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{QHEA-C267, July 1588)

Dear Mr. Reilly:

At its November 10, 1988 meeating, the Science Advisory 2:a
(SAR) Executive Committase discussed an inquiry members had rece.-
from reprasentatives of the Lead Industries Association, I-

regarding the mrer-sed classification of lead and lead corsc.
as "B2" carcinogens in a draft assessment document noted a:-:.
The B2 designation identifies a substance as a probable =.
carcinogen, a term of art generally indicating the presencs
sufficient evidence of anizmal carcinogenicity, and inadez.z2t=2

evidence of human carcinogenicity, '
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As a result of its discussion, the Exscutive Commi-zIze
requested from then EPA Administrator Thomas the oppertun.=ty ==
review the basis for the B2 classification of lead, as we.. =:
examine relatad issues concerning the Agency's scientific pcs:.:n
osn lead and lead compounds. An agd heg Joint Study Grous -:s
creatad, including membars of the Executive Cemmittee, tne 53
Environzental Health Commpittae, and the Clean Alr Scienz.:.:
Advisery Copmittee. Meetings were held in Washington, C=.:
March 31, 1989, and Research Triangle Park, N.C. on April I°
28, 1589. '

After ax*angive review, the Study Group agreas «.-" -"2
proposad B2 classification for lead and lead compounds, pro~37..;
on the basis of the animal tumor data summarized in the assess;-2"
document. It must be stressad however, that givan the _.-. "2
state of our understanding ot the Rnechanisms of lead-:-:..:
tumorigenesis and the data gaps invelved, and considering =-: -
high lévels of aexposure 1n the critical studies, <~ ..
classification is not ¢onsidered ta praovide a sufficient &as. . -
quantitative risk assassazent. :
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The Study Group also reviewad the Danner in which scientillic
data on laqd were utilized by the research, air, and drinking water
programs; information from other EFA units was not availabla. The
Group found & generally sound, but not fully consistent, apwproach
far the ThIe®e Program areas noted, but therd ware some significanc
isgyes=---target blood lead levals and definition of populaticns at
risk, amncng others---in which differencas ware noted. The Study
Group recommends that EFA develop a naticnal pelicy on blood lead
level reductions (particularly fer children), and that EPA should
address envirenmental exposure to lsad on the pasis of prevent. g
adverse neuralogical effects in children. Basing regulatcry
strategy on the cbservable neursbehavioral affects 1n a sensiiive
human pepulation can aveid problems of rodent-to-man and high-dosa-
to=environmentally realistic level extrapolations; this apprcash
appears likely to provide an accaptable degres of protect.zn
against other adverse affects in the entire population.

Lastly, the Study Group urges the Administrater to undertax«s
positive action to assure the uniform application of scient:IiZ
dara on lead to ragulatory decisions by all organizations wiin:n
the Agency. The mechanisms to accomplish this are beyond =tne
purview of the Joint sStudy Group, but we regard it as a nighly
impertant goal if the Agency is to make sound and consistTent
decisions concerning lsad in the envirconment.

We appreciate the opportunity to carry out this review, 2-2
look forward to your response.

Sincarely,

/Vﬂ .ﬁwe c:

Dr. Raymond ¢. Loehr, Chairman
Executive Compittae
Science Advisory Board

C:ldla*n Q; Ll~¢’.wz

el —

Dr. Arthur upten, Chairman
Joint Study Greup on Lsad




- T. 3, ENVIRONMENTAL PROTESCTION AGENCY

NOTICR

This report has been written as a part of the activitias =f
s»e Scienca Advisory Beocard, a public advisery group providiag
axtramural scientific information and advice to the Adminissrazors

and cther officials of the Envirsnmental Protecticon Agency. Tra
Soard is structured to provida palanced, expert assessment oI
scientific matters relatad to problems facing the Agency. This

raaurt has not heen reviewed for approval by the Agency ard,
nence, the contents of this report do net receassarily represent
the views and policies of the Environmental Protection Agency.
nor of other agencies in the Executive Branch of tha Federal
government, nor does mention of trade names or commerclal pro-
ducts constitute a recommendation for usae.



ABSTRACT

This report presents the conclusions and reacommendatizng of
the U.S._Envxranmtntal Protection Agency's Science Advisory Boarl
summarizing a review of the Office of Research and Developnment's
Draft Assessment Document "Reviaw of the Carcinogenetic Potentlal
of read Associated With Oral Exposure." The Board's majer
eoneclusion is that the proposad B2 clagsification is appropriactsa,
put that thera is not sufficient basis for a quantitatlve ris<
assessment. The Board recommends that EPA establish a naticnal
bloosd lead policy, create internal mechanisms to assure that =..
srganizations within the Agency deal with lead-ralated scientiIlc
issues in a sound and consistent manner, and that regulazT:zry
¢ 1rategy be based upon preventing lead-induced neurglogiza. =
childremn--a sensitive population.

Key Woprds: Lead: carcinogenetic:; B2: blood lead lavels;
tumcrigenesis.
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1.0 EIECUTIVE SUMMARY

At its Novembar 10, 1988 meeting, the Science Advisory 3card
(SAB) Executive Committae discussed an inquiry members had
raceived from representativaes of the Lead Induatrias Asscclaticn,
Ine., regarding the proposed classification of lead and lead
compcunds as "B2" carcinogans in a draft assassment docunent
(Review of the Carcinegenic Potential of Laad Associated With
Oral Exposura, OHEA=C267, July 1588) produced by the QOffice of
fegsarch and Develcpment's (ORD) Office of Health and
Tnvironmental Assessment (OHEA). The B2 dasignation identiZles a
substance as a probable human carcinogen, a term of art gererally
indicating =aie presanca of sufficient evidence of animal
carcinogenicity, and inadequata svidence of human
carcinegeanicity.

As a result of its discussion, the Executive Commictes TIvacz
to request from the EPA Administrater the oppertunity te revisw
the basis for the B2 classificatien af lead, It also reccmmenzaz
rhat tha review take inte considaeration relatad issues csncernin3
the Agency's scientific position on lead and lead compeounds.
$ince many of the same issues were already being addressed oy tne
office of Air Quality and Standards (OAQPS), the latzar 0ffice
requested that the SAB postpone its review of the OAQPS peositizn.
on lead until after the Board had resolved the carcinogenicity
question. An agd hog Joint Study Group was created, including
mombers of the Exacutive Committas, the SAB Environmental Heal:t=o
committee, and the Clean Air Scientific Advisory Committee.
Meetings were held in washingten, D.C. en March 31, 1989, and
Research Triangle Park, N.C. on April 27 and 28, 1989,

Ag a result of its review, the Study Group supports tha
proposed B2 classification for lead and lead compounds, prirmar..y
an the basis of the animal tumor data summarized in the review
document. Although thers are some uncertainties and anemalies : .-
the intarspecies data, the high incidencs of kidney tumors
resulting from large cumulativa dosas of lead in rats and nice
hoth saxes in many independent experiments providas wgugficienz’
avidence of the carcinogenicity of jead in laboratery animals.
addition, it is appropriate to conclude that lead is genotox:ic.
although we 4o not have a full understanding of how this prsgerty
may relata to its tumorigenic effect. It is also noteworthy -"at
the available epidemiolegical data are inadequate for evaluat.~3
the potential carcinegenicity of laad.

It must be stressed morecver, that given the unknowns nctad
above, and considaring the very nigh levels of exposure in t=o2
critical studies, the B2 classification may not provide a
sufficient basis for quantitative risk assessnent.

This report also provides a detailed analysis of issues
1



raised DY the OHEA document, as well as racommendations oY
fupther improvements, The Study Group alse reviewed the manner
in which scientific data on 1ead ware utilized by the rassarcnh,
air, and dr@nkan water programs; information on othaer EPA unics
was nct available. The Group found a generally sound, but less
vhan fully consistent, appreoach for the three program areas
neted, i.e., thera were soue gsignificant issues=--target blcod
lead levels and definition of populations at risk, among otnhers=--
in which differences were noted. These issuas are addressed In

detail bhalow.

The Study Group reccmmends that EPA davelop a natioral
molicy on bhleed lead lavel reducticns (particularly for
- =mildren), and that EPA ahould address environmental exposure =3
lead on the basis of preventing advarse neurolaegical effecss LT
cnildran. Basing ragulatory stratagy on pravanting the
obsarvabla, waell documented neurcbahavioral effacts in a
sensitive human population does not raise the unresolved
nathodolegical problems of rodent~Co-man and high-dose-to-
environmentally realistic level extrapolations; this approaca
can also be axpected tO provida an acceptable degree of
protection against other adverss effects in tha entire
pepulation. In order to achieve these policy goals, the Agency
should conduct further research to obtain mass-balance data cn
lead in the environment and its fluxas to routas of exposure =2

the human population.

1]

Lastly, the Study Group urges sre Adninistrator to undertas
positive action to assurs the uniform application of scientil.:
data on lead to regqulatery decisions by all organizations witnln
_ the Agency. The mechanisms to accomplish this are beyond toe
 purview of the Joint study Group, but we regard it as an highlvy
impertant goal if the Agency is to make sound and consistent
decisiens concerning lead in the envirenment.

2.0 APPROACH

To accomplish the dasired raview, the Executive Committee
racommended the formation of a Joint Study Group on Laad, the
membars of which would be drawn from the Executive Committse. the
clean Air Seientific Advisory Cozmittee (CASAC), the SAB Env:ir=a-
mental Health Committaae, and other scurcas of expertise, as
appropriate.

The charge to the Joint study Group dirscted it to:

".... parfora a ‘broad spectium’ review of lsad-relacted
health effects and exposurs issues which cut across EPA
organisational lines. Te accoaplish this, the Group
will assess the scientifie iaformation concerning lead
pow available to the Agancy, and dateraine if it i3
being applied ia a scund and consistent mannar tc

2



standard setting and other tegulatory dacisions
throughout the Agancy.w

specifically, the Joint Study Group was requested to review:

1 . The weight of evidence cslassification of lead ana
lead compounds as carcinogezs, as discussed in the ORD
Cffice of Realth and Eavirsamental Assesszment document
entitled “Bvaluation of the Potential Carcinogenigity
of Lead And Lead Compounds

2. The Supplement to the 1986 Addendum %o the 1356 Air
Quality Criteria Document for Lead, and the decument
entitled 'Review of The National Ambient Air Quality
Gtandards for Lead: Assessmant of dpeacific Ana
Technical Information' (OAQPS draft staff paper)

3. The consistency of tha proposed Tequlations for
lead in drinking water with Praviously revieved and
tpproved data, studies, and analyses.

4. Other relevant issyes vhich may be jdantified by
the Joint study Group, CASAC, or the SAB Exacutive
Conmittae. .

The Joint Study Group met twice--first on March 20, 1333
with the primary purpose of reviewing the OHEA documant cn
carcineogenicity: and again on April 27-28, 1989, sitting 7s:-1. .
' with tha CASAC, to address the broader aspacts of the Execu:z:. :
Committee charge.

.0 v B2
CARGINOGEN
With the availability in March, 1989, of an updated dec.-z--
from OHEA on tha carcinegenicity of lead and lead compounds, -2

Joint Study Group met in Washington, D.C. on March 31 ta rev:=.
the weight of evidence classification of the carcinogenicity ::
lead.

Aftar detailed briefings from Staff officials of the CR2.
comment from a representative of the Lead Industries Assccia- . --
and extanaive discussions, the Study Group broke into subgra.:s
to focus on specific aspacts of the relevant issues--animal - .- -
data, epidemiology, potency, and mechanisms of lead carcinzza--
icity. Subsequently, the Study Group mat again in plenary
session, at which time there was furthar discussion of each
issua, with detailed suggastions to Agency staff for improve-a--
of the document,

The most significant suggestions for improvement relate: -
the interpretation of certain critical studies, the omissic-

3



faw relevant publications, and the failure to exploit the
available human data for dariving upper bound estimates of
carcinogenic potancy. Thases issues not withstanding, the
consensus of the Study Group was that the main conclusicon of zhe
dogcument--i.8.,, that the waight of evidenca was sufficient to
suppert a B2 classification for the carcincgenicity of lead -- i3

currect.

3.1 DETAILED PINDINGE

1.1.1 Animal Tumor Dati. In Rnore than 20 separate studies, _=222
acetate or lead subacatates administered chronically at zelasiwvaly
high concentrations in the diet nhas been cbserved to cause an
elavated incidence of kidney tumors in rats and mice. In 2 ZI2%
experizents, the rapeated administration of lead phosphata Ty
intraperitoneal injection, supbcutanecus injectien, or skin
painting also has been sbserved to cause comparable tumerigen::c
effacts in mice and rats. On the other hand, experiments in
which lead acatate or other lead compounds have been administar-sz
similarly to hamstars, rabbits, menkeys, and degs have no<
demonstrated tumorigenic effects in these species, but the
results are inconclusive in view.of the small numbers of an:inz2.s
exposed and/or the limited duration of expesure and/or follgw-u3a.

The animal studies are definitive in demenstrating the car-
cinogenicity of soluble lead salts at relatively high dose 12v32.5
for rodents. However, most of the studies were conducted =
than 10 years age. in the larye majority of these studies, =-=
group sizes wers small, and the majority of the results were
 under-reported in respact to tha strain ef animal used, the
survival of test and control groups, and tha presance oOTr agpssr:2
of competing risks. Also, the absence of age-adjustad analyses
cemplicates the interpretaticn of ron-renal tumors (such as '
gliomas or reticulum cell sarcomas) .

0
r
r

Fartially unresolved questions ineiude: (1) tumorigenic.<:
of lead for species other than the rat and the mouse; (2) ~a
forms of lead that produce renal tumors (lead itself and orga~.:
lead compounds have not Raen studied adequately):; (3) the
affectivenass of the inhalation routs of exposurs, which has -:=
reen studied as yet in animals; (4) the suscaptibility of
prenatal and pestnatal age qroups, which have not been stui.::
adequatelys (5) tha pessible affects of dietary variaticrs: @73
(6) . tha kinetics of turnover of 1ead in trabecular and cort.::.
bona. o :

In addition to the abeve points, it also should ba
emphasized that we currently do not understand the mechanisz
kidney tumer induction by lead, ..-F, despite the caveats acc-
can we explain the general acsenca af such tunors at lower ..+ .5
of axpesurs --albeit levels which are several cipas higher =-:1°
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humans are typically exposed to in the environpent.
Cansgquently, it is not clear how one would extrapolate the
observed effacts in rats to estimats the carcinegenetic effects
of locw-level exposures to humans.

Also noteworthy is the fact that the renal tubular
carcinomas associated with lead administration diffaer from those
preduyced by other substances and associated with hyaline droplec
formation (alpha 24 glnbulin-ralated). Rats and mice of both
cexes are affectad by lead, and focal droplet formation, cellular
degeneration, and cast formation are not reported. The lead-
related lesions differ, too, froz those typically produced By
analgesic drugs, which inelude papillary necrosis and tumers =%
the renal pelvis rather than of tubular epithalium.

In spite of the zbove unrcertaintiss, the high incidence =3
xidney tumors resulting from (admittedly) large cupulative dcsas
=f lead in rats and mice of both sexes in many independent
experiments provides ngufficient" evidence of the carcincgenizity
of lead in laberatory animals. Thus the data justify the 32
alassification of lead as a carcinogen but are limited willd
respect to support for a quantitative risk assessment.

3.1.2 Epidemiologyv. Results of the published human studies o=
lead fall short of satisfying even the "1imited evidence"
criteria for carcincgenicity. Relatively faw epidemiologica:l
studies of quality have dealt with this ubiquitous and famil 2-
agent. The Agency should make a major effort toe suppeort
innovative studies of long-taerm outcomes of human expesure o
lead. Such afforts should include populaticn-based, as well 23
industry-based, studies and should be designed to assess
environmentally distributed lead compeunds in relation to can-=<

Most of the U.S. population was exposed to increasing
concentrations of jead in'air and foed during the period 192:%-
1975, primarily-owing to the use of lead in fusl additives: s.-:2
then, the inputs of lead have diminished dramatically. Dur:-3
the same period, millions of workers have had significant
' occupaticnal expesures. In addition, many thousands of chi_.--=2"
living in deteriorated housing ingestad large quantities of l:::.
particularly from lead-based paints and high-lead content s=.:27
in the pluabing system, as well as from lead particulate mat=ac
associated with automobile traffic. Those surviving the acut?
effects retain elevated body burdens. As a rasult of these
axposures, there is an extensive literature on bldéed lead l2.=%.:
in both occupatisnally exposed workers and children examinrel .-
community screening progranms.. Furthergore, there is an exte-~.. =
data base on blood lead lsvels in the populations of selecta:
U.5. cities since the 19%50s, a3 wall as a large pepulation-z:..:
sample in the NHANES II (Naticnal Health and Nutritien Sur.e
gtudy performed in the pericad 1976-1980. The latter extencs

5



tha tize when the usage of laad in gascline peaked to a tize when
it had since dropped by more than 75%. Becausa blood lead is a
marker of lead intake, although not of the body burden=-
espacially in population studies of cnegoing exposure=-an
analysis of kidney cancer trends during the past six decades in
ralation to changas in population nean blood lead lavels nmight
nave scme ability to show whether upper-bound estimates of
carcinegenic potency extrapolated from animal bicassay data were
realistic. Analyses of bene lead may increase the precisicon 2f
dosimetry. Other points along the exposure-response continuun
tight also be astablished from thosa occupational cohorts for
whom exposure histories waere available. Such analyses would nat
be capable of determining whaether kidney cancer was causad by
lead, but might be capable of establishing an upper bound =z
platsitle risk estimates. Thus, tha data available in the zgen
litarature on blocd lead in various populations could be amalvoaxz
for trends in ralation to trends in kidney cancer incidenca.

In addition, EPFA should not reject ocut of hand the
quantitative risk assessment approach basad on animal data,
although this approach involves many uncertain assumptions
concarning species differeances in lead adsorption and ergan
distribution, i.e., that pecple and rats have similay responses
to comparable dose levels. It also assumes that high-level
exposure can be extrapolatad to low~level situations.

Other guantitative risk assessuents have been made in tne
past, using rodent databases no better than, nor aven as goed =5,
the existing database for lead.

'3.1.3 Potency. Asseasmpent of the potancy of lead as a potentizal
human carcinogen involves a series of extrapolations, for which 2
nupber of methodologies can be used.” The Agency has often
selected the upper confidenca bound of the linearized multi-
stage model as the default model for potancy astimations
applicable to lower levels of potantial risks. This default
zodel assumes that thers is no threshold to the response. The
avidence that a threshold meodel would be more appropriate for
lead is considered to be ambigucus by most of the Joint Study
Group, but thers is consansus that the linearized multi-stage
model fails to take inte account much relavant information,
including pharmacokinetic data and measurss such as time-to-
tumor.

- Ideally, the potancy extrapolation model should employ rest
astimates of biologically available lead doss, basad upen
pharmacekinetic modeling. A question that may not be readily
answerable at this time, howaver, is whether blood lead levels,
kidney lead levals, cancar-realated bone lead levels, or renal
laad clearance rates would be the preferred IeASUres of deliverad
dose. Neverthaless, the wealth of pharmacokinetic data on lead
available from studies in humans and rats should be usad, Lns:siaz
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as peossible, in defining the carcinogenic dose in rats and in
making cobparisons with humans., Wwhen possiblae, merecver, it
would appeaAr prudant to compare astudies on the basis of

mg/ kg/day, i.-.._thq rate of exposure, rather than on the basis
of total cumulative exposure, divided by an arbitrary net body
waight and time for exposure. Physiolegically-based
pharmacokinetic models should be usaful in such comparisens.

If tha carcinogenicity of lead is assumed to be associated
with the lead ion itsalf, the guestion of tha comparative
carcincgenic petency of the various inorganic lead salts sheculd
be addressed in relation to their respective bicavailabilicy and
dalivered (internal) doses. Alse, as pointed cut in the 0OHEA
decument, appropriate allewances for age and nutritional status
need to be included.

Although nusercus physico-chemical properties of lead ‘
influence its biokinatics during absorption ¥jia the respiratsry
or gastro-intestinal routes, the anion to which lead is mourd .o
sha axtarnal snavironment does not necessarily remain asscclated
with the ligand that transports it to the target organ. Divalens -
lead binds reversibly to various inorganic or organic icns, e.I.
proteins, which transport it to target tissues., It is #p",
rather than the molacular complex in which it is found in the
extarnal environment, that is responsible for tha toxic effects
of lead. Since the mechanism through which lead acts as a
carcinogen is not resolved, the way in which its biodistributizn
may influence its carcinegenicity remains to be determined.

Also, the ORD report needs to recognize more clearly that
daily exposures arae cumulative and, for humans, must be
integrated over decades. This is particularly ilmpertant because
internal stores of lead can be mobilized and redistributed, oo
exampla, from bone to other target organs during pregnancy and
lactation, or because of ostecporosis.

3.1.4 Mechanism of Lsad Carcinogenicity. Although the anirmal
data indicate lead to ba carcinegenie, they raise a number of
questions about the underlying mechanisas and their generality.
The primary question, perhaps, is why the kidnay is the nost
susceptible redent target organ. Indeed, the bulk of the
avidence implicating lead as a potential human carcinegen deperis
upon this sita of action in rodent species. A subsidiary
question that arises as a result is; do the tumors in redents
develop in part from systemic toxicity? Such a questien is pcoseld
by the large doses typical of those causing tumors in the leaad
carcinogenicity stiidies. For example, 1% lead acetate in the
diet corrasponds to a dose as high as 800 ng/kKg daily. This
valye contrasts markedly with the amount demonstrated to induce
neurobehavicral effects -— a fraction of 1 mg/kg.

Unfortunately, lead tissue levels are typically absent --:”
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the reports addressing ecarcincganicity, so that comparisons aze
largaly speculativae, especially given the many variables
determining bicavailability and toxicokinetics. The xidney,
nowever, L8 one of the documented targets of laad toxicity. I
remains to be determined, therefore, if renal damage, or impal
ranal furction is a necessary precursor to tumor expression.
axample, kidney tumors might be postulated to arise from a
combination of cellular damage and impaired function, leading
ultimately to elevated lead cancentrations in kidney tissye that
might be sufficient to damage DNA. Reports on carcinogenicit
have also largely ignored measures of hene synthesis, an
imporcant endpeoint for 1ead toxicity. These processes gould te
related to tumer productien.

-
-
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Ancther potantial contribution of systemic effects couad
also result from the jeint consaquences of lead kinetics ard
aging. With advanced age, bone Nass declines, and lead
previcusly stored in bone is releasaed. Concurrently, nephrens
ara lost, so that advanced age may offer an aspecially sensiziv=2
pericd for systemic roxicity to ba translatad into tumerigenas.s.

Although such proposed toxicolegical pechanisms are highoy
speculative, they help to emphasize the uncertainties in
converting the available animal data inte a coherent estimate z£
numan hazard, and, finally, inte human risk.

Tn addition, there is substantial evidence for the
genotoxicity of 1ead. While the data do not provida a
machanistic understanding of carcinagenesis, they add weight =:
rhe assessment of lead as a potential carc¢inogen. The ORD
' decumant contains a discgussion of genotoxic mechanisms; howevar
it tands to over-emphasize relatively preliminary data on tnhe
induction of protein kinase C activity as a mechanism of leal
carcinegenicity. Effects of lead added ip vitrg on the activ.-.
of this enzyme in endothelial cells may be relevant, but tnis
is not yet known. It canrot be assused that all inducers of -e
enzyme are carcinogenic--the enzyme is also implicated in ne-on.
transmission.

The discussion algo omits two other possible mechaniszs:
the ability of lead at relatively nigh concsntrations (mM) ==
cause breaks in DNA, and the potential displacezant by Pb =
2n™ on so-called DNA finger loops (ONA-binding proteins wh.:--
appear to regulats gense expressicn through their conformat.:z--
specific binding to specific genes, ineluding scme proto
oncogenes) . :

-



Thus, while it is appropriata t£o conclude that iead is
genotoxic', it is not presently known how this property nay
relata mechanistically to cumorigenesis in the kidney or any
ather argan. The data do net in themsalves provide a scientific
bagis for Any spacific medel for risk assassment, or for a
judgment that lead is a promoter rather than an initiator of
carcinogenesis. |

4.0 REVIEW O

on April 27-28, 1989, the Study Group met jointly with tie
“ASAC at Resaarch Triangle Park, N.C. to addreass other issues
driving from its charga~-particularly those issues which c==
across EPA organizational lines. oOn April 27, the Study “raur
participatad in the CASAC discussion of two major lead~relatez
decuments ("Raview of the National Ambient Air Quality Standar:z
for Lead: Assessment of Scientific and Technical Informatisn”
(OAQPS Draft Staff Paper, Mareh, 1989%9), and the ORD doculent,
"Supplement to the 1986 EFA Air Quality Critaria for Laad=Vaol.ize
1 Addeandum (pages Al-A67), March 1983), as identified in Iitex -2
af the specific charge. on April 28, the CASAC and the Joins
study Group recaived briefings from repressntatives of EFA
regqulatory  program offices (the Offica of Toxic Substances (CT35)
and tha Office of Drinking Watar (OLW)) and discussad issues :=I
lead toxicity, exposure/risk, and cross~Agency consistency in
rachnical approaches to lead regulatory questions, with
particular attantion to the ODW's racently proposed regulat.z” =~
permissible Ieal lavals.

)
H

Betailed discussion of each issue follows.

4.1 Review of ORD and OAOPS Documents The detailed findings :u2
recommendations on these documents are contained in the CASAC
Closure Lattar (EPA-SAB~CASAC-90-002, November, 1989). 1t 13
releavant to note hers hovever that the CASAC concurred with --2
general medeling framawerk presented in the OAQPS raport ani
andorsed the use of the bickinetic model in children under s.<
years of age, and the use of the disaggregate approach in al..=s.
The CASAC cautioned that thase modeling predictions were not
valid for pregnant women and their fetusas dus to a lack of
information on this subpopulation. The use of the blokinet:.:
nodel for metals other than lgad was nhot reconmended.

4.2- Lead Toxicity

-

4.2.1 L= e ' c*
Adversa affects of toxicants are typically scered by the

intensity or saverity of effects, or by the number of indiv.i.:.3

l24likof? et al, "Genetic Toxicology of Laad Compc.”:s
carcineqgenicitv, Vel 9, pg.1727-1732, 1988.

9



affected. FOr example, it is customary to estimats the nunbers
of cases of CAncer that may be induced in the population by a
given exposure to a carcinogenic agent. With neurctoxicants,
hewaver, a differsnt problea is posed; &.49., the health risks
resulting from low=level exposure to lead are probably reflected
nest clearly by a shift in the digtribution of IQ test scores.
for example, a blood lead level of 10 ug/dl (compared, say to 3
sg/dl) may shift the mean intelligence test score by 5% (from a
score of 100 to a score of 95); such a shift in a pepulaticn =f
100 million would reduce the nunber of individuals scoring akbcsve
130 from 2.3 nillion to 0.99 million, and, in parallel, would
increase the number of individuals scoring belaw 70 corresgzeni-
ingly. Furthermore, everyone would be affected, so that tne Tisx
should be expressad in tarms of a shift in the distributich =% 231
scores in the populatien. Analyses based on the median
underestimate the total impact.

Hence, it weuld be infermative in comparing the risks a3
tha two end-effects to estinate the percentage of children at -n2
extremes of the dissribution-of intelligence test sScores {celzw.
say, 70 and abeove 130), who would be atfectad by the prejected
snifts in the mean. Such an appreach would indicate consagquent2as
stemming from any specific choice of a targetad blood level. Iz
would also avoid the use of such terms as "level of concern, "
which, to soms readers, might izply support for a thrashold =van

though no such position 13 preposad.

similarly, the total public health impact of relatively
‘small displacements of Blocd pressure levels by lead might 2a_s3:
he expressed more clearly if stated in terms of shifts in
distribution within the whole population.

4.2.2 Mechanisms and Dose-Responae Models. The rich source
information that. exists on the axparimental neurotoxicity =:
is highly relevant in: {1) supporting the human studies
remarkably wall, providing cenfirmation of observaticns in =-2
.absance of the confounding variables inevitably present in n.7:"
populations, and (2) providing the mechanistic basis for
developing health-bassd goals tor reducing texicity.

ok

[IFEE S

particularly relavant are the recent studies on
neurchehavioral dy-tugctinns associated with low-dosa lead
exposure in prinates. Also rsleavant are recent machanist.:
studies, based on inferences from neuroscience, on the criz--:.
avents in neurcgenesis within the late fetal and early necrat:.
paricds, during which lead may have irreversible effects. °:- °
together, these experimental data arae the basis for PIropes:- -

El

? Rice, D. C. and Klrpinﬁki, K. P. "Lifetine Low-leve.
Exposurs Produces Deficits in Delayed Alternation 1=
Monkeys," Neurotoxicol. Teratol.. 10:207-214, 1988

19



rhat there is likely to be ho threshold for lesad neurotoxicity,
at least within the cantamporary range of blood lead levels
(i.2., 1=10 ug/dl) . .

The use of nechanistic data in risk assassment is a long
astabplished practice for carcinogens. The mechanistic data on
jead call for an approach in assessing neurobehavioral effects
that goes beyond the customary practice of applying standard
uncertainty factors to LOAELS (Lowest Obsarved Adverse Effects
teval) or NOAELs (No ohservad Adversas Effects Lavel) 1N
daveloping a health-based geoal for neurotoxins. Thus,
machanistic mecdels for risk assassment deserve to be exploraed Lo
this context.

4.3 Risk and Exposurs

4.3.1 ﬂigh;ﬂi;ﬂ,ﬁuhngnglg&ign;. The most vulnerabla populatizns
may differ with respect tO COMRON Sources of lead. With regar:2
to exposure to lead in dust and drinking water during early lifs, -
for example, sensitive pepulations vary fayr sgveral reasons.
Mobility and normal hand~-te-mouth activity make the 12-36 month
=ld most sensitive te 1ead in dust. By centrast, watar
requirements are nighest from birth to threa menths of age,
primarily because of high growth rate, nigh metabolic rate, and
age-depandent differsnces in renal function. Therafore, three
months should be sslected as the critical age for a drinking
watar lead standard. At the geriatric and of the age spectrunt
ather considerations apply. ForF these reasons careful
consideraticn of age diffarences Dust be given in assessing tne
risk of toxicity of lead from each source.

4.3.2 - : . The mother—-fetal unit
represants a particularly;scnlitiv- population; howevar, one
should not focus exclusively on this population. There are
data sets on fetal tissue that could be used to address this
question, particularly the work reported by Barlthrop, et al’.
In addition, rasearch is now in progress on Australian
populations near lead smelters which should provide some of tne
data that are needed.

Tha zulti-nedia model should be of such a natyre as to
recognize that the age of the sensitive group may change with tne
medium. That is, vater may be the meat important route of
axposura at three menths; later on, dust. Tha amounts of tire
spant indoors and ‘outdoors also vary gresatly with age and shculd,
therefore, be considered also.

’Tfanatnr of lLead to The Human Fetus, Barlthrop, D., Barla~i.
L., E4, in Mineral Matabolism In Pediatrics, p9% 138=151, -:v.5
Publishirg, Philadelphia FA, 1969.
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speciation is important in distinguishing erganic lead from
inorganic lead and from metallic lead in terms of kinetics. It
is suspectad, Nowever, that subspsciation within the inersganic
group may not Da relevant. The influence of particle size and
absorption characteristics also pust be considered, as well as
the nature of the salt.

In furthar studies to correlate exposure with blood levels,
afforts should be mada to obtain as much information as peossible
regarding the exposura cenditicns, by whatever route(s), in crier
ta define tMe relative source contributions more adequately.

- . The Study Group received a
comprehensive briefing, as wall as axtensive background
documentation, from tha ORD Environmental Criteria And Assesstent
office (ECAO) and OAQPS staff on issues relating to axposure -y
all routas, toxicokinetics, and health effects including
neurobehavioral, davelopmental, cardiovascular, and carcinogen:z

effects., It also received a brief oral pressntation on drinking -

water issues from ODW staff, and had an ceppertunity to ask
questicns about consistency and differences betwean the
scientific and regulatory considerations affecting approaches to.
health protection used for ambient air and drinking water. 3y
contrast, there was naither background documentation nor cn-site
representation from the offices dealing with lead in pesticides
and toxic substances, solid wasta, superfund, or smergency
response. Thus, the extent of consistency and coordination ancng
these cffices and the air, drinking water, and rasearch prograns
within the agency could not be determined fully. This was
‘particularly unfortunate, sinca human sxposures to lead from
sources associated with the programs not reviewad may rise. -

The following summary, while incomplete for the reascns
stated abBove, indicates some important differencas in the
procadures followed by ONEA, CAQPS, and ODW.

4.4.1 Health Effects Data Used to Support Requlatony Actlions.
All three groups consider neurcbehavioral effects in infants and
young children to be the nmest important basis for regulatory
action. OHEA and ODW give more prominence to potential
carcinogenicity than OAQPS. On the other hand, OAQPS and OLW
give consideration to cardiovascular effaects, while OHEA did =zt
Ona cause for differances may lie in the data base utilized.

It wis also noted that many of the papers used by OHEA to suppoIt
their analysis of careinogenic potsntial would not meet the
acceptance criteria for standard-satting for the NAAQS. All
three agreed on the use of blood lead as an indicator of expcsure
and as a surrcgate index of health sffacts.

4.4.2 Target Values for Blood Lead. Beth OAQPS and ODW have
* identified 10-15 ug/dL as the area in which adverse health

12



effects have been chsarved. However, no threshold has been
demonstrated.

4.4.3 Population at Risk. OAQPS, OLW and OHEA agree that
children ara the populatien of primary concern (for
neurcbehavioral effects). However, thare appear to be some
differances in tha age range for primary con<¢arn.

4.4.4 MMM‘ CCW
spacifies protactien of 35% of the population from axposure T3
lead in watar > 20ug/L. The study Group estimated that 20 ug/ -
would correspond ta a bloeod lead level of 8§ ug/dL in children
with no other scurces of lead exposurs. OAQPS is considering 2
NAAQS in the range of 0.5 to 1.5 pg/n’ maximum menthly average.

A monthly NAAQS between 0.5 and 1.5 ug/m’ would keep more tnan
59.9% of the non=-pica children, living without laad=paint nazaris
near tha Dallas and E. Helena sm-ltlrsg below a blood lead level
of 15 upg/dL, while a NAAQS of 0.5 ug/m’ would protect 99.97% of
affectad children from reaching a blocd lead of 15 ug/dl and xeep
98.8-99.0% balow 10 ug/dL (OAQPS staff Paper p. IV-24), Wwith =5sT -
of the blood lead attributable to non-inhalation sources. An
exact ca?paxisan is not possible, but clearly a NAAQS at or ce-oW
1.5 ug/m’ is considerably more consarvative than the propesed M-l
for drinking water.

4.4.5 Exposure Models. The axposura nodel daveloped by QAQFS L3
peing used by ODW and OHEA. What is not clear is how an
acceptable total blood 1ead of 10 or 15 ug/dL is allocated ==
each source of exposure. For aexample, as lead dispersion freco
the operation of incinerators and from the leaching of landf...3
increasas, will the allocations allowed for drinking water
dacreasa? (Systematic svaluation of the digtribution of blcc:
lead levels by census tract night be useful in defining the
contributions by various sources.) It is also not clear whetners
the models are baing used in a uniform fashien. For example., :i7e
there differences in the coafficients for bicavailabiliey? <Zirel
questions that nead to be pursued further are the various
programs approaches to sampling and analysis issues, statistoCi.
analyses, sipa=activity-patterns, dietary facters, etc.

4.4.6 Risk-zeduction Strateqgies. It is recognized that
diffarent strategies ars needed o reduce ambiant air and
drinking water axposures, and that the more site-specific
exposuras associated with waste disposal and transportation
spills need still different approachas. The development of 3
Agency-vide risk reduction strategy for 1gad would benefit :rz2 )
study of the cost-sffectivenass of various Deans of reducing
population blocd lead levels.

5.0 RECOMMENDATIONS
The Study Group strongly recommands that EPA develop 2
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national policy on the reducticn of plood lead levels in children
specifically, and all pecple in general, since current genaeral
pepulation blood lead lavals are with the range in which adverse
mealth effects have been observed. They are attributable to
nunmerous Sources and exposures by multiple routes, and are, for
many pecple, within a range associated with demonstrated and
substantial health effects., It is also strongly recommanded that
the Agency obtain mass-balance data on lead in environmental
media and people for past, current, and future exposures. TIlesa
data would provide informaticn on source strengths, pathways,
£fluxes, bodily uptake and retention, etc., to guide the
izplementation of 2 cost~effeactive risk reduction strategy.

EPA should assass environmental exposure to lead in terms =&
sme risk of adversa neurclogical affacts in children. With Inis
appreach, ne axtrapolations from animal to man, or from extreme.y
high to environmantally realistic exposurs levels are required.
well documanted neurcbahavicoral affacts are observed in humarns,
and at expasure levels close to those of regulatery concern.’
Effective requlatieon of such exposures should insure that blced
lead levaels remain lew enocugh to limit most risks to most of toe

adult population for these and other advarse effects.

_Finally, the Joint study Group recommends that the EPA
Administrator take action to assure that all components with.n
The Agency are employing consistant scientific approaches o 230
with leadereiatea issues, and working from equivalant, up-tc-
date, information bases. We ralieve that our review contrib-t:i:
" ta this goal, but, bacause saveral organizations did neot
participate in the effort, wa are unable to draw any conclus.z7s3
about the over-all lavel of integratien. To tha best of our
xnowledge, no mechanisa to bring abeut such coordination ncw
axists, nor is it within the purview of the Joint study Graup ==
suggast one, but we regard this need as vital 1 the Agency -5 -
carry out its regulatory responsibilities vis=a=-vis lead in 2
rechnically sound and consistent manner.

-
-

..u

““.A. Smith, L.D. Grant, and A.I. Sors, »tasd Expasuce -1
Child Davelopment=~An Internaticnal Asseasspant,® Kluwer Aca:e3..
Prass, 1989, Boston, Mass.
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