 

playgrounds in each of  three geographic regi ons, such as the 

Northeast,  the Southeast, and the Southwest of  the United States. 

I n each of  these 25 playgrounds, we are proposing to col lect  ten 

substrate residue samples from var ious points under CCA-treated 

structures and ten dis lodgeable residue samples from the CCA-treated 

structure i tsel f .  These samples wi l l  then be anal yzed by the two 

agencies for total  arsenic,  chromium and copper. 

I n c losing, th is concludes my overview of the exposure and 

hazards inputs the agency plans to use in the chi ldren's r isk 

assessment for CCA -treated structures. As I  i ndicated ear li er,  these 

points wi l l  be discussed in more detai l  in later  presentat ions today  and 
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tomorrow. 

I  wi l l  be happy to answer  any quest ions at  th is t ime. However, 

i f  there are no quest ions,  then  I  wi l l  turn the discussion over to 

Dr.  Nader Elkassabany. Thank you. 

DR. ROBERTS: Thank you, Mr.  Cook. 

Are there any quest ions f rom the panel  for  Mr.  Cook before we 

proceed to  the next  presentat i on? 

Dr. Mushak? 

DR. MUSHAK: Just  a general  quest ion about sequencing.  The 

panel  is  being asked to evaluate the status of  data which may change 

markedly when you folks do your pi lot  studies and ful l  f ie ld studies.  

How much of  what we do carr ies over into what you hope to get 

out of  these proposed future studies? I t  seemed l ike there is an 

element of  prematur i ty here. I  may be wrong. 

MR. COOK: Wel l ,  we thought about that  and I th ink we 

decided it  would be better to have a panel meeti ng because there is 

such a large body of  exist ing data.  

I ni t ia l ly ,  our at tempt was to use that  data. And then th is 

playground effort  k ind of  became the pr ior i ty. 

So that is a good point .  But I  th ink we wanted to hear what the 

panel thought about the exist ing --  whether we could use i t  and how 
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re l iable i t  would be For the playground sett ing.  The other th ing is we 

also have to do r isk assessments beyond the playground sett ing. 

DR. ROBERTS:  Dr. Gi nsberg? 

DR. GINSBERG: To fol low up on your last  comment,  i t  is  a 

l i t t le  confusing to me exact ly  how these r isk assessments wi l l  

proceed. Wi l l  there be two separate r isk assessments,  one focusing on 

al l  the playground data? Because, as you showed, there are some 

exposure assumpt i ons that are more specif i c to chil dren's use of 

playground; then you are going out and col lect ing a lot  of  p layground 

data,  i t  looks l ike,  f rom these protocols.  How wi l l  that  al l  be related 

to  maybe a dif f erent r i sk assessment or an add-on r isk assessment that 

gets into a more hol ist ic v iew with playgrounds added to other 

wood --  pressure-treated structures, and how wi l l  that  change the 

exposure assessments and how wi l l  the data,  the f iel d data that  you're 

generat ing now be appl ied to a more hol ist ic r isk assessment? 

MR. COOK: I 'm not sure how many quest ions were there,  but  

I ' l l  t ry. 

Basical ly,  the focus on re-regi strat ion is to do r isk assessments 

on al l  pest ic ide uses. CCA-treated wood, obviously,  is  unique in that  

we're moving beyond actual ly assessing the pest ic ide i tsel f ,  which 

would be the occupati onal.  So our or igi nal plan was to assess each 
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use --  basical ly,  i t 's  almost l ike a modular approach or a t ier ing 

approach. You do your occupat ional ,  then you do your 

non-occupat ional ,  your resident ia l .  

And as a subset of  the resident ia l ,  we would have done the 

chi ldren's r isk assessment for playgrounds. What happened, 

obviously,  wi th the increased concern, we moved that r isk assessment 

to the front,  which we don't  typical ly do. I t  k ind of  puts i t  out of  

sequence.  We try to do i t  more hol ist ical ly ,  working from the general 

to  the specif i c.  So we're actuall y  tryi ng to be f lexi bl e as we speak 

because, typicall y,  we would have started with residenti al  scenario 

and worked down to the chi ldren's r isk assessment.  But in th is case, 

we're k ind of  working backwards. 

Agai n,  we were going to t ry to use the ex ist ing dis lodgeable  and 

substrate sampl ing data --  there is such a large body of  data there.  

Unfortunately,  to us,  i t  seems to be very highly  var iable and lot  of  

uncertainty to i t .  

So we deci ded sort of  as -- I  woul dn't say a fai l -saf e -- to 

undertake the sampl ing effort  and, in the meant ime, see what we could 

ut i l ize in the ex ist ing database. 

I  don't  know i f  that  fu l ly answers your quest ion or not. 


DR. GINSBERG:  Wel l , j ust to hel p us f rame our del i berat i ons
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in terms of  what you need from us, are you looking for input on your 

exposure assumpt i ons for both a playscape-type scenario and a 

resident ia l  scenario or just  one or the other? 

MR. COOK: Wel l ,  I  th ink the focus is on the playground 

sett ing.  Unfortunately,  that 's a very good point .  These things have a 

tendency to spi l l  over because, i f  you saw in our exposure docket,  

most of  the data that  we have avai lable is on decking.  There is some 

on playgrounds. 

So you get into th is --  wel l ,  you have deck data,  you have soi l  

data under decks. So i t  k ind of  spel ls into the resident ia l  set t ing, as 

wel l  as you may have a playground set in someone's backyard. 

So I' l l  admit  the l ine is not  very f ine there.  I t  may spi l l  over 

into the resident ial  set t ing.  I  guess we were asking the panel  to focus 

more on the playground sett ing, real iz ing that we may spi l l  over into 

the resident ial  set t ing. 

I t 's somewhat fuzzy to us, I can assure you. 

DR. GINSBERG: And whi le I have the microphone in f ront  of  

me, one other quest ion.  Are your r isk assessments going to take into 

account food and water arsenic exposures, inorganic arsenic? 

MR. COOK: I  knew somebody was going to ask that  sooner or 

later.  The ul t imate r isk assessment for  CCA, yes.  I n other words,  we 
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are planning to do an occupat ional  r isk assessment,  a resident ia l  one, 

or non-occupat ional ,  which wi l l  a lso include the playground sett ing 

r isk assessment.  

We have deci ded that  we wi l l  need to do a dietary r isk 

assessment for small  home gardens. And also --  and others can 

probably speak to this better than  I  - -  we wi l l  do an  aggregate r isk 

assessment where we wi l l  fa ctor in dr inking water, d ietary  and then 

the resident ia l  components.  

That wi l l  be down the road somewhat,  you know, next  year. 

MR. JONES: I f  I  could just  fo l low up br ief ly on what Norm 

ment ioned regarding the --  the sequencing is unusual --  I th ink that 's 

pretty c lear. The external dynami c  that we face is that a large number 

of  our state and local  partners are seeking advice about --  as are, I  

th ink,  parents in general  - -  as to what they should be doing as i t  

re lates to playground equipment,  and are very anxi ous to have some 

sense from the Environmental  Protecti on Agency as to what we 

bel ieve the r isks f rom the playground scenario is.  

And we are feel ing that  we need to get a l i t t le  bi t  of  peer review 

external advice on the current state of  the exposure data and our 

exposure assessment plans as well  as the hazard side of  the equati on 

before we go into a r isk assessment.  
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But that  in i t ia l  r isk assessment,  i f  we were to proceed, would be 

done on the current database. 

Obviously,  there is some data that  is being developed that could 

enhance that exposure assessment and thus r isk assessment. 

We did an unusual  th ing, which is change the sequence that we 

would normal l y  take because of a --  we felt  a very important need for 

us to be able to at tempt to speak to the r isks f rom the playscape 

scenario because of the concern that municipal and state governments 

have brought to our at tent ion.  

DR. ROBERTS: Thank you, Mr.  Jones. 

Dr.  Smith,  d id you have a quest ion? 

DR. SMITH: Thank you. I  have a quest ion concerning the 

proposed studies or the studies that  you are going to be doing jo int ly 

wi th the Consumer Product Safety Commission. We have --  some of  

the speci f ic quest ions we were asked to respond to ask us about what 

addi t ional  studies we may recommend. I 'm wondering, speci f ical ly in 

the context  of  the jo int  study you're going to do wi th the Consumer 

Product Safety Commission, are you looking for comments f rom us on 

that  study design?  And i f  not ,  wi l l  you welcome comments f rom us on 

that study design? 

MR. COOK: We would def in i te ly welcome comments.  
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This has been a dynamic,  working on CCA. I  th ink the 

comments raise --  the way I  would put i t  in context ,  i t 's  a cont inuum, 

in other words,  i f  we focus today on the playground sett ing --  I mean, 

as th is th ing evolves,  we may need other panel  meet ings as we get into 

the resident ia l  because, as you al l  know, this is a very complex --

there's so many var iables here, i t 's  --  but we would welcome 

comments,  yes. 

DR. ROBERTS: I f  there are no other quest ions from panel 

members,  let 's go ahead and proceed to the next  presentat ion, which is 

on the use and chemistry of  CCA. 

DR. ELKASSABANY: Mr.  Chairman, members of  the panel ,  

ladies and gent lemen, good morning. 

My  presentat ion to you this morning is on the --  i t 's  an overview 

of CCA use and a br ief  d iscussion of  CCA chemistry. 

There are 32 regi stered products of  CCA. CCA is used to 

protect  wood from bacter ia,  fungi ,  molds, termites and other pests.  

These pests may at tack the wood products.  CCA pest ic ide are 

commonly appl ied to wood intended for use in outdoor set t ings such 

as decks, walkways, fences, gazebos, boat docks, ut i l i ty posts,  

retaining wal ls and, of  course, playground equipment.  

The American Wood Preservers Inst i tute 's 1996 report  indicated 
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that  144,506,900 pounds of  CCA were used in 1996. 

According to the latest  est imate we got f rom the industry,  7 

bi l l ion board feet of  wood per year is t reated with CCA. And the 

current demand for CCA-treated wood in playground equipment is 

approximately  50 mi l l ion board feet  per year. CCA is appl ied to wood 

used in var ious methods, but the most common is pressure t reatment.  

I n the pressure t reatment,  the untreated wood is loaded on smal l  

rail  tramway cars and the tram are pushed into a hor izontal  treati ng 

cyl inder.  The cyl inder door then is sealed and a vacuum is appl ied to 

remove most of  the air  f rom the cyl inder and wood cel ls.  

CCA solut ion is then drawn into the cyl inder and once the 

cyl inder is f i l led,  pressure is appl ied. I n most cases, pressure is about 

150 pounds per square inch, forcing CCA into the wood. After the 

treatment cycle,  pressure is released and the unabsorbed solut ion is 

returned to the storage tank for reuse. 

Then the cyl inder door is opened and the trams are pul led out 

onto a dr ip pad and the wood is lef t  out  to dry before i t  is  sold.  

I n my overview of  the chemistry of  CCA, I wi l l  d iscuss br ief ly 

the formulat ion,  speciat ion,  f ixat ion,  leaching and migrat ion of  CCA. 

The purpose of  th is br ief  d iscussion wi l l  be to set  the stage, i f  

you wi l l ,  for  the next  two days of  d iscussion of  the hazards and 
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chi ldren's exposures to CCA. 

CCA components are chromium, copper and arsenic.  The 

mi ddle elements i n  CCA  are usuall y present i n  the form of oxi des. 

There are three CCA  formulati ons referred to as type A, type B and 

type C. Type C is now the most used formulat ion in pressure 

t reatment.  

Chemi cal speciati on descr ibes the types and the concentrati on 

of  chemical  compounds. 

Metals undergo changes in environment media,  such as soi l ,  

water, p lants and animals.  Metals have a tendency to speci ate in soi l  

and water.  Such changes, speciat ion of  metals,  depend on absorpt ion, 

desorpt ion, redox react ion in soi l  and water, precipi tat ion react ion. 

The signi f i cance of speciati on in case of CCA  l i es in  i ts usefulness as 

a tool  for  interpretat ion of  the toxi ci ty  of  CCA. 

Fi xat ion is the chemical  process in which the preservat ive 

metals and solut ion react wi th wood f iber molecules.  I t  is  a ser ies of  

chemical  b inding react ions of  metals wi th cel lu losic structure of  

wood. Fixat ion resul ts in reduct ion of  metals leaching out of  the 

wood. 

The process is general ly def ined by the reduct ion of  hexavalent 

chromium. And the reduct ion of  the react ive  and mobi le Chromium 6 
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to Chromium 3 is real ly  crucial  for  the format ion of  the insoluble 

complexes in CCA-treated wood. 

For CCA-treated wood, once the f ixat ion process is completed 

and done proper ly, a l l  Chromium 6 would be reduced into 

Chromium 3. 

There are many factors that can affect  the degree of f ixat ion. 

These factors include temperature,  moisture content of  the wood and 

the concentrat ion of  wood preservat ives and the type of  wood. Among 

al l  these parameters,  temperature is considered  as one of  the most 

important factors.  

CCA f ixat ion is highly  dependent --  a highly 

temperature-dependent event.  Many invest igators have demonstrated 

that f i xat i on can be accelerated at higher ambient temperature. The 

effect of  temperature as the most important factor is well -documented. 

There has been a considerable amount of  l i terature publ ished 

concerning the leaching of  CCA from wood. Al though most of  the 

metals bind with the internal  wood structure,  some remain free and 

have a tendency over a per iod of  t ime to leach out on wood surfaces 

and onto environmental  media l ike soi l  and water. 

The rate of  leaching depends on the size of  wood --  the surface 

area, that is --  age of  wood, wood type, the pH, and the f ixat ion 
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process. The leaching amounts of  metal  fo l low the order, copper, then 

arsenic,  then chromi um. 

Data are l imited on whether metals leach out as inorganic,  

organic or  complex speci es. Most anal yt ical  data est imate the total 

extractable metals,  and indiv idual  species are not quant i f ied.  

Soi l  samples analyzed around the wood structures showed 

higher than background concentrat ions. Most of  the work done on soi l  

sampl ing is on arsenic  and chromium. 

As for migrat ion, metals leached out f rom CCA-treated decks 

and playground equipment do not show a great tendency to migrate 

down into the soi ls.  And metals have a tendency to remain on the 

surface soil  and can result  i n high exposure. 

Publ ished l i terature indicated that  the hor izontal  migrat ion of  

l eached metal  i s up to 18 inches and the verti cal mi grati on of  leached 

metal  is  up to 9 inches. 

And that concludes my presentat ion,  and I wi l l  take quest ions at  

th is t ime, i f  there are any. 

DR. ROBERTS: Thank you. Are there any quest ions from the 

panel? 

Dr.  Chou? 

DR. CHOU: I  would l ike you to help me to understand that,  
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af ter the f ixat ion in a factory, how long is the dryi ng per iod i f  - -

whether the condi t ion of  the dryi ng per iod, such as temperature,  

moisture is control led before the wood is sold? 

DR. ELKASSABANY: You mean outside, af ter i t 's  outside, 

how the temperature is control led? 

DR. CHOU: So i t 's  just  an outdoor condi t ion? 

DR. ELK A SSA BA NY:  Yes. 

DR. CHOU: You just  leave outside? 

DR. ELK A SSA BA NY:  Yes. 

DR. CHOU: And is there any speci f icat ion on how long they 

should be out there before i t 's  sold? Are we sayi ng they can be sold 

r i ght  away after i t 's  been f ixed? 

DR. ELK A SSA BA NY:  Actual l y, there i s a -- AWPA has a 

standard for t reatment and how long the treatment should be and the 

temperature, also. Al l  of  these are specif i ed. And after i t 's  outside --

now I guess we're not real ly --  I don't  know the answer to th is 

quest ion. Maybe someone here from industry can answer that 

quest ion.  

DR. ROBERTS:  Other quest i ons? 

Dr. Shi ? 

DR. SHI:  I  just  want a c lar i f icat ion.  What is the state in soi l  
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and in wood? You said most of  these are Chromium 3. But how about 

in soi l?  Is i t  al l  Chromium 6 or Chromium 3? What is  the state. 

DR. ELKASSABANY: I  was talk ing about the wood af ter  i t 's 

f ix ed. 

DR. SHI :  I t al l  becomes Chromi um 3? 

DR. ELK A SSA BA NY:  Yes. 

DR. SHI:  How about in the soi l  or  around the wood? 

Chromium 3 or Chromium 6 in the soi l  around the wood? 

DR. ELKASSA BANY: After i t  leaches out of  the wood, we're 

not real ly sure i f  i t 's  6 or 3.  

DR. SHI:  So you don't  know? 

DR. ELKASSABANY: I  personal ly don't  know, yes.  

DR. ROBERTS: Dr.  MacDonald,  then Dr.  Morry,  Dr.  Styblo,  

then work f rom there. 

Dr. MacDonal d? 

DR. MacDONALD: The diagram you showed of the pressure 

treatment process was showing a whole batch being put in and charged 

at  one t ime. Do we have informat ion on the var iabi l i ty in the amount 

of  CCA that gets into the wood within one chargi ng?  And do we have 

informat ion on the var iabi l i ty  between di f f erent manufacturers and 

di f f erent products? 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

45


DR. ELKASSA BANY:  Once again,  there is the standard for the 

industry to fo l low.  And i t 's  actual ly speci f ied by the type of  wood, 

how long each type should stay in t reatment and temperature for  even 

l ike di f f erent concentrat ion,  whether i t 's  type A, B, C of  CCA. 

I t 's a very,  very detai led process. And al l  of  i t  is  spel led out in 

the standard of  AWPA . 

DR. STEINBERG:  Dr. Morry, then Dr. Stybl o, Dr. Mushak. 

DR. MORRY:  Davi d Morry, State of  Cal i f orni a.  My 

understanding of  the way the f ixat ion process works is that the 

chromium complexes wi th ei ther the l ignin or the cel lu lose in the 

wood, and that the chromium helps to f ix the other metals.  I  guess the 

other metals are somehow complexed wi th the chromium and then the 

chromi um attaches to  the substrate.  

Now, i n descr i bi ng the process, you sai d that -- I  guess i n the 

f ix at ion process, the chromium is reduced from Chrom 6 to Chrom 3. 

So i f  the f ix at ion process was complete,  then  al l  the chromium 

in the wood would be Chrome 3. 

But you also said this is temperature-dependent and dependent 

on other condi t ions.  So that impl ies that  you have some data that  

shows how much of  the chromium actual ly  is complexed and how 

much is not complexed and remains as hex chrome inside the wood. 
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So my quest ion is,  how much do we know about the degree of  

complet ion of  the process and how much do we know about how much 

chromium in the wood would remain as hexavalent chromium? 

DR. ELKASSABANY: For the l i terature that  I  have l is ted here, 

yes,  the l i terature indicated that i f  the wood is stored at  the lower 

temperature, that  you wi l l  f ind the Chromium 6. Now, when i t  is  

stored at  a temperature according to the standard of  the industry, the 

f ix at ion wi l l  occur and --  but the process has to be done completely 

and properly according  to  the standard of  AWPA . 

Now,  al so Dr.  St i lwel l ' s  presentat ion today wi l l  g o in detai l  as 

far  as the Chromium 6 and Chromium 3 leaching out of  the wood. 

DR. ROBERTS:  Dr. Stybl o? 

DR. STYBLO: I  have two quest ions.  

Fi rst ,  about the technology of  CCA treatment,  one of  the publ ic 

comments we received in wr i t ten form suggests that there could be an 

addi t ional  step involved which would remove excessive CCA solut ion 

from treated wood by vacuum pumps or a s imi lar procedure. I s i t  a 

common step? Is i t  a recommended step? Would i t  help to prevent 

l eaching? 

Second quest ion. You ment ioned that most of  the arsenic and 

chromium leaching from the wood is in organic forms. I s th is based 
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on actual analyt i cal data,  especiall y  i n  the case of arsenic?  Is the 

involvement of  microorganisms considered? 

DR. ELKASSA BANY:  Actuall y,  I d idn't  say l eaching  i n 

organic form. I  d idn't  say that .  I  don't  th ink I said that .  I  said we 

don't  know, you know, i f  i t ' s  inorganic or organic or a complex 

species. That's what I  said. 

But for  the f i rst  quest ion,  d id you say that th is vacuuming 

af ter  - -  is  i t  part  of  the standard t reatment? 

DR. STYBL O:  Yes. I t 's a questi on because one of the 

manufacturers actual ly  submit ted a comment that  suggests that  they 

use vacuum treatment af ter CCA treatment.  That would remove the 

excess of  CCA solut ion,  which sort  of  makes sense to me to l imi t  

l eaching.  Is that a common step? 

DR. ELK A SSA BA NY:  Is i t a common step?


DR. CHEN:  I 'm Jonathan Chen.


Wel l ,  for  the CCA treatment plant,  according to my knowledge,


they do have a vacuum process and they would get most of  the CCA 

solut ion out and recycle i t .  

And af ter that,  the CCA-treated wood wi l l  par (ph) up more l ike 

an open area and, af ter a per iod of  t ime, they would dr i l l  a hole and 

take a smal l  p iece to check the f ixat ion step. So at  that t ime they are 
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t ryi ng to make sure the f ix at ion is completed.  

But at  th is moment,  we are not sure th is process real ly ,  real ly 

100 percent sure al l  the wood that come out of  the plant are 

completely f ix ed because, under certain condi t ions,  especial ly at  a 

lower temperature, the f ix at ion step may take longer. This is the 

reason that OPP raised this quest ion,  because most of  the chromium 

that we have data are total  chromium. We are not sure about --  i t 's 

Chrome 3 or Chrome 6. This is the reason we l ike to ask the panel 

member to help us to solve th is problem. Thank you. 

DR. ROBERTS:  Dr. Mushak, then Dr. Sol o-Gabri el e, then 

Dr.  Steinberg. 

DR. MUSHAK: I t  seems to me, in looking at  a l l  of  the 

l i terature in the aggregate, that  the basic chemical  mechanisms of  

f ix at ion are st i l l  up in the air.  A very recent paper by D.C. Bul l  in 

Wood Science and Technology establ ishes that,  and i t  is  supported by 

theoret ical  cal culat ions that  what  you have in the matr ix  are chromic 

arsenate,  chromic --  t r ivalent chromic hydroxide and mixed copper 

carboxyl ates. 

Now, to the extent that  the nature of  the f ix at ion determines the 

relat ive mobi l i ty of  residues, could you comment on whether the Bul l  

study is bul l  or  whether i t 's ,  in fact ,  a chal lenge --  i t 's  a chal lenge to 
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the orthodox mechanist ic aspects of  f ixat ion? 

DR. ELKASSABANY: I  am not going to tel l  y ou that  the Bul l  

study was bul l .  I  am not going to do that.  

What  I  can say is that  I  have seen in the l i terature,  usual ly  when 

they start  ta lk ing about the f ixat ion process, they always say i t 's  not  a 

wel l -understood process and there are so many factors that  affect  the 

f ix at ion.  

But they  al ways refer to the temperature being the most 

important factor. Now, the moisture of  the wood does affect  f ixat ion.  

That we know. The type of  wood does affect  f ixat ion,  and how long 

the process is done and so forth.  

So I don't  know i f  I d id answer your quest ion, but there are so 

many studies out there that deal wi th  that i ssue --

DR. MUSHAK: Wel l ,  the Bul l  study argues that,  on theoret ical  

grounds, you can't  have what 's c la imed to be going on with the 

mechanism of f ixat ion actual ly going on, and I th ink that 's a ser ious 

chal lenge to the basic approach of  orthodox f ix at ion assumption. 

DR. ROBERTS:  Dr. Sol o-Gabri el e and then Dr. Stei nberg. 

DR. SOLO-GABRIELE: I  had a quest ion about the statement 

about l imi ted vert ical  and hor izontal  migrat ion because I would 

ant ic ipate that  hor izontal  migrat ion would be dictated pr imari ly by the 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

50


s lope of  the soi l  in the v ici n i ty of  the structure,  and vert ical  migrat ion 

would be governed by the character ist ics --  the composi t ional  

character ist ics of  the soi l ,  i f  you have a lot  of  organics versus 

non-organics.  

So do these other studies look at  those parameters to determine 

a relat ionship or even ment ion those character ist ics of  the 

surrounding area? 

DR. ELKASSABANY: I s th is a quest ion or a comment about 

other studies? 

DR. SOLO-GA BRIELE:  I t 's a quest i on. 

DR. ELK A SSA BA NY:  Okay.  Wel l , I actual l y was ref err i ng 

to --  when I say studies,  some of them are actual ly your studies in 

Flor i da. 

And how far they migrate and --  you know, you probably know 

more than, you know, a lot  of  people here in the panel that migrat ion, 

of  course, is affected by all  these thi ngs. 

Now, whether other studies have done that or how wel l  they 

discuss that,  that  I don't  know. 

DR. ROBERTS:  Dr. Stei nberg? 

DR. STEINBERG:  J.J. Stei nberg.  More so as a comment.  A l ot 

of  very nice data,  Dr.  Elkassabany. 
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As long as we're under the area of  chemistry,  I  assume that over 

the next  few days we're going to have a ful l  and robust discussion on 

ki ln- t reated wood and whether i t 's  binding to l ignins and whether the 

ammoniacals are involved, ammonia compounds, and looking at  

harder woods, and I th ink that wi l l  be al l  wel l  and good. 

Of course, on the human side, we're interested on the possibi l i ty 

of  any biomarkers that may be helpful  in r isk assessment.  And I'm 

going to ask the chemists around the table and in the room to start  

th inking certainly about whether these methyl  and hydroxyl ated 

arsenates --  whether th is arsenic that 's hooked up to l i t t le carbon 

compounds and oxygen compounds, whether the possibi l i ty of  their  

b inding to molecules or into DNA should be considered. And I th ink 

they could be very good candidates for that.  

There is a very smal l  amount of  data on that.  Of course, in 

chromium, just  the redox state makes i t  very interest ing to see the 

generat ion of  f ree radicals and whether that would be another 

potent ia l  marker. And of  course, a lot  of  the r isk assessment could be 

very easi ly understood because we have the potent ia l  of  a mechanism 

of act ion, and that makes i t ,  of  course, very interest ing to al l  of  us.  

DR. ROBERTS:  Thank you.


Dr.  Ginsberg  and then Dr.  Smith. 
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DR. GINSBERG: One of your overheads presented informat ion 

that the arsenic tr i ox i de content as a percentage of the CCA 

formulat ion changed from CCA -A to CCA -B to CCA -C. But I th ink I  

remember --  and you, I th ink,  al luded to this --  that now CCA-C is 

more commonly used. But what is the history of  using some of these 

other formulat ions? And I th ink i t 's  relevant to the var iabi l i ty  issue 

that you are going to f ind when you go out and sample any cohort  of  

decks, that some are older and were treated with a dif f erent 

formulat ion.  

So is i t  sort  of  l ike wi th lead, that  i f  you look pre-1980 and 

you're going to have one type of  exposure scenario,  and then 

post-1980? You know, are we deal ing wi th that  k ind of  s i tuat ion wi th 

these dif f erent formulati ons? Is i t  that c lear-cut when the CCA -A and 

CCA-B stopped being used and CCA-C is being used? 

And, also,  do you know any more about which types of  

formulati ons are more leachable as the A versus B versus C?  The 

older way they did i t ,  those pract ices, were they more conducive to 

leaching than what 's being done now? 

DR. ELK A SSA BA NY:  How many quest i ons was that? 

For the history,  I  real ly don't  know much of  the history behind 

how type C became more common than A and B. But  I  thi nk I have 
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read that  type A and B are used more in other types of  t reatments,  l ike 

remedial  t reatment af ter  the wood is in service.  

And i f  I 'm incorrect  or  I'm wrong, please, someone from the 

audience or the industry can correct  me. 

DR. ROBERTS:  Pl ease ident i f y yoursel f . 

DR. AV IADO: Good morning, Mr.  Chairman. I 'm Doreen 

Aviado, and I work wi th my col leagues on the CCA assessment.  I  can 

help answer that i ssue. 

The CCA -A, B and C --  the dif f erences are not i n perspecti ve of  

t ime where one formulat ion may have been used over history and then 

changed to a di ff erent formulat ion. I t  t ru ly has to do with the nature 

of  the wood and the appl icat ion for the treated wood. 

So, therefore,  in the context of  CCA playground equipment,  

when Nader ment ioned CCA type C as the predominant form, th is is 

correct .  The A and the B would be adopted for possibly commercial  

aquat ic,  h ighway barr ier- type instal lat ion, depending on whether there 

is ground contact,  above-ground contact.  I t  def in i te ly depends on 

nature of  the wood and the appl icat ion. 

And these are standards set by the American Wood Preservers 

Associat ion. They have a very,  very ful l  volume that depicts,  for  al l  

types of  appl icat ions, what wood treaters must reference and what 
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condi t ions are appl icable for choosing which formulat ion. 

So i t 's  very wel l  la id out .  I t 's just  in th is context ,  CCA type C 

is real ly our focus. And that would also apply to any dimensional  

lumber f rom your Lowe's,  your Home Depot --  those sorts of  

appl icat ions would be the CCA type C. Thank you. 

DR. ELK A SSA BA NY:  What was the other quest i on? 

DR. GINSBERG:  I t  pertained to  these dif f erent treatments and 

how leachable they are, relat i ve to one other. 

But i f  you are sayi ng that i t 's  a l l  CCA-C that should be within 

our purview, then that  var iabi l i ty  factor is real ly  not on the table,  I 

guess, unless you are sayi ng that --  you know, ground contact poles in 

a playground might be one of  these other formulat ions,  but i f  i t 's  a l l  

CCA-C, then I wi thdraw the other quest ion.  

DR. AV IADO: Right.  And, in fact ,  the AWPA  issues 

preservati ve standards and what they call  commodity standards. 

There is a speci f ic standard for playground equipment.  I t  requires 

that  al l  p layground equipment,  be i t  the vert ical  supports or the 

hor izontal  s lats,  must be treated at  .40 pounds per cubic foot.  I t 's a 

standardized penetrat ion retent ion level .  

And ear l ier  we were ment ioning about --  I bel ieve Dr.  Chou may 

have ment ioned what was going on in the t reatment plant  in terms of  
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the t reatment process related to qual i ty  control  or  how do they 

determine that f ixat ion has occurred. 

This has been the quagmire because the industry is not required 

to test  the wood for f ixat ion before i t  leaves the plant.  Al l  they are 

required to do is,  af ter  i t  comes out of  that  retort  vessel ,  that  round 

cyl inder that  Nader showed, when that t ram comes down, they take 

bor ing samples,  they take certain core samples which go into thei r  lab.  

They analyze it  for the chemi cals.  The balance of those chemi cals 

wi l l  te l l  them, you know, i f  that  f ixat ion level  - -  I'm sorry --  i f  the 

penetrat ion and retent ion level  that  they hoped to achieve has been 

met.  

That 's al l  i t  does.  They then leave i t  on the dr ip pad, let  i t  dry. 

And th is is  where the environmental  condi t ions apply.  I f  i t  is  cold,  i f  

i t  is  very moist  condi t ions,  h igh humidi ty,  i t  may takes two or three 

months to f ix that wood. That wood may have already lef t  the 

treatment plant and gone to a warehouse for sale.  

And I th ink the nature of  the concern here may not be the 

commercial  instal lat ions of  the playground equipment so much as the 

potent ial  for  the resident ial  homeowners to just  buy some lumber  and 

fabr icate a play set for  their  chi ld wi th wood that may have just  

recentl y been treated and may,  i n fact,  not be full y f i xed. 
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DR. ROBERTS:  Thank you. 

Dr.  Smith has a quest ion and I th ink we probably need to get on 

with our next  presentat ion.  

DR. SMITH: Dr.  Ginsberg asked my quest ion and I was very 

happy with the response. 

DR. ROBERTS:  A l l  ri ght .  Thank you very much. 

Let 's go ahead and then move forward wi th the next 

presentat ion. 

DR. McMAHON: Thank you. And good morning, 

Mr.  Chairman, members of  the panel,  ladies and gent lemen. I 'm 

Dr.  Timothy F. McMahon, and I'm here before you this morning to 

present a set  of  issues related to hazard ident i f ic at ion and toxi cology 

endpoint  select ion for inorganic arsenic and inorganic chromium, 

chemical  components of  toxi cologi cal  concern in CCA-treated lumber. 

As ment ioned ear l ier, a l though copper is also a component of  

CCA-treated lumber,  i t  is  not part  of  the current assessment.  Copper 

is an essent ia l  nutr ient which funct ions as a component of  several  

enzymes in humans, and the toxi c i ty of  copper in humans is usual ly 

observed only through consumption of  excessive doses of  copper or as 

a resul t  of  genet ic disorders.  

By contrast  wi th copper, inorganic arsenic and chromium have 
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been shown to demonstrate s igni f ic ant toxi ci ty  in mammal ian 

organisms, including humans. 

The informat ion presented today on hazard is der ived from 

several sources, which include the Agency for Tox i c Substances and 

Di sease Regi stry,  tox i cologi cal prof il es for arsenic and chromi um, 

toxi cologi cal  summaries f rom the U.S. EPA's IRIS database, the 

Nat ional  Research Counci l  report  on arsenic in dr inking water, and 

the publ ished scient i f ic  l i terature. 

I ' l l  f i rst  present the arsenic overview and endpoint  select ion, 

fo l lowed by the chromium hazard overview and endpoint  select ion 

with the opportuni ty for any clar i f icat ion af ter each presentat ion. 

So movi ng i nto arseni c, as you can see here, arseni c i s a 

natural ly occurr ing element present in soi l ,  water and food, and i t  

exists in many forms in the organic and inorganic state.  

I n  general,  the inorganic forms are considered more tox i c than 

the organic forms. And publ ished case reports and epidemiology 

studies show humans to be more sensi t ive in general  to the toxi c 

effects of  inorganic arsenic than experimental animal  species tested 

for toxi c i ty. As we al l  know, I' l l  be focusing on inorganic arsenic in 

today's presentat ion.  

The acute oral tox i c i ty of  inorganic arsenic in experimental  
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animals shows lethal  effects in the range of  15 to 175 mi l l igrams per 

k i logram, whi le human poisoning inci dence show lethal i ty  in the 

range of  one to four mi l l igrams per k i logram per day. 

Relat ive to the oral  route, the acute toxi ci ty  by the dermal  and 

inhalat ion route for inorganic arsenic is lower.  That is to say that 

data in animals by the dermal route show no mortal i ty up to 1,000 

mi l l ig ram per k i logram. And by inhalat ion, there is no mortal i ty in 

animals exposed to up to 20 mi l l igrams per cubic meter and no 

mortal i ty in humans exposed to up to 100 mi l l igrams per cubic meter. 

Contact  dermat i t is  is  observed in humans exposed 

occupat ional ly . Animal studies are al so suggest ive of  mi ld to severe 

dermal  i r r i tat ion af ter  appl icat ion of  arsenic to the skin.  There is no 

evidence of  dermal  sensi t izat ion for  inorganic  arsenic in a guinea pig 

animal model ,  and the evidence in humans is not  conclusive. 

Subchronic toxi c i ty studies with arsenic in exper imental  animal 

models have produced only general ized toxi c i ty;  that  is ,  weight loss 

and decreased survival ,  whi le the data from human exposures have 

shown more specif i c tox i c effects,  such as neurotoxi ci ty, 

hyperkeratosis of  the skin,  of  the hands and feet,  and cardiovascular, 

hepat ic  and gastrointest inal  toxi ci ty. 

There has also been the recent suggesti on of  an associati on 
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between arsenic exposure and diabetes. 

The data on developmental  and reproduct ive toxi c i ty of  

i norganic arsenic in humans is not extensive. The avail able data i n 

humans suggests reduced l ive bir th weights,  increased spontaneous 

abort ion and elevat ion in latent fetal ,  neonatal ,  and post-natal  

mortal i ty. These data are based on publ ished scient i f ic  studies of  

women exposed to inorganic arsenic at  a copper smelter or f rom 

exposure to arsenic in dr inking water. 

The animal data f rom laboratory exposures also show a var iety 

of  effects,  including i ncreased post- i mpl antati on loss, decreased 

viable fetuses and neural  tube defects.  However, at  the doses tested 

in these animal studies,  the s igni f ic ant maternal  toxi ci ty  was al so 

observed. 

Overall ,  the analysi s of  the avail able human data on 

developmental  and reproduct ive toxi c i ty of  inorganic arsenic f rom a 

var iety of  sources and off ices,  including EPA's Off ice of  Water, 

ATSDR, NRC, and the publ ished scient i f ic  l i terature conclude that , 

whi l e evidence from human studies suggests the potenti al  for  adverse 

effects on several  reproduct ive endpoints,  that there are no rel iable 

data that  indicate heightened suscept ib i l i ty  of  chi ldren to arsenic. 

The neurotoxic i ty  of  inorganic arsenic is not evident in studies 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

60


wi th exper imental  animals.  However, again,  there is a large body of  

epidemiology studies and case reports descr ibing neurotoxic i ty  in 

humans which, af ter acute exposures, has been character ized by 

headache, lethargy, seizures, coma, and encephalopathy and, af ter 

repeated exposure, by per ipheral  neuropathy. 

Four inorganic arsenic studies by the oral  and inhalat ion route 

i n commonly used experimental animal  species have not revealed a 

def in i t ive carcinogen response. However, epidemiology studies in 

human populat ions exposed to arsenic through dr inking water reveal  a 

strong associat ion between exposure to arsenic and development of  

cancers of  the skin,  bladder, lung, l iver,  k idney and prostate.  

The biotransformat ion of  inorganic arsenic is sequent ia l  and 

involves a ser ies of  reduct ion and oxidat ive methyl at ion react ions, 

which can occur enzymatical ly or non-enzymatical ly,  resul t ing in the 

format ion of  monomethylated and dimethyl ated pentavalent and 

tr ivalent products.  The major s i te of  oxidat ive methyl at ion appears to 

be the l iver. 

Products of  inorganic arsenic biotransformat ion in ur ine have 

been ident i f ied as both the inorganic and mono and dimethyl ated 

forms of  arsenic.  

Ur inary products appear s imi lar among species studied, but the 
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re lat ive proport ion vary great ly,  and a few animal species such as the 

chimpanzee, marmoset monkey and guinea pig lack the abi l i ty to 

methyl ate inorganic arsenic.  

The methyl at ion of  inorganic arsenic,  once thought to represent 

a detoxi f ic at ion pathway, may play  a role in the carci nogenici ty  of  

inorganic arsenic.  

Data on methyl at ion of  inorganic arsenic in chi ldren are 

l imited. One study conducted in a populat ion of  women aged 18 to 66 

and chi ldren aged 3 to 15 exposed to arsenic in dr inking water in 

Argent ina showed conversion of  arsenic to 47 percent dimethyl ated 

arsenic in chi ldren versus 66 percent dimethyl ated arsenic in women, 

whi le a second study examining the placental  t ransfer of  arsenic in 

pregnant women, al so in Argent ina, showed that  essent ial ly  al l  arsenic 

in maternal  and cord plasma was in the dimethyl ated form. 

I n l ight  of  the newer data on the possible role of  methyl at ion in 

arsenic toxi ci ty,  the toxi cologi cal  impl icat ions of  the f indings require 

further examinat ion. 

The dermal absorpt ion of  inorganic arsenic is general ly low and 

the value proposed for use by OPP is selected from the publ ished data 

of  Wester,  et  a l .  I n th is study, a dermal absorpt ion of  arsenic acid 

f rom water and soi l  is  examined in v ivo using the rhesus monkey.  In 
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v ivo,  absorpt ion of  arsenic acid f rom water was 6.4 plus or minus 3.9 

percent at  the low dose and 2.0 plus or minus 1.2 percent at  the high 

dose. 

The absorpt ion from soi l  in v ivo was reported as 4.5 percent 

plus or minus 3.2 at  the low dose and 3.2 plus or minus 1.9 percent at  

the high dose. And the value of  6.4 percent dermal absorpt ion is 

proposed. 

This was a wel l -conducted in v ivo study in non-human 

pr imates. I t  is  observed in th is study that a higher dose on the skin 

resul ted in a lower percentage of  dermal absorpt ion. But based on the 

var iat ion in the dermal  absorpt ion values observed, i t  is  fel t  that  the 

use of  the 6.4 percent value for dermal absorpt ion is suff ic ient ly,  but 

not over ly conservat ive.  

I ' l l  now be moving into a discussion of  the dose response 

assessment and toxi cology endpoint  select ion for inorganic arsenic.  

But f i rst ,  I would l ike to make a few general  comments.  

Consistent  wi th the pract ices wi th in the Off ic e of  Pest icide 

Programs, the toxi c i ty endpoint  select ion,  to the extent possible,  is  

matched with  the temporal character ist i cs of  the exposure scenarios 

selected for use in  the r isk assessment. 

Select ion of  toxi c i ty endpoints is reached by concurrence of  a 
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commit tee of  scient ists,  a hazard ident i f ic at ion assessment review 

commit tee --  or  HIARC --  wi th in the Off ic e of  Pest icide Programs. 

For both inorganic arsenic and chromium in chi ldren's 

playground exposures,  non-cancer endpoints are proposed for 

short- term and intermediate-term incidental  oral  exposures based on 

contami nated soil  i ngesti on exposure scenarios for chil dren and oral  

ingest ion exposure scenarios as a resul t  of  hand-to-mouth behavior in 

chi ldren from direct  dermal contact wi th t reated wood. 

Non-cancer endpoints for short  and intermediate-term dermal 

exposure are also proposed based on chi ldren's direct  dermal contact 

wi th t reated wood or dermal contact wi th contaminated soi l .  

For potent ia l  long-term non-cancer oral  and dermal exposure 

scenarios,  endpoints are avai lable for arsenic that may be used as 

conservat ive values in the assessment of  potent ial  long term 

non-cancer r isks.  

For chromium, a chronic non-cancer endpoint  is avai lable for 

oral  exposures. The endpoints for non-cancer dermal and inhalat ion 

exposures are a subject  for  discussion by the panel.  

For chronic exposures used to character ize arsenic cancer r isk,  

the U.S. EPA I RIS database has a publ ished quant i tat ive  approach for 

character izati on for arsenic carcinogenici ty. However, as we have 
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heard ear l ier, based on newer publ ished informat ion, OPP considers 

this newer data relevant to quant i fyi ng the carcinogenic r isk of  

inorganic  arsenic  and wi l l  be working with the Off ic e of  Water to 

develop the most scient i f ical ly sound approach. 

For inorganic arsenic,  the studies selected for short and 

immediate-term inci dental  oral  exposure are the human  case reports of  

Franzblau and Li l is  and Mizuta,  et  al . 

The LOAEL value of  0.05 mi l l igrams per k i logram per day from 

Miz uta,  et  a l . ,  was selected based on observat ions of  facial  edema, 

gastrointest inal  symptoms, per ipheral  neuropathy,  and skin lesions 

observed in a poisoning incident involv ing the presence of  arsenic 

contained in soy sauce. This study involved cl in ical  symptoms 

reported in 220 persons out of  417 persons exposed with an age range 

of  15 to 69 years.  

The durati on of  exposure was two to  three weeks. The arsenic 

content was est imated at  0.1 mi l l igrams per mi l l ,  and the est imated 

consumption was three mi l l ig rams per day.  The est imated exposure 

was, thus, 0.05 mi l l igrams per k i logram per day and was considered 

the LOAEL for th is study. 

I n the major i ty  of  the pat ients,  the symptoms appeared wi th in 

two days of  ingest ion and then decl ined, even with cont inued 
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exposure. There was evidence of mi nor gastrointesti nal bleeding. 

There was also abnormal i t ies in the electrocardiograms. These 

changes were not evidence on reexami nati on af ter recovery from the 

cl in ic al  symptoms. 

An abnormal patel la ref lex was evident in greater than 50 

percent of  the cases. This effect  did not return to normal dur ing the 

course of  invest igat ion. 

Support ing data are from the case report  of  Franzblau and Li l is  

who reported two cases of  subchronic arsenic intoxi cat ion resul t ing 

from ingest ion of  contaminated wel l  water over a two-month per iod. 

Acute gastrointest inal  symptoms, central  and per ipheral  neuropathy, 

bone marrow suppression, hepat ic toxi c i ty and mi ld mucous 

membrane and cutaneous changes were presented. Calculated dose 

was from 0.03 to 0.08 mi l l igrams per k i logram per day. 

These two case reports are fel t  to be appropr iate for both short  

and intermediate-term incidental  oral  endpoints for the fol lowing 

reasons: 

The symptoms reported in the Mizuta study,  gastrointest inal 

d isorders,  neuropathy, and l iver toxi c i ty,  occurred af ter two to three 

weeks of  exposure, making this endpoint  appropr iate for the short  

term, 1 to 30 days, exposure per iod. This study also examined 
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toxi c i ty by the relevant route of  exposure. 

Simi lar  symptoms were observed in the Franzblau study and are 

appropr iate for the intermediate term endpoint  as they were observed 

to occur af ter longer-term, two-month exposure within the dose range 

reported by Mizuta,  et  a l .  

This s l ide shows arsenic toxi c i ty endpoints publ ished by both 

ATSDR and U.S. EPA regi on 8,  and are shown for comparison. 

These endpoint  select ions are consistent wi th the proposed 

value by the Off ic e of  Pest icide Programs with respect to the dose 

l evels at which adverse effects are observed from short and 

intermediate-term exposures to arsenic in humans. U.S. EPA regi on 8 

recommended use of  an NOAEL value as 0.015 mi l l igrams per 

k i logram per day from a study by Mizuta,  et  a l . ,  for  acute and 

subchronic referenced dose values with an uncertainty factor of  1.  

Al ternately, the LOAEL value of  0.05 mi l l igrams per k i logram 

per day and an uncertainty factor of  3 0 for extrapolat ion from the 

LOAEL to the NOAEL could be selected. 

ATSDR has publ ished an acute provis ional  MRL value of  0.005 

mi l l ig rams per k i logram per day based upon the data of  Mizuta,  et  a l . ,  

and an uncertainty factor of  10 for extrapolat ion of  the LOAEL to the 

NOAEL. 
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You wi l l  see later in a presentat ion by Dr.  Bob Benson that  the 

arsenic database on short- term and immediate-term exposures is 

consistent as a whole with the choice of  the proposed endpoint  by the 

Off ic e of  Pest icide Programs. 

There are dif f erences noted in  the magni tude of the uncertai nty 

factor appl ied to the endpoint ,  and we wi l l  be asking the panel 

members for advice on the basis for and choice of  the appropr iate 

endpoint  and uncertainty factor in th is case. 

With respect  to the uncertainty factor,  f rom OPP,  an uncertainty 

factor of  100 is proposed to be used in conjunct ion with the selected 

endpoint .  This value consists of  a 10X factor for intra-species 

var iat ion and a 10X factor for the sever i ty of  the toxi c s igns observed 

at the LOAEL. 

Histor ical ly,  only a factor of  3 is appl ied when extrapolat ing 

from the LOAEL to the NOAEL, and a 10X intra-species factor is not 

typical ly appl ied when adverse effects are based on human data.  

However, the HIARC commit tee recommended a 10X factor for  

extrapolat ion based not only upon the lack of  NOAEL in th is study, 

but also upon concern over the sever i ty of  the effects observed, 

including gastr ic bleeding, abnormal electrocardiograms and 

neurologic  ef fects and the i r reversibi l i ty  of  neurologic  ef fects in some 
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indiv iduals.  

I t was al so noted f rom the data on tox i ci ty of  arseni c that 

effects seen after l onger-term exposure are dif f erent f rom those seen 

af ter a short- term exposure, and that the uncertainty factor should 

take into the account the effects that are evident immediately af ter 

exposure as well  as effects that appear later, such as skin  l esions and 

neurotoxici ty,  but  which st i l l  occur wi th in a short- term t ime frame. 

With regard to the 10X factor for  intra-species var iat ion,  th is 

factor was recommended based on the study of  one ethnic group, 

composed mainly  of  adul ts,  and the lack of  data in th is case report  on 

potent ia l ly suscept ib le indiv iduals such as persons with chronic 

i l lness.  

Lacki ng studi es by the dermal  route wi th whi ch to sel ect 

endpoints for short- term and intermediate-term dermal exposure 

scenar ios and consistent wi th OPP guidance, the endpoint  and 

uncertai nty factor selected for these scenarios was also the LOAEL 

value of  0.05 mi l l igrams per k i logram per day and uncertainty factor 

of  100 based, again,  upon the human case studies of  Franzblau and 

Miz uta as descr ibed above for short- term and intermediate-term 

incidental  oral  exposures. 

The dermal absorpt ion factor of  6.4 percent for arsenic would 
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be used to correct  for  calculated dermal doses from the oral  endpoint .  

The next  s l ide just  shows you the summary of  endpoint  and the 

study selected for inorganic arsenic.  

I  would be happy to take quest ions at  th is t ime, or  I  can move 

on ahead into the chromium. 

DR. ROBERTS: We have, apparent ly,  several  quest ions on the 

arsenic,  SO  let 's go ahead with  that. 

Dr.  Mushak, Dr.  Steinberg,  Dr.  Styblo.  

DR. MUSHAK: One quick caveat and two quick quest ions.  

I f  you look at  the NAS reports on arsenic,  especial ly the 

prepubl icat ion copy of  the 2001 update,  i f  you read that mater ia l  

carefull y,  they are not sayi ng that k ids are not more suscepti bl e than 

adults. What they are sayi ng i s k ids are perhaps suscepti bl e on the 

basis of  dose, but s ince the l i fet ime cancer exposure endpoint  is the 

one we're looking at ,  i t  probably doesn't  make any di f f erence. 

I  don't  know that anywhere in those reports does the academy 

say --  or  i ts  commit tee say that  k ids wouldn't  be more suscept ib le 

under less than chronic condi t ions, and Dr.  Kosnett  can jump in later 

and comment on that.  

I  not ice that your database doesn't  include the Morinaga (ph),  

Japan, powdered formula mi lk epidemic.  This was a horrendous 
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epidemic back in the '50s. There were over 10,000 kids who were 

poisoned. A number of  them died. 

When we were putt ing together the 1984 EPA document on the 

health effects,  we drew attenti on to  the fact that k ids are suscepti bl e 

for  CNS effects based on those studies.  And i f  I 'm not mistaken, we 

had those translated at  the old NCIA  (ph),  and you may want to get 

those. 

I  don't  know that that  provides you a very good LOAEL because 

I  th ink the studies were pr incipal ly looking at  hospi ta l izat ions and 

severe in jury. But you may want to see i f  you get a better bi te at  the 

NOAEL that way than versus the adul ts.  

The second quick quest ion is,  are you assuming that the 

intra-speci es of  ten-fold wi l l  capture k ids versus adul ts or k ids plus 

adul ts at  var ious --  wi th r isk factors? 

DR. McMAHON: Yes. With respect to your second quest ion,  

the 10X for  the intra-speci es is typical ly  assumed to cover, in th is 

s i tuat ion,  the var iabi l i ty wi th in the human populat ion.  

DR. MUSHAK: Yeah, but you can do i t  two ways. You can 

look at  a developmental  d i ff erence or a r isk factor presence 

di f f erence --  I mean, heal th status,  not developmental  status.  

DR. ROBERTS: Dr.  Steinberg. Then I have Dr.  Chou, 
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Dr.  Styblo and Dr.  Bates.  

DR. STEINBERG: J.J. Steinberg. One quick comment about 

the neurotoxicology in animal studies.  Af ter  having gone through the 

two telephone books of  informat ion that we have, I'm st i l l  unsure to 

be able to  make the statement or reaff i rm  the statement that there is 

no neurotoxicology or neuropathology in jury to the brain or nervous 

t issue in animals.  

I  thi nk it 's  a very dif f i cul t  and arcane specialty. There are not a 

lot  of  experts.  And I th ink you have to real ly look at  that data very 

careful ly. And I suspect that,  i f  you relooked at  that data with 

agreed-upon parameters,  you may be surpr ised at  what you have. 

I  do want to underscore what Dr.  Mushak said in that an 

uncertainty factor of  chi ldren, part icular ly  as i t  relates to the 

paradigm of nervous t issue and nervous t issue development,  I th ink as 

something that,  again,  requires some discussion and should be 

entertained. 

And, of  course, support ing that  is s imply the var iat ion and 

methyl at ion amongst human populat ions can vary by 1,000-fold.  And 

you can, therefore,  have populat ions that may be more at  r isk.  

Conversely,  you could also have populat ions that are at  far  lower 

r isks.  So, again,  there is some var ious populat ions that one has to 
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consider. And, of  course, we do have to take that extra moment to 

th ink about chi ldren. 

DR. ROBERTS:  Bef ore we take any more quest i ons, l et me just 

remind the panel  we'l l  have plenty of  opportuni ty to provide the 

agency with input on this part icular issue. I  bel ieve i t  is  the f i rst  

quest ion that we are posed. 

So i f  we could maybe most ly focus our quest ions on issues of  

c lar i f icat ion,  at  least  at  th is point  in our agenda. 

Dr.  Chou, I bel ieve you were next . 

DR. CHOU: I 'm not sure that  th is is a c lar i f icat ion or not.  I 

wonder i f  you ever considered interact ion of  arsenic wi th other t race 

elements such as zi nc and copper? 

DR. McMAHON: I 'm aware of  one paper that studied the 

interact ions in v i t ro,  but  I'm not fami l iar  wi th al l  the detai ls  r ight 

now. I  looked at  i t  a couple of  t imes and I do understand there was 

some interact ion of  arsenic wi th other metals.  

DR. CHOU: L i ke zi nc would exaggerate copper 's toxi c i ty --  I 'm 

sorry --  arsenic would exaggerate copper 's toxi c i ty. And arsenic also 

exaggerated zi nc def ic iency problems. 

DR. ROBERTS: Dr.  Styblo,  do you have a quest ion? 

DR. STYBLO: I  would def in i te ly agree with what Dr.  Chou 
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said about interact ion of  metals.  There is a lot  of  l i terature on 

interact ions of  arsenic and copper which we consider for the purpose 

of  th is discussion on toxi c,  but i t  may appear --  i t 's  not exact ly 

non-toxi c when combined with other metals.  

I  would l ike to make another point .  You said --  and we heard i t  

here before --  the focus of  th is session is inorganic arsenic.  Don't  you 

think we should,  at  least for  the sake of  the discussion, expand this 

focus on organic arsenicals that could be produced in the course of  

metabol ism of inorganic arsenic leaching from the wood by 

mi croorganisms, fungi , bacter ia,  algae. Because even CCA -treated 

wood is colonized by these microorganisms. So is soi l .  

And as you ment ioned, there is a legi t imate concern among 

scient ists now about what is exact ly comparat ive toxi c i ty of  arsenic 

species. And there are people in  thi s auditor i um that would agree 

wi th me that  the statement that  inorganic  arsenic is  more toxi c than 

methyl ated arsenicals is not true anymore. 

We have data in v ivo that  shows that,  actual ly,  t r ivalent 

methyl ated arsenicals are of  concern in  terms of tox i c i ty,  DNA 

react iv i ty. So I would def in i te ly suggest let 's  look a l i t t le bi t  wider 

and consider also presence and biologic effects of  possible products 

of  methyl at ion of  inorganic arsenic by microorganisms. 
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DR. McMAHON: Yes, that 's a very good comment.  I 

appreciate that. 

I n fact ,  f rom my point  of  v iew and our point  of  v iew of  looking 

at r i sk,  especiall y wi th respect to chil dren --  I mean, the comment 

regarding the di f f erences in methyl at ion abi l i ty  is  certain ly  relevant.  

The exposure issue to  i norganic or organic --  certai nl y appreciate any 

input on that s ince, general ly speaking --  and I'm not fami l iar  wi th al l  

of  them --  you know, the inorganic forms tended to be more toxi c than 

organic.  

But in relat ion to your comment regarding what happens now 

with respect to methyl at ion, I th ink i t  could be an expanded picture.  I 

just  would appreciate the input of  the data and the concepts behind 

that so that we could rel iably address that quest ion. But I  agree with 

you. 

DR. ROBERTS: Dr.  Bates,  d id you have any clar i f icat ions you 

would l ike? 

DR. BATES:  Yes.  I 'm al ways sl i ght l y wary of  the appl i cat i on 

of  uncertainty factors on the way that  toxi cologi sts do to 

epidemiologi cal  data,  the reason being that  one of  the major 

di f f erences between tox i cology and epidemi ol ogy studies is the 

uncertainty of  the exposures in epidemiology. 
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And I was wondering whether any factor is incorporated to take 

that into account.  Having looked at  the Mizuta paper,  I  not iced that 

there's actual ly  very l i t t le  informat ion on the exposure, how they 

actual ly  arr ived at  thei r  est imate. And one could argue that  some 

factor might be incorporated in the overal l  uncertainly  factor to take 

into account th is exposure. The di ff erence, of  course, is that in 

toxi cology studies,  you usual ly know exact ly what animals are being 

exposed to. 

DR. McMAHON: That 's correct .  Again,  that is an issue that we 

hope to have a discussion on with the panel members.  Because, as you 

can see, there are var ious di ff erences by --  you know, reported with 

uncertainty factors regarding simi lar  data sets.  

DR. ROBERTS: Dr.  Hopenhayn-Rich, then Dr.  Ginsberg. 

DR. HOPENHAYN-RICH: Expanding a l i t t le  bi t  on what 

Dr.  Mushak brought up, I just  wondered i f ,  in the select ion of  the 

Miz uta study, you had considered other studies that are publ ished on 

acute i ntox i cati on or short- term effects and whether there was 

rat ionale for  select ing th is and/or i f  the ef fects were compared with 

other studies and the levels of  exposure? That 's one comment or 

quest ion.  

The other one i s, wi th regards to what Dr. Stybl o sai d on the 
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i ssue now of whether it 's  the inorganic or the methyl ated species that 

are more or less toxi c.  That would be also very relevant in terms of ,  

i f  the study that you cited in Argenti na of  placental  transfer was all 

methyl ated, whether,  you know, you were impl icat ing a level  of  

toxi c i ty or not,  or  less,  or none. 

DR. McMAHON: That 's t rue. My  understanding was that the 

more data in that  area, the better wi th regards to the methyl at ion 

di f f erences, especial ly in chi ldren and even in,  you know, pregnant 

women. 

And with regard to your comment on the database, I know that 

when you see Dr.  Benson's presentat ion, there is,  again,  a larger set of  

data. I  can't  remember exactl y why we picked the Mizuta study, other 

than the reasons I stated in my presentat ion.  I  th ink a lot  of  the 

studies do show ef fects that  f i t  wi th in our short- term t ime frame and 

that  consist  of  s imi lar  types of  ef fects.  So, indeed, the discussion of  

that  could be expanded from what  I  had al ready wri t ten to incl ude 

those other studies.  

DR. ROBERTS:  Dr. Gi nsberg? 

DR. GINSBERG:  That segues into my comment perf ect l y.  I 

th ink that there is a lot  of  support  f rom the excel lent review that 

Dr.  Benson did in conjunct ion wi th what you just  presented. 
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The one thing that I would think would be helpful  for  the panel 

would be to have some sort ing of  those studies based upon chi ldren's 

exposure and chi ldren's dose response within those. 

For example, in  the Chi l ean data by the Zal di var (ph),  et al. ,  

group, they show some lethal i t ies in chi ldren in the .05 to .09 range 

which is --  you could see our LOAEL.  Those are adul t  studies that  we 

have got up there,  you know, .05.  But those weren't  lethal i ty effects;  

they were other effects.  So that would suggest chi ldren might be more 

sensi t ive. 

But then there is a NOAEL that 's in Dr.  Benson's paper that 's 

also based upon chi ldren that 's not that far  f rom range. 

So i t  would be real ly  n ice to see the var iabi l i ty  th is chi ldren's 

data and how much conf idence we have that chil dren are reall y 

covered by that and by that safety factor --  i t  might be nice to have 

that segregated out.  Of course, you know, we're here now reviewing 

what we have in f ront  of  us.  But that  would be a good thing to sort  of  

sort  out .  

DR. ROBERTS: Any other c lar i f icat ions f rom the panel  on the 

presentat ion on arsenic? 

I f  not,  I know you are ready to go into a discussion on 

chromium, but let  me suggest that we take about a 15-minute break at  
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1 th is point .  And let 's  resume the chromium discussion in 15 minutes,  

2 at a quarter to  11:00. 

3 (A recess was taken.) 

4 DR. McMAHON: So now we're going to move on to chromium 

5 a bi t .  Chromium is also a natural ly occurr ing element found in 

6 animals,  plants,  rocks and soi l ,  and in volcanic dust and gasses. 

7 Although chromium can occur in several  oxidat ion states,  for  the 

8 purposes of  th is presentat ion, we'l l  focus on the +3 and +6 oxidat ion 

9 states,  as these are the most c losely related to the hazards surrounding 

10 exposure to chromium in CCA-treated wood. 

11 I n humans and animals,  Chromium 3 is an  essent ial  nutr ient  that 

12 plays a role in gl ucose, fat  and protein metabol ism. By contrast ,  

13 Chromium 6 rarely  occurs natural ly  and is associ ated with s igni f ic ant 

14 tox i c effects in humans and experimental animal s. 

15 The administrat ion of  Chromium 6 is chromic aci d by the oral , 

16 dermal and inhalat ion routes to exper imental  animals has resul ted in 

17 signi f ic ant acute toxi ci ty  is  measured by lethal i ty . 

18 Studi es revi ewed by EPA show the oral  LD50 in rats i s 52 

19 mil l ig rams per k i logram. A dermal  LD50 is 57 mi l l igrams per 

20 ki logram, and inhalat ion LC50 is .217 mi l l igrams per l i ter. 

21 Human reports of  death af ter ingest ion of  chromium show 
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lethal i ty  at  lower dose levels.  

Chromium 6 is al so a s igni f ic ant eye and skin i r r i tant  and 

severe al lergic react ions consist ing of  redness and swel l ing  of  the 

skin have also been noted in exposed animals and humans. Case 

reports of  humans who have intenti onall y or accidentall y  i ngested 

chromium have also shown severe respiratory effects.  

I n  contrast  to the acute toxi ci ty  of  Chromium 6, the acute 

toxi ci ty  data for  Chromium 3 show less severe acute toxi ci ty  wi th oral 

LD50 values in rats reported in the range of  183 to 200 mi l l igrams per 

k i logram or up 2,365 mi l l igrams per k i logram. There are no reports of  

lethal i ty  in exper imental  animals af ter  acute inhalat ion or acute 

dermal  exposure to Chromium 3. However, skin i r r i tat ion and 

sensi t izat ion have al so been observed from exposure to Chromium 3. 

Subchronic toxi c i ty studies in exper imental  animals have 

demonstrated hematol ogi c and hepati c effects f rom repeated oral  

exposure to  Chromi um 6 which includes decreases in  mean 

corpuscular volume and mean corpuscular hemogl obin,  accumul at i on 

of  hepat ic l ip ids and hepat ic cytoplasmic vacuolat ion. 

Repeated inhalat ion exposure to chromium mists and dusts has 

resul ted in reports of  nasal  t issue damage including perforated and 

ulcerated septum, nosebleed and inf lamed mucosa. Exposure to 
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vapors to chromi um salts has also been suspected as a cause asthma, 

coughing wheezing and other respiratory distress. 

These signs have only been reported in occupat ional  set t ings 

and there are no data on potent ial  toxi ci ty  f rom resident ial  inhalat ion 

exposures. 

Adverse developmental  effects have been observed in 

exper imental  studies wi th Chromium 6 in the scient i f ic  l i terature 

using rats and mice, including the absence of  uter ine implantat ion, 

increases in pre- implantat ion and post- implantat ion losses,  

dose-dependent reduct ions in total  body weight crown-rump length,  

and reduced ossi f icat ion of  several  bones. However, in a guidel ine 

rabbi t  development study submit ted to and reviewed by OPP, no 

s igni f ic ant developmental  toxi ci ty  was observed. 

Reproduct ive toxi c i ty studies in mice conducted by the Nat ional  

Tox i cology Program showed sl ight  reduct ion in mean body weight,  

s li ght decreases in  mean corpuscular volume and mean corpuscular 

hemogl obin,  and cytoplasmic vacuol izat ion of  the hepatocyte.  

Despi te the weal th of  animal studies on the development and 

reproduct ive toxi c i ty of  Chromium 6, there are few human data with 

which to make any rel iable conclusion regarding suscept ib i l i ty  of  the 

developing fetus,  infants or chi ldren to the toxi c effects of  
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Chromium 6. The evidence avai lable suggests s imi lar  toxi c  ef fects in 

adul ts and chi ldren from ingest ion of  Chromium 6. 

Hexavalent chromium, as you have heard,  is  known to be 

carcinogenic in humans by the inhalat ion route of  exposure,  but by the 

oral  route,  there is no convincing evidence for the carcinogenic i ty of  

Chromi um 6. By contrast,  there is no evidence for carcinogenici ty 

Chromium 3 by ei ther the oral  or  inhalat ion route.  

Hexavalent chromium can be reduced to the t r ival ent form in 

the epi thel ial  l in ing  f lu id of  the lungs as wel l  as by the gastr ic ju ice of  

the stomach. 

Once absorbed, chromium compounds are distr ibuted to al l  

organs of  the body without any preferent ia l  d istr ibut ion. However, 

exposure to higher levels of  chromi um, such as can occur in  the 

chrome plat ing industry and chrome ref in ing plants may resul t  in 

accumul at i on of  chromi um  in  ti ssues. 

I f  hexavalent chromium is absorbed, i t  can readi ly  enter red 

blood cel ls through faci l i tated di ff usion where i t  wi l l  be reduced to 

the t r ivalent form by gl utathione. Cur ing reduct ion to the t r ivalent 

form, chromium may interact  wi th cel lu lar  macromolecules,  incl uding 

DNA, or may be slowly released from the cel l .  

I t  has been hypothesized that the carcinogenesis of  hexavalent 
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chromium may involve format ion of  oxidat ive DNA lesions dur ing 

intracel lu lar  reduct ion.  

As for inorganic arsenic,  incidental  oral  exposure and dermal 

exposure of  chi ldren to chromium is expected based upon the same 

exposures ment ioned for inorganic arsenic.  

The endpoint  selected for short  and intermediate-term 

incidental  oral  exposure is taken from the developmental  toxi c i ty 

study in the rabbi t  conducted by Tyl  and submit ted to and reviewed by 

the agency. 

For both the short  and intermediate-term incidental  oral  

exposure scenarios,  the NOAEL value of  0.05 mi l l igrams per k i logram 

per day was selected based on increased incidence of maternal  

mortal i ty and decreased body weight again at  the LOAEL mi l l ig rams 

of 2.0 mi l l igrams per k i logram per day. 

This study and endpoint  is  fe l t  to be appropr iate for  both short  

and intermediate-term inci dental  oral  exposures in that  i t  is  a 

wel l -conducted, mult i -dose study, toxi c effects occur af ter a 

short- term dosing, and support ing data from the l i terature show 

simi lar  ef fect  levels af ter  longer- term exposures at  s imi lar  dose less.  

A report  by Zhang and Li  in 1987 detai led the toxi c effects 

observed in 155 human subjects exposed long-term to chromium in 
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dr inking water at  a concentrat ion of  approximately  20 mi l l igrams per 

l i ter  or  0.6 mi l l igrams per k i logram per day.  These effects included 

mouth sours,  d iarrhea, stomach ache, indigest ion,  vomit ing and 

elevated white cel l  count.  

Thus, the choice of  the NOAEL value of  0.5 mi l l igrams per 

k i logram per day f rom the developmental  toxi ci ty  study is protect ive 

of  the gastrointesti nal effects suggested in humans at a s li ghtl y higher 

dose and is also protect ive of  the non- lethal  effect  observed in humans 

based on a more severe ef fect  observed in animals,  mortal i ty . 

With respect to the dermal exposure, the 1998 EPA I RIS 

document on Chromium 6 states that  chromium is one of  the most 

common contact  sensi t izers in males in industr ia l ized countr ies and is 

associated with occupati onal exposures to numerous mater i als and 

processes. 

I n addi t ion,  i t  is  stated further that dermal exposure to 

chromium has been demonstrated to produce i r r i tant  and al lergic 

contact  dermat i t is .  The relat ive potency of  th is ef fect  appears to 

di f f er between the 6 and 3 species of  chromi um check. 

Bagden (ph) in 1991 col lected skin hypersensi t iv i ty data for  

t r ivalent chromium compounds in human subjects and concluded that 

the threshold level  for  evoking hypersensi t iv i ty react ions from 
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t r ivalent chromium compounds is approximately 50-fold higher than 

for hexavalent chromium compounds. Nonetheless,  i t  is  apparent that  

both forms of  chromium cause hypersensi t iv i ty react ions in humans. 

Based on these data,  the HIARC commit tee recommended that 

the skin i r r i tat ion and skin al lergenici ty  ef fects are the pr imary 

concern for Chromium 6 through the dermal exposure route,  and that 

no endpoint  would be selected for dermal r isk assessment.  

We wi l l  be  asking the panel  to comment on the issue of  dermal 

effects as a possible basis for assessment of  dermal r isk f rom 

resident ia l  exposure. 

And the last  s l ide wi l l ,  agai n,  just  show you the summary of  the 

endpoints selected for the incidental ,  short  and intermediate-term oral  

and the dermal exposure. 

And that  is  the conclusion of  my chromium presentat ion.  

Again,  I' l l  be happy to take any quest ions.  

DR. ROBERTS: Thank you, Dr.  McMahon. 

The panel wi l l  get  the opportuni ty to gi ve the agency feedback 

on this aspect in quest ions,  I bel ieve, 4,  5 and 6 when we discuss 

those. 

Right now, though, are there any clar i f icat ions we would l ike 

from  the agency on thi s? 
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Seeing none, then we can proceed on to the next  presentat ion, 

which is on bioavai labi l i ty ,  which is going to be discussed by 

Dr.  Chen. 

DR. CHEN: Mr.  Chairman, honorable panel members,  ladies 

and gent lemen, my name is Jonathan Chen  and I'm a toxi cologi st  wi th 

the ant imicrobial s div is ion.  

I n the fo l lowing sect ion we're going to present issues related to 

the relat ive bioavai labi l i ty  of  the chemical s of  concern in th is r isk 

assessment.  

Bef ore we di scuss thi s topi c, I woul d l i ke to make sure some of 

the terms we are using are clear ly def ined. Fi rst, absolute 

bioavai labi l i ty,  ABA, is a rat io of  the amount of  chemical  absorbed 

compared to the amount of  chemical  ingested. 

For example, i f  100 micrograms of chemical  X dissolved in 

dr inking water were ingested  and a total  of  90 micrograms enters the 

body, the ABA wi l l  be 90 percent.  

Relat ive bioavai labi l i ty ,  RBA, is the rat io of  the absolute 

bioavai labi l i ty  of  some test  mater ial  compared to the absolute 

bioavai labi l i ty  of  the reference mater ial . 

For example, if  the ABA of the chemi cal X dissolved in 

dr inking water is 90 percent and the ABA of X contained in the soi l  is  
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30 percent,  then the RBA, the relat ive bioavai labi l i ty  of  the chemical 

X in soi l  versus water would be 33 percent.  

Therefore,  i f  we are going to talk about relat ive bioavai labi l i ty 

(soi l  versus water) ,  i t  wi l l  be the percentage of  the chemical s of  

concern, for  example, inorganic arsenic absorbed into the body of  a 

soil  dosed animal  compared to  that of  an animal  receivi ng a singl e 

dose of  arsenic in aqueous solut ion. 

Now, why does the relat ive bioavai labi l i ty  (soi l  versus water)  

need to be discussed? The reason is that al l  the toxi c i ty endpoints 

selected in  the hazard assessment are based on the chemi cals of  

concern in aqueous phase. 

To adjust the exposure of  the chemi cal i n soil ,  the RBA (soil 

versus water)  is  required to def ine the chemical  b ioavai labi l i ty  in soi l  

relat ive to water. 

Theref ore, four di f f erent RBA (soi l  versus water) need to be 

discussed in th is SAP: The arsenic RBA (soi l  versus water)  through 

oral  route;  arsenic RBA (soi l  versus water)  through dermal route;  

chromium RBA (soi l  versus water)  through oral  route;  and chromium 

RBA (soi l  versus water)  through dermal route.  

Now, we are goi ng to focus on the arseni c rel at i ve 

bioavai labi l i ty  soi l  versus water through oral  route f i rst .  
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There are many publ ished and/or unpubl ished studies that have 

been done on this issue. Based on these studies,  we learn that there 

are many factors that may affect the arsenic RBA (soil  versus water)  

through oral  route.  

For example, the animal  model used in  the study, the biomarker 

used in the study, for  example, where there is arsenic in the blood as 

the biomarker or arsenic in the ur ine col lected over a per iod of  t ime as 

a biomarker, th is may  af fect  the reported resul ts;  

The soi l  type, whether i t 's  a sandy type of  soi l  or  a c lay type of  

soi l ;  

The dosing techniques, whether animal is gavaged or fed with 

capsules;  

The arsenic concentrati on in  the soil ; 

The indiv idual  animal di ff erences, and some other factors al l  

may affect the RBA measure. 

The ani mal  model s whi ch have been used to study these i ssues 

include rats,  rabbi ts,  dogs, juveni le swine, and two di ff erent k inds of  

monkeys. 

A summary of  some of  the l i terature reports of  arsenic relat ive 

bioavai labi l i ty  (soi l  versus water)  is  presented in th is table. 

I n th is table, we can tel l  d i f f erent  types of  soi l  have been 
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s tudied, the RBA ranging from around 8 percent to around 78 percent 

have been reported. 

Roberts used male cebus apel la monkeys to study the arsenic 

RBA in the soi l  f rom di ff erent  waste s i tes in Fl or ida, one from an 

electr ical  substat ion, one from a CCA treatment s i te,  one from a 

pest icide appl icat ion s i te,  and one from a cat t le dip vat  s i te. 

Di f f erence in bioavai labi l i ty ranging from around 11 percent to 

around 25 percent for these soi l  samples were reported. 

I n the in v i t ro study by Wil l iams, et  al . ,  in 1998, when soi l  

containing arsenic are incubated in s imul ated leaching f l u id c losely 

analogs to human stomach and a small  i ntesti ne. Average stomach 

arsenic RBA of 11.2 percent were reported. The gross RBA increased 

to around 18.9 percent fo l lowing translocat ion through a s imulated 

smal l  intest ine regime. 

I n addi t ion,  there are several  studies that have tr ied to 

determi ne the ur inary and fecal recovery of arsenic.  

The results i ndicate that arsenic excreti on pattern of  cebus 

apel la monkey and that of  the human are very s imi lar. 

I n humans, af ter a s ingle intravenous dose of  arsenic,  around 

60.4 percent of  the arsenic is excreted in the ur ine and around .7 

percent is excreted in the feces, whereas in cebus apel la monkey, 
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around 66.8 percent is excreted in the ur ine and around .6 percent 

excreted in  the feces. 

Therefore,  based on the resul ts of  Roberts,  et  a l . ,  in 2001, an 

arsenic oral  relat ive bioavai labi l i ty  (soi l  versus water)  of  25 percent 

was recommended by OPP. 

The reasons are, f i rst ,  i t  is  using appropr iate animal model -­

cebus apel la monkeys were used in th is study. 

Second, appropr iate soi l  samples. 

Third,  supported by other in v ivo and in v i t ro studies.  

Now, let  us take a look at  arsenic RBA (soi l  versus water)  

through dermal route.  

As ment ioned in Dr.  Tim McMahon's presentat ion,  Wester, 

et  a l . ,  in 1993, studied the dermal absorpt ion of  arsenic f rom water 

and soi l  of  rhesus monkey.  In th is study, Wester studied the dermal 

absorpt ion of  arsenic wi th water or soi l  as a media in two di ff erent 

doses. Let us compare the low dose group. 

We can tel l  that dermal  absorpt i on of  arseni c f rom water i s not 

stat ist ical ly  d i f f erent  f rom the absorpt ion f rom soi l .  Note: The large 

standard deviat ion in both groups. 

Therefore,  an arsenic dermal RBA (soi l  versus water)  of  100 

percent was proposed by OPP. 
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I n other words, v ia dermal exposure, the magnitude of  

absorpt ion of  arsenic is equal whether the arsenic is in water or in 

soi l .  

Next sl i de. 

We are going to ta lk about relat ive bioavai labi l i ty (soi l  versus 

water)  for  chromium --  we're ta lk ing about both Chromium 3 and 

Chromi um 6 --  through either oral or dermal route because there is no 

study regarding the relat ive bioavai labi l i ty  of  chromium in soi l  when 

compared with in water through ei ther oral  or dermal exposure route 

and i t  is  known that ei ther dermal or oral  absolute bioavai labi l i ty of  

chromium is very low. 

Therefore,  OPP is proposing a RBA value for both soi l  versus 

water of  100 percent for both oral  and dermal exposure routes for both 

Chromium 3 and Chromium 6. 

I n other words, v ia ei ther oral  or dermal exposure routes, the 

magnitude of  absorpt ion of  chromium is equal  whether the chromium 

is in water or in soi l .  

I n summary,  al l  the OPP recommended RBA (soi l  versus water)  

are summarized in th is s l ide.  Thank you. 

I ' l l  be happy to address any quest ion.  

DR. ROBERTS: Dr.  Mushak, would you l ike to begi n? 
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DR. MUSHAK: Just a quick c lar i f icat ion on cr i ter ia for animal 

models and comparabi l i ty  across models for uptake of  arsenic. 

I s i t  the case that you are assumi ng  that there is no 

developmental  d i ff erence in arsenic uptake, k ids versus adul ts,  

therefore,  don't  worry about developmental  d i ff erences in stages or 

ages or stages for the appropr iate animal model? 

The reason the young pig is popular wi th regi on 8 and regi on 10 

and other regi ons is that,  in  the case of lead at l east,  i t  seems to do a 

pret ty good job of  predict ing what the case is wi th humans. And i t  

al so compares pret ty wel l  wi th the in v i t ro studies of  Drex ler, Ruby, 

et cetera. 

So could you commend on whether development comes in the 

picture or not.  

DR. CHEN: Wel l ,  actual ly ,  at  th is moment,  i f  you not ice, the 

reported RBA value for arsenic through oral  exposure route --  and you 

wi l l  not ice that  the reported data var ies a lot .  

And the juveni le swine is a very good model for lead and, 

besides that,  juveni le swine, we think about i t  because dietary pattern 

is s imi lar  to humans. 

Wel l , at thi s moment, we are not excl udi ng the other ani mal 

model being used. The reason that we present i t  here is that the cebus 
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apel la monkey, based on the resul t  we have, shows i t 's  a good model,  

but we are not sayi ng other models are bad. 

At th is moment,  we didn't  real ly th ink about whether people 

with di f f erent ages need to be thought about.  I  th ink this would be a 

very good quest ion for the panel to discuss about.  

DR. ROBERTS: Dr.  Hopenhayn-Rich, then Dr.  Gordon, then 

Dr.  Kosnett .  

DR. HOPENHAY N-RICH:  I 'm not a tox i col ogi st , so some of 

these quest ions might have an easy answer or maybe not.  

I  had two quest ions. One is wi th respect to the ur inary recovery 

of  arsenic af ter the intravenous dose, comparing humans and the 

di f f erent k inds of  monkeys. Was there a s imi lar comparison done or 

could a s imi lar comparison be done for ingested rather than 

intravenous dose and whether --  my quest ion is whether that would be 

more relevant? I  know that Buchet and his group did several  studies 

related to s ingle dose and doses over a few days of  arsenic.  I  don't 

know i f  a s imi lar study has been done with the cebus apel la monkey or 

not.  That 's one quest ion.  

And the other one is the conclusion that the water and soi l  

dermal --  the RBA for arsenic dermal (soi l  and water)  is pret ty much 

the same based on this Wester study that we just  got  a copy of ,  so 
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we'l l  have a chance to review i t ,  hopeful ly,  today in more depth.  

The fact  --  I th ink you ment ioned that there was no signi f icant 

di f f erence between the groups. At the same t ime, you said the 

conf idence intervals were large, and I would add the numbers of  

animals in each group were very smal l ,  so the fact  that they were not 

stat ist ical ly  s igni f ic ant is  cl ear ly  a funct ion of  that ,  and whether there 

is real ly no di ff erence would depend how large your sample size is.  

DR. ROBERTS: Would you l ike me to answer one of  those 

quest ions? 

DR. CHEN: I  th ink you would be the better person. 

DR. ROBERTS: To answer your quest ion about a comparison 

with ingest ion in humans, data are avai lable for that comparison. 

They weren't  presented by the agency, but we have those data.  

And I have had some requests for  informat ion f rom this study 

because, as the agency pointed out --  thi s study at thi s point has been 

wri t ten up. I t 's been submit ted for peer-reviewed publ icat ion, but that 

process isn't  completed yet.  I t  was presented at  the annual meet ing of  

the Society of  Tox i cology, and the agency i s relyi ng on the 

presentat ion of  data there.  I  have the panels f rom that presentat ion, 

the s l ides f rom that presentat ion,  and I can distr ibute those to the 

panel  and put that  on the publ ic docket i f  that  wi l l  help the panel  take 
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a look at  th is study. And also I can answer any methodological  

quest ions regarding that study which I th ink might be helpful .  

Then al so as an asi de, the other study that was ment i oned by the 

agency for the dermal absorpti on was the Wester paper, and I happen 

to have --  happened to br ing a copy of  that wi th me, so I have made a 

copy of  that and that is being distr ibuted i f  you would l ike to take a 

look at  that one as wel l .  

I  had Dr.  Gordon, Dr.  Kosnett  and then Dr.  Ginsberg. 

DR. GORDON: Given the uncertainty and maybe controversy in 

understanding the chemistry of  the CCA in the wood and what might 

be there in the dis lodgeable or worn wood part ic les,  have any of  the 

absorpt ion studies,  dermal or oral ,  used soi l  f rom contaminated si tes 

at  a playground, not a CCA-treated plant soi l ,  but the actual  stuff  that 

we're concerned with? 

DR. CHEN:  You mean use soi l  i n the CCA -treated si te? 

DR. GORDON: Soi l  f rom a playground structure,  which might 

be very dif f erent than the soil  contami nated with arsenic and 

chromium at  a CCA treatment plant  s i te,  gi ven the uncertaint ies and 

the chemistry of  i t  al l .  Have any studies used that  k ind of  soi l? 

DR. CHEN: Wel l ,  at  th is moment we are focused on the soi l ,  

and from my understanding, there is no real  --  current use of  CCA 
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d i rect ly. No study.


DR. ROBERTS:  Dr. Kosnett? 

DR. KOSNETT: Dr.  Chen, I just  had a couple of  quest ions.  

Besides the study of  Dr.  Roberts,  which we're looking forward to 

f inding out more about,  does the agency have any other studies or data 

on the cebus apel la monkey with respect to the pharmacokinet ics and 

the metabol ism of  inorganic  arsenic in that  speci es? 

DR. CHEN: No. The informat ion I have, i t 's  just  an abstract  

f rom the Soci ety of  Tox i cology. So maybe Dr.  Roberts may be able to 

answer the quest ion better than I do. 

DR. ROBERTS: I 'm not aware of  any other studies other than 

ours that have used this money for studying arsenic.  

DR. KOSNETT: Okay. And on your s l ide,  in addi t ion to 

indicat ing that  that  - -  you l is ted three cr i ter ia for  select ing the 

relat ive bioavai labi l i ty  f indings based on that  abstract . One was the 

appropr iate animal model.  The second was appropr iate soi l  samples. 

And that study ment ions, on a previous sl ide, that there were four 

di f f erent  waste s i tes in Fl or ida. 

Di d the agency exercise some cr iter i a in sayi ng that these 

part icular soi l  types were more appropr iate than perhaps the other 

studies which they  al so l is ted wi th --
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DR. CHEN:  Wel l ,  the reason that I  state thi s i s because of the 

opinion (ph) of  thi s task because there are so many studies and there 

are so many di f f erent k ind of  soi ls involved. So basical ly we 

classif i ed the dif f erent types of soil  i nto  three dif f erent k inds. 

And one is soi l  f rom the mining area. So the background soi l  is  

already goi ng  to have high arsenic content. 

The second one is soi l  that the arsenic is f rom the 

contaminat ion part ,  l ike the soi l  used in th is study. 

And the third type is house dust.  

A nd i f  we go through these, then we not i ce that other soi l  types 

used in th is study,  i t  goes to the soi l  type that  is  more equivalent  to 

how we are going to ta lk about the CCA contaminat ion of  th is s i te 

soi l .  

This is  the reason that  we say i t 's  appropr iate soi l  type. 

DR. KOSNETT: I s that based on the fact  that,  of  the four types 

that were studied in Dr.  Roberts ' study, one of  them part icular ly was 

f rom a CCA treatment s i te? 

DR. CHEN:  Yes. 

DR. KOSNETT: And that none of  the other --  that was the only 

animal model that  you had avai lable in the ent i re data set  that  referred 

to CCA? 
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DR. CHEN: I f  you real ly th ink back, al l  those other type of  

soi l ,  they  are soi l ,  but  is  f rom the arsenic  contaminat ion f rom 

di f f erent sources, li ke pesti ci de appli cati on. 

So I include al l  those soi l  types in the considerat ion.  These soi l  

are not  the soi l  f rom the mining area soi l .  So, to me, these soi l  

samples are more appropr iate. 

DR. KOSNETT: Maybe I don't  want to belabor the point ,  but  

you did study soi ls f rom other s i tes that  were not mining but are 

avai lable on the data set? 

DR. CHEN:  Yes. 

DR. KOSNETT: I  was just  - -  I guess what  I 'm gett ing  at  is  I  

just  wanted to get more informat ion on why you selected this one 

part icular study for your relat ive bioavai labi l i ty  when, in fact ,  there is 

a very r ich data set  on other bioavai labi l i ty  as wel l?  And as was 

ment ioned, regi on 8,  for  instance, has done studies,  as has regi on 10, 

on the swine model .  

DR. CHEN: Wel l ,  to me, I th ink th is is very good quest ion.  

Actual ly,  we go through al l  those studies.  And when we compare 

these studies,  i t  becomes very di f f icul t  to real ly  k ind of  say which is 

the most appropr iate one. 

And the regi on 10 study has used juveni le swine, but the 
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b iomarker check that regi on 10 use is arsenic in the blood as a 

biomarker. 

And from the informat ion we have from other biomarkers,  l ike 

arsenic in the blood, i t 's  not so sensi t ive as the arsenic in the ur ine 

col lected over a per iod of  t ime. I t  var ies a lot .  

This is the reason that we --  besides that,  regi on 10 study is 

using a mining area. And for that reason, we kind of  ment ioned that,  

but we didn't  use that.  

The second thing is that in the in v i t ro study, i f  you not ice that,  

the highest number that is reported in the regi on 10 is about 78 

percent,  and in the in v i t ro study, i t 's  around 20 percent in the smal l  

intest ine area. So this is the reason we think the cebus apel la monkey 

model,  the resul t  is  more appropr iate. 

And we are not excluding other studies.  To me, I th ink this is --

we open thi s because thi s i s somethi ng  that we reall y need the panel 

members to gi ve us advice. 

DR. ROBERTS:  Dr. Gi nsberg? 

DR. GINSBERG: Something I 've always been cur ious about in 

these studies. Chi ldren are ingest ing smal l  quant i t ies of  soi l ,  100 

mi l l ig rams a day.  In these studies,  are they t ryi ng to s imulate that 

type of  soi l  amount going down or are we talk ing about higher 
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amounts so you can get sensi t ive amounts in ur ine, et  cetera? 

Maybe --  I invi te Steve Roberts and Dr.  Chen to comment on the 

methodology.  How much soi l  is  involved in these in putt ing into 

these animals? 

DR. ROBERTS: No, we can't  measure bioavai labi l i ty  on the 

kinds of  soi ls that  we typical ly ta lk about when we are ta lk ing about,  

you know, 100 mi l l igrams, 200 mi l l igrams per day in a chi ld.  The 

problem just  has to do wi th anal yt ical  sensi t iv i ty. 

Because the problem i s you have to --  we have to work with 

arsenic soil  sampl es that are in a reasonable concentrati on range, and 

we have to provide them with a arsenic dose that 's high enough that 

we can measure wi th some rel iabi l i ty . Frankly, what we wind up is 

gi v ing doses that are probably much larger than an indiv idual  would 

get on a --

DR. GINSBERG:  So are we on a gram level ? 

DR. ROBERTS:  Yes, gram-l evel  doses, ri ght , to get an arseni c 

dose that  you can rel iably measure the bioavai labi l i ty . Gram doses of  

soi l ,  not gram doses of  arsenic.  

Dr. Mushak? 

DR. MUSHAK: Two quick fo l low-ups from comments by Drs.  

Kosnett  and Ginsberg. 
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One is that  as soi ls  age wi th the contaminants,  then the 

pr inci pal  determinant of  what the arsenic is  going to behave l ike is 

going to be the nature of  the soi l ,  not  the incoming medium. So I  

th ink over t ime --  i f  we're looking at  the behavior of  these residues 

over t ime, I th ink we need to be looking what types of  soi ls are 

involved. 

And If  you look at  the mining data,  you know, a lot  of  those 

soi ls are not  mater ial ly  d i f f erent  than others.  So I th ink to say that 

CCA went into one soi l ,  makes that a better soi l  - -  you know, I don't 

buy that.  

The second thing is that  k ids,  in fact ,  do --  i f  you look at  hand 

transfer studies,  et  cetera, k ids ingest  smal l  quant i t ies over the course 

of  the day.  Studies that  use a bolus basical ly that  swamp out the 

mobi l iz ing apparatus of  a chi ld ' s stomach, I th ink are largel y 

i r relevant to uptake rates.  I  mean, i t 's  just  an  art i factual  s i tuat ion.  

So I th ink your comment about,  you know, you have to s imulate 

how kids ingest stuff  is  cr i t ical .  

DR. ROBERTS: Dr.  Bates.  And, again,  we'l l  have plenty of  

opportuni ty to discuss this provide our input i f  there is a quest ion 

specif i call y addressing thi s. 

Dr.  Bates, did you have a clar i f icat ion for Dr.  Chen? 
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DR. BATES: This is  s l ight ly d i f f erent  to what was just  being 

discussed. Just  going back to the relat ive bio logical  avai labi l i ty , 

dermal ly,  for  soi l ,  arsenic in soi l ,  the f igure of  100 percent is being 

used based on this study using rhesus monkeys, a fair ly smal l  number. 

I n fact ,  i f  you look at  the data,  i t  seems to ne that the data is 

actual ly  compat ible to a very wide range of  est imates. And 100 

percent has been selected. 

So I was wondering i f  - -  has any sort  of  sensi t iv i ty analysis 

been done to look to see what are the impl icat ions i f  you var ied th is --

say, took 50 percent or 25 percent? 

And looking broader than that,  I was wondering, based on a 

sensi t iv i ty  anal ysis,  what  are the most important  of  these parameters 

that  we should be looking at?  We could spend a lot  of  t ime looking at  

some of  these th ings and tryi ng to ref ine the levels,  the est imates,  to 

get them more preci se,  maybe cal l ing  for  more data. But which are 

the most important of  these absorpt ion factors and so forth? 

Has that sort  of  exercise been done? 

DR. CHEN: Wel l ,  i f  y ou go to other resul ts f rom al l  these 

studies,  you wi l l  not ice that  al l  these studies,  the standard deviat ion is 

k i nd of  big.  So --  there are so many factors that can affect i t . 

This is the reason that OPP is proposing 25 percent,  but  we do 
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know that i t  var ies a lot .  I  don't  know whether we can --  any 

sensi t iv i ty of  the research techniques are real ly  being studied,  but  

many researchers report i n  their  documents that many factors can 

affect the results. 

But in the r isk assessment,  we do need something to make the 

comparison. This is the reason this quest ion becomes so important to 

the panels.  And I don't  know. 

DR. ROBERTS: I  had a quest ion,  Dr.  Chen. 

I  understand the concept of  using relat ive bioavai labi l i ty when 

you are measur ing absorpt ion and r isk f rom oral  exposures.  But 

typicall y when you are measuring r i sk from dermal exposure, of ten 

what is  used is the absolute bioavai labi l i ty  to cal culate an internal 

dose, which is then  compared with an internal  version or form of  a 

toxi c i ty value, which may be der ived, for example, f rom oral  exposure 

and gastrointest inal  absorpt ion,  or  something l ike that .  

Can you explain for me or help me understand a l i t t le better the 

concept of  the use of  relat ive bioavai labi l i ty  for  dermal  absorpt ion.  

DR. CHEN:  Wel l , at thi s moment,  because in  the r isk 

assessment we do have two di ff erent concentrat ions. One is that we 

don't  have the dermal toxi c i ty studies or something. 

So we basi cal l y we ki nd of  go through f rom the oral  --



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

103


extrapolate f rom the oral  exposure toxi c i ty endpoint  to the dermal 

toxi c i ty endpoint .  At  that t ime, the toxi c i ty we are comparing 

compares the toxi ci ty  through the oral  route versus toxi ci ty  through 

the dermal route. 

So the relat ive bioavai labi l i ty  issue, that  is  compared the oral 

route to the dermal route.  

But i f  we  are using the dermal  toxi ci ty  studies,  the toxi ci ty 

endpoint  is  d i rect ly f rom the dermal study, but the study is using the 

chemi cal i n  the aqueous phase. Then, if  we are goi ng  to compare that 

to  the dermal as a media, then we do need dermal  the relat i ve 

bioavai labi l i ty to make the conversion. 

Thi s i s the poi nt that we are goi ng to use.


DR. ROBERTS:  Thank you.


Any other fo l low-up quest ions on bioavai labi l i ty ?


I f  not,  thank you very much, Dr.  Chen.


Let 's move on to our next  presentat ion.  I  bel ieve Dr.  Benson is 


going to te l l  us about the Superfund short- term approach in assessing 

r isks.  

Wel come, Dr. Benson. 

DR. BENSON: Good morning, Mr.  Chairman and members of  

the panel.  
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I  obviously didn't  get  the memo about standard background in 

my sl ides,  so i t 's  d i ff erent  f rom the rest .  

I  am Bob Benson. I 'm a toxi cologi st  in the dr inking water 

program in EPA regi on 8.  

I 'm here today to discuss some work I d id for  the Superfund 

program concerning the acute and subchronic reference values for 

arsenic.  

You might wonder why a regi onal  toxi cologi st  who works in the 

dr inking program got involved in th is in the f i rst  p lace. 

Wel l ,  as i t  turns out,  many of  you probably real ize,  arsenic has 

qui te a great deal  of  interest in regi on 8.  I t  f requent ly occurs at  

mining si tes,  and we have some very large Superfund mining si tes in 

regi on 8,  some of  them larger than some of the --  in area, some of  

them larger than a few of the eastern states, actuall y. 

So I'm going to talk about how we evaluated the acute and 

subchronic data avai lable on arsenic and der ived reference values. 

I n mid 1999, because of  some issues that were raised at  a 

Superfund si te in metropol i tan Denver,  I  volunteered to help the 

Superfund program try to resolve some issues between EPA and 

ATSDR concerning the possible health effects f rom exposure to 

arsenic f rom resident ial  soi ls  at  th is s i te in Denver. 
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Dur ing th is same t ime, the ATSDR was in the process of  

updat ing i ts toxi cologi cal  prof i le on arsenic.  

So to t ry to resolve some of these issues between the two 

agencies,  EPA and ATSDR formed an interagency work group, and the 

members of  the work group are shown on the sl ide. 

Because the two agencies have some over lapping 

responsibi l i t ies at  Superfund si tes,  the or iginal  p lan was to t ry to 

publ ish a jo int  document that  both agencies could support .  This 

ul t imately  didn't  happen, for  reasons which I' l l  ment ion later. 

Peter Grevatt  chaired the work group. I  was the pr imary author 

of  the f inal  document.  

Most of  the staff  work was done by mysel f  and Selene Chou and 

David Mel lard f rom ATSDR. Dr.  Chou is in the audience, so i f  you 

have quest ions about the ATSDR involvement,  we can defer those to 

her. 

The other scient ists f rom both of  the agenci es part ic ipated in 

var ious discussions and review of  the documents as i t  was f inal ly 

being developed. 

The next  s li de shows the external peer reviewers that were used 

to review the document.  We actual ly did two rounds of  peer review, 

one an ear l ier  draf t ,  and then, af ter we had made substant ia l  changes 
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to the document and incorporated comments,  both f rom the f i rst  round 

of peer reviewers and agency comments,  we sent the document back to 

the peer reviewers for another round of review. 

The cr iter i a that we used for including studies are li sted on thi s 

s l ide.  The f i rst  cr i ter ion was that the study concerned non-cancer 

heal th ef fects in humans rather than in laboratory  animals and that  the 

publ icat ion concerned relat ively low doses. I n other words, we 

excluded studies that only reported death or other very ser ious 

toxi c i ty as the only endpoints in the study. 

The second cr i ter ion was that the study provide speci f ic 

informat ion on the durat ion of  exposure, as we were tryi ng to sort  out 

effects f rom acute exposure and subchronic exposure or exposure 

last ing in the order of  several  months to several  years.  

The third cr i ter ion was that the study provide a suff ic ient 

amount of  informat ion that we could est imate the dai ly exposure with 

some reasonable degree of  conf idence. And in the document that I  

prepared, we l is t  al l  of  the assumpt ions that  we needed to make in 

order to get to an exposure in mi l l igrams per k i logram body weight 

per day.  Some of the studies had more informat ion than others on 

that . 

This s li de li sts the areas of agreement and disagreement that we 
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had between the members of  the work group and the di ff erences 

between EPA scient ists and the ATSDR scient ists.  

The areas of  agreement included what data we should use to 

der ive reference values. This turned out to be fair ly easy for us to do. 

We also agreed on the effect l evels that were observed in  the studies. 

The two pr imary areas of disagreement i ncluded what the 

NOAELs were in some of the studies.  ATSDR essent ia l ly didn't  agree 

with a couple of  NOAELs that I assigned to the studies.  

Also, there was a di ff erence of  opinion about what uncertainty 

factor to apply to the endpoints in the Mizuta study. The ATSDR 

wanted to use a factor of  ten --  an uncertainty factor of  ten on the 

Miz uta study, and EPA wanted to use only a factor of  three on the 

NOAEL in that  same study. 

And as you heard ear l ier, OPP has proposed a di ff erent 

uncertainty factor on the same study, and i t 's  one of  the pr incipal  

areas that I  thi nk the agency --  OPP i s asking for your advice on. 

There was also a dif f erence in  the def ini t i on of  exposure 

durat ions between EPA Superfund and ATSDR. 

The Superfund exposure durat ions that we used are l is ted on 

this s l ide.  An acute exposure is f rom 1 to 14 days, subchronic 

exposure from 15 days to about 7 years,  and chronic exposure, an 
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exposure greater than about 7 years.  And this appl ies to human 

exposures, at  least in the durat ions def in i t ions. 

The next  s l ide shows the exposure durat ion that the ATSDR 

uses in  their  tox i cologi cal prof il es,  where an acute exposure is f rom 1 

to 14 days, an intermediate exposure is f rom 15 days to 365 days, and 

chronic exposure, something greater than 365 days. The way the 

ATSDR uses these def in i t ions is that the exposure durat ion appl ies to 

both laboratory animals and to humans. 

The next sl i de shows the def i ni t i ons that OPP i s usi ng where 

their  short- term exposure is an exposure from 1 to 30 days, their  

intermediate-term exposure is f rom 1 to 6 months.  

The next  s li de shows the li st  of  adverse health effects,  

non-cancer heal th effects that have been at tr ibuted to inorganic 

arsenic.  And as you can see, there is a large var iety of  effects that 

have been reported in the l i terature in human studies,  or  studies in 

humans anyway. 

The most character ist i c  l esion from across the enti re database 

are the skin  l esions, usuall y character ized as hyperpigmentati on and 

hyperkeratosis. But  the exposure or the effects that are observed 

depend on the magnitude of  the exposure and i ts durat ion, to some 

extent. 
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What I'm going to do now is k ind of  walk through the exposure 

response assessment that  is  summarized in the paper I wrote.  And I  

understand that the panel  has been gi ven a copy of  th is paper in the 

background document,  background mater ia l ,  so I'm going to go 

through th is relat ivel y quickly. 

The next ser i es of  sl i des are a ser i es of  tabl es organi zed by 

exposure durat ion. The f i rst  two acute exposure studies are shown 

here. 

Dr.  McMahon discussed ear l ier  in detai l  the resul ts f rom the --

that were presented from the Mizuta study, the soy sauce incident,  so 

I 'm not going to go through that  in detai l .  But in general ,  we agree 

completely wi th the endpoints that he reported and the LOAEL in the 

study, which is 0.05 mi l l igrams per k i logram body weight per day. 

One thing I  should point  out  is  that  in al l  of  these studies,  we're 

talk ing about exposure from relat ively bioavai lable sources of  

arsenic,  soy sauce, dr inking water and fowler solut ion. There are no 

studies in  the database where adverse health effects have been 

observed from an exposure to soil , at l east as far as I'm aware. 

One of  the th ings I  should ment ion is that  in the Mizuta study, 

the author est imated the exposure,  and I  actual ly  have some quest ion 

as to how accurate that est imate is.  The exposure was est imated as 3 
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mi l l ig rams per day based on the dai ly  consumpt ion of  30 mi l l i l i ters of  

soy sauce containing 0.1 mi l l igrams per mi l l i l i ter  of  arsenic.  A smal l  

error in the est imate of  e i ther one of  those two input points could 

cause a fai r ly  s igni f ic ant change in the est imated exposure, 

part icular ly s ince we're operat ing in what appears to be a very narrow 

range for adverse health effects,  parti cular ly  the neurologi cal  

symptoms that  are reported in some of  the studies. 

The same thing could be said of  the Franzblau and Li l is  dose 

reconstruct ion or exposure reconstruct ion. I t 's not ent i re ly c lear f rom 

the publ icat ion when, in the course of  the exposure, the neurological  

symptoms developed. But i t  was cl ear that ,  at  the ear ly  exposures, 

there were fai r ly  substant ial  gastrointest inal  ef fects.  

The next  s li de has results f rom the use of inorganic arsenic as 

intravenous treatment for  leukemia. I  put  th is discussion in the paper 

I  wrote to indicate that ,  in th is part icular study, even though the 

exposures were in  the same range as the ear li er  soy sauce and dr inking 

water study, there is no clear evidence of neurologi cal effects in  thi s 

study. However, i t  is  a fai r ly  smal l  study and there were some 

neurological  ef fects preex ist ing in some of  these pat ients that 

compl i cates the issue. And I have not seen more recent fol l ow-up of 

any other case reports f rom these workers.  There may be some, but I 
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have not seen them. 

Next  s l ide has a ser ies on subchronic exposure from arsenic.  

Some of these are case reports,  s ingl e case reports f rom the use of 

fowler solut ion,  which is arsenic t r ioxi de in potassium bicarbonate 

solut ions.  I t  was used histor ical ly  for  the t reatment of  asthma, I  

understand. 

The resul ts of  these var ious studies are at  least ,  I th ink,  fa i r ly  

consistent,  a l l  showing low effect  levels in the range of  an exposure 

of  0.05 to 0.06 mi l l igrams per k i logram body weight per day. 

The effects that you most commonly see across thi s enti re ser ies 

of  resul ts is  the skin lesions,  somet imes wi th neurological  ef fects al so 

reported, and also gastrointesti nal effects.  But  the most character ist i c 

are the skin lesions that  were reported. 

The next  couple of  s l ides have some reports of  exposure in 

chi ldren, which is one of  the areas of  interest here.  We speci f ical ly 

t r ied to pul l  out ,  when we were doing this work,  studies that  had 

exposure to chil dren that we could clear ly determi ne what the 

exposure was and the durat ion of  exposure, and tr ied to compare those 

resul ts wi th what had been observed in some of the other studies 

where only adul t  populat ions were seen. 

The second entry here is study in South America that involved a 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

112


s tudy of  chi ldren, school-aged chi ldren that had been exposed for 

about ten years.  A fair ly  large study, there were 27,000 chi ldren 

involved in th is part icular study. 

Again,  the low effect  level  for  the lowest observed adverse 

effect  level  reported occurred in an exposure of  about 0.06 mi l l igrams 

per k i logram body weight per day. 

The next  s l ide has two more studies where our emphasis here 

was on exposure to chi ldren. The f i rst  one is,  again,  f rom the South 

American workers --  actual ly,  i t  was the same populat ion group, 

essent ia l ly,  as the Borgano study on the previous sl ide. This one is 

somewhat smal ler.  37 out of  300 chi ldren examined who were ten 

years of  age or less showed the character ist i c arsenical skin  l esions. 

And, again,  the exposure was about 0.05 mi l l igrams per k i logram body 

weight per day. 

The next  study is f rom Mazumder,  et  a l . ,  that  was publ ished in 

1998. This was a study that was conducted in ei ther India or 

Bangl adesh --  I can't  remember which r ight  now --  where, again,  the 

target populat ion that we pul led out f rom this larger study was the age 

group zero to 9 years old.  These chi ldren had been exposed to arsenic 

s ince bir th.  

There was a clear indicati on of  skin  l esions in  the --  what the 
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workers had from the exposure groups that they had pul led out f rom 

the measurements that they had made. The low effect l evel,  l owest 

observed adverse effect  level  occurred in the range of  0.0149 up to 

0.0739 mi l l igrams per k i logram body weight per day. 

The way I  looked at  th is study, the lower exposure, less than 

0.0159, there was a very low incidence of  skin lesions, depending on 

how you look at  studies in another parts of  the world,  whether 1 out of  

66 was a background incidence of  skin lesions or whether i t 's  related 

to arsenic.  I  don't  th ink you can real ly say.  I  chose to cal l  i t  a 

no-effect  level  in th is part icular study, and i t  was one of  the areas 

where ATSDR and EPA Superfund did not agree. 

The next  s l ide pul ls out some exposure informat ion, again,  f rom 

chi ldren in two larger studies where the exposure was l i fet ime 

exposure. 

What I d id for th is part icular paper was to focus on the reports 

in these two publ icat ions, exposure to chi ldren, again,  zero to 9 years 

old because that's the only --  that's the way i t  was reported in  the 

study. 

I n the Cebr ian study,  at  least  the way  I  interpreted the data, 

there was no evidence of s igni f i cant skin effects,  and the exposure I  

pul led out was at  0.04 mi l l igrams per k i logram body weight per day. 
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Simi lar ly, the Tseng study in Taiwan, the zero to 9 year old group, no 

signi f icant effects in approximately 14,000 chi ldren that were 

examined. Again,  in both of  these studies,  the chi ldren had been 

exposed from bir th up to 9 years of  age. 

The NOAEL effect  level  that  I pul led out f rom this study was 

0.03 mi l l igrams per k i logram body weight per day. 

The way that  I  determined the exposure levels was to take into 

account the di ff erence in dr inking water consumption between 

chi ldren and adul ts,  and I re l ied on the EPA exposure factors 

handbook showing that,  in that  populat ion group, the consumption of  

water was about 1.9 t imes higher than an adul t  based on their  body 

weight.  This is explained in the document that  I wrote.  

So, essent ial ly ,  I mult ip l ied the exposure that  was reported for 

adul ts in th is study by 1.9 to get the est imated exposure based on body 

weight to chi ldren. Not everybody would agree with what I d id here, I  

wi l l  admit ,  but  I'm tryi ng to present the way  I  d id i t ,  anyway. 

The next sl i de shows two studi es that were used by EPA to 

der ive our chronic reference dose.  Agai n,  the l i fe t ime exposure of  

skin effects were observed. I n the Cebrian study, the lowest observed 

adverse effect l evel --  thi s i s averaged across the enti re exposed 

group --  was 0.022 mi l l igrams per k i logram body weight per day. 
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I n the Tseng study, agai n,  l i fet ime exposure, where the --  at 

least  EPA tr ied to take into account exposure f rom both dr inking 

water and food. There was a clear lowest observed adverse effect  

level  for  skin lesions in the approximately 40,000 people that were 

involved in th is study at  an average exposure of  0.014 mi l l igrams per 

k i logram body weight per day.  And EPA assigned no observed 

adverse effect  level  at  0.0008 mi l l igrams per k i logram body weight 

per day. 

And there were some 7,000 people that were examined in a 

di f f erent populat ion that had been exposed to lower amounts of  

arsenic f rom the --  where the lowest observed adverse effect l evel was 

assigned. 

There has been controversy over the exposure reconstruct ion, 

parti cular ly for the no-effect l evel, s ince long before I became 

involved in arsenic,  a considerable amount of  debate about whether 

the concentrat ion of  the arsenic in the dr inking water wel ls,  

parti cular ly at the lower exposures, was reconstructed accuratel y. 

And there are also some signi f icant quest ions about the amount of  

arsenic that was in  the diet of  these indiv i duals. 

The next  s l ides shows the conclusions on exposure response 

across this ent i re data set that we looked at .  
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The f i rst  one is that  the exposure at  0.05 to 0.06 mi l l igrams per 

k i logram body weight per day wi l l  cause adverse effects f rom ei ther 

acute or subchronic exposure. 

The skin lesions are the most consistent ly found effect ,  wi th 

some suggest ion of  gastrointest inal  and neurological  effects in some 

of these studies.  

An exposure at  0.014 mi l l igrams per k i logram body weight per 

day wi l l  c ause adverse ef fects,  agai n,  skin lesions, f rom chronic 

exposure. 

The next  s l ide shows a couple of  points.  There is --  at  least the 

way we looked at  the data,  there is no evidence that young chi ldren or 

malnour ished indiv iduals are a sensi t ive subpopulat ion for non-cancer 

health effects.  

As far as I could tel l  f rom looking at  the data sets,  you see the 

same ef fects in chi ldren and adul ts,  and they occur at  approximately 

the same exposure levels in both chi ldren and in adul ts.  

And whether you are looking at  acute one or two t imes exposure 

or subchronic exposure up to seven to ten years,  the effect  levels seem 

to be in the same range. 

A no-observed adverse effect  level  f rom subchronic exposure is 

approximately 0.0149 mi l l igrams per k i logram body weight per day. 
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The next  s li de shows that there is other evidence from other 

studies that a no-observed adverse effect  level  might be as high as 

0.03 to 0.04 mi l l igrams per k i logram body weight per day in chi ldren 

when the exposure is ten years or less. 

A fai r ly  s igni f ic ant uncertainty  across th is ent i re data set ,  I  

th ink,  is whether these skin lesions are latent effects that could appear 

af ter ten years of  exposure without addi t ional  exposure to arsenic.  

There is some anecdotal  reports that  the skin lesions tend to 

disappear or lessen with cont inued exposure. And there's other 

reports indicat ing that  some of  the ef fects might appear later. 

There has never been a study done where we know for sure that 

chil dren are exposed for ten years and then you stop the exposure and 

then fol low them for a s igni f ic ant per iod of  t ime af ter  that  to see 

whether there is adverse effects that mi ght occur latentl y. There is 

just  nothing in the l i terature on that  as far  as I  can tel l .  

The next  s l ide shows how we der ived our reference values based 

on a no-effect  level  of  0.0149 and an uncertainty factor of  1,  the acute 

and subchronic reference values that we have in the paper is 0.015 

mi l l ig rams per k i logram body weight per day, and I rounded that value 

up to make i t  a l i t t le  bi t  easier to work wi th for  the regi onal  r isk 

assessors.  
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An uncertainty factor for  intra-speci es var iabi l i ty  is  not used in 

the der ivati on of  these reference values because we have a very l arge 

populat ion of  people examined in --  across the database in these 

var ious studies,  probably one of  the largest data sets avai lable for 

human exposure to a chemi cal that EPA deals with. 

The next  s li de shows a dif f erent --  an alternati ve way of 

der iv ing acute and subchronic exposure reference values using the 

lowest observed adverse effect  level  in the range of  0.05 to 0.06 and 

an uncertainty factor of  3.  After rounding, the acute and subchronic 

reference value turns up at  0.02 mi l l igrams per k i logram body weight 

per day. 

The uncertai nty factor here of  3 i s used for the LOA EL to 

NOAEL extrapolat ion. And, again,  an uncertainty factor for 

intra-species var iabi l i ty is not used, again,  because of  the large 

populat ion examined in these var ious studies across the range of  

human exposures. 

That concludes my formal presentat ion. I ' l l  t ry  to answer any 

quest ions that  the panel  might have at  th is t ime. 

DR. ROBERTS: Thank you, Dr.  Benson. 

Before we get to quest ions, let  me ask the panel to please hold 

any comments,  suggest ions,  opinions or remarks regarding this 



119 

1 anal ysis unt i l  our discussion of  quest ion 1 tomorrow. 

2 Are there any quest ions of  c lar i f icat ion only for  Dr.  Benson? 

3 Dr. Steinberg,  Dr.  Chou, Dr.  Mushak, and then Dr.  Ginsberg. 

4 (Volume I of  II  concluded.)  
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