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A comprehensive set ofi objective scientific criteria was developed to examine the widely accepted! claimithat
exposure to PCBs both prenatally:andl postnatally: produces: cognitive, neurepsychoelogical, and behavieral
deficits im boeth children andiadults. These scientific criteria assessed: (1) Whether reliable andivalid
measuring instruments were employed; (2) \Whether appropriate reliability and validity assessments were
made on study variables; (3) Whether corrections were used for multiple comparisons; (4) Whether the

4 authors controlled for fundamental confounding variables; (5) Whether a distinction was made between
statisticalland clinical significance; andi(6) Whether the studies were longitudinally' designed and
appropriately analyzed. It will be demonstrated that the numerous claims regarding| the putative deleterious
effects off maternal PCB exposure upon subsequent cognitive, neuropsychological, and behavioral
development whether prenatally, or pestnatally, in children, adolescents, or in adults, are not supported by
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ﬁ
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~ PUIrPOSE ol Presentation:

‘ & A Critical Examination off Research Relating
Exposure to Polychlorinated Biphenyls

~ (PCBs) to:
«

& 1. Neuroehehavioral
4§ 2. Health-Related and
ﬂ g 3. Cognitive Deficits

~ Majer Seurce: Cicchettl, Kaufman, & Sparrow (in press, 2003)

W




Definition; Brief History of
Polychlorinated Biphenyls (PCES):

PCBs—synthetic chlerinated hydrocarhoen compounds used mostly.
as Insulating material for electrical transiornmers and capacitors

Fat-seluble

soeme have long half-lives in humans
Cressthe placenta

Present in breast milk soithat

Both the fetus and nursing Infant are expoesed

Significant seurce of human exposure said to e consumption of
flatty sports fish from contaminatediwatersi(e.g., Lake Michigan)

Introduced in 1930
Used worldwide
Banned in U.S,, most industrialized nations in1970s




he Critical Sources Of PCB Data
Over Past [wo Decades:

Six Major Conorits of Infiants and Children:

o AnswerWhether:

PCB Exposure Is; Significantly Asseciated
Wiih:

Intellectual, Neurepsycholegical, Behavioral, and/or;
Other Health-Related Preblems




L
ﬁ~ e Study Perieds:

5

~ S Rrenatally- ViaPCBilevelsin

<

Mothers Umbilical Cord

4 & glnfancy- VIARCE LevelsinBreast
Milkanad

<~ QCnildhooa-Via BlooalSamples




ﬂ.. Location of'the Six Infant-Chinld Cohorts;
~ Study Period: Since 1983/and Continuing

~ & 1. Michigan (Jacolhson, Jacehsoen; et al.)
< ,North Carolina (Regan, Gladen, etal.)
. Holland (Keepman-Esseheom, Lanting,
Patandin; etal.)
S 4, German (Winneke, et al’)
& 5. Oswegoi(Lonky, Stewart, Danvill; et al’)
&) 6, Faeree Islands (Steuerwald, etal.)—21

Islands Between Englandand Iceland




What TThe Authors of the Six
Cohorts Conclude:The Claim

& EachiStudy;
S Alone-
S lnTandem-

&) Consistent With Results ofi Animal PCB
Studres-

S Show Evidence off Association Between PCB
Exposure and Later Functioning




ﬁ.. Some Quotations From The
~ Authors: The Michigan Cohort

‘ &g “The Data Reported to Date Are Consistent
Wiithithe Hypothesisthat Parental Exposure
10 PCBs andiRelated Compounds Can Cause
Persistent Changes in the Developing Brain
that Adversely Afifect Cognitive Function; at

1 Least Through Schooel Age™ (Jacohson &
~ Jacohson, 1997, p.345),
W




ﬁ‘ The Same Authoers Concede That:

‘ “None of the Prospective

\ Studies Has Found an

~ Increased Frequency. of
1~ MentallRetardation™ (Op:
« & CIt, 345)

<
o



ﬁ‘ From The Dutch Conort:

‘ “OurData Demonstrate the
‘ Continuation of a Toxic Impact
~ Recelved in Utereon Cognitive
~ Functioning at leddlerAge”

‘ (Patandin, etall, 1999, 19.40)
«
.




Goallol Today's Presentation:

o Critically Evaluate The Clanms Aboeut the
Putative Adverse Effects of Ingesting PCBs at
the Reported [Levels of Exposure

Viethod efiEvaluation:

Application ofi Six Objective Scientific
Criteriato Eachiofthe Published PCB
lAvestigations




.I Ravionale ForDevelepmentand
~ Application efithe Six Criteria:

.

ﬁ

<
<

4~ Their Criticallimportance s That They Serve;
i General, to Guard Against lhreats te Botn

“ Ihe Reliability and Validity off Reported Stuady.
Resulits

"




ANOTIHER SCIENTISTFEVALUATES
OUR SIX CRITERIA:

A QUOTATION FROM TIHE HARVARD
NEUROPSYCHOLOGIST NANCY HEBBEN (in press,
2003):

“These criteria are crucial in the design ofisound scientific
studies and Inithe appropriate analysis of study results:
Errors in design and analysis weaken, and IniSeme Cases,
eliminate the reliability andivalidity ef scientific data.”




L The Criteria
:

<

4‘ In the Form o AnSwWers to
1‘ SIx Scientific Queries




-
~ e kst Query:
45

i Were State-of-the-Art

‘ Measuring Instriiments ana
~ Jlechnigues: Consistently

Applied?
<~ PP
.




4..
n NeSecondQuery:
Ay

.

<
4~ \Were Appropriate Reliability,

1‘ Assessments Made on Study
4‘ \/ariables?

W




-
~ e Mmireiouery:
45

i Did the Authors Control

‘ Appropriately ferFindings that
~ CoulaiHave Occurred by

‘ Chance Alone?
<L




ll
~ e EourtaQueny:

‘ \Were Attempts Made 16

~ Differentiate Statistically.

‘ Significant Eindings Erom
Jhoese That\Were Both

‘ Statistically And Clinically

~ Veaningful?
<L



%
% TheFifthQuery,
<

<~ Were Appropriate

<~ Attempts Viade o

1‘ Controel FerPotential

<~ Confeunding Variables?

W




ll
~ e SixtaQuery:

‘ \Were The Stuaies, AS
‘ Intended By The

‘ Authors, Longitudinally
‘ DesignedAndAnalyzed

\ Appropriately?




-
~ INRESPONSE 10 EACHIOUERY:

‘ A YES™ Response

Indicatead ffhat The
‘\ Criterion\Was Met

<
W
Y




‘ A NO™ Response

Indicated That The
‘\ Criterion Was NOT Met

<
W
Y




-
. GENERAL EINDINGS:

i

45 NOT A SINGLE STUDY. MET
N ALl SIXSCIENTIFIC

‘ CRITERIA
3




ﬂ.. GenerallFindings Across the Six Conerts-
~ Fanlure te Satisty Criteria 1 and 2:

‘ llavestigators, As A RUle:

~ 1, Selected Outdated andiPoorly Nomnmed

Measuring Instruments Over More Recent
Ones WithiSelid Psychometric Properties

2. Falledto Apprepriately Estanlisi tihe
Reliability'and Validity of the Peerly Chesen
flest




ﬂ.. GenerallFindings Across the Six Conerts-

~ Failure to Satisfy Criteria 3and 4:
<4,

3, Performed A Multitude effData Analyses UntiliOne
<« or Moere Einally'Reached a llevel ofiStatistical
~ Significance at the Conventional p=.05Level and
< then/nterpretediinis As aReal orValid Result

~ 4. Interpreted Differences Between High andiLow
ﬂ PCB Exposure Groups On Study Outcome
Variables As Clinically Meaningful Even\When

They Were Withinthe Range of the Error of the
Measuring/lnstrument




ﬂ.. GenerallFindings Across the Six Conerts-
~ Fanlure te Satisiy Critera s and 6:

.

~ 5, Farled to ControllAdeguately For
Confieunding Varianles and

6. Concelved/Ireated A Lengitudinai
Research Investigation/As a Series of
Independent Cress-Sectional Studies

<

<
<




-
~ SPECIEIC EINDINGS: CRITERION 1:

‘ Were State-of-the Art VMieasuring
4‘ Instruments And Technigues

Wy ConsistentlyUsed By The
’~ Authoers?

1= \O.
-
-




Examples of FalltrreToVieet
Criterion/1 IniGeneral:

1. The Instruments Used To Measure
Outecome Variables Typically Had Very Poor
Psychometric Properties: Unacceptanly Low.
Levels of Reliability and/er Validity, or in Most
Studies No Tests ofiReliability\Were
Perfermed At Alll.




Speciific Examples of Fallure To
Meet Criterion L:

1, Inthe Earlier Studies, PCBs \Were Often/Not Measured With Great
AccUracy:

In the. Authors” Own \Woerds:

. thisinconsistency is presumably due to limitations in reliability of
measurement. The packed column gas chromatographic analysis
used here, although state of the art in the mid-1980s; provides
relatively low resoelution and highidetection limits...In light of recent
refinements in analytic methodology, replication ofi the present
findings Is warrantedusing more sensitive analytic technigues”
(Jacehson, etal., 1992).




Yet, Ignoring Taelr Own Caveats:

e Jacohson's have continuedito use
these guestionable data, hasediupon
self-admittediunreliable and invalid PCB
measurement Istruments Ininore
[ecent publications (Jacensoen &
Jacohson, 1996; Jacehson, etal., 2002).




Serieus Prenlems Beyona
Unreliabdility Of PCE Measurement:

JAConson & Jacohson (1996, Tanler):

Depended Selely'Upon Maternal Recall For Infermation en
e Eellowing|Variables:

Bithiwelght, GestationallAge, Welght Gain During
Pregnancy, Smoeking During Pregnancy, Smoeking Before
Pregnancy, Abselute Alcehol Per Day Prier lle/AndiDuring
Pregnancy, And Both The Amount And Type Of PCE-
Contaminated Eish Consumption Over A S Year Period During
e Previous 16/ Years




.. SPeciific Findingsitor Criteron 2;: \Were
ﬁ Apprepriate Reliability Assessments Usedion
~ StudyVaranles? [he Data
o

.

<
<

4~ 1. Specific Reliability Assessments ofi Study.
~ \/ariables Were Seldom Made

«

4‘ 2. \When Made; the Attempts \Were Always

‘ Unsucecessiul
<
W




.. SPeciific Findingsitor Criteron 2;: \Were
Apprepriate Reliability Assessments Usedion
~ StudyVaranles? [he Data
<,

3, Not a Single Study Deriving From Any efithe
Six Cohorts Ever UtilizedlA State-of-the-Art
Relianility Statistic, Such as.an Apprepriate
Model off Kappa, Welghted Kappaor the

«
4:
ﬂ‘ Mathematically Similar intraclass
< Correlation Coefficient
.

W




.. SPeciific Findingsitor Criteron 2;: \Were
Apprepriate Reliability Assessments Usedion
~ StudyVaranles? [he Data
<,

Instead, the Invalid Pearson Product
Viement Correlation Coefiicient (PMCC)
WasUsed, Despite lts Known Petential for
Exaggerating the Extent ofiReliability off Any

~ 4

N

~ Given Variablete\Whaichit s Appliea.
.

W

.
.
«
.
«




4..
~ SOME EXAMIPLES:
<,

1, The Brazelton (1984)Neeonatal Behavior
< Assessment Scale (NBAS) Was Used to ASSess the
~ Putative Effects ofi PCB Exposure Upoenilnfant
< Behaviors:

ﬂ ~ Using the PPMC,; the Repoerted Reliability Levels for
~ Range of State, and Refiexes firam the Orginal NBAS
and itsiRevised\Version\Were -.13/(lbelow 0),.07, and

4‘ 035!
<
G




ﬁ‘ A Second Example:
Ay

2. The Eagin lestof Infant Intelligence (ETi1)Has Alse
< Been Utilized te Assess Putative Effects of PCB
~ Exposure Upoen infant's Ability to Cheose Novel
«

Over Standard Stimulr.
‘ Winneke et al. (1998 p. 425) reported:

ﬂ “The re-test reliability ofithe novelty score for the
moebile version Inour study after 2 weeks for two
< ohservers and 10 children was found te e almost
‘ zero and even negative (R= -.195).”
<




4..
~ ATird Example:
B

< 3, Jacohson, etal (1985) and Darvill et al. (2000)
never repoertedinter-ehserver reliability

data forthe ETII;

Ihey merely concluded that there wereno

examinersion the Flll 'scores they obtained: They.

clearly implied that this meant that reliabiliby
levelsiwere high.

P

ﬂ ~ statistically’significant systematic differences in
P

<

.




Jne Error in ThelrReasening:

e scores ofitwo Independent examiners can e
widely dififierent, andistillipreduce the exact same
meanior average values,

As one example, Ifithree subjects are assigned
scoresofil, 7, andi10 by the first examiner, and 5, 10,
and 3 by the second, thelrmeanswill e identical at
6,00, yet thelirlevel of chance corrected agreement
(Ri)willlonly reach -.14",




~ A FourtniExample:

~ 4. InTinelr Discussioniofi The Bayley'Scales of Infiant

45

Q
.

Development to Measure Putative Effects of PCB
Exposure UpeniVental andiPsychomotor
Development The Authoers: Said:

e did not cary/ eut formal intra-rater or Inter-
rater testing, butwe did moniter scores and diSCUss
any driiit at meetings with study persoennel” (Gladen,
etal., 1988} p,992),




Specific Eindings for Criterion3; Did the
Authors ControellAdeguately fior Chance
FIndings? lihe Data

Overall Einding;

With\Very Few Exceptions, Large NUmbers of
statistical Tests\Were Performed Without
Contrelling AT ALL forrthe Number That Coula
Have Been Expected by Chance Alone




SPecific Eindings for Criteron 3- Seme
Examples:

1, Jacobseni& Jacenson (1997, Eigure.5);

Attempted to Control for Multiple Comparisens In
Their Analysis ofi WISC-R'EulliScale |Q Data (as.an
Outcome Variable, Putatively Affiected by PCB
Exposure) BUT:

Usedithe Duncan Multiple Range Test, A Procedure
That OVERESTIMATES the Numibber of Statistically
Significant Results i a Given Investigation
(Cicehettr, 1994; Petrinovich & Hardyek; 1969;
ljoethaker, 1991).




«
.
.
«
.
«

»
.
.
.
)

[t Should Be Noted At Tihis Pornt
fhat:

e Authoers inthe Six Cohoerts HadlA

Penchant For Consistently Choesing hose
statistical Technigues (Invalid as They/All
\Were) Thatwould Increase the Prolhability Of
Preducingia Statistically Significant Result that
Would Implicate PCB Exposure As the Cause of:
Neurepsychologicalland Behavioraland Other:
Health Proklems.




~ AnetherExample:

‘ To.Compound Results Further, Seme
~ IRvestigators, SUchiAS), Again, Jaconsen &
«

Jacohson, 1997), Not Only farled To Use
‘ Appropriate Multiple Range Tests, ButWhen
“ Resulis Were Not Statistically Significant
Using A Reguired TwoeiTared Test. ..

W




Why ey Just:

Doubled Their Chances of Finding|A
statistically Significant Resulit By Simply
Employing A One-Tailed Test.

Ihis Continues Tlo Be Justified By The “Argument”
Ihat the Investigation Under Study/Is An
“Exploratonry”or “Pilet ™ Investigation
(Fellewing Abeut' 2 Decades Of Published PCB
Research)




Anether Example:

Iin anAttempt te'Shew the Effects o PCB
Exposure Upon Cognitive Deficits, Gladen|&
Regan (1991) Conducted 40 Multivariate
Analyses. None of lhem Preduced
Statistically Significant Results:




Yet AnotherExample:

ACross Ihree of the Six Cohorts:

96 Analyses\Were Conducted, Again, to
Determine The Effects of PCB Exposure Upon
Children'sCognitive Functioning. Four
Significant Results Occurred Before
Contrelling For Chhance!




FUrtner Examples:

IlheWeakest of All Strategies IS for
Investigaters te Finally Interpret Non:
Significant Results As |E They\Were
statistically Significant: (e.g.,.087In
Jacohson & Humphrey, 1990; and .09 1n Regan
& Gladen, 1991)




<.I How/ The Strategy Works:

1, Attempt To Control For Chance Using Apprepriate
Multiple Comparisen Procedures (e.g., Benterroni
Correction)

ﬂ 2. I inat Deesnt Work; Ty Multiple 2 Tailed flests

X

~ 3, IFThis Doesn't Work, Try One-Tailedilests, AND; . . .
<
.




W IfNone Of These Three Strategies
~ \Works:

‘ Then; Applying Akelson's (1995, p.55)
DelightiulfParedy:On The Researcher
Desperate 1o Find A Statistically Significant
Result:

“State the Actualip\Value, But Talk
Aroundit.”




SPeciiic Findings for Criterioni4; \Were Attempts
Viade e Differentiate BetweenStatisticallAna
Clinical Significance? Usually No, Examples:

e Most “Rebust” Finding; A Feur Point Diiference Between
Highest and Lowest PCB Exposure Groups InCognitive
Perfermance was Takeniin the Dutch Cohoertte Be Clinically
meaningful (Pantandin; Lanting, et al., 1999).

Yet, The Error of Cognitive Measuring|lnstruments Is Knewn
toBe of The Order of £5t0+6 Points onia Simple Re-Testing
of The Same Individual By the Same Clinical Examiner
(Kaufiman, 2001)..




ﬂ.. Other Failures To Differentiate
~ Clinical FromStatistical Significance:

‘ Contaminated FishiEaters, Comparedito
~ Contrel Methers:Had Slightly'Smaller:

<

‘ Binth Weights (7.6 1bs vs 8.1 Ibs)-Both Normal
-Head Circumference (34.92cmivs 35486 cm
-Gestational Age (40.31 Wks\vs 40.82 WKS)

~ (Fein, Jacehson, etal., 1984)

<




SPECIiic Findings for Criterion S; \Were Appropriate
Attempts Made to Control For PetentiallConfeunding
Variables 7No.

Potential ConfeundingVarianles ihatWere Viost
UsuallyNot Controlled Adequately or Net ACAIL

Parents’ IQior Other measure of Cognitive Level (the
Nortih Carolina Cohort)

Home Environment (Grandjean; et al., 2001)

Prenatal Factors (e.g., maternalialcehel, smoeking, drug
status)

Levels ofiMethyliMercuryinContaminated Fish




Specific Findingsifor Criterion 6; Were llhe Studies
Longitudinally DesignediAnd Analyzea
Apprepriately:?

Without Exception, the Investigaters.in Each
of the Six Cohorts Describe lhelr Research As
Longitudinally Designed:

Yet Al Authors InAll Coherts Report Only
Cress-Sectional Study Results At EachiFollew-
Up Assessment Period:




o Obviate

s Preblem:

The Authers SheuldiHave Used A Strategy
suchAs Individual Grewth Curve Analysis; or

In The Case of
Variant offARe

Little er NeIMissing Data Seme

peated Measures Analysis of

Variance Designi(Cicehettr, Kaufman; &
Sparrow; 2003)




Anether Crtical Methodolegic
Elawy;

Authors Failed to Define What Is Or Is Not a
Jloxic Level ofi PCB Exposure,

Rather, lhey DefinediHigh, Low:, and

VModerate Levels ofiPCB Expasure, Not IN

Absolute Levels, But Relative to\Whatwas
Considered:, High, Moderate, or Low:in a Given Cross-
Sectional Study




Anether Crtical Methodolegic
Elawy;

WhatWas Defined As High, Low; erModerate
PCB Exposure Differed\Within A Given Cohort;
From One Cress-Sectional Study to Another
(Especially True of the Jacohson, et al.,
Cohort), As Well As Between Cohorts
(Cicchettr, Kaufman; & Spariew, I press,
2008: Schelll Budinsky, & Wernke, 2001)




SummanryAnd Cenclusions:

Based Upon An In-DepthiAnalysis ofiMore Than100 Published
PCB and Related Articles:

Ihe Multiple Claims and Conclusions Regarding the Putative
Deleterious Effects of PCB Exposure Upon Subseguent
Cognitive, Neurepsychoelogicaliand Behavieral Development
I Thelr Offspring, Whether the Exposure IS InUtero or
Postnatal, Are Not Tenalle




ﬁ

.. Procedure By Whichi The Six Criteria
~ (ONE By One)Were Not Met:

~ THE INVESTIGATIORS TYPICALLY:

45

1. Selected outdatediand peorily.
nermed measuring Instruments
OVEI Mmoere recent ones with selid
PSYCROMELrIC properties




<.I Procedure By Which The Six
~ Criteria\Were Not Met:
<4,

.

<

"

2. Falled toiestanlishithe relianility
and validity of the poorly chesen

:: est
b




ﬂ.. Procedure By Which The Six
~ Criteria\Were Not Met:

N

<

X

3. Perfiormead a multitude ofi data
analyses uniil'ene ermore
reached alevelof statistical
significance atp=<.05




W Procedure By Which The Six
~ Criteria\Were Not Met:

<

4, Interpreted differences within the
standardierror offameasuring
Instrument asiii they were
clinically meaningfiul




<.I Procedure By Which The Six
~ Criteria\Were Not Met:
<4,

‘ 5, Falled tocontreliadeguately for
confieunding and potentially.
confieunding variables, and




ﬂ.. Procedure By Which The Six
~ Criteria\Were Not Met:

N

<

X

6, Treated longitudinaliresearch
IAvestigations as a series of
Independent cress-sectional
studies




e Logical Scientific Conclusion
lnatNeeads /o Be Drawn Is:

Ihe Numerous Claimsiand Coenclusions
Regarding the Putative Deleterious Effiects of

Viaternal PCB Expoesure UpeniSulkseguent
Cognitive, Neurepsyechoelogical, and
Behavieral DevelepmentinThelr OffSpring;
Whether the Exposure |s //7.utero. or;
Postnatal, are Scientifically lnvalid:




HOWEVEr AVery/lmportant
Caveat Needs ToiBe Made:

This Conclusion is Based Solely Upenithe Low Levels of PCB
Exposure That Have Been Reported.

[t 1s Well Known (First Law of Tlexicelogy), Ihat:
Any ForeligniSubstance, Depending Upon Its Level, Will Be:

Harmless, Slightly, Moderately, Highly Tiexic, orLethal
(e.g., the standards for lead exposure published by the CHC)




ﬁ
<

.
.
«
.
«

.
.
.
)

IIHEREEORE:

Given the Completely UnknoewnilLevel of PCB Toxicity That 1s
Buried inThe Silt ofithe Hudsen River, Coupled Withithe Fact
hat PCB Levels Have Been Decreasing Over the Past 20
Year Perioad:

[tWoeuld Seem Foollhardy TeDredge Them Up, at This Point;
Ihereby Increasing the Probability ofiPlacing Them inithe
Ambient Envirenment at Petentially Hammiul Levels, Relative
110 the Harmless Levels at \Which They Have Been
Investigatediand Reported, When Analyzed Objectively and
scientifically.




Broader Implications of Tis
Researchn:

Ihe Six Crteria Have Value Far Beyondthe
Evaluation ofi PCB Research,

ey Have Relevance Eor Investigating
Ilreats to the ReliabilityandValidity of
Reported Research Results Across the Wider
Field efiBielhehaviorallResearch.




