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COMMENTARY
The Landmark Needleman Study of
Childhood Lead Poisoning: Scientific and
Social Aftermath

Paul Mushak, Ph.D.*

The 1979 landmark study of Needleman and colleagues first established
that low levels of lead in children produce asymptomatic but significant,
persisting neurotoxicity measured as cognitive and behavioral dysfunc-
tions. Numerous cross-sectional and longitudinal human studies, animal
studies, and mechanistic investigations have since confirmed and expanded
upon Needleman’s results to yield a coherent, converging whole. The 1979
study also opened a new volume of socioscientific thinking on this ancient
problem. Subtle lead neurotoxicity in children means 1Q decrements in 3
to 4 million U.S. children and in many more millions elsewhere. In the
aggregate, an enarmous cognitive deficit across U.S. society has occurred
and will continue. The study provoked questions. What is an adverse health
eifect and who defines it? What is the relative importance of population-
wide versus individual toxic insult? What are the roles of clinical interven-
tion and preventive medicine? What are the tradeoffs between social costs
of injury to children’s brains and economic costs of preventing exposure?
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lsewhere in this issue of the Quarterly [1], Her-
E bert Needleman presents some of the issues
w0 surrounding childhood lead poisoning, includ-
ing a brief historical perspective and a summary. of
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showed that low levels of lead in the bodies of very
yvoung children produce persisting neurotoxic ef-
fects, including full-spectrum 1Q deficits and other
neurobehavioral disorders.

The 1979 Needleman et al. study initially pro-
voked an unprecedented level of scrutiny and even
hostility from certain economic, health policy, reg-
ulatory, and scientific quarters. More importantly,
however, the Needleman study also helped to pro-
voke an enormous amount of research into lead
exposure and toxicity in children and other risk
groups, animal models of lead toxicity, and mecha-
ristic studies of lead’s toxic actions, The 1979 study
also elevated lead to the status of prototype for
reworking fundamental risk asscssment perceptions
and assumptions about cnvironmental health injury
in America and elsewhere,

A CHALLENGE TO CONVENTIONAL CLINICAL
THINKING

The 1979 Needleman study forced a rethinking
of the conventional toxicological and biomedical
definition of childhood lead poisoning, a definition
based on clinical signs and symptoms, While it is
true that, some decades before, Byers and Lord [4]
had found neurcbehavioral sequelae to the early
severe, fulminant manifestations of lead poisoning,
these sequelae were still rooted within “clinical lead
poisoning,” i.e., mvolved relatively high body lead
burdens in the poisoned children. Needleman's psy-
chometric subjects had no clinical history of lead
poisoning treztment; such a history, in fact, consti-
tuted one of the exclusionary criteria in the study.
The Needleman study therefore set the stage for
accepting lead “poisoning” as including subclinical
or asymptomatic intoxication. As new evidence has
continued to become available, such an interpreta-
tiom continues to extend lower and fower into hu-
man lead exposures once considered “safe.”

In sparking a redefinition of lead poisoning, the
Meedleman study challenged the role of the cinician
in the overall secietal response to lead poisoning as
a health problem. The clinician obviously retains the
role of medical manager in cases of overt, classic
lead poisoning in individual patients, If lead poison-
ing also exists in groups of children who are other-
wise asymptomatic by traditional clinical criferia,
however, where is the clinician’s 1ole? The role in
this case is increasingly one of evaluating toxicity
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risk, ie, judging level of nouroloxicity risk given
some index of lead exposure such as bleod lead (Pb-
B) concentration and such guidance as the penodic
Statements of the U5, Centers for Disease Control
(CDCY or Statement-linked pronouncements from
organizations such as the American Academy of
Pediatrics [5-9]. Conirary to a widespread percep-
Hon in the sdentific and biomedical communities, a
CBC Statement on childhood lead poisoning is a
categorical depiction of risk via screening results; it
15 not meant Lo serve a suttogate diagnostic function

The changing role of the clinician in childhood
lead poisoning as a broad health problem is mirrored
in the changing nature of CDC Statements since the
Needleman study. In the 1975 |5] and 1978 [6]
Statements, federal and independent advisory phy-
sicians defined risk categories in the clinical portion
of lead's toxicological spechrum, with remedies also
rooted in medical intervention and management. In
CDC's 1983 Statement [7], however, there is both
the clear "official” acceptance of asymptomatic or
subclinical lead poisoning as a bona fide aspect of
the disease and the first inklings of a sharing of roles
between the medical manager and the preventive
medicine specialist, the latter through environmen
tal contral measures.

The 1991 CDC Statement [#) formally stratifics
lead poisoning into rultitiered definitions and cat-
cgories, only the most severe of which apply to
traditional clinical management of lead peisening
The Statement assigns clear and substantial roles for
preventive envitonmental medicine. In its explicit
attempts to recognize lead polsoning as a multidis-
ciplinary problem and to take it beyond the exclusive
province of the pediatrician, the Statement is bound
to produce further debate in the pediatrics commu-
nity, particularly in that segment that is uninformed
or only marginally informed as to the great advances
taking place in the area of lead research,

THE NEEDLEMAN STUDY'S PUBLIC HEALTH
IMPACT

The public health impact of the Needleman study
is best understond in context, The federally funded
MNeedleman et al. study appeared at the end of a
decade that first saw formalizing of legislative, ad-
mirdstrative, and judicial acknowledgments that en-
vironmental  protection  and  pollutant-affected
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health protection were appropriate and necessary
public functions. In 1971, the U.5. Fnvirommental
Protection Agency (EPA) was formed, and, in the
1970s, the National Institutes of Health began to
fund extensively lcad research of independent sei-
entists such as Needleman and colledgues through
competitive, peer-reviewed grants.

The U.S. Surgeon General issued a major state-
ment on lead toxicity in 1971, identifving a lower
Pb-B threshold as toxic and calling for large-scale
systematic screening, a call taken up by the LS.
CDC in its 1975 and 1978 Statements (see above),
Congress began a series of legislative initiatives in
1970 with the 1970 Clean Air Act and its 1977
amendments and the 1971 Lead-Based Fainl Poi-
soning Prevention Act. The U5, EPA in 1977 pro-
duced the first of its two benchmark documents on
environmental lead exposure and toxicity [10] at the
same time that the World Health Organization
{WHO) published its first criteria document on lead
[11].

Needleman's 1979 work was not only a major
result of the slowly growing shift in how lead as a
public health issue was approached, it was estab-
lishing in turn the mainstream of later thinking. As
such it served as a key link to the next generation
of international research, regulatory, and public
health policy efforts that took place in the 1980s
and that continue to the present

In fostering a broad expansion of the definition of
lead poisoning, the Needleman study helped to pro-
duce a qualitative and quantitative change in per-
ception of the lead problem. When clinical lead
poisoning was held to be a problem of inner-city,
impoverished areas quantifiable by case finding, the
problem was secn as one managed by secondary/
tertiary prevention measures: find poisoned children
and treat them. Shifting the definition of lead poi-
soning to asymptomafic children had various effects.
One effect was obviously to invalidate the tradi-
tional approach for other than overt poisonings
identified via screenings. A second effect was to
broaden greatly the definition of the socioeconomic
and demographic profile for a lead-poisoned child.
The profile not only included impoverished, inner-
city children but suburban children of affluent fam-
ilies as well, This can be seen in the U.S, Agency for
Toxic Substances and Disease Registry’s {AT5DR's)
Report to Congress on U.S. childhood lead poison-
ing [12). While inner-city, low-income children have
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the highest prevalences of elevated, toxic Pb-B lev-
cls, the larger numbers of non-inner-city, non-low-
income children in the 1.5, population meant that
even lower prevalences translated to unacceptable
{otal numbers of lead-exposed children.

The ATSDR report noted that 2.4 million metro-
politan black and white children under six years old
had toxic Pb-B concentrations (=15 pg/dl) in 1984,
The present EPA prevalence estimate for the new
CDC toxic Pb-B definition of 10 gg/dlis about 15%,
vielding a national number of children (aged under
six vears) of over 3 million [13]. Most of the dedine
in source lead has already occurred, and it is not
likely that declines in child lead intake rates in the
1990s will be anything like the major declines of the
1980s without major lead abatement policy changes
and resource commitiments,

The amount of published intcrnational research
activity directly or indirectly stimulated by the 1979
Needleman et al. study is huge. This writer found
that for 1991 there were well over 1,200 entries in
Chemical Abstracts dealing with lead toxicity, expo-
sure, and laboratory measurement. The 1991 Index
Medicus contains over 400 entries for lead toxicology
and exposure mainly in humans, while mainly ex-
perimental animal lead toxicology entries in the 1991
Biological Abstracts number about 600. Over a dozen
cross-sectional and three major longitudinal epide-
miological studies from around the world have rep-
licated or confirmed Needleman's original neuro-
behavioral toxicity results. Over a dozen studies also
show that lead increases blood pressure in older
adults in general and in occupational populations.
In addition, many dozens of animal model studies
of low-level lead toxicity have been reported in the
international litevature, incduding over a dozen neu-
robehavioral studies in nonhuman primates chron-
ically exposed to low or moderate levels of lead.

Many recent investigators of lead’s effects in ctul-
dren have found toxic effects at much lower body
lead burdens, e.g., Pb-B, than were probably prescnt
in Needleman's subjects, Needleman et al. used shed
teeth as a cumulative, more interpretable index of
earlier lead exposures in their subjects; translating
these measures to Pb-B is difficult. At present, there
is a scientific consensus in various international so
entific and public health documents that various
neurcbehavioral and nonneurobehavioral effects
are induced in children at a Pb-B of 10 ug/dl or
even less [8,12-14].
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IMPACT ON ENVIRONMENTAL HEALTH RISK
ASSESSMENT ISSLIES

In introducing a broad perception of what consti-
tutes lead poisoning in children, Needleman's study
helped to establish lead as a prototype for human
health risk assessments for toxic environmental pol-
lutants. These include such generic risk assessment
elements as:

* What is an adverse health effect?

* Can effects be ranked for biological or societal
significance?

* Use of distributions of an adverse effect in a
population versus averages, Le., focusing on
subjects at greatest risk via dose or response.

* Subclinical toxicity thai is present across an
enttive population versus overt toxicity present
in one or more individuals and the closely re-
lated issue of

* Cumulative adverse impact versus individual
effects in defining total community health risk.

As 1 have argued at length elsewhere [17], the
traditional criteria for what is an adwverse health
effect of lead were “clinical” in nature because it was
anly the high-exposure, clinical end of lead’s toxi-
cological spectrum that could be evaluated by the
relatively crude diagnostic measures available in
earlier times, Because other effects could nol be
detected by such crude measures, they were as-
sumed not to exist, Methodology determined touxd-
cology. Overt severe effccts, crudely measured, were
then enshrined in the canens of clinical toxicology
as the official adverse effects of lead. However, there
is little scientific logic to the notion that an adverse
subtle effect measured by sophisticated measures is
infierently less important than those only measurable
by crude means. Does crude really equal important?

The Needleman study provoked widespread pub-
lic health cencerns (putside of the usual high-risk
focus) for a number of reasons. First, it revealed the
polent capacity of lead to impair the brain in the
form of reduced cognitive functon across the whale
child population 1 distribution, particularly to im-
pair IQ in high-IQ children. Second, its findings
showed that such effects were at body lead burdens
low encugh that any parent was justified in sus-
pecting lead exposures. Third, American public sen-
sibility, in theory at least, places a higher premium
on protecting child health over the health of other
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segments of the population. In this regard, public
perceptions and scientific criteria for lead’s dose-
response relationships generally agree Finally, tox-
icants such as lead that Impair mental acuity engen-
der more alarm in parents and society at large than
do toxicants that affect other organs and systems.
Why? Whether socially equitable or not, developed
cultures clearly appear to equate being human with
one’s cognitive ability. The brighter the mind, the
more "human” the person and vice versa,

The MNeedleman et al. study found that there was
a group mean I decrement of four puints or so in
their subjects, This level of decrement has been
called a negligible effect, but that view ignores the
fact that there is a distribution of values about any
mean value, and, In the case of lcad’s cifects on IQ,
Needleman subsequently demenstrated [18] that the
impact of a modest average IQ decrement in his
subjects translaled to major shifts in the tails of the
overall 1) distribulion—more slow children at the
lowrer end, fewer bright children at the top.

Most environmental toxicants affect a limited seg-
ment of people, and the impact must be severe to
be recognized, given most data bases, Orthodox risk
assessiment is still oriented to this scenario, With
lead, huge numbers, including millions of children,
are affected by relatively subtle adverse effects on
10, attention, etc, This requires a different risk quan-
titation approach, whetein one fooks at cumulative
or society-wide deficits in function of millions or
tens of millions. One tack is social cost. Dr. Joel
Schwarke, EPA Sendor Scientist, MacArthur Fellow,
and the world's authorily on monetized cost-benefit
analvses of regulating different lead sources, has
demonstrated benefits over costs of billions of dol-
lars, This approach takes on increasing urgency in a
globally competitive world where the entire socicty
must operate optimally.

CHALLENGES TO THE ECONOMIC CENTRALITY
OF LEAD

For much of its industrial and commercial history,
the American and Eoropean lead industry estab-
lished and maintained a virtual monopoly on re-
search or other investigations of lead's public health
and environmental impacts and dissemination of
stch data [17,1%-21]. Put bluntly, the originators of
the lead problem also determined who would do
what about the lead problom. This was the case for
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tetracthvi lead (TEL), a zasoline additive introduced
in the mid-1920s,

For morc than 40 years, a single biomedical in-
vestigator and corporate consultant at the University
of Cincinnati not only did most of the research on
the health impacis of TEL and combustion of leaded
gasoline but also was considered its “official” voice
in governmental and institutional scientific circles
[19-21]. This monopoly and the influence of the
lead industry began to unravel with the growth in
independent, non-industry-supported, scientific re-
search in Western countnes in the 19a0s. It partic-
ularly began with the alarming findings of Patterson
[22], who showed through elegant techniques that
leaded gasoline was producing encrmous global lead
contamination. The loss of control over information
continued with several major developments in the
1970s, First, the US. EPA was established, and it
began, albeit slowly and reluctantly, to regulate lead
in various media. For example, air lead was classified
as an ambient pollutant to be regulated nationally,
Lqually important, the federal government began
funding independent research into lead as a toxico-
logical and environmental issue The 1979 Needle-
man study was one of the results.

Responses of the lead-producing and lead-using
industries and their allies to the growing scientific
case against lead constitute a useful case study in
how established economic interests react to scientific
evidence threatening their activities. Originally, as
Needleman notes elsewhere in this issue of the
Quarterly [1], the bearers of adverse information
were seemingly intimidated on an ad hog, individual
basis, When adverse informatiom om lead exposure
and human intoxication could nuet be contained
“one-on-one” durig the 1970s and 1980s, the In-
dustry abruptly took the tack of seeming coopera-
tor. It cultivated a simulacrum of concerned, re-
sponsible “objectivity,” expanded and established its
own research programs and conferences, and heav-
ily intruded into the regulatory evaluatem pro-
cess itself.

Science evolves, but it evolves imperfectly; in its
early jerky thrusts at the truth of a maiter, there is
considerable uncertainty about research results,
their meaning, and thelr comsequences. The 1970s
and early 1980s typified this period for lead as a
scientific research topic, and industry exploited this
uncertainty exhaustively and effectively. The mul-
tidefense industry position now seemed to say: Our
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experts don't agree that lead exposure has occurred,
but if it has our experts don’t agree that the exposure
produces significant public health problems, but if
it does our experts say it's not extensive enough in
the population to worry about. Current industry
sirategy, having apparently given up on a science
that continued to indict lead as a major health issue,
apparently relies on economics and cost-effective-
ness: Lead is too important an economic commodity
to regulate; what's more, the costs of existing lead
abatement are too high for the benefits.

Given mdustry’s complex strategy, the Needle-
man study posed special difficuities. It involved
asymptomatic lead poisoning in children with
clearly elevated body lead burdens accumulated
over the years, two issues especially difficult for the
industry. It meant that the scope of lead’s harm to
cognitive function now extended to countless chil-
dren in vartous sectors of society. Lead’s cumulative
potential for harm redefined what is ot is not *harm-
less” exposure, Numerous research findings over the
last 13 vears only further compounded the ditficul-
ties for the lead industry. Not surprisingly, the in-
dustry launched persistent assaults on the Needle-
man study. In the carly 1980s, these included mis-
representing, via wide publicty, technical evalua-
tion of the Needleman study by the EPA's advisory
consultants. More recently, the industty has sup-
ported efforts of others attacking the Needleman
results and Needleman personally, In this regard,
suspicion of misconduct charges were filed against
him [23]. After an extended investigation of the
charges by the University of Pittsburgh, Needleman
was cleared of misconduct charges [24,23]. .

REFEREMNCES

1. Needieman HI. Childheod lead poisoring man-made and
eradicable. ISR Quatieriy 1952;2:000--000

. Weedleman Hi, Gunnoe C Leviton &, et al Deficits in
pavchnlogic and dassteon paformance of children with
clevated dentina lead levels. M Engl | Med 19795300 e8Y-
GuE.

3 Mecdleman HL, Schall A, Bellinger [, Leviton A, Allred EN
The long-term effects of exposure o low doses of lead in
childhood: an 1l-year follow up repoes W Cngl 1 Med
19903225058

4 Byers RX, Lord EE Late effeds of lead pomsoning in child
development. Am | Dis Child 1943:66:471-483

5 {enters oy Disease Control Inceased lead absarption and
lead prisoning in voung children Atlanta, Ga: TS Depart-
ment of Health, Education and Welfare, 1975

& Centers for DHaease Control. Preventing lead poizoning in
young childien: a statement by the Centers for Disease
Cuontrol Atlanta, GA: LS Department of Health and Human
Services, 1975

Mushale 167



Centers fur Disease Control. Preventing lead poisoning in
wvoung children: a statement by the Cenders for Discase
Control Atlanta, GA: TS Department of Tealth and Human
Gervices, 1945
Ceniers for Disease Control. Preventing lead poisoning in
young children: a stalement by the Cepters for Discase
Control. Adlands, GA TS Department of Heazlth and Human
Surviges, 1991
American Academy of Pediatrics: Committee on Enviton-
mental Hazards Statement on childhood lead poisoning
Pediaitics 1987,79:457-462
. Envitonmental Protection Agency Alr gquality criteria for
lead, EFA-GRG/E-77-017. Research Triangle Park, NC: Of-
fice of Criteria and Sperial Stadies, 1977
World Health Crganization Environmental health criteria 3
Lead. Geneva, Switzerland, 1977,
Apency for Toxic Substances and Disease Registry. The na-
ture and extent of lead poisening in children in the United
Slates: a 1epoet o Congress. Atlanta, GA: U S Department
of ITealth and TTuman Services, 198#
L5 Environmental Protection Agency. Stategy for reducing
lead wxposures Washington, 167 Office of Toxic Substanoo,
15
. Invitvnmental Frotection Agency Al gquality criteria for
lead, ¢ wols EPA 600708 83-028aF-dF. Ressarch Triangle
Dark, NC: Environmental Criterfa and Assessment Office,
1946
Envirenmentz] Protection Agency. Report of the Cloan Al
Scientific Advisory Comunittee (CASAC) review of the
OAQPS staff paper and the FCAD air quality criteria docu-

The: PSR Quarterly, Segtomber 1993, Yol 2 N0

meltl supplement EFA-SAB-CASAC-UR-G02 Washingbon,
LI, 190,

Centers for Disease Contral Stategic plan for the elimination
af chitdhood lead poisoning. Committee to Coordinate Fn-
virommental Health and Related Programs. Atlanta, GA: 1S
Department of Health and Humaen Services, 1991

E7. Mushak P. Perspective Defining lead as the premiere envi-

monmental health ssue for children in America: criteria and
their quantitateve application Enviton Res 1892 I press

8. Meedleman HL, Leviton A, Sellinger 17 Lead-associated in

telleciual deficits. W Engl § bed 1982;5060: 367 Letrer
Rosner I, Markowite G 'Gife of ged? the public health
confreversy over leaded gasolne dunng the 19205 Am |
Fublic Healily 1953,75:344-332.

Graebmer W Hegemaony Uuwough sdenoe: information engi-
nesing and fead toxicology, 1925 1965 In: Rusner T, Mar-
kawitz G, eds. Unving for work  Bloomington, IN: Indiana
University Presa, 1987:140-15%

- Robert JO ETTIYT. A histery of the corporation and the

peuple who made it Charlatresville, VA Univetsity Pross of
Wirginia, 1963

2. Tatberson CC Contaminated and natmal lead enviranments

of mart Arch Toviton Tlealth 196577344341

Falcu | GubttheJead-oat gurn questioned  Seoience 1931;
253842 B4d.

Parka & Trefessor’s data on lead levels cleared by pancl
The Wall Sheet fontnal, May 27, 1992; BS

Palca [0 Panel dears Meedleman of misconduct Science
1092 254: 1359

Mow Teques e Chrldbood 1 ead Poisoning



