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Dear Sir

This testimony relates to your Committee’s interest in the pubtic health aspects of
exposure to tricholoroethene (TCE) via vapor intrusion into indoor environmenits from
contaminated groundwater. | have had a long interest in the health effects of the
chlorinated ethyienes, TCE and its very close relative, PCE (fefrachlorcethylene), and
have authored numerous peer-reviewed epidemiological studies on these chemicals. |
have attached my Curriculum Vitae for your reference as to my standmg and
qualifications to give my opinions on this important matter.

TCE has been implicated in at least four kinds of adverse health effects: neurotoxic
effects (effects on the central nervous system); cancer; birth defects; and autoimmune
disease (scleroderma, lupus erythematosus and mixed connective tissue disease). For
historical reasons and force of circumstance much of the study of the effects of TCE on
human beings has taken p[ace in the occupational environment, raising the guestion as to
what effects might be expected, if any, at the substantially lower levels normally
encountered in an indoor air en\ﬂronment from vapor intrusion. While this is not an easy
question to answer, | have substantial concems a out effects even at these levels. This is
founded on two main arguments.

1. We have been studying the effects of PCE in drinking water for almost 15 years and
are able to see substantial increased cancer risks in these circumstances, which are
orders of magnitude lower than occupational exposures. Drinking water exposures within
homes come both from ingestion and air stripping and dermal absorption. The iatter are
roughly of the same order of magnitude as ingestion. The current MCL for drinking water
is 5 micrograms per liter. Thus allowing for a doubling of dose from air/dermal and a
consumption of 2 liters/day (a likely overestimate) this is a dose of 20 micrograms per
day. Since the average adult breathes approximately one cubic meter/hour. this
corresponds {roughly) to an indoor air exposure of 1 mmrogram!m The MCL s an old




standard based on outdated cancer rigk estimates. The proposed level of 5
micrograms/m” is thus not consistent with the current (now fairly old) water standard.

Howaver there is reason to believe the 10 risk level is considerably fower than
previcusly thought. To be health protective one normally uses the most conservative
estimates. | call your attention to work by Cronin et al." In this physiologically-based
pharmacokinetic model ("FPBPK model") account is taken of the actual physiological
processes of absorption, distribution and metabolism in animals and humans. Mice and
humans, for example, are built on the same "organization chart" of blood, brain, digestive
system, lungs, etc., but the extent to which the different "boxes" in the chart absorb,
distribute, exchange and metabolize TCE might vary from species fo species, The object
of the PBPK exercise is a better extrapolation of a representative response from mouse
to human by substituting the correct species-specific values for things like absorption
coefficients, rate constants, and other values ("parameters") that determine the details of
how TCE is handled in an organism.

A major difficulty with PBPK modeling is the paucity of information on two things: the
correct biologically effective endpoint to use (is it the peak concentration of the metabolite
TCA?, cumulative TCA?, the metabolite DCVC?, some DNA-adduct?, the metabolite
trichloroethanol?); and accurate determination of the parameters that describe important
physiological processes, like the rate of absorption or excretion in different species and
between different organs and tissues in the same species. Considerable uncertainty in
the correct parameter estimates can lead to very large differences in estimates of
biologically effective dose, and hence of dose-response modeling. The way parameter
uncertainties are currently handled is to incorporate a distribution of values in the model,
and then determine the impact on the dose estimate (so-called Monte Carlo modeling).
There is a wide range of legitimate estimates using PBPK models when coupled with the
Iinearized multistage model used by NYDOH. Cronin et al., for example, have estimates
as low as .02 micrograms/m3 TCE as the 1in 1,000,000 risk in air.

| note that the choice of a linearized multistage model, as used by NYDOH, is not the only
possible choice. Choosing another biologically plausible model for the dose-response
function can also result in a large variation in sstimated risks. These variations for
estimates of the risk of TCE in drinking water were investigated by Cothern, et al.? Four
different functional forms were used, including the one chosen by NYDOH (the muliistage
model), and the estimated risks compared. Cothern et al. note there are no biclogically
based criteria for choosing one model over another. The results are a dramatic example
of the effects of model choice It turns out that the NYDOH choice was one of the most
perrnsswe {in twe public health protection sense) compared to the least permissive, the
Weibull model” The difference in estimated risks among the modeis was almost a factor
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of 10,000, i.e., the Welbull model predicted risks from TCE in drinking water to be 10,000
times higher than the risks from the most permissive model.

2. My second line of argument relates to the kinds of health effects one might expect to
result from extremely tiny exposures. To summarize a longer argument, the effects are
just those where some kind of biclogical amplification of damage occurs. The classic
example is cancer, where a tiny alteration in the genstic program of the cell {the DNA
code) that makes a cell into a cancer cell is reproduced each time the cell divides. Thus
the original damage is biologically reproduced along with it and the offending tiny amount
of chemical need no longer be present. This is essentially the reason we believe there is
some cancer risk at every level of exposure. The dose response relation discussed above
tries to estimate the size of that risk at various exposures.

However, there are other biclogical systems where such intrinsic amplification might be
expected, among them the immune system {one need only think of bee stings and the
dramatic, sometimes fatal effect of tiny exposures); the nervous system (where tiny
signals are amplified into large responses); and human reproduction (where a entire

“organism comes from a single fertilized egg). Thus the health effects seen in
occupational environments are plausibly also present, although at a lesser frequency, at
much lower exposure levels as well.

There has been a huge volume of scientific work done on this enviranmentally prevaient
contaminant and these comments only highlight two considerations | though pertinent to
the question before your committee. | am attaching a table | did a few years ago of
epidemiologic studies of cancer and TCE/PCE. | hope you find it useful.

Please do not hesitate to get in touch with me if you have further questions. | regret that
my schedule does not permit me to appear before your Committee in person.

Sincerely yours

7
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David Ozonoff, MD, MIP’H
Professor of Environmental Health
Boston Uriversity School of Public Health




SUMMARY OF EPIDEMIOLOGICAL STUDIES
PERTAINING TO TCE, PCE AND CANCER*

REFERENCE = STUDY POPULATIONS STUDY RESULTS
' DESIGN
McMichael et - Rubber workers Retrospective  Leukemia in rubber
al., 1975 cohort workers exposed to several

Blair et al.,
1979

Kaplan, 1980

Olsson and
Brandt, 1980
Hardell, 1981

Katz and Jowrett,
1951

e A
eters, 1581

Duh and Asal,
1954

Barret, 1954

Hardell, 1954

330 deceased members of
laundry and dry cleaning
unien, St Louis

1597 drycleaners whose
principal exposure was

PCE

25 men admitted with HD, 50
matched controls

169 lymphoma cases, 338

‘confrols in Sweden

671 white female
drycleaning workers
who died in Wisconsin

Rarents 92 children with
brain CA < 10 yrs, 92
meatched controls in LA
Deaths from 1975-1981 among
laundry and drycleaning
workers in Oklahoma

235 deaths in TCE and
catling o1l exposed
workers

142 Ever cancers and 204
matched contrals in
Sweden

- mortality study

Proportional
mortality study
US population

Retrospective
cohort mortality
study

Case-control
study
Case-control
study
Proportional
mortality study

Case-control
study

Proportional
mertalily study

Cohort study

Case-control
study

solvents, including TCE

Relative excess total
cancers, Jung, cervix; slight
excesses in liver &
leukemia

Colon cancer (SMR 182)
plus elevations involving
small numbers for cancers
of the pancreas and
urinary tract and diseases
of the blood forming
organs

R solvents 6.6, 3 cases, no
controls exposed to TCE
OR solvents 4.6; OR TCE
4.8 .
Relative excess in deaths
trom cancer of the kidney
(unspecified site), with
smaller excesses in bladder
cancer, skin cancer and
Iymphosarcoma

OR = 2 for employment in
aircraft indusfry, 2 fathers
exposed to TCE

Elevated standardized
proportional mortality
odds ratios for respiratory
cancer and cancer of the
kidney

Naso- and cropharvix CA
(SMR 2.5)

OR solvents a~d primary
[iver CA 1.5
hepatocellular C4 2.)




Hernberg et
al., 1984

Shindell and
Urich, 1953

Brown and
Kaplan, 1985

Barret ét al,,
1985

Axelson et al,,
1986

Lagakosetal,
1986
Lowengart, et
al., 1987

Garabrant et al.,
1988

Hernberg, 1988

‘ Silverman, et
al., 1989
Sharpe, 1939

Fredrickszon,
etel, 1989

126 primary liver CA
from Finnish registry
1979-80; 324 hospitalized
controls with dx MI

2645 workers (productionr and
office} employed = 3 months
1957-1983 in plant where TCE
used as degreaser; some water
contamination at plant; £/ u to
1983

1597 drycleaners whose
principal exposure was
PCE, exposed > 1 vear
before 1960

Workers exposed to TCE
and cutting oils

Workers exposed to TCE
and PCE

Population of Woburn,
MA _

Parents of children with
leukemia

14,067 workers employed
= 4vrin aircraft plant
1958-1982

344 primary liver CA In
Finnish registry, 1976-
1978, 1981; 355 controls
with dx MI and 476
deceased stormach CA
confrols

Bladder cancer patients
in national study

164 kidnev €A, 161 non-
CA kidney discase
controls

Colon cancer pasents

Case-cantrol
study

Cohort study

Extension of
cohort study
reported in

Kaplan, 1980

Cohort study

Cohort study

Nested case-
control
Case-control
study

Cohort study

Case-coniral
stady

Case-control
study
Case-control
study

Cage-control
study

OR salvents 2.3

Decreased mortality from
all causes in workers
compared to national rates

Excess deaths from
malignant neoplasms,
cervical cancer, urinary
tract cancer {both bladder
and kidney)

Excess cancer of the naso-
and oropharynx

Slight excess incidence of
bladder cancer and
lymphoma

Leukemia OR=2.2 (1.5—
2.9}

Excess risk if parents
occupationally exposed to
TCE

INo excesses

OR solvents .6 men, 3.4
women

Excess risk in solvent-
exposed workers

OR solvents 3.4 {I'CE, PCE,
TCA and DCM most
commonly used)

Excess cancer in solvent-

cxposed workers




Olsen, 1989

Blair, 1990

Bond,. 1990

Lynge and
Thygesen, 1990

Mallin, 1990

Fagliano et al,,
1990

Vartiainen et
al.,, 1993

2610 white males
empioved = Iyrin
chemical company in LA
between 1936 and 1980;
f/u to 1981; plant made
PCE and other scolvents
2365 members of a
drycleaning union
emploved = 1yr betwveen
1945 and 19/7 followed
through 1978

44 liver CA from 6259
deaths in hourly workers
Dow Chemical 1940-
1982; random sample of
other deaths (1888) as
controls

10,600 Danish laundry
and dry cleaning
workers, followed for 10
vears from 1970; 1/4
worked in dry cleaning
but could not be
individually identified;
PCE, TCE and CFC
exposure

Town in NW Illinois

Residence in one of 42
towns in INJ

Residence in two villages

Cohort study

Retrospective
cohort
mortality study

INested case-
control study

Cohort study

Cross-secticnal

Cross-sectional,
TCE in town
waler

{ross sectional,
TCE exposure in
own waler;
comparison nat’l
Tates

Leukemia/ aleukemia SMR
4.9 (various types,
differing employment
histories) '

Increased mortality from
esophagus (SMR 2.1, black
men 3.5}, larynx (SMR 1.6),
lung (SMR 1.3), cervix
(SMR 1.7}, bladder (SMR
1.7), NHL (SMR 1.7), HD
(SMR 2.1), thyroid (SMR
3.3), high exposure to
drycleaning solvents,
blood CA {SMR 4.0)

- ORPCE1LS

xcesses in lung (1.2}, liver
(2.2) and pancreatic CA
(1. 7)

Bladder, RR = 1.7 male,

RR = 2.6 female
LeukemiaRR=14(1.1-
1.9} females, RR = 1.0 (.7 -
1.5} for males

Leukemia Town A, 1.2 (.8-
1.7), Town B .7 (4-1.1);
HD Town A, 8{.3-1.7),
Town B, 1.4 (7-2.5);

Liver Town \, 7(.3-1.4),
Town B, .6 {2-1.3}
Multiple myeloma Town
A, 70313 Town B, 6(2-
1.3)

NHL Tow A \3 1.1),
Town B, 1 L




Cohn et al,,

1994

Spirtas et al.,

1991

Aschengrau et

al.,

1953

Residence in one of 75
towns in NJ

6929 employees exposed
to solvents {include.
PCE) and TCE in aircraft

maintenance 1952-56

Permanent residents of 5

towns on Cape Cod, MA,

exposed to PCEin water

Crosg-sectional,

TCE exposure
in town water

Cohort
mortality

Case-contral

Leukemia RR =1.4 (1.1,
1.9} females, RR = 1.1 (.8,

1.4);
NHLRR=14(1.1,17)
females, RR =1.2(.9, 1.5
males

SMRs men

Buccal/pharynx .9 (.3, 2.1)
Esoph.1.1(4,2 3)
Stomach 9 (5, 1.5)
Colon 1.1 (.7, 1.6)
Rectum .6 (.2, 1 6)
Bil./liver 2. 0(9 3.9)
Pancreas .8 (.5, 1.4}
Larynx .3 (.0, 1.9)
Lung 1.0 (.5, 1.3)
Prostate .8 (.5,1.2)
Kidney 1.2 (.5, 2.4}
Bladder 1.4 (.7, 2.5)
Melanomal.0 (.3, 2.2)
Brain .9 (4, 1.7)
Bone 2.6 (.5, 7.7)
NHL 1.0¢. 5 1. 9

CHD.9(3,24)

Leukemia, .7 (.3, 1.3)
Mult. Myeloma 1.1 (.4, 2.6)
SNMRs women:

Colon 4{0 1.3}

1

Pancreas J { W, 2 9)

Cervix 2.2 2 ( 6
NHL29(87@

SMEBs PCE exposure, women

DA P R | S !'_‘1.(
Muit. myeloma 171 (2.1,
£1.6)

NHL 9.7 (1.2, 35.0)
Leukemia OR =83 {1.5-
45.3)

Bladder OR = 4.0 (.7-23.1)




¥

Axelson et al,, 1421 workers exposed ta TCE,  Cohort mortality

1994 1958-1987, biomontiored for
U-TCA

SIRs

Stomach .7 (.2, 1.6)
Colon 1.0 (4, 2.0)
Liver 1.4 (4, 3.6)
Pancreas .3 (.0, 1.4)
Larvnix 1.4 (2, 5.0)
Lung .7 (.3, 1.3)
Prostate 1.3 (.8, 1.8)
Testis 2.0, (.3, 2.5)
Kidney 1.2 (4, 2.5)
Bladder 1.0 (4, 2.0}
Skin 2.4 (1.0, 4.7)
NHL 1.6 (.5, 3.6)

CHD 1100, 6.0

Multiple myeloma .6 (0.0,
3.2)




Ruder et al,,

1994

1109 women, 392 men Cohort mortality

drycleaners, employed at least
1 yr. before 1960 at shop using
PCE follewed through 1590
{update Brown/ Kaplan)

SMRs PCE-only sub-cohort
(CI)

All1.01{(76,1.32)
Buceal 2 (\52,7.33)
Tongue ?.'25 [.Sb, 26.2)

Gsoph. 2.64 (72, 6.76)
Stomach 0

Colon 1 (132, 2.33)

Rectum O

Pancreas .73 (.09, 2.62}
Lung 1.12 (.61, 1.88)

Breast 1 (.36, 2.17)

Female genital 1.57 (.68,
3.1)

Male genital 89 (11 3.21)
Kidney 1.16 ( 6.45)
Bladder 0

Lymph/hem 49 (.06, 1.77)
SMRs PCE-plus sub-cohort
(CI)

ANl 1.33(1.13, 1.56)

Buccal 1.2 (.3, 3.6)

Tongue 1.8 (.0, 9.7)

Esoph. 1.9 (.7, 4.1)
Stomach.9 (.3, 2.0)

Colon 1.8 (1.1, 2.7)

Rectum 1.8 (.6, £.2)
Pancreas 2.1 (1.1, 3.6)
Lunghe‘:p 12{(817)
Breast 1.1 (.6, 1.9)
Female ﬂemLal 1.2
Male gefuta 9.
Kidney 1.6 (.3, 4.7
Bladder 3.5 (1.8,
Lymph/hem. 8 (.

(_)

(.6,
,2.0)




Anttila et al,,
1995

Henschler et
al., 1995

Mass DPH,
1997

Aschengrau et
al., 1995

2030 men and1924 women
who were biomonitored and
followed up between 1962 and
1992

169 men exp. to TCE at factory
working at least 1 yr. between

. 1856 and 1975, followed to

1992; control of 190 men at
same factory w/ o exposure to
TCE {no office workers)

19 leukeniia cases/ 37 conlrols,
Woburn Mal, 1969-5¢

255 breast cancer cassas and
686 controls, permanent
residents of 5 tuwwns on Cape
Ced, MA | exposed to PCEin
water

Cohort study

Cohort study

Case control

e

v
o

e conirol

SIRs PCE

Cervix 3.2(4, 12)
Kidney 1.8 (.2, 6.6)
Brain 1.2 {1, 4.2)

NHL 3.8(& 11)

SIRs TCE

Stomach 1.3 (8, 2.0)
Colon .8(.4,1.7)
Liver/bil. [1.9. IARC] (.9,
3.6).

Cervix 2.4 (1.1, 4.8)
Prostate 1.4 (7, 2.4)
Kidney .9(.3,1.9)
Bladder .8(.3, 1.9)

Brain 1.1 (.5, 2.1)
Lymp./hem. 1.5 (.9, 2.3)
INHL 1.8 (.8, 3.6)

HD 1.7 (4,50
Leukemia 1.1 (.3, 2.5)
Kidney 5IRs with 3
comparisons

11.2 (4.5, 23.00)Den. reg.
13.5(3.4, 27.9) GDR reg.

7.2, internal comparisen
SMRs

Lung 1.4 (.6, 2.9}

Kidney 3.3 (4, 11.8)

Brain 3.7 (1, 20,6}
Lymph./hem. 1.1 {.0, 6.1}
Leukemia OR with TCE
contam. water 2.4 (.54,
10.6), overall

OR w/ exp.inpreg. 8.3(7,
93]

OR 2 v before concep. 2.6

d TAY
(.5, T4}

OR p/birth 1.2 (.3, 3)
Breast CA OR7.8(.9,16.7),
% vrs latency and 90™M%




Blair et al,, Cohort of 7204 aircraft Cohort mortality Esophagus SMR 5.6 (7,
1998 maintenance workers{1952- study 44.5)
1990) exposed to TCE Stornach SMR .S (4, 1.9)

ColonSMR 1.4(.8,2.4)
Rectum SMR A (.1, 1.5)
Biliary /liver SMR 1.3 {,5
3.4)
Prim. liver SMR 1.7 (.2,
16.2)
Pancreas SMR 1.2 (.6, 2.3)
Lung SMR .9 (.6, 1.3)
Breast SMR 1.8 (.9, 3.3)
Cervix SMR 1.8 (.5, 6.5)
Prostate SMR 1.1 (.6, 1.8)
Kidney SMR 1.6 (5, 5.1)
Bladder SMR {5, 2.9}
Melanoma SMR 1.0 (.3, 3.1}
Brain SMR 8 (.2, 2.9
Endocrine SMR .7 (1, 5.4)
Bone SMR 2.1 (.2, 18.8)
Lymph./Hem. SMR 1.1 (.7,
1.5)
NHL SMR 2.0( (.9, 4.6)
Leukemia SMR .6 ((.3, 1.2}
HD SMR 1.4 (.2, 12)
Mult. myel. SMR 1.3 (.5,
3.4)

Morgan et al, 4733 aerospace workers Cehortmortality  RR from internal analysis

1998 exposed to TCE study

4
5

f

wi Cox prop. hazards,
cumn. high
Lymph/hemat. 1.03 (.59,
1.79)

Lymphoma .81 (.1, 6.49)
Liver 1.191{.34, 4.16}
Kidney 1.539 (.68, 3.71)
Bladder 2.71 (1.1, 6.63)
Prostate 1.35 (.75, 2.44]

; Owarian 7.09 (2.14, 23.54}
Vamvalkas et 58 kidney cancer cases and 84 Hospital-based Adi. ORs TCE/PCE 10.8
al., 1998 controls (accident wards} case-control study R336 34.75]




Paulu et al,, 326 colorectal CA, 252 fung Case control Adj. ORs

1999 CA, 37 brain CA, 37 pancreas Lune CA, 90t 3.7
CA, and controls, parmanent (1.0 181 - roem
residents of & towns on Cape 0,11.7) -
Cod, MA , exposed to PCE in Colorectal CA 1.7 (8,3.8) ever
weater exp. and 9 vrs latency

Crude OR

Brain .7 {0,3.4), ever exp., 9 yrs
latency

Pancreas I, ever exp. 9 vrs
latercy




Boice et al,

1999

77,965 aircraft manufacturing
workers potentiallv exposed

to TCE, PCE and CrV7, 1960-

1997

Historical cohort

SMRs (CL}/TCE, tbl 8

All B6 (76, .97
Buccal .93 (2, 1.4)
Esophagus 83 {34, 1.72)
Stomach 1.32 (77, 2.12;
Colon 1.07 (.72 1.32;
Rectum 1.29 (39, 245}
Liver .54 [,13 1.38;
Pancreas .41 {17, B5)
Laryr 1.1 (.3, 2.82]
Lung .76 {.6, .55}

Bone 1.44 (.04, 5.02)

Connec. Tissue .1.94 (.4, 5.67)

Melanoma .46 (25, 1.67)
Breast 1.31 (.53, 2.69)
Uterus 74, (.02, 3.57)
Cervix {0, 5.42)

Ovary .58 {01, 3.22}
Prostate 1.03 ( . 1.43)
Testis/ genital Q (Q, o.hl_}
Kidney 99 {4, 2.04)
Bladder 53 (.18, 1 28}
CNS (54 (.15, 1.37)
NHL 1.19 {.65, 1.52)

HD (2.77 (76, 7.1)

MM .91 (3, 1.59)
Leukemia 1.05 (.54, 1.84)
SMRs (CL)/PCE, thl &
All 89(.82, 38)
Buccal 43 (.2, 82}
ESOphaDuS B3 {49, 1
Stomach 78 (.48, 1.1 *-j:
Colon 1.05 {81, 1.33
Liver .52 ( l,
Pancreas .77 {
Larynx 35 1
T_ung B8 [._.7,_-", 1.
Bone .57 (.01, 3.

Connec. Tissue 1.21 {.3%, 2.832)

\Iel anoma 5’" f —19 1 &)
Uterus 31 (,01, l"l)
Cervix 0 (3 2.37)
Ovary .57 {.07, 2.07)
Prostate 1 {78, 1.2€)

-

Testis/ gerital 3.04 (1.12, 6.

Kidney .81 (.44, 1.36]
Bladder .85 (.49, 1.35)
NS .65 (38, 1.158)

NHL 1.02 (&8, 1.47;

HDD 16110 39, 3.511

MM 98 (53, 1.61)
Leukemia 1021 43’ 1.443)

63

)




Dosemici et al., 795 cases, 707 controls (both population-based  TCE OR
1999 population based, controls case-control for men OR 1.04 (.6, 1.7)
stratified for age and gender  kidnev cancer women OR 1.96 (1.0, 4.0)
PCE OR
men OR 1.12 (.7, 1.7)
women OR .82 (.3, 2.1)
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