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1 PR’OCEEDINGS‘ |
2 ADMINISTRATIVE LAW JUDGE HERBERT SMOLEN: ' This is a |
éﬂ further hearing in the matter of‘the‘Phiiadelphia
4 Electric Company Woodbourne-Heaton line, Docket A~110550;
_ 5! Folder 055..
6 . Mr. Watson, or Mr. Bonney, are you prepared for
7"E your next witness?
8| ' MR. WATSON: Yeé, Your‘Honér.
. kﬁu I call Dr. Philip Cole.
0| Whereupon; |
11 | PHILIP COLE
12; having been duly sworn, testified as foliows:~
13 JUDGE SMOLEN: _?1easé:have a seat. Keep yéur voice
14  up. Welcome to the PUC. State‘your full name and
‘15“ business address for the recprd.
16“ THE WITNESS: My buéiness‘aﬂdress is 203 Tidwell.
£ 17: Hallgat»the;nniversity'of Alabama at Birmingham- |
18 "  . JUDGE SMOLEN: Mr. Watson. N
w0 DIRECT EXAMINATION
20 || BY MR. WATSON:
2?, Q. Dr. Cole, do you have in,front of you a copy of
29 a‘aocumenf entitled Rebuttal Testimony‘ofjnr. Philip coclre'j
23t and also labeléd'Philadeiphia Electrid Company Rebuttal‘
\24{ Statement No. 2? | |
25 A. I do.
COMMONWEALTH BEPORTING COMPANY . (717) 761 471 50
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Q. Do vou have any typographical additions or
corrections to make to this document?

 A. Yes. There are two typographical errors.

JUDGE SMOLEN: Before you start, is there an extra
copy of the testimony? What I waht.toido is for
M. Sﬁgarman‘s Sake I am going to,méke an extra copy of
the corrections and when he comes in I will give it to
him. We can save some time that ﬁay.

Go ahead.

BY MR. WATSON:

Q. The ¢orrections?

A. Yes. There are two typographical errors in the |

testimony that I would like to correct now. The first

»
one is on page 19, line 42. The name spelled "Branford"
should be changed to "Bradford”,., with a “d".

Page 20, line ten, the word "the" should be
deleted.

0. Dr. Cole, are there any other additions or
corrections you would like to make to your testimony to
bring it completely up to date?

A. Yes. The November 1 issue of the American
Journal of Epidemiology was published yesterday and it
contains the final version of a report that is commonly
referred‘to as the Peters study. I have had a-chance‘to

review that final report and as a result of that there

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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are a number of changes which convert the preliminary
nature of my comments regarding that study to much more
firm comments. S§o there are several changes that I would |
like to make for that reason. |

0. Let me just ask you, were there any material
changes between the final report of Peters and the
information that you have in your testimony about the
Peterskstudy? |

A. No. The changes are not material. They

pasically represent a firming up of resnlts with which I

was already somewhat familiar.
Q. And which are referred to in your téstimony?
A. Yes, sir. |
Q. Could you give us the specific page and line
numbers for those changes? |
A. A1l right. There are some ten or so of these.

Page <12, line ten ds the first one. The word

_wgive® should be changed to the word “sixz™.

Page 12 -~

JUDGE SMOLEN: Go a little slbwer‘hefe.

THE WITNESS: Certainly.

{Pause.)

JUDGE SMOLEN: Go ahead.

THE WITNESS: Page 12, line 12, I would add to the

end of the line the words "and London (1991).°

COMMONWEALTH REPORTING COMPARNY  {717) 7‘51:71,‘50
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BY MR. WATSON:

Q. Could you tell us what London has iz do with
Peters?

A. The final report of what is referred to’as the
Peters study actually appears under the hame bf Stephanie

London as the senior author. Peters is also included in

the authorship.

Q. Am I correct in understanding that is one and
the same study? |
A. That's the same study,‘yes,kindeed;
Q. Please continue.
A. Page 16, line six, I would ask that ﬁé insert
So
it now says "should be-c0nsidered~onevof the best™. |

Page 17, beginning on line 35vwithvthé,wbrd

*since", T would strike the rest of that response from

' " the ‘word "since" -to the‘very-end. And in4that Hame -

location add the sentence "I héve also reviewed the final

report of the Peters astudy."

JUDGE SMOLEN: Read the whole thing, then.
as follows: "I was a member of the advisory committee
which sponsored the Peters study and wag present at the
advisory committee meeting at which Dr. Peters presented -

his preliminary results," deleting the remainder now and

. COMMONWEALTH REPORTING COMPANY  {717) 7617150
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adding, "I have also reviewed the final report of the

Peters study.

31 JUDGE SMOLEN: ?allowing the word study ~¥

4 THE WITNESS: That is the end.

s JUDGE SMOLEN: What would the next thing bé? *AL
VG“ present®, or is that also stricken? ’

7 MR. WATSON: Your HonOr.feverythingyis stricken

from the word “since® through "findings".
JUDGE SMOLEN: So the final two sentences are also

stiicken?

THE WITNESS: From the word "since" to the end of
the original response is stricken, and then 1 add in a
sentence.

JUDGE SMOLEN: All right. What is the next one?

THE WITNESS: Going now to page 18, line one,

16| perhaps it would be easiest if I simply read this

%
g« aae e <374« -gentence now. : There are two changes in.it.

JUDGE SMOLEN: A1l right.

THE WITNESS: “Notuenough design‘information and
data were available." So 'we change "are" to ”wefe"i'
*Not enough ﬂesign‘informatian and data were available
ftﬁm the Peters study at the time‘I originally prepared
this testimony." And then it contihues aé is, that is,
| “to conduct a detailed epidemiologic evaluation.”

I*m sorry. There are two more changes in that

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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response. The next one is 18-three. The word "cannot"

should be changed to "could not"”. And at 18-four, change |

’n‘isn to wwasu R
Page 18, line nine, delete, please, the first
clause "with the limitations just expressed". Delete

that and add the word "how"™ after the word “can". So

Il that it says, "I can now state my..." and delete the word

“preliminary“. “I can now state my opinions."
Eighteen-16, delete the word “"preliminary".
Eighteen~19, delete the word "preliminary".

BY MR. WATSON: |

Q. Are there'any'mOre additions; Dr. Cole?

A. I just want to check here to make sure I have
not omitted any.

{Witness perusing document.)

Yes, there is one more addition that I would like

B 7o) make,fand that 48 on page 31. After the reference to

the work of Linet I would like to add in a reference to
the work that represents the final report of the Peters
study. So that reference which would go in there wouldk
read as follows: "London, S.J., Thomas, D.C., Bowman,
~J.D., et al., Exposure to Residential‘Electric and
Magnetic Fields" -~ that was Exposure to Residential
;Eiectric and Magnetic Fields -~ "and Risk of Childhood

Leukemia."

COMMONWEALTH REPORTING COMPANY (717} 7617150
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. ' 1‘: : Next, the reference to the journal itself is as
2" follows: first is the abreviation "Am.“ That is for

8§l American. Next “J", for Journal, and finally “"Epidemiol"

4| for Epidemiology. That is underlined,'"American,Journal_l

‘5l  of Epidemiology”.

6l Next is the year, 1991,

7  ’ Next, the volume number, 134:923-37.

o . 8|l That concludes the changes that I would like to
g“? : g make to my testimony.

10 JUDGE SMOLEN: Just give me a sSecond here.

n (Pause.)
g 12 | JUDGE SMOLEN: We are ready to go?
. ol BY MR. WATSON:

14{ Q. Dr. Cole, if I were to ask you now while you

. T - 15|l are on the stand under oath each of the guestions set

16| forth in this document entitled Rebuttal Testimony of

woes o eswe 1204 Dr. Philip Cole,;Would,your-answers be the same as-set

18 forth therein with the corrections you have noted today?

19“ "A. Yes, they would be.

" | MR. WATSON: Your Honar,*we move that the:testimony
2ii of Dr. Cole be admitted into evidence subject to-timely
22| objections. | k |

23 |} , JUDGE SMOLEN: All right. It is réceived subject

% ‘ ‘ 24| to that qualification.

COMMONWEALTH REPORTING COMPANY (717} 761-7160
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1h ' {Whereupon, the document was marked
‘ , as PECo Rebuttal Statement No. 2
24 for identification, and was
' received in evidence.)
3
4&- MR. WATSON: I pass the witness,kYour Honor.
s JUDGE SMOLEN: All right, Ms. Khanwalkar. No
6l guestions? | |
T MS. BURKET: No, Ms. Burket has no questions.
f- . | N 8 | - JUDGE SMOLEN: I'm sorryv.  I'm reading from a list
, '::< - 9|l that I have. Tt's Mr. Dillon who is from PP&L.
10 MR. DILLON: That's correct,’Your Hdnof.
’u.f JUDGE SMOLEN: Do you have any questions?
12 MR. DILLON: I do have two qguick questions.
13 ~ JUDGE SMOLEN: Go ahead.
14 “ CROSS—"EXAMINATI ON
5 BY MR. DILLON:
Iaf | Q. Good morning, Dr. cole. My mame is Jesse

et eowe oo 178 pillon and I-represent the Pennsylvania PQWer~& Light
18| Company, an electric utility here in Pennsylvania.

19’ - Could you please turn to page 26 of your testimony?

20l T believe at lines 12 through 20 you are discusging a

21} study by Dr. Matanoski involving linemen, telephone

22| 1linemen, is that correct?
ag fl A. Yes.
. ) “ Q. And you state at line 15 that preliminary

25| results indicate two to three more cases than expected of |

” COMMONWEALTH REPORTING COMPANY . {717) 7617150
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male breast cancer. And my question for you is is that
two or three times more cases than expected two or three
out of how many? Could you expand on that statement?
A.. Yes. First 1 wdnldflike to point out that the
Matanoski,study‘was an offshoot of a larger investigation

that she had conducted on leukemia morality, and she 4id

this study, which is a follow-up study of line and

non-line workers in the state of New'York.

The results qfkthat study are still in a
preliminary form. .However, We now have more‘specific
information, and it is as follows:

In the entire group thét‘shé folloved up~there'were
approximately 205.000~man-yéars o0f follow-up experience,
a man-year being one man’followed-up for one ‘year. And
she observed two cases, not two or three, but two cases
of breast cancer among.the men that generated these
200,000 or more man-years.
| There is no formal expected number presented in the
report of this, which I have seen,‘which,is pubiished as
a letter and not in final form; However, it is céntended
by Matanoski that these two cases represent an excess.

 It's not clear to me that it would, the reason
being that the incidence rate of’ma1é~breastfcancer is
about one per IOOrOOO'Aan—years, and asg i say, she hag

200,000 man-years. ©So the expectedknumber for that

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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series should be in the vicinity of two, a little more or
less depending upon the age structure‘ofdthe‘men that she
So at the present-time I would

have to say that until there is’clarification of that I

really dom't know that we can interpret the Matanoski

study. It is clear that the expected number would be in
the vicinity of the observed number but just how close
they are, I really don't -know.

MR. DILLON:

No further questions, Your -Honor.

JUDGE SMOLEN: All right. Ms. McCloskey. .
MS. McCLOSKEY: Ms. Dusman will be conducting the
cross—examination. |
JUDGE SMOLEN: All right.
MS. DUSMAN: Your Honor, I have no objection to the |
changes made in Dr. Cole‘'s testimony. However, although

we were aware of the article in the issue of the Journal

-*of “Epideniology -that: <he referred to, of the Peters study,

“we do not have a copy of it and I would ask whether he

could produce a copy of it today.

MR. WATSON: We have a copy. We just got it faxed
ﬁe would be happyﬂto share one with wyou.

MS. DUSMAN: 1In addition to that, we noted that

there was a pége missing from a transcript«ahich was

provided us in response to our discovery. It is a minor

detail but Mr. Smith has offered to check to see whether

COMMONWEALTH REPORTING COMPANY  (717) 7617150
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they have that with them. And since we afe anticipating

a break anywayt I would reserve the rlght to

cross— examlne on elther the missing page«of the

transcript or the Peters study folloWlnglthe'mreak.
JUDGE SMOLEN: There is mo objection?

MR. WATSON:"N0~objectiQn‘

JUDGE SMOLEN: All right. Then we will proceed in .

that fashion.
MS. DUSMAN: Thank you.
CROSS-EXAMINATION
BY MS. DUSMAN:
0. ©Good morning, Dr. Cole.
A. Good morning.

Q. ﬁy name is Dianne Dusman and I am here on

‘behalf of the Office of Consumer Advocate.

,MR. WATSON: Excuse me once again. I just noticed
one other change that might be consistent with the
changes Dr. Cole made on the Peters study that change

basically the words from preliminary to now. Could I

~ just bring that to everybody's attention for what it is

worth?

JUDGE SMOLEN: Page 267 |

MR. WATSON: Yes, page 26 liﬁe 12.  It sayé “AS
with the Peters study not endugh,iniérméti&nbis

available,” and I think that has now changed based on

GOMMONWEALTH REPORTING COMPANY (717) 76'17411;’3(‘;
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what Dr. Cole said.
JUDGE SMOLEN: Why don't we let the witness say
that. -
MR. WATSON: Ié that an appropriate correction?

THE WITNESS: Yes, that is entirély appropriatefénd

apparently I omitted to mention that when I went through

my list.

MR. WATSON: So how would you chahge that?

THE WITNESS: So page 26, line 12, reads as
follows: just delete the expression “as with the Péters
study," capitalize the Qord "not", so it simply says now,
“Not enough infdrmétion is available about the datakand
design of the Matanoski study."

"MR. WATSON: Thank you.

I'm sorry for the interruption but I thought we
ought takstraightén that out.

| BY MS. DUSMAN:

Q. Dr. Cole, withkrespéct to the Matanoski study,
do vou know when to 'expect that final results will be
available?

A. ©No, I don‘'t.

0. You state.at page five of yOur‘diremt teétimony'
that the purpose of your analysis is to offer a
proiessmonal opinion as to whether the E/MFS assoc1ated

with the Woodbourne~ﬁeaton 230 kV transmissiom line will

COMMONWEALTH REPORTING COMPANY (717} 761-2150
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cause cahcer. Is it accurate to state, then, that your
testimony is immaterial to whether any other adverse
health effects might be caused by E/MFs surrounding the
line?

A. I would 1ike‘to focus on the guestion of cancer
as & potential adverse effect of E/MF.

Q. In other words, yoﬁ are making no statement as
to whether E/MF has a causal connection to other adverse
health effects?

A. T would restrict my testimony to the question
of‘E/MF and cancer. |

Q. Would you turn to your testimony at page six,
lines three to eight, where you address the meaning of
/the word cause. Is it accurate tdﬁstatefthat wheh you
use the term'cause you aléo intend to include’thefmeaning
increased the risk of disease?

A. I'm sorry. I don't understand. If appears
that the response already includes those very words.
Maybe -- I must be missing something.

Q. 1Is it true that throughout your testimony when"
you use the word cause you also mean to express your
opinion as to'uhether:cancer is -~ thé risk of cancer is
increased?

A. Well, without reviewing each place, my;response,'

to that would be»probably yes, it is conceivable to me.

COMMONWEALTH REPORTING COMPANY © {717) 761-7150
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I don't recall that there would have been a place where‘
perhaps by example I might have uSed~cause to mean a
causal reduction. But I don't specifically recall ahy
such thing. So generally yes, to cause is to increase
the risk in gereral unless it is specifically clear
otherwise. |

Q. Since you have just stated, then, that your

 testimony is intended to be limited to whether cancer is

caused, by exposure to E/MF, YOu are also expressing no

opinion, then, as to whether E/MF exposure increases the

risk of other adverse health effects?
A. That's correct.
Q. Does your review, Dr. Cole, make any

distinction between eiectromagnetic fields as a potential

contributing factor to the development of cancer and E/MF
las a possible contributing factér to the growth of cancer

Ccells?

A. No, it does mnot. ‘I’consider.both,of those to
be in the definitibn of a caﬁse.

Q. At'page’16 you direct'your’aftenfion to lineé
26 through 30; You state,ét that place in your

testimony, quote, a few irregular statiStically

‘significant associations in a case-control study are to

be esxpected evéen when nature is in a null state. Is that

an accurate paraphrase of your testimony?

COMMONWEALTH REPORTING COMPANY  (717)761-7150 -
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A. ,Yes,’Ma‘am.’

Q. What do you mean by when nature is in a nuil
state?

A. I mean by that that there is iniiéct aﬁd in
truth no relationship between the factér under studyvand
the disease that is under study;i | |

Q. What would you use to draw a‘conclusion that
there is no causal connection in fact between a |
particular factor and a human disease?

A. The ability to defend the proposition that
there is not a causal relationship between a factor under
'studywahd a disease rests upon a number of different

- kinds of information. One would be a series of studies
that are perceived to be of good quality and valid which
failed to show any such association.' And second is the
absence of information either from animal studies or frém
rother kinés of dnvestigations to the contrary, that is,
supporting the idea that there is a causal relatiénship‘

0. Can you give me an example of an instance in

s0)l which, as you have stated here, nature is in a null

~state?

A. And in which the data in,the_étuéy appeared to
be contrary to that? That is, positivé?

Q. No. I just want an example of an instance in

which you would consider that nature is in a null state.

A3

COMMONWEALTH REPORTING COMPARY  (717) 761-7150
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A. Okay. Saccharin does not cause cancer of the
bladder in human beings. That is a null’state.

Q. You have drawn that conclusion from thekitems
you listed in your earlier answer?

A. That is correct.

Q. So in this particular circumstance vyou have
onlykthe:materials that you have referred to within your
testimony to determine whether nature is in a null state,
is that correct?

A. VWhen you say this particular circumstance are
you speaking about this material contained on lines 26
through 307

Q. I am talking‘about in general when you Wanﬁ to
discérn whether naturé is in a null state.

MR. WATSON: Your Honor, I think we have at least a

very confusing question at best. We have a question and

+then -- a-guestion by .the witness and a follow-up

question.
 JUDGE SMOLEN: Well, this is a sophisticated
witness’and if he does not underStaﬁd the question I
think he can say he does not'understandLthe’question,
- Do you understand therquestion?

THE WITNESS: Your Homor, I think I understand the

‘question but I don't understand the context of it,

whether I am discussing E/MF or the nature of

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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establishing the<abséncemof»Causality‘in general or what.
That is where I am a little confused.

MS. DUSMAN: I will .go forward,.Your -Honor.

BY MS. DUSMAN: | v

Q. The particular reference on this page, are you
making this statement in terms of the Savitz study?

A. Yes.

‘Q.i.DoesAtheHSavitz study concern a connection
between .childhood cancer and electromagnetic fields?

A. Well, it -- yes, it does.

Q0. Now, othef than -the materials that you have
referred to within this rebuttalbstatement, do you have
any others to use‘in'order to determine when natiure ié in |
a null state or not?

A. May I .ask, when vou say how do I determine .

whether nature is in.a null state .or not with regard to

-the guestion of -electromagnetic fields and childhood

cancer?
0. Yes, sir.

A. Okay. My perception that nature is probabiy in

a null state in this regard is based primarily on my
- familiarity with the épidemiologic literature but I also

~ have some degree of familiarity with,thesothérrliterature

as well.
Q. When you say other literature, what are you

COMMONWEALTH REPORTING COMPANY . (717) 761:71 Sb
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‘yeferring to?

A. I am referrihg‘tc animal studies and cellular

Tstudies.

0. Later in your testimony at page 18 you discuss
your preliminary~bpinion§ -—'well,_now‘you‘discuSS your
~opinion5«~— about the Peters study, ﬁo,you not?

A. Yes.

Q. .And Peters 31801fdﬁnd/an'aSSOCiétion between
wiring code and childhood cancers aid,he,not?

A. He found a weak association between wire code

and not childhood cancers, no. 'Leukemiaq That study was |

‘restricted to leukemia.

0. If one more study were completed as the Peters
study was just completed of that same caliber which

showed an association between wiring code and leukemia, -

would that additional study cause you to reconsider your Bl

‘opinion as to this issue?

A. I uould reconsider my opinion any time that 1
am exposed to any new information. But I wquld like to
point out that an opinion such as I hold‘on this issue,
which is now many yéars old and bésed on more than 50
studies, is not likely to change a grea%,deal on the

basis of any one study. It is much more important to

 look into the studies and to perceive the patterns of

‘consistency or inconsistency among them.

COMMONWEALTH REPORTING COMPANY {717} 7617150
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For eXampie; we_haVe may have left the impression
that the Peters study is clearly positive with regard to
wire code. It most assuredly is hot. There are |
inconsistenciés in the data. There are changes in the
data that reflect correction for other factors. And also
the association is somewhat weéker than that which was

seen in the Savitz study, which in turn is weaker than

that which was seen in the original paper, that is, the

Wertheimer 1979 paper.
So to me the question is not whether or not one
more study might be positive, but rather, whether or not

it can alter my perception of the 1bhg~term time trend in | |

the results of these study, which is‘that as the studies

are improving in methodology and size and focus they'ane';;f

getting weaker and weaker. To me that is the issue, not
Qhether or not there is one more positive étudy.

Q‘b:WOuld'you-agree,-then, that éonsistently weak
agssociations can lead you to draw an inference as to
causation?

A. ©Oh, I would —— if I understand this question

correctly, I would agree with you. It is possible that a

large body of consistent information to the effect that
an association is weak would permit that association to

pe accepted as causal. However, I don't know of any

example of that but one, and even that one is somewhat

COMMONWEALTH REPCRTING COMPANY - {717) 781-7150
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dubious. §So in general weak associations just don't
muster up. They tend to fade away.
Q. Dr. Cole, are there epidemiological studies

which ¢dent1fy groups of 1nd1v1duals thCh dre more or

‘1ess susceptlble to cancerous condltlons?

A. T think it would be fair to say that most

‘epidemiologic studies do not focus on the relationship

- petween susceptibility and disease but, rather, exposure

to external agents. However there some studies, very

few, at least very few that I am aware, that do try to

isolate what we might refer to as susceptibility,’usuallyf

implying that it's a genetic trait or a consequence of

~ some very early environmental exposure.

0. Is it possible, then, that’Qariations in
susceptibility to the development of cancerous conditidns
among population subgroups cam interfere with.the
conSistenCy in“epiﬁemiological study results?

A. It's possible but it is not considered a major
distorting factor. |

Q. Dr. Cole, if fﬁrther research wére‘performed
which in your oﬁinion,resulted in a demonstration that a
biologically plausible mechanism existed connecting E/MF
exposure and cancér, would that causefyéukalso to

reconsider your opinion as to whether the epidemiological

studies demonstrate a causal connection between the two

COMMONWEALTH REPORTING COMPANY : (717) 761-7150
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|

: ‘ 1l thihgs? ‘

e 21l A. I don't think it would cause me to reconsider
3i ny opinion as to whether or not the epidemiologic studies

41l demonstrate the relationship. But it would cause me to

5? recoisider my overall opinion as to the credibility of
61 the ideakthatNmagnetic fields cauée cancei;
7 Q. Well, you‘stéted invyour téstimony that you

8l  4nterpret the epidemiOIOQical studies and consider;af the

Lo . 9 same time whether there is evidence of a biologically

10 plausible mechanism. Are you now stating that you would

11} not reconsider your opinion as to those studies in the
i  ¢» | | - 12} event that the state of the science changed?

‘ 13 |t MR. WATSON: Objection, Your Honor. Argu’me‘ntative;
14 ’ And I don't think it accurately states what the witness

1) - said.

16 - THE WITNESS: I don't --

: }
jenoweswsas IT) .. JUDGE--SMOLEN:.. Wait a minute. We have an
i  e s objection. |
é ,191 Do you want to be heard qn that? The objection is
%  " e 20  that it is argﬁmentative. It's asking why.
| | 21 | MS. DUSMAN: I don't think asking this witness a
22  why guestion is argumentative at all. He has stated his
23 rebuttal statement in terms of looking at the studies
. S 2 l cohcomita’ntly. I asked him whether he would change his
| 25}k opinion about the epiﬁemiologiéai studies‘if further
' H COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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evidence as to a biologically plausible-mechanism were

available. And then he said ==

JUDGE SMOLEN: And now you are asking him for the
feason why hé wouldn't change his opinion. |

MS. DUSMAN: He said no, he would not.

"JUDGE SMOLEN: And now you are asking for what
reaSOnwwquld‘you not chahge the opinion?

MS. 'DUSMAN: That's correct, Your Honor.

‘MR. WATSON: I think he said, no,-he would not
change hiS~opinion if there was a biological plausibility
theme brought to the fOrefrogt.fbut‘wouldn‘t;change his
opinion;on'the epidemiological studies themselves. But
it might chAnge~his-opinion.overall. .Ahd I was-éoncerned

with the misstatement of what he previously said, not

intentional, obviously.

e

JUDGE SMOLEN: Under those circumstances let's try
the ‘question again 'and see if ué‘Can\get it straightened
out. ’

BY MS. DUSMAN:

Q. Would the existence of a study which in your:

opinion showed a valid biologically-plausible .mechanism

~cause you to change your opinion as to this subject

overall?
A. It is not likely that the appearance of a study
such as you have described would cause me to change my

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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1 opinion if we are speaking about my opinién being‘the

2 k response to the question is there or is there not an

BW established cause-effect relationship between E/ME

4| exposure and cancer in human beings.

!
5 On the other“hand, such a piece of information
6|l would certainly enter into my overall consideration of
.~ 7{ the issue.
B 0. Dr. Cole, I have a few questions for vou

10 at page 20, lines seven to 28.

umh Would you directfyour attention to the finalr.

i2 sentence of the first full answer where you state, "This
‘13r type of ecological comparison, while subject tQ

4 Iimitations, can provide important information as to a

e s S i S, s e A A e, i o e S i W % e - S g R % e R e
T st v oA Tt At oo e [ S S s w Cn . .

9{ pertaining to ecological comparison, which you testify tok

15 | suggested relationship.” would you tell us what

16! limitations vou are referring to in that sentence?

27§ A. The major difficulty in trying to interpret
18]  ecological comparisons as causal is their

19 non—spécificity; That is, they basically represent

20ﬁ either time or place or time and place comparisons. And

21 when one makes comparisons over, as in this example, over
29l timie it is not just thing that changes, not even one

23| relevant thing that changes.

o4y , For example, while cigarette smoking was going up.
951 o was air pollution. So‘this could be a detraction from

COMMONWEALTH REPORTING COMPANY . (717) 781-7150
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il this idea that this particular ecological comparison is
2| vaiia. |
3|l S§o that is the problem with ecological comparisons,
af non*specificity of.a350¢iation. |
5 | Q. Directing your attention to lines 19 to 20,
6 | where you state that you use power consumption as a
7 sutrOQate fof BE/MF eXxposure, are’yOu,stating that a
8 ten-fold increase in power consumption results in a
9 ten-fold increase in exposure to electromagnetic fields?
U3 | A. No.
1 Q. What do you mean, then, by this?
12 A. Nobody knows how much E/MF exposure a human
13 being has even today,'unlessvthatkindividual human being
14 |  were to wear and use personai dosimetry for an extended“
15 pe:iod of time. We have such information for a few days
16 for a few peoéle. .wg~certa151Y'had no such information
17§ *back in 1950¢' So~I'would not assert that, for example;
18 there has been a ten-fold increase in E/MF exposure
19|l between 1950 and 1960 or 1980.
20  What I mean to assert here is that during this
21% period of time there was a ten-fold increaée actually in
~22’ per capita power consumption, not just poWer,consumptioﬁ.
And it seems reasonable to me to believe’ﬁhat E/MF
“245 exposure would, if not parallel the increase in power
o5t ccnsumption, it would at least follow the same trend in
COMMONWE’ALTHV EEPORTING COMPANY (717} 761-7150
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time, that is, upwards.

There are a number of observations that would
support that. 'For example, the average American home
built in 1950 had a 100 amp or 125 ampere power service
put into it. The average American home built in the
19805 has a 250 to 300 ampere power service. It is also, |
1 think, fair to say as a general observation that we use
more electricity today than we did 30 years or 40 years
ago.

st I believe initially in your answer you stated

that no one can possibly know whether the population

- overall has experienced an increased exposure to

eléCtromagnetic fiélds§

"A. W%Well, I don't know if I used the actual words
"o one can possibly know". What I can’see is this: I
don't know and I have not been able to identify anyone
who does know.

Q. In‘doing your comparison, then, is‘it accurate
to state that you didn’t gonsider the societal changés
that have occurred since 1950,‘for example?

'A. Perhaps I could ask for some clarification of
what you mean by the societal changes.

Q. Well, I will rephrase the question. Did you

factor in any societal changes in doing this ecological

comparison?

COMMONWEALTH REPORTING COMPANY  (717) 7617150

B e




1096

"‘ 1 A. No.

2 Q0. You referred earlier to increased ampere
3 service. Does that necessarily increase exposure to

4|| electromagnetic fields?

8 | A. It could be contended that it does not
é i - 6| necessarily increase exposure. But it would be very
‘ 7§ difficult for ﬁe to believe that it does not incfeaSe
j*" o 8‘“ exposure. The purpose of upgrading the service is to
”:;;  . 9l allow the residents of the home to use more electric

10 power. That is the purpose of it.

114 0. Doesn't that comparison assume that a person is

3 in their home consistently day in and,day out for a long

13 period of time?
14 ff , A. There are many factors that can be brought to

15“ bear on the ecological comparison. You speak about the

16| time that people spend in the home. But in addition we
toeet emee o4l could point to the fact that more people work in offices

181l today than they did in 1950. A lot fewer people work out

’ of doors. These dre facts.

20 9 'Qg In doing vour ecological comparison --=
21ﬁ - JUDGE SMOLEN: Wait. Let's seé if the witness -—-
22 THE WITNESS: I am finished.
23 ‘ T JUDGE SMOLEN: ©Okay. Go ahead.
. o .~ BY MS. DUSMAN: |
e 25j 3 0. Why did vou limit your comparison in your study

COMMONWEALTH SEPORTING COMPANY {7173 761-7150
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to the 20 percent increase in childhood leukemia from
1950 to 19607
A, Well, actually I -- maybe I .don't understand.

Tt was not an effort to limit it to 1960. The remainder

"6f the response deals with the period of time subsequent

to 1960 or at least T intended that it would. I tried to |
make‘a distinction between 1950 through '60 and 1960 and
after for what I thought was a good reason, némely theré
was a rise between 1950 and 1960.

There was a rise in mostkforms of cancer in most
age groups. And this was almost~certain1y attributable
to improvements in the quality of diagnosis and
certification of cause of death. From 1960 on, most of
the modern diagnostic techniques ~~ not all, but most -~
were in place and any“risé that WOuid.haVe occurred since
1960 is,more likely to be genuine than artifaétuals But
there has in fact not ‘been any furthei rise in ChildhOOdb
leukemia.

Q. Do you agree or &isagreé’with the‘statement
that overall the evidence as to éSSOCiation bétween
eiectrOmagnetic fielasyand cancer now available is too
ﬁeak to allow firm conclusions either way?

A, I WOuid agree with that. It is not my own
position but I can understand how other people would hold

that position.

COMMONWEALTH REPORTING COMPANY (717 761-7150
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Q. You agree with that,statement but it is not
your position in this case?

A. It is not my own position, that's correct.

(Pause.) |

A. Perhaps I should just add one thing’to my

previous answer. My problem with the answer is the idea

. of firm conclusions, implying that one will never be able

to change. This is the difficulty that I have with it.

Q. Do you agree or disagree with the statement
that only in rare circuﬁstances would it be juatifiablef
to infer a caﬁse—effect relationship from a small number
of epidemiological studies?

A. Absolutely.

Q. At page 12 of your testimony -- you absolutely
agrée with that statement? | |

A. Absolutely.

’Q, At pége 12 of your’testimony, line ten, fhis
reflects ihat vou have looked at six pﬁblished
residential case-control studies regarding E/MF and
c¢hildhood cancer?

A. That's corréct.

Q. Would vou consider,that to,be a Smail number of
studies or a féasonably large»nﬁmber of studies?

A. Madam, I don‘tyconsider that particular group

of studies to be a set in and off themselves. ~Théy are

-COMMONWEALTH REPORTING COMPANY (717) 7617450
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part of a much.larger set. There are, for example, adult
residential studies and a number of other different kinds
of studies of the question of E/MF and cancer in human
beingé. ‘So even if we were to speak about just

residential studies, this would not comprise the whole

set.

Q. Well, let's turn for a moment to the
conclusions that you express at the end of your
testimony. Would you agree or disagree that you can hold
opinions as to particular conclusions with varying
degrees of certainty?

A. Yes.

Q. Have you ever said I am 100 percent certain of
a particular statement of fact?

A. Are we speaking about cause-effect

‘relationships or empiric facts like there is a table in

front of vou?

Q. I am asking you in general whether you have

‘ever said that you are 100 percent certain of a

particular fact.

A. Yeé, I have.

Q. With regard to your opinibn on the relationship
between power frequency electric and/or magnetic‘fields
and cancer in humans, can you assess yoﬁr degree of

certainty as to that opinion?

COMMONWEALTH REPORTING COMPANY (717) 761-7150
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1t A. 1Is there sohe particular statement in here that
2 you are asking me about? Or are you asking a more
3u geheral statement?
aff Q0. I am asking as to tﬁe opinion that vou expreSS‘
5/ on this page of your testimony.
6 ~ A. Which page is that?
7y L Q. Page 28.
8| (Witness perusing document.)
n .9; : MR. WATSON: 1Is that line 40, Counsel. which you
16  are referring to? |
. 11 MS. DUSMAN: Yes.
12 MR. WATSON: Or wherever.
L R S : ,
. B MS. DUSMAN: Yes, referring to line 40.
?' 14| . BY MS. DUSMAN: |
15” Q. Can you assess‘yourfown degree of certainty
: 16 |} with respect to your opinion that E/MFs have not been
 §*‘*‘ o 17| demonstrated to be carcinogemic?
18| ‘ A. Yes.  I think I will try to be brief on this.
19; We ordinarily look at the spectrum of‘crédibility of
20 || carcinogenesis or causality to exist on a spectrum
21 between, let's say, zero-and 100~percent ﬁhere zero would
22‘ mean the relationship has not been demonstrated and 100
%-; 23‘ percent meaning that I am absolutely sure fﬁat it has
‘ 7 24 P‘:‘ been d,emonstrate‘d. So that is the spectrum' in which we
é ; 25  ordinarily think‘of things, between zero and 100 percent;
i“ | ; ; , ;

COMMONWEALTH REPQRTING COMPANY (7#17) 761-7150
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j . o iy But I point out tha£ in causal thinking that is
| | 2i only half the spectrum. There is another half to thé
3|l left which is between zero and minus 100, which means
4 befween not demonstrated and demonstrated not to be
5 causalg
j 5# So the three points onythe spectrum are minus 100:

7l E/MF has been demonstrated not to cause cancer in human

8 beéingsé zero: we are relétivaly uncertain about whether
e | f9‘ it has been demonstrated not or demonstrated to cause
? : ; 10  cancer; and to’the-extremekright we have plus 100, whic¢h
éfk T 11}  is E/MF has been certainly demonstrated to cause cancer
. 12f~~in human beings.
6 ’ 13 | Now, on this full sbectrum of the ‘credibility of
i | 14| ideas, my position is minus 70. I believe that it is
; : isu much more likely to be true than not that E/MF will be
Ei . 16| demonstrated not to cause cancer in human heings.
; 7 o 0. -Okay;: Do -you assess your degree of certainty
§  i as to that opinion at the same level for childhood
;?"3 cancers as you do for adult cancers?
§  ” 20 | A. Yes, I do.
. ZIF | Q. Do you agree with me that in this'contéxt‘you
22 i have drawn a causal inference -- I'm;SOrry =~ you have
- 23“‘fdrawn‘hot a causal inference but you have drawn an’
‘ ' ‘ : 24| inference as to abéenc‘:e of cause?
25 A. Well, I haven't actually drawn the inference by
k li COMMONWEALTH REPORTING COMPANY {717} 761-7150
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which I would understand to mean once again this firm
conclusion idea, that I am absolutely sure that E/MF does
not cause cancer in human beings. I am 70 percent of the
way there. I'm not 100 percent of the way there.

Q. I understand.

In your opinion do yvou need the same amount of data
to draw an inference as to the absence of a causal
relationship as yourdo to draﬁ anh. inference as to the
existence of a ieiationship?

A. Madam, I don’t think it is a question of

| amounts of data, if I interpret your question literally.

If I interpret your question a 1itt1é more generaliy to
mean is it as easy as or easier or more difficult to
establish the minus 100 position, that is, thé nuli state
as opbosed~to the plus 100 position, then Ikwéuld;Say
that‘mOSt people hold the opinion, and so do X, that it
is'more difficult to establish the null state with
certainty.

Q. 1Is there a difference betwéen holding an
opinion and having a belief?

A. This is not an actﬁal distinction that I have
actually faced. When‘ke speak about holding opinions
with regard to cause=effect relationshipéjl can‘only say
that I likekto»perceive these opinionskas~existiﬁg on the

spectrum that I have described to you and whether or not

COMMONWEALTH REPORTING COMPANY: - (717) 761-7150
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that should be called a belief, I don't have any
objection to that as long as it is understood that_the
belief, like the opinion} canvbhange.v | |

Q. I wonld'like you to,focus on lines 40 to 42 on
page 28 of your testimony, Now, vou havg stated thap ‘y’oﬁ_j
are of the opinion that E/MFs’haVe not been demonstrated
to be carcinogenicsa And’let's take these things one
thing at & time. You have said that you are 70 perdent
certain of that-opini&n? | |

A. No. They are not ekactly the same, and I
don't ~= B

QQ Would you clarify for me what you meént.by,
then, that you are 70 percent of the way towards feeliné
that there is a 100 pércént certainty that that is the
case?

A. It occurs to me that the bést way 1 could do

~¢his would be to phrase ‘two different qguestions, that is,
‘ ém‘I of the belief or do I know of anyone who is of the
" pelief that electromagnetic fields have‘been;demonstrated

-~ to be carcinogenic in human beings. Tb‘my knowledge

there is no one who would answer that quésticn in -the

any such person.

MS. DUSMAN: 'Your Honor, I would ask that that be

.~ stricken and direct the witness to answer the question I

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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put to him.

JUDGE SMOLEN: Well —-

MR. WATSON: Your Honor, I think it was a fair
attEmpt to try to get at thé point Counsel was askihg.‘

JUDGE SMOLEN: I am going to overfule the
objection. The witness says he does not kﬁow of anyonse,
which is something within his knowledge. Sb H:will‘
permit that to stand.

Let*s go on,with the rest of vyour answver.

A. In trying to be responsive I was simply
pointing out that fiom my pérception the issuz here has
related to two guestions. One is where am I »n the right‘/
side of this spectrum, and if that is the only spectrum
we can talk about, if that is your wish, then I am at the
zero position. I simply 6ffered the opinion in response

to your brevious question, which was that in fact we

- perceive in -causal thinking that the spectrum has a left

side to it. And that is in fact where I am to be found

-these days.

BY MS. DUSMAN:

Q. I understand.

At line 41 vou go on to state. A beliQWe that the
230 kV transmission lines poses no threat of wmancer to

persons in its vicinity. What I want to know is are you

.as certain of that belief as you are of your opinion that

COMMONWEALTH REPOATING COMPANY - {717) 7617150
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E/MFs have not been demonstrated to be carcinogenic?
A. Yes. I believe it is much more 1likely than not

that the line poses no threat of c¢ancer. .

MS. DUSMAN: Nothing further, Your Honor, except to

resérvevthe right to cross-examine on the additional
materials.
| JUbGE SMOLEN: Do you ﬁant to redirect now if you
have any, or do you want to wait?
MR. WATSON: T think I would rather wait.

JUDGE SMOLEN: All right. Let's take a break now.

. I don't know what time Mr. Sugarman is goihg to arrive.

He said it was going to be before 11. He was second on

the list. That was the message that he left in the
office. |

So let's take a generalybreak. Let's report back
in 15 minutes and éee what happens at that time;

{(Recess.)

JUDGE:SMOLEN:k Back on the record.

Mr. Sugarman, cross-examination.

MR. SUGARMAN: Thank you.

CROSS-EXAMINATION

BY MR. SUGARMAN:

Q. Dr. Cole, I am going to try and avoid
repetitioﬁ. 1 have SOme idea of your prior |

cross-examination so I will try to avoid repetition of

COMMONWEALTH HEPORTING COMPANY  (717) 761-7150
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téstimony vou have already giVeni

As I understand it, you interpret -- and by
interpret, I mean understand -—— the Wertheimer, Leeper
and Savitz and Matanoski. and Peters work to show some
larger or smaller amount of association between wiring
codes and some disease or diseases, is that correct?

A. No, sir. I think it would be useful tokexclude
Matanoski from that series, since the Matanoski studies
are of adults and don't relate to wire code whereas the
other three relate to children and do relate to~wire’
code.

0. All right. And Matanoski shows SOmé exposure
from line work appears to result ~- and this is without
evaluating it. but based on its face -~ result in
different patterns of cancer risk?

(Pause.)

Q. Is that correct? That is what the report says?

A. I'm sorry. I would not agree with that
statement as it was made and I don't know exactly what it
is that you are reading.

0. I am reading from the report, Cancer Incidence
in New'York‘TelephonefWorkers, Matanoski, et al. dated
November, 1989. And it states, quote, these data suggest
that different exposures frOﬁ 1ine work appear to result
in different patterns of cancer risk.”
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MR. WATSON: Are you offerihg this to refresh his
recollection as to what this study says?

MR. SUGARMAN: Well, he said he didn’t know what I
was referring to. So I'm offering it to him to explain
what I was referring to.

I thought he testified that he was aware, in fact
he wés on the advisory committee of the Matanoski, paée‘
26, 1ines“three through-zo. Sé‘I assume he knew about ~~.f
he characterized it sd I assumed he knew about it.

MR. WATSON: And the pending question is whether
this document says what you read?

MR. SUGARMAN: Yes. T want to make sure we all
underStand the-stﬁdy the‘samé way. I am nct asking him
to agree with that concluaion.but I anm asking him if‘that~l‘
is his understanding of what theféonciusion gays.

MR. WATSON: I am not sure that is a CanlUSiOﬁe

MR. SUGARMAN: Well, that is why I am asking him

the guestion. He is the witness.

A. If 1 may,simplj'make~a ¢omment or
clarificatiOn, Matanoski has done two studiés.
BY MR. SUGARMAN:
Q. 'Right. You so testified in your‘direct;
A, I jUStkneedéd a mdment to ﬁndérstandkwhich one
you are talking about and which particuiar comment.

Now, could you direct me to the‘édmment that you
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asked me about?

Q. Well, you are calling it a comment. Let's
avoid argumentative characterization and call it a
statement. It says here these data —- thié is the next
to last sentence of the report. It says these data
suggest that different exposures from line work appear to
result in different patterns of cancer risk. The last
sentence, then, is the data are limited to New York
because at this time New York was the only feasible
population to study.

And I am asking you -=- I wasn't showing vou

originally -~ the original questiocn to you was is it ypur

- understanding of Matanoski's report that it did purport

to find some association between exposure to
eleétromaghetic fields and cancer risk?

MR. WATSON: Your Honor, could we have at least an
identification of which Matanoski study?

JUDGE SMOLEN: Which one?

MR. SUGARMANi‘ The one on New Yérk:telephone line
workers. N

JUDGE SMOLEN: Go ahead.

A. Mr.»Sugarman, vou have impressed upon me the
importance of the words, and you asked me about a report.
This ig not a report. This is a representation of a

poster session.
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A. A poster session.

Q. Does the represehtation of the post-assessment
by Matanoski as YOU understand it purport to find some
association between exposure to E/MF,and~cancer fisk?

A. Does it purport to find such a thing?’

Q. Right.

A. Yes. It purpotts to.

Q. All right. Thank you. May I take that? .

A. Yes.

Q. Thank you.

Now, we have Wertheimer. Leeper, we have Savitz, we
have Peters, we have Matanoski, all of which purport to
find some association between some electrical fieldsk-~

magnetie fields, I should say —- and cancer, albeit in

different populations.

~MR. WATSON: Objection, Your Honor. Counsel is
testifying. That's not estabiished, that's Counsel's
characterization.

MR. SUGARMAN: That is'what he said.

MR. WATSON: He only~answered‘as’tofmétanoski.
Counsel then proceeded in'his‘question to Jlist several
others. |

MR. SUGARMAN: Prior to that he téstified'as to the

other three.
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. ] JUDGE SMOLEN: I will sustain the objection. Ask
B 2 the nexi question. | | |

s BY MR. SUGARMAN:

4 I Q. In the face of vour testimohy ki:ha‘t you dgree,
i 5|l as you testified a few minutes ago, with respect to
% | 6 ‘  Wertheimer, Savitz and Peters, and mow as to Ma'tanoski; o
| 7* thatkthese studies purport to find some association, is

8l it your testimony that all these studies should be

9| totally disregarded?

10 ~ MR. WATSON: Objection, Your Honor. Again it's the
. n séme thing you ruled on before. Counsel'is
;,  12| characterizing the prior testimony. He's doing so
;f V 13' incorrectly. VThis witness did not answer that gquestion.
;;; 14} The witness answered a questioh only as to Matanoski, and
;l*' 15 in those prior studies the purported relationship was
‘ 16  only with wire code and not with measured kmagnetié
%f‘, 1| fields.
i" 18 || ~ MR. SUGARMAN: I didn't say'measufed.
19 || MR. WATSON: I know you didn‘t.
, 20{! MR. SUGARMAN: I said exposure to E/ﬁF;
21l - MR. WATSON: And it is not‘necessarily exposure to
91 E/MF, Your Honor.
: Y | JUDGE SMOLEN: I sustain the objection. Ask a
0 | g4l question -- L
S . 25 | MR. SUGARMAN: He éan: énswer that. That is

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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: . : 1| ‘ crosﬁéwe'xamination. He can exﬁlain.
| 2? ‘ JUDGE SMOLEN: I sustained the objection.
3¥ ‘ MR. SUGARMAN: What I am saying is he testified --
4 can we have his answer read back as to the other thfee
5/l studies? |
. o 6 JUDGE SMOLEN: The other three? Not Matanoski.

?' Matanoski said it was a post-summary.

- 1
v 8 MR. SUGARMAN: Yes. But as to the other three.
é, - - | 9{ JUDGE’SMOLEN: You referred to it in your question
:; 10 as his testimony as to the study.
s 11{ MR. SUGARMAN: Well, isn't this a post whatever it
§“  i : 12  is document relating to a study?

®

IE 3 JUDGE SMOLEN: Well, vou have to ask that of the
14§ witness.
15 “

16l T think there is a word misunderstanding. As I

MR. WATSON: I might be able to help in one sense.

17} understand it, it was a poster, p-o-s—t=e-r,
18| presentation - | |
i JUDGE SMOLEN: That's what I thought the witness |

20 | said.

MR. WATSON: ~-- rather than a post*presentaficn;

which is if somebody puts a poster up on a board.
JUDGE SMOLEN: We are wasting time. Ask one

gquestion at a time rather than lumping all the studies

together.
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MR. SUGARMAN: But, Your Honor, my point is

precisely that the studies all have to be lumped, and the

question is when you lump all these studies can you just 8

blithely say I see nothing that bothers me.

JUDGE,SMOLEN: Ask the question again.

MR. SUGARMAN: OKkay.

BY MR. SUGARMAN:

0. You agreed with me a few minutes ago, or you
corrected me and qualified your agreement with me a few
minutes ago as to the three studies and said théy were

wire code and they were children, childhood cancer, and

they did show an association.

JUDGE SMOLEN: Wait a minute. Let him answer that
guestion. Let him answer that guestion. |

Make that a guestion. Was that_yoﬁr prior
testimony? | | |

THE WITNESS: I'don;t know if:it was my prior
testimony or not but I will assert ndw that the three
othet studies, that is, the original Wertheimer study,
the Savitz study aﬁd the Peters study, both contain
iﬁformation relévant to a link between wire code and
either childhood cancer or more specifically leukemia,
and in each of those three studies there is:some positive
result. There are also some.uegative results.

BY MR. SUGARMAN:

COMMONWEALTH REPORTING COMPANY . (717) 761-7150
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Q. Now, there are some positive results there.
There are some positive results in the Matanoski whatever
you call it. And my question to vou is is it your

testimony that all four of those can be safely

“disregarded?

A. Mr. Sugarman, in attempting to form an opinhion
and continually update my épinibn as to whether or not
electromagnetic fields cause cancer in human beings, I
havéktried to rely on the totality of the epidemiologic
literature, which now numbers more than 50 studies. It
is not to mé a question of whether or not Welpick~out
fOur,studies'and‘say we. ¢an ignore them or interpret them’
one way or the other. The most important charactefistiC-
of epidemiologic data is it is subject to error and
chance and the need to interpret it in a pattern. So I
neither dismiss these studies ror do I form my opinion
's0lely on the basis of them.

I want to point out, too, that every one of those
studies includes substantial negative informatiQn with

the exception of the original Wertheimer study. They are

~not eclear-cut positive. As a matter of fact, the Peters

study is in my judgement an overwelmingly negative study.
Q. By overwhelmingly negative, you mean very few
of the exposed population show a manifestation?

A. No. I mean that the Peters study used

COMMONWEALTH REPORTING COMPANY (717) 761-7150
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measurements of magnetic fields in the homes of the
subjects. It's the first study to have done so in any

substantial proportion of people. With regard to the

‘measurements, the Peters study is negative. Theré is no

link whatever between childhood leukemia and in-home
measurements of magnetic fields.
 Furthermore, with regard to the wire code, the

study is substantially weaker than the Savitz study and

also much less consistent. A more subtle point in the

Savitz study —== in the Peters study =- with regard to

wite code is that all of the effect of the wire code is

restricted to the highest exposure category. And even is
there it undergoes a major reduction when it is corrected
for other factors that could influence risk.

Both of these things, that is, the fact that the

long-term time trend is down and the fact that correction

for extraneous factors reduces the effect, strongly
suggest that you are not dealing here with a true causal

factor. So it is negative as far as 1 am concerned with

regard to the wire code, at least at the interpretative

kstage if not the literal data stage, and it is clearly

and unequivocally negative with regard to the magnetic

field measurements.

Q. The magnetic field measurements, were they of
proximity to a transmission line?

COMMONWEALTH REPORTING COMPANY {717} 761-7150
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1115:
1 : A. The measurements were made in the homes éf the
2|l children. | |
3 ; Q. Right. But was there a proximity to a
;’ : v 4] transmission line? |
5  : A. There may have been in some homes. 1In others Ik
6 would assume there was not. |
7 Qi“It'S not reported, is that right?
8 A. The data are mnot providéd‘for the location of
:  ? 9 the measuring déviée'and the location of all facilities
10 that might influence it for everyone of the nearly 500"
11| children in the étudy. _Staﬁements are made to the efféct |
12 that the_measurements were taken under some conditions
13 and those conditiohs aré specified. For eXamplgi-one'of‘
I4ﬁ the conditions was in the middle of £he child's bedroom,
15 if at all possible.
>1§; Q. But vyou aré gaving that as far as you know
‘f""‘“"° 17L ’there were no transmiSsion lines’invélved?
| TS B A. No, I didn't say that.
19 - Q. O©Oh, okay. | |
20 : A. What I did say was I‘don’t,know*nhethér bf‘not
21 there were any transmission lines involved. |
22’4 ‘ Q. What were the magneiic field measurements, whétb
23: ’wgs‘thearange of them?
. : 24 i A. The magnetic field ﬁteasureme‘nt range. is‘ given
| | 25f,’in'the éctual paper. May I consult it?
COMMONWEALTH REPORTING COMPANY | (7157‘) 761-7150
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Q. Sure. I sorryv. I thought‘YOu had a copy of
it? | | |

A. 1 have it.

Q. Was it Table 32

(Witness perusing document.)

A. Table 3 gives some measures of central

tendency, averages and the like, of the measurements made

in the home of the children with leukemia and the
children who don't have leukemia, ana vyou see, fof
example -—-

Q. But none of them are of a level sufficient to
Quélify askbeing affécted by transmission lines, is that
correct? ’

A. Well, if I could, I would like to finish my

‘answer to the previous guestion since you asked me to

characterize --
Q. No, I didn't. All I asked you was whether —-
JUDGE SMOLEN: The witness can finish the answer to
the previous qﬁestion, | | |
~ MR. SUGARMAN: He wants to talk about the fesults

of the study and I am not into that at this point. I

just want to know if they show exposure to transmission ,

line milligauss —=
-JUDGE SMOLEN: I understand.

You can finish your previous answer.

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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A. Well, I will simply state, rather than reading
any numbers, that the information in Tableys shows that
the cases and controls have essentially idenéicai
readings with regard to their magnetic iieid'exposures‘-.

| BY MR. SUGARMAN: | |

Q. And there is nothing in there that shows any
elevations that you would expect near a transmission
line, is that right?

" A. Mr. Sugarman, I cannot answer that question.

Q. Okay. Fineal_You can't answer it.

A. I don't knoﬁ what level oneée would e3§ect to see |
in a honme that was relatively close to a line of’what
relative size operating under what relative load
conditions.

Q. So you don't know.

Then in your testimony at lines 36 to 42 on page 28 |

you discuss the exposure of people proximate to this

transmission line. Did vou have any information as to

" the elevated levels of milligauss associated with\this

transmission line?
A. I don't have any information as to what the
readings would be at the edge of the right-of-way or

within the right-of-way of this line under various load

~conditionsg; no.

Q. Do you think that might have anything to do

COMMONWEALTH REPORTING COMPANY {717) 761-7150
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with an inereased risk of eancer?

A. No, I don't.

* Q. So it wouldn't matter to you?

A. It's not that it wouldn't matter. It's‘thatx~
the 230 kV line is not going to produce enormous fields.
Tﬁe fields are going to be similar to'those produced by
other lines. Aﬁd in == |

Q. What kind of lines?

A. And in any case, if I may complete tﬁe answver,

there has been né link established between magnetic field

exposure and cancer. So unless you Were'going to talk

‘about something that was of a completely different nature

I will have to stay with my response.

Q. You say there has been’novlink éstablished,but
you acknow1edge thatrstudiés have purported to find éuch
a link? |

A. That's correct.

0. But in your view they don't establish it?

A. Mr. Sugarman, I will contend that not only is
it true'in‘my view that'theie is no established
cause-effect relationship between magnetic field‘eXposure’:
and cancer, but I will fuither contend’that it is not
true in anybody's view. Atkleast I know of no one who
holds that view, and I think I know the opinions of guite |
a few people. | |

COMMONWEALTH REPORTING COMPANY (717)761-7150
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: ‘g : 1 Q. Your testimony is limited to ,‘the éf:‘fect of
| 2 .2  magnetic fields on cancer, is that correct?
sl A. Yes.
4 , 0. It does not deai with any other health
5| econditions? B
1 s of ~ A. That's correct.
7 A Q0. Have you seéen the studies == 1 Say studies ==

.l 8( the letters in Lancet -- are you famiiiar with Lancet?

— 4'

QI ‘ A. I read The Lanéet, ves.
(

10| , Q. Have you seen the two letters in Lancet in

11| December, 1990, and March, 1991, relating to findings of

12{| health effects of electromagnetic fields in Sweden?

13u ~A. Yes, I have.
14 : Q. And do those relate to cancer?

'*@i : ' S| A. Yes, they do.

E

1) Q. And do you regard them as epidemiological
\Eﬁ_' o ’ 17“ information of wvalue?
a b- _ - 18 v A. No, I don't.

ER Q. Why not?

vﬁo“ ~ A. Mr. Sugarman, it is my policy'noﬁ to 

21“ incorﬁorate into my overall assessmént of a cause-effect
22| relationship information which is published iﬁyletter
23  iofm or which appears as posters at s¢iéntific meetings
. hE 24’: unless there is somet‘hi‘ng most exceptional about the

i 25|l 1letter.
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Q. What do vyou mean by most exceptional?
A. Something that is to the effect that it is so

lengthy and detailed that it represents what is in effect

I a published study. That is quite rare.

Q. Are you aware that Einstein‘'s theory of
relativity was first published as a letter?

A.k I have heard it said that Einstein's theory of
relativity was published in every‘fOrm conceivable to man
but I have never actually seen the document. So no, I
don‘t.

Q0. Hawking's book has a picture of it.

MR. WATSON: Objection, Your Honor. Move to

strike. Counsel is testiinng.

JUDGE SMOLEN: Sustained.

BY MR. SUGARMAN:

Q. Dr. Cole, have you done any epidemiological
studies related to electromagnetic fields?

A. I am just beginning a study at this time. I
have not completed any study in this area.

Q. What exposure are you going to use?

A. The study that I am going to be dging will be
based on a detailed occupational history.

0. And how are youvgoing to characteriie exposure?

A. It will be deséribed in terms of probable,

possible and likely. based én thé occupational nistory‘

" COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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Q. But to what? Exposure to -- I mean, we all
have exposure to E/MF in every‘house as the control in:
the Peters study shows. How are you going to
characterize the exposure. Exposure to what?

A. It is £o~magnetic fields.

Q. You are not going to distinquish between people

who are exposed to it in every home in the pountry versus

people who are exposed to a high power transmission line?k

A. My study is a case-control stﬁdy which focuses
on the workplace.

Q. How are you going to characterize the
workplace?

A. By going through the records of each individual
human being who is inCOrporéted into the study. |

Q. But are you going to'characterize the amount of
milligauss to which the person is eXposed?

A. No. That information will not bé available.

Q. You don't think it has any relevance?

A. X tﬁink it would be very relevant} I would be
delighted to have it. But I know of no way to obtain it.

Q. Didn't Matanoski obtain it for his New York

i telephone study?

A. She obtained some information for some of the
workers through an extremely expensive approach, that is,

she tried to simulate circumstances that had existed 20

COMMONWEALTH REPORTING COMPANY  (717) 761-7150
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. o 1l or 30 years ago. But I would like to point out that

- 2} Matanoski's study and mine are fundamentally different‘
3 Hér stﬁdy is a follow—up study and my'stuay is a

4? case~control study. ’It is as a practical matter

5| infeasible, maybe even impossible, to get exposure

6|  assessments for my people.

W RGBT et L ks RS &7 R
B : R N ‘

7“ Q. What kind of study was Peters' study?

H 81 A; The Peters study is a case-control study.

3 ; : N gl Q. What is the meaning of the exposure, Table 37

| 10“ YOu say’it is almost impossible to get exposure levels.

il, ‘Table 3, exposure, arithmetic mean, median, geometric

i '12" ~mean. Isn't that exposure?

ﬁf 13  ; A. This is exposure and it is a case—éontrol

14 study.

15 " Q. And it is?

,} i6  A, It is indeed.

,;, A ;f“ 17; . Q. So why are you saying it is impossible for yod

:ii‘ isﬁ “to get it?

? a5 19 |l A. It's a completely different setting‘ ‘Thése~are

i,~ 20 | children’and‘these are residentiél studies. Even so, he

‘ 21 || failed.tb get meaéurements on the vast proportion, I
22 think 30 percent or so.

A ' 23f In my study it relates to the workplaCe‘SOme 10 to

" T o4 30 years ago. ‘It: is just not practical. The workplace

25l is gone now, it is changed. In Peters' study he went to

COMMONWEALTH REPORTING COMPANY - {717) 761-7150
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‘ | 1t éhe home in the ,pr'e‘s.eﬁt ‘time and made the assumption that |
| 2§ it would be similar to the home of five vears ago. It is
3” a somewhat different circumstance.
4l Q. You say you would like to have the information
5]l as to the exposure leQels,i You would be delighted to
6|l have it, I think was jour'phrase. How can you form an
. 7/ opinion as to the dangers of this transmission line
gg ‘1' 8l without having the exposures?
?;f*> . 99 A. 1I'm sorry, Mr. Sugarman. What transmission
i mit line? |
ég, 1y , Q. The proposed Woodbourne-Heaton 230 kV
g-: N ’12t transmission line.
ﬁ4  iaﬁ A. Oh. I have tried to arrive at’an overall
;  14" position with regard to the 1ikelihood_that’E/MF causes
%&' 15 cancer. I have arrived at the position that this is not
v?. 16} an established cause of human cancer. As a matter of
F%*‘ o 17 fact, I went a ‘little bit further and said it is very
18I unhlikely that it will ever been shown but that is perhaps
19  neither hére nor there. | |
% '20 ' Given that I hold tﬁe position that E/MF‘ié nqt an
g‘ 21 established cause of cancer in human beings, the question |
g 22 of this particular line, the Woodbourne~Heaton 1iné, fits
i 23 right into the overall pattern that this line, like other
’ . ’ ' ’2,4 ; 1ine; is not a c‘a‘uére of cancer. |
255 - Q. So let meraSk.you this, then. Do you have any
COMMONWEALTH REPORTING compANY (717) 761~71$o
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position of agreement or disagreement with PECo's
recommendation that people consider prudent avoidance of
exposure to E/MF?

| A. The quéstion of prudent avoidance, as I have

understood it, is either a guestion of individual

behavior or perhaps could be extended to public policy.

And this is an area where I just don't have any

expertise. I do restrict myself to the study of the
causes of cancer among human beings.

Q. I'm afraid I don't understand. If you were
giving this Commission an opinion as to whether they
should advise people to forget about prudent avoidance
you would say you have no opinion?

A. 1If I were asked by the Commission to say

whether or not people should consider or not consider

‘prudent avoidance —- is that the question?

Q. Yes.

A. My first response to them would be exactly what
I responded to you, that I am a cancer epidemioclogist.
fiot a public health poliéymaker‘

Q. Let's say we go one step further and we say we
are concerned about the -- we don't want people to be
exposed to any health risks. From your wvantage point
éhould we encourage prudent avoidance or would we be
wasting our time and money? |
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MR. WATSON: Objection, Your choray He has aiready‘
testified it is beyond his field. It's mot covered in
his tesﬁimohy.

JUDGE SMOLEN: It's the third time, the same
question.

MR‘,SUGARMAﬁt Sustained?

JUDGE SMOLEN: Sustained, yes.

MR. ‘SUGARMAN: kNo,further guestions.

I just wanted to make sure that I had not missed a

chance to get an answer by hot asking the question

‘another way.

JUDGE SMOLEN: Weil. you are practicing 1aw the way
it is supposed to be practiced.
MR. WATSON: Your Honor, we have the pé-'ges of the
transcript that the OCA has asked for this morning.
 ‘(Document handed to Ms. Dusméne)
MS. DUSMAN: - Thank you.

JUDGE SMOLEN: Do you want to break now to take a

look at those pages?

MS. DUSMAN: I would appreciate that, Your Honor.

JUDGE SMOLEN: Let's take a ten,minute break. When,‘r
we comé back on the record, without looking at that,'dq
you have any otherfquestions'based on youf reservation
this morning? |

MS. DUSMAN: I may, Your Honor, but it will be
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brief if at all.
JUDGE SMOLEN: How about redirect? Are you going
to have any or not? |
MR. WATSON: Unlikely, Your Honor.
JUDGE SMOLEN: All right. Ten minutexbreék‘
{Recess.)
JUDGE SMOLEN: Back on the record.
Further cross?

MS. DUSMAN: Just a couple of questions, Your

~Honor.

JUDGE SMOLEN: Go~éhéad. Cross-examination.
PURTHER CROSS~EXAMINATION
BY MS. DUSMAN: |
Q. Dr. Cole, having jooked at what wefhaVe been
referring to as the Peters study, whichvwas authored
primarily by London, is it accurate that you étated in
response to a question by Mr. Sugarman ;hat there is no
information in this study as to distance to transmission
lines?

A. I think what I tried to say was that
information is not provided with regard to specific
individuals aboutkﬁhe distance between, say, their home
and the transmission lines. It is true that if a home
wés~lodated near a transmission line that that would
influence the wire code that was assigned io the
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particular residence.
So the people who made the wire code assignment
would use the fact of presence of a transmission line or

a distribution line to influence the wire code. But we

“are not provided with that information in any way that we

can,disenténgle it from the wire code collectively.
MS. McCLOSKEY: May we'havevjust a minute, Your
Honor?
JUDGE SMOLEN: Yes.
(Pause.)
BY MS. DUSMAN:
Q. Jﬁst so-I understand~YOur answer, Dr. Cole,

would you explain your understanding of what wire code

ig?

A. YVYes. First I will say that there are several

different wire codes that are in use. This particular
.study used both the so-called Wertheimer=Leeper wire
‘code, which they refer to as the Denver-Wertheimer-Leeper

wire code, and they also the Caune code but they don't

present results for that. ‘They say that the results were |
less posiﬁiVei So perhéps I should talk about the
Wertheimer-Leeper wire code. |

As originally used by Wertheimer it was a four
point scaie from very low curreﬁt, to low cufrent. to

high current, to very high current configuration, and she |
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would assign a home to one of these four caﬁegories,
depending ﬁpon what she perceived as the serﬁice drop to
the home and any structures in the immediate area of the
home.

In the Savitz study this was refined to a five

category scale, and I believe that is what they have used

in this paper too, a five point scale.

Q. 'Is it accurate to state that this study
supports =- the study that we haVe been,referring to,
which is the Peters study. primarily authored by Londdn,
just phblished.-~'that it supportits an association between
childhood leukemia risk and'wirihg configuration or
wiring code as vou just aeScribed’it? |

A; If I doh't —

MS. DUSMAN: Yoiur Hohor, if the witness would

please answer yes or no first and then explain if

necessary.
JUDGE SMOLEN: Well, if he can answer yes or no.
THE WITNESS: This particular question I cannot
answer ves or no. I think both of those énswers'are
wrong. |
BY MS. DUSMAN:
Q. WOﬁld‘you direct your attention, then, to the
== you have’the study’béfore you? |

A. Yes' Ma "amé

COMMONWEALTH REPORTING COMPANY  (717) 7617150
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' . 1 I ‘k Q. Would vou direct your attentio‘rk; yto th'e final
Qu Sentence in the abstract on the first pagé of the article’
3 that vou pro?ided us énd read it into the record? |
alf A. "Our results SUpbort an aséociatiOn between
51 ’childhéod,leukemia risk and wiring configuration but not
6“ direct measurements of electric aﬁd magnetic fields."
7& MS; DUSMAN: Nothing further, Your Honor. |
8| JUDGE SMOLEN: All right.
3 9t | MR. SUGARMAN: I just have one questibn.
10 |f vk - FURTHER CROSS-EXAMINATION
1l BY MR. SUGARMAN:
g‘ 12} Q0. As you said, they have a category or severél
%ﬂ 13? categories,:one~of which is very high. Page 929, the’
: 14 first paragraph,. and then’Table 7. Is that right?
15§ " (Paﬁse.)
16 || ' JUDGE SMOLEN: Do we have a quéstion?
. MR. SUGARMAN: Yes. | |
18 BY MR. SUGARMAN:
’191 o Q. 1Is that right? Am I reading it right?
| b | A. Well, Table 7 does ihclu&e referénce to the
21f wire code and I think you said 929, first paragraph?
22 | 9. Right. B
23;- A. It makes a reference to the wire code, ves.
;‘ = 24 | Q; On pag‘e 928 they say they sketched overhead
5‘ ’ 25| electric transmission facilities. The last paragraphi
i ' , . COMMONWEALTH REPORTING COMPANY (717j 75‘1’;7150
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A. Yes, that's correct.

Q. On 929, in the rlght ~hand column, the second
paragraph, it says, “Three highly 1nf1uent1a1 24 hour
magnetic field measurements (two cases and one control)
weré excluded from a11 ané1yses involving continuouskk
scale éata but were included in analyses involving
ordered categories." Do;yoﬁ undérstahd what that means?

A. Yes, sir.

Q. What does it mean?

A. It means this: there were three readings, as it
says; two for céses and one for control, which were
extremely high. And that is what they mean by highly
influential. That is, the inclusién of~those individﬁal
measurements would pull up,theraVerage in and of
themselves.‘

So. they they excluded those‘measureﬁents when ﬁhey
made individual assessments of means and averages and the:
like so that the measure of central tendéhcijOuld not be
pulled inotdinately'by’any one or two measurements.

However, when they use categorization of the field

strength like low, medium and high, then they put them

into the high category.
That's what it means.

Q. 1Isn't that apples and orahnges, putting them in

and taking them out?
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A. No.

Q. Shouldn't they have been consistent and
excluded them altogether or included them-altogether?

A. What they-have done is commonly done and widely
accepted;as iong as it is pointed out that it is done,
and it isra common practice in what they call continuous
scale or what I might call iatio scale wariables to
exclude -what -are .sometimes referred to as outliers at
either end. It is‘a‘VeryAéommén practice.

0. And is it true that in Tabley?, if you believe

it, that the higher the exposure category the more =- the |

exposure category in terms of exposure based on the wire

configuration classification =- that the higher the

 ecancer rigsk or leukemia risk?

A. Again, Mr. Sugarman, it is true and it is not
true. That is, there is a trend in the direction that
you have just said;

Q. Right.

A. There is a trend towards increased risk with

higher wire code.

Q. Right.

A. But as I mentioned in response to 4a prior
qﬁestion, there are two important factorsuthat have to be
borne in mind before one attempts to interpret that and

come to the interpretation that there is such a

COMMONWEALTH REPORTING COMPANY (717} 761-7150
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relationship.

I think that that interpretation is best shown in

kTable 9, in the bottom half ofyit, where we have now a

much more sophisticated presentation of the same
information. That is, Table 7 represents what we might
term the crude data and Table ¢ the refined data. And
what we see as we look at Table 9 is that in theVsecond
category of wire code the risk is actually estimated to
be 20 percent lower than it is in the lowest. So we
don't have what we could call here a consistent dose
response.

The second thing is the comparison of’the 2.15 with
the 1.73. This is quite iﬁportant becauSevit is only in
that category, that is, the very high,category; that
there is really any meaningful association. So~the
question becomes what is the interpretation to be placed

on that change, that is, from 2.15 to 1.73. The answer

is that when they have corrected for other factors that

could influence leukemia risk the apparent association
with very high current configuration wiring went down by
37 percent.
I point out -=
Q. 1In each category --
- JUDGE SMOLEN: Let him finish thé ansﬁeg_

MR. SUGARMAN: 1°'m sorry.
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A. Please let me finish. I am speaking only of

the category very high. And I want to point out that the

change from 2.15 to 1.73, while it may look trivial, has
to be appreciated to be a 37 percent reduction, the
reason being that you subtract out the one, which is
baseline.

Now, the’control that they have influehcad to brihg
about this change is imperfect, It’is limited by the
data that they have and statistiéal‘devices. It iﬁplies,
though, such a large change, that if they had better data
the feductiOn would be even greater.

In my judgement, then, while these data set could
be described as saying that they do show some
relationship between wire code and 1eukémia risk, they
are very unimpressiVe'to that effect:

BY MR. SUGARMAN:

Q. I understand.

Just so we are clear, the category very high
relates to what level of exposuré?

A. I believe that comparison is actually given in.

the paper.

‘0. I think so.

A. 'There is a table somewhere in here that shows
the average milligauss xeading in the homeées in any
particular wire configuration category. At least that is
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my recollection.

(Witness perusing document.)

A. Yes, here we are. Table 4 says that the mean
reading, that is the average, an arithmetic average, in

the very high current configuration homes is 1.15

milligauss.

MR. SUGARMAN: ' Thank you.

I don’'t have any further questions. Thank you Qery
much.

JUDGE SMOLEN: Anything?

MR. WATSON: No, Your Honor.

JUDGE SMOLEN: No further guestions, no redirect.

The witness is excused. Thank you very much for
appearing and testifying, sir. |

(Witness excused.)

JUDGE SMOLEN: That apparently concludes today's

‘session and we will reconvene on Friday morning.

The hearing’is adjourned.

{Whereupon, at 12:06 pxm,, the hearing Wwas
adjoufned. ta be reconvéned at 10:00 a.m., on Friday,
November 22, 1991, in Philadelphia, Penhsylvania.)
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‘B‘ackgro‘und and Qualifications

Please state your name and business address.

Philip Cole, Department of Epidemiology, School of Public Health, University
of Alabama, Room 203 Tidwell Hall, University Station, Birmingham, AL
35294o )

What is your occupation?

I am a professor and researcher in epidemiology and a medical doctor.

Dr. Cole, what is epidemiology?

Epidemiology is the scientific.observation of human beings for the purpose of
identifying the environmental causes of their diseases.

t

Where are you employed?

1 am Professor of Epidemiology and Chairman of the Department of

Epidemiology at the School of Public Health of the University of Alabama in
Birmingham.

Do you hold any other positions at the University of Alabama?
Yes, I am the Associate Director for Epidemiology at the Comprehensive

Cancer Center at the University. -

Are you testifying to&ay on behalf of the University of Alabama or any other
medical or scientific institution? , ,

~No. Iam testifying in my personal capacity as a researcher in epidemioiogy

and a medical doctor.

Dr. Cole, would you describe your educational background for us? |
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Ireceived a Bachelor's degree from Michigan State University in 1960. My
medical degree, which I received in 1965, is from the University of Vermont.

- After receiving my medical degree, I entered Harvard Univetsity, where I

received a Master’s degree and a Doctor of Public Health (Dr. P.H.) in-
Epidemiology.

- As amedical doctor, are you board certified in any medical specialty?

* Yes, I am board certified in Preventive Medicine.

~Are you also licensed to practice medicine?

- Yes, in the state of Alabama.

Dr. Cole, could you give us a brief description of your professional career after
you received your Dr. P.H. from Harvard?

- After .receiving my Dr. P.H. from Harvard, I taught in the Department of

Epidemiology at that institution and conducted epidemiologic research. I
remained on the faculty at Harvard for nearly a decade and became a full
professor. I then left Harvard to chair the Department of Epidemiology at the
University of Alabama’s School of Public Health, where I have remained as
Chairman and Professor.

Could you give us some examples of epidemiologic courses you taught at
Harvard and the University of Alabama?
Examples of epidemiologic courses I have taught include the Epzdermology of

Cancer, Advanced Epidemiologic Methods, Principles of prdemxologxc
Research, and Epidemiology of Neoplastic Diseases.

In addition to Harvard and the Umversuy of Alabama, have you taught in

‘ any ‘other programs?

Yes, I have taught in several other graduate programs, as well as at the
Intemahanal Agency for Research on Cancer (“IARC”).
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What is the International Agency for Research on Cancer?

IARC is an arm of the World Health Organization dedicated to research on
cancer issues. I taught a course in Cancer Epidemiology at IARC.

Are you currently involved in any epidemiologic research?

Yes, I am currently conducting several research projects in cancer
epidemiology. Two of these research projects are funded by the National
Cancer Institute. One is a study of the occupational causes of cancer,
including breast cancer. The other is a study of the causes of cancer of

esophagus in mainland China.

Does your epidemiologic research have a particular area of emphasis?
Yes, my research for the past 25 years has focused on the epidemiology of
cancer and on the relevant methodology for conducting such research.

Have you published any of youi' research in scientific journals?

Yes, I have published over 130 articles on epidemiology, nearly all of which

involved cancer epidemiology and the methodology of cancer epidemiology.

What are some of the scientific journals in which your epidemiologic
research has been published? :

The scientific journals in which my work has been published include the
American Journal of Epidemiology, the New England Journal of Medicine,
the Journal of the National Cancer Institute, the American Journal of Public
Health, and Cancer. : :

Have you served as a scientific reviewer or editor for any scientific journals?

Yes. I have been an editor or on the editorial boards of several journals,
including the American Journal of Epidemiology and Cancer Research.
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Have you been involved with any other professional activities that involve
the review of epidemiologic or other research? :

Yes. For example, I served on the Board of Scientific Counselors for the
Division of Cancer Cause and Prevention at the National Cancer Institute. I
also served as Subcommittee Chairman in connection with the National
Cancer Institute’s National Planning Effort for Cancer Prevention and
Control, the purpose of which was to identify all known causes of cancer as
the first step to reducing cancer by 50 percent by the year 2000.

Have you received any honors or awards in your professional career?

Yes. Iwas the John Rankin Visiting Professor of Occupational and

Preventive Medicine at the University of Wisconsin at Madison, and the
Eleanor Leader Memorial Lecturer at the University of Toronto. Among the
awards I have received are the American Cancer Society Faculty Research
award, the Kammer Merit in Authorship award from the American
Occupational Medical Association, and the French Cancer Society’s Grand Prix
Lacassagne for cancer research.

What is the Grand Prix Lacassagne?

The Grand Prix Lacassagne is an award given by the French Cancer Society for
excellence in cancer research. I was jointly given this award with co-
researchers In Boston, Greece, and Australia for research on the causes of
breast cancer. :

Have you ever been asked to provide advice on cancer epidemiology matters
to a governmental body or institution?

In addition to my work with the National Cancer Institute, I testified before a
Committee of the United States House of Representatives in 1987 on electric
and magnetic field (“EMF”) health issues, focusing particularly on the EMF
cancer epidemiology research. Ihave also advised the State of Maine and the
State of Vermont on electric and magnetic field health issues.

Dr. Cole, what were you asked to do in connection with this case?
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1 was asked to review the epidemiologic literature concerning power
frequency electric and/or magnetic fields and to prepare testimony evaluating
this literature. 1was also asked to offer my professional opinion as to
whether the electric and/or magnetic fields associated with the Woodbourne-
Heaton 230 kV line will cause cancer. v '

Background on the Science of Epidemiology

Before discussing the epidemiological studies on EMF and cancer, please

describe the major strength and limitation of epidemiology as a science.

Epidemiology is the study of humans in their everyday environments, and
the major strength of epidemiology is that it pertains directly to human
beings. As such, facts established through epidemiologic research have direct
implications for public health strategies, unlike most laboratory research. The
great limitation of epidemiology is that it is a non-experimental science and,
consequently, is highly susceptible to error. Both the strengths and.
limitations of epidemiology must be recognized when conducting an

_evaluation of epidemiologic studies.

‘What is the importance of the limitation on epideriﬁology you described?

“The history of cancer epidemiology has taught us that, with rare exception,

only epidemiologic investigations of the highest quality have proven to be of
value. o ‘

* What kinds of conclusions can be reached from a body of epidemiologic

literature? , SR

In recognition of the imprecise and error-prone nature of the science,
epidemiologists generally draw causal inferences only when there is a
reasonably large number of independent studies with consistent findings.
Even then, epidemiologists do not place substantial confidence in findings of
weak associations where the magnitude of the reported "risk" may be less
than epidemiologic studies can correctly identify. |
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What is meant by the term “causal inference”?

Generally, the question asked in an epidemiological study is whether
exposure to some agent causes disease. “Cause” is used in a very practical
sense in epidemiology. The term causal inference means that the
epidemiologic data is sufficiently strong and consistent that it is widely
believed to be true that exposure to the agent of interest increases the risk of -
disease.

Can epidemiologic data establish a cause-effect relationship?

Yes. Epidemiology is a non-experimental science, and the researcher cannot
exercise strict controls over the study population. It is thus sometimes
perceived that epidemiology can never establish the existence of a cause-effect
relationship. As a practical matter, however, epidemiological research is a
powerful — perhaps the most powerful — approach that we have for
establishing the causes of disease, including cancer, in man.

Can you give an example of a cause-effect relationship that was established
with epidemiological data? ,

Two commonly known cause-effect relationships that were established with
epidemiologic data are the relationship between cigarette smoking and lung
cancer, and the relationship between certain types of asbestos and
mesothelioma. These relationships were eventually confirmed by laboratory
evidence. '

What kind of epidemiological data is necessary to establish a cause-effect
relationship?

Unlike laboratory research, it is the nature of epidemiologic research to
produce a pattern of mixed results (positive and negative results) even where
there is no cause and effect relationship between the disease at issue and the
agent under investigation. In fact, in the absence of a cause-effect
relationship, epidemiologists would expect to find a large proportion of
reported positive findings due to random chance alone. This is due to the
non-experimental nature of epidemiologic research, and it underscores the
need for consistent findings in drawing causal inferences.
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This need for consistency has been well documented in cancer epidemiology.
Agents that have been accepted as genuine causes of human cancer share one
feature in common ~ from the early epidemiologic research forward there
was a high degree of consistency of results among independent studies and
evidence of relatively strong associations between exposure and cancer risk.
In contrast, epidemiologic studies of agents which have not been and may
never be accepted as causal have been characterized by inconsistent findings
both within and among studies and, at best, weak statistical associations.

How do epidemiologists evaluate a body of cancer epidemiologic research?

Apphcahon of the principles of epidemiology to assess the carcinogenic
potential of an agent involves a three-step process. First, mdxwdual studies
are examined to assess the quality, reliability and validity of the research
results. Second, the studies are examined collectively, giving appropriate
weight to individual studies, to assess consistency and other important
indicia of causality. Third, the epidemiologic studies are considered in
context with basic science research and other available information to assess
the coherence or biologic credibility of causal inferences.

You have used the term "exposure" to an agent — what does exposure mean
in epidemiology?

Exposure means contact with the environmental agent in question.

How is exposure determined?

The ideal method is direct measurement, but that is often difficult to achieve.
When direct measures of exposure are not available, how is exposure
determined?

If exposure cannot be measured directly, then epidemiologists use some

substitute (sometimes called a surrogate or a proxy) as an indicator of
exposure.

Could you give us some examples of surrogate measures of exposure?
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Some commonly used surrogates are information from questionnaires, from
employment records, and from death certificates.
What exposure data can be derived from surrogate sources?

Using surrogate data sources, inferences about the population’s actual
exposure are made based upon some supposed exposure.

What would be an example of this type of inference?

For example, using occupational information from a death certificate, one
might infer that an individual who was listed as having worked as a service
station employee had been exposed to gasoline fumes.

Are there any problems with surrogate measures of exposure?

Yes, there can be. With surrogate measures it is often difficult to know if the
surrogate is a reliable predictor of actual exposure. In the example above, the
service station employee may only have worked at the cash register, and may
never have been exposed to gasoline fumes. This is one of the typical
problems of surrogate measures of exposure. '

Is it important to have accurate measures of eprsure‘ in epidemiologic
studies?

1 think its fair to say that epidemiologic studies are only as good as their
assessment of exposure.

What is the consequence of not having reliable exposure data?

- Alack of good data on exposure can throw the results of a study into question.

If we are not confident about the actual exposure, it's unlikely we can have
confidence in the results of the study. ' '
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Is evaluation of the surrogate a factor that you consxder when analyzing
individual studies?

Evaluation of the surrogate is an important factor in the evaluation of

epidemiological studies, both individually and as a group.

After completmg an evaluation of one individual epidemiologic study, is an
epidemiologist in a position to say Whether ornot a parhcular agent has an
adverse effect on health?

No. Conclusions concerning the relationship of a agent to a disease rarely if

~ever can be based on a single study.

What else is necessary to reach a conclusion from epidemiologic research?

- Conclusions need to take into account the results of all the relevant studies.

It is thus necessary to evaluate not only the strengths and weaknesses of each
study on its own merits, but also the strengths and weaknesses of each

- individual study in the context of the entire body of literature.

Do you ever completely dismiss the results of an epidemiologic study when
conductmg this evaluation? ‘

Occassionally, a study is so deficient that that it provides no useful
information and can be completely dismissed. More commonly, the analysis

of the individual study reveals that it has both strengths and limitations.

Some studies are so limited, either in design or in conduct, that they are
properly termed ”hypothe51s-generahng’ ~ that is, they raise a question
without providing useful or persuasive information about the answer to that
question. Such studies are given relatively little weight in the overall
epidemiologic analysis.

" This is far different from dismissal of the study. An epideuﬁolozgic

evaluation that did not include analysis of substantially all of the available
data would be of questionable utility, and the utility of the evaluation would
decrease as larger amounts of data were disniissed or ctherwise excluded.
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, Epid‘emiolo'gi'c Research on EMF and Cancer

Dr. Cole, how many epidemiologic studies have been pubhshed regardmg
EMF and cancer?

Approximately 50 epidemiologic studies have been published which contain
data on EMF and cancer. These studies are known as the ”pnmary” literature.
Have you personally reviewed each of these studies as part of your analysis of |
the epidemiologic literature? ‘

Yes. As I stated earlier, review of the strengths and limitations of each
individual study is a necessary step in analysis of a body of epidemiologic

- literature. I have therefore carefully reviewed the data, deszgn, and

conclusions of each of the epidemiological studies in the primary literature.

Did you‘ review any literature other than the primary literature?

Yes. The: epxdermologxc literature in this area also includes commentaries on
the literature, review articles, and abstracts. 1 have reviewed all of this

‘secondary literature of which I am aware, including the Office of Technology
~Assessment (“OTA”) review, and the draft Environmental Protection Agency

(“EPA”) report. It should be emphasized, however, that these secondary
P p

- sources do not contain original data, and are by and large interpretive in
‘nature. Thus, while the secondary hteramre can be helpful in understanding

the state of the scientific debate, they should not be ngen the same weight as
the primary literature. e ,

What kinds of epidemiological studies have been conducted regardmg EMF
and cancer?

* Several designs and methods have been used to study a variety of cancers and

measures of exposure to magnetic fields. For childhood cancer, the most
important studies are the residential case-control studies. Adult cancers also
have been examined in residential studies, using both the case-control design

‘and the retrospective follow-up (“RFU”) design. There have also been
- numerous studies of adult cancers in the occupational setting. The

10
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occupational studies are case case-control studies, proportionate mortality
ratio (“PMR”) studies, and retrospective follow-up studies.

A. The Research on EMF and Childhood Cancer
Dr. Cole, please describe the “case-control” design of epidemiology studies.

In the case-control method, one identifies a group of people who have
developed a disease, such as cancer. These people are known as the “cases.”
A second group of people, known as the “controls,” is then identified. This
group consists of people who have not developed the disease of interest, but
who in other ways are similar to the cases. For example, the cases and
controls should be of the same age group.

Having’ identified these two groups, one then seeks to describe the pattern of
exposure to the agent of interest in each group, looking for similarities and
differences in that exposure.

Does the case-control method have any particular strengths?

Yes. For example, case-control studies generally allow for good control over
confounding. Not every case-control study, however, controls adequately for
confounding.

What is confounding?

“Confounding” means that the factor under study is not an actual cause of the
disease but rather is only a marker of some true cause. For example, some
early studies seemed to show an association between coffee drinking and
bladder cancer. It is likely that coffee drinking does not cause bladder cancer.
Rather, these studies were probably reflecting the the fact that heavy coffee
drinkers are, on average, heavy smokers. Smoking is a well established cause

“of bladder cancer.

Does the case-control study have any particulér WQahe$ses?

Yes, the design is difficult to conduct correctly and is prone to bias.

i1
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What is bias?

In epxdemiology the word “bias” is not used in its everyday sense of

- “prejudice.” Instead, it means “in error.”

Please describe the residential case-control childhood cancer studies related to

To date there are five published residential case-control studies regarding
EMF and childhood cancer: the studies by Wertheimer and Leeper (1979),
Savitz (1987, 1988), Fulton (1980) , Tomenius (1986), and Myers (1988).
Generally, these studies xdenhﬁed childhood cancer victims in a specific
geographic area and time frame, as well as a group of controls in the same
geographic area and time frame. The residences of these cases and controls
were identified, and data was collected for each residence related to magnetic

fields or some surrogate for magnetic fields. It would be worthwhile to

separately discuss each of these childhood cancer studies to help provide an
understanding of some of the epidemiologic issues mvolved in this area.

Wertheimer and Leeper (1979) -

What was the first epxdemxologxc study on EMF and chxldhood cancer” ‘

- The Wertheimer and Leeper study, which was conducted in Denver, was
- published in 1979. It was the first published epidemiology study in this area

and initially raised the question of whether exposure to magnetic fields is
assoczated with an increased cancer risk.

Did Werthelmer and Leeper study actual magnehc field levels, or dld they use

a surrogate?

. ‘Wertheimer and Leeper used only a surrogate for magnehc ﬁelds known as

the ”W1rmg code.” The “wiring code” is a a surrogate measure of exposure in
which the size, number, arrangement, and distance of electric lines are used
to predict residential exposure to magnetic fields. These data are gathered
visually. For example, the relative width of the electric lines might be
estimated by simply looking at the wires from the street.

‘ ~ ‘What results did Wertheimer and Leeper report in their 1979 study?

12
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They reported that the wmng code was associated with childhood cancers,
- including childhood leukemia.

What is y*your evaluation of the Wertheimer and Leeper study?

As I stated earlier; the Wertheimer and Leeper study was the first
epidemiological study conducted regarding EMF and cancer. As is often the
case with such exploratory studies, there were numerous problems in the
design, conduct, and analyses of the study.

Could you give an example of a limitation of the Wertheimer and Leeper
study?

Yes, I can give several examples of major shortccmungs with this study First,

the cases and controls are of dubious comparability. If the case and controls
are not truly comparable, the results of any comparisons between the two
groups are also questionable.

Second, the data results show a pa&em that I can only term as ”mordmately
consistent.” The paper contains about 30 comparisons between the wiring
code surrogate and various types of cancer. The results of all but one of these
comparisons fall within a narrow range of positive associations. This pattern
has not been observed in subsequent studies and, based upon my experience

g revxewmg epidemiologic data on other agents, the inordinate consistency of

this pattern stretches credulity. It is more hkely that this inordinate
consxstency resulted from a systematic bias in the study design or conduct.

Third, the researchers did not use “blind” procedures when they assigned

wire code classifications to the residences involved in the study. In other

words, the person who assigned the wiring code for each residence knew
whether or not it was the residence of a cancer case. Unblinded procedures
such as this can introduce bias into a study. Additional shortcomings could
be enumerated. These limitations of the Wertheimer and Leeper study
render it non—persuasxve, and I view it merely as an early exploratory study
that raised the question of whether exposure to EMF is associated to cancer,
but that conmbuted little if any to answering that question.

13
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Fulton (1980)

Please describe the Fulton study.
Fulton attempted to replicate the findings of Wertheimer & Leeper

concerning childhood leukemia by using the wiring code surrogate in a study
of childhood leukemia in Rhode Island.

What ‘resuits did Fulton report?
The conclusions of Fulton were in conflict with those of Wertheimer &

Leeper. Fulton found no relationship between childhood leukemia and
wiring codes. The Fulton study also is an early study that has been subject to

- criticism. The findings and interpretation of the study are unclear, and I

con51der it to be a negative, but non-persuasive, study.

Myers (1988)

Please describe the study by Myers.

The Myers study was conducted in the United Kingdom. Rather than using
the wiring code surrogate, the Myers study used distance from power lines as
a surré@ga’ce for magnetic field exposure.

What Were the results of the Myers study?

The Myers study, which was conducted in the United Kingdom, reported a
slight increase in cancer risk for those living near a power line, but also
reported a slight inverse association between estimated magnetic field
strength and cancer risk. In other words, residences close to a power line were
associated with a slightly smaller risk of cancer than those further away from
a power line. The Myers study does not support the hypothesis that magnetic
fields are related to childhood cancer. Because of certain limitations in the
study, including its small size, the study also does not provide persuasive
refutation of the hypothesis. ;

14
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Tomenits (1986)

~ Please describe the residential childhood cancer study by Tomenius.

Tomenius conducted his study in Sweden. He also used a “distance”
surrogate. He categorized a residence as “exposed” to magnetic fields if the
residence was within 150 meters of an electrical installation, including power
substations, transformers, electric railroads, high voltage wires, and subways.
In addition, Tomenius collected data on measured magnetic fielcs.

What were the results of the Tomenius study?

There were two major findings of importance to interpreting the Tomenius
study. First, with regard to childhood leukemia, the Tomenius study found
no association either for the distance surrogate or for measured magnetic
fields. This was inconsistent with the Wertheimer and Leeper results, which
had found an increased risk of childhood leukemia associated with the wiring
code. Second, Tomenius’ data shows an inverse trend between distance of a
dwellmg from the installation and cancer risk.  Tomenius also found an

~ inverse relationship between cancer risk and measured magnetic fields. In

short, the Tomenius study reported that, among those exposed to magnetic
fields (whether exposure was measured by the surrogate of distance or with
actual magnetic field measurements), increased exposure resulted i in lower
cancer risk. Due in part to the inverse trend apparent in the Tomenius data, I

_conclude that the Tomenius study provides no support for the hypothesis

that EMF's are related to an increased risk of childhood cancer. In fact, it
prowdes some emdence agamst that hypothesis.

Savitz (1988)

Please describe the residential case-control study of childhood cancer
conducted by Savitz.

The Savitz study, which was conducted in Denver, collected data on the
wiring code surrogate and childhood cancer. Savitz also collected data on
actual measured magnetic fields and childhood cancer. In addition, Savitz
collected data unrelated to magnetic fields, such as parental smokmg, breast
feedmg history, and trafﬁc density on nearby streets.

'15‘
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What is your overall evaluation of the Savitz study?

The Savitz study showed a marked improvement in design, conduct, and
analysis over previous childhood cancer studies. This study also has
limitations, several of which are pointed out by Dr. Savitz himself in his
published paper. To date, however, this study should be considered the best
done of the published studies on childhood cancer and EMF.

What were the results of the Savitz study?

The Savitz group has reported data in several publications. In summary
form, Savitz’ data show no significant associations between cancer and
measured magnetic fields, but they did show a few weak, 1rregular statistically
significant associations between childhood cancer and the wiring code
surrogate. Savitz also has reported data from this study population showing
similar weak associations between childhood cancer and failure to breast feed
(Davis and Savitz, 1988), between childhood cancer and paternal smoking
(John and Savitz, 1991), and between childhood cancer and lugh traffic density

-on nearby streets (Savitz and Feingold,1989).

Is it unusual to find a few irregular statistically significant associations in a
case-control study?

- No, in fact they are to be expected even when nature is in a null state - that is,

even when there is no true assocdiation between the exposure {(or the
surrogate) and cancer. Random chance alone would produce some
statistically significant associations in a large group of calculations such as
conducted in the Savitz study. ,

What is your interpretation of the results of the Savitz study?

The Savitz study contains a large amount of data, and many comments on
this study are possible. For this testimony, I would like to make three
comments. The first deals with the data on measured magnetic fields and
the w1nng code surrogate. The pattern of data, with no statistically significant
associations between measured fields and cancer, and a few weak irregular
associations between the wiring code and cancer, is consistent with nuliness —
that is, with a lack of effect of exposure to magnetic fields.

16
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The second level of interpretation attempts to place the magnetic field data in
the context of the larger body of data that has been reported from the Savitz

study on breast feeding, traffic density, and exposures. The pattern of weakly

positive results found in this larger body of data suggests that none of the
exposures is itself a cause of childhood cancer. Rather, I interpret this pattern
as suggesting a profile or risk factors that characterize children at greater risk
of leukemia: parents who smoke, absence of breast feeding, residerice near
busy streets, ete. Viewed in this larger context, I would hesitate to accept any
of the weak reported associations, including the weak irregular associations
with wiring code, as descriptive of a cause-effect relationship.

Finally, I would note that the positive associations with the wiring code that
Savitz did report are weaker than the associations reported by Wertheimer
and Leeper. In epidemiology, we expect that if a reported statistical
association in one study is truly descriptive of an association that is occuring
in the real world, that association will become stronger, not weaker, as the
design and conduct of subsequent studies improves. The fact that the
reported association is weaker in the relatively well-done Savitz study

- suggests that there is no true association between EMF and cancer underlying

these statistical reports.

Peters
Are you familiar with the childhood cancer study in California by Peters?
Yes. The Peters stiidy is residential case-control study of childhood cancer
conducted in California.
What is the basis of your familiarity with the Peters study?
1 was a member of the advisory committee which sponsored tﬁe Peters study,

and was present at the advisory committee meeting at which Dr. Peters
presented his preliminary results. Since the results were preliminary, they

~ are subject to change as analysis and review of the data continue. At present,

the Peters’ results have not appeared in the published literature. The only
public announcement regarding the Peters’ study of which I am aware is a
press release summarizing some of his preliminary findings.

What is your evaluation of the Peters study?

17
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Not enough design information and data are available from the Peters study
to conduct a detailed epidemiologic evaluation of the study. Asan
epidemiologist, I therefore cannot rely upon the Peters study until
information is available to conduct such an evaluation.

Are you able to reach any conclusions about the Peters study?

With the limitations just expressed, I can state my preliminary opinions
about the Peters study. The Peters study examined spot measurements of
magnetic fields, 24-hour measurements of magnetic fields, and the wiring
code. Peters found no association between either of the measures of magnetic
fields and childhood cancer. He found an association between the wiring
code and childhood cancer that is weaker still than the association seen by
Savitz. With regard to the findings on measured magnetic fields, my
preliminary evaluation is that this study confirms the consistent findings in
the published literature that there is no association between measured

. magnetic fields and cancer. With regard to the findings on wiring code, my

preliminary conclusion is that the weaker association between the wiring
code and cancers continues the pattern of better-done studies reporting
smaller associations, which again suggests that there is no true association
between EMF and cancer underlying these statistical reports.

Additional Issues Related to the Childhood Cancer Studies
Dr. Cole, are there any further issues that you would like to address with
regard to the childhood cancer studies? '
Yes. Iwould like to mention three further issues: consistency of results,
biological plausibility, and an ecologic comparison.
What is the importance of consistency in the childhood studies?
As noted previously, consistency is an important factor in accepting a cause-
effect relationship. If a cause-effect relationship truly existed between an

exposure and a disease, one would expect that relationship to appear
consistently in any one study, and also to appear consistently between studies.

Do the childhood cancer studies show consistent results?

18




0 oNg U S ND-

The data from the wiring code and other surrogates is inconsistent. Some
studies report a weak association, while others fail to report an association.
The data from the measured fields consistently shows no statistically
significant association between measured fields and cancer risk. ‘

What is meant by “biological plausibility”?

Biological plausibility refers to the question of whether there is a credible
biological mechanism that supports the hypothesis that exposure to the agent
causes cancer. Biological plausibility can be established either through
mechanistic research, or through animal research that shows that exposure to
the agent causes cancer in expenmental animals.

What is the importance of biological plausibility?

The importance of biological plausibility varies depending upon the strength
and consistency of the epidemiological evidence. If the epidemiological data
consistently shows high risks of exposure, as is the case with cigarette
smoking and lung cancer, we can accept the epidemiological data even
without supporting evidence of biological plausibility. When the
epidemiological data is weak and inconsistent, biological plausibility is more
important. If the experimental data is supporﬁve of biological plausibility in
such a situation, we can place more confidence in the epldemxologic results; if
biological plausibility is missing, we place less confidence in the
epidemiological results.

Does the experimental data on EMF support biological plausibility?
No. While biological effects have been reported by some researchers, those

effects are not related to the processes of carcinogenesis and do not provide
biologically plausible support for the epidemiological data.

Do you consider it to be * ‘non-scientific” to include biological plausibility in
your evaluation of the epidemiologic data?
No. Biological plausibility is a standard factor that is considered in the

evaluation of most, if not all, bodies of epidemiologic literature. Professor
Branford Hill (1965), in his widely quoted paper published in the Proceedings
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of the Royal Society of Medicine, listed biological plausibility as one the
factors that shotild be considered in an epidemiological evaluation.

What is an ecological comparison?

In an ecological comparison, one collects data on the general population,
rather than on individuals within that population. For example, in this
century cigarette smoking and lung cancer rose sharply during the same time
frame, a fact that provides persuasive evidence that the there is a causal
relationship between the two events. This type of ecological comparison,
while subject to limitations, can provide important information as to a
suggested relationship between an agent and a disease.

Have you conducted an ecological comparison for EMF and childhood
cancer?

Yes. Using power consumption as a surrogate for EMF exposure, data show

- that power consumption has increased approximately 10-fold since 1950. If

exposure to EMF was associated with, for example, childhood leukemia, we
would expect to see a similar sharp rise in childhood leukemia rates over that
same time period. Yet childhood leukemia rates rose approximately 20%
from 1950-1960, and it is probably true that most of that increase was not
atiributable to an actual increase in leukemia, but rather to improved
diagnostic procedures. Childhood leukemia rates have remained essentially
stable since 1960. This ecologic comparison further supports the conclusion
that exposure to EMF is not causally associated with childhood cancer.

Conclusion Regarding the Childhood Cancer Studies

Dr. Cole, what is your overall conclusion concerning the childhood cancer
studies?

Looking at the childhood cancer studies as a whole and recognizing the
degree of validity of individual studies within that group, I conclude that
there is no demonstrated increased risk of childhood cancer when actual
electric or magnetic fields were measured. When surrogates such as the
wiring code have been used in the childhood studies, the data have shown a
pattern of mixed results between weak positive and negative outcomes. This
is a pattern of random association in a non-experimental science, not the
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pattern of cause and effect. Long term time trends of EMF exposure and
leukemia in children in this country are not consistent with a cause-effect
relationship. Finally, neither theoretical considerations nor animal studies
are available to support a cause-effect hypothesis. I conclude that the
epxdemologxc literature on EMFE, when viewed as a whole, provides no

- persuasive scientific support for the hypothesis that EMF causes cancer in
~¢hildren.

B. The Draff Report of the EnvirOnmental Protection Agency

Dr. Cole, are you familiar with the draft report of the Environmental
Protection Agency on cancer and EME?

Yes. As I stated earlier in my testimony, I have reviewed the draft EPA report.

Does the EPA report discuss the epldemlologlc literature on EMF and

- childhood cancer‘?

| Yés, there is a separate chapter on the epidemiologic literature,

Did you rely upon the draft EPA report in forming your opinion about the
epidemiologic literature and childhood cancer?

AsTstated previously, secondary sources such as the draft EPA report can

provide useful context for the scientific debate, but they do not provide
primary data or design information. I therefore do not give substantial
weight to secondary sources. The draft EPA report also is a somewhat special

- case even amongst the secondary sources.

Why do you refer to the draft EPA report as a “special case”?

Normally, literature reviews and other secondary sources are published in
the peer—rewewed literature. These publications have thus been critiqued by
expert reviewers before they are published. The draft EPA report, while it has
been made public, is still undergoing its “peer-review” process. This fact is
clearly indicated on the cover of the draft EPA report. For instance, it states:
“Draft: Do Not Quote or Cite.” In addition, the comments that have been

generated as part of the review process suggest substantial revision of the

draft EPA report may be forthcoming.

21




@ QN OO 0y R e

Could you briefly describe the ongoing review pr‘océss for the draft EPA
report?

The draft EPA report was authored by internal staff at the EPA. The EPA has
convened a panel of outside experts from academic and research institutions,
known as the Non-Ionizing Electromagnetic Fields Subcommittee (the
“NIEMFS” panel), to review and comment on the document. This panel held
several public meetings to receive comment on the EPA report and conducted
its own review of the draft report. Its final comments, which were recently

- forwarded to the Radiation Advisory Committee of the Science Advisory
“Board of the EPA, state that “ currently available information is insufficient to

conclude that the electric and magnetic fields are carcinogenic” and that “the
EPA document has serious deficiencies and needs to be rewritten.” The
NIEMFS panel’s recommendations have been adopted by the Radiation
Advisory Committee and forwarded to an Executive Committee of the
Science Advisory Board. :

In addition, the Committee on Interagency Radiation Research and Policy
Coordination (“CIRRPC”) has also submitted comments on the draft EPA
report. CIRRPC is comprised of representatives from several agencies of the
executive branch of the federal government. Many of those agencies have
submitted comments on the draft EPA report. CIRRPC has compiled those
comments and forwarded them to the EPA. Some of those comments have
been supportive of the report. Others were not supportive. For instance, the
National Cancer Institute stated in its comments that: “Four staff members,
all well-versed in epidemiologic studies, reviewed the above document and
written comments are provided. All reviewers agreed that the human
epidemiologic data to date did not support the sweeping conclusions made in
the EPA document. In our judgment the conclusions presented remain
scientifically unsound and unnecessarily alarming.” :

It is not possible to predict what changes will ultimately be made to the draft
EPA report at the conclusion of this review process. In my opinion, however,
the draft EPA report should be treated as a secondary source that is still in the
process of review, and I give it little if any weight in my evaluation of the
epidemialogic data.
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C The Research on EMF and Adult Cancer

Dr. Cole, have you also reviewed the epidemiologic data on adult cancers?

Yes. The adult cancer studies include residential studies similar in design to
- the childhood studies, as well as occupational studies. '

The Adult Residential Studies
How many adult residential studies have been conducted?

Four adult residential studies have been conducted: Wertheimer and Leeper
(1982), Severson (1988), Coleman (1985, 1989), and McDowall (1986). The first

~ three of these are case-control studies, while the McDowall study is a

retrospective follow-up study. (I will discuss the retrospective follow-up
desxgn in my discussion of occupational studles )

What were the results of the aduli: residential studies?

~ Wertheimer and Leeper conducted a residential case-control study of adult

cancer in Denver very similar in design to their childhood study, and with
many of the limitations of that study. They reported a strong and consistent
relationship between the wiring code and adult cancers. The remaining adult
residential studies, including the case-control study by Severson in
Washmgton State, the Coleman study in London and the RFU study by
McDowall in East Anglia, England, reported no association between wiring
code, distance from power lines, or measured fields and adult cancer.

What do you conclude with regard to the residential studies of adult cancer?

With the exception of the early, flawed report by Wertheimer and Leeper, the
residential studies of adult cancer have been consistently negative for both
actual measured fields and for magnetic field surrogates. I conclude that these
studies provide no support for the hypothesis that EMF is associated with an
increased cancer risk in adults. ,
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The Occupational Studies

Please describe the occupaﬁona} studies of adult cancer and EMF.

The occupational studies use some form of occupational information, such as
a job title, as a surrogate for magneuc field exposure. For example, an

: :occupamnal study might categorize all electricians as “exposed” to EMF.

What types of study designs have been used in the occupational studies?
As I noted earlier in my testimony, the categories are: (1) case conirol studies,

(2) proportionate mortality ratio (“PMR") stud1es, and (3) retrospecuve follow-
up (“RFU”) studies. ;

Before discussing the individual study designs, are there any comments you

would like to make generally about the ocmpattonal studies?

Yes. The approach of using occupational information such as job titles has

hrmtaﬁons As noted, these studies might categorize all electricians as
“exposed “ to EMF. However, not all electricians will have exposure to EMF.

Those who do have exposure to EMF may also have exposure to industrial

~ chemicals, weldmg solvents, or other potentially carcinogenic agents. This

latter factor is an example of “confounding.” Potential confoundmg is
difficult to control in occupational studies, and i is a major limitation of those

studies.

Does failure to control for confounders effect your evaluation of the studies?

Yes. it effects the evaluation of the individual studies, and the body of
literature as a whole. If an individual study does not control for confounders,

~ less confidence should be placed in any associations that are reported, because

the researchers were not able to exdude other possible causes of the cancer.

The; failure to control for confounders also effects the evaluation of the body
of literature as a whole. The associations with cancers that have been
reported in the occupatzonal literature are not consistent. For example, one
study might report an increase in leukemia, but not in brain cancer, while
anather study might report an increase in brain cancer, but not in leukemia.
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‘surrogate of EMF exposure and cancer. It should be noted that the Thomas

It is possible that the workers in the first study had increased exposure to
benzene, which is known to cause leukemia in adults, while the workers in
the second study had exposure to some agent associated with brain cancer.
The inconsistent pattern of results in these studies is thus consistent V\Ilth
muitiple confounders operating in the various studies.

Have any of the occupational studies controlled for confounders?

Yes. Despite the difficulty of controlling for confounders in an occupational
setting, Thomas (1987), in a study of brain cancer, was able to distinguish
electrical workers who were exposed to only electric and/or magnetic fields
from electrical workers who had additional exposures. Thomas found no
increased risk of brain cancer in workers exposed only to electric and/or
magnetic fields, suggesting that exposure to EMF is not a cause of brain cancer.
The Thomas results suggest that confounding should be considered a
substantial factor in the evaluation of the occupational studies.

The Occupational Case-Control Studies

'Please describe the occupational case-control studies.

Similar in design to the residential studies, the occupational cas e—control
studies compare exposure histories of subjects with and without cancer to
determine the relative risk associated with the surrogate for EMF exposure
used in each study.

What were the results of the occupational case-control studies?

There have been 19 non-residential case-control studies which have
examined various indices of possible EMF exposure. These studies are
useful, but it must be borne in mind that the case-control design is a difficult
type of investigation to conduct. All of these studies have limitations and
many are flawed. One major limitation is that none of the studies included
measurements of EMF exposure. In addition, the men in these studies most
likely were exposed to known or suspected carcinogens. Nonetheless,
fourteen of these studies have reported some positive association between a

study, which did control for confounders, was a case-control study.
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Are you familiar with an occupational study by Matanoski?

Yes. I was a member of the advisory panel for the Matanoski work. There are
actually two studies by Matanoski, neither of which has appeared in the peer-
reviewed literature. The first, and larger, of the studies is a nationwide case-
control study of mortality in telephone line workers. The second is a
retrospective follow-up study of cancer incidence in telephone line workers,
limited to data from the state of New York.

What is your evaluation of the Matanoski study?

As with the Peters study, not enough information is available about the data
and design of the Matanoski to conduct an epidemiologic evaluation. The
preliminary results of which I am aware, however, suggest that Dr. Matanoski
observed 2-3 more cases than expected of male breast cancer amongst the New
York state linemen. I should emphasize that an individual study must be
evaluated in the context of the entire body of epidemiologic literature. When
evaluated in the context of the larger body of epxdenuologic literature, I view

 these preliminary results from the Matanoski study as positive, but non-

persuasive.

The Proportionate Mortality Ratio Studies

Please describe the proportionate mortality ratio studies.

The PMR occupational studies have evaluated the proportion of workers

' presumptively exposed to EMF who die from cancer. As noted above,

proportionate mortality studies generally relate to occupational titles found
on the death certificates of persons employed in occupations where the
researchers assume (without testing) that there was more exposure to EMF
than is experienced by the general population. A major limitation of PMR
occupational studies is that spuriously high PMR's can emerge if the exposed
workers have an overall mortality rate that is lower than that of the general
population. This is typically observed in occupational settings (i.e., the
"healthy worker" effect) and may yield the appearance of risk that is, in

reality, artificially inflated.

What were the results of the PMR studies?
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There are eight such studies and they are evenly divided between positive
and negative. The PMR studies, however, do not provide a reliable basis to
infer causality, principally because of the inherent limitations of such studies.
In this type of studies, slightly elevated cancer mortality rates are to be
expected due to the deficit of mortality that is typically observed among active
workers. The results of these studies are consistent with this expected
phenomenon and, as such, 1do not believe that the results of the
proportionate mortality studies are helpful in answering the question of
whether occupational EMF exposure is associated with cancer.

The Retrospective Follow-Up Studies

Please describe the retrospective follow-up studies.

In the RFU occupational studies, a group of subjects who presumably
sustained moderate to heavy exposure to EMF over a long period of time (e.g.,
5 - 25 years) are traced up to a recent point in time. The number of deaths
within the group from specific diseases of interest are then compared with the
number to be expected if they had died at the same rate as the general
population. In general, the principal advantage of RFU studies is that they
usually are not biased to a large degree. The prmcxpal disadvantage is that
they are typically prone to confounding and may be imprecise given the
relatively few deaths from any one particular cause.

While the retrospective follow-up studies are not without their problems and
limitations, they generally are considered to be the most valid form of
epidemiological research that has been conducted to address the question of

whether cancer is linked to EMF exposure. One of the limitations of the RFU
studies is that they evaluate EMF exposure using ]ob titles. In most other
ways (i.e., absolute measures of disease risk; superior, less arbitrary control
groups), hOWever, they are more reliable than are proportionate mortality
ratio or case-control studies.

What were the results of the RFU studies?

There have been 10 RFU studies and only one has reported positive results. It
is striking that virtually all of these studies are negative, a fact which provides
strong support against the hypothesis that EMF exposure causes cancer.

27




CONOU RGNS

Conclusion Regarding the Adult Cancer Studies

' What do you conclude about the epidemiologic studies involving power

frequency electric and/or magnetic fields and adult cancer?

‘The studies involving power frequency electric and/or magnetic fields and

cancer show weakly positive to zero or negative associations. The studies that
use the most acceptable design consistently have found no association
between EMF and cancer. I conclude that this body of studies does not
support the hypothesis that EMF is associated with adult cancer, and that the
best-designed and conducted studies provide strong support against that
hypothesx&

D. Condlusions Regarding the prdemlologm Research on EMF and
‘Cancer

Dr. Cole, do you have an opinion on the relationship between power
frequency electric and/or magnetic fields and cancer in humans?

Yes,Ido.

What is that opinion?

. Taken together, the epxdermolog:c reports fail to demonstrate any strong or

consistent pattern of association between EMF and cancer among human -
beings. Indeed, even among the positive studies, findings are not supported

by the internal characteristics of the data. The summation can only be that, to
- date, there is no demonstrated relationship between EMF and cancer in

human beings.

In your opinion, will persons residing near or otherwxse proximate to the
Woodbourne-Heaton 230 kV transmission line have an increased risk of
cancer from the electric and/or magnetic fields associated with that line?

Since I am of the opinion that EMF's have not been demonstrated to be

carcinogenic, I believe that the 230 kV transmission line poses no threat of
cancer to persons in its vicinity.
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A.

Does this conclude your testimony?

Yes.
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