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ABSTRACT

ncxcnouun X :
. Environmental lead exposure has been linked to alterauons in growth and endocrme
_function. It is not known whether such exposure affects pubertal development. *

. METHODS

~ Weanalyzed the relatxons between blood lead concentration and pubertal development
among girls (defined as females 8 to 18 years of age) who were enrolled in a cross-
. sectional study (the third National Health and Nutrition Examination Survey) in which

race was self-reported or proxy-reported: 600 were non-Hispanic white, 805 were non- .

- Hispanic African-American, and 781 were Mexican-American girls. Puberty was meas-
ured on the basis of the age at menarche and Tanner stage for pubic-hair and breast de-
velopment. . : ‘

RESULTS : \ )

Geometric mean lead concentrations were less than 3 pg per deciliter (0.144 pmol
perliter) in all three groups. As compared with concentrations of 1 ug per deciliter (0.048
. pmol per liter), lead concentrations of 3 pg per deciliter were associated with decreased
height (P<0.001), after adjustment for age, race, and other factors, but not with body-
mass index or weight. Blood lead concentrations of 3 pg per deciliter were associated
with significant delays in breast and pubic-hair development in Aftrican-American and

Mexican-American girls. The delays were most marked among African-American girls; .

in this group, the delays in reaching Tanner stages 2, 3, 4, and 5 associated with a lead

concentration of 3 pg per deciliter as compared with 1 pg per deciliter were 3.8, 5.3, 5.8,

and 2.1 months, respectively, for breast development and 4.0, 5.5, 6.0, and 2.2 months,

respectively, for pubic-hair development; the associated delay in age at menarche was

3.6 months. In white girls, there were nonsignificant delays in all pubertal measures in
-association with a lead concentration of 3 pg per deciliter.

CONCLUSIONS

These datasuggest that environmental exposure to lead maydelay growth and pubertal
development in girls, although confirmation is warranted in prospective studies.
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XPOSURE TO ENVIRONMENTAL CON-
E taminants mayaccelerate?-2or delay3 puber-
tal development in gitls. Lead is a ubiqui-
tous environmental contaminantassociated witha
variety of health effects.* Although the average body,
burdens in U.S. children have decreased markedly
since the removal of lead from gasoline in 1979,5
current body burdens nonetheless remain appre-
ciably higher than preindustrial levels.5
Exposure to lead could indirectly affect the tim-
ing of puberty in girls through effects on growth.

_ Prenatal or postnatal exposure to lead is associated

with growth restriction in laboratory animals? and
humans.3:9 Inlarge cross-sectional studies of young
children, increased lead concentrations were asso-
ciated with decreased height, weight, orboth.1911In

turn, increased height, body-mass index (the weight

in kilograms divided by the square of the heightin
meters), and weight were directly associated with
earlier pubertal development.12:13

In addition to effects on growth, prenatal and
postnatal exposure to lead may influence pubertal
development through the hypothalamic-pituitary—
gonadal axis. Studies of rats exposed to lead found
altered hormone concentrations and delayed pu-
berty.7:14,15 We assessed the relations between blood
lead concentrations and puberty in girls in the third
National Health and Nutrition Examination Survey
(NHANES I1I), conducted from 1988 to 1994.16.17

METHODS

NHANES III was a cross-sectional, nationally rep-
resentative, complex-sample survey of the U.S. non-
institutionalized population two months of age or
older, designed to provide estimates of the health
status of the general population.26:17 About 40,000
civilian, noninstitutionalized persons were surveyed
with use of a stratified, multistage; clustered-proba-
bility design. Race and ethnic background were self-
reported or proxy-reported in NHANES HI. Mexican
Americans and African Americans were oversampled
to provide more precise estimates for these groups.

During the household interview, 2741 gitls, de-
fined as 8 to 18 years of age at screening, were se-
lected for the study. Of these, 2585 completed the
survey, including the physical examination and bi-
ologic-sample collection. Data on pubertal devel-
opment and lead concentrations were available for
2186 girls: 600 non-Hispanicwhite girls, 805 non-
Hispanic African-American gitls, and 781 Mexican-
American girls. Measures of puberty included pu-

bic-hair stage for 1964 girls, breast-development
stage for 1986 girls, and age at menarche for 1796
gitls (limited to those 8 to 1Gyears of age). Nine per-
centdeclined to be examined for pubic-hair stage,
and 8 percent for breast-development stage.1? The
113 girls belonging to other racial or ethnic groups
were not analyzed owing to their small numbers.
Written informed consent was obtained from all
participants.

NHANES data were weighted to adjust for un-
equal selection probabilities and nonresponse and
adjusted to match estimates of the Current Popula-
tion Survey for the U.S. noninstitutionalized popu-
lation.26:17 To accommodate the complex sample
design when calculating variance. estimates, we
used SUDAAN (release 8.0.1) and SAS (release 8,1)
software. In comparing characteristics across racial
and ethnic groups, we used the median test, adapt-
ed for complex survey data, for continuous data*®
and the Cochran-Mantel-Haenszel test for categor-
ical data.?? Since blood lead concentrations were
not distributed normally, the data were log-trans-
formed. A log (base 3) transformation was used to
compare blood lead concentrations of 3 pg per deci-
liter (0.144 pmol per liter) with those of 1 pg per
deciliter (0.048 pmol per liter), to approximate the
75th and 25th percentiles, respectively. Multivari-
able linear regression was used to model relations
between growth and blood lead concentrations.

Measures of body size included height, weight, and.

body-mass index. A

Associations between the Tanner stage and body
size and between the Tanner stage and blood lead
concentrations were examined. Tanner staging for
pubic-hair or breast development classifies girls
into five progressively more mature stages, ranging
from stage 1 (no development) to stage 5 (fully ma-
ture).20 Tanner stages were assessed by trained cli-
nicians without knowledge of the girls® blood lead
concentrations.1% Ordinal logistic regression (lo-
gistic regression for ordered responses) was used
toassess the progression of the Tanner stage, which
calculated odds ratios of the likelihood of reaching
higher Tanner stages with changes in lead concen-

trations, after controlling for age and other factors. -

Odds ratios greater than 1.0 indicate accelerated
pubertal development, whereas ratios of less than
1.0 indicate a delay, relative to the reference group.
The mean age for each Tanner stage was estimated
from the model by generating age-specific proba-
bilities and computing the weighted mean age for
that stage.
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The age at menarche of the 8-to-16-year-old
girls was obtained by interviewing girls who were
10 years of age or older or, for girls younger than
10years, adults (usuallythe girls’ mothers). To reduce
the interval between the onset of menarcheand a
subsequent blood lead assessment, girls older than
16 years of age were not included in menarche anal-
yses. The relation between the lead concentration
and the age at menarche was analyzed with use of
Cox proportional-hazards modeling after the exclu-
sion (censoring) of data on each premenarchal girl
atherage during the survey. The age at examination
was recorded in months, whereas the age at menar-
che was recorded in years. To reduce downward
bias, 0.5 year was added to age at menarche.

Pubertal onset has been reported to occur ear-
lier in African-American girls than in whites.21-23
In an earlier analysis of data from NHANES I1I, pu-
bertal development in Mexican-American girls was
intermediate between that of African-American girls
and white girls.23 Thus, analyses were performed
separately for each of the three groups. Delays were
estimated by comparing the modeled median age at
each blood lead concentration with the median age
for a blood lead concentration of 1 pg per deciliter.
- Inall analyses, age and potential risk factors or
confounders were examined, including age at ex-
amination (in months), smoking status, dietary in-

" formation (a 24-hour report of dietary calcium, iron,
vitamin C, and total fat), presence or absence of ane-
mia,*11.24 and measures of socioeconomic status
(urban vs. rural residence and family income of less
than $20,000 per year vs. $20,000 or more). Vari-

- ables remained in the model if they reached border-
line statistical significance (P<0.1) or were potential
confounders (i.e., if the coefficient for the log blood

lead concentration changed by more than 10 per-.

centwhen that factorwas included in the final mod-
el). For consistency, any factor included for one
racial or ethnic group was included in analyses for
‘the other groups.

RESULTS

‘The mean ages of the girls were similarin the three
groups (Table 1). As compared with whites, African-

American girls were significantly taller, and both -
African Americans and Mexican Americans had a.

higher average body-mass index. The average stag-

esofbreastand pubic-hair development and blood .

lead concentrations were highest among Aftican
Americans, a finding consistent with prior analyses

of a subgroup of these girls.23 African-American
girls were significantly younger at menarche than
whites, and Mexican Americans were intermediate
between and not significantly different from Affi-
can-American girls and white gitls. There were also
differences between groups in some measures of
socioeconomic status (income and level of educa-
tion of the head of household) and some personal
factors (ever having smoked or consumed alcohol
and dietary calcium levels).

Overall, blood lead concentrations declined with
age (Fig. 1). The geometric mean blood lead con-
centrations were below 3 pg per deciliter for all
groups. Few girls had blood lead concentrations of
more than 5 pg per deciliter (0. 24 pmol per liter):
2.7 percentofwhites, 11.6 percent of African Amer-

icans, and 12.8 percent of Mexican Americans.

Very few had concentrations of more than 10 pg per

deciliter (0.48 pmol per liter) — the Centers for .

Disease Control and Prevention’s level of concern
for children2s — 0.3 percent of whites, 1.6 per-

cent of African Americans, and 2.3 percentof Mex- .

fcan Americans.
Each stage of pubertal development occurred
earliestamong African-American girls. Among girls

whose blood lead concentration was 1 pg per deci-

liter or below, the average ages for Tanner stages
2,3, 4,and 5 of breastdevelopmentwere 10.1,11.7,
13.2, and 15.8 years, respectively, among African
Americans; 10.7, 12.5, 14.1, and 16.4 years, respec-
tively, among Mexican Americans;and 11.2,12.9,
14.7, and 16.4 years, respectively, among whites.
African Americans were also the youngest at each
stage of pubic-hair development (10.1, 11.3, 13.4,
and 16.0 years at Tanner stages 2, 3, 4, and 5, re-
spectively). The average ages for each of these stag-

“es in white girls (11.2, 12.6, 14.8, and 16. 8 years,
. respectively) and Mexican-American gnrls (111,
12.7,14.8, and 16.7 years, respectively) were sim-

ilar. African- -American girls were also the youngest

atmenarche, with an average age of 12.0years, as .

compared with 12.4 years in whites and 12.2years
in Mexican Americans.
“To explore whether pubertal development was

_associated with measures of growth, we assessed

relations between pubertal development and body
size and between lead concentration and body size.

. Greater height, weight, and body-mass index were

each individually associated with a higher breast-
development stage. When height, body-mass index,
and weight were included in models simultane-

_ously, however, only height and body-mass index
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’ a Non-Hispanic Whites Affican Americans Meéxican Americans
Characteristic : (N=s00) T (Ne305) (N=781) P Value

Height —in. :
Mean 60.5 61.0
95% Ct :

. ,_1=a-u i

Body'r m:;ss index

Head of household s Icvel of educanon (yr)
Mean
95% CI

BT T T DT B T T TR

Ay hnstory of sn oking 100 cvgarettes (9);

Feiadg wat e sl il SiEer AL o CEaeallE

No. of cigarettes smoked/day (among smokers)
Mean 11.8 5.8
95% Cl 10.6-13.0 NA

- ’1{"( Froaa

1::17.9;

PR

Mean 354.7 7352 923.3
811 2-898.2 692.6—777 9 856. 3-990 2

12,4145

Dletary vitamin C (mg/day) 0.18

Mean \ 29.6 110.0 106.2
95% ClI 80.7-98.5 100.7-119.2 97.9-114.6

remained associated with greater breast develop- Higher blood lead concentrations (3 pg per deciliter
ment, owing to the high correlation between body-  vs. 1 pg per deciliter) were associated with decreased
mass index and weight (odds ratio for each 1-in. height (regression slope=-0.51, P<0.001) but not
[2.5-cm] increase in height, 1.17 [95 percent con- with changes in body-mass index or weight, after
fidence interval, 1.09 to 1.25), and odds ratio for adjustment for age; age squared, race and ethnic
each 1-unitincrease in body-mass index, 1.08 [95 group, family income, presence or absence of ane-
percentconfidenceinterval, 1.01to 1.15}, afterad- mia at examination, and dietary vitamin C, iron,
justment for age, age squared, dietary iron, family and calcium — a finding that was similar to those
income [less than $20,000 per year vs. $20,000 or in girls younger than eight years of age.11

more], and race). Increased height was associated Higher blood lead concentrations were associ-
with earlier pubic-hair development; the odds ratio  ated with significantdelays in all pubertal measures
for reaching a given Tanner stage associated witha among African Americans and in breastand pubic-
1-in. increase in heightwas 1.23 (95 percentconfi- hair development among Mexican Americans (Ta-’
dence interval, 1.14 to 1.33), after ad)ustment for ble2and Fig.2and 3), afteradjustment forrelevant
age, age squared, dietary vitamin C, familyincome, physical, demographic, and socioeconomic charac-
and race and ethnic group. No measure of growth teristics. For white girls, the relations between lead
was significantly associated with age at menarche. concentrations and pubertal development were in
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Non-Hispanic Whites African Americans Mexican Americans
Characteristic (N=600) (N=805) (N=781) P Value
i
Anemia (%)1‘ 4.5 231 ‘ 7.2 <0.001

'Blood lead concen!rauoni(yg/d

95%C
Rl 7 -2
Age at menarche (yr) :}: ' P ! 0.02
Mean ‘ 124 120 12.2
.0 122-126 11.9-12.2 12.1-12.4

A .

Pub:c-Halr stage}

T n . : <0.001
Mean .‘ ' C © 32 .36 : 32 . .
'95% C : oo 2934 -

* P values among the three racial and ethnic groups were calculated with use of the Cochran-Mantel-Haenszel chi-square test for categorical

outcomes?? and the median test!® for continuous variables. For outcomes significant at a P value of less than 0.05, comparisons examined
differences among pairs of groups: all three groups differed from the other two with respect to the level of education of the head of household
and blood lead concentration; African Americans differed from both other groups with respect to drinking status, anemia status, and dietary
-calcium levels; whites differed from the other two groups with respect to family income, ever having smoked 100 cigarettes, and body-mass
index; Mexican Americans differed from the other two groups with respect to height; whites and Mexican Americans differed with respect to
the number of cigarettes smoked per day; and whites differed from African Americans with respect to pubic-hair development and age at men-
arche. To convert values for height to centimeters, multiply by 2.54. To convert values for lead to micromoles per liter, mulnply by 0.048. Cl de-
notes confidence interval, and NA not available.

. 1 The presence of anemia at examination was defined with the use of age-specific hemoglobin cutoff values.2+ - .

.  The midpoint of the year of age at menarche was used for girls 8 to 16 years of age (for girls whose age was less than the midpoint of the year
of age at menarche, current ages were used). Of all the girls who were 8 to 16 years of age, the following had reached menarche: 237 of 490
non-Hispanic whites {48.4 percent), 345 of 654 African Americans (52.8 percent), and 312 of 652 Mexican Americans (47.9 percent).

§ These values represent the average stage for all girls in each group. Tanner stages20 were scored separately. For both, stage 1 represented pre-

adolescence, with no development. Tanner stages for pubic-hair development are as follows: stage 2 is defined by sparse growth of nonadult
hair in a limited area, stage 3 by darkening hair and greater coverage, stage 4 by hair of adult quality but limited to the pubic area, and stage
S by full distribution of hair to medial aspect of thigh {fully mature). Tanner stages for breast development are as follows: stage 2 is defined by
- breast buds, stage 3 by further enlargement and clevatlon ofbreast and aureola, stage 4 by pro;ectnon ofaureola and papllla above breast, and

' i'stage S by fully mature breasts.’ 3 . L .

the same direction as in the other groups but were

: not significant.

. . <
- The greatestdelays in breast development asso-

. ciated with higher lead concentrations were in Af-

.rican Americans. As compared with a lead concen-

_tration of 1 g per deciliter, a lead concentration of -
-3 pg per deciliter was associated with delays in reach- ;

’

ing Tanner stages 2, 3, 4, and 5 of breast develop- |
ment (delays of 3.8, 5.3, 5.8, and 2.1 months, re-
spectively). The likelihood of reaching each stage -

- ofbreast development decreased as blood lead con-

centrations increased (Table 2). Smaller delays were
observed for Mexican-American girls (for Tanner
stages 2, 3, 4, and 5, the respective delays were

. 2.4, 2.8, 3.0, and 1.3 months). The delays were

nonsignificant for white girls (respecuve delays of
1.7, 2.2, 2.3,and 0.7 months). PP S
. The delays in pubic-hair development associat-

ed with lead concentrations of 3 pg per deciliter as
compared with 1 pg per deciliter were also largest
among African Americans: 4.0, 5.5, 6.0, and 2.2
“months for'l‘annerstagesz 3,4,ands5, respecuvely
“As for breast development, the likelihood of reach-
ing consecutive stages of pubic-hair development
: decreased as blood lead concentrations increased
(Table 2). There were smaller, stage-specific delays
+ in pubic-hair development for the same lead con-
centrations among Mexican Americans (3.5, 4.0,
.3.7, and 1.5 months for Tanner stages 2, 3,4, and
.5, respectively) and nonsignificant delays among
whites (2.6, 3.0, 3.0, and 1.1 months, respectively).
_ Asignificant association between higher blood
lead concentration and age at menarche was found
only in African-American girls, with a delay of 3.6
_months for blood lead concentrations of 3 pg per
 deciliter as compared with 1 pg per deciliter (Table
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2). The difference in age at menarche with a blood
lead concentration of 3 pg per deciliter as compared
with 1 pg per deciliter was smaller and not signif-
icant in whites (2.9-month delay) and Mexican
Americans (0.4-month delay).

DISCUSSION.

As compared with a blood lead concentration of
1 pg perdeciliter, a blood lead concentration of 3 pg
per deciliter was associated with delayed pubeml
development, after adjustment for body size and
other factors. Delays were statistically significant
for all three measures in African-American girls and
for breast and pubic-hair development in Mexican-
American girls. Forwhite girls, therelations between
lead concentration and measures of puberty were
in the same direction as in the other groups but
were not significant.

_ Wealso found that higher blood lead concen-
trations were associated with decreased height,
but not weight or body-mass index, after adjust-

ing for racial and ethnic group and other factors.
Our analyses of girls 8 to 18 years of age extend
findings from previous studies of younger chil-
dren.1026:27 In two studies, increased blood lead
concentration was dssociated with reduced height
but not weight or body-mass index.1%1* In 3 third
study, decreased heightand weightwere independ-
ently associated with increased blood lead concen-
tration.?? Prenatal and postnatal exposure to lead
also increased pituitary growth hormone and sup-
pressed plasma msulm-hke growth factor 1 in
rats.15.28 - .. - JEEN .
In our study, relations between measures of
body size and pubertal development, adjusted for
racial and ethnic group, varied with the measure of
puberty. Only increased height was associated with
a more advanced pubic-hair development; weight
and body-mass index were not. All three body-size
measures were individually associated with breast
development, but in'analyses including all three,
only height and body-mass index were signifi-
cantly associated with breast development, owing
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Publc-halr development—odds ratio

8-tt>16—year-old girls
2 o T

‘hazard tat

Non-Hispanic African

(95% C1)
Adjusted for age only 0.64 (0.36-1
Fully'adjustcdj - '0.75 (0.37-1.

Mexican
Americans

13) 058 (041-081) 0.60 (0.45-0.80)1

51) 0.62 (0.41-0.96)t -

* Odds ratios reflect the likelihood of reaching a successive siage of pﬁbenal development for grrfs with a log-transformed

lead concentration of 3 ug per deciliter as compared with 1 pg per deciliter. Hazard ratios were calculated with the use of s

Cox proportional-hazards models. Cl denotes confidence mterval

. §P<0.05.

" $Analyses were adjusted for age, age squared, height, body-mass index, family income (<$20,000 per year vs. $20,000 or

. more), ever having smoked 100 cigarettes (vs. never having done s0), and dietary intake of iron, vitamin C, and calcium.
. § Analyses were adjusted for age, age squared, height, family income (<$20,000 per year vs. $20,000 or more), ever having
smoked 100 cigarettes (vs. never having done so), presence or absence of anemia (defined on the basis of age-specific

. hemoglobin cutoff values24), and dietary intake of iron and vitamin C.

* 4 Analyses were adjusted for height, body-mass index, family income (<$20,000 per year vs. $20,000 or more), presence o _
" absence of anemia (defined on the basis of age-specific hemoglobin cutoff values24), and dle!ary intake of calcium,

to a high correlation between body-mass index and
. weight. No body-size measures were associated

", with theageatmenarche. Body-fat measurements,

: mcludmg body-mass index, and height were asso-
ciated with pubertal development in other stud-
jes.12,213,29-31

We found dxfferences in the nmmg of pubertal ‘
development in girls of different racial and ethnic
_groups, findings consistent with the results of pre-

_ vious studies.21-23 For each measure of puberty, Af-

-_rican Americans were younger than whites at every
stage of pubertal development. Mexican-American
gitls reached breast-development stages earlier than

. whites, but pubic-hair developmentand menarche

- occurred at ages similar to those of whites. .

., Higher blood concentrations oflead were asso-
ciated with delayed puberty in African-American
and Mexican-American girls, but theseassociations
were not significant in white girls. The reasons for -
these dlfferences are unclear. Nonsignificant pu-
-bertal delays in white girls with higher lead con-
centrations may result from a decreased power to

detect an association owing to the examination of
fewer white gitls. Alternatively, differences among
the groups may result from genetic or other envi-
ronmental factors. For example, Aftican-American
girls reach skeletal maturity carlier than whltes,
although this may be accounted for by increased
_adiposity among African Americans.13:32 White
girls have longer menstrual cycles and durations of
‘menstrual bleeding than African Americans, silggest-
ing differences in hypothalamic-pituitary-gonadal
regulation.33.34 White and African-American girls
also have differences in hypothalamxc—pxtuntary—.
adrenal function, as evidenced by a greater cortico-
tropin response,3s which may be affected by expo-
sure to lead.36

~ Developmental exposure to lead aﬂ'ects growth
.and sex hormones in animals. Prenatal, lactational,
and prepubertal exposure tolead delayed the age at
whxch vaginal opening and first estrus occurred in
rats.7141537 Rats exposed to lead prenatally or

-during lactation and rats with low postnatal lead -

concentrations had decreased serum concentra-
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tions of insulin-like growth factor 1, luteinizing
hormone, and estradiol in the absence of effects on
body weight.15 Decreases in these puberty-related
hormones might delay the onset or progressxon of

puberty.

Thedelays in puberty associated with blood lead
concentrations are striking given the low concen-
trations recorded during the survey. An increase in
blood lead concentrations from 1 pg per deciliter to
3 pg per deciliter was associated with delays in
breast and pubic-hair development ranging from
two to six months among African-American girls,
depending on the stage of puberty. Smaller delays
were observed in these measures in the other two
groups. However, we do not have data on earlier
concentrations in these girls, and we cannot exclude
the possibility that higher lead concentrations early
in life may explain or contribute to observed pu-

bertal delays.

In children, blood lead concentrations typically
peak atabout one to two years ofageand gradually
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decrease thereafter,5-1* data consistent with the de-

clinein blood lead concentrations with age observed

in this study. Younger children have higher blood

lead concentrations than older children in the same

environment because of greater exposure and lead

absorption from the gastrointestinal tract.3# In ad-

dition, environmental concentrations of lead have

decreased markedly over the past two decades.

Some gitls in this cross-sectional study would have

been young children at the time of NHANES I1I

(1976 to 1980); in which the geometric mean lead

concentration among children one to five years of
age was 15.0 pg per deciliter (0.72 pmol per liter),

with 88.2 percent having concentrations above 10pg
per deciliter. Although our findings cannot prove a

causal relation between mildly elevated lead concen-
trations and delayed puberty, they suggest that even

arelatively low level of exposure to lead may influ-
ence growth and sexual development in girls.

In addidon, qther factors associated with body-

lead burden and pubertal development that we did
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he, a id b not ths conf‘ éjencc igtew

notassess may be responsxble for the observed as-
sociations. Aswith any cross-sectional study, report-
ing of past events, such as age at menarche and
dietary history, is subject to errors in recall. We ad-

justed for several potential confounders measured

at the time of the study, but these factors may have
differed during periods critical for pubertal devel-

opment or other unmeasured confounders may . de 2 :
* Center for Health Statistics for assistance in working with NHANES

have affected the results. Our study documents as-
sociations between the blood lead concentration
and delayed pubertal development after adjustment
for measures of body size, age, and potential con-

founders. These f' ndings suggest that delaysin pu-

" bertal development may be due at least in part to

_mechanisms independent of effects on growth, con-

ceivably to alterations in endocrine function.
_ Theviews expressed in this report are those of the authors and do
not necessarily reflect the views or policies of the Enmonmcntn! Pro-
- tection Agency.
We are indebted to Robin Jones of Westat for assistance with the
development of the data base, to Dr. Susan Schober of the National

111 data, and to Dr. Deborah Winn of the National Cancer lnsmutc

and Drs. Bruce Rodan and Allan Marcus of the Envuonmenml Pro-

tection Agency for their helpful comments during the development
ofthe manuscript.
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