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Changing Research Methods in
Environmental Epidemiology

David E. Lilienfeld

Abstract. The recent report of the epidemiologic study in Woburn, Massa-
chusetts has focussed renewed attention upon the methods used by epide-
miologists and other public health professionals in evaluating the health
impact of environmental exposures. Much attention has been given to the
statistical methods by which the data gathered in epidemiologic studies,
both observational and demographic, should be analyzed. Epidemiologic
methods have not been accorded as much attention, although the develop-
ment and validation of such techniques is vital to the progress of environ-
mental epidemiology. An annual meeting at which recent epidemiologic and
statistical methodologic advances would be discussed could greatly help the
epidemiologic community in quickly assimilating such knowledge. Less
emphasis has also been given to the means by which those data are collected
during the study. Several approaches to dealing with the problems faced by
environmental epidemiologists in collecting data are discussed, such as the
development of national population-based disease registries. The use of
such national data sets, such as the NHANES and NHDS data bases, are
also noted. An audit of the national vital statistics system is suggested,
insofar as it can serve as an indicator of sentinel health events. Similar
assessments of other national statistics systems, such as those maintained
by the Centers for Disease Control, are also needed.
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mental epidemiology, environmental health statistics, exposure assessment,

disease registries.

1. INTRODUCTION

The domain of environmental epidemiology, both
occupational and nonoccupational, has expanded
greatly in the past decade. The results of environmen-
tal epidemiologic endeavors have had a marked impact
on our society, to a degree unimagined by epidemiol-

ogists, statisticians and environmental engineers

twenty years ago (Lilienfeld and Lilienfeld, 1977; Lil-
, ienfeld, 1980; Lilienfeld, 1983; Susser, 1973). Consider
for a moment the importance of such work in the
Mansville bankruptcy or in the banning of various
chemical processes (Whorton, Krauss and Marshall,
1977; Whorton, Milby, Krauss and Stubbs, 1979; Tay-
lor, Selhorst and Calabrese, 1980). Without environ-
mental epidemiologic data, such events would not have
occurred.
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It should be remembered that environmental epi-
demiology is an inherently interdisciplinary pursuit.
It is difficult to imagine an environmental epidemio-
logic study that did not involve at least an epidemiol-
ogist, a biostatistician and an industrial hygienist. Of
course, other areas of expertise are usually required in
such a study. For instance, when studying the health
outcomes of an environmental exposure to dioxins, a
toxicologist is invaluable for focussing on the out-
comes of interest and for constructing biologically
plausible models of action.

Recently, several investigators at the Harvard
School of Public Health reported the results of an
investigation of the health effects associated with the
consumption of water contaminated with trichloro-
ethylene in Woburn, Massachusetts (Lagakos, Wes-
sen and Zelen, 1986). The study was notable both for
its findings, which included showing that a relation-
ship existed between consumption of the contami-
nated water and leukemia, and for its methods,
particularly the manner in which the investigators
estimated the amount of trichloroethylene that an
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individual had consumed. Unfortunately, the data in
the study were collected by individuals in the study
population, which likely biased the data (MacMahon,
1986; Whittemore, 1986). There were other methodo-
logic difficulties in this study, which have been ad-
dressed by MacMahon, Whittemore and other workers
in a recent issue of. the Journal of the American
Statistical Association (MacMahon, 1986; Whitte-
more, 1986; Rogan, 1986). Suffice it to say that one of
the reasons that the Woburn study attracted much
attention on the part of environmental epidemiolo-
gists was its investigator’s method of estimating who
had been exposed to what and when they were ex-
posed. Indeed, it is the assessment of exposure that is
the cornerstone of any environmental epidemiologic
study (Walker and Blettner, 1985; Landrigan, Melius,
Rinsky and Thun, 1985).

2. ADVANCES IN EXPOSURE ASSESSMENT

The most direct means of ascertaining exposure is
through measurements of the chemicals of interest to
which the individual is exposed (Blot and Fraumeni,
1986; Landrigan, 1983; National Academy of Sciences,
1985; Rinsky, Smith, Hornung, Filloon, Young, Okun
and Landrigan, in press). For example, in the occu-
pational environment, the epidemiologist usually must
rely on an industrial hygienist for information on
which jobs in a factory involve exposure to what
chemicals and at what level. An example where such
information was critical to the study design is the
recent investigation of the relationship between ben-
zene exposure and subsequent mortality from myelo-
genous leukemia in two plants in Ohio by Rinsky
and his colleagues at the NIOSH (Rinsky, Smith,
Hornung, Filloon, Young, Okun and Landrigan, 1987).
They were able to locate industrial hygiene data for
benzene exposure for all of the jobs at the plants. They
were therefore able to relate the dose of benzene
received with leukemia mortality among the plants’
workers. Their major finding was that workers ex-
posed to benzene at the upper limit of the current
OSHA standard of 10 ppm had a Standardized Mor-

tality Ratio of 4000. Without the industrial hygiene.

measurements, that finding would not have been
made.

I should note that Rinsky and his colleagues had to
manually locate each of the industrial hygiene meas-
urements on their own. This was a time-consuming
process, one that generally cuts down markedly on
the productivity of the environmental epidemiologist.
Frequently, these measurements are not even acces-
sible by the epidemiologist some thirty or forty years
(a typical latency period) after they had been made

(Armenian and Lilienfeld, 1983). During the past
decade, there have many advances in computer tech-
nology which may provide a cost-effective means by
which such data can be used. Our colleagues in phar-
macoepidemiology have made use of several prepaid
medical care and statewide Medicaid data sets to
examine the relationship between pharmaceutical use
and subsequent disease occurrence (Strom, 1987). The
pharmaceutical use, hospitalization discharge diag-
nosis and outpatient visit diagnosis data are routinely
collected by these health care delivery systems as part
of their billing systems. As these data are already on
a computer, all that the pharmacoepidemiologist must
do to collect his data to link the pharmaceutical use
with subsequent outpatient diagnoses or hospitaliza-
tion discharge diagnoses. There are, to be sure, many
caveats to this approach, such as validating diagnoses,
and so on (Shapiro, 1987). Nonetheless, there are
many advantages to it, as well, such as the low cost
and the fact that the data are not subject to the recall
biases present in many epidemiologic studies (Avorn,
1987). Environmental epidemiologists can easily adopt
this approach. For example, one major corporation,
General Electric (GE), has placed its industrial hy-
giene data on a computer. The GE occupational epi-
demiologists plan to link these data with mortality
data collected on an annual basis from the National
Death Index (NDI) and Social Security Administra-
tion records. Several other corporations have similar
efforts in linking industrial hygiene data which is
maintained on a computer and mortality data from
the NDI and Social Security Administration records.
Indeed, the First International Workshop on Data
Banks in Occupational Health was held in 1986 and a
second meeting is planned for October 1988.

An alternative approach to the issue of determining
exposure is the addition of occupational and residen-
tial information to the battery of data collected at the
time of enrollment into a prepaid medical care system,
such as Kaiser Permanente or other HMOs in the
United States. At the time of annual renewal, these
data could be updated. A standardized residential and
occupational history form could be used for obtaining
this data. An example of such a form has been devel-
oped by Swanson and her colleagues at the Michigan
Cancer Foundation (Swanson, Schwartz and Brown,
1985). An advantage to such a data collection scheme
would be the ability to examine the interaction be-
tween “environmental” exposures and pharmaceutical
ones. The recent work of Shapiro and his colleagues
in the International Aplastic Anemia Study, in which
the association between dipyrone and aplastic anemia
was found to be dependent upon the area of Europe
in which the study was conducted, illustrates the
importance of such a consideration (International
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Agranulocytosis and Aplastic Anemia Study Team,
~ 1986; Shapiro and Levy, 1986).

Another of the means used to assess exposure is the
amount of the chemical of concern present in an
individual’s blood. Those individuals with higher con-
centrations of the chemical are presumed to have had
a greater exposure to it than those with lower ones.
Unfortunately, there are few data sets in which blood
has been collected which is also available for use in an
environmental epidemiologic study. However, one
data set holds particular interest for the environmen-
tal epidemiologist: the National Health and Nutri-
tional Examination Survey (NHANES), which
collects information for a national sample of the
United States population at a given point in time
(Feinleib and Feldman, 1984; United States Public
Health Service, 1978). This information includes
serum levels of various chemicals. The potential uses
of this data set by the environmental epidemiologist
are seemingly endless. Of course, one of the big advan-
tages of the NHANES data set is that the data have
already been collected!

Recently, technology has been developed for the
quick assessment of subclinical neurotoxicity (Letz
and Baker, 1986). It will be used in the next cycle of
NHANES (NHANES III) (personal communication,
E. Baker). Similarly, new technology for exposure
assessment should also be added to the NHANES.
For example, during the past five years, x-ray fluores-
cence has been developed to the degree that if applied
to the tibia, one can estimate the body burden of
metals such as lead (Wielopolski, Ellis, Vaswani, et
al., 1986; Somervaille, Chettle and Scott, 1985).
Hence, rather than relying exclusively on such meas-
ures as the blood level of a given metal, which may
reflect recent exposures, the environmental epide-
miologist can use these estimates of metallic body
burden to evaluate the effects of long-term exposures
(Wielopolski, Ellis, Vaswani, Cohn, Greenberg, Pus-
chett, Parkinson, Fetterolf and Landrigan, 1986). As
other markers both of short- and long-term exposures

and of various health outcomes are developed, they -

too should be incorporated into these surveys (Harris,
Vahakangas, Autrup, Trivers, Shamsuddin, Trump,
Boman and Mann, 1985; Wogan and Gorelick, 1985).

3. DEVELOPMENTS IN MEASURING HEALTH
OUTCOMES

Much of what I have been discussing has concerned
exposure. Health outcomes are also of interest to the
environmental epidemiologist. The National Hospital
Discharge Survey, also collected by the NCHS on an
on-going basis, provides hospitalization rates for var-
ious diseases, ranging from pneumoconioses to aortic

aneurysms (Feinleib and Feldman, 1984; U. S. De-
partment of Health and Human Services, 1986). These
data are descriptive in nature; they can provide a
starting point for an epidemiologic discussion of such
diseases as aortic aneurysms or idiopathic dilated car-
diomyopathy that may be related to environmental
exposures but which are otherwise extremely difficult
to develop an epidemiologic profile for. The NHDS
data set can also be used for examining secular trends
in surgical procedure rates, which may reflect the
incidence and prevalence of diseases which are envi-
ronmentally related, although not currently thought
of as such.

Another system for evaluating trends is afforded by
the national vital statistics system. Mortality trends
and differentials can provide much insight into the
epidemiology of a given condition and suggest what
agents may be worthwhile investigating (Perlman,
Leaverton, Massé and Lafferty, 1982). Unfortunately,
this particular data system is in need of a “tune-up.”
Audits are needed at both the state and the national
level to determine what is the accuracy of death cer-
tificate cause-of-death statements and of other death
certificate data, such as occupation. The latter need
evaluation with regard to the demographic character-
istics of the physician and funeral director who have
completed the form. Analyses are also needed con-
cerning trends and differentials at the state and na-
tional levels of disease-specific autopsy data. These
audits and analyses are necessary to provide a base
for the epidemiologic use of the national vital statistics
system. In some cases, the last such analyses are at
least thirty years old and are, therefore, in need of
updating (U. S. Department of Health and Human
Services, 1982). An example of the need for such
updating is provided by our experience in Minnesota.
At the Minnesota Department of Health, mortality
statistics provide a basis for epidemiologic inquiry and
public health action. In the case of asbestos, for in-
stance, malignant mesothelioma mortality provides a
low-cost means of evaluating which regions in the
state may have had environmental exposures to as-
bestos (Lilienfeld and Gunderson, 1986a, 1986b). This

- information was important both in suggesting the

possible sources of a presumed exposure and in pin-
pointing which regions of the state would be in need
of increased health care as a result of that exposure
(cancer screening programs, as well as treatment). We
found that pleural malignant mesothelioma is mis-
coded as a cause of death; it is tabulated as lung cancer,
or as cancer of the thorax, not otherwise specified, or
as cancer, not otherwise specified. (This is the situa-
tion when a mesothelioma is listed on the death cer-
tificate.) It is doubtful that mesothelioma is the only
entity that is undercounted in the nation’s vital
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statistics register (Percy, Stanek and Gloeckler, 1981).
The audits would pinpoint which diseases are under-
counted and by how much and, similarly, for over-
counted conditions, by how much. A similar call for
an audit can be made for the data collection systems
run by the Centers for Disease Control (Seta and
Sundin, 1985). Environmental epidemiologists must
know, for example, what the quality of the CDC con-
genital defects data is before such data can be properly
interpreted.

The last methodologic suggestion that I have is for
the epidemiologic community to call for the develop-
ment of population-based disease registries. During
the past six months, the value of the SEER cancer
registries was seen when our symposium chairperson
reviewed SEER incidence data (Bailar and Smith,
1986). He and Smith were able to infer that the “war
on cancer” was not going well and needed some epi-
demiologic insights. Although the SEER program has
its difficulties, which are beyond the scope of this
discussion, it has also highlighted the importance of
having an available pool of diagnostically-confirmed
cases for retrospective studies. Unfortunately, case
ascertainment is one of the most difficult and expen-
sive tasks in an epidemiologic retrospective study. It
is even more of a problem in prospective ones. Even
though the start-up costs for such registries might be
high, the epidemiologic community (environmental
and nonenvironmental) will benefit greatly in the long
run with the lower costs of conducting epidemiologic
studies.

4. TRAINING INITIATIVES

Of course, with so many potential approaches to
environmental epidemiologic research, a question that
must be asked is: Who will do all of this work?
Unfortunately, space does not allow for a complete
discussion of the need for new training initiatives
in environmental epidemiology, including the devel-
opment of prebaccalaureate programs (Lilienfeld,
Garagliano and Lilienfeld, 1978; Lilienfeld, 1979;
Fraser, 1987). It would be useful to.have some discus-
sion of this need, both in terms of the demand and
the new programs needed to meet it. Suffice it to say
that the needed additional personnel are yet to be
recruited and trained. A related area is the need for
new forums for the presentation of research results
and, perhaps more importantly, discussions of the
current research directions in environmental health,
generally, and environmental epidemiology, in partic-
ular. Such discussions should extend to the current
programmatic priorities of the federal government,
particularly the agencies of the Public Health Service.
In this manner, advances can be incorporated into

these programs and the impact of the programs them-
selves greatly increased.

5. THE SOCIAL CONTEXT OF ENVIRONMENTAL
EPIDEMIOLOGY

Another area in environmental epidemiology that is
changing is the interface between it and the general
public. It is difficult to conduct an epidemiologic study
without public co-operation and participation. Gen-
erally, the public has been willing to support and
participate in epidemiologic studies. However, the
epidemiologic community has been so successful in
our research that the general public has come to expect
answers from us that we simply cannot provide. Also,
there is a movement afoot “in the land” for commu-
nities to conduct their own epidemiologic studies,
using community members as interviewers, data clerks
and so on (Legator, Harper and Scott, 1985). It is not
too difficult to see many “mini-Woburn” studies being
conducted in the not-too-distant future. Clearly, such
studies could produce much information about the
relationship between exposures and diseases that
would be uninterpretable. But the general public has
not been educated as to the reasons for this. I would
propose that the epidemiologic community embark
upon a concerned program of public education about
epidemiology, epidemiologic studies and what the
strengths and limitations are to the epidemiologic
approach to examining the health effects associated
with environmental exposures. A particular group for
which such a program would be beneficial is the press.
Environmental epidemiologists and the press are not
always on the best of terms with each other. Fre-
quently, I have found, this situation is the result of a
lack of familiarity by some members of the press with
epidemiology. The American Heart Association holds
an annual meeting with the press to review the year’s
developments in cardiovascular disease. Perhaps we
in epidemiology should do likewise.

Lastly, there is a need for marked reform in the

- federal Privacy Act. Recently, in Minnesota, several

epidemiologists were informed that at the conclusion
of 1986, their access to hospital records (even to
identify a physician who can be contacted to obtain a
patient’s consent to participate in a study) would cease
as a result of recent court rulings and increased liabil-
ity insurance costs (Russell, Bartels, Kappel and
Rhame, 1986). The interpretation of the current law
by the courts poses a great danger to much of the
epidemiologic enterprise in the United States and the
environmental epidemiologist is not immune to these
developments. As I had commented earlier when dis-
cussing disease registries, without access to cases, the
environmental epidemiologist will have a great prob-
lem in conducting much research.
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TABLE 1
Potential research resources in environmental epidemiology

1. Development of occupational and residential history
components in current HMO data sets
2. Utilization of existing population-based data sets
(“Piggyback”)
NHANES .
Corporate data sets, General Electric
3. Development of exposure assessment technology (tibial bone
lead amounts)
4. Utilization of national vital (and other health) statistics
system
Audit of national vital statistics system
Expansion of current set of data elements (occupation)
5. Development of disease registries
Population-based
National coverage

6. CONCLUSION

The areas of environmental epidemiologic endeavor
that I have discussed are summarized in Table 1. They
cover a wide variety of statistical data types. Mortality
and morbidity statistics, existing and future data sets
and traditional and newly developed techniques of
exposure assessment are all part of the changing land-
scape of methods used in environmental epidemiology.
In some instances, such as the development of disease
registries, the opportunity for implementing these
techniques is present. In a decade or two, legal and
financial restraints may not allow for such a develop-
ment. As for the addition of occupational and residen-
tial histories to other health data set components, the
time for such action is now. The data will then be
available when needed during the next decade or two.
Considering the methodologic advances that have at-
tended environmental epidemiology during the past
two decades, however, I am confident that many of
these research resources will be developed and ex-
ploited by the epidemiologic and biostatistical com-
munities.

ACKNOWLEDGMENTS

This research was supported in part by National In-
stitute of Environmental Health Studies Grants P30-
ES-00928 and K08-ES-00161.

REFERENCES

ARMENIAN, H. K. and LILIENFELD, A. M. (1983). Incubation period
of disease. Epidemiol. Rev. 5 1-15.

AVORN, J. (1987). Medicaid databases. Good epidemiologic prac-
tices. Pharmacoepidemiol. Newslett. 2 4.

BAILAR, J. C., III and SMITH, E. M. (1986). Progress against cancer?
New England J. Med. 314 1226-1232.

BroT, W. J. and FRAUMEN], J. F., JR. (1986) Passive smoking and
lung cancer. Editorial. J. Nat. Cancer Inst. 77 993-1000.

FEINLEIB, M. and FELDMAN, J. J. (1984). The NCHS and “Rainbow
Reviews.” Editorial. JJ. Chron. Dis. 37 679-680.

FRASER, D. W. (1987). Epidemiology as a liberal art. New England
J. Med. 316 309-314.

HaRrRIS, C. C., VAHAKANGAS, K., AuTruP, H., TRIVERS, G. E.,
SHAMSUDDIN, A. K. M., TrRumpP, B. F., BoMAN, B. M. and
MANN, D. L. (1985). Biochemical and molecular epidemiology
of human cancer risk. Pathologist and Environment Monograph
26 140-166.

INTERNATIONAL AGRANULOCYTOSIS AND APLASTIC ANEMIA STUDY
TEAM (1986). Risks of agranulocytosis and aplastic anemia. J.
Amer. Med. Assoc. 256 1749-17517.

LAGAKOS, S. W., WESSEN, B. J. and ZELEN, M. (1986). An analysis
of contaminated well water and health effects in Woburn,
Massachusetts. J. Amer. Statist. Assoc. 81 583-595.

LANDRIGAN, P. J. (1983). Epidemiologic approaches to persons with
exposures to waste chemicals. Environ. Health Perspect. 48
93-97.

LANDRIGAN, P. J., MELIUS, J. M., RINSKY, R. A. and THUN, M. J.
(1985). Approaches to the estimation of exposure in occupa-
tional epidemiology. In Risk Quantitation and Regulatory Policy.
Banbury Report 19 65-78. Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

LEGATOR, M. S., HARPER, B. L. and ScoTT, M. J., EDS. (1985). A
guide to the investigation of environmental health hazards by
nonprofessionals. In The Health Detective’s Handbook. Johns
Hopkins Univ. Press, Baltimore, Md.

LETZ, R. and BAKER, E. L. (1986). Computer-administered neuro-
behavioral testing in occupational health. Semin. Occup. Med.
1 197--203.

LILIENFELD, A. M. (1980). Advances in quantitative methods in
epidemiology. Public Health Rep. 95 462-469.

LILIENFELD, A. M. (1983). Practical limitations of epidemiologic
methods. Environ. Health Perspect. 52 3-8.

LILIENFELD, A. M., GARAGLIANO, F. and LILIENFELD, D. E. (1978)..
Epidemiology 101: The new frontier. Internat. J. Epidemiol. 7
377-380.

LILIENFELD, A. M. and LILIENFELD, D. E. (1977). What else
is new? An historical excursion. Amer. J. Epidemiol. 105
169-179.

LILIENFELD, D. E. (1979). Epidemiology 101: II. An undergraduate
prospectus. Internat. J. Epidemiol. 8 181-183.

LILIENFELD, D. E. and GUNDERSON, P. D. (1986a). Malignant
mesothelioma as a cause of death in Minnesota: A medical-
epidemiologic dilemma. Minnesota Med. 69 23-25.

LILIENFELD, D. E. and GUNDERSON, P. D. (1986b). The missing
cases of malignant mesothelioma in Minnesota 1979-1981:
A report. Public Health Rep. 101 395-400.

MACMAHON, B. (1986). Comment on Lagakos, Wessen and Zelen.
J. Amer. Statist. Assoc. 81 597-599.

NATIONAL ACADEMY OF SCIENCES (1985). Epidemiology and Air
Pollution. National Academy Press, Washington.

PERcY, C., STANEK, E. and GLOECKLER, L. (1981). Accuracy of
cancer death certificates and its effect on cancer mortality
statistics. Amer. J. Public Health 71 242-250.

PERLMAN, J., LEAVERTON, P. E., MassE, L. and LAFFERTY, M.
(1982). Selected international trends in mortality 1950-54 to
1970-74. In Environmental Epidemiology (P. E. Leaverton,
L. Massé and S. O. Simches, eds.) 37-48. Praeger, New York.

RINsSKY, R. A, SMITH, A. B., HORNUNG, R., FILLOON, T. G.,
YOuNG, R. J., OKUN, A. H. and LANDRIGAN, P. J. (1987).
Benzene and leukemia: An epidemiologic risk assessment. New
England J. Med. 317 1027-1029.

RoGaN, W. J. (1986). Comment on Lagakos, Wessen and Zelen. J.
Amer. Statist. Assoc. 81 602-603.

RUSSELL, A., BARTELS, D., KAPPEL, W. and RHAME, F. (1987).
Confidentiality of data coming from automated databases—
Legal and ethical issues. Pharmacoepidemiol. Newslett. 2
(1/2) 4.



280 D. E. LILIENFELD

SETA, J. A. and SUNDIN, D. S. (1985). Trends of a decade—
A perspective on occupational hazard surveillance, 1970-1983.
Morbidity Mortality Weekly Rep. 34 15-24.

SHAPIRO, S. (1987). Critique of computerized data. Pharmacoepi-
demiol. Newslett. 2 (1/2) 3.

SHAPIRO, S. and LEVY, M. (1986). Letter to the editor. Lancet 2
1033-1034.

SOMERVAILLE, L. J., CHETTLE, D. R. and Scort, M. C. (1985). In
vivo measurement of lead in bone using X-ray fluorescence.
Phys. Med. Biol. 30 929-943.

STROM, B. (1987). Academic uses of computerized online medicaid
pharmaceutical analysis and surveillance system (COMPASS).
Pharmacoepidemiol. Newslett. 2 (1/2) 3.

SUSSER, M. (1973). Causal Thinking in the Health Sciences. Con-
cepts and Strategies of Epidemiology. Oxford Univ. Press, New
York.

SWANSON, G. M., SCHWARTzZ, A. G. and BROWN, K. L. (1985).
Population-based occupational cancer incidence surveillance.
J. Occup. Med 27 439-444.

TAYLOR, J. R., SELHORST, J. B. and CALABRESE, V. P. (1980).
Clordecone. In Experimental and Clinical Neurotoxicology
(P. S. Spencer and H. H. Schaumburg, eds.) 407-421. Williams
& Wilkins, Baltimore, Md.

U. S. DEPARTMENT OF HEALTH AND HUMAN SERVICES (1982).
Vital Statistics of the United States, 1978. Mortality, Part A.
Section 6—Technical Appendix 2 6-3-6-217.

U. S. DEPARTMENT OF HEALTH AND HUMAN SERVICES (1986).
Detailed diagnoses and procedures for patients discharged from
short-stay hospitals, United States, 1984. Data from the Na-
tional Health Survey. Vital and Health Statistics, DHHS Publ.
(PHS) 86-1747, Series 13, No. 86.

U. S. PuBLIC HEALTH SERVICE (1978). Plan and operation of the
HANES I augmentation survey of adults 25-74 Years, United
States, 1974-1975. DHEW Publ. (PHS) 78-1314, Series 1,
No. 14.

WALKER, A. M. and BLETTNER, M. (1985). Comparing imperfect
measures of exposure. Amer. J. Epidemiol. 121 783-790.

WHITTEMORE, A. S. (1986). Comment on Lagakos, Wessen and
Zelen. J. Amer. Statist. Assoc. 81 609-610.

WHORTON, D., KRAUSS, R. M. and MARSHALL, S. (1977). Infertility
in male pesticide workers. Lancet 2 1259-1261.

WHORTON, D., MiLBY, T. H., KrAauUsS, R. M. and STUBBS, H. A.
(1979). Testicular function in DBCP exposed pesticide workers.
J. Occup. Med. 21 161-166.

WiELOPOLSKI, L., ELLis, K. J., VAswaNI, A. N., ConN, S. H,,
GREENBERG, A., PUSCHETT, J. B., PARKINSON, D. K., FETTER-
OLF, D. E. and LANGDRIGAN, P. J. (1986). In vivo bone lead
measurements: A rapid monitoring method for cumulative lead
exposure. Amer. J. Ind. Med. 9 221-226.

WO0GAN, G. N. and GORELICK, N. J. (1985). Chemical and biochem-
ical dosimetry of exposure to genotoxic chemicals. Environ.
Health Perspect. 61 5-18.



