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Effects of perinatal polychlorinated
biphenyls and dichlorodiphenyl
dichloroethene on later development
Beth C. Gladen, PhD. and Walter J. Rogan, MD
From the Statistics and Biomathematics Branch and Epidemiology Branch. National Insti/utetof
Environmental Health Sciences, Research Triangle Park, North Carolina

Objective: Determining whether early developmental effects of perinatal expo-
sure to polychlorinated biphenyls (PCBs) or dichlorodiphenyl dichloroethene
(DDE) persist. -
Design-. Cohort followed from birth; ages now 5V4 to 10V4 years.
Setting: General community.
Participants: Volunteer sample of 859 children, o* whom 712 had been examined
with the McCarthy Scales of Children's Abilities at 3,4, or 5 years; 506 sent report
cards.
Interventions: None.
Measurements and results: Neither transplacental nor breast-feeding exposure
to PCBs or DDE affected McCarthy scores at 3, 4, or 5 years. There was no statis-
tically significant relationship between poorer grades and PCB or DDE exposure
by either route.
Conclusions: The deficits seen in these children on the Bayley Scales of Infant
Development through 2 years of age are no longer apparent. (J PEDIATR 1991;
119:58-63)

Polychlorinated biphenyls are insulating oils that were
heavily used worldwide from their introduction in the 1930s
until their ban in the 1970s. They are highly prevalent in
human tissue.UI Polychlorinated biphenyls are toxic; in
particular, neural and developmental effects have been
seen.3 Dichlorodiphenyl dichloroethene is the most stable
derivative of the pesticide DOT; DOT was banned in the
United States in 1972, but by that time DOT and DDE had
also appeared in human tissue.2-4 These compounds are fat
soluble and have long half-lives in human beings; they are
also trace contaminants of the.food supply. Both compounds
cross the placenta, and thus both the fetus and the nursing
infant are exposed. The ubiquitous background exposure to
these chemicals, which accounts for their presence in human
tissue, is much lower than that from breast-feeding. Cow
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mental Health Sciences, PO Box 12233, Research Triangle Park,
NC 27709.
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milk and commercial formulas are essentially free of these
residues.

In 1978 we began a study in which we measured the
amounts of PCBs and DDE in human milk and followed the
children from birth for various outcomes. The mothers did
not have occupational or other special exposure but simply
the usual background exposure. We have reported motor

DDE Dichlorodiphenyl dichloroethene
DOT Dichlorodiphenyl trichloroethane
PCB Polychlorinated biphenyl

abnormalities at birth5 and psychomotor delay up to 2 years
of age6 associated with the highest 5% of transplacental ex-
posure to PCBs. We looked for but have not found devel-
opmental or other toxic effects attributable to exposure
through breast-feeding7; small exposures to the fetus appear
to have greater impact than large exposures to the nursing
infant through milk. We report the results of continued de-
velopmental testing of the same children to school age, and
some aspects of their school performance, in relation to their
exposure to PCBs and DDE early in life.
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Fig. 1 Relationship between quantitative McCarthy scares and prenatal exposure to DDE (parts per million, fat basis).
Data expressed as adjusted means and standard errors, adjusted for factors described in Methods section.

METHODS
The methods of this study have been reported previously.8

Briefly, we enrolled 859 newborn infants between 1978 and
1982 and then followed them actively from birth to 5 years
of age; information collected included questionnaires, med-
ical records, and results of physical and developmental ex-
aminations. We also collected samples of maternal milk,
maternal blood, cord blood, and placenta for chemical
analysis. Informed consent was obtained from the parents
of all children.

Outcome measures. We administered the McCarthy
Scales of Children's Abilities* at 3, 4, and 5 years of age.
We attempted to have the children who had moved exam-
ined by a local psychologist. We obtained scores on 645
children at 3 years, 628 at 4 years, and 636 at 5 years of age.

In 1988 we wrote to parents and asked for copies of re-
port cards. We received at least one report card for each of
506 children. We used only those report cards from grade
3 or later. We obtained usable report cards for 366 children;
the parents of 140 children sent report cards only from be-
fore grade 3.

We abstracted grades for English and mathematics from
the report cards. If there was a summary grade, we used
that; if there were separate grades for subcategories (such
as vocabulary or reading), we averaged all the subcatego-
ries. We converted grades to numeric scores as follows:
A - 4, B - 3, C - 2, D or F » 1; excellent - 4, good - 3,
satisfactory = 2, unsatisfactory = I; commendable « 4,

Table I. Distribution of information obtained, by age
Age Report McCarthy
(yr) card score Both Neither Total

5.5-6
6-6.5
6.5-7
7-7.5
7.5-8
8-8.5
8.5-9
9-9.5
9.5-10
10-10.5
TOTAL

0
0
0
0
0
2
8
6
7
1
24

0
6
29
32
59
55
67
55
43
24
370

0
0
0
0
4
40
73
94
92
39
342

1
2
6
6
13
13
26
24
26
6

123

1
8
35
38
76
110
174
179
168
70
859

Children ire classified by their age and the information we have on them.
Age is as of Oct. I. I9S8, which is approximately when the solicitation for
report cards was mailed. Possible information shown is from any report cards,
any McCarthy scores, both, or neither. Report cards from kindergarten, and
grades I and 2 do not count.

satisfactory « 2.5, unsatisfactory = 1; satisfactory « 2.5,
unsatisfactory » 1; and high pass » 4, pass = 2.5, fail « 1.
We used report cards from grades 3,4, and 5; if we had more
than one, we averaged them.

Exposure measures. Prenatal exposure is a function of the
concentration of chemical agent in maternal fat during
pregnancy. To estimate this exposure, we took all the sam-
ples that we had from a given woman, scaled them to be
comparable (with the milk sample collected at or near birth
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Flg. 2. Relationship between McCarthy scores at 3 years of age and postnatal exposure to PCBs (milligrams). Data ex-
pressed as adjusted means and standard errors, adjusted for factors described in Methods section. Means for general cog-
nitive score have been divided by 2 to allow them to be displayed on same scale as others, perc/perf. Perceptual perfor-
mance; gen cog/2, one-half general cognitive score.

as the base), and averaged them; details have been given
elsewhere.5-!

For practical purposes, breast-feeding is the only postna-
tal exposure for about the first year of life. The chemicals
accumulate in the child, so the dose of interest is the cumu-
lative postnatal exposure. We estimated this dose by com-
bining information on the duration of breast-feeding and
the concentration of chemical in milk. The calculations for
the estimated exposures are shown in detail elsewhere.7
About 88% of the children in this study were fed human
milk.

We did not measure the chemical levels in the child be-
cause with the techniques available at the time, 10 ml of
blood were required; however, several studies have shown
that the major determinant of the amount of these chemi-
cals stored in young children is breast-feeding.10"13

Statistical analysis. McCarthy scores were analyzed by
analysis of covariance. Transplacental exposure to PCBs
was divided into eight categories, and postnatal exposure
through breast-feeding was divided into five; transplacental
and postnatal exposures to DDE were divided into seven and
five categories, respectively. Covariates included were the
identity of the examiner, maternal age, race, occupation,
education, smoking, drinking, child's gender, number of
older siblings, and feeding pattern (bottle feeding or

breast-feeding of short, medium, long, or very long dura-
tion). Analyses of transplacental exposure included all
children; those of postnatal exposure included only breast-
fed children. English and mathematics grades were ana-
lyzed in the same way, except that the term in the models
that identified the examiner was not included. Statements
that differences were not significant indicate that p values
were >0.10; smaller p values are given explicitly.

RESULTS
Table I shows response rates by age. Of the original 859

children, 83% had taken at least one McCarthy examina-
tion. Those who were examined had the same maternal dis-
tribution of PCBs and DDE as those who did not; however,
those who had McCarthy examinations were more likely to
be breast fed and to be breast fed longer. They did not differ
on the Bayley Psychomotor scale at any time point, but
those who had taken McCarthy examinations were higher
on the Mental scale (7 points [p « 0.003] at 18 months of
age, 7 points [p = 0.06] at 24 months of age). To look at
further response bias for report cards, we limited attention
to those who had any McCarthy scores and were at least 8
years of age at the time of the mailing; 58% of these chil-
dren supplied report cards. Those who did and those who did
not supply report cards did not differ in maternal PCB or
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Fig. 3. Relationship between McCarthy scores at 4 yean of age and postnatal exposure to DDE (milligrams). Data ex-
pressed as adjusted means and standard errors, adjusted for factors described in Methods section. Means for general cog-
nitive score have been divided by 2 to allow them to be displayed on same scale as others, fere/per/. Perceptual perfor-
mance; gen cog/2, one-half general cognitive score.

DDE levels nor in breast-feeding patterns. There was again
no difference on the Psychomotor scale, but those with re-
port cards had higher scores on the Mental scale (4 points
\p « 0.01) at 18 months of age, 5 points \p - 0.003] at 24
months of age).

No association was found between transplacental PCS
exposure and McCarthy scores. The quantitative score var-
ied among the transplacental DDE exposure categories at
3 years (p • 0.06), 4 years (p * 0.06), and 5 years of age
(p • O.OS), but the pattern was not suggestive of dose and
response; subjects in both low and high DDE categories had
high scores, and categories in the middle had lower scores.
Adjusted means are shown in Fig. 1. •'

For postnatal exposure, some variation by exposure was
beyond that expected by chance, but the patterns again did
not suggest cause and effect. All scores of children at 3 years
of age showed similar patterns in relationship to PCB expo*
sure: lower scores were associated with the middle catego-
ries (Fig. 2); differences among the groups were marginally
significant on verbal (p « 0.06) and memory (p-0.08)
scales. In these same children at 4 and 5 years of age, no re-
lationship to PCBs was found. For DDE, scores at all years
showed similar patterns; higher scores were associated with
Ttx middle categories, and the differences were marginally

significant for motor G?*0.05) and perceptual perfor-
mance (p « 0.10) at 4 years of age (Fig. 3).

Grades in English and mathematics had no statistically
significant relationship to either transplacental PCB or
DDE exposure (Table II). Differences among postnatal
DDE categories were marginally significant (p • 0.10) for
English grades; higher levels of DDE were associated with
poorer grades. There was no significant relationship be-
tween English or mathematics grades and postnatal PCB
exposure. Results were similar whether all report cards were
averaged or only grade 3 reports were used. Both English
(pm 0.005) and mathematics (p-0.0001) grades were
significantly related to the 5-year General Cognitive Mc-
Carthy scale.

DISCUSSION
In these data the association of prenatal PCB exposure

with delayed development, seen previously up to 2 years of
age in these children.6 does not persist. We were also unable
to confirm an association, seen in a similar study in Mich-
igan, between prenatal PCB exposure and scores on the
McCarthy Memory and Verbal scales at 4 years of age.14

We saw no consistent associations between exposure to ei-
ther PCBs or DDE through breast-feeding and the McCar-
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Table II. Grades verSus prenatal and postnatal exposure
to PCBs and DDE

English Mathematics

By prenatal PCB exposure (ppm, fat basis)
Up to 0.9 3.54 ± 0.23 3.69 ± 0.30
1-1 fc 3.57 ± 0.20 3.52 ± 0.26
1 14-2 3.50 ± 0.20 3.52 0.26
2-214 3.64 ± 0.20 3.70 0.25
214-3 3.61 ± 0.22 3.48 0.28
3-314 3.54 ± 0.24 3.45 0.32
314-4 3.70 ± 0.25 3.62 0.33
>4 3.66 ± 0.24 3.56 0.32

By prenatal DDE exposure (ppm, fat basis)
Up to 1 3.62 ± 0.22 3.70 ± 0.28
1-2 3.69 ±0.21 3.68 ± 0.26
2-3 3.67 ± 0.20 3.58 ± 0.26
3-4 3.67 ± 0.21 3.71 ± 0.26
4-5 3.48 ± 0.21 3.44 ± 0.27
5-6 3.52 ± 0.23 3.34 ± 0.30
>6 3.53 ± 0.23 3.51 ± 0.29

Among breast-fed subjects, by postnatal PCB exposure (mg)
Up to 2 3.64 ± 0.21 3.62 ± 0.28
2-5 3.68 ±0.19 3.62 ± 0.25
5-8 3.78 ± 0.20 3.73 ± 0.26
8-12 3.80 ±0.20 3.67 ±0.26
>12 3.75 ±0.22 3.59 ±0.29

Among breast-fed subjects, by postnatal DDE exposure (mg)
Up to 3 3.86 ± 0.20 3.78 ± 0.27
3-7 3.73 ±0.19 3.63 ± 0.26
7-H 3.76 + 0.19 3.62 ±0.25
11-17 3.78 ±0.19 3.69 ±0.26
>17__________3.51 ±0.21______3.51 ± 0.29

Data expressed as adjusted means ± SB; the factors for which they are ad-
justed arc listed in the Methods section.

thy Scales, nor did we see any significant associations with
our measures of school performance.

In laboratory experiments designed to. evaluate the
effects on the nervous system of prenatal exposure to PCBs,
changes in activity levels of the offspring are the most com-
monly reported effects.3 Evidence is also good that prenatal
exposure affects learning, but motor function has not been
so consistently affected.

There have been two episodes; in Asia of epidemic PCB
poisoning as a result of the contamination of rice bran oil;
however, in both instances the PCBs were themselves con-
taminated with the highly toxic polychlorinated diben-
zofurans. In both incidents, women who were pregnant
during or after the outbreak bore affected children. After
the 1968 outbreak in Japan, Harada's described the
children as apathetic and dull, with IQs in the 70s; formal
testing of the children was not done. After the 1979
outbreak in Taiwan, children exposed transplacentally were
determined to be developmentally delayed according to all
instruments used except the Verbal subscale of the Wechsler
Intelligence Scale for Children."

The developmental deficits seen at earlier ages were on
the Bayley Psychomotor scale; we saw no relationship be-
tween exposure and the McCarthy Motor scale. This scale
may not be an exact analogue of the Bayley Psychomotor
scale, so the failure to see effects may relate to the different
abilities assessed by the two tests. However, the McCarthy
Scales use common, standard tasks to assess motor function.
Alternate explanations for the lack of persistence of deficits
are that (1) the children have recovered or that (2), as they
have grown, their relatively fixed body burdens have
declined by dilution and the concentration of agent at some
critical site is below threshold levels. ?his possibility is not
excluded by the animal experiments, which were carried out
at higher doses, and is consistent with the idea that many
of the persistent toxic effects seen in the Asian outbreaks
were attributable to the presence of polychlorinated diben-
zofurans.

Whether differences in dose or exposure account for the
failure to replicate the association seen in Michigan be-
tween prenatal exposure to PCBs and the McCarthy Ver-
bal and Memory scales at 4 years of age is difficult to know.
The reported levels seen in the two cohorts overlap. How-
ever, the analytic methods used in the two studies differed,
so levels cannot be compared directly.

We can, of course, exclude effects only within the resolv-
ing power of the measures that we used, and report cards in
particular are relatively crude. However, our measures are
sensitive enough to detect the modest relationship between
the McCarthy General Cognitive scale and scholastic
grades.17'19 Thus, despite the difficulties posed by negative
findings, we find the results from this large and reasonably
well documented cohort to be reassuring.

We thank Nancy Carreras, Pam Hardy, Mary Tully, Jon Tin-
gelstad, and James Thullen for long-term collaboration and data
collection, and James McKinney for chemical analysis.
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