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EXECUTIVE SUMMARY

INTRODUCTI ON

Origin and Purpose of Study

In the spri ng of 1984, the Minnesota Legi s 1ature authori zed fundi ng

for the Minnesota Department of Health (MDH) to evaluate the feasibilJ1y

of conducting community-based epidemiologic studies in the cities of New

Brighton and St. Louis Park (1984 Minnesota Session Laws, Chapter 654,

Arti cl e 5, Secti on 4, and H.F. 1318). In St. Loui sPark, si x of fourteen

municipal wells were removed from service between 1978 and 1981 due to

trace 1eve 1s of po 1ynuc 1ear aromati c hydrocarbons (PAHs). The contami nati on

is believed to have originated from the former operation of a creosote and

coal-tar distillation plant inSt. Louis Park. InNewBrighton, sixof

eight wells were modified or removed from service following the detection

in 1981, of low levels of several volatile organic compounds (VOCs),

primari 1y t ri ch 1oroethyl ene (TCE) and t ri ch 1oroethane (TCA). A maj or

source of the contamination is believed to be the Twin Cities Army

Ammunition Plant. Both sites have been ranked in the highest priority group

of federal Superfund sites.

The discovery of contaminated municipal wells in these communities

resulted in considerable concern among the residents that they may be at

increased risk of adverse health effects, particularly cancers, as a result

of their potential exposure to contaminated drinking water. Subsequently,

several efforts were made to examine available disease statistics to

determine whether a public health problem could be identified. These

efforts were not able to resolve community or scientific concerns, and the

possibility of large-scale community studies was considered. However, such
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epidemiologic studies can pose serious technical difficulties, often

require significant resources, and may be incapable of resolving specific

concerns. In light of these issues, the M~H undertook an l8-month

evaluation of the feasibility of conducting environmental epidemiologic

studies in these communities that would address health outcomes that may be

rel ated to well water contamination. The goal of this study was to develop

recommendations to the State concerning whether, or how, such studies

should be conducted. It was also the goal of this study to provide a more

general and socially useful assessment of the difficulties in evaluating

the human health impacts of long-term exposure to low levels of chemicals

present in community drinking water.

Some of the issues that were considered in this feasibil ity study

incl ude the following:

1. the avail abil ity and useful ness of exi sti ng morbi dity and morta 1ity

data;

2. the abil ity to estimate individual exposure to drinking water

contaminants (based on environmental and hydrologic data,

biological markers, tissue burdens, residence history, etc.);
,

3. i evidence on the biochemical, toxicological, and carcinogenic

properti es of identifi ed contami nants;

4. exi stence of hi ghl Y exposed subgroups withi n the communiti es that

coul d ser ve as senti ne1 popu 1ati ons for the enti re community;

5. the willingness of individuals, communities, industries, medical

provi ders and other agen.ci es to parti ci pate;

6. determination of potential epidemiologic study methods, their

advantages, and their costs; and

7. determi nati on of criteri a by whi ch to eva 1uate the feasi bil ity of

environmental epidemiologic studies of contaminated drinking water.
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In July, 1984, the Chronic Disease and Environmental Epidemiology

Section of the MDH, in consultation with faculty of the University of

Minnesota School of Publ ic Heal th, began the feasibi 1 ity study with the

goal of producing a final report with recommendations to the Legislature by

January, 1986.

Approaches Used in the Study

Severa 1 approaches were taken to eva 1uate the feasi bi 1 ity of

epidemiologic studies in the two communities.

1. A computeri zed 1 iterature search of appropri ate bi omedi ca 1 and

toxicological bibliographic databases was conducted to identify

publ ished reports pertaining to specific contaminant compounds,

health effects related to drinking water, and environmental

epidemiology in general;

2. Information relevant to this study was solicited from federal

agenci es, inc 1 udin g the En vir 0 nm e ntal Protee t ion Agency , the

Centers for Disease Control, and the National Institute of

Environmental Health Sciences;

3. Information was solicited from all fifty state epidemiologists

concerning efforts in their states to address health effects

re 1ated to waterborne en vi ronmenta1 contami nants;

4. Other agenci es withi n the state (local, state, and federal) were

contacted to determi ne the avai 1 abi 1 ity and qua 1 ity of vari ous

environmental, hydrogeologic, water supply and other engineering

data;
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5. All existing health-related information that had been generated as

a consequence of the contamination problem was identified and

revi ewed;

6. A special two-day workshop with national experts was held to

address issues rel ated to development of a model of historical

exposure to contaminants in drinking water. Many different areas

of experti se were represented by workshop parti ci pants (see

Appen di x A);

7. Additional review of cancer incidence data for St. Louis Park was

conducted, including a critical review by an outside expert in

statistical epidemiology; and

8. Outside experts in epidemiology and toxicology were asked to

review the final report.

Organization of the Report

This report consists of five sections which address the principles of

epidemiology and their application to the study of potential health effects

resulting from contamination of groundwater supplies. Section 1 provides a

brief ,sunmary of epidemiologic methods, how epidemiologic associations are

judged, and the kinds of data frequently used to describe health. A brief

overview is provided of the methods and findings of studies that have

examined water and health issues. Section 2 describes several non-

epidemiologic approaches for assessing potential human health risks from

environmental exposures. Section 3 outlines several major criteria for the

conduct of meaningful community-based epidemiologic studies of

environmental contaminants. Section 4 reviews available information

regarding the well water contamination in St. Louis Park and in New

Brighton. Information presented includes when contaminants were first
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detected, the nature and magnitude of the contami nati on, the possi bl e

sources of contamination, various aspects of the municipal water supply

that rel ate to potenti al community exposure, exi sti ng studi es and avail abl e

data that rel ate to community health, and the general environmental and

toxi co 1ogi c aspects of the contami nants. Secti on 5 out 1 i nes a seri es of

epidemiologic options for addressing potential health effects as a result

of well contamination in St. Louis Park and New Brighton. Proposal s for

studies or monitoring of both mortality and morbidity are provided, along

with discussion of study strengths, limitations, costs, and

reconmendati ons.
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FINDINGS AND CONCLUSIONS

Listed below is a summary of the major findings and conclusions of

this feasibility study. General findings are presented first, followed by

more specific findings for St. Louis Park and for New Brighton. Specific

recommendati ons ari si ng from these fi ndi ngs are presented elsewhere. The

Section(s) of the full report that refer to a particular finding or

conclusion are indicated in parentheses.

It is important to recognize that the findings and recommendations of this

study, although of some applicability to other or future situations of

water contamination, should not be interpreted as a statement of the

appropriateness of water quality criteria, the type of remedial actions

that should be taken to relieve water contamination problems, or the

acceptability of particular levels of risk arising from such

contamination. The scientific uncertainties in estimating human heal th

risks, the nature of the risks (cancer risks or other risks, voluntary or

in vol untary, etc.) aesthetic val ues, publ ic perceptions, and many other

factors are extremely pertinent to the water quality issue. The right of

a comm~ity to the best available water supply is a long established and

accepted principle of public health and should be viewed separately

from the issue of whether epidemiologic studies are warranted in particular

instances of water contamination.

General

1. There have been many published epidemiologic studies that have

attempted to examine cancer risks in rel ation to drinking water

source. Most of these studies have serious design limitations that

make interpretation of their findings very difficult. The major

flaw has generally been the absence of individual measures of
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exposure. Neither their findings nor their methodology serve as

useful models for St. Louis Park or New Brighton. (Section 1)

2. Severa 1 stud i es ha ve exami ned potent i a1 assoc i at ions between

particular health effects and contaminated well water. These

studies have varied widely in their assessment of exposure, general

study design, health outcomes examined, and many other factors.

For a variety of reasons, these studies have not shown clear

evidence of a causal association between water contamination and

adverse health effects. Neither can these studies rule out such an

association. (Secti on 1)

3. Major difficulties in almost all epidemiologic studies of

environmental carcinogens include (a) long latency periods for most

cancers; (b) 1 ack of informati on on rel evant exposures that may

have occurred many years or decades ago; (c) the existence of

multiple risk factors for most cancers; (d) multiple exposures to

potenti a1 carci nogens; (e) popul ati on mobil ity; and, (f) the need

for large study populations due to the relative infrequency of

sp~cific cancer types. (Secti ons 1, 3)

4. Quantitative risk assessment (bioassay) is a process for estimating

human cancer risks based on animal experiments. The basic premise

of this process is that substances that are carcinogenic in

experimental animals may also be carcinogenic in humans.

Mathematical models are used to extrapolate from high dose animal

exposures to low dose human exposures. A1 though there are many

assumptions and large uncertainties involved in this approach,

bioassay offers a practical and objecti ve means for identifying
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potential health risks. It is generally accepted that in the

absence of di rect epi demi 01 ogi c ev i dence of a hea 1th ri sk,

substances shown to be carcinogenic in experimental animals should

be treated as if they represented a carci nogeni c ri sk to humans.

(Section 2)

5. Current epi demi 01 ogi c met hods are not genera 11 y capab 1e of

identifying or validating the excess cancer risks that - are

typically projected from animal bioassays for environmental

exposure 1eve1s. These ri sks are common 1y expressed in terms of

the exposure level that would result in one additional cancer per

100,000 persons with 1 ifetime exposure (10- 5 risk level). Since

the cumulative lifetime cancer risk in the population is

approximately 30%, that one additional case would have to be

detected among the 30,000 other cases. (Secti ons 1, 5)

6. There appears to be a growing concern among the public that cancer

incidence is largely the result of chemical contaminants in

drinking water, ambient air, or other environmental media. One,

factor that has probably contributed to this belief is a

misunderstanding of statements made by scientists that a

significant portion of cancer incidence is related to environmental

factors. IIEnvironment ll in this sense should usually be interpreted

to mean all non-genetic factors, and includes significant lifestyle

characteristics such as smoking, alcohol consumption, type of diet,

reproduct i ve hi stor y, and occupat ion, in addi ti on to ambi ent

environmental exposures. The extent to which personal or lifestyle

factors contribute to occurrence of a particular type of cancer

varies, but may be extremely large (e.g., 90% of lung cancer and
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Figure E-l

30% of all cancer deaths are attri butab 1e to tobacco). An esti mate

of the proporti ons of a 11 cancer deaths that are attri butab 1e to

various factors is summarized in Figure E-l. It should be noted

that these estimates have a 1arge uncertai nty and are intended to

app 1y to the U.S. popu 1ati on in general. In parti cu1ar subgroups

of the population, these estimates would differ.
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PROPORTIONS OF CANCER DEATHS ATTRIBUTED TO VARIOUS FACTORS (DOLL AND PETO, 1981)
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The large contribution of Ilifesty1e" to many cancers does not imply

that society should be less vigilant about reducing or eliminating

exposures to identified environmental carcinogens (e.g., asbestos).

Another factor that may contribute to public concerns regarding cancer and

the environment is the lack of public knowledge regarding the natural

history of cancers. For example, it is not always understood that cancer

is not a single disease, but many different diseases with different risk

factors and generally long latency periods. Continuing efforts are needed

to inform the pub1 ic of the many issuesre1 ated to cancer and the

environment, including information on the known or suspected causes of

cancer, the magnitude of actual or potential cancer risks, and the methods

used to identify cancer risks (e.g., animal bioassays, cytogenetic tests,

and epidemiologic studies).

St. Louis Park-----

(Secti on 1)

A substantial amount of information has been generated in relation to

the water contamination that resulted in several well closings between

1978 and 1981 in St. Louis Park. This information includes environmental,

hydrogeo1dgic, water supply, and limited health data. In addition, much

general information is available regarding the environmental and

toxicological aspects of the contaminants found in the wells. The

fo1 lowing findings and conclusions are based on review of this information.

1. A valid contaminant-exposure model for use in epidemiologic studies

in St. Louis Park cannot be estab1 ished. That is, it is not

possible to classify individuals or residences within St. Louis

Park according to their relative degree of historical exposure to

PAH contaminants in drinking water. At the outset of this study,

it had been thought that a crude surrogate for exposure might be
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length of residency in St. Louis Park between 1947 and 1978.

However, neither this nor any other approach would avoid the

potential for serious misclassification of exposure. This

conclusion is based on the following factors: (Section 4)

a. The pattern and history of municipal well contamination in
St. Louis Park prior to 1978 are not known. The installation
dates for contaminated municipal wells range from 1947 to
1969, long after the beginning of operation of Reilly Tar and
Chemical Corporation (1917) and long after the first evidence
of contamination of the major bedrock aquifer (early 1930s).
Available information strongly suggests that the migration of
groundwater contami nants has been comp 1ex. It is a 1so
possible, then, that the history of well contamination was
complex, with some periods of well contamination and other
periods with little or no contamination. The net effect of
such variability, in addition to the effects of seasonal and
long-term variations in well use, is that over different
periods of time, it is possibl e that none, some, or most of
the St. Louis Park water supply was provided by contaminated
well s.

b. Additional insights into the history of contaminant migration
(and well contamination) might be gained by further computer
simulations using groundwater flow models developed for the
St. Loui s Park area by the U.S. Geol ogi ca 1 Survey. Such
efforts might require several years, and it could not be
known in advance whether these simulations would be capable
of establishing time periods in which specific wells were
likely to have been (or not have been) contaminated. The
val idity of computer groundwater flow models in predicting
historical contaminant migration is unknown.

c. Contaminant levels were measured at the well head, and it is
not known to what extent the usual water treatment, storage,
and distribution processes would affect contaminant levels at
the tap at various locations in the city.

d. Measurements of PAH residues in the water distribution system
would not likely serve as a useful index of cumulative
exposure. Much of the distribution syst~m was instal led many
decades ago when the use of asphaltic or coal-tar liners in
water mai ns was common in the U.S.

e. Pol yn uc1ear ar om at i c hYdroc arb 0 ns ( PAHs) are rap i d 1y
metabolized and eliminated from the body. They do not
accumul ate in human tissues; consequently, ti ssue resi dues
cannot be used to estimate historical exposures.
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2. It has long been estab 1i shed that certai n PAHs and PAH-contai ni ng

mixtures are potent animal carcinogens, capable of producing tumors

in most animal species tested by most routes of exposure.

Depending on the animal species used, the experimental conditions,

and the specific PAH, tumors can be produced in many different

tissues. Although PAHs corrmon1y produce tumors in rodents at the

site in which intake occurs (stomach, lungs, skin), some can also

produce tumors at remote body sites, such as mammary gl ands.

(Section 4)

3. PAHs are produced from most combustion processes and are ubiquitous

in t he en vironment. The genera 1 popu 1ati on is exposed to PAH in

the air, in foods and beverages, and in drinking water. Smoking

and certain occupational settings produce significant additional

exposures. Estimates of PAH intake in the general population

indicate that foods are the primary source of exposure to

carcinogenic PAH. It is probable that exposures from food would

significantly exceed exposures from contaminated St. Louis Park

well water. Exposure to carcinogenic PAHs wou1 d a1 so be much

greater through smoking than through contaminated well water. For

noncarcinogenic PAH, however, consumption of water with PAH levels

found in the most highly contaminated wells could equal or exceed

estimated intake from food sources. Since some noncarcinogenic PAH

can act as "promoters" of carcino~enesis, while others have no

effect or even act as inhibitors, the significance of increased

exposure to noncar'cinogenic PAH is not clear, but cannot be

di scounted. (Secti on 4)
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4. Cancer incidence data for the Minneapol is-St. Paul metro area are

available from a national survey conducted in 1969-71.

Examination of these data in 1979 indicated that none of the forty-

five types of cancer analyzed were elevated in men who resided in

St. Louis Park at the time of diagnosis. Among women, however,

elevated cancer incidence rates were found for several types of

cancer, as well as for all cancers combined. The largest excess

was for breast cancer (45% higher than the Metro area). The

finding of elevated breast cancer in St. Louis Park in conjunction

with the ability of several PAHs to induce mammary and other tumors

in rodents raised both public and scientific concerns, and led to

additional efforts to examine this issue. Evaluation of this issue

requires recognition of the fol lowing factors:

a. The specific PAHs that have been shown to induce mammary
tumors in rodents were either not present in contaminated
wells or were detected very rarely even in the most highly
contaminated wells. In general, the level of carcinogenic
PAH in contaminated wells was relatively low in relation to
other environmental levels (atmospheric and dietary). These
other sources of exposure to PAH woul d ha ve to be estimated
and taken into account before attributi ng effects to PAH in
water. (Section 4)

b. The many publ ished case-contrel and cohort studies of breast
cancer have not demonstrated clear evidence of an association
between breast cancer and smoking (a substantial exposure to
PAHs and other compounds occurs from smoki ng).

c. Epidemiologic studies of breast cancer have identified a
number of risk factors that account for some of the observed
variations in rates among different groups of women. The
popul ation in St. Louis Park differs from that in the general
Met ro area wi th res pect to sever a 1 of the f actors that are
known to i nfl uence breast cancer rates. Pre vi ous efforts by
the MDH to determine the extent to which these known risk
factors account for the observed excess of breast cancer in
St. Loui s Park are not concl usi vee (Secti ons 4, 5)

E-13



EXECUTIVE SUMMARY

d. Epidemiologic evidence to date linking consumption of high­
PAH foods with gastrointestinal cancer is weak. However,
smoking and intense occupational exposures to PAH-containing
mixtures have been strongly associated with a variety of
human cancers, including lung, esophageal, kidney, bladder,
and skin. (Section 4)

e. There are many known factors (e.g., selenium, certain
vitamins and other dietary constituents) that are powerful
inhibitors of PAH-induced carcinogenesis (including mammary
carcinogenesis) in animals. The extent to which these
factors might affect PAH-induced carcinogenesis in humans is
unknown. (Sect; on 4)

f. Although effects of mixtures of PAH compounds are generally
assumed to be addi ti ve, synergi sti c or antagoni sti c effects
cannot be ruled out. In experimental systems, co­
carcinogenic, promotional, synergistic, additive, and
antagonistic interactions have all been observed. (Section 4)

g. Studies of radiation exposure, an established initiator of
breast cancer, suggest that there is along 1 atency period
(at 1east 10 years) between onset of exposure and di agnosis
of disease. Latency periods for most other cancers are also
typically 10-30+ years. Thus, breast (and other) cancer
cases observed in St. Louis Park in 1969-71 may be rel ated to
events that occurred several decades earl i er. (Secti ons 1, 4)

In 1 ight of these and the other findings noted above, it does not

appear 1i kel y that the observed excess of breast cancers in St.

Louis Park in 1969-71 could be related to water contaminants.

Nevertheless, further definition of this issue would be useful to

determine whether this excess was a result of normal statistical

variability; whether an excess rate still exists or has increased;

whether any other cancer rates have increased or decreased; and,

if an excess does exist, the portion of the excess that could be

accounted for by known risk factors. Some of these important

unknowns could be addressed by further study or epidemiologic

monitoring; however, it is very unl ikely that any type of study

would be capabl e of directly addressing the health impact from

contaminated wells.
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5. Employee data provided by Reilly Tar and Chemical Corporation

showed that the vast majority (> 80%) of thei r St. Loui sPark

employees between 1950 and 1972 were employed for less than five

years. The average duration of employment was slightly over three

years. This observation, along with the small number of workers

invol ved «800) over this time period, suggests that a study of

Reilly workers as a more highly exposed subgroup would have little

power to detect important increases in cancer rates. Furthermore,

it would not address the issue of breast cancer in women.

(Secti ons 3, 4)

6. There appears to be little basis for expecting health effects other

than cancers to resul t from low 1evel environmental exposures to

PAH. (Secti on 4)

New Brighton

There is a considerable and growing body of information concerning the

well contamination problem in New Brighton. Information includes well

monitoring, hydrogeologic, water supply, and some mortality data. There is

also much available information regarding the general toxicological and

environmental aspects of the contaminants. The findings and conclusions

below are based on this information.

1. The development of a valid exposure model for epidemiologic studies

in·New Brighton is not currently possible. That is, it is not

possible to classify individuals or residences on the basis of

historical exposures to water contaminants. This concl usion is

based on the following factors: (Section 4)
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in ground water suppl ies in Minnesota as well as in the U.S.

(Secti on 4)

EXECUTIVE SUMMARY

Based on carcinogen bioassay data,

E-16

a. The history of municipal well contamination prior to 1981 is
not known. Install ation dates for contaminated well s range
from 1955 to 1971. Avail able information suggests that many
of the likely sources of contamination are located within the
Twi n Citi es Anny Ammuniti on Plant (TCAAP). Thi s facil ity was
put into operation in the early 1940s. The six municipal
wells initially found to be contaminated are in close
geographic proximity to each other, and (in 1981) were all
drawi ng water from essenti all y the same bedrock aquifer.
These six wells provided the vast bulk of the yearly
municipal water pumpage in New Brighton back to at least
1971.

b. Additional insights into the history of contaminant migration
(and the onset of well contamination) could probably be
gained by further computer simul ations of groundwater flow
and contaminant transport using models developed for the New
Brighton area by the Minnesota Pollution Control Agency. The
val idity of computer groundwater flow models and contaminant
transport models in predicting details of historical
contaminant migration is unknown.

c. Contami nant 1eve 1s were on 1y meas ured at the well head, and
it is not known to what extent water treatment, storage, and
distribution processes would affect contaminant levels at the
consumer tap at various locations within the city.

d. Volatile organic compounds (VaCs) found in New Brighton wells
are rapidly metabolized and eliminated from the body; they do
not persi st or accumul ate inti ssues. Consequent 1y, ti ssue
burdens cannot be used as a measure of historical exposure.
(However, vac levels in expired air or VOC metabolites in
urine can be used to monitor current or very recent
expos ures.)

very slight. In contrast to several PAH compounds, studies to date

have shown that these compounds are very 1imited in their abil ity

to induce tumors in animal s.

2. The contaminants found in New Brighton wells (TCE, TCA, among

others) in 1981 are among the most cOlTlnonly detected contaminants

3. Carcinogenic risks from exposure to environmental level s of the

major contaminants in New Brighton wells (TCE, TCA) appear to be
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metabolic data, mutagenicity assays, and limited epidemiologic

data, it appears unlikely that an observable increase in cancer

would result from exposures to low (parts per billion) levels of

these compounds in water. (Secti on 4)

4. Overall cancer mortality for New Brighton over the five-year period

1976-1980 did not differ from expected mortality, based on Metro

area or statewi de rates. (Secti ons 4, 5)

5. TCE, TCA and DCE (dichloroethylene) have not produced significant

teratogenic or other reproductive effects in animal studies.

(Secti on 4)

6. VOCs such as TCE and TCA are widely used in many industries, and

are found in a number of consumer products. They have become

widespread environmental contaminants and can be found in the air,

water, and in some foods. In urban areas, atmospheric as well as

indoor concentrations for individual VOCs are commonly in the

microgram per cubic meter range, resulting in a daily uptake that

may be comparable or greatly exceed uptake from consumption of

contaminated well water. Occupational exposures can be many

orders of magnitude greater than general population exposures.

Thus, additional significant exposures, other than drinking water,

would have to be evaluated in epidemiologic studies involving these

compounds. (Secti on 4)

7. Levels of VOCs in several production wells at TCAAP were much

higher (10-100 fold) than in New Brighton municipal wells. This

suggested the passi bil ity that employees at TCAAP mi ght represent a

subgroup with higher exposures. General information about the
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number of employees, periods of employment, etc., were solicited

from the two largest contractors at TCAAP -- Honeywell Corporation

and Federal Cartri dge Corporati on. Discussi ons with Honeywell

representatives suggested that it would be difficult to construct

an occupational cohort with sufficient definition of exposures and

with sufficient person-years of experience to allow reliable

detection of increased mortality rates. Federal Cartridge

Corporation did not provide any information concerning their

employees during the time this study was conducted. Consequently,

the suitability of this employee group as a useful sentinel

population could not be assessed. However, it does not appear that

a study of TCAAP employees would offer useful insights into

potential community health issues due to the following factors:

(a) occupational studies of other worker populations exposed to

these VOCs have not to date shown increased health risks; (b) the

TCAAP employee popul ation would differ from the general New

Brighton population in many important respects (e.g., age and sex

di,stri buti on, general health status) that woul d make any fi ndi ngs

difficult to extrapolate; end (c) the size of the employee

population and the period(s) of employment would probably be too

small to detect even modest elevations in risk. (Sections 3, 4)
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RE CO MME NDATI ON S

Specific information is presented in this report concerning the

feasibility of community-based epidemiologic studies in St. Louis Park and

New Brighton. The finding of contaminated municipal wells in each of these

communities raised public concerns over potential adverse health effects.

Such studies would address the question of whether there is an excess risk

of adverse health effects in these communities that could be attributed to

contami nated dri nki ng water. The foll owi ng recommendati ons are based on an

18-month intensive review of available information regarding the

contami nati on probl em in these communi ti es and on general 1y-recogni zed

strengths and weaknesses of available epidemiologic methods.

General Recommendation

A statewide cancer surveillance system should be instituted to enable

the systematic collection and analysis of cancer incidence data.

There is considerable societal concern over cancer, especially in

relation to potential environmental factors. The water contamination

problems and resulting public concerns in St. Louis Park and New

Brighton are certainly not unique to these communities. Similar

situations have occurred elsewhere in the state, and will continue to

occur in the future. Public health agencies are increasingly being

ca11 ed upon to respond to the concerns of envi ronmentally-rel ated

disease. The availability of statistical data on cancer incidence

deri ved from a survei 11 ance system, in additi on to many other uses,

would permit the state to respond to these issues more completely,

efficiently, and in a more scientifically-useful manner. A cancer

surveillance system would collect data on newly-diagnosed (incident)
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cancer cases and would permit routine monitoring of the rate of cancer

occurrence in the population. This information is quite different

from cancer mortality and is of greater value when attempting to

identify causative factors. (A feasibility study of a state cancer

surveillance system was mandated by 1981 Session Laws, Chapter 340 and

cOOlpl eted in December, 1985). Since it is not known how long wells

were contaminated in these communities, or to what extent contaminants

were present at the consumer tap, the monitoring of cancer inci dence

should continue for a sufficient period of time (many years and

perhaps decades) to account for the long latency of many chronic

di seases.

Recommendations - St. Louis Park

1. Existing state-collected mortality data should be monitored for possible

excesses and/or time trends that are suggestive of an existing or emerging

public health problem in this community.

E-20

unusual trends of disease, which would provide the focus for any

themselves, would not be able to identify the actual causes for

It should be noted that such analyses, in and of

The State routinely collects mortality data and it would be

relatively inexpensive to monitor these data for any excesses or

trends in causes of death. Although there are limitations to

mortality data, and their findings must be interpreted cautiously,

they can provide useful insights into the mortality experience of a

population. Analyses of mortality could identify, for example,

observed patterns.

future study.
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2. The need for additional epidemiologic monitoring or detailed studies

will depend on the observed patterns of cancer mortality and on the

implementation and findings of a statewide cancer surveillance program.

Data from the Third National Cancer Survey in 1969-71 indicated

that the overall cancer rate was el evated in St. Loui s Park women

compared to the Metro area. The greatest excess was for breast

cancer. No cancer sites were found to be elevated in men. Several

i nterpretati ons of these fi ndi ngs are possi bl e, i ncl udi ng normal

statistical variability and a higher prevalence of established cancer

risk factors in the St. Louis Park population. It is not known if, or

how, breast cancer or other cancer rates in St. Louis Park have

changed since the time of the 1969-71 survey. As an example, several

scenari os are possi bl e wi th respect to breast cancer rates. Some of

these possibilities are shown Figure E-2 below. These scenarios have

different public health implications, and it is important to determine

whether any changes in cancer i nci dence have occurred. Such

information would be provided by a statewide cancer surveillance

systelTJ. If such a statewide system is not implemented, a specific

effort will be required to update the cancer incidence in St. Louis

Park.

The need for, and the design of, additional analytic studies

(case-control or cohort) will depend on trends or patterns observed

from the monitoring of mortality and/or cancer incidence. . This would

apply to any population in which disease surveillance data were

available. If, for example, breast cancer incidence in St. Louis Park

has remained high or has increased, there would be substanti al

justification for undertaking further epidemiologic study to identify
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Figure E-2

FOUR POSSIBLE SCENARIOS OF BREAST CANCER RATES IN ST. LOUIS PARK
1969-71 TO PRESENT

d
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1969-71 1984-86a:I
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a =Rate has remained comparable to Metro area; previous excess
probably explained by statistical variation

b = Rate has remained constant and elevated

c = Rate Increased further after 1969-71 • but has returned to
previous level

d = Rate has continued to increase since t 969-71

the factors associated with the increased risk. Since cases would

already have been identified by cancer surveillance, a case-control

study would represent the most cost-effective approach. Although it

is unlikely that a case-control study could directly resolve the water

contamination question (due to the lack of a valid exposure model), it

could reveal the extent to which other known risk factors account for

the breast cancer rate and would have considerable public health
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value. Due to their enormous expense, time requirement, and social

invasiveness, cohort studies of the entire community. should not be

considered unless the following conditions are satisfied:

a. There are unambiguous findings of a statistically significant

excess of disease in the community;

b. Further information becanes available that permits assessment of

i ndi vi dua 1 expos ures to water contami nants. Thi s woul d i nvo 1ve

additional efforts (i) to develop or refine computer models of

groundwater flow, contaminant transport, and the water

distribution system, and (ii) to define the relationship between

contaminant levels at the well head and at the tap; and

c. Other significant sources of exposure to the contaminants (e.g.,

ambient atmosphere, foods, many workplace environments, various

consumer products) can be assessed and taken into account.

Community-based epidemiologic studies in New Brighton are not

justified :at this time based on existing information.

In response to requests from state officials following

identification of well contamination, the Minnesota Department of

Health in 1983, conducted an analysis of cancer mortality in New

Brighton for the five-year period 1976-1980. This study found that

the number of observed cancer deaths among New Bri ghton resi dents was

essentially identical to the number expected, based on Metro area or

state rates. Specific types of cancer that are of conceivable

interest (e.g., liver cancer) are exceedingly rare in the population
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and cannot be meaningfully studied in populations of this size. The

low and variable number of reproductive events (e.g., births, fetal

deaths, infant deaths) in New Brighton, in addition to other technical

difficulties, prohibits a meaningful examination and interpretation

of adverse reproducti ve outcomes. Although sci entific uncertai nty

still exists, the weight of the available evidence (toxicologic and

epi demi 01 ogi c) suggests that observabl e human ri sks of cancer or other

adverse heal th outcomes are not 1i kel y to be associ ated with 1ow-l evel

environmental exposures to the major contaminants identified in New

Bri ghton we 11 s •

Finally, it is not currently possible to determine the magnitude

or durati on of actual exposure to water contami nants at the tap, or to

distinguish these exposures from other major sources of individual

exposure (outdoor air, indoor air, food, consumer products, and

occupat i on) •

In light of the available information and the costs, social

intrusiveness, and probable yield of community-wide epidemiologic

studies, such studies are not scientifically justified at this time

and are not recommended. More intensive epidemiologic monitoring or

special studies of mortality or cancer incidence is not required at

this time. Routine monitoring of future cancer occurrence among New

Bri ghton resi dents through a statewi de cancer survei 11 ance system,

when available, will be sufficient.
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1. EPIDEMIOLOGIC APPROACHES TO THE STUDY OF HEALTH EFFECTS OF
CONTAMIIltATED DRINKING WATER

BAS IC PRINCIPLES OF EP IOEMIOLOGY

Epidemiology is the scientific discipline which examines the patterns

of disease in human populations and attempts to identify etiologic

(causati ve) factors associated with these patterns (Lil ienfeld. and

Lilienfeld, 1980). Epidemiologic methods have been particularly effective

in the description and subsequent identification of etiologic factors

associated with infectious diseases. More recently, epidemiology has

focused on non-infecti ous di seases, such as cancer and heart di sease, that

have become the major causes of death. Currently, much emphasis is being

p.l aced on epidemiology to provide answers regarding potenti al human heal th

e f f e c t s from en vir 0 nmen tal con tam ina t ion. The s t r engtho f the

epidemiologic method is that it is a means of directly assessing the risk

of environmental agents to humans. The major weakness is the dearth of

adequate exposure data through time from which estimates of risk are

determine9. Without adequate exposure data much rel i ance is pl aced upon

animal experimentation and extrapolation to humans. This section provides

a brief overview of epidemiologic principles and reviews the usefulness of

mortality and morbidity data as measures of health.

There are two basic measures frequently used by epidemiologists to

describe health (or disease); (1) mortality, and (2) morbidity. Indirect

measures such as biochemical and chromosome tests have been proposed as

potential indicators of human health, but, to date, these measures are not

sufficiently predictive of subsequent adverse health outcomes to be useful

in epidemiologic studies. As a result, most epidemiologic investigations
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make use of morbidity and/or mortality data to determine associations

between di sease and putati ve ri sk factors.

It is important to note that correlational-type studies, which simply

compare mortal ity or morbidity rates in popu1 ations where there are

temporal or geographic differences in levels of environmental contaminants,

do not provide information on causality. Epidemiologic studies using

either the case-control or cohort techniques in which individual measures

of exposure and di sease are determi ned (to be di scussed) provi de better

evidence for exposure/disease associ ations. Regard1 ess of study type, an

epi demi 01 ogi c study cannot prove that an association between exposure and

disease does not exist. The evaluation of negative findings from an

epidemio1gic study requires consideration of many factors, such as

statistical ability of the study to detect an association of a given

. magnitude (i.e., study power). Negative epidemiologic results are often

considered applicable only to the popu1 ation under study.

Scientific uproofu of a cause-and-effect re1 ationship cannot be

obtained from an epidemiologic study. However, as a practical matter,

exp 1 i ci t or imp 1 i ci t j ud gments of caus a1 ity are frequent 1y deri ved from

such st,udies, and strongly influence public health policy. Therefore, it

is important to consider epidemiologic findings from a variety of

perspectives. Epidemiologists have not established hard and fast rules for

determining when a positive association should be considered a cause-and­

effect re1 ationship. Different experts stress different factors in

evaluating associations and not all agree that certain items are indeed

useful (Hill, 1965; Li1ienfe1d and Lilienfe1d, 1980). However, certain

guidelines do frequently appear in discussions of causal relationships, and

these are discussed below.

1-2



F--

(1) Strength of the associ ation. The more strongl y an exposure is

associated with some disease, the more likely it is that the exposure

causes the disease. The strength of the association is often expressed

quantitatively as the "re l ative risk," which is defined as the ratio:

Rate of disease among those exposed
Rate of disease among those not exposed

As an example, smokers are ten times as likely to develop lung cancer

than non-smokers (relative risk = 10). This greatly elevated relative risk

makes it much less likely that some other variable (confounder) overlooked

by the investigator is actually responsible for the association. A very

lfYtJ relative risk would have a greater probability of resulting from some

study bias or confounding factor. Monson (1980) describes several

categories of relative risks in the following terms.

Relative Risk Strength of
Association

1.0 - 1.2 None

1. 2 - 1.5 Weak

1.5 - 3.0 Moderate

3.0 - 10.0 Strong

10.0 I nfi nite

Although a strong association is very suggestive of a causal

relationship, a weak association is much less convincing evidence that the

association is causal. However, weak associations do not necessarily argue

against a causal relationship.

(2) Consistency. An association consistently found by different

investigators, in different populations, and/or in different geographical

areas is more 1 ike 1y to be caus a1. A1though the many stud i es that ha ve

examined lung cancer and smoking have invol ved different investigators,
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study popu1 ations, locations, and study designs, all have shown a very

strong positive association. It is extremely unlikely that such a

consistent finding can be the result of some overlooked bias. Some

investigators attach special significance to consistent associations found

as a resu1 t of different epi demi 01 ogi c study techni ques (e.g., case­

control, cohort).

A recent example of inconsistent findings comes from the studies

exami ning the re1 ationship between coffee drinking and pancreatic cancer.

At least five studies have explored this possible relationship. Two of the

studies reported at least some association, while the three others found no

associ ati on. There remai ns much doubt, therefore, whether coffee

consumption is related to pancreatic cancer even in a non-causal manner.

demonstrated that the number of ci garettes smoked corre1 ates di rect 1y wi th

(4) Dose-response relationship. The existence of a dose-response

(non-symptanatic) phase.

I t has been c 1ear 1y

studies in which, for examp1 e, a disease may have a very long prec1 inica1
I"~

the degree of 1ung cancer risk. However, the absence of an apparent dose­

response effect is not considered good evidence against causality.

Exposures may not have been ascertained accurately enough in studies,

relationship between exposure level and disease incidence supports a causal

interpretation. In other words, those who have the highest exposures

(3) Temporal relationship. Obviously, an exposure must precede a

disease if it is to be considered a possible causati ve agent. This time

sequence is most firmly established in prospective cohort studies. In

contrast, cross-sectional (preva1 ence) studi es do not generally permit

determination of whether exposures preceded disease development. Itmay

also be difficult to establish the time sequence in some case-control

should also have the highest disease risks.
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leading to misclassification and bias that can obscure a risk gradient. It

is also possible that some threshold of exposure is necessary for a given

agent before an effect is observed.

(5) Coherence. A causal hypothesis is supported when an association

is consistent with or supported by other known facts and observations. For

exampl e, a causati ve hypothesis is favored if there is some demonstrated or

potential biological mechanism by which the effect can be explained. The

cellular effects of ionizing radiation have long been recognized and offer

a clear expl anation for the health hazards of radi ation.

In the case of cigarette smoking, laboratory studies have identified a

variety of organic canpounds in inhaled smoke; a number of these canpounds

have been shown to cause cancer in animal studies. These findings are thus

consi stent with the human epi demi ologi c evi dence.

The absence of a recognized biological mechanism is not necessarily

contradictory to a causative interpretation. The lack of an apparent

mechanism may only reflect an early stage of investigation. This situation

is well ill ustrated by the rec.ent outbreak of Toxic Shock Syndrane. Earl y

epidemio1gic findings clearly indicated that the highest risk group

consisted',of young, menstruating fanales who used a high-absorbency brand

of tampon. However, it was found that some non-menstruati ng fema1 es and

some mal es were also disease victims. Thus, the use of high-absorbency

tampons alone cou1 d not account for all cases, and there was consi derabl e

doubt by some (inc1 uding the manufacturers) that the tampons could be

causally rel ated. However, the absence of an exp1 anation or recognized

mechani sm di d not prevent withdrawal of the tampons fran the market. Sane

time later it was discovered that the disease was actually caused by a

toxin from a common bacterium. The toxin is only produced under certain
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physical and biolgical conditions, and these circumstances are more likely

to occur in young women usi ng hi gh- absorbency tampons.

(6) Specificity. An interpretation of causation is favored when the

associ ati on 1 inks the exposure to a si ngl e di sease rather than some broad

spectrum of diseases. An example of high specificity is the asso.ciation

between occupati ona1 expos ure to vi nyl ch 1ori de and angi os arcoma (a rare

form of 1i ver cancer). The hi gh specifi city, as well as the strength of

this association leaves little doubt as to its causative nature.

Alack of specifi city, however, does not necessaril y argue agai nst

causality. For example, cigarette smoking has been associated with a wide

range of diseases. In fact, the smoking history of study subjects is

always considered in well-designed studies. This lack of specificity,

although still sanetimes raised in arguments by the tobacco industry, is

not particularly troublesome to epidemiologists since a great many

components have been identified in tobacco smoke, and many of these

components can be transported through the body to different si tes.

It is important to emphasize that none of the above factors is

suffi ci ent to ei ther prove or di sprove that an associ ati on represents a

true cause-and-effect rel ationship. They do, however, offer some
t

reasonable gUidelines with which both epidemiologists and non­

epidemiologists may judge whether a positive association is likely to

represent a true cause-and-effect relationship.

1-6



MORTALITY DATA AS A HEALTH MEASURE

There are several mortal ity endpoi nts that can be used by the

epidemiologist, each with its own advantages and limitations, depending on

the study's objecti ves. An advantage of studying fetal and infant?'" deaths

when assessing health implications of environmental contamination is that

they represent an event closer in time to the exposure of interest. The

major limitation is the very small number of events which nonnally o.ccur.

For example, in 1982 there was a total of 645 infant deaths in the State of

Minnesota, which transl ates to an infant mortality rate of approximately

9.4 deaths per 1000 1 i ve bi rths per year (MDH, 1982). Appl yi ng thi s rate

to a community with a popul ation of 25,000 generates an expected number of

about 3 infant deaths per year, ill ustrati ng that these events are

~el ati vel y rare, even on a contnunity-wi de basis. Consequently, the use of

these data wi thi n the framework of small geographi c areas or popu 1ati ons is

severely limited, particularly if specific causes of death are defined as

the endpoint of interest. Efficient app1 ication of these data requires

1arge geographic areas (1 arge popul ations) observed over extended periods

of time. The exception, of course, is when the exposure of interest is

stongly linkedto a specific cause of infant mortality creating a large

excess ina part i cu 1ar area.

The use of all-cause (general) mortality in a population as a measure

of health does not suffer from insufficient numbers; however, all-cause

mortality may mask relationships between exposure and specific causes of

death. Cause-specific mortal ity data are, therefore, more meaningful and

* infant deaths in this context incl ude all deaths before one year (both

neonatal and post-neonatal deaths).

1-7



yield greater insights into exposure/health outcome associations,

especially when testing ~ prl.Qri hypotheses. Yet, the comparison of

multiple, cause-specific mortality rates increases the probability of

finding a II significant ll difference that is due to chance alone.

The use of mortality data to examine chronic disease trends is not

without limitations. Difficulties may arise due to the following factors.

(1) Changes ov~r time may occur in the methods of diagnosing disease. For

exampl e, the recent deve 1opment of nuc 1ear magneti c resonance has great 1y

improved diagnosis of certain diseases. More detailed and accurate

diagnoses may produce artificial increases in_cause-specificmortality.

(2) Changes or inaccuracies in recording causes of death on death

certificates. The accuracy of the death certificate depends, in part, on

the diagnostic ability of the physician as well as historical information

regarding the patient1s medical history. This information is not always

available at the time of death. (3) Changes occur in the classification of

disease. Changes in the cl assification of disease have occurred

approximatel y every ten years. Currently, diseases are cl assified

according to the Ninth Revision of the International Classification of

Disease. Canparisons of mortal ity trends over time must consi der different

disease classification schemes during the particular time period of

interest. Failure to adjust for classification changes can produce

artificial fluctuations in disease trends. For example, a comparison of

mortal ity rates in 1978 with those in 1979 produced a 32% decrease in bone

cancer and a sharp increase in mal ignant neopl asms of the connecti ve

tissue. These changes were entirely artifactual due to disease

cl assification changes (Guinee et al., 1985). (4) Changes may occur in the

age distribution of the population of interest. Changes in mortality
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patternsmayresultfrom an aging populationwhichwould be expected to

have different mortality characteristics than a younger population. Thus,

stroke would be a more prominent cause of death in an el derly popul ation

while accidental deaths would be a more prominent cause in younger

populations. (5) Changes may occur in survivorship attributable to

improved treatment. Advances in the treatment of some di seases (e.g.,

cancer, heart disease) may prolong the 1 ife of some indi viduals and

increase the chance of dyi ng from other causes. For exampl e, fi ve year

survival rates for acute lymphocytic leukemia in children less than 15

years of age have increased from 4% in 1960-63 to 56% in 1973-79 (Cancer

Rates and Risks, 1985). Mortality data provide infonnation only on those

who die of a particul ar disease, not necessarily on those who have the

disease. For example, not all people with cancer will die of cancer; some

will di e from other causes, such as a heart attack, stroke or car acci dent.

In general, mortal ity data are useful for fonnul ating hypotheses about

disease etiology rather than testing etiologic associations. They appear

to be useful indicators of disease among those dying under the age of 65

(Moriyama et aT., 1958) but are inconsistent predictors in older

individuals where the influences of numerous conditions complicate death

classification. This is particularly pronounced for a disease such as

cancer where physici ans tend to report non-specific cancer sites on the

death certificate rather than the specific sites identified on the hospital

discharge reports (Percy et al., 1981). However, many epidemiologists

incl uding Doll and Peto (1981) concl ude that mortal ity data after 1950 are

useful i ndi cators of cancer trends. They contend that many peopl e who di ed

of cancer in the past (prior to 1950) never had their disease diagnosed or

were certified as dying from another, more immedi ate cause. This has

improved in recent decades such that, for most types of cancer, the

1-9



mortality trends since the 1950's reflect a reasonably accurate estimate of

disease incidence rates. In addition, mortality data are readily available

and inexpensi ve to use; however, costs increase with attempts to verify

cause of death with information recorded in the medical records.

MORBI DITY DATA AS A HEALTH MEASURE

Morbidity is a measure of the frequency of illness within a

popul ation. Many institutions and programs may serve as sources of

morbidity data including hospitals, clinics, and disease registries. The

utility of these data depends upon the definition of disease and, more

importantly, the composition of the population that served as the

information source (Lilienfeld and lilienfeld, 1980). For example, people

admitted to a university hospital are demographically (e.g., age, race,

sex) and medically different fran those attending a neighborhood clinic.

The occurrence of disease in a population may vary considerably

depending upon disease definition. Consider, for example, the definition

and cl assificati on of birth defects. In general, these are r-el ati vel y rare

ev'!!.nts with very poor mechanisms in place for monitoring changes in

incidence. Only the most obvious (e.g., cleft palate, hip dysplasia) are

i dentifi ed at bi rth whil e subtl e defects (e.g., cogni ti ve functi on, heart

anomalies) may not be identified until later in the child's life. Other

factors such as variability of physician diagnoses and access to medical

care may have a substanti al impact on the identificati on and subsequent

outcane of these events. Lt.mping all events into one category called birth

defects does little in the way of identifying cause-specific associations.

For example, gestational fever during the first trimester of pregnancy has

been associated with neural tube defects but has not been associated with
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Downs SyndrOO1e or cl eft pal ate. Thus, eval uating the effect of gestational

fever on birth defects in general may miss a true association with neural

tube defects (Bracken, 1984). In addition, disease patterns in select

populations (e.g., hospitals) may be strongly associated with factors

(e.g., socioeconomic status, physician referral patterns) independent of

the exposure of interest such that extrapol ati on of findings to the general

community is questionable. Berkson suggested the frequency of disease in a

group of patients who have entered the hospital is biased when compared to

the whole population (Berkson, 1946). He argued that the identification of

risk factors for a particular disease can be strongly influenced by

differential rates of hospitalization. Individuals with more than one

di sease have hi gher probabil iti es of hospital izati on compared to those with

a single disease. This may influence the distribution of risk factors and

generate art if act ua1 associations. This potential source of bias is not

just of academic interest since it can compl ete1y distort the apparent

natural history of a disease. An empirical demonstration of this bias was

reported by Roberts and co11 eagues (1978).

There are two basi c measures of morbi di ty -- di sease preva 1ence and

disease incidence. Prevalence is defined as the number of individuals with

disease in a population divided by the total number of individuals in the

population. Prevalence may be measured at a particular point in time or

over a period of time. An increase in disease prevalence does not

necessarily reflect an increase in disease risk; it may also result frOO1

such factors as better access to medical care or greater levels of patient

awareness regarding health care (Lilienfe1d and Lilienfe1d, 1980). As a

result, prevalence data may generate an inaccurate exposure/disease

rel ationship distorted by the premature death of some cases and the

extended survi va 1 of others through more effecti ve treatment.
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Incidence is defined as the number of new cases of disease occurring

in a population during a specified time period divided by the number of

persons at risk for developing the disease during that period of time. It

provides an estimate of the probability of disease in relation to suspect

etiologic agents and is a direct measure of disease risk. The use of

prevalent cases may generate inaccurate risk estimates by failing to

identify fatal or short episodes of disease (Sackett, 1979). Information

gathered from prevalent cases (survivors) may be substantially different

from information collected on those with fatal or short disease episodes.

For thi s reason, i nci dence is preferabl e to preva 1 ence for the

identification and quantification of etiologic risk factors. However,

incidence data are not usually avail able and they are expensive to collect.

When available, they are restricted to specific health outcomes (e.g.,

cancer) and represent ill-defined geographic areas (e.g., hospital tumor

regi stri es) .

Like mortality data, morbi di ty data are subj ect to changes in di sease

diagnoses and classification. It is often necessary to evaluate disease

retrospectively to obtain a sufficient number of observations and identify

changes which may have occurred. There are mechanisms in place such as the

various revisions of the International Classification of Diseases which

facilitate the evaluation of morbidity over time but this increases costs

and complicates the interpretation of disease trends. In addition, cause­

specific morbidity rate conparisions can yield "significant" results on the

basis of chance alone if a large number of comparisons are made.

Associations must be evaluated in terms of biologic plausibility and other

cri teri a (as previ ous 1y di scussed) to avoi d mi si nterpretati on.

1-12



In summary, mprtality data are readily available and inexpensive to

use. They are useful for formul ati ng di sease hypotheses but are inadequate

for testing etiologic associations. Two forms of morbidity data are

commonly used in epidemiologic studies: (1) prevalence data, and (2)

inci dence data. Preval ence data are useful for program pl anning and are

usua 11 y readi 1y avai 1 abl e. However, they are often inadequate for the

eval uation of causal mechani sms of disease since selection and survi vorship

bias may mask etiologic associations. Incidence data are useful for

testing causal relationships and are preferred for the identification and

quantification of disease risk. HOt\'ever, they are usually unavailable and

expensi ve to coll ect.

EP IDEMIOLOGIC METHODS APPLIED TO STUDIES OF ffiINKING WATER

Introduction

Two types of carcinogenic hazards have been identified by 0011 as

being soci all y unacceptabl e: (1) i atrogeni c hazards (those associ ated with

medical treatment) particularly prescription pharmaceuticals (e.g.,

diethyls,tillbesterol (DES) and (2) occupational hazards (e.g., vinyl

chloride or asbestos) (0011, 1977). The public concern following incidents

at Love Canal, Times Beach and Three Mil e Isl and suggests that certain

en vi ronmenta1 hazards are also soci all y un acceptab1e.

Continuing efforts to evaluate the impact of environmental

contamination on human health have suffered from differing definitions of

"environment." In 1964, the Worl d Health Organization (WHO) estimated that

as much as 75% of human cancers are infl uenced by "environmental factors."

This statement has been mi si nterpreted by many peopl e incl uding some

scientists to mean that malignancies are caused by man-made chemicals
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entering the environment as by-products of manufacturing processes and

inadequate waste disposal techniques. For example, in a special report,

Bingham (1976), states that lias many as 90% of all cancers may be caused by

environmental factors - a substantial portion of which are chemicals•••".

However, the WHO's definition of "env ironmental factors ll incl uded both

natural and manmade carcinogens, viral infections, dietary deficiencies or

excesses, reproducti ve abnormal i ti es and a vari ety of other factors

associated with personal behavior (Doll and Peto, 1981). In essence,

l envirol111ental" referred to any infl uence other than that of the genetic

material inherited from an individual's parents (Maclure and MacMahon,

1980) •

Several authors have attempted to refine the definition of

lI envirol111entll to more accurately indicate its impact on disease. Higginson

(1976) divided the term into two categories: (1) the macroenvironment

(i .e., air, water, and general food suppl i es), characteri zed as those

environmental factors beyond the individual·s control (i.e., control is the

responsi bil ity of goverl111ent); and (2) the mi croen vi ronment, whi ch refers

to the personal environment created by the individual. It includes

C(,lltural habits (e.g., diet, smoking, alcohol, sexual practices) and

occupati on. He proposed that 40% of human cancers are attri butab1e to the

cultural environment, 12-15% to iatrogenic hazards (e.g., prescription

pharmaceuticals), 1-3% to occupation and 1% to hereditary factors. The

remaining 40% of human cancers are idiopathic in nature (unknown cause)

and are directly or indirectly related to the environment. Saracci (1978)

defined environment as those material and social factors over which the

individual has no direct control. Maclure and MacMahon (1980) identified

two basic categories of environmental agents: (1) consumables, exposure to

which is deliberate and (2) contaminants, exposure to which is inadvertant.
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PROPORTIONS OF CANCER DEATIiS ATTRIBUTED TO VARIOUS FACTORS (I)(U AND PErO. 1981)

1-15
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In this report, environment will be divided into three classes:

(1) the personal environment, characterized by those exposures

which are controlled by individual choice (e.g., diet,

smoking, alcohol);

(2) the occupational environment, characterized by those exposures

over which the individual has indirect control (i.e., largely

dependent upon industrial and local governmental policies); and

Figure 1-1
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Another estimate of the proportions of all cancer deaths that are

attributab1 e to various factors is surnnarized bel 011 (0011 and Peto, 1981).

It shou1 d be noted that these esti mates ha ve a 1arge uncertai nty and are

intended to apply to the U.S. popu1 ation in general. In particu1 ar

subgroups of the population, these estimates would differ.



(3) the ambi ent en vi ronment, characteri zed by t hose expos ures 0 ver

which the individual has minimal control (e.g., contaminated

air, water, 1and) •

Attent i on will focus on the potenti a1 heal th effects associ ated wi th

ambient environmental exposures~ particularly as they relate to drinking

water. The foll owi ng secti on presents a bri ef 1 iterature revi ew of the

reported observations of drinking water and heal tho The primary purpose of

this review is not to offer conclusions regarding the health impacts of

drinking water or environmental contaminants, but to provide examples of

the vari ous types of studi es whi ch have attempted to address the potenti al

health effects of contaminated drinking water.

Ecologic Studies

The single most crucial criterion for the conduct of environmental

epidemiologic studies is a valid measure or index of individual exposure to

the environmental agent of concern. Macl ure and MacMahon (1980) have noted

that epidemiology has failed to produce conclusive results regarding health

effects of environmental contamination largely due to the operational

defi ni tions of exposure. For exampl e, the county of resi dence is often

used as a surrogate measure of lIexposurell. Such a scheme presupposes that

this classification correlates with the quantities of contaminants

available to communities and further assumes that community exposures

correl ate with those of the indi vidual. The major probl em with such an

analytical scheme is the extrapolation of aggregate or group health

observations to causal inferences of "individual health, and is referred to

as the lIecologic fall acyll (Morgenstern, 1982). For exampl e, assume
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"community A" has a hi gher mortal ity rate from bl adder cancer than

community B. Further assume community A util izes surface waters for its

publ i c water suppl y whereas community B uti 1 i zes groundwater. Thi s

compari sonmi ght suggest that water source may be associ ated wi th bladder

cancer. However, coomunity A may differ frOOl cOlT1TIunity B in a wide variety

of factors such as socioeconomic status, demographic structure, or

predominant industries. Thus, the association between bladder cancer and

type- of water supply may be expl ained by other factors.

In such ecologic-type studies, no information on individual risk

factors (e.g. smoki ng, occupati on) known to be associ ated wi th the

disease(s) under study (e.g., bl adder cancer) is eval uated. Another

important factor not usually addressed in these studies is popul ation

mobility. This is a significant factor in contaminant-related cancer

studies due to the long latency period between exposure and disease onset.

Polissar (1980) demonstrated that the effect of migration on cancer

inci dence is a functi on of the 1atent peri od, cancer si te, and the si ze and

type of the geographic unit (e.g., city, county, state). As the si ze of

the geographic unit decreases and the 1 atency of cancer increases the

accuracy, of risk estimates decreases. Risk estimates of cancers whi ch

primarily affect young people are particularly susceptible to the effects

of migration since younger people are much more likely to move; the result

is to diminish any excess risk attributable to an exposure.

Several authors have explored the health effects of contaminants using

a surface/ground water source dichotomy as an exposure index; the

assumption is that surface waters contain more carcinogens than

groundwater, and thi s difference may resul tin differences in cancer

mortality rates. Page and colleagues (1976) examined site-specific cancer

mortal ity data for Loui si ana pari shes that recei ved thei r dri nki ng water
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fran the Mississippi Ri ver. They demonstrated increased rates for cancers

overall and for cancers of the gastrointestinal and urinary organs for

various sex- and race-specific categories. The exact meaning of these

fi ndi ngs is uncl ear si nce "rel ated cancer 5i tes were grouped" creati ng

statistically significant associations with a cancer category containing

several biologically distinct cancer sites. No relationships were found

for site-specific categories suggesting that factors other than water may

explain differences.

Cancer mortality in Ohio counties with surface water supplies was

canpared to those counti es with ground water suppl i es. Rates for stanach~

bl adder and all cancers were hi gher for whi te mal es in those counti es

served by surface water. Rates for femal es were el evated for stomach

cancer onl y. Since the overall rate of stomach cancer mortal ity is

declining in the United States and may be asssociated with factors

unaccounted for in this analysis~ the significant correlation with surface

water is biologically questionable (Kuzma et al.~ 1977). A similar study

in St. Louis city and county reported an inverse association between

surface water and cancer mortal ity. The popul ation served by presumabl y

less polluted water had a higher cancer mortality rate than that using the

more polluted source. In addition~ no differences were found in finished

water mutagenicity as measured by the Ames test~ suggesting that other

factors may contribute to the high rates of cancer mortal ity in St. Louis

city (Marienfeld et al.~ 1980).

Beresford (1981) exami ned the rel ati onshi p between re-use of water and

cancer mortality in 29 boroughs and districts in the London area.

Parameters of re-use include concentrations of nitrates~ chloride~

phosphates and total nitrogen which were set to zero for groundwater
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sources. No association between high levels of water re-use (i.e., surface

waters) and cancers of the gastrointestinal and urinary tract was found

when socioeconomic differences and vari ations in popul ation size were taken

into account.

The qual ity of water supply as measured by such parameters as asbestos

or trihalanethane (THM) concentrations and their association with cancer

mortality have been examined in several studies. The major limitation is

the extrapol ation of current measures of water qual ity to estimate

historical qual ity. Data on contaminant level s, especially the organics,

are only recently available (approximately 1975), and the use of current

meas urements to refl ect previ ous 1eve 1sis not appropri ate and may 1ead to

substanti al miscl assification error. Burton and Cornhill (1977) used

general measures of water qual ity (e.g., conducti vity, hardness, total

dissol ved solids) for which historical data are readily available and

reported an inverse association between conductivity and cancer death

rates. The reduction in cancer death rates in those cities with high

conductivity measurements appears to be non-specific, making the biologic

interpretation of the resul ts most difficult. The authors specul ate these

paramete~s may i nfl uence aci d/base ba 1 ances in the body and subsequent

cancer induction.

Cancer mortality in twenty-two Quebec municipalities was examined to

determine possible health effects of asbestos exposure via water supplies.

An excess of mal e stanach and 1ung and femal e pancreati c cancer mortal ity

was reported in those communities with high concentrations of asbestos.

However, no consistent trends were observed across exposure categories

(i.e., high, possibly high, probably low) suggesting that

miscl assififcation may have attenuated any significant associations.

Despite these findings the author concl udes that observed excesses were
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most likely explained by occupational differences since the percentage of

the population anployed in asbestos mining and quarrying was significantly

higher among the community cl assified as having the highest exposure

(Wi gl e, 1977).

Water sampl es from the ci ty of Dul uth contai ned trace amounts of

asbestos-like fibers as early as 1939, prompting scientists to examine

cancer incidence trends for potenti al adverse heal th effects. Dul uth

incidence rates from 1969-1980 were evaluated and compared to those from

the Third National Cancer Survey (TNCS) and the State of IONa. Significant

differences for cancers of the peritoneum in both mal es and fanal es were

reported; however, rates were based on very small numbers (Sigurdson,

1983).

Several drinking water suppl ies serving the San Francisco Bay Area

come from reservoirs that are contaminated with naturally occurring

asbestos. This prompted a number of investigators to examine the possible

association between cancer incidence and asbestos concentrations in the

supply under the assumption that asbestos levels in 1978 reflect those over

the past forty years. Census tracts with hi gh exposure to asbestos were

reported to have a higher incidence of various site-specific

gastroi ntesti nal cancers. Numero us rate compari so ns were made in these

studies, increasing the probabil ity of finding a IIstatistically

significantll difference by chance alone. However, consistent associations

in both sexes for several sites (i.e., stomach, esophagus, pancreas) as

well as a positive dose response suggest a potential relationship (Kanarek

et al., 1980; Conforti et al., 1981). A simi 1 ar study in the Puget Sound

area, where asbestos also occurs naturally in the river watersheds,

reported an increased cancer incidence in both sexes for the small
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intestine in those areas with high asbestos concentrations. Since 332

comparisons were made, approximately 16 significant findings would be

expected by chance alone. Therefore, chance is a likely explanation of

this relationship (Polissar et al., 1982). To date, results of ecologic

studies on asbestos exposure via drinking water are inconsistent and

provide little evidence of an increased cancer risk (NAS, 1984a).

No association between the use of asbestos-cement pipe for carrying

drinking water and deaths due to gastrointestinal, bladder, liver, lung and

other cancers was reported in a study of Escambia County, Florida (Millette

et al., 1983). There is some question, however, as to whether the number

of cancer deaths in this study was sufficiently large. Inadequate sample

si ze woul d decrease the probabil ity or "power" of the study to detect an

associ ati on if an associ ati on actually exi sted.

Cantor and his associates (1978) reported an association between

bladder cancer mortality and trihalomethane (THM), a by-product of

chlorination, in both sexes after controlling for social class, ethnicity,

urbanicity and industrialization. Evidence of a dose-response relationship

was observed providing further support for a real association.

Fluoride has been a controversial additive to public water supplies

despite substantial evidence that it significantly reduces dental caries.

The controversy stems in part from ecologic evidence claiming an

association between fluoride and increased cancer mortality (Yiamouyiannis

and Burk, 1977). Subsequent ecologic studies have not supported these

findings (Cook-Mozaffari et al., 1981; Cook-Mozaffari and Doll, 1981;

Kinlen and 0011,1981; Chilvers, 1983). The major difference between these

studi es and those previ ousl y di scussed 'i s that mortal ity trends may be

examined before and after the artificial introduction of fluoride to water

supplies. Such analyses are impossible when the dates and concentrations
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of contamination are unknown. The 1 atter situation is frequently the norm

in most community health studies of contaminated drinking water suppl ies.

The use of incidence data in ecologic studies is an improvement in

study methodology in that survivorship bias associated with the use of

preval ent cases is el iminated. The surface/ground water exposure di chotomy

was used by Bean and coll eagues (1982a) to identify potenti al differences

in cancer incidence among Iowa municipalities. They reported a positive

associ ati on between surface water use and increased i nci dence for cancers

of the 1ung and rectum in both mal es and femal esc Of particul ar interest

was the findi ng that the i nci dence rates decreased as well depth i ncreased t

suggesting that shallow wells may carry the same health risks as surface

water. In a follow-up report usi ng the same i nci dence data t hi stori ca 1

measures of radioacti vity were found to be associ ated with increases in

1 ung and bl adder cancer in mal es and breast and 1ung cancer infernal es

(Bean et al., 1982b).

Beresford (1983) reported a positive association between the

percentage of domestic sewage effluent in the water supply and the

i nci dence of stanach and uri nary cancer. These associ ati ons were reduced

when S'bci al factors and borough si ze were taken into account. In addi ti on t

the i nci dence of stomach cancer has been decreasi ng whi 1 e the re-use of

poll uted waters has been increasing suggesting the rel ationship, if any, is

inconsequenti ale

An investigation by Carlo and Mettlin (1980) considered the possible

rel ationship between cancer inci dence rates and THM concentrations and

reported a posi ti ve associ ati on for pancreati c cancer in whi te mal es onl y.

They concl uded this to be a spurious associ ation since no carrel ations were

found in other sex- or race-specific groups.
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Zeml a (1980) found a posi ti ve associ ati on between stomach cancer

inci dence and ni trate concentrati ons for mal es but the associ ati on was 1ess

clear for femal es. Water hardness was inversely associ ated with stanach

cancer incidence.

Stomach cancer incidence was slightly higher in both males and females

in the town of Aalborg, Denmark, where nitrate concentrations in the

dri nki ng water ha ve been el evated for decades. Measurements of contami nant

concentrations for extended periods of time provide better evidence for a

true biologic relationship; however, the decline in stomach cancer

incidence suggests that factors other than nitrate in drinking water may

be more significant in its etiology (Jensen, 1982).

Thouez et al. (1981) explored the relationship between physicochemical

wat er qua 1 ity meas ures an d can cer i nci den ce in Que bec. A pos i ti ve

associ ation was reported for several soft water parameters (e.g., nitrates,

sodium) and the incidence of neopl asms of the rectum, prostate and other

organs of the digestive system. No dose-response rel ationships were

reported. In addition, the registry from which incidence cases were

obtained is voluntary and verification of the reporting process indicated

substanti,al underdecl arati on (36%) for cancers of the i ntesti ne and rectum.
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CASE-CONTROL STUDIES WITHOUT PERSONAL INTERV lEW

The basi c method of the case-control study i nvo 1 ves the compari son of

patients (cases) with a group of controls who are free of the disease under

study (Schlesselman, 1982). Information on past exposures and risk factors

known to be associ ated with the disease in question is obtained fran both

cases and control s. Exposure frequencies of cases and control s are

canpared to determine if there is an excess of a particul ar exposure among

the cases. The intent is to identify factors that differ between the

groups and whi ch may hel p to expl ai n the occurrence of di sease among the

cases. This method provides an estimate of disease risk when the disease

under study is rare and where exposure to the putati ve agent is common or

accounts for a 1arge proporti on of the di sease. It is a rel ati ve 1y qui ck

and inexpensi ve way to test etiologic hypotheses. Despite the improved

met hodo 1 ogi c techni que, the maj ori ty of case- cant ro 1 stud i es i nvo 1 vi ng

drinking water to date have used mortality data as the measure of health.

Case-control studi es based on mortal ity often suffer from alack of

information regarding three inter-rel ated factors (1) popul ation mobility,

(2) length of exposure, and (3) 1atency period of site-specific cancers.

In addition, these studies usually fail to account for the effects 'of

extraneous vari abl es (e.g., smoki ng, di etar y practi ces) known to be

associ ated with many cancers. Inci dence data are, therefore, preferabl e to

mortal ity data in a case-control study.

In a follow-up to the ecologic studies performed in Louisiana,

Gottl i eb et ale (1981) conducted a case-control study to further explore

the relationship between drinking surface water and colon or rectal cancer

mortal ity. Each colorectal cancer death was age-, sex- and race-matched to

a non-cancer death within the same parish. A lifetime gradient of surface
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water use (i.e., mostly surface, some surface, probable surface, least

surface) was constructed based primari 1y on resi dence at bi rth and death

for each study subject. A si gnifi cant re1 ationship between rectal cancer

mortality and surface water conslJ11ption was reported which demonstrated an

increasing risk with increasing proportion of surface water consumption.

Hcwever, no information on the individual risk factors for disease, other

than those available on the death certificate, was evaluated. No

relationship was found for colon cancer mortality. A subsequent case­

control study confi rmed the associ ation for rectal cancer mortal ity and

suggested a possible association for breast cancer in white females

(Gottlieb et a1., 1982).

Several investigations have examined the health effects of water

chlorination using THM concentrations or chlorine dosage as the index of

exposure. Young et a1. (1981) reported site-specific cancer mortality

rates for white fema1 es using historical measures of chlorine usage to

differenti ate exposure status. Risk of cancer death was determi ned for

those with high, medium, low and no chlorine-dosed water. Only colon

cancer demons trated a stati sti ca 11 y si gnif i cant associ ati on (although, due

to multiple canparisons, this finding could be expected by chance alone).

In addition, no consistent dose-response relationship was reported for any

site nor were indi vidual risk factors eval uated. Misc1 assifi cation may

have a serious impact in this study since exposure indices were based

solely upon residence at death. To control for the effects of migration,

analyses were restricted to those communities with the most stabil ity, yet

indi vidual migration, especi ally among cases, may differ fran that of the

popu1 ation as a whole (Kanarek and Young, 1982) •

. Lawrence et a1. (1984) eva1 uated the re1 ationship between chloroform

concentrations and co1orecta1 cancer deaths in white, female school
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teachers. To reduce mi scl assifi cation due to case mobil ity, cumul ati ve

chloroform exposure was estimated using historical records from water

treatment facilities serving the hanes and work addresses of study subjects

20 years pri or to de at h. Can cer de at hs wer e mat che d on age an d ye ar of

death to non-cancer deaths. No evidence of an association between

chloroform and colorectal cancer mortal ity was found.

A case-control study of gastrointestinal and urinary tract cancer

mortality was conducted in Illinois to determine associations with

groundwater chlorination practices. Both cases and controls were

classified according to residence in chlorinated or non-chlorinated

groundwater communi ti es and control s were sel ected from a pool of non­

cancer deaths. Females residing in urban communities demonstrated

statistically significant differences in mortality while similar findings

were not observed for males. Only the combined sites of large intestine

and rectum were elevated. Despite the significance, excess risk was

relatively small (approximately 19%) and no provisions were made for

popul ation mobil ity or control of extraneous factors (i.e., di et). It

shoul d be noted that the practi ce of water ch 1ori nati on has been i ncreasi ng

whil e the i nci dence of those sites impl i cated in these studi es (i .e. t

stomach, rectum t etc.) has been decreasi ng (Brenniman et al.t 1978).

A similar study, (Alavanja et al. 1978) evaluated all gastrointestinal

and urinary tract cancer deaths in seven New York state counties. Exposure

to chlorinated vs. non-chlorinated water was determined using water

chl ori nati on maps. Cases and control s were matched on age, race, sex and

county of usual residence. Living in a chlorinated water are.a was

significantly associated with excess gastrointestinal and urinary tract

mortality. This finding was due to an excess of all site specific cancers

1-26



in males. The only site significantly elevated for both males and females

was stomach.

The use of cancer data to exami ne potenti al heal th effects of

environmental contaminants in drinking water is particul arly difficult due

to the long latency periods (10-30+ years) for many types of cancer.

Elwood and Col dman (1981) conducted a case-control study using infant

mortality from anencephalus as the health outcome of interest. Only those

localities for which water composition data were available were included in

the study. The bias introduced from this exclusion is unknown. Univariate

analysis indicated a positi ve associ ation between anencephal us mortal ity

and sel eni urn, chromi urn and si 1 ver concentrati ons whi 1 e a negati ve

associ ation was observed for mercury. In the logistic regression model

the strongest associ ati ons were found for vari abl es representi ng maternal

factors (e.g, legitimacy, number of live births, stillbirths and child

deaths). No significant residual associations between case or control

status was found for any mineral.

CASE-CONTROL STUDIES WITH PERSO'lAL INTERV lEW

Despite the case-control format of the studies described above, no

information was collected regarding individual confounders. Ecologic

adjustments were made using popul ation char.acteristi cs (e.g., census

stability, urbanicity, industrialization, socioeconomic status) or the

study was sex, race or occupation specific. The use of interview data in a

case-control study facilitates control of the confounding effects of risk

factors known to be associated with a disease. Newly diagnosed cancer

cases may be interviewed to determine dietary patterns, smoking histories,

water consumption practices and other factors known to be associ ated with
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disease etiology. Thus, the effects of contaminant exposure may be

estimated independent of other risk factors.

A case-control study of hospital-based incident cancer cases was

conducted by Cuello et al. (1976) to determine geographic variation in

stanach cancer risk. Patients were interviewed to obtain infonnation on

birthplace, current residence and history of use of water supplies.

Samples of water were collected from several sources including wells,

streams an d aqueducts; the pri nci pa 1 co nt ami nant of i nt er es t was· the

naturally occurring levels of nitrates. Prevalence of intestinal

metaplasia and chronic atrophic gastritis was determined by gastroscopic

examination of individuals attending local medical centers. Sampl es of

urine and saliva were obtained cross-sectionally to determine excreted

levels of nitrates. Results indicated a positive association between

geographic areas with high nitrate levels and gastric cancer risk,

prevalence of intestinal metaplasia and chronic atrophic gastritis and

uri nary excreti on of ni trates. The authors cauti on that water may be onl y

one source of the nitrates in this area and the consumption of locally

grown foods may al so be a si gnificant factor. Neverthel ess, the consi stent

correlation between nitrates and various indicators of gastric insult

support a causal associ ati on.

Pol issar et ale (1984) conducted a case-control, interview-based study

of cancer risk resul ting fran exposure to natually occurring asbestos in

dr i nki ng wat er s upp 1 i es. Esti mat es of asbestos expos ure were bas ed upon

residence and work histories as well as individual water consumption

pract ices. I nci dent cancer cas es wer e ascertai ned through a popu 1ati on­

based tumor regi stry and control s were sel ected fran the same census tract.

The study was restricted to those census tracts with lower than average
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migration rates. The interview incl uded questions on denographics, smoking

and dietary histories, residence, occupation, alcohol consumption,

education, religion, ethnicity, family history of cancer and sources and

dates of water us age. No evi dence of a si gnif i cant excess cancer ri sk was

reported and those sites whi ch were el evated (i .e., mal e stomach and

pharynx) suffered from very small numbers. The authors suggested that

enormous sample sizes would be required to determine the relatively low

risks associated with exposure to envirornental levels of asbestos in water.

The possible associ ation ~etween nitrates in drinking water and

congenital malformations was investigated in a case-control study by Dorsch

et al. (1984). Congenital malformations were defined as structural defects

present at bi rth. Chi 1 dren wi th defects were i ndi vi dua 11 y matched to

controls by hospital, maternal age, parity and date of birth. Exposure

was based upon nitrate concentration at the current residence of the

mother. Resul ts suggested that consumption of contaminated water was

associated with an increased risk of congenital malformations, especially

neural tube defects. A positive dose-response rel ationship was evident;

however, the number of cases and control s for specific categori es of

malformations may have been insufficient for meaningful conclusions.

COHORT STUDIES

In a cohort study, individuals, who are initially free of disease are

selected for observation and followed over time. In most instances

selection of the study cohort is such that individuals can be distinguished

on the basis of some particul ar exposure(s) of interest. Cohort studies

are further distinguished on the basis of the time at which the

investigation begins. A concurrent cohort study invol ves the study of
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indi vidua1s where the disease outcomes have not yet occurred. Bi ases

associ ated with subjecti ve reca 11 of an event ina case-control format are

minimized in a concurrent cohort study since information on exposure is

collected prior to disease occurrence. A non-concurrent cohort study

invo1 ves the study of indi vidua1s where disease outcomes have already

occurred. Non-concurrent cohorts are usually constructed from hi stori ca 1

records and do not require extensi ve periods of observation for heal th

events to occur (Sch1esse1man, 1982). They utilize historical information

on exposure and diseas~ occurrence and compare rates of disease between the

exposed cohort members and the non-exposed cohort (or the general

popu1 ation). This method assumes that, in the absence of a specific

exposure, the study group would have the same probabil ity of disease as the

general popul ation following adjustment for obvious differences in

~thnicity, socioeconomic status and other variables which may influence

disease rates among populations. However, the use of historical

information to identify both the study cohort and exposure status could

resul t in an incompl ete cohort as well as miscl assification of exposure

status. For exampl e, the records of certai n occupati onal subgroups may be

mi ssing pue to fire, loss or inadequate storage space and subsequent

destruction. The exposure and/or disease histories of these subgroups may

be completely different from those whose records were included in the

study.

The cohort approach is appl icabl e in instances where there has been

heavy exposure in a defined popul ation. It has been especi ally useful

assessing risk in occupa.tional environments or iatrogenic hazards (e.g.,

prescription phannaceuticals). The major advantage to a cohort study is

the capacity to calculate risk attributable to an exposure. In addition,
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cohort studies provide the basis for studying multiple health outcanes and

their relation to exposure.

On1 y one study has used thi s method to i nvesti gate the hypothesi zed

re1 ationship between cancer risk and the by-products of water chlorination.

Source of dri nki ng water at home was ascertai ned for each Washi ngton county

(Mary1 and) resident in a 1963 census. Additional information inc1 uded

demographics, smoking histories, education and religion. Incident cancers

in the county were ascertained for the period July 1963 through July 1975.

Three drinking water cohorts were developed to reflect the degree of

exposure to tri hal anethane based on a surface/ground water di chotany with

i ntermedi ate exposure a combi nati on of both sources. Rates for cancer of

the b1 adder and cancer of the 1i ver among fema1 es were hi ghest among

persons using the chlorinated supp1 ies; however, adjustment for the effects

of variab1 es (i.e., smoking) reduced the re1 ati ve risk to 1ess than two.

There was an increasing rate with increasing duration of residence;

however, this pattern was inconsistent. The findings provi de 1itt1 e

evi dence of an associ ati on between ch 1ori nated dri nki ng water and cancer

risk (Wilkins and Canstock, 1981).

STA TE REP ORTS

Health agencies in several states have investigated the potential

health effects of contaminated drinking water. These investigations were

stimulated, in part, by public concern over indiscriminant waste disposal

practi ces and gen era1 en vi rormenta1 poll uti on. The maj ority of reports are

cross-sectional or prevalence studies involving surveys of re1ative1ysmal1

numbers of subjects. Cross-sectional studies are based on information

co 11 ected at a parti cu1 ar poi nt or peri od inti me and i nc1 ude both
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prevalent and incident cases of disease. The strength of a cross-sectional

study is in its ease of conduct; the limitation is the effect of

survi vorship. Information obtained fran preval ent cases of disease may not

accurately reflect the true exposure/disease relationship since the

exposure experi ence may differ between survi vors and non-survi vors.

Several other state reports are ecologic in design. For the most

part, exposure indices are determined on the basis of proximity to the

source of contamination. A variety of health endpoints have been used·such

as headaches, eye and skin irritations and many other self-reported

symptoms and ill nesses.

A large number of state studies have been undertaken in New Jersey.

Concern over environmental contamination is not surprising since 95 of the

EPA's National Priorities List of hazardous waste sites are found in New

Jersey.

In general, data from a health survey of a population living near an

area with suspected or proven ground water contamination were cOOlpared to

simil ar data from a population residing in an uncontaminated area. Sample

si zes were small and response rates were poor. Overall, the exposed
,

population had more medical complaints than the unexposed population. It

is not known whether these reported differences are attributable to

exposure or in some cases whether exposure to any contaminant ever

occurred. No differences were observed in the fi"equency of chronic health

probl ems or adverse reproducti ve outcomes; however, the sampl e si ze and

study desi gn were such that even if an effect were present, it woul d not

likely be found. The authors conclude that concern over contaminated water

supplies may produce more health effects than the actual contamination

itsel f (New Jersey, 1983a).
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A simil ar survey was conducted in Jackson Township moti vated in part

by a cl ass acti on 1awsuitby the Concerned Citi zen's Committee. Exposure

estimates were largely ecologic, based on geologic data with no infoi1Tlation

on individual exposures. The frequency of a variety of medical symptoms

was reported for the exposed community. Of the ten categories of skin

complaints only "blisters" was statistically elevated among residents in

the area presumed to be more highly contaminated. No differences were

observed for systemi c di seases or adverse reproducti ve outcomes. Although

hospital izations increased with years of well water use, this pattern was

not apparent in the pres uned hi gh expos ure area (New Jersey, 1983b).

At the request of the Hillsborough Township Health Depar11nent a survey

of twel ve househo 1ds was i ni ti ated to gather i nformati on on symptoms and

medical problems resulting from proximity to a dumpsite. A questionnaire

was also administered to a control papulation living several miles fro:n the

1 andfill. In general, peopl e 1iving near the 1 andfill reported more

S}1Tlptoms; however, si gnificant differences were found for "ti redness" in

femal es only. No differences in the frequency of medi cal probl ems or

pregnancy probl ems were reported. Small numbers precl ude meani ngful

interpretation of any of these resul ts (New Jersey, 1984a).

Efforts to correlate environmental levels of benzene with urinary

phenol, a metabol ite of benzene, were attempted in a study of 153 resi dents

of Pomona Oaks. Indi vi dua 1s were sel ected for study on the basi s of water

sampling data indicating benzene contamination. No evidence of a

rel ationship was found. The frequency of skin rashes and compl aints of

poor water taste and smell were reported but no comparable popul ations were

sampl ed (New Jersey, 1984b).

In Michigan, an investigation into reported health effects stemming

from contaminated water in Saginaw county was conducted by the Mi chi gan
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Department of Heal tho An increased number of heal th compl ai nts was noted

for those with the greatest exposure potenti al to contami nated water.

Canplaints were non-specific and included skin rashes, numbness, arthritis,

pains in arms, legs and lower back, dizziness, visual problems, nausea,

i njuri es, thyroid probl ems and strokes. Surpri singly, no evi dence of

contamination in the water suppl ies was ever discovered and the difference

in health complaints may be entirely attributable to the perception of

contamination (Michigan, 1979).

A cl ini ca1 study of indi vi dua 1s exposed to arseni c in dri nki ng water

was conducted in a mobile home court in Huron County, Michigan. Three

indices of arsenic exposure were used including arsenic levels in the

drinking water, arsenic levels and the amount of drinking water consumed

and anal ysi s of 24-hour uri nary arseni c excreti on. Reported cases of

shingl es were rel ated in a dose-response manner to arsenic excretion;

however, the small si ze of the study sampl e 1 imited subgroup anal ysi s. No

information was available on the source of arsenic contamination (Williams

an d Loc k, 1982).

Carbon tetrachloride (CC1 4) contamination was documented in

groundwater adjacent to a Tennessee hazardous waste disposal site. A

cross-secti ona1 sur vey of 118 resi dents di vi ded into expos ure groups based

upon CC14 concentrations in their water supplies indicated that those

highly exposed had borderline liver enlargement. The health implications

of 1i ver enl argenent are unknown but suggest potenti al ad verse effects from

CC 14 exposure. A subsequent survey reported an unusua 11 y hi gh frequency of

nondescri pt medi cal symptoms ranging fran headaches to sore eyes (Harris et

al., 1979). No control population was sampled so the authors' conclusion

that these symptoms were attributable to exposure to contaminated

groundwater is difficul t to eva 1uate.
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Stimul ated by a request by the local Waterford Vill age board members,

the New York Department of Health conducted an ecologic study of cancer

i nci dence. Resi dents were concerned about percei ved excesses of cancer and

the general state of the environment, especially the safety of the Hudson

River as a drinking water source. Analysis of water supplies revealed no

evidence of contamination. Overall cancer incidence was the same in

Waterford Village as in other minor civil divisions in New York state.

However, excesses were observed for cancer of the ovary, 1}111phoma in young

men and pancreas in older men (New York, 1983). With the exception of

pancreas, these sites have not been implicated with contaminated drinking

water.

Tri ch 1oroethyl ene (TCE) contami nati on of dri nki ng water i n Montgomery

and Bucks counti es, Pennsyl vani a, prompted the Pennsyl vani a Heal th

Department to examine mortality patterns of local residents during the

period 1960-1978. Of particul ar interest were the deaths due to 1i ver

cancer. No statistically significant differences in 1iver cancer mortal ity

were found for these two counti es compared to the rest of Pennsyl vani a.

Although some residents had measurable levels of TCE, none had observable

health effects (CDC, 1980).

In response to citizens' concern over trichloroethane (TCA)

contamination of the groundwater, pregnancy outcanes in Santa Cl ara County

were evaluated by the California Health Department. The initial interview

study did not have sufficient numbers to detect a la-fold increase in major

cardiac malformations in the exposed population so the study was modified

to evaluate cardiac defects in a seven census tract area, which included

the exposed census tract. Cardi ac defect rates in these tracts were then

compared to the rest of the county. The authors concl ude that rates in
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Santa Clara County were similar to rates reported elsewhere while those in

the study area were higher than expected. Of interest was the fact that

75% of the cases within the study area came from non-contaminated census

tracts (Cal iforni a, 1985). Thus, the associ ati on between excess cardi ac

defects and TCA exposure is questionable (Cal ifornia. 1985).

In Massachusetts, the discovery of organic chemicals in the drinking

water wells of the city of Woburn and a percei ved excess of childhood

1eukemi a in 1oca 1 res i dents, prompted the State Hea 1 th Department to

conduct an investigation into the health status of Woburn's residents.

Four di sease endpoi nts were exami ned. The i nci dence of chil dhood 1eukemi a

and renal cancer was si gnifi cantl y hi gher than expected whereas the

incidence of liver and bladder cancer was not significantly elevated.

Results of a case-control interview study of childhood leukemia failed to

i-dentify any significant risk factors associated with this excess. Small

numbers precl ude any meaningful interpretation of these resul ts. The

authors concluded that information gathered to date failed to provide any

evidence of an association between envirormental contaminants and either

chi 1dhood 1eukemi a or renal cancer (Parker and Rosen, 1981).

SUMMARY OF THE LITERATURE

To date, reported studies have provided 1 ittle evidence of a causal

associ ation between drinking water contaminated with non-infectious agents

and cancer i nci dence or other heal th outcomes. Different methodologies,

measures of health and measures of exposure have made it difficult to

develop a consensus about these exposures and heal th outcomes. By far,

the most 1imi ting factor in all studi es has been imprecise measures of

exposure. The assumption that current measures reflect those in the past
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is suspect. Thus, neither positi ve findings nor negati ve findings should

be consi dered conc1 usi vee The paradox is that negati ve studi es are not

always reassuring to the public, while positi ve studies are frequently

a1 armi ng.

Ecologic studies are characterized by their ease of conduct and low

cost. They are useful for qual itati ve statements of disease risk but they

have serious limitations. Methodo10gic problems include (1) accounting for

long latency periods of disease, (2) evaluating a mobile population, (3)

historical extrapolation of contaminant indices, (4) assessing individual

risk from population characteristics, and (5) assessing the impact of

individual risk factors for disease. Thus, ecologic studies are useful for

hypothesis formulation but more rigorous studies are required for testing

eti 01 ogi c associ ati ons.

Although case-control studies are methodologically more appropriate

for testing etiologic hypotheses, the majority of studies in this area have

used ecologic rather than individual measures for determining exposure and

to adjust for the confounding effects of risk factors known to be

associated with disease. This limits interpretat,ion of their results.

Cohort stu~ies are expensive, time consuming and are not corrmonly used in

studi es of water contami nants. They are, however, a proven method for

quantifying disease risk.

Cross-sectional prevalence surveys appear, for the most part, to be a

1i mi ted approach. The frequency of non-specifi c medi ca1 campl ai nts based

upon small numbers, poor response rates and ill-defined exposures
.

cont ri butes 1i ttl e to the understandi ng of en vi ronmental co nt ami nants on

health. Indeed, a likely explanation for many of the differences in cross­

sectional studies is the perception of contamination rather than

contamination itself, suggesting that efforts directed toward community
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education projects may be benefici al. However, this method wil 1 continue

to be a part of a public health approach to perception of disease in a

community for several reasons: (l) such studies are easy and inexpensi ve

to conduct, (2) they provi de evi dence of an attempt to eva 1 uate a

perceived health problem which in and of itself is reassuring to the

pub 1 i c, and (3) there are many ins tances where di sease cl usters in space

and time were reported and specific etiologic agents were identified (e.g.,

angiosarcoma of the liver and polyvinyl chloride, analine dyes' and

bladder cancer, diethylstilbesterol and adenocarcinoma of the vagina).

Although these diseases were subsequently linked to occupational or

iatrogenic exposures, they support :the concept of investi gating reports of

di sease cl usters.
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2. OTHER METHODS FOR EVALUATING POTENTIAL HUMAN HEALTH EFFECTS

Introduction

The role of epidemiology in modern society is the determination of

the etiologies of various diseases of public health concern

(Lilienfeld and Lilienfeld, 1980). It is generally recognized that

epidemiologic studies provide the only direct evidence of human risk from

environmental agents. In many instances, unfortDnately, epidemiologic data

for evaluating potential environmental carcinogens are either not available

or are inadequate. As described in Section 1, difficulties in conducting

epidemiologic studies of environmental exposures include such factors as

the long latency periods for most cancers, the lack of information

regarding exposures that occurred many years or decades earlier, the small

size of exposed populations, and the existence of multiple risk factors for

most cancers. While epidemiology can identify risks that have already

occurred, current regulatory philosophy often aims at-the prevention of

disease in the population. Consequently, the estimation of potential

cancer risks and other health risks must usually be made in the absence of

epidemiologic data.

Several non-epidemiologic approaches are available for assessing the

nature and likelihood of biological effects in humans arising from exposure

to potentially hazardous substances or for estimating exposure to such

substances. Perhaps the best known procedure is the animal bioassay, in

which data from experiments involving high-dose exposures in laboratory

animals are used to estimate the magnitude of risk in humans at markedly

lower levels of exposure. The basic premise of this approach is that

substances that can induce cancer in rodents or other laboratory animals

may similarly affect humans. Other approaches being used by other workers
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for identifying potential hazards or for determining biological exposures

include a variety of short-term tests of mutagenicity in microorganisms,

assays for residues of chemicals in body tissues, a variety of clinical

measures, chromosome al terati ons or si ster chromati d exchanges in

lymphocytes, and chemical bonding to DNA.

These approaches playa significant role in the process referred to as

quantitati ve ri sk assessment. The procedures, the assumpti ons, and the

uncertainties used in quantitative risk assessment have been reviewed many

times from a variety of perspectives (e.g., U.S. Office of Science and

Technology Policy, 1984; Brown, 1985; Samuels and Adamson, 1985; Task Force

on Risk Assessment, 1985; California, 1984).

The present emphasis on regulating exposure to potentially­

carcinogenic substances requires estimation of the magnitude of associated

risk, and the determination of a "safe dose" level. These estimates are

then used to set priorities for environmental intervention, to focus

further research, and for other purposes. The foll owi ng di scussi on wi 11

provide a brief overview of quantitative risk assessment (or "health risk

assessment") in the context of its application to identify and assess

potential human cancer risks as a basis for setting regulatory priorities

(risk management).

Risk assessment has been defined as:

"••• The use of available information to evaluate and estimate

exposure to a substance and its consequent adverse health

effects. Risk assessment consists of the following four

el ements:

HAZARD IDENTIFICATION - The qualitative evaluation of available

information on a substance's ability to produce toxic effects and the

relevance of this information to humans.
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EXPOSURE ASSESSMENT - The types (routes and media), magnitudes, and

durations of actual anticipated exposures, and doses when known;

and, when appropriate, the number of individuals who are likely to be

exposed.

DOSE-RESPONSE ASSESSMENT - The process of estimating the relation

between the dose of a substance and the incidence of an adverse

health effect.

RISK CHARACTERIZATION - The process of estimati ng the i nci dence of

a health effect under the various conditions of human

exposure, including a characterization of the uncertainties

invo1ved." (Task Force on Risk Assessment, 1985).

Each of the above components of health risk assessment will be briefly

described. This discussion does not provide a, comprehensive or a critical

review, but serves to highlight some of the steps that are used by federal

agencies in assessing health risks.

HAZARD IDENTIFICATION

The demonstrati on in the 1950s and 1960s of envi ronmenta1 causes of

cancer (" envi ronmenta 1" as opposed to II geneti c") carri ed the attendant

realization of a need to identify those environmental agents with a

potential for producing human cancers and/or to determine the level of

exposure for a human being at which they would be "safe" from the

carci nogeni c effects of that chemical (Schnei derman and Brown, 1978;

Mantel and Schnei derman, 1975; Nati ona1 Academy of Sci ences, 1980;

Schneiderman et a1., 1975; Cornfield, 1977; Rowe, 1983). It has

been estimated that toxicity information is not available for over three­

fourths of the approximately 50,000 compounds in commerica1 use (NAS,

1984b). Considering the enormous number of chemicals that have been, and
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continue to be introduced into the marketpl ace, methods were needed to

quickly identify potential hazards and establish regulatory priorities.

The methods had to be low in cost, quick in execution, and technically

simple (Tomatis et al., 1982; Mantel and Schneiderman, 1975; Kates, 1977;

Schneiderman et al., 1975; Mantel and Bryan, 1961).

A number of different options have become available for testing

chemical agents or environmental samples (air, water, soil) for biological

acti vity, toxi city, or mutagencity. In general, the procedures recommended

by federal agencies include bacterial mutagenesis assays, chromosomal

studies using mammalian cells, and short-term animal toxicity assays

involving 90-day exposures. The intent of these tests is simple: to

identify the potential toxic effects of the tested material as part of the

h~zard identification process. The advantages of these systems include

control of the experimental variabl es, possible assessment of complex

mixtures, identification of a requirement for metabolic activation of the

compound, rapid completion time, and determination of toxic interactions in

tests of chemi ca 1 mi xtures. A major di sadvantage of these short-term tests

includes their possible misinterpretation. At present, these tests cannot

be used to determine whether a compound or mixture is carcinogenic in man,

or to predict the relative potencies of carcinogens in whole animals (IARe,

1985). Short-term tests shoul d be vi ewed as one basi s for determi ni ng if a

substance warrants further examination as a health hazard. The main use

for testing at this level is the rapid screening of a great number of

chemicals or mixtures in order to form priorities in cancer research and to

select substances for subsequent animal bioassays.

Hazard identification may also occur through other means, including:

clinical reports, epidemiologic observations, comparative metabolism
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studies, and data on chemical and physical properties of the substance of

interest (Task Force on Risk Assessment, 1985).

EXPOSURE ASSESSMENT

Expos ure assessment attempts to characteri ze the degree to whi ch the

popul ation is exposed to a potenti al hazard. It attempts to estimate such

parameters as the sources of expos ure, the routes of expos ure, the

magnitude of exposure, factors that influence exposure, and characteri$tics

of the exposed population. Many procedures are available for estimating

exposures (OSTP, 1984). Theoretical or mathematical models may be used to

supplement actual environmental measurements (Brown, 1985). Typically,

exposure assessments have focused on "externa'" exposure levels, rather

than the biologically effective dose (Task Force on Risk Assessment, 1985).

M.ore recently, a variety of biological measures have been proposed or

utilized as measures of individual or population exposures. Sane of these

bi 01 ogi ca1 me as ur es are des cri bed below.

One approach to es ti mat i ng expos ure is the an a1ys is of

biological specimens for the presence of chemicals or evidence of

subclini.cal effects. Tissue sampling has long been used in the

occupational setting as a means of monitoring workers' exposure to

chemicals. Baseline levels of chemicals or biological effects of

interest can be established in the worker prior to any occupational

exposure, making it easier to detect changes in levels and the

contribution job exposure may have made to these. Such information is

usually missing or difficult to obtain in the general population.

Workers are often aware of the i dentiti es of the chemi ca1s to whi ch they

are exposed and they are us ua 11 y exposed to hi gher 1eve 1s than are

found in the general environment. Finally, workers are more easily
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ascertained as a group and may be more amenabl e to personal sampl ing than

the general popul ation (Sorsa et al., 1982).

One possible means of judging exposure objectively is to measure the

amounts of the chemicals of interest or their metabol ites in body tissues

and fl ui ds. For exampl e, uri nar y excreti on of the tri ch 1oroethyl ene

metabolites, trichloroacetic acid and trichlorethanol, has been shown to

be a useful index of exposure to trichlorethylene in the workplace

(Doull et al., 1980). However, it is often difficult to rel ate their

presence to a specific exposure source unless the exposure level was very

hi gh.

Once exposed to the chemi ca 1 the body may react to it, affecti ng the

fate of the chemical in the body. Important factors influencing the fate

are the met abo 1 ism and ti ssue di stri buti on. Some chemi ca 1s are rapi dl y

metabolized and excreted by the body. Therefore, it is not practical to

look for them exce pt in ins tan ces of re 1 at i ve 1y recent or ongo i ng

exposure, when they may be detected in body fl ui ds such as blood and

urine. Other chemicals are fat soluble, and they and their

metabolites tend to accumulate in adipose tissue; they can also be

found in the lipid portion of milk and serum. High concentrations of a

variety of chemicals can be found in the liver and kidneys, possibly

as a result of the role of these organs in eliminating toxicants from

the body. Chemical residues sequestered in tissues such as bone and

fat may remain for a long time, providing a continuous source of

internal exposure after external exposure has ceased (Berlin et a1., 1979;

oou 11 et a1., 1980 ; Mur phy et a1., 1983) •

The rate at which the body is able to metabolize these chemicals is

affected by many factors, including age, sex, and nutritional and
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health status. Sane chemicals (such as PAHs) may cause induction of the

liver enzyme systems invol ved in their own metabolism, increasing the rate

at whi ch they and other chemi ca 1s undergo bi otransf ormati on (Doull et al.,

1980).

In order to determine if tissue analysis for chemicals and their

metabol ites is warranted, the time since 1 ast exposure must be taken

into consi derati on, along with the probabi 1 ity of detecti ng the compound.

Additionally, detailed information fran all specimen donors should be

obtained regarding other factors which may affect the amount of chemicals

found, including those variables which modify rate of metabolism.

Phenobarbital is an example of a commonly-used drug which induces

1 i ver enzymes, resul ting in an accel erated rate of metabol i sm of many

other substances (Doull et al., 1980). Competi ng sources of chemi ca 1

e.xposure should be ascertained. Donors should, therefore, be questioned

concerning habits such as smoking cigarettes and drinking alcoholic

beverages. Abnormalities in liver function tests, for example, may occur

even with regular modest consumption of alcohol (Guzelian, 1983). The

workplace is also frequently a source of exposure to chemicals (Berlin et

a1., 1979).

The exposure indices sought through biological sampl ing are

those measurable but not clinically significant biochemical, functional or

s truct ur a1 chan ges, either phys i 01 ogi c or pat ho 1ogi c, whi ch res u1t from

the reaction of the body to exposure to environmental chemicals (Berlin et

al., 1979).

Evidence of subclinical biological effects may be used to

qualitatively and quantitatively estimate exposure. Limitations to this

approach incl ude the 1ack of appearance of the effect for some time

following exposure, or the lack of specificity (i.e., have several
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etiologies), making it difficult to attribute the effect to a

specifi c cause. Unl ess the effect vari es di rectl y with the amount of

exposure, the degree of exposure will be hard to ascertain.

Additionally, minor effects may have already disappeared if exposure is

not current, or at least relatively recent (Cralley et al., 1979).

In addition to being used as a measure of exposure, the presence

of a subclinical biological effect has occasionally been used as an

indication of a risk to health associ ated with the exposure. Currently,

however, there are no subclinical markers with which we can

precisely predict future development of disease in individuals

chronically exposed to low levels of environmental chemicals (Heath,

1983). Reliable biochemical and morphological indicators of the earliest

stages of the carcinogenic process have not been identified, precluding

the use of subclinical markers as indicators of future disease. A recent

advancement of note has been the development of a radioimmunoassay capable

of detecting very small amounts of benzo(a)pyrene-DNA adducts in the host

DNA. Further research will be required before this and simil ar assays

can be related to carcinogenisis or other chronic effects (Guzelian,

1983) .

The employment of cytogenetic markers (changes) as a biological

monitori ng tool has recei ved much attenti on, both as a means of hazard

identification and exposure assessment, and serves to illustrate more

specifically the problems encountered when attempting to adapt

tissue analysis techniqu"es to environmental exposure situations.

One of the major mechanisms by which chemicals are believed to cause

cancer is through the induction of mutations in the genetic material of

somatic cells. Mutations in germ cell s may lead to birth defects or

2-8



r

predispose future generations to the development of mal ignancies. Not all

chemicals are mutagens, and not all mutations lead to cancer and birth

defects. However, a significant number of chemicals which are believed to

cause cancer and birth defects have been shown to induce genetic mutations

in laboratory tests. Thus, chemically-exposed populations have been

examined for genetic damage as evidence of exposure to mutagens (Ooull,

1980) .

Results of cytogenetic studies must be interpreted with caution.

Though some types of defects are easier to recognize than others, there

tends to be much intra- and interobserver variability. In addition,

studies have shown that there can be great variability in the number of

changes not only among individuals exposed to similar chemical doses,

but also in repeated samples from the same individual. Many

cpmmonly-encountered agents have been shown to cause chromosomal

aberrations, including viruses, medical x-rays and tobacco smoke. A

further complicating matter is the fact that, over time, the number of

aberrations may decrease due to the cell s· abil ity to repair many

types of genetic damage. Also, the sensitivity level of lymphocyte

aberratiops to all chemical mutagens has not been determined. Therefore,

the absence of cytogeneti c effects woul d not be evi dence that there has

been no exposure to carcinogenic agents (Hook, 1981; Maugh, 1982).

It is generally bel ieved that many chromosomal abnormal ities are

sensitive biological indicators of exposure to chemical mutagens, but

only in the population as a whole. They cannot be reliably used to

estimate environmental exposures in the indi vidual. Further, the

biological consequences for the individual with chromosomal aberrations

have not been established. For example, cytogenetic studies on survivors

of Hiroshima and Nagasaki demonstrated that as the dosage of radiation
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increased, the number of chromosomal aberrati ons increased, as di d

the incidence of cancer. However, those persons with the most

aberrations were not necessarily the ones who developed the cancers

(Kol ata, 1980; Wolff, 1983).

Misuse of biological sampling techniques can lead to public

misunderstanding and distrust such as occurred following the chromosome

studies on residents of Love Canal (Kolata, 1980). When properly

utilized in carefully selected exposure situations, these techniques can

provide useful information, especially when used in conjunction with other

methods, such as environmental sampl ing. Further research may 1ead to

broader app 1i cat ions of thi s promi si ng approach to the eva 1uat i on of

long-term exposure to chemicals.

DOSE -RESP ()IJSE ASSESSME NT

Dose-res ponse assessment attempts to defi ne the re1ati ons hi p between

the level and duration of exposure to some agent and the incidence of the

adverse effect (cancer), particul arly in reference to humans. As with

exposure assessment, dose-response assessment may invol ve measured

information or a combination of measured and theoretical or mathematical

responses (Brown, 1985). When adequate exposure data are available in

epidemiologic studies, it may be possible to show directly the degree of

risk at different levels of exposure. For example, it has been clearly

demonstrated that the risk of lung cancer increases with the number of

cigarettes smoked daily, as well as the number of years that smoking was

practiced. As previously stated, however, epidemiologic information on

environmental agents is frequently not available or is inadequate to jUdge

cancer risks. Often the only information available comes from controlled

animal experiments or bioassays.
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In the bioassay technique, a small number (e.g., 50) of mice or

rats or other appropriate laboratory animals are exposed to one of several

doses of the chemical to be tested. The selection of appropriate doses is

a critical aspect of the experiment. In order to obtain a maximum

response, very high doses (just short of overt toxicity) are frequently

employed. After a suitabl e time period (approaching the lifespan of the

animal) the animal s are sacrified and, through an autopsy on each animal,

the frequency of tumors of various organs in the animal s is determined.

These frequencies are then tabul ated along with the 1evel at which

they were observed. An equation rel ating dose and subsequent response

(tumor development) is then derived. From this equation, an extrapolation

would be made to a level of risk (e.g., one in a million) that was

deemed acceptable or II safe ll
, and the corresponding level of exposure

should be the II virtually safe dose ll (Rowe, 1983; Mantel and

Schneiderman, 1975; Schneiderman and Brown, 1978; Haseman, 1984).

However, the extrapol ation of risks from a 1aboratory experiment to

realistic conditions of human exposure involves many assumptions and

uncertai nti es. A major probl em is how to extrapol ate a dose-response

relations,rip observed at high doses to much lower dose levels where effects

cannot actually be observed. A variety of statistical models have been

deve loped in order to extrapol ate from hi gh doses to low doses. The

rationale and limitations of some of these models are discussed below.

Another issue of concern is how to extrapol ate from animal s to humans.

There may be differences in the absorption, metabolism, and excretion of a

compound in humans and animals, particularly between low and high doses.

Another probl em pertai ns to differences in the dose-time rel ationship, due

to the differ; ng 1ife spans between rodents and humans. Some of these

issues are also discussed below.
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Statistical Methods of Extrapolation to a Safe Level of Risk

The development of statistical models for a safe dose estimation has

been an active area of research during the past three decades.

Initially, in the 1950s, investigators used linear models for the

estimation of the safe level of exposure (Schneidennan et a1~, 1975;

Mantel and Bryan, 1961; Ehrenberg and Holmberg, 1978; Guess and Crump,

1978; Hoe1 et a1., 1975) . These were simple approaches ref1 ecti ve

of a lack of conceptualization concerning safe dose estimates

(Rowe, 1983; Hoe1 et a1., 1975). In the early 1960s, however,

Mantel and Bryan noted that these approaches suffered from methodological

weaknesses (Mantel and Bryan, 1961). A major weakness was a lack of

discrimination between different estimates of a safe dose estimate, based

upon the number of laboratory animals used (which was variable). They

felt that laboratory workers should use a model which incorporated greater

precision in the estimated safe dose resulting from the use of greater

numbers of animals. An alternative formulation, the probit model, was

offered by Mantel and Bryan (Mantel and Bryan, 1961). The Mantel-Bryan

approach wfs the first method to use a tolerance distribution model. The

use of these models is still controversial (Hunter and Crowley, 1979;

Hogan, 1983; Hoe1 et a1., 1975). Several of these model s are di scussed

at greater length below.

Concurrent wi th the development of the Mantel-Bryan approach,

Armitage and 0011 began work on a theory of carcinogenisis which was based

on the biological concept of "hits" (Annitage and 0011, 1961). A hit

was defined as a single chemical interaction with a cell (usually

the genome of the cell), which resulted in a carcinogenic transformation

of that cell. Because of its biological basis, the "hit" model has
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provided an additional area of study for safe-dose estimation. Also, its

use in epi demi 01 ogy by bot h Armitage and Doll, and ot hers has pro vi ded

an additional rationale for its use in safe-dose estimates.

An entirely different approach has been taken by the proponents of

"time-to-occurrence" models. The basis for this class of models is that

the 1 atency or incubation period for a gi ven tumor to develop is

proportional to the dose of the etiologic agent (Drukery, 1967). Many of

thesemodels have been developed from astatistical point of view; much

epidemiologic evidence suggests that this approach is unfounded

(Schnei derman et al., 1979). Nonethel ess, several adherents of the

model have made use of it. They have argued that once a relationship

between a dose and the time to occurrence (or 1 atency or incubation

period) for a tumor to develop is established, increasing this latency

period beyond the life time of the species, would produce a dose

corresponding safe level of exposure (Tomatis et al., 1982; Chand and

Hoel,1974). (There are also other, less well-studied statistical

model s.) These groups of model s, however, constitute the major cl asses

of the models in wide-spread use. They will be discussed presently, on

a class-b~-class basis.

Linear Mode 1s. The essence of the linear model is that for a given

species, the frequency of tumor generation is directly proportional to

the dose of the carci nogen. The simpl icity of the 1 inear model is that

least squares regression and other statistical approaches that have been

developed and tested over many years. They are well-accepted by the

scientific community, may be used to fit the linear model to a given

data set.

Although the linear model is the simplest class of models, it has many

failings. As Hogan has noted,
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experimental situation may not exist to justify its use, i.e., it may not

"fit" the observed data (Hogan, 1983). Hence, it is possible that the

linear model may seriously over-estimate the level of risk. There are

several advantages to the use of the linear model. These include the

stark simplicity of the relationship between dose and frequency of tumors,

the wide variety of statistical methods for the estimation of its

parameters which have been developed during the past century, and _the

ability of the public, particularly policy makers, to understand and

accept the linear model. Once the parameters of the model are estimated,

it is only necessary to specify the allowable (acceptable) level of tumor

occurrence (i.e., one per million individuals exposed) in order to

determine the safe level of exposure.

Tolerance Distribution Models. The tolerance distribution model is

based upon the concept that each individual has a level of exposure to a

chemi cal that can be tol erated, i.e. , exposure without the

production of a neoplasm (Hogan, 1983; Krewski and Van Ryzin, 1981).

If an individual was exposed to a chemical above their tolerance level,

then they will develop a neoplasm. Although the tolerance levels will

vary from individual to individual, the levels can themselves be

described by a statistical distribution. Hence, the name, "tolerance

distribution model". There are several implications involved in the use

of a tolerance distribution model, the most important of which is that

there will always be a certain number of individuals for whom exposure to

the chemical will result in the development of a neoplasm.

A major assumption in the tolerance distribution approach -is the

exact mathematical formulation specification of the distribution of an

individual's tolerance level.
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In the 1930s, Bliss worked with such tolerance distributions and

found that if he used a normal distribution as a description of

tolerance levels in the population, a cumulative normal distribution model

would fit some observed toxicity data (Bliss, 1934; Bliss, 1935; Finney,

1965; Finney, 1947a; Finney, 1947b). Such a model is termed a

"pro bit model". Among the reasons that Bl iss presented for using the

normal distribution at the time was that it was amenable to

statistical/mathematical manipulation. Further work by Bliss, Finney, and

others has resulted in statistical sophistication in estimating the

parameters for a gi ven probit model (Finney, 1965).

In the early 1960s, Mantel and Bryan pioneered the use of the

probit model for determining safe levels of exposure (Mantel and

Bryan, 1961; Schneiderman et al., 1979; Mantel et al., 1975). They

argued that many of the then-existing statistical tools, particularly

confidence interval calculation, for estimating the parameters of

probit models should be used for the safe-dose estimation. One

advantage to thi s approach woul d be that the number of animal s used in

the bioassay would be reflected in the estimates of a safe dose. The

general qpproach of the Mantel-Bryan approach is straight-forward. The

model parameters cal cul ated for a gi ven chemi cal and a gi ven cancer woul d

be linearly extrapolated (in "probit units") to the allowable level. The

corresponding dose would be the safe dose estimate. Compared to other

models, this approach tends to produce relatively high safe-dose estimates

(OSTP, 1984). For this and other reasons, its use in quantitati ve risk

ass essment has great 1y dec 1i ned.

Other tolerance distribution models may be used in place of the

probit model. Models such as the logistic have been, in fact,

suggested for safe dose estimation. However, they are not widely
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utilized and will not be discussed further (California, 1984).

"H it II ~ode1s. The II hit" mode 1 can be traced to the deve 1opment of

the one-hit and multi-hit theories of carcinogenisis in the 1960s,

pioneered by Armitage and Doll (Armitage and Doll, 1961). These

theories accorded well with observed age-specific incidence rates for

several cancer sites, which provided empirical evidence in favor of the

model. Hence, it is not surprising that the models were also used

shortly thereafter in the development of a method for safe-dose

estimati on.

The one-hit model is the simplest version of the "hit" family of

models. However, it will not necessarily fit the observed

experimental data. Like the linear model, the one-hit model has only one

parameter with which the model may be fitted. Hence, it can not always

accommodate a complex set of data. The multi-hit model, in contrast to

the one-hit model, behaves like the linear model in the low-dose region.

The multi-hit model also assumes that any background carcinogenic

processes are independent (Hogan, 1983). This is not always a valid

assumpti on.

A close cousin to the "hit" family, sharing the major advantages of

the ganma multi-hit model, is the so-called "extreme value" model. Since

thi s mode 1 can be recas tin the form of a Wei bu 11 di stri buti on, it is

often referred to as the "Weibull model" (California, 1984; Krewski and

Van Ryzin, 1981; Hunter and Crowley, 1979).

Multistage Models. The most frequently employed low dose

extrapolation model in current use is the multistage model developed by

Armitage and Doll (OSTP, 1984). This model reflects the observation that

there are several stages in the development of clinically-detectable tumors
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that may be aff ect ed by a car ci no gen. Thi s type of mode 1 has frequent 1y

been used by the U.S. EPA Carcinogen Assesesment Group (CAG) as the primary

basis for risk extrapolation to low doses. Risk estimates made with this

model are consi dered by the CAG to be conservati ve, representing a

plausible upper limit for the risk (i.e., the actual risk is not likely to

be higher, and could well be considerably lower) (EPA, 1985). This model

can fit almost any monotonically increasing dose-response data, and allows

estimates of the largest possible linear slope (upper 95% confidence level)

at low ext rapo 1ated dos es that are cons i stent wi th the exper i ment a1 dat a

(EPA,1985). An example of a specific application of this model to low

dose risk estimates can be found in a recent EPA Health Assessment Document

for t ri ch1oro ethyl ene (EPA, 1985).

Selection of Appropriate Dose-Response Models

From the previous discussions it is apparent that a number of

different options are possible for interpreting bioassay results for

positive animal carcinogen tests. Different models will produce different

II virtuall y safe dosell estimates for the tested compound, which correspond

to a soci a,ll y acceptabl e 1evel of risk. In general, the different model s

can usually be fitted to the observable results with equal validity.

Unfortunately, none of the models can be validated by biological agruments

alone. The choice among them is therefore made on the basis of

supplanentary infonnation related to the action of the compound (mechanism)

and the biological basis of the observed response, evaluated in concert

with the anpi ri cal bioassay data.

The kinds of information used to augment the raw bioassay results

include physiological functions, metabolic processes, physical attributes

of the test compound, route of admi ni strati on, and the mechani sm of the
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induced toxic response. For example, carcinogens that produce an active

metabolite responsible for tumor-inducing acti vity may demonstrate non­

linear kinetic behavior based on ingested dose (mg/day). However,

metabolic testing in liver using experimentally-derived metabolic rate

constants and tissue binding affinity can be used to supplement the

bioassay dose estimate to attain linearity based on bioburden (the amount

of compound actually in the animal multiplied by the duration of exposure).

Conversely, alkylating carcinogens may follow first order linear kinetics,

since they require no inetabolic activation to produce carcinogenic effects.

In the opinion of many toxicologists, the selection of an appropriate model

shoul d be done on a chemi ca l-by-chemi ca 1 basi s, rather than sel ecti ng a

"uni versal" model.

In the current process of risk assessment, the dose-response model

selection process is usually simplified by federal agencies. In fact, the

EPA uses the multistage model exclusively as a basis for carcinogenic risk

assessment. This approach can be justified for a number of reasons.

First, this model seems to provide a statistical method which best agrees

with the process of cancer induction, as it is currently understood.

Empirical observations indicate that tumor induction has more than one

stage of expression (e.g., initiation and promotion), and that a single

carcinogen may produce many acti ve metabol ites with differing carcinogenic

potenci es•. Observations al so show that for cOO1pounds inducing an increase

ina spontaneous tumor background, tumor i nducti on proceeds ina 1 i near

manner at 1 em doses. Second, use of the mul tistage model provi des a means

for the determi nati on of the comparati ve potency of carcinogenic

substances, by using the slope of the dose-response observed in the

bioassay tests. Third, and most importantly perhaps, use of the multistage
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model will produce an upper limit of estimated risk in the low dose region,

regardless of the actual dose-response pattern for any particul ar

carcinogen. Thus, if use of the multistage model results in errors due to

low dose extrapol ati on of the observed dose-response, these errors will be

on the protecti ve si de. Use of the other model s may underestimate the

associated cancer risk if the model is not "ideally" fitted to the actual

dose-response rel ationship (Krewski et al., 1984).

Consi derabl e attenti on is often focused on compari sons of . the

variability of the various extrapolation models in the risk assessment

process. The issue of model-fitting needs to be considered in light of the

overall process of risk assessment. The National Academy of Sciences

(1983c) recently issued a report identifying some 36 different components

of the risk assessment process. Twenty-one components were allocated to

the hazard identification step, used to determine if a substance may be

carci nogeni c. Dose-response assessment was assi gned 10 components;

exposure assessment, 2 components; and expression of overall results, 3

components. Of this total of 36 components in the risk assessment process,

only one component can be attributed to the choice of model used in

describing the bioassay dose-responses. The other assumptions and choices

(mostly policy oriented, rather than scientific) have a far greater effect

on the outcome than the choice of a mathematical model. This point is used

to illustrate that model choice is important and it is only one of many

jUdgments made during the risk assessment process. The complexity and

assumptions of the process also indicate that determination of "safe dose"

level will often change when any of these 36 components are modified by new

information or policy changes.

A final point to consider regarding extrapolation models is the shape

of the extrapolated dose-responses for the different models at the low-dose
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region of response. The MDH currently uses a 1 X 10 risk level for

environmental exposure. This means that the tolerated concentration for a

carcinogenic environmental exposure is set so that the estimated cancer

risk is less than one per hundred thousand persons with lifetime exposure.

For some chemicals, at this level of risk, none of the conservative models

differ significantly (Flamm and Winbush, 1984). For other chemicals this

is not true (Krewski and Van Ryzin, 1981). The differences in risk

estimation attributable to selection of the mathematical model must

nonetheless be viewed in relation to the overall process and to the risks

(or exposure) levels typically of concern in the regulatory process.

Species-to Species Extrapolation

Another major difficulty in cancer risk assessment is how to

extrapol ate findings from animals to humans. The area of speci es-to­

speci es extrapol ati on has been dealt wi th by many workers in the context

of safe dose estimation (Hoel et al., 1975; Goldberg, 1979;

Schnei derman et al., 1975; Mantel and Schnei derman, 1975; Nati onal

Academy of Sciences, 1980; Schneidennan and Brown, 1978; Rowe, 1983;

OSTP, 1984,).

Laboratory animal responses to toxicant exposure depend on

physiological, anatomical, and biochemical attributes peculiar to the

species tested. The metabol ic processes of detoxificati on,

biodistribution, and excretion all play an important part in the effects

produced by the test chemical. In many cases, the native chemical is

processed by the host to produce reaction products that are either more or

less toxic than the parent compound. These factors contribute a level of

uncertainity when animal bioassay results are used alone to estimate human

risk from exposure to carcinogenic chemicals.
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Besides the obvious reasons for using animals to test the carcinogenic

potency of chemicals, there are some valid scientific reasons for this

approach as well. The study of certain enzyme systems indicates that they

frequently operate in the same way in both laboratory animals and humans

and that the basi c speci es difference is how much of a parti cul ar enzyme

works in the case of xenobiotic chemical metabolism.

Since carcinogenesis can be thought of as just one type of toxic

effect, some i ndi cati ons of the importance of speci es rel ated to to xi c

chemical exposure can be derived from short-term bioassays. Weil (1972)

compared 490 experiments measuring the acute toxicity of chemicals in many

different test species and calculated interspecies adjustment factors.

These data i ndi cated that a response factor of 10 (or 1ess) could be

attri buted to i nterspeci es vari abi 1ity shown for acute toxi ci ty tests.

Most toxicologists would advocate use of a 10-fold safety factor only in

the absence of direct interspecies comparisons, particularly for the

carcinogenesis endpoint.

Empirical Methods. A number of approaches to extrapolating the dose

in animal experiments to humans have been used, with varying degrees of

success. \One of the most conmon of these is the body surface area

conversi on:

conversi on
1/3

= (70 /W)

where 70 is the body mass of a "standard" adult mal e in kg, and Wis the

experimental animal wei ght. Thi s formul a was deri ved from empi ri cal data

collected from studies of antineoplastic drug tests and observations on the

acti on of drugs on human newborns and i nf ants. Body wei ght compari sons

have also been used, producing dose measurements of mglkgld as a means to

appl y data from animal tes ts to the human exposure condi ti on. Thi s
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approach is based upon physiological parameters such as pulse, breathing

rate, consumption of food, oxygen, and water, since these correlate

linearly with body mass. Cruder estimates of dose conversion between

species include direct food, air or water concentrations as exposure

i ndi ces. In any case, the empirical approach always uses a relatively

gross IIfactor li to account for the i nterspeci es differences.

Pharmacokinetic Processes. Another approach to interspecies

extrapolation is that based upon a quantitative estimate of the difference

between animal speci es and man. In general, the mechanisms for adsorption

and excretion of xenobiotic chemicals and their metabolites are the same in

man as in conventional test animals. The site of action and toxic

mechanisms are also more often similar than not. The greatest variation

among species is the rate of metabolism, and it is this variable that

p~armacokinetic models seek to measure. The use of this approach can be

generalized as follows:

1. The major species difference is rate of elimination, which

includes metabolism, distribution, and excretion;

2. Test animal s can be mani pul ated to make these differences

,di sappear, usi ng mul ti pl e doses admi ni stered at the proper time

depends on pl asma concentration over a long time period. In

effect, this· stabilizes the steady-state dose to overcome the

and concentrati on. This is particularly true when the effect

speci es differences;

3. Where animals do not produce a metabolite active in man, these

human matabol ites should be admi ni stered to the test animal.

This would facilitate extrapolation to man that would not be

possible otherwise.
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RISK CHARACTERIZATION

Risk characterization is the final step in the risk assessment process

and usually involves the overall evaluation of the evidence to produce a

quanti tati ve estimate of the human cancer ri sk expected from known or

anticipated human exposures. This evaluation includes qualitative and

quantitative evidence relating to hazard identification, exposure

assessment, dose-response and speci es extrapol ation (Task Force on Risk

Assessment, 1985). This process will necessarily involve a variety_ of

assumptions and uncertainties which should be made explicit and

quantitified whenever possible (OSTP, 1984; Task Force on Risk Assessment,

1985) •

CON CL US IONS

There is currently no single procedure or process that is capable of

i dentifyi ng all human carci nogens. The strongest evi dence pertai ni ng to

carcinogenicity can be found when there is both epidemiologic data and

bi oassay data that are consi stent. Because epi demi 01 ogi c data are

frequently not available, cancer risk assessments must be based primarily

on resul ts from long-tenn animal studi es.

In ex~mining the status of animal testing with respect to dose

assessment determinations, a number of conclusions can be drawn. Animal

models remain crude tools for assessing the risks associated with

xenobi oti c chemi cal exposure to man. The resul ts must be interpreted

cautiously and intelligently, so that the factors significant for man are

also significant for the test species used in the dose response assessment.

The reality of the situation necessitates testing carcinogenic potency by

this method, regardless of the difficiencies. Experience is required for

the prudent i nterpretati on of the animal studi es, si nce sophi sti cated

bi anet ri c methods cannot compens ate for inadequate experimental desi gn or
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for a lack of understanding of the biological principles involved. The

erroneous application of statistical methods or disregard for the

statistical limitations of the raw data set can lead to faulty conclusions.

Limitations of animal-derived carcinogenic dose response assessments

incl ude the basi c assumpti on that animal experiments are rel evant to human

risk estimation. In addition, some conceptual probl ems exist with

extrapolation from high-dose exposures to lOtI-dose environmental levels.

There is also no certainty that the tested species will be as sensitive as

man to the tested toxicant with respect to tumor induction. Factors such

as the geneti c differences between animal s and humans confuse the

evaluation of individual exposure consequences, since the human population

is far more hetero gen eous than 1abor atory animals peci es.

Another difficulty with risk assessment based upon bioassay is the

inability to verify the models or extrapol ation techniques by direct

observation of human populations. In situations involving exposures to

substances with estimated risk levels of 1 x 10-5 or 1ess, the chance of

observing even a single "excess" case in a community is very remote. Even

if an excess of cancer did occur, it could not be distinguished from the

much larger number of cases arising from all other causes. Regulatory

acti vity based upon risk assessments is intended to protect the publ ic

health by preventing potential situations in which excess cancer risks can

actually be observed. The level of risk at which society is adequately

protected depends on many factors, many of whi ch ha ve not been di scussed in

this section. Progress in the area of animal bioassay that reduces

uncertai nti es inherent in the approach is proceedi ng, but concomi tant

efforts in the areas of hazard assessment and exposure assessment are'

needed to help reduce uncertainties relating to the entire policy making

process.
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3. PROPOSED CRITERIA FOR COMMUNITY HEALTH STUDIES

Based on a literature review and the epidemiologic principles

previ ous 1y di scussed, the fo 11 owi ng criteri a are necess ary for the proper

conduct of epidemiologic studies to determine potential health effects from

contaminated drinking water:

~!! Accurate Definition of Exposure·

The most crucial element of any environmental epidemiologic study is

the degree to which exposure can be measured on an individual basis. In

general, evidence of an environmental hazard is usually provided through

studies of persons with high exposures. Detecting causal relationships at

low exposures is very difficult and is complicated by the interaction of

many other factors which may not be adequately addressed by the study

design. If exposure is low or rare, or if the excess risk posed by an

exposure is small, then 1 arge numbers of indi vidual s are required for a

scientifically valid study. Often, information on the specific exposure of

interest is unavailable; hence, surrogate measures are used, such as

occupatidn or length of residence. Exposures are often determined on the

basis of historical information or individual recollection, and such

assessments are subject to bias from selective recall or missing records.

Additional parameters will also influence the accuracy of any exposure

model: (1) the nature and extent of environmental contamination; (2) the

degree to which contaminants can be accurately measured and quantified; (3)

the probab 1e routes of human expos ure; and (4) the duration, i ntens ity and

temporal variability of human exposure. Misc1assification of exposure may

result in inaccurate health risk estimates and seriously distort the

perception of environment on health (G1aden and Rogan, 1978). Another
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major problem in the evaluation of any environmental exposure is the

difficulty in identifying excess risk in individuals due to one particular

contaminant out of the many to which individuals are routinely exposed

(Saracci, 1978). Shy (1985) conc 1udes that "Further epi demi 01 ogi c studi es

of cancer risk and water qual ity, in the absence of progress of exposure

estimation, seems unlikely to advance our knowledge of the nature of this

relationship."

Information on Confounding Variables

Confounding is defined as a situation in which the effects of two

variables are not separated when eval uating their indi vidual impact on

health (Last, 1983). A confounding factor results in a distortion of the

effect of exposure on disease risk. The most commonly considered

confounding variable is age. Gender, race, religion, marital status,

cigarette smoking, and alcohol consumption are also among the most common

of many potential confounding factors. In addition, the apparent effect of

an exposure may be masked due to the effect of other factors that are more

strongly related to the etiology of the disease (effect modification). In

order to adequately identify the health risks associated with environmental

exposures, other factors known to be associated with disease must be

evaluated in all individuals, whether exposed or unexposed.

The Use of Incidence Data

The incidence rate is defined as the number of newly-diagnosed cases

during a specified time interval divided by the total number of individuals

at risk of developing that disease during the same period of time.

Incidence data provide a direct estimate of disease risk. This is in

contrast to the prevalence rate which is the total number of cases of
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disease (both new cases and old cases) in a population at a specified

point in time divided by the number of individuals in that population at

the same time. Prevalence is dependent on both the incidence rate of

disease and the duration of the disease. Thus, differences in disease

prevalence do not necessarily reflect differences in disease incidence;

they may also reflect changes in disease duration. A study of prevalent

cases would tend to include those who have higher survival rates; these

cases may differ in several respects from non-survivors. A study of

incident cases reduces the survivorship bias. Mortality data, although

accessible and inexpensive, are subject to errors as previously described.

For several reasons then, incidence studies are preferable to

prevalence or mortality studies for the identification of etiologic risk

factors associated with adverse health effects.

Population-Basing

A "population-based" study examines disease incidence in a population

in a defined geopolitical area. Population-at-risk is a term applied to

all of those individuals in a population to whom an exposure could have

occurred; whether it did or not. It is the denominator in rates of

disease incidence. This is in contrast to studies which are confined to

clinic or hospital settings. Data from such settings are often not

representative of the community due to selection factors (e.g., services

provided, costs and patient accessibility will affect who utilizes a

particular clinic or hospital). Such studies may provide a biased

perception of disease in the community. The use of population-based

methodology allows a much better definition of the population-at-risk and

the incidence of disease in that population. In addition, study results

using population-based data are generalizable to the entire community.

3-3



The "stati sti ca 1 power" of a gi ven study refers to the probabi 1 ity

that a disease risk of a particular magnitude would be detected. For

example, a particular study may have a high probability (90%) of detecting

a two-fold increased risk among the exposed. It would have less power to

detect smaller increases in risk. Real differences in disease risk may go

undetected in a study due to insufficient power. Power is associated with

the size of the study population (the smaller the sample size the lower the

power of the study), and is expressed in relation to a particular magnitude

of risk (1 arger risks are easier to detect than smaller risks). A study

with an inadequate sample size has less chance of detecting true

differences. Typically, populations exposed to environmental contaminants

·are small and the statistical power of these studies is low. Landrigan

(1983) has noted that negati ve data from environmental studies shou1 d be

interpreted cautiously. He recommends that all negative studies include a

clear statement as to the study's power to detect true differences in

disease risk. On the other hand, a study with a very large sample size has

the power to detect very small differences in risk (e.g., see Morin et a1.,

1985). However, such small differences are difficult to interpret

biologically and the social implications are often unclear.

Table 3-1 provides estimates of the minimum detectable relative risk

of cancer as a function of the person-years of observation (PYO). This is

defined as the size of the population multiplied by the duration of

observati on. In general, a 1 arge number of person-years of observati on

would be required to detect rather large relative risks for specific

di seases (e.g., cancers of the uri nar y system). For example, a popu 1ati on

of 1000 would have to be observed for ten years (10,000 person-years) to be
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Table 3-1. RELATIONSHIP BETWEEN THE PERSON YEARS OF OBSERVATION (PYO) AND

THE MINIMUM DETECTABLE RELATIVE RISK OF CANCER

Cancer Person Years Level of Baseline Rate Minimum Detectable
Site of Db serv at ion Significance of Disease Power Relative Risk

All 1000 0.05 0.003 0.9 5.89
Sites 10000 0.05 0.003 0.9 2.03

100000 0.05 0.003 0.9 1.28

Digesti ve 1000 0.05 0.0007 0.9 17.65
System 10000 0.05 0.0007 0.9 3.64

100000 0.05 0.0007 0.9 1. 63

Uri nary 1000 0.05 0.0002 0.9 54.97
System 10000 0.05 0.0002 0.9 7.80

100000 0.05 0.0002 0.9 2.32
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able to detect a two-fold increase of cancer (all sites). Smaller

increases woul d requi re a greater 1ength of obser vati on or a 1arger study

population. This same population would have to be observed for longer than

100 years to be able to detect a two-fold increase in the incidence of

cancers of the uri nary system.

Use of Appropriate Health Endpoints

Ideally, environmental epidemiologic studies would address any and all

health (disease) endpoints that are of public or scientific concern. The

identity of such endpoints may depend on publ ic fears and perceptions as

well as on scientific evidence. In some instances, social, political,

legal, and/or scientific factors demand that many health endpoints be

addressed simultaneously (e.g., from cancers to reproducti ve outcomes to

skin rashes). However, to eval uate many different outcomes requires the

use of large, costly, and socially-invasive cohort studies. Where an

adequate exposure model cannot be developed for the environmental exposure

of interest, such large-scale studies may not even be a viable option. As

a practical matter then, it is usually necessary to determine which of an

extremely large number of possible health endpoints are most appropriate

for the focus of planned studies. Considerable care must be exercised in

this process, since the selection of an inappropriate study endpoint may,

in addition to its unproductive use of money and personnel, unnecessarily

either al arm or reassure the community invol ved.

As indicated above, public perceptions, political, or legal factors

may dictate the focus of an epidemiologic study arising from an

environmental contamination problem. Even when not justified by scientific

evidence, the social usefulness of such studies must be weighed. However,
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aside from pub1 ic or pol itica1 factors, many scientific and technical

issues come into play in selecting study endpoints.

Selection often involves a review of the published scientific

1iterature regarding the contaminants of interest. Toxicological and

epidemiologic data (if available) may identify specific health effects that

should be examined. As Landrigan (1983) has pointed out, the evaluation of

exposed popu1 ati ons shou1 d be di rected toward heal th effects that are

biologically plausible. Heath (1983) questioned the validity of

subclinical markers such as cytogenetic or mutagenic tests as predictors of

adverse health effects. He cites thei r i nappropri ate app1; cat; on dur; ng

the Love Canal epi sode, and conc1 udes that the; ruse in epi demi 01 ogi c

studies is limited.

Another approach for identifying appropriate endpoints (particularly

when other infonnation is not available) is to examine available or readily

obtained health data (such as mortality data) for the population. Although

such data may not be useful in identifying effects re1 ated to the

contamination exposure, they may be useful in identifying disease outcomes

that should be the focus of analytic studies.

In sul11mary, six criteria are considered essential for the conduct of

environmental epidemiologic studies that have as their goal the

identification and quantification of health risks that are attributable to

en vi ronmenta1 co nt ami nants. These criteri a are:

1) an accurate definition of exposure,

2) infonnation on confounding variables,

3) the use of incidence data,

4) population-basing,

5) adequate power for study endpoints, and

6) use of appropriate health endpoints.
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4. BACKGROUND ON IllINKING WATER CONTAMINATION ­
ST. LOUIS PARK AND NEW BRIGHTON

INTRODUCT 100

In thi s secti on, bri ef and separate descri pti ons of the muni ci pa 1 well

contamination that occurred in St. Louis Park and New Brighton will be

given. Information presented includes the date(s) when contaminants were

i ni ti all y detected in muni ci pal well s, the nature and magnitude of the

contami nati on, the probable or known sources of contami nati on, aspects of

the water suppl y that rel ate to community exposure potenti al, existing

studies and avail able data pertaining to community health, and general

environmental and toxicological aspects of the contaminants.

It might be noted at the outset that there are both similarities and

major differences in the two situations that have implications regarding

the feasibility of community health studies. Canmon to both communities,

for example, is the invol vement of a number of municipal wells that draw

from the same water-beari ng formati on (aquifer). Both areas have been

included in the highest priority group for eligibility for federal

Superfun,d action. In both situations, computer groundwater flow model s

have been developed as aids in identifying sources of contamination and

potential remedial actions. And in both communities, the number of people

using potenti ally contaminated drinking water pri or to detection of the

contamination is well in excess of 10,000.

In contrast to these simil ariti es are some very major differences.

Some exampl es of the differences incl ude the nature and magnitude of the

contaminants and their potential for carcinogenic or other health effects,

other sources of exposure to contaminants, the portion of the total water

suppl y provided by contami nated well s at the time the contami nat; on was
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discovered, the potential period in vihich contamination of the water was

possible or likely, the size and characteristics of the communities, and

the extent to which the situations have been studied to date. These

factors have obvious relevance to any consideration of community health

studies, and will be anphasized in the following discussions.
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BACKGROUND - ST. LOUIS PARK

As indicated in Section 1, a most important and problematic aspect of

conducting environmental epidemiologic studies is the assessment of

exposure. The following discussion summarizes what is known and what is

not known about the nature, extent, duration, and magnitude of exposure to

contami nants in St. Loui s Park well s.

Nature and History of Contamination

In 1978 four of the fourteen St. Louis Park municipal wells were taken

out of service by the city after it was determined that the wells were

contami nated wi th low 1eve 1s of po 1ynuc 1ear aromati c hydrocarbons (PAHs).

Some of these compounds are potent animal carci no gens (discussed 1ater in

this section). Between 1979 and 1981, two additional St. Louis Park wells

and one Hopkins well became contaminated and were also removed from

service. To date, these well s have remained out of service.

All of the contaminated municipal wells drew their water from the

Prairie du Chien-Jordan aquifer -- the most util ized aquifer in the Twin

Ci ti es metro area. This bedrock aquifer is between 250 and 500 feet

beneath the surface in the St. Loui s Park area, and is generall y consi dered

to be well-protected from surface contamination due to a thick sequence of

overlying materials including glacial drift, two bedrock aquifers, and two

bedrock confi ni ng units (Stark and Hult, 1985).

The contamination has been clearly linked to a former coal-tar

refi nery and wood preser vati on treatment faci 1ity that had been operated by

Reilly Tar and Chemical Corporation. This plant was located on an 8O-acre

site in St. Louis Park and was in operation between 1917 and 1972 (see

Figure 4-1). The raw materi al s (coal-tars) and products (e.g., creosote)

that were used in this facility are canposed of hundreds, and probably many
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Figure 4-1

LOCATION OF St. LOUIS PARK MUNICIPAL WELLS

City of St. Louis Park. \1innesota.

• Location of well or well field

O Circled numbers indicate wells found to be contaminated between
1978 and 1981
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thousands of canpounds, including the polynuclear aromatic hydrocarbons

(PAHs). The Reilly site was among the earl iest sites determined to be

e1igib1eforFedera1 Superfund remedial action (October, 1981). It has

been ranked in the highest of eleven priority groups that include 786

current and proposed Superfund Sites (National Priorities List, Oct.

1984) •

Contami nati on of the ground water probab1 y resu1 ted through several

means (HuH and Schoenberg, 1984; Stark and HuH, 1985). P1 ant wastes. were

discharged with little or no treatment into a ditch that flowed to a bog or

marshy area south of the p1 ant. The soi 1 and water beneath thi s bog were

found to be very highly contaminated with coal-tar constituents such as the

PAHs. Spills and drippings fran various pl ant operations on-site would be

another source. A thi rd source of contami nat; on was the di rect entry of

l;ontaminated materi a1 s into the Prai rie du Chi en-Jordan aquifer through a

deep (900-foot) multi aquifer well (W23) at the Reillysite. This well

served as a water supply to the pl ant's operations since 1917 and was

located near the refinery building in an area with potentially high

contaminant loadings on the surface (ERT, 1983). There is anecdotal

i nformat,i on suggesti ng other sources of cOiltami nati on in W23 (e.g., a

possi b1 e spi 11 from a rail road tank car and the drai ning of creosote­

contami nated process waters).

Whatever the sources, i nves ti gati ons bet~'ieen 1979 and 1982, along wi th

historical infonnation, have clearly indicated the significance of this

well in introducing contaminants into the Prairie du Chien-Jordan aquifer.

These investigations have revealed, for example, that the interior

surfaces of this well were coated with coal-tar materials, and that water

was flowing into the well through hol es in the casing at about 215 feet

(basal St. Peter aquifer) and out through holes at 264 feet into the
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Prairie du Chien-Jordan aquifer. The flow rate was measured by the

U.S.G.S. to be about 150 gallons per minute. Prior to 1930, the well was

not cased between 65 and 80 feet, and thus would have permitted entry of

water (and contami nants) from the sha 11 aN Orift-P 1attevill e formati ons into

the well. Furthermore, the construction of this well (ungrouted) was such

that contami nated materi al s and waters near the surface coul d have Fl oiled

down the space around the outsi de of the well, entered through the breaks

in the casing, and exited through the holes at the level of the Prairie du·

Chien-Jordan. It is significant to note that a plug of coal-tar material

was found to exist in the well below a depth of about 595 feet. This plug

was approximately 140feet long and seven inches in diameter. Although

providing a continuing source of contamination to adjacent aquifers, the

plug may also have sealed off deeper aquifers froo additional contamination

. after some poi nt inti me.

A number of additional multi aquifer 'llells have also been identified in

the vicinity of the site and may also have contributed to the problem,

although they are not bel ieved to be as important as the Reilly well.

(These interaquifer wells have been sealed or modified.)

Contamination of the Prairie du Chien-Jordan aquifer is likely to have
"

occurred quite earl y. In 1932 St. Loui s Park attempted to put into ser vi ce

its first municipal well. (Municipal water, where available at the time,

was being provided byMinneapolis.) This well was over 500 feet deep and

open to the Prairie du Chien-Jordan. It is located approximately 3500 feet

east of the Reilly site (Figure 4-1, Old #1). Groundwater in the Prairie

du Chien-Jordan in this area under natural gradient conditions flows

towards the east and southeast to the Mi ssi ssi ppi Ri ver; thus, water woul d

have tended to flow from the Reilly site toward the well. Upon completion

and after a short period of pumping, the well yielded water with a coal-tar
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taste and odor and was not considered suitable as a public water supply.

Documentation from the period (early 1930s) cited by the U.S.G.S. (Hult and

Schoenberg, 1984) and Reilly (ERT, 1983) indicate that the Reilly plant was

the suspected source of the contamination. In an apparent attempt to

I-

remedy the probl em with the muni ci pal well, additi onal casing was added to

the Rei 11 y well (W23) and another Rei 11 y well (W105) was pl ugged with sand.

The probl em was not resol ved, however, and the muni ci pal well was not

utilized. A number of other Prairie du Chien-Jordan wells completed in- the

1930s were also reported to have coal-tar odors and tastes (Stark and HuH,

1985) •

A second muni ci pa1 well into the Prai ri e du Chi en-Jordan aquifer (SLP

4) was drilled in 1946. (Three other municipal wells had been installed

north of the Reilly site in 1938, all approximately 290 feet deep and

drawing primarily from the St. Peter aquifer.) This well was 485 feet

deep and was located at a site approximately 1-2/3 miles southeast of the

Reilly facility and in the direction of groundwater flow. Phenol levels in

this well in 1946 (the year of its installation) were reported to be 0.1

ppm initially, although these levels quickly declined (Hickok, 1969).

Although not apparently contaminated in 1978 with PAH, this well was closed

in 1979 due to PAH contamination.

Environmental Research and Technology, Inc. (ERr) notes Reilly

correspondence in 1958 that refers to a problem with "tar" deposits on pump

beari ngs in Well W23 one year after swi tchi ng to a hydropneumati c pumpi ng

system in 1955 (ERT, 1983). This led to the installation of additional

casing in this well.

The history of the Reilly operations, the experience with coal-tar

tastes and odors in Prairie du Chien-Jordan wells in the 1930s, and the
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hydrogeologic characteristics of the region suggest that significant

contamination of this aquifer extending off-site may have occurred many

decades ago. Six of the ten municipal wells open to this aquifer that were

constructed between 1946 and 1969 were closed between 1978 and 1981 due to

contamination. This raises the possibility that some of the wells that are

currently closed were at least sporadically contaminated throughout much of

the time they were in operation.

Magnitude of Contaminatio~

Several problems arise in attempting to summarize contaroinant levels

in the municipal wells. First, several different laboratories have

performed analyses, and have frequently analyzed for different compounds or

different numbers of compounds. Even the same 1aboratory (e.g., MDH) has

looked for different contami nants over time. Second, the methods and

sensitivity of the analyses have varied over time and by laboratory.

Third, the conditions under which samples were taken have varied or not

been defined (e.g., how long the well was pumped prior to sample

co 11 ecti on). Fourth, changes in contami nant f1 CftI due to a1 tered pumpi ng

patterns in the aquifer would contribute to changes and variability in

measured water qual ity. Fifth, there is the issue of qual ity control and

other analytic variables that affect the reliability of measures,

particularly in the nanogram per liter range. Finally, there is the

problem of the sheer bulk of the data that have been acquired over the past

seven years ref1 ecti ng findi ngs from many 'thousands of anal yses. Several

data bases have been compiled by participants in the Reilly investigation

(e.g., MPCA, ERT). The most recent and comprehensi ve compi 1 ati on of these

data was prepared by the MPCA in early 1985, and it inc1 udes the data for

almost every well water analysis.
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In light of the difficulties mentioned above and the extremely large

size of the database on well water quality, data on contaminant levels for

specific compounds will not be presented. Instead, a more general

presentati on wi 11 be gi ven in terms of order-of-magnitude ranges and

typical values for total carcinogenic PAH concentrations and total non­

carcinogenic PAH concentrations. PAH compounds that have been detected in

analyses and that are included in these total PAH summaries are indicated

in Table 4-1. (The Minnesota water quality standard for total carcinogenic

PAH is 28 ngll)

It shoul d be poi nted out at the outset that the reported

concentrations for individual PAH compounds, as well as for total PAH, for

a si ngl e well can show vari ati ons of up to 100-fol d or more. Furthermore,

this range almost always includes IIless than ll values (detection limits vary

accordi ng to many factors).

As previously stated, it was initially determined that four of

fourteen SLP municipal wells were contaminated (MDH, 1978). This was based

on anal yses of seven PAH compounds, i ncl udi ng three carci nogens

benzo (a) pyrene, benzo (ghi) per yl ene, and i ndeno( 1, 2, 3-cd) pyrene. These

initi al analyses showed that low but detectable levels of PAH compounds

were present in several St. louis Park wells as well as in some other metro

area water supplies. However, SlP Wells 10 and 15 clearly had the highest

levels of contamination, while Wells 7 and 9 had lower, but still elevated

PAH. Carcinogenic PAH were found only in Wells 10 and 15 at levels less

than 10 ng/1 (just in excess of detection limits at the time). levels of

non-carcinogenic PAH (anthracene, pyrene, fluoranthene, and naphthalene) in

10 and 15 were reported to be 100-1000 ng/l. In Wells 7 and 9, non­

carcinogenic PAH levels were generally in the range of 10-100 ng/l.
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Simil arities in the measurements between Wells 10 and 15, and between Wells

7 and 9 could be expected since these wells are in very close proximity to

each other.
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Table 4-1

Carcinogenic and Noncarcinogenic PAH Included in Summaries of Total PAH

Carci nogeni c PAH

Benz(a)anthracene
Chrysene
Benzo(b & k)flouranthene
Benzo (a) pyrene
Benzo (j )fl ouranthene
Ideno(I,2,3-cd)pyrene
Oibenz(a,h)anthracene
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Noncarcinogenic PAH

Naphtha1ene
I-Methyl naphthal ene
2-Met hyl napht ha1en e
Acenaphthyl ene
Acenaphthene
Anthracene
Flourene
Phenanthrene
Pyrene
Flouranthene
Phenylnaphthalene
1,2, 6, 7-Tetrahydropyrene
9,10-Benzphenanthrene
Benzo (e )pyrene
Peryl ene
Benzo(g,h,i)perylene



Many subsequent analyses, involving many additional PAH compounds,

have been completed since these early samples. Many of the analyses have

been performed long after wells were removed from service. These data have

confirmed the relatively high contaminant levels in Wells 10 and 15. In

Well 10, carcinogenic PAH have been detected up to 200 ng/l, while non­

carci nogens have ranged up to 6000 ngll. In Well 15, total carci nogens

range to 100 ngll, with typical values in the 10's of ngll. Non­

carcinogens have been detected in excess of 10,000 ng/l, with typical

va 1ues in the 1000 I s of ngll.

Well s 7 and 9 have averaged 1. 0- 2.0 ngll carci nogeni c PAH, and

slightly in excess of 100 ngll non-carcinogenic PAH. Well 4 was closed in

December 1979 due to ri si ng 1evel s of PAH. Carci nogeni c PAH were typi ca 11 y

around 2 ngll, and non-carci nogens in the 100' s of ngll.

Well 5 was al so not cant ami nated i niti all y (i.e., 197 B). However, by

mid-19B1, relatively high contaminant levels were being consistently found

and the well was taken out of service. Once contaminated, levels of

carcinogenic PAH were typically around 10 ng/l, and non-carcinogenic PAH

were typically in the 1000's of ng/l. These values are similar to Well 15.

Overall in contaminated wells, the most frequently found carcinogenic

PAH include benz(a)anthracene, chrysene, benzo(a)pyrene, and

benzo(b)fluoranthene. The most frequently found noncarcinogenic PAH

i ncl ude anthracene, fl uoranthene, acenaphthyl ene, phenanthrene, and pyrene.

Many other PAH and other contaminants have been analyzed and detected at

vari ous times by vari ous 1aboratori es.

In summary, contaminated municipal wells are all in the Prairie du

Chi en-Jordan aquifer (although not a11 Prai ri e du Chi en-Jordan well s are

contaminated). Despite the fact that groundwater flow in this aquifer is

generally towards the east-southeast, contaminants have reached well s
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north, west, and southwest, as well as east of the Rei 11 y site. Well s

nearest to the site (5,10,15) appear to have the highest levels of

contamination, typically at least an order of magnitude above level s found

in well s farther from the si te (4, 7, and 9). Level s of carci nogeni c PAH

in contaminated wells are generally quite 10'N, typically 1ess than 10 ngll,

except f or we11 s 10 and 15, in whi ch 1eve 1s ha ve frequent 1y been in the 10­

100's ngll range. Levels of noncarcinogenic PAH are typically one to three

orders of magni tude hi gher than carci nogeni c PAH.

Po.~~!:!tial Comnunity fXRosur~ ~Q PAHs in Drinking Water

To rel ate potenti al heal th effects to consurnpti on of contami nated

drinking water in St. Louis Park, it is necessary to categorize or cl assify

individual s on the basis of their exposure to contaminated water. Ideally,

this cl assification would identify who was exposed to contaminated water,

the duration and/or intensity of that exposure, and the timing of that

exposure. At a minimum, individuals would be classified in broad

categories such as "exposedu and " no t exposed" or Uhighest exposureu and

"l m'lest exposure." The degree and validity of the information required to

classify individuals by ideal versus minimal standards would vary

consi derabl y; however, any cl assifi cation scheme woul d require

consi derati on of many factors. Sane of these factors woul d i ncl ude:

a. the identity and location of contaminated wells and the levels of

the contami nants;

b. the likely time period when the contaminant plume first reached a

gi ven well or well fi el d;

c. the portion of the water supply that was provided by contaminated

we11 s 0 ver any gi ven time peri od;
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d. changes in the composition and the level of contaminants over

time;

e. rel ati on between contami nant 1evel s at the well-head (where

sampl es are almost always taken) and at the househol d tap;

f. the effects of typi ca 1 water treatment processes (such as

aeration, iron removal, chlorination, storage in reservoirs, etc.)

on the nature and level of contaminants that reach the household

tap;

g. characteri sti cs of the water di stri buti on system that rnay affect

such factors as the pattern of distribution of contaminated

waters, and the attenuation or the enhancement of contaminant

levels (e.g., asbestos-cement vs. coal-tar linings);

h. the existence, if any, of contaminant residues in the \.oIater

distribution system plumbing that could serve as an exposure

index;

f. the exi stence and importance, if any, of pathways of expos ure to

water contaminants other than direct ingestion of water;

g. the existence, if any, of persistent tissue residues or other

biological indices of chronic exposure to these contaminants;

h. the extent to whi ch pri vat e we 11 s or ot her water sources ser ved as

a drinking water supply to individuals.

Despite the extensive information base that has been developed in

relation to the groundwater supply in St. Louis Park, many information

deficiencies still exist that severely hinder development of a val id

exposure cl assification model. Sane of these probl ems and uncertai nti es

will be identified and discussed below.
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Historical Patterns of Well Contamination---------- -- ---- --------
Well sin St. Loui s Park were not exami ned fo"r PAH unti 1 1978;

consequently, it is not known which or for how long wells were contaminated

with PAH before 1978. (For wells that showed contamination only after

monitori ng had been in effect for sane time -- 4, 5, and Hopki ns 3 -- it is

quite possible that the start of contamination was detected, although other

interpretations are also possible.) Although several types of historical

water qua 1 ity data do exi st (e.g., phenol s), there does not appear to be a

reliable corre1 ation between these parameters and PAH levels, based on

current measurements. Several types of informati on may be consi dered in

assessing historical patterns of well contamination such as when

environmental contamination started, installation and pumping histories of

city well s, properti es of the contami nants, and hydrogeol og"j c factors.

Some of this information has previously been described; additional

i nfonnation is presented below.

Three-dimensional groundwater flow models for the St. Louis Park

region have been developed by the U.S. Geological Survey (U.S.G.S.) (Stark

and Hu1 t, 1985) and by Rei 11 y (ERT, 1983) as part of the remedi al

investigation. These conputer models are useful in identifying strategies

that may serve to reduce further spread of the contamination and in

identifying (or ruling out) potential sources of contamination. Although

not developed for this purpose, they may also have some potential value in

establishing a time-frame in which groundwater (and/or contaminants) could

reach well s from a gi ven source.

Modeling efforts to date have indicated that, based on reasonable

assumptions regarding i nteraquifer fl CJN and other hydrogeologic parameters,

the general easterly direction of groundwater flow in the area can be

locally altered by heavy pumpage from 1 arge municipal and industrial wells.
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These simulations show the possibility of flow fran the Reilly site toward

SLP Well s 10 and 15 (to the northeast), SLP Well 5 (to the west), and

Hopki ns 3 (to the southwest), gi ven certain assumptions. These simul ations

do not show when contaminants might have reached specific !tlell s, only that

conditions could exist in which groundwater flow could be altered.

The potenti al abil ity of nearby, 1arge-capacity well s to affect the

direction of groundwater flow near the Reilly site woul d suggest that the

contaminant history of the municipal wells could be complex and var';.able.

Historical contamination of a well woul d depend not only on the pumping

hi story of that well, but al so on the hi story of the ins ta11 ati on, pumpi ng

patterns, and abandorment of other 1arge capacity muni ci pal and i ndustri a.l

wells inthe region. An illustration of this possibilitycan be seen in

the post-1978 contaminant history. As previously noted, only Wells 7, 9,

la, and 15 showed clear evidence of contamination initially and were closed

in 1 ate 1978. By 1 ate 1979, Well 4 became contaminated and was closed.

Finally, in mid-1981, Well 5 began to show a rapid rise in contamination

and was closed. The rise in contamination in "clean" well s following a

period in which a number of large municipal and industrial wells were

closed probabl y resul ted fran changes in local groundwater flow patterns.

Such i nfl uences can readil y be demonstrated by known computati onal methods

and/or computer models of groundwater flow. It might be noted here that

all proposed remedi al pl ans in St. Loui sPark i nvo 1 ve the concept of

"gradient control" wells whose pumpage would serve to capture or retard the

spread of contamination (Hickcok, 1981; ERT, 1983; Stark and Hult, 1985).

It is reasonable to assume, therefore, that historical patterns of

water and contami nant mi grati on (and consequent 1y well contami nati on) were

also influenced by changing patterns of well usage in the Prairie du Chi en­

Jordan aquifer. As shown in Figure 4-2, new municipal wells were installed
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periodically since the late 1930s in St. Louis Park to meet the demands of

the rapid population growth that occurred in the 1940s and 1950s. Not

shown are the many industrial wells that were also installed during this

period. Historical pumping data for SLP wells shows that large seasonal as

well as long term changes have occurred in the patterns of pumpage from

municipal wells (as well as for industrial wells).

The above i nformati on suggests that the pattern and extent of well

contamination observed in 1978 or subsequent years does not necessarily

reflect well contamination patterns and levels that existed during most of

the history of the St. Louis Park municipal water supply. It seems likely,

in fact, that a variable and complex history of contamination existed.

However, the possibility that significant contamination did not reach

municipal wells until comparatively recently cannot be disregarded.

Further insights into historical patterns of well contamination could

possibly be gained through additional data collection and computer modeling

with the U.S.G.S. groundwater flow model for St. Louis Park. It is

believed by the U.S.G.S. (Stark, 1985) that, given adequate time and other

resources, more specific and refined simulations (based, for example, on

actual pUI11Page over short intervals of time) could be developed that might

provi de some i nsi ght into hi stori cal patterns of groundwater contami nati on.

If such an effort were undertaken, costs of the project would be shared

between state and federal agenci es. It was roughly estimated that

approximately two years would be required to complete the project at an

approximate total cost of $140,000 (Stark, 1985).
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Figure 4-2

Dates of Operation for St. Louis Park Municipal Wells
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NOTES:

1. Chart indicates years in which wells were potentiall yin service. Individual
pumping histories very Widely by seeson IJnd yeer.

2. Old Well :# 1 'vISS operated for les·s than seversl months due to a persistent
phenolic taste and odor problem.

3. Wells 1,2, and 3 are approx. 290 ft. deep; Wells 4, 5, 6, 7, 8, 9, 10, 14,
15, and 16 are approx. 450- SOD ft; Wells 1" 12, 13, and 17 are over
t 000 ft. deep.
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Water Distribution and Treatment

Even if it were possible to establish the likely history of well

contamination, there are many other components of the water supply and

distribution system that could significantly affect exposure potential at

i ndi vi dua1 resi dences. Pri or to its arri val at the tap, dri nki ng water may

undergo a variety of chemical and physical treatments, remain in storage

tanks or water mains for variable periods of time, and be mixed with waters

from other wells. Each of these factors may have an impact on exposure

potenti a1 •

Water that is pumped from well s typically undergoes several treatment

processes before it enters the distribution system. In St. louis Park,

such processes commonly include aeration, iron removal, chlorination, and

fluoridation. Water may be pumped into reservoirs and storage tanks or

directly into the distribution system. In either case, water mayor may

not be mi xed with water from other well s as it enters the system.

ouri ng these processes of treatment and storage, contami nants coul d be

chemically or physically modified, resulting in a change in their

concentrati ons and/or creati on of chemi ca 1 deri vati Yes. In the case of

surface wqter supp1 i es, for examp1 e, in whi ch most of the PAH is adsorbed

to parti cu1 ate matter, it has been shown that conventi ona1 water treatment

generally el iminates well over 90% of the PAH present. In ground waters,

where most PAH is not associ ated wi th parti cul ates and where PAH

concentrations are usually much lower, such 1 arge reductions have not been

demons trated. Rei 11 y reports that an i nves ti gati on of the iron remova 1

system associ ated with Well 15 revealed that this process could cause some

reduction in PAH, primarily carcinogenic PAH (ERT, 1983). It has been

reported that chlorination can reduce high PAH levels, but is less

effective with lower levels (EPA, 1980). The efficiency of this process
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at the PAH levels, chlorination levels, and contact times typical of St.

Louis Park has not been demonstrated. The effects, if any, of other

treatnent processes or the canbination of processes used in St. Loui sPark

are a1 so unknown.

If all operati ng well sin a water system were contami nated, it cou1 d

be assumed that water quality at the tap would be essentially the same

throughout the system (ignoring any treatment/storage differences). In St.

Louis Park, however, most wells were not contaminated, and it is important

to consider the implications on tap water quality. Mixing of waters from

contaminated wells and uncontaminated wells can resu1 t in dil ution of

contami nants even before reachi ng the di stri buti on system. For exampl e,

Well s 3, 10, 11, and 15 are all in close proximity and supp1 y water to the

same storage reservoir/distribution system point. Wells 3 and 11 are in

different aquifers than 10 and 15 and have not been contaminated. It Was

common practi ce to operate Well s 11 and 15 together, and Well s 3 and 10

together (Toll efsrud, pers. comm., 1985).

In principle, and occasionally in practice, the water that is

available at a given location in the distribution system (or at a given

residence) could be derived from anyone of the municipal wells.

Typically, several wells are in service at a given time. Therefore, as a

crude approximati on of potenti a1 pub1 ic exposure to water contami nants, an

estimate could be made of the portion of the total yearly (monthly, daily,

etc.) water pumpage that was produced by contami nated well s. Thi s process

was used, where indi vidual well pumpage data were available, with respect

to the water supply in St. Louis Park. Avail able records showed that the

portion of the yearly water pumpage from wells 4, 5, 7, 9, 10, and 15

varied over time, accounting for as much as 60-90% of the supply during the

1950s to less than 20% during the mid-1970s. For individual wells or for
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shorter peri ods of time, these percentages woul d of course be much more

vari abl e. For exampl e, records show that Well 5 typi ca 11 y pumped between

250 and 450 million gallons/year during the 1950s, accounting for some 25­

58% of the yearly total water supply. In the late 1970s, however, yearly

pumpage from Well 5 was reduced approximately 10-fold, and represented less

than 1.0 % of the yearly total.

These types of esti mates do not reveal potenti al water quality at a

given residence, in which the available water will represent some variable

ratio of waters produced from wells currently or most recently in

operation. Although it can often be assumed that residences located

nearest to an operating well will obtain a higher ratio of their water from

that well than from other operating wells that are more distant in the

distribution system, the actual proportion of water at a residential tap

produced from a given well would be highly variable, and could probably

only be estimated with the aid of computer models of the distribution

system.

It mi ght be noted here that such an esti mate of the proporti on of

water from contaminated wells at given locations in the distribution system

has been attempted in at least one published report. In a study involving

contaminated wells in Woburn, Massachusetts, the investigators estimated

the yearly proportion of water available to each residence in the study

that came from two contaminated wells (Lagakos et al, 1984). The basis

for this numerical estimate was a distribution system model described in a

draft report prepared for the Massachusetts Department of Environmental

Quality and Engineering (Waldorf and Cleary, 1983). An attempt to obtain

this report directly from this agency in September, 1984, was unsuccessful.

According to the report's co-author, the draft report had not yet been

sufficiently reviewed, and was not accepted as an official department
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report at that time. A revi ew of the report, to invo1 ve a new pressure­

gradient model, was reported to be in progress (Cleary, 1984). Thus, the

app1 i cabi 1ity of thi s di stri buti on-model approach to St. Loui sPark cou1 d

not be eva 1uated. H"",ever, in 1i ght of the number of cont ami nated we11 s,

the variability of contaminant levels over short periods of time, the

i nf1 uence of pumpi ng patterns on groundwater and contami nant flow, the long

and varied pumping histories of the municipal wells, and the lengthy

history of potential contamination, it seems unlikely that such a

distribution model, even if one could be constructed for St •. Loui sPark,

would be of significant value or va1idityin distinguishinghistorical

exposure levels at individual residences. As noted above, a major

proporti on of the total year 1y water producti on in St. Loui sPark in the

1950s (and possibly in the 1960s) was supplied by wells that were found to

be .contami nated. It wou1 d appear that a more si gnificant unreso1 ved issue

in this situation is the timing and duration of the period(s) of

contami nati on for each well.

Distribution System Liners and Sealers

Another aspect of the di stri buti on system that re1 ates to potenti a1

community exposure to PAHs is the nature of the 1i ning of the water mai ns.

Water mai ns and storage tanks in the U.S. have often been 1 ined or seal ed

with coal-tar or aspha1 tic compounds (NAS, 1982). Much of the St. Louis

Park distribution system was installed prior to 1950 when such liners were

commonly used, and it is likely that much of the system has such lining

materi a1 s. The Safe Dri nki ng Water Ccmmi ttee of the NAS has summari zed a

vari ety of 1aboratory and fie1 d studi es that ha ve demonstrated that PAH

constituents in such lining materials can be leached into the water

depending on such factors as the composition and age of the 1i ning, water
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volume to surface area, contact time, and manner of application (NAS,

1982). It appears that there is potenti all y much greater 1eachi ng of PAH

fran coal-tar liners than asphaltic liners or sealers, reflecting the much

higher concentration of PAH in coal-tar lining materials. Studies indicate

that such liners can contribute a wide variety of PAHs and heterocyclics,

including both carcinogenic and noncarcinogenic compounds, to waters in

the distribution system. However, the greatest increases in PAH in

di stri buti on and/or storage tank waters have been reported for
.

phenanthrene/anthracene, fl uoranthene, chrysene, and naphthal ene. PAH

levels can be increased by several ngll to several ug/l.

The impact of potential PAH leaching fran the distribution system in

St. louis Park is very difficult to assess. little seems to be known about

the factors that affect the degree and duration of leaching in actual

systems, and little is known in particular about lining materials in St.

louis Park. Although an enormous number of samples of water at the well

head have been analyzed, almost no samples of tap or distribution water

ha ve been analyzed. A few tap s ampl es were apparentl y taken from three or

four resi dences between 1982 and 1984 under unknown condi ti ons.

Interestingly, ngll quantities were reported in several samples for

phenanthrene, anthracene, fl uoranthene, fl uorene, and pyrene. A much

larger and better defined sampling program would be required to reveal the

existence, patterns, and magnitude of distribution-system derived PAH in

tap water. As with the raw water quality, it is quite likely that

di stri buti on water qua 1 ity has vari ed, dependi ng on when water mai ns were

install ed, the exact nature of the 1 i ning, the vol ume of water passing

through secti ons of mai n over time, and many other factors.

In addition to its potential contribution to PAH levels in drinking

water, the likely existence of coal-tar or asphaltic liners/sealers also
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affects exposure assessments in another manner. It has occasionally been

suggested that an approach to determining historical exposures might be to

measure PAH residues that may have been deposited over time on the interior

surfaces of the distribution system mains. It was preViously noted that

deposi ts of coa l-tar materi al s were very evi dent in a well located on the

Reilly site. However, this approach obviouslywould not appear to be

feasible where mains have been lined with PAH-containing materials.

Cone lusi on-----
Despite the extensive information base that is available regarding

contamination of groundwater and municipal wells in St. Louis Park, it is

not presently possible to identify either the duration or the magnitude of

cOOlTlunity exposure to water contaminants. Although contamination of the

.major aquifer occurred by at least the 1930s, many scenarios are possible

regarding the history of municipal well contamination and the extent to

whi ch contami nants woul d ha ve reached cons umers· taps.
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I POL YN UCLEAR AROMATI C HYDROCARB O'lS: ENV IRON MENTAL ASP ECTS

Properti es

Pol ynuc 1ear aromati c hydrocarbons (PAHs) represent a very 1arge group

of canpounds that are fonned during most canbustion and high temperature

processes. They are ubi qui tous in the envi ronment from both natural and

man-made sources. Chemi cally, they are canposed of the el ements of

hydrogen and carbon wi th two or more fused aromati c ri ngs. In al kyl-

substituted PAH, one or more hydrogen atoms are replaced by an alkyl (e.g.,

methyl) group. Frequently included in discussions of PAH are those

canpounds in whi ch a ri ng carbon atan has been repl aced by a nitrogen,

oxygen, or sulfur atom. Such analogs are referred to as heterocyclic PAH.

The best known and most studied PAH is the carcinogen benzo(a)pyrene (SaP).

Benzo(a)pyrene was one of the first pure chemical compounds demonstrated to

be carci nogeni c in an animal in the 1930s (IARC, 1985).

The structure and the chemi cal and physi cal properti es of a wi de

variety of PAH are described in various review documents (e.g., EPA, 1980;

Santodonato et-al., 1981; NAS, 1983b; IARC, 1973; 1983) and will not be

det ail ed here. In general, however, these canpounds can be characteri zed

as having high lipophilicity, extreme insolubility in water, low vapor

pr ess ure, and hi gh melti ng and bo i 11 ng poi nts (IARC, 1983; NAS, 1983b).

PAH also absorb ultraviolet light and fluoresce strongly.

Both in air and water, PAH are usually associ ated with or adsorbed to

particulate matter. Although many PAH oxidize or photodegrade rapidly

under atmospheric conditions, at least 20 PAHs 'are apparently stable enough

when adsorbed to ai rborne parti cl es to be transported long di stances and

may have lifetimes on the order of days (Santodonato et al., 1981; IARC,

1983) •
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I n the aqueous en vi ronment, PAHs with three or more ri ngs appear to be

extremely stable compared to lower molecul ar weight PAH which can be

rapidly biodegraded. Photodegradation appears to play little role in the

aquatic environment. Lake and marine sediments may be regarded as an

en vi rOl11lental sink for PAH (IARC, 1983).

As in aquatic environments, it has been shown that microorganisms in

the soil can degrade PAH compounds, albeit slowly for higher molecul ar

weight compounds such as BaP. Soil PAH is not transferred to a signif.icant

degree through root absorption to the consumed portions of crops

(Santodonato et al., 1981).

Sourc~ and .Q~~urrence of PAHs

Pol ynuc 1ear aromati c hydrocarbons res ul t from essenti all y every

combustion process. Some exampl es of important sources of emissions

i ncl ude the foll ONi ng (NAS, 1983b):

- Automobil es and trucks
- Other mobile sources (e.g., planes and ships)
- Fireplaces
- Wood-burning stoves
- Resi denti al coal-fired heating
- I ndustri al coal-fi red heati ng
- Coke producti on
- Industrial-commercial incinerators
- Agricultural open burning
- Land-clearing waste burning
- Prescribed burning of underbrush in forests
- Forest and prairie fires
- Structural fires
- Coal-refuse' fires
- Vol canoes

It is well-establ ished that these compounds are present in trace

amounts, throughout the atmospheric, terrestri al, and aquati c envi ronments.

They are present in tobacco smoke, air (industrial and ambient), water,

food, soil, sediments, aquatic organisms, mineral oils, and refined

petrol eum products (IARC, 1983). Thus, human exposures occur through
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direct inhal ation of tobacco smoke and poll uted air, ingestion of

contaminated and processed food and water, or by skin contact with soot,

tar and oils (IARC, 1983).

Levels and Sources in Air
~'-"'-....;. -- ---- - --

Non-occupational exposures to PAH via inhalation result primarily from

smoking and from urban air poll uted with emissions from coal combustion

(industry and power pl ants), waste incinerators, domestic heating, and

vehicles powered by gasoline or diesel fuels (IARC, 1983).

A large number of PAH compounds have been firmly identified in tobacco

smoke and many more probably exist in trace amounts. Some of these

compounds are quantified in Tabl e 4-2. It is estimated that SaP intake

fran smoking alone is approximately 400 ng/day.

The 1eve 1 sand rati os of PAH compounds produced from combusti on of

fossil fuels can vary by several orders of magnitude depending on the fuel

source and the conditions of combustion. Most studies of atmospheric PAH

have used SaP levels as a surrogate for total PAH or for carcinogenic

PAH, although it is generally recognized that SaP does not exist in a

constant ratio to other PAHs. EPA estimates cited in Santodonato et al.

(1981) of,total SaP emi ssi ons from different sources for 1985 are shown in

Table 4-3.

The National Academy of Sciences (1983b) estimates of total SaP

emissions for 1975 and 1985 are as follows:

SaP Emission, Metric Tons

Estimate

Minimum

I nt ermedi ate

Maxi mum

1975

346

588

1676

1985

67

358

885
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Table 4-2

Concentrati ons of Sane PAH Canpounds in Tobacco Smoke a

Canpound

Anthanthrene·
Anthracene
Ben z(a) ant hr acen e
Benzo (b )fl uoranthene
Benzo (j )fl uoranthene
Benzo (k )fl uor ant hene
Benzo(g,h,i)fluoranthene
Benzo (a) fl uorene
Benzo (b )fl uorene
Benzo (g,h, i )peryl ene
Ben zo (c )phen ant hr en e
Ben zo (a) pyrene

. Benzo(e)pyrene
Chrysene
Coronene
Oi benz (a,c) anthracene
oibenz( a,h )anthracene
Oi benz (a,h) ant hracene
Oibenzo(a,e)pyrene
Oibenzo(a,h)pyrene
Oibenzo(a,i)pyrene
Oibenzo(a,l)pyrene
Fluoran;thene
Fl uorene
Ideno(1,2,3-cd)pyrene
I-Methyl chrysene
2-Methyl chrysene
3-Methyl chrys ene
4-Methyl chrysene
5-Methyl chrysene
6-Methyl chrysene
2-Methylfluoranthene
3-Methylfluoranthene
Peryl ene
Phenanthrene
Pyrene
Tri phenyl ene

Cigarette Main
Stream Smoke
(flg/100 ci garettes)

0.2-2.2
2.3-23.5
0.4-7.6
0.4-2.2
0.6-2.1
0.6-1.2
0.1-0.4
4.1-18.4
2
0.3-3.9
present
0.5-7.8
0.2-2. 5
0.6-9.6
0.1
present
0.4
1.1
present
present
0.17-0.32
present
1-27.2
present
0.4-2.0
0.3
0.12
0.61
present
0.06
0.7
present

. present
0.3-0.5
8.5-62.4
5-27
present

Smoke Poll uted
Environment
(ngl cubi c meter)

0.5-3

39

5.9-17

2.8-760
3-18

0.5-2.8

6

99

0.1-11

2-66

a Modified from rARe (1983). See IARC for ori gi nal references ~
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Table 4-3

Estimates of Benzo(a)pyrene Emissions, Metric Tons/Year a

Source I ntermedi ate Esti mate for 1985
---_ .._-

Coal-Fired PONer Plant 1.1
Coa l-Fired Industri a1 Boil er 0.1
Coal-Fired Resi denti al Furnaces 26

Residential Fireplaces 77

Oil-Fired Industrial Boilers 1.8
Oil-Fired Commercial/Institutional Boil ers 24
Oil-Fired Residential Boilers 1.2

Gas-Fired Industri al Boil ers 0.025
Gas-F ired Canmerci al II nsti tuti onal Boi 1ers 0.71
Gas-Fired Resi denti al Furnaces 0.43

Coke Producti on 21
Alphalt Production 0.0126
Other I ndustri al Processes 0.74
Inci nerators 2.127
Open Burni ng ~O

Agricultural & Forest Firesb 9.5-127
Burni ng Coal Refuse Banks b 280-310

Auto (gas 01 i ne ) 0.21
Auto (di esel) 5.4
Trucks (di esel) 0.21
Rubber Tire Wear b 0-11
Mot orc yc1'es 5.4

._--------- .- - -- -----

a Modified from Santodonato et al. (1981), based on 1978 EPA es timates.
b Val ues represent esti mated range for 1978.
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SaP concentrations in 34 urban areas in the U.S. showed a steady and

significant decrease over the period 1966 to 1975, with the median of

average annual concentrations fall ing from 3.2 ng/m 3 to 0.5 ng/m 3

(Santodonato et al., 1981). This decline, as well as the reduction in

seasonal variation in SaP levels, has been attributed primarily to the

reduced use of coal as a fuel in resi denti al heati ng units. The average

dail y SaP concentrati on in the urban atmos phere in 1979 was cal cul ated to

be 1.3 ng/m3 (NAS, 1983b). However, urban SaP concentrati ons as ·hi gh ~s 74

ng/m3 have been reported in the U.S. Within an urban area "hot spots ll of

SaP concentrations can occur in such locations as roadway tunnels with

heavy traffic congestion (50 ng/m3) or along heavily congested freeways

(10 ng/m3). Exposures in such situations are usually relatively brief.

The general contribution of auto emissions to SaP or other PAH levels

varies in urban areas. In Los Angeles, for example, it was estimated that

at least 60% of PAH was contributed by autanotive emissions (NAS, 1983b).

In contrast, in Detroit, in which there is extensive use of coal, oil, and

wood combustion, it was estimated that only 5=42% of ambient SaP was

contributed by auto anissions. It was also noted that typical SaP levels

were several times higher in Detroit than in Los Angeles. Recent studies

in New Jersey indicated that PAH level s were 3=5 times higher in urban

locations than in rural locations, and that winter levels were 4-6 times

higher than summer levels (Greenberg et aL, 1985). It was estimated that

98% of summer emissions were due to motor vehicles, while 98% of winter

emi ssi ons were due to resi denti al wood combusti on.

As noted above, a major and increasing contributor to local PAH

emissions is wood-burning, through stoves or fireplaces. PAH or SaP

emi ssions fran wood-burning, whether measured per kil ogram of fuel burned

or per uni t of heat produced, is several orders of magni tude greater than
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that for coal, oil or gas (NAS, 1983b). The NAS cites a number of studies

and reports that i ndi cate that wood burni ng stoves and firepl aces are the

single 1argest source of polycyclic organic matter, emitting almost 4000

metric tons annually, or about one-third of total ani ssions. It has also

been shown that indoor BaP concentrations over 24 hours were fi ve times

greater when wood stoves were in use (NAS, 1983b).

A summary of the 1 arge number of PAHs that have been detected and

quantified in urban air by various investigators is given in the reviews by

Santodonato et al. (1981) and the NAS (1983b). Although not all have been

quantifi ed, approximatel y one hundred compounds have been detected in urban

air, and many more are probably present. Finally, it should be noted that

significant exposures to PAH-containing mixtures can occur in the workplace

environment. For eXil1lple, coke-oven workers in the U.S. may be exposed to

BaP concentrati ons on the order of ten thousand ng/m3, and even hi gher

level s may be found associ ated with pavement tarring, roof tarring and

coal -tar pi tch worki ng areas (lARC, 1985).

The total human intake of PAH through inhal ation will depend on many

factors, such as geographic location, smoking habits, occupation, use of

fireplace, etc. However, Santodonato et al. (1981) have provided an

es ti mat ed ran ge of i nha 1 at i on i nt ake due to amb i e!!~ ai r concent rati ons.

These estimates are gi ven below. They do not take into account personal

factors such as occupation and smoking, which can significantly modify

indi vidual exposure.
___ ~ • G _

BaP Carcinogenic Total PAH
PAH

Ambient Air Concentration, ng/m3 0.5-2.9 2.0 10.9
Inhalation lntake*, nglday 9.5-43.5 38 207
------------------------------------------------.--------------------------
* Assumes 19 m3 of ai r breath'ed per day (ave. of adul t and chil dren)
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Levels and Sources in Water

Reviews by the National Academy of Sciences (1982; 1983b) and the

Intern ati ona1 Agency for Research on Cancer (1983) i ndi cate that there are

a number of sources of PAH in the aquatic environment:

- industrial and domestic sewage effluent
- surface runoff from land (soil, roads, etc.)
- atmos pheri c fa11 out and preci pit ati on
- spillage of petroleum and petroleum products

The immedi ate source of PAH in a gi ven body of water will vary and may

be any of the above (e.g., municipal sewage, street runoff). In general,

however, several lines of evidence indicate that anthropogenic combustion

is the major ultimate source of PAH in surface waters and sediments

(Santodonato et al., 1981). In fact, PAH level s in sediments closely

ref1 ect the extent and proximi ty of industri a1 emi ssi on sources, and

sediments may be considered an environmental sink (IARC, 1983).

I n ground waters, PAH contami nati on is re1 ated to 1eachi ng from

contaminated soils. Reported BaP levels in soil (most soil data are for

BaP) show great vari ati on but are common 1yin the mg/kg (ppm) range. Where

obvious contamination has occurred by coal-tar, BaP levels as high as 650

ppm in soil have been reported (Santodonato et a1., 1981).

In tap waters, an additional source of PAH can arise in situations

where the distribution mains and/or storage tanks are lined with coal tar

or asphalt materials (NAS, 1982). Depending on a variety of factors (such

as the age of the lining, type of lining, contact time, etc.), it has been

demonstrated that PAHs can 1each fran these 1i nings resu1 ting in hfgher PAH

levels at the consumer tap than in the raw or finished waters. In

Portland, Oregon, for example, the level of phenanthrene in water at the

end of a 2.4 mil e coal-tar 1 ined pipe was 3225 ng/1iter compared to 3

ng/1 iter at the source. Several other PAHs we·l"e a1 so increased by several
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orders of magnitude. In another example, Alben (1980) reported a

significant increase in PAH levels in a water storage tank that had a five­

year old coal-tar coating. The PAH level at the tank outlet was 410 ngll

while water at the inlet had a level of 29 ngll. Concrete-lined pipes, on

the other hand, may reduce PAH levels in the water (NAS, 1982).

The SaP and total PAH concentration in U.S. surface waters are

reported to range from 0.6 to 350 ngll and 140 to 2500 ngll, respecti vel y

(NAS, 1982). Conventi onal water treatment processes in the U. S. reduce PAH

levels significantly from surface water sources. PAH concentrations in

fini shed surface water suppl ies are reported to range from 3- 138 ngll for

total PAH and 0.1 to 2 ngll for SaP (NAS, 1982). Santodonato et ale

(1981) cite studies as showing average concentrations in U.S. drinking

waters as follows: SaP, 0.55 ngll; the sum of three carcinogenic PAH (SaP,

be~zo(j)fluoranthene, indeno(1,2,3-cd)pyrene, 2.1 ngll; and total PAH, 13.5

ngll. Somewhat higher values have been reported in European drinking

waters -- 3-5 ngll carci nogeni c PAH and 40-60 ngll total PAH.

In a recent study, aggregate PAH levels in twelve Great Lakes finished

water supplies were reported to range from about 8 to 3000 ngll (Williams

et a1., 19~2). Most supplies fell in the range of 10-200 ng/1, with summer

va 1ues usua11 y much lower than wi nter values.

Reported levels of PAH in surface, tap, and ground waters in the U.S.

and Europe have been summari zed in recent revi ews (lARC, 1983; Santodonato

et a1., 1981; NAS, 1982). Table 4-4 presents some of the water PAH data

summarized by IARC (1983).

These data reveal that wide variations can occur in the PAH levels in

various waters, that raw surface waters generally have much hi gher PAH

levels than raw ground waters (in contrast to the situation with volatile

organics), and that conventional water treatment processes significantly
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Tabl e 4-4
a

Concentration Range of Some PAHs in Water (nglliter)

PAH Compound Surface Ground Tap Rai nfall

Anthanthrene 0.2-10.9

Anthracene 1000 1.1-59.7

Benz(a)anthracene 1. 9-30. 6 0-1. 3 0.4-10.7 3.2-12.3

Benzo(b )fl uoranthene 0-320 0.5-9.0 0.6-45 4.4-840

Benzo (j )fl uoranthene 0.6-1. 2 0.6-1. 3 2.6-11.1

Ben zo (k )fl uor ant hene 0-400 0.2-3.5 0.9-0.8 1. 6-450

Benzo(g,h,i)fluoranthene 1. 0-11. 2

Benzo(g,h,i)perylene 0-390 0.3-5 0.8-130 0-275

Ben zo (c) phen ant hrene 1.0-9.1

Benzo (a )pyrene 0-13000 0.1-6 0-1000 10-1000

Ben zo (e) pyr ene 3.4-30.8

Chrysene 7.6-62.0

Fluoranthene 4.7-1200 3.5-100 7.2-132.6 5.6-1460

Fl uorene 3000 4-16

Ideno(I,2,3-cd)pyrene 0-350 0.2-5.0 0.3-75 0-1020

Per yl ene 0.2-520 0-0.2 0.1-1.4 0-1.0

Phenanthrene 0-1300 24-90

Pyrene 2.0-530 1.6-2.5 5.8-27.8

a
Modified from IARC, 1983. Presumably values are for European waters.
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reduce PAH level s found in surface waters. Based on calcul ated-average

values, Santodonato et al. (1981) developed the following estimates of

average daily PAH intake fran drinking water:

---------------------------------------------------------------------------
BaP Carci nogeni c Total PAH

PAH

Ave. Water Concentration, ngll
Drinking Intake*, nglday

0.55
1.1

2.1
4.2

13.5
27

* Assumes 2 liters of water consumed per day

Levels and Sources in Food- ------
A large number of studies since the early 1960s have demonstrated

that a wi de vari ety of foods are contaminated with small amounts of PAHs.

PAHs have been found in broi 1 ed and smoked fish and meat~ smoked cheese,

roasted coffee, seafood, vegetabl es, vegetable oils~ margarine~ grain,;,

fr:'uits~ sugar, whiskey, rum, and a number of other food products

(Santodonato et al., 1981; IARC~ 1983). Sane of the BaP levels reported in

various foods are indicated in Table 4-5.

The sources and levels of PAH in food are rel ated to the type of food

and its method of preparation. Atmospheric deposition may be a major

source for;' many surface crops, whereas absorpti on of PAH fran soil may be

important for root crops such as carrots and potatoes. (As noted above,

soi 1 PAH levels are frequently in the ppm range, and are bel ieved to be

related to atmospheric fallout or contamination.) Food and beverage

containers are another source. Although raw meats generally do not contain

PAH, the smoking and lor cooking of meats (and fish) can be a significant

source of PAH in these foods. Table 4-6 shows PAH level s in charcoal-

broiled steaks as determined in one of the earliest studies (1964) of PAHs

in foods.
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Table 4-5

Reported Concentrations of Benzo(a)pyrene in Some Foods and Beverages,
g/kg (ppb)a

a
b From d~ta cited in Santondonato et al. (1981) and IARC (1983). .
• Only lncludes detected values; for many food products, partlcularly

vegetables, the actual range of values in cited reports includes "not
detected", although detection limits are not specified.

Food

Smoked ham
Smoked bacon
Smoked saus ages
Various smoked meats
Smoked fish

Broil ed meats
and sausages

Charcoal-broiled fish
Charcoal-broiled steak
Barbecued ri bs

Cereals
Potatoes (peelings)

(tubers)
Grain
Flour, untreated
Flour, dri ed

Bread
Bread, toasted

Lettuce
Tomatoes
Spinach

Fruits

Chocol ate

Margarine
Coconut oi 1
Sunflower oi 1

Coffee, roasted
Tea leaves

Dark rum
Whiskey

b
Concentrati on

0.5-14.6
0.16-0.25
0.05-0.08
33.5

0.2-6.6

0.17 -0.63
3.7-50
0.2 -0.9
4.4-50.4
10.5

0.2-4.1
0.36
0.09
0.73-2.3
0.73
4.4

0.23
0.39-0.56

2.8-12.8
0.2
7.4

0.02 -30

0.2-1. 7

0.9-36
0.3-8.2
0.2-62

0.3-15.8
3.9-21.3

1.0
0.04
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Table 4-6

Sane PAH Canpounds in Charcoal-Broiled Steaks, ]Jg/kg (ppb)a

-------- -------
Canpound Reported Concentrations

-~ --- -- -------- -_.- -- - -,-_._-----
Anthanthrene 2

Anthracene 4.5

Benz (a) ant hracene 4.5 1.4

Benzo(g,h,i )perylene 4.5 6.7

Benzo (a) pyrene 8 5.8

Benzo (e )pyrene 6 5.5

Chrysene 1.4

Coronene 2.3

Di benz (a ,h) anthracene 0.2

F1uoranthene 20 43.0

Pery1 ene 2

Phenanthrene 11 21.0

Pyrene 18 35.0

--~------------------

a Data froin Li ni nsky and co 11 eagues cited in Santodonato et al. (1981) and
IARC (1983).
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The amount of BaP fonned depends on the cooking tenperature, type of

fuel used, the fat content of the meat, and other cooki ng conditi ons (such

as whether the heat source is above or below the food). Most of the BaP

found in smoked foods is in the superficial layer of meat. The presence of

PAH in cooked or smoked meats is not fully understood, but PAH is probably

formed during combustion, and is then deposited on the food. No

infonnation appears to be available on the PAH levels in many coomon foods

(such as dai ry products) or on the stabil ity of PAHs in foods (Santodonato

etal., 1981).

Estimates of average daily PAH intake from food have been made by

Santodonato et ale (1981). These estimates must be considered in light of

the large uncertainties about PAH levels in many common foods and the

variability in personal diet and food preparation methods. The above

a.uthors believe, however, that the estimates given belON are likely to be

accurate to within an order of magnitude:

BaP Carcinogenic Total Pl\H
PAH

T

I

Typi cal Concen. Range in Food, nglkg
Dietary Intake*, nglday

* Assumes 1600 gl day total food intake

100-1000
160-1600

------- 1000-10,000
------- 1600-16,000

Ot~~!: Potential Sources of ~~~Q~ure to PAH

Although significant skin contact with PAHs occurs mainly in several

occupational groups, exposure can also occur in the general popul ation.

Cosmetic and medicinal products containing mineral oils, coal-tars, and

refined petroleum products may contain PAH compounds (IARC, 1983; 1985).

Examples of cosmetic preparations that may contain refined petroleum

products include cold creams, cleansing creams, suntan oils, baliy lotions

or creams and lipsticks. Pharmaceutical coal-tar ointments (which usually
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contain 1-10% coal-tar)· and shampoos have long been used in the treatment

of various skin conditions such as psoriasis. PAH levels in

phannaceutica1-grade coal-tars are reported to be in the mglkg (ppm) range

(IARC, 1985).

Summary' of Popu 1ati on PAH lD~~ e

Recent reviews indicate that, mainly as a resu1 t of anthropogenic

combustion, PAH compounds are ubiquitous in the environment and

essentially the entire population is continuously exposed to trace amounts

of PAH through food, water, and air. Except for those with specific

occupati onal exposures (such as coke-oven workers, foundry workers,

roofers, creosote workers, and many others), the greatest degree of

exposure in the population occurs through ingestion of food ·rather than

through inhal ation of ambi ent air or ingestion of water. Estimates by

Santodonato et al. (1981) of average daily intake for SaP, carcinogenic

PAH, and tota 1 PAH are gi ven below:

Average 0ai1 y Intake, ngl day

Source BaP Carei nogenie PAH Total PAH

Air
Water
Food
Smoking

9.5-43.5
1.1
160-1600
400

38
4.2
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POL YNUCLEAR AROMATI C HYDROCARBONS: TOXI COLOGI CAL ASPECTS

AbsO!ptioflL DistributiQ~~ ~~!abolismL and Excre!iQ~

Due to their chemi cal properti es, PAHs are rapi dl y absorbed through

the respiratory tract, the gut, and the skin. Respiratory absorption is

dependent not only on the characteristics of the PAH, but also on the

properties of the carrier particles to which the PAHs are usually adsorbed.

PAH is eluted fr om parti c1es deposited in the 1ung and can then i nt eract

with respiratory tissues or enter the systemic circulation. Mucociliary

clearance and subsequent swallowing of respired particl es resul ts in

addi ti ona1 absorpti on of PAH vi a the. gas troi ntes ti na1 tract.

However absorbed, PAHs are quickly distributed to a wide variety of

tissues. The level of PAH observed in any given tissue is dependent on

factors such as the particular PAH administered, the route and vehicle of

administration, and the presence of inducers of PAH metabol ism (IARC,

1983). Relativeto other tissues, unmetabolized PAHmay be extensively

localized in mammary and other fat tissues where it is more slowly

released.

It has long been recognized that regardless of the route of

administration, PAHs are primarily removed fran the body by hepatobiliary

excretion and el imination through the feces. A rel ati vely small amount is

eliminated through the urine. The route of administration may, however,

have an important effect on the rate of elimination of PAH. Xenobiotics,

such as PAHs, that are absorbed fran the gastrointestinal tract reach the

1i ver vi a the portal ci rcul ati on before reachi ng the systemi c ci rcul ati on.

PAHs absorbed through the skin or respiratory tract reach the systemic

circulation without a "first-pass" through the liver. The importance of

hepatobil i ary metabol i sm and excreti on sugges ts t hat or a11 y admi ni st ered
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PAH would have higher rates :Jf elimination and lower tissue levels relative

to other routes of admi ni strati on; thi sis supported by experi menta1 data

(IARC, 1983) Thus, it has been postul ated that the fi rst-pass 1i ver

metabolism, as well as biotransformation by enzymes of the intestinal

mucosa, could represent an effecti ve mechanism for handling ingested PAH

(Santodonato et al., 1981).

IARC (1983) notes that there is an enormous and exponenti all y growi ng

1iterature on PAH metabol ism, in contrast to the rel ati vel y scant

1iterature on absorpti on and di stri buti on. Recent revi ews of the

1iterature on PAH metabol i sm indi cate that the following aspects of PAH

met abo 1ism ha ve gen er all y been es tab 1i shed:

(1) PAH are metabol i zed by the cytochrome P-450 dependent mi xed­

function oxidase system, often designated aryl hyrodrocarbon hydroxylase

(AHH).

(2) This enzyme system is readily inducible by exposure to PAH (and

certain other ccmpounds) and is present in most tissues in humans and other

manmals, particularly in the liver.

(3) Carcinogenic properties of PAH are derived from electrophilic

metabolites, and it is one (or more) of these metabolites that is be1ieved

to be the "ul ti mate" carci nogen.

(4) To date, mutagenicity, DNA binding, cell transformation,

metabol i sm and tumorgeni city studi es have i ndi cated that the so-call ed "bay

region" diol epoxide metabol ites of about a dozen PAHs are the ultimate

carcinogenic chemical forms.

(5) Great vari ati on exi sts among i ndi vi dua 1s, and ti ssues wi thi n an

individual, in ability to induce the AHH enz}1Tle system.

(6) The simil arities in metabol ic profil es of PAH in different tissues

and different speci es appear much more dramati c than the differences;
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however, there are numerous studi es that show both quantitati ve

differences and qual itati ve differences in PAH metabol ism depending on such

factors as target species and tissues, sex, diet, expostJr'es to other

chemical agents, and the specific PAH compound. Higher primates and human

tissues appear to produce a more canplex pattern of PAH metabolites (Leber

et ale, 1976; Selkirk et al., 1976).

(7) BecausePAHs are generally rapidly metabolized by a varietyof

tissues, there appears to be little tendency for PAHs to bioaccumulate in

the fatty ti ssue of peopl e or animal s or to be magnified through the food

chain. Several marine organisms, however, may effectively concentrate PAH

and represent an important exposure if consumed.

(8) PAH metabol ites can form coval ent bonds with cell ul ar

macromolecules including DNA, RNA and proteins. The PAH-nucleic acid

adducts found in human tissues are essenti ally the same as those found in

animal tissues [it is bel ieved by many scientists that the binding of a

foreign compound to DNA is the essential initial event leading to

mutageni ci ty or carci nogeni ci ty].

In sum, the enzyme system that metabol izes PAH compounds can be found

inmost mammal i an tissues and is rapi dl y induced by the presence of PAH.

Metabol ism of PAH compounds serves at the same time to detoxify and

eliminate them fran the body as well as to produce activated derivatives

that possess the mutageni c and carci nogeni cacti vity. Once absorbed, PAH

compounds can become rapidly and widely distributed through the body.

E1imi nati on occurs mostl y through the feces.

~Q~-carcinogenic Effects

Most of the research on heal th effects of PAH exposure has focused on

their carci nagenic potenti al. Carci nageni c effects occur at exposure
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levels much lower than those needed to produce other types of toxic

effects. HeN/ever, other toxic effects have been recognized with several

PAH. In general, nonna11y pro1 if erati ng ti ss ues (i nt es ti na1 epit he 1 i urn,

bone marrow, lymphoid organs, testis) are the major targets of PAH toxicity

(Santodonato et al., 1981). In the skin, sebaceous glands are the most

sensiti ve structure. Chronic intratracheal exposure in hamsters to certain

PAH resul ted in acute pneumoni a and chronic pneumoni tis as well as

significant mortality. Epithelial proliferation and cell hyperplasia is a

common observation in the tracheobronchial mucosa of animals directly

exposed to carcinogenic PAH. Carcinogenic PAH can also produce an

immunosuppressi ve effect, al though the importance of this effect to

carci nogenesi sis uncl ear (Santodonato et ale, 1981).

Reproducti ve and teratogenic effects have been studied in rel ati vely

few PAH. Studies cited by Santodonato et al. (1981) and NAS (l983b)

indicate that the feeding of 1 a-rge doses of SaP (up to 1.0 mg/g of food) to

rats or mice had no impact on various reproductive variables and generally

produced no abnormal i ti es, despite the fact that SaP can cross the

pl acenta. Hcmever, it has been shown that prenatal treatment of pregnant

mice with 1 arge doses of SaP can enhance tumor development in both the 1ung

and ski n of offspri ng duri ng the postnatal peri ode A 1arge intravenous

dose of DMSA can produce si gnifi cant teratogeni c effects.

Carcin~r!.:!£ Effects

PAH were the first cl ass of compounds shown to be carcinogenic in

animal experiments. In fact, as early as 1918 it was shown by Japanese

investigators that coal-tar (which contains many PAH in addition to other

organics) could cause skin tumors when applied to the skin of animals

(IARC, 1985). SaP and dibenz(a,h) anthracene were shown to produce skin
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cancer in mice approximately fifty years ago. Since that time, a 1 arge

body of research has shown that many other i ndi vi dua 1 PAH compounds and

PAIi-containing mixtures (such as coal-tars, asphalts, creosotes, coke oven

emissions, and auto exhausts) are carcinogenic in a variety of animal

species and by different routes of administration (Santodonato et a1.,

1981; NAS, 1983b; IARe, 1983; 1985). As described by Santodonato et al.

(1981), carcinogenic PAH are distinctive in that n{l) several ....PAH, are

among the most potent carci nogens known to exi st, produci ng tumors by

single exposures to microgram quantities, (2) they act both at the site of

application and at organs distant to the site of absorption, and (3) their

effects have been demonstrated in nearly every tissue and species tested,

regardl ess of the route of admi ni strati on.1I

Oral administration of certain PAH to ·rodents can produce tumors of

the forestomach, mammary gl and, ovary, 1 ung, 1 i ver, and 1ymphoi d and

hematopoetic tissues (Santodonato et al., 1981). Intratracheal or direct

pu 1monar y expos ure to ver y small dos es can ptoduce tumors of the

respiratory tract. In addition, as previously mentioned, application of a

vari ety of PAH to the ski n can produce ski n tumors.

Interestingly, it has proven extremely difficult to induce malignant

tumors with PAH in certain higher primates despite several attempts to do

so. Vari ous PAHs t hat produce tumors in rodents ha ve not produced tumors

under simil ar experimental conditions in rhesus, cynomologus, and squirrel

monkeys (Adamson et al., 1970).

I n short-term in vitro ce 11 tes ts (bacteri a1 mutati on, mammal ian ce 11

transformation, etc.), many PAH have shown activity. In addition, some PAH

are positive in in vivo tests for genetic or chromosomal effects such as

sister chromatic exchange (NAS, 1983b). No carrel ation has been found,

however, between the quantitati ve aspects of sister chromatic exchange and

4-44



r
r
1

carcinogenicity of PAH. Reviews of the findings from a 1arge battery of

short-term tests for various PAH can be found in Santodonato et ale (1981),

NAS (1983b), IARC (1983), and IARC (1985).

As previously noted, it has been demonstrated in many tissues and

species (including humans) that certain PAH metabolites can bind at

specific locations on DNA, RNA, and proteins. The PAH metabolite-DNA

adducts are of particul ar interest in that it is currently bel ieved by most

researchers that this interaction is the essential first step in .PAH­

induced carcinogenesis (NAS, 1983b). Numerous studies have examined

various qual itati ve and quantitati ve aspects of the'formation and the

elimination of these adducts and their relation to carcinogenesis. It has

been shown that administration of AHH inducers to animals prior to BaP

exposure reduces BaP metabolite-DNA adduct formation in vivo, although the

opposite effect occurs in '{itro. These same AHH inducers also sharply

inhibit BaP carcinogenesis in animals. A consistent correlation does not

exist, however, between the ability of a tissue to form adducts and its

sensiti vity to carcinogenesis (NAS, 1983b). It has been shown in several

studies that a dose-response rel ationship appears to exist between

formati o~ of PAH metabol ite-DNA adducts and PAH exposure dose, and that

there is no observed threshold. Based on these and other aspects of adduct

formation, a committee of the NAS concluded that specific PAH metabolite­

DNA adduct amounts are clearly a good measure of effective biologic dose

that could be used for "low-dose extrapolation of carcinogenic data, for

the ranking of a series of simil ar carcinogens, and-for determining the

effect on neopl asi a of pretreatments that al ter the metabol ism of a

carci no gen" (NAS, 1983b).

Numerous studies have shown that, in addition to AHH inducers,

anti oxi dants and cert ai n other compounds are effecti ve i nhi bitors of PAH-
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induced carcinogenesis. Among other compounds, this action has been

demonstrated with selenium, alpha-tocopherol (Vitamin E), ascorbic acid,

butyl ated hydroxytol uene (BHT), butyl ated hydroxyanisole (BHA), fl avones,

Vitami n A, and benzyl isothi ocyanate and phenethyl isothi ocyanate (both the

1atter found in cruciferous pl ants) Santodonato et al. (1981).

Environmental exposures to PAH almost always invol ve a complex mixture

of PAHs (along with other cOOlpounds), and a few studies have examined the

carci nogeni c effects of mi xtures of PAH. Such mi xtures offer the potenti al

for various types of interactions such as synergism or· antagonism. Studies

reviewed by Santodonato et ale (1981) and NAS 0983b) indicate that such

mi xt ures are frequent 1y ei t her in hi bitory or ha ve no effect on the acti vity

of the carcinogenic PAH present in the mixture. For example, NAS (1983b)

cites data from Misfield that show that a mixture of 13 PAH in proportions

that si mul ate auto exhaust condens ate, most of whi ch were carci nogeni c, was

essentially similar to the BaP fraction alone in inducing skin tumors in

mice. Data of Fal k et al. cited by Santodonato et ale (1981) showed that

when BaP was administered to mice together with various non-carcinogenic

PAH commonly found in polluted atmospheres, a marked inhibition of

carcinogenesis was observed in all cases. Early studies of the effects of

simple pairs of PAH, however, show all possible interactions - no effect,

additive, antagonistic, and synergistic. In addition, it has been shown

that the timing and s~quence of application of the pair affects the

outcOOle, further cOOlplicating the situation. It should be noted that none

of the cited studies on mixtures involved oral exposures.

There is convincing evidence that heavy exposures .to PAH-containing

materials in humans is etiologically associated with an excess of lung

cancer. The best known and most common source of exposure is, of course,

smoking. Although there remains little doubt that smoking is the
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overwhelming cause of lung cancer, it is less clear to what degree the PAHs

in ci garette smoke contri bute to the ri sk. There ha ve been a number of

occupational epidemiologic studies that clearly demonstrate that very high

workpl ace exposures to such PAH-containing mixtures as coal gas, tars,

soot, and coke-oven emissions confers an elevated 1 ung cancer risk (see

Santodonato et al., 1981; NAS, 1983b; EPA, 1980, 1983, 1984a; IARC, 1985).

Individual PAH levels in such workplace environments show enormous

variability but are frequently in the microgram/m3 range or higher, and

human exposure can thus be several orders of magnitude higher than from

smoking (IARC, 1985). As in the case with smoking, it is difficult to

determine to what degree the PAH cOOlponent of the workpl ace air contri butes

to the ri sk.

In addition to lung cancer, several other cancer sites may be

associ ated with occupational exposures to PAH-containing compounds. Among

coke pl ant workers, excess cancers have al so been reported for the

pancreas, kidney, buccal cavity, pharynx, and intestine. A greater than

expected frequency of cancer of the ski n (scrotum), esophagus, and 1 i ver

and leukemia has been reported for chimney sweeps (IARC, 1985). The

associ ati on between scrotal cancer and the occupati on of chimney sweeps has
',."

been recognized for over 200 years (IARC, 1985). Among U.S. roofers, who

have exposure to both coal tar and asphaltic materials, an increased risk

has been found for cancers of the oral cavity, 1arynx, esophagus, stomach,

skin, bladder, and for leukemia. Manycase reports exist of skin cancer

among workers exposed to creosote and among users of phannaceuti cal coa 1-

tar preparati ons (EPA, 1984a; IARC, 1985).

Few epidemiologic studies are available which directly consider the

impact of ingested PAH through food and water, despite the fact that diet

accounts for the greatest degree of PAH exposure in the general popul ation.
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Several studi es have suggested some associ ation between intake of certain

smoked foods (which contain high levels of PAH and which may contain high

levels of nitrosamines) and gastrointestinal malignancies in selected

populations (NAS~ 1983b). However, the NAS (l983b) suggests that the

gastrointestinal system including the liver may be relatively resistant to

ingested PAH:

liThe remarkabl y 1 arge amounts of PAHs that are ingested,

compared with those to which the pulmonary system is exposed

(even in heavy smokers), makes it clear that there must be

tissue-specific factors rel ated to the disposition or metabol ic

responses to PAHs that protect the gut from the del eteri ous

impact that might be anticipated from such exposure. The

possi bi 1 ity of detrimental effects of di et-deri ved PAHs on the

gastroi ntestinal system wi 11 not be so amenab1 e to quantitation

as has been the case wi th respect to smoki ng and the deve 1opment

of 1 ung pathology."

Although the nature of this apparent resistance is not known,

Santodonato et ale (1981) point out that the combination of first-pass

liver metabolism and biotransformation by the intestinal mucosa could

represent an effecti ve mechani sm for handl ing ingested PAH.
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EXISTING HEALTH INFORMATIOO - ST. LOUIS PARK

A number of reviews, studies, analyses and assessments of potential

health impacts of PAH-contaminated water (or other media) in St. Louis Park

have been undertaken over the past eight years. The majority of these

analyses have concl uded that contaminated drinking water (or other PAH­

contami nated medi a) poses an additi onal and unacceptabl e ri sk of cancer or

other adverse health effects in the community. Most of these analyses were

based on findings in the scientific literature that demonstrate the

carci nogenic potenti al of PAH-contai ning mi xtures (such as creosote) or

specifi c PAH compounds; some of the anal yses al so consi dered esti mated or

measured PAH 1evel s in contami nated well water.

Sane data on cancer incidence have also been collected and analyzed.

Several of the analyses (or re-analyses) of these data were conducted as

part of this feasibility study to better define limitations and

implications of earlier data. Sane of the major existing health-related

documents and analyses are described below. They are loosely grouped into

two categories according to the general approach or type of infonnation;

these categori es are (1) ri sk assessment 9 and (2) epi demi 01 ogi c data and

analyses related to cancer incidence in St. Louis Park.

Risk Assessments

A number of reports have uti 1ized a qual itati ve or a quantitati ve risk

assessment approach to assess potenti al health impacts of PAH contaminants.

(A general discussion of quantitative risk assessment procedures is

presented in Section 2 of this report.) Two quantitati ve assessments were

prepared by the MOH duri ng ear 1y phases of the well-contami nati on

investigation when relatively little information was available on the

actua 1 extent and magni tude of the contami nati on. Over a dozen assessments
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or statements have been prepared by sci entific consul tants to Rei11 y Tar &

Chemi ca 1 and to the State as part of the 1 iti gati on effort. On1 y two of

these 1atter assessments wi 11 be discussed, one of whi ch was prepared by

sci entific consul tants to Rei 11 y, and the other prepared by a consul tant to

the St ate.

1. "Assessment of Possible Health Effects Resulting from the

Contamination of the Former Republic Creosote Site" (MDH, 1977).

Two reports were prepared by the Section of Heal th Risk Assessment,

MDH, in 1977 and 1978. The earlier report was intended as an initial step

in an ongoi ng process of ri sk assessment and was prepared before any data

were available on PAH levels in well water. Following an extensive review

of the 1iterature on the properties, occurrence, and carcinogenicity of PAH

.ccmpounds and mi xtures, a quantitati ve risk assessment procedure was used

to ca1cu 1ate an acceptable expos ure 1eve 1 to BaP based on ani rna1 dat a. BaP

levels were then estimated for water in St. Louis Park, and the two

estimates were compared. Usi ng a worst-case scenari 0, thi s showed that

estimated water levels were several orders of magnitude in excess of

accepta~le values. HC7fIever, as pointed out in the report, this assessment

was made without the benefit of monitoring data on actual PAH levels,

extent of contami nati on, or other essenti a1 informati on. Later data showed

that BaP and other carci nogenic PAH 1eve1 s were much lower than estimated.

Furthermore, the 1eve 1 of acceptab1 e ri sk used (10-8) was much 1(JIIer than

the level commonly enp10yed by MDH today (10-5). The study made numerous

recommendations for further investigation including epidemiologic studies.

Many of the recommendations were u1 timate1 y imp1 enented.

2. "Health Implications of Polynuclear Aromatic Hydrocarbons in St.

Louis Park Drinking Water," (Gray and Scruton, 1978).
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Approximatel y one year after the fi rst assessment, a second ri sk

assessment was performed by MOH. Thi s assessment was prepared after the

initial sampling for PAH levels in well waters~ The report notes that the

sampl ing showed the unequi vocal presence of four PAH compounds in several

St. Loui s Park well s. These compounds were pyrene, fl uoranthene,

anthracene, and naphthalene. Levels of these compounds in the most

contaminated wells (10 and 15) were compared to existing WHO

recommendations, and estimates of daily intake from water were compared to

estimates of intake from food sources. It was found that levels in wells

10 and 15 exceeded WHO recommendations, and that daily intake from water

was comparable to dietary intake plus or minus a factor of ten. It is

noted that al though these specific PAH are not general 1y regarded as

carci nogens, they ha ve potenti al cocarci no geni c effects or share cert ai n

pr.operti es wi th the carci nogens. It was concl uded that use of well s 10,

15,7, and 9 posed "a potential hazard to the public's health" and it was

recommended that these well s be removed from service or that the water be

treated. The above wells were taken out of service at that time.

3. "S c ientific Basis for Recommended Criteria for PAH and
,

Heterocyclic PAH in Potable Water with Reference to the St. Louis Park,

Minnesota Ground-Water Suppl l' (Andelman and Santodonato, 1983).

In 1983, a consultant to Reilly Tar & Chemical prepared a multi-volume

report enti tl ed "Recommended Pl an for a Comprehensi ve Sol uti on of the

Pol yn ucl ear Aromati c Hydrocarbon Cont ami nati on Prob 1em in the St. Loui s

Park Area" (Environmental Research & Technology, 1983). Although many

sections of this report are rel ated to health, Appendix I focuses most

directly on human health impacts of PAH in drinking water. This section,

cited above, was prepared for ERT by Jul i an Andelman, Ph.D., and Joseph
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Santodonato, Ph.D. In contrast to the earlier MDH reports, this report

could draw upon a substantial data base of PAH levels in St. Louis Park

wells. In addition, more information was then available on PAH levels

generally found in water supplies and on possible human intake of PAHs

through various environmental pathways - air, water, and food.

The report appears to present essenti all y the same ri sk assessment

data used by the EPA in 1980 to estab1 ish water qual ity criteri a for PAH.

Benzo(a)pyrene and di benz(a,h)anthracene were the on1 y two carci nogeni c PAH

considered. Based on oral administration studies in animals, a linear,

non-thresho 1d extrapo 1ati on mode 1 was used to assess cancer ri sk in humans

(this is the same model used by MDH). Using the upper 95% confidence level

for the estimated dose, it was estimated that consumption of drinking water

with a BaP concentration of 28 ngll would produce one additional cancer for

every 100,000 persons with lifetime exposures. A slightly higher level (43

ngl1) was cal cul ated for di benz(a,h)anthracene. It was noted that the BaP

criteri a has been app1 ied by the EPA to all carcinogenic PAH as a c1 ass

(i .e., the sum of all carci nogenic PAH shou1 d not exceed thi s 1imit).

The report a1 so consi ders ri sk assessment for noncarci nogeni c PAH.

These ,assessments are generally based on exposure level s in chronic feeding

studies that produce no observable adverse effect. These levels are then

divided by some safety factor (10-1000) to estimate an acceptable daily

intake. After noting the limitations of the available data, several

acceptable water levels are given for specific PAH; all are approximately

in the 100 ug/1 order-of-magnitude range. Taste and odor (organoleptic)

effects are also considered, and the level for such effects is reported to

range frOOl 4-6800 ug/1, dependi ng on the compound or mi xture.

The report then cOOlpares estimated daily intake of carcinogenic and

noncarcinogenic PAH from food, air, and water (generally) to estimated
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intake from Well 15 (average levels). This comparison indicated that

intake of carci nogeni c PAH from untreated water from Well 15 woul d be

simil ar in magnitude to intake from air, and much 1ess than intake from

food. HOI/ever, for noncarcinogenic PAH, intake from Well 15 water could

equal or greatly exceed intake from food. The authors al so note that

fini shed waters from closed well s do not exceed stated or proposed heal th­

related water criteria for carcinogenic or noncarcinogenic PAH, although

levels are abnormally high in comparison to other finished waters. No

recommendations are made on the use of contaminated well s; several factors

are noted that must be considered in any such decision, including the

"likely perception of the public in being exposed to unusual concentrations

of trace chemi ca 1s, even when an assessment of heal th impacts does not

identify a significant risk."

4. "Potential Health Hazard in the St. louis Park Drinking Water"

(Selkirk, 1984).

This was one 6f three health hazard assessments prepared by

consultants to the State as part of the 1 awsuit. This document was

prepared by James K. Sel ki rk, Ph.D., and is dated December 6, 1984. Thi s

document presents a more general and qual itati ve assessment, rather than a

quantitative analysis of potential health impacts. The report is organized

as a series of numbered items or statements that offer information or

challenge statements made by Reillts consultants. Some of the major

points developed in this report include the following: (a),many components

of creosote have been identified in St. louis Park samples; (b) PAH

containing mixtures such as creosote have been shown to be carcinogenic in

animals and in humans who have certain occupational exposures; (c) the

metabolism of PAH is the same in all tissues and species; (d) that
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significant cancer pranoting effects could be expected fran the presence of

noncarcinogenic PAH in St. Louis Park water; (e) an accurate approximation

of acceptable daily exposure to carcinogens is impossible; (f) people

cons urn; ng contami nated water wi 11 1ike 1y ha ve a cons tant 1y elevated state

of drug metabolizing enzj111es; and (g) that noncarcinogenic PAH present in

mixtures with carcinogenic PAH are not inhibitory, but additive or

synergistic in their effect. In his conclusions, Selkirk states that

historical and current information unequivocally implicates creosote in

cancer initiation and promotion, and that "in effect, we could have a

rather large initiation/promotion experiment ongoing" in St. Louis Park.

He suggests that the distribution of "cancer or mutation or other maladies

(e.g. spontaneous aborti on)," may be rel ated to di stance from the Rei 11 y

site. Finally, he proposes that exposure to carcinogenic and promoter

chemica.lsinSt. Louis Park should be restricted to levels no greater than

in a "control popul ation in a simil ar environment."

Epidemiol~ and Statistical Analyses

Subsequent to the identification of PAH compounds in several St. Louis

Park We,lls in 1978, an analysis was made of cancer rates as determined in

1969-1971 in the five county Minneapol is-St. Paul metro area which incl uded

St. Loui s Park and other suburbs. The findings of this anal ysis were

initially reported in 1979 and published in 1980. It showed that compared

to metro area rates, there was no increase for any cancer site or for

cancers overall for men in St. Loui s Park. However, for women there was

approximatel y a 33% excess for cancers overall in St. Loui sPark, a

statistically significant difference. The only specific sites that were

el evated were breast, gastroi ntestinal, and corpus uteri. The greatest

excess was for breast cancer, with approximately a 45% elevation. By early



1981, additional data had been collected on breast cancer, and a second

anal ysi s was reported. Thi s suggested that the excess in breast cancer

might be expl ained by established risk factors, such as age at menarche,

religion, and age at first birth. Because of the many unresolved issues

invol ved in both the preceding analyses, further review of these studies

has been conducted as part of this feasibil ity study. Each of these

efforts is described below.

1. "Epidemiologic Investigation of Third National Cancer Survey Data

for St. Louis Park, Edina, Richfield, and the Minneapolis-St. Paul Standard

Metropolitan Statistical Area with a Historical Review of St. Louis Park's

Water Supply· (Dusich, 1979). A shortened version of this study was 1ater

published as, "Cancer Rates in a Community Exposed to Low Levels of

Creosote Canponents in Municipal Water", (Dusich et al., 1980).

The (then) five-county Minneapolis-St. Paul metro area was one of the

study sites in the Third National Cancer Survey (TNCS) in which all newly­

di agnosed cancer cases were i dentifi ed duri ng the three year peri od 1969­

71. Following confirmation of PAH compounds in well water in St. Louis

Park, it, was deci ded to exami ne these TNCS records (stored on computer

tapes) for geographic differences in cancer inci dence. Using these data,

it was possible to compare rates of newly-diagnosed cancer cases in St.

Loui s Park, Edina, Ri chfi el d, and the whol e metro' area. For each area,

crude and age-adjusted rates and standardized morbidity ratios (observed

cases/expected cases) were calcul ated for each sex for 45 individual sites

or types of cancer. Inaddi ti on, rates for organ systems and for all si tes

canbined were also calcul ated and canpared statistically. This study found

that none of the rates were statistically elevated for white males living

in St. Louis Park at the time of diagnosis. However, for white females in
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St. Louis Park, several rates were found to be statistically elevated.

Overall cancer incidence in females was approximately 33% higher than in

the metro area; it was al so hi gher than in Ri chfi el d and Edina (all p

val ues <0.0005). The greatest excess was found for breast cancer, in

which a 45% elevation was found compared to the metro area (p< 0.0005).

Breast cancer rates were al so stati sti ca 11 y el evated when compared to

Richfield. Other marginally significant and less sharply elevated rates

were found for cancers of the colon, rectum and corpus uteri and for

cancers of the gastroi ntestinal system overall.

2. "High Breast Cancer Rates in St. Louis Park Explained" (MDH,

1981) •

In 1 i ght of the hi gh 1eve 1 of communi ty concern regardi ng the TNCS

data indicating an elevated breast cancer rate in St. louis Park and

experimental data that have demonstrated that several PAH can induce

mammary cancer in selected rodent strains, the M[)-I sought to evaluate the

extent to whi ch known ri sk factors for breast cancer mi ght exp 1 ai n the

observed excess. It was known, for example, that a significant percentage

of the St. Louis Park population was Jewish and that several epidemiologic

studie~ have shown Jewish women have a higher risk of breast cancer. To

obtain further information, an interview study was conducted of 75 of the

95 St. Loui s Park breast cancer cases (or surrogates) and an equal number

of randoml y-sel ected metro area breast cancer cases (frequency matched for

age). This study showed a higher prevalence of risk factors such as higher

income, Jewi sh backgroun d, an d f ami 1y hi stor y of breas t can cer or

fibrocystic disease in St. Louis Park cases compared to metro area cases.

This information, in combination with published relative risks fran other

studies, was used to calcul ate "attributable risk factors". Using this

method, it was determined that the higher breast cancer rates in St. Louis
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Park could be expl ained on the basis of known risk factors, and that no

excess remai ned that mi ght be attri buted to PAH in dri nki ng water. The

study concludes that these findings do not establish that PAH levels found

in St. Louis Park wells are " safe," only that these findings offer an

expl anation for the elevated 1969-71 breast cancer rates.

3. Addi ti ona 1 an a 1ys es an d rev i ews co nducted as part of thi s

feasi bil ity study.

Several analyses and reviews of the above studies have recently been

conducted by (or for) the Chronic Disease and Environmental Epidemiology

Section, MDH. These are briefly described below.

Residence History of Interviewed St. Louis Par~ Breast Cancer Cases.

Reviews of the epidemiology of breast cancer indicate that a latency period

(i.e., period from initial exposure to manifestation of disease) of at

least ten years exists between exposure to radiation and increased risk of

breast cancer (Thomas, 1980; Moore et al., 1983; Rico, 1984). Latency

periods of ten to thirty years have also been demonstrated for many other

cancers that are associ ated with chemi cal exposures. It seemed useful

therefore to review the residential histories of the St. Louis Park breast

cancer ca~es that were obtained during the i ntervi ew study to ascertain how

long the cases resi ded in St. Loui sPark pri or to thei r di agnosi s. Thi s

information is shown in Table 4-7. It can be seen that 12 of the 75

interviewed cases had resided in St. Louis Park less than five years before

their diagnosis, while 29 of the 75 cases (39%) resided there less than ten

years before diagnosis. For sane portion of these cases, then, it might be

argued that they did not reside in St. Louis Park a sufficient period to

time to attribute their cancers to water contaminants or other ambient

environmental factors in that city.
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It should be noted here that no effort was made to confirm residential

histories or to ascertain histories of those 20 cases who could not be

i ntervi ewed.

Although the above discussion indicates the need to consider in­

migration in eval uating cancer rates in St. Louis Park, it does not address

the equa 11 y important issue of out-mi grati on. It is certai nl y the case

that some individuals who had resided in St. Louis Park for a period of

time and were thus "exposed" to the dri nki ng water had moved from the ci ty

pri or to any cancer di agnosis. These cases woul d not beincl uded in the

St. Loui s Park rates. The rel ati ve magni tude of in- and out-mi grati on in

St. Loui sPark is not known. The 1970 census data showed that only 55% of

the popu 1 ati on in St. Loui sPark 1 i ved in the same house fi ve years

earlier. Simil ar residency patterns were observed for other cities in the

metro area. As discussed elsewhere in this report, the effect of migration

on comparisons of disease rates in geographic areas can be significant,

particularly when considering diseases with long latency periods (Pol issar,

1980). The general effect is to reduce any true differences in observed

rates.

Estimate of Breast Cancer ]Dcidence in non-Jewish Population. It was

recognized at the outset of the epidemiologic studies that the substantial

Jewish population in St. Louis Park could be an important factor in the

observed breast cancer rates. Various epidemiologic studies have suggested

that Jewish women have higher breast cancer rates which may reflect such

factors as socioeconomic status, age at marriage and first pregnancy, etc.

The interview study revealed, in fact, that 19 of the 75 interviewed cases

(25%) in St. Loui s Park were Jewi sh compared to 1 of 75 metro area cases.

To evaluate the impact of the Jewish population in St. Louis Park, an

effort was made to calculate the standardized morbidity ratios
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Table 4-7

Residence History of Interviewed Breast Cancer Cases

LENGTH OF RES IDENCY
IN S1. LOUIS PARK
PRIOR TO DIAGNOSIS

Number of Cases

Percent of Total (75)

NOTES:

0-4

12

16%

YEARS

5-10

17

23%

10+

46

61%

1. MDH interviewed 75 of the 95 observed breast cancer cases (or their
surrogates) identified fran the 1969-1971 TNCS data tapes.

2. Based on five-county metro area rates 9 65 caases were expected.

3. 19 (25%) of 75 cases interviewed were Jewish.
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(observedl expected rati os) separatel y for the Jewi sh and non-Jewi sh

populations in St. Louis Park. This calculation required estimates of the

the number of Jewi sh women and thei r ages among the cases and in the

general population of St. Louis Park. Interview data were available for 75

of the 95 (79%) total cases, i ndi cati ng that 19 of the 75 (25%) were

Jewish. Although this percentage could have been applied to the non­

interviewed cases, an additional attempt was made to identify the religious

affiliation of the remaining 20 cases. This was accomplished by use of

death certificates, Jewish Federation membership lists, and hospital or

physician records. This indicated that 10 (50 %) of the remaining 20

cases were probably Jewish.

Jewi sh popul ati on estimates were deri ved from a study conducted by

Eri ckson and Lazarus in 1971 and are presented in Tabl e 4-8. Estimates

.of the female population for St. Louis Park, 1969-71, are shown in Table

4-9. Incidence rates from the Third National Cancer Survey (1969-71) for

the Metro area were used to calculate the "expected" numbers of breast

cancer cases among both Jewish and non-Jewish wanen in St. Louis Park.

Table 4-10 presents the standardized morbidity ratios (SMRs) for the total

female popul ation, and separately for the Jewish and the non-Jewish

populations. This calculation shows that based on metro area rates, 48

cases would be expected among the non-Jewish population while 66 cases were

observed. The non-Jewish SMR of 1.35 is marginally significant. For

Jewish wanen only, 15 cases would be expected based on metro area rates,

while 29 cases were observed, for a statistically significant SMR of 1.88.

The above analysis would suggest that sane, but not all, of the

observed excess in breast cancer coul d be expl ai ned by the 1arge Jewi sh

population in the cornnunity. This is in agreement with the initial

interpretation of Dusich et al (1980) that the observed excess of breast
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Table 4-8
1

Jewish Population Estimates for St. Louis Park, Minnesota - 1971

------ ------
% of Total Jewish Total No. of Total No. of
Population Living Jewi sh Peopl e Jewi s h Femal es

Age Category in SLP in SLP ·in SLP**

0-4 4.9 507.3 255.9
5-9 6.2 641. 9 323.8

10-14 9.5 983.6 496.2
15-19 12.1 1252.8 632.1
20-24 7.0 724.8 365.8
25-29 3.9 403.8 203.8
30-34 4.3 445.2 224.6
35-39 3.8 393.4 198.5
40-44 7.0 724.8 365.7
45-49 7.6 786.9 397.0
50-54 7.6 786.9 397.0
55-59 6.3 652.3 329.1
60-64 7.1 735.1 370.9
65.-69 4.6 476.3 240.3
70-74 2.7 279.6 141.1
75+ 3.6 372.7 188.0

10168

NOT REPORTED 1.8 186

10354*

1
From Popul ati on Study 1971-1972 the Jewi sh Can'!!un i ty of Greater
MinneapOlis by J.B. Erickson and M.J:-Lazarus

* Number of Jewish people living in St. Louis Park/Morningside in 1971.

** Assumes 50.45% of the total Jewish population in the greater Minneapolis
area is female and applying this percentage to each age group.
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Table 4-9

Fenal e Popul ati on Esti mates and Person- Years of Observati on:
St. Louis Park - 1969-1971

Age Category Non-Jewish Jewish*. Total**

No. PYO*** No. PYO No. PYO

0-14 5221 15663 1076 3228 6297 18891

15-24 3523 10569 998 2994 4521 13563

25-34 3205 9615 428 1284 3634 10902

35-44 2163 6498 564 1692 2728 8184

45-54 2467 7401 794 2382 3261 9783

55-64 1789 5367 700 2100 2490 7470

65-74 1181 3543 381 1143 1562 4686

75+ 743 2229 188 564 931 2793

TOTAL 20292 60876 5129 15387 25424 76272

* Derived from: Population ~!udy 1971-1972 Th~ ~~wish Community Qf
Greater Minneapolis.

** Deri yed from 1970 Census Data.

*** PYO (Person-Years of Obser vati on) = No. of pers ons in age category X 3
years of observation.
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Table 4-10

Observed and Expected Breast Cancer I nci dence in Jewi sh, Non-Jewi sh and
Total Fanale Populations in St. Louis Park, Minnesota

Popul ation Expected Observed OlE Ratio 95% CI for 0 IE Rati 0*

Non-Jewish 48.82 66 1.35 ( 1. 05-1. 72)

Jewi sh 15.42 29 1. 88 (1.26-2.69)

Total 64.25 95 1.48 (1.19-1.80)

*Probable (95 percent) upper and lower limits for the OlE ratio estimate.
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cancer woul d not be entirely expl ained by the presence of the Jewish

. popul ation (estimated at 20%) even if it were assumed that the Jewish

population had a two-fold risk.

Critica 1 Rev i ew of Case-Case Study ~~ch an.Q Fi ndi n~. Because of

the importance of the findings and the unique case-case study approach

taken by the MDH in 1980-81 to determi ne whether the excess breast cancer

cases could be expl ained by known risk factors, it was decided that this

study should be further reviewed. This critical review included analyses

and comments by an internationally recognized expert in statistical

epidemiology and attributable risk (Stephen D. Walter, Ph.D., Department of

Clinical Epidemiology and Biostatistics, McMaster University, Canada).

Thi s revi ew poi nted to several aspects of thi s study that weakened its

conclusions. The major problan was found to be in the application of the

attri butabl e ri sk proporti ons to the enti re popu 1 ati on rather than to

indi vidual s "exposed" to a gi ven risk factor. It was noted that the

consequence of thi s error was that the percentages of di sease esti mated to

be attributable to the factors studied are overestimates for both St. Louis

Park and the Metro area. Whether or not thi s error woul d make a

substantial difference to the conclusions was not possible to determine

from the data provi ded. Other methodo 1ogi ca 1 issues that were consi dered

in this review included the problan of multiple comparisons, reliability of

the interview data, non-response bias, the basis for relative risk

estimates, the completeness of the risk factors considered, interactions

between risk factors, and effects of migration.

The Chronic Disease and Environmental Epidemiology Section generally

agrees with the findings of this review that several unresol ved issues in

the case-case study approach previously taken by the MDH weaken the
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conclusions that can be drawn. Accordingly, the extent to which the

observed breast cancer rate in St. Louis Park can be expl ained on the basis

of known risk factors renai ns uncl ear.
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BACKGROUND - NEW BRI GHTON

Nature and History of Contamination

Whi 1 e i nvesti gati ng a suspected sewer break or spi 11 at the Twi n

Cities Army Ammunition Plant (TCAAP) in 1981, the Minnesota Pollution

Control Agency (MPCA) became aware of an Army document (U.S. Army, 1978)

that described the disposal practices for chemical wastes at the arsenal.

The TCAAP faci 1ity has been in exi stence si nce 1941 and has been operated

during most of its history for the Army by Federal Cartridge Corporation.

Because of the potential of the described disposal practices to have

introduced contaminants into the groundwater, the MPCA analyzed water

sampl es from pri vate well s located near TCAAP. These analyses showed that

the well water was contaminated with several volatile organic compounds

(VOCs), primaril y trichl oroethyl ene. Subsequent anal yses by the MDH of

municipal and other public water supply wells in communities surrounding

TCAAP revealed that VOC contamination existed in six of eight municipal

well s serving New Bri ghton. New Bri ghton, a community of about 23,000

population, is located immediately southwest of the TCAAP site and

northeast of Minneapolis. It was also found that a number of large

producti qn wells wi thi n TCAAP had much hi gher 1eve 1s of contami nati on. As

a result of these findings, a number of wells were closed, modified, or

taken out of routine service, and investigations were launched by state

agenci es and the U.S. Army to identify the extent and the sources of the

contami nati on, and appropri ate remedi al acti ons. The Phase I Final Report

of the Remedial Investigation was completed by the MPCA in May 1985 (COM,

1985) .
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Source(s) of Contamination

An investigation of potential sources of the contamination was

undertaken by the MPCA with funding provided by the U.S. Environmental

Protecti on Agency (under the f eder a1 Superfund provi si ons). Based on new

infonnation developed during this investigation and review and analysis of

existing information, it was concluded that four significant source areas

of contamination may exist within the New Brighton/Arden Hills study area.

These general source areas are located on or near the TCAAP and are as

foll ows:

1. An industri al area along Old Highway 8 north of Interstate 694;
2. A commerci al/industri al area to the north of Rush Lake;
3. Si tes 1ocat ed wi thi n TCAAP that 1 i e abo ve the Twi n Citi es till;
4. Sites located on TCAAP that are situated wit hi n the Kame deposit

(below which no till is present).

This investigation showed that the direction of groundwater flow in

the contami nated Prai ri e du Chi en-Jordan aquifer is toward the southwest,

whil e flow in the shallower contaminated Hill si de Sand aquifer is generally

toward the west-southwest. The study also i ndi cated that contami nati on in

the New Bri ghton area is canprised of separate eastern and western pl urnes.

Magnitude of Contamination

A large number of water samples have been analyzed for a wide variety

of canpounds since the contamination was first detected. This has provided

an extensive database of qualitative and quantitative aspects of the

contamination, and has enabled preliminary definftion of the horizontal and

verti ca 1 spread of the contami nant pl urne(s). Maj or contami nants (and thei r

corresponding Minnesota water qual ity standard) that have been identified

in municipal wells since 1981 are:

1, 1,2-tri chl oroethyl ene (TCE, 31. 2 llg/l)
"1,1,1- tri ch 1oroethane (TCA, 200 llg/l)
1, 1-di chl oroethyl ene (DCE, 0.3 llg/l)
1, 1-di chl oroethane
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Other contaminants that were sporadically identified in some wells

include:
ci s-l, 2- di ch 1oroet hyl en e
trans-l,2-di chl oroethyl ene
chloroform
1,2-di chl oroethane
1,1, 2-tri chl oroethane
1,1,2,2-tetrachloroethylene

As in the case with St. Loui s Park well s, substanti al vari ati ons are

evident in the detected contaminant levels for a given well. Contaminant

concentrations reported for a single well commonly vary by as much as one

or two orders of magnitude, with the lower end of the range often at III ess

than ll (detectable) levels. Sources of this variation may be attributed to

such factors as local changes in hydogeologic patterns due to changed

pumping stresses, sampling procedure variations, analytic variability, and

changes in the migration of the contaminant pl ume.

Mean concentrati ons of contami nants from analyses conducted between

1981 and 1984 were available fran the MPCA and are presented in Table 4-11

for the three major contaminant compounds (TCE, TCA, DCE) in municipal

wells. These data show that mean TCE levels among the six wells initially

contami nated ranged from about 12 to 150 J.lg/l. Mean TCA level s were

approximately 5 to 40 ug/1, and mean DCE 1evel s were from 1ess than 1 to 7

}lgll. For all three contami nants, 1eve 1s were s 1 i ght 1y hi gher in we 11 s 3,

4 and 8 which are located just slightly northeast of wells 5, 6 and 9

(Figure 4-3).

The vari abi 1 ity of the data is i ndi cated in Figure 4-4 whi ch shows

mean TCE values and the standard deviations for each well from the analyses

conducted between 1981 and 1984 (1981-1982 for well s 8 & 9). It shoul d be

noted that TCE 1eve1sin wells 2 and 7 \'Iere near or below detecti on 1i mits
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Tabl e 4-11

Mean Concentrations of Trichloroethylene (TCE),
Trichloroethane (TCA), and Dichloroethylene (DCE) in New Brighton

Municipal Wells: Analyses from 1981-1984a

----------------------------------------------------------------------
Mean Concentration ( Ilgl1 )

Well Number TCE TCA DCE

----- ----------------------------
2 4.7 1.1 0.1

3 83.6 24.7 3.8

4 70.5 22.0 3.2

5 24.5 7.5 0.9

6 11. 9 4.8 0.9

7 0.33 0.14 0.01

8b 153 43.4 7.2

9b 57.6 15.8 2.5

a Data from Phase I Remedial Investigation Final Report (COM, 1985).

b Exclude~ analyses taken after wells were deepened in 1982.
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Figure 4-3

Location of New Brighton Municipal Wells
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FIGURE 4-4. TCE LEVELS IN MUNICIPAL WELLS

TRICHLOROETHYLENE (TCE) LEVELS IN NEW BRIGHTON WELLS:
ANALYSES FROM 1981-1984*

200

180

160

140

CONCEN.
120

(J.Igl1) 100

80

60

40

20 •0
2

•

•

..:..
:I~::ii:..:::':.::.:i::N::~::ii~.: :!:~:..:i!.::,~,:.:: IIIII :1111"~~I!1

4

IiliJ Mean

• +1 S.D.

o -1 S.D.

•

5 6

WELL NO.

7

•

'6

•

9

*Excludes analyses from Wells 6 and 9 after they were deepened in 1962
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when initially sampled. After closure of several wells, these two wells

were put into more active service, after which time low but rising

contamination was seen.

Contamination levels in a well serving a trailer park located

immediately southwest of the arsenal were canparable to levels in municipal

well s. Several pri vate resi denti al well s located in thi s same area had

sanewhat higher levels. Contaminant levels in three of six active TCAAP

production wells were much higher than in municipal wells or other wells

off TCAAP. Average TCE concentrations in the three most contaminated well s

were near 2000 J,Jg!l,. while average TCA and DCE levels in these three wells

were approximately 800 )Jgll and 100 jJgll, respecti vely.

Potential Community Exposure to Water Contaminants

As 0 ut 1 i ned i n t he ear1i er dis c us sion 0 n St. Lou i sPark, a cr i ti cal

questi on in consi deri ng the feasi bi 1 ity of en vi ronmental epi demiol ogi c

studies is whether individuals can be categorized on the basis of intensity

and! or durati on of expos ure. In the case of contami natedmuni ci pal water

supplies, some of the specific issues that need to be addressed in

developing an exposure model were listed previously in the discussion of

St. Louis Park. Factors such as the number and location of contaminated

wells, the levels of contaminants, well history, effect of water treatment,

aspects of the di stri buti on system, peri od of contami nati on, and personal

cons umpti on patterns must cl ear 1y be taken into consi derati on. Expos ure­

rel ated factors are consi dered below with respect to the New Bri ghton

municipal water supply.

In 1981 the New Brighton municipal water was obtained from eight

well s, all approximately 420-520 feet deep. (A ni nth well, Well # 1, had

been di sconnected from the di stri buti on system in the 1960s.) The
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r
locations and operating histories of the New Brighton wells are shown in

Figures 4-3 and 4-5. It can be seen that the si x New Bri ghton well s

initiallyfound to be contaminated (3,4,5,6,8, and 9) are all in close

geographic proximity to each other and were then all open to the Jordan or

Prai rie du Chi en-Jordan bedrock aquifers.

Well pumpi ng data from the City of New Bri ghton and the Department ·of

Natural Resources provide an indication of the relative contribution of the

well s found to be contaminated in 1981 to the total water supply. As shown

in Figure 4-6, it is apparent that wells 3, 4, 5, 6, 8, and 9 accounted for

almost all (90-99%) of the city's yearly water pumpage from 1971 until the

contamination was detected in 1981. Prior to 1971, pumping records are

i ncompl ete. However, 1 imi ted pumpage data and the ins ta11 ati on dates of

the above wells suggest that they provided a significant portion of the

water supply during the 1960s as well. In light of the above information,

it may reasonably be assumed that the water available at the tap in

essentially all service areas of New Brighton throughout the 1970s and

probably throughout the 1960s was mostly or entirely produced by some

combination of wells 3,4,5,6,8, and 9 (wells 8 and 9were not placed

into ser vi ce until 1971).

The above information does not indicate the magnitude or duration of

actual exposure to water contaminants; it does indicate that chronic and

community-wide exposure can not be ruled out on the basis of well usage.

Additional factors must be considered in assessing the actual likelihood

and/ or magni tude of expos ure.

As wi th St. Loui sPark, 1 ittl e or no data are avai 1 abl e concerni ng

actual contaminant levels at the consumer's tap. (A possible exception here

woul d be anal yses taken from the small number of resi denti al well s located
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Flgure 4-5

Dates of Operatlon for New Brighton Munlcipal Wells

/ WEll - 12
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WELL -7 :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

WEll- 6 t.:-).:-:.:-:-:-:-:-:-:):-:.:-:-:-:-:.:-:-:-i-:.:-:-:.:-:-:.:-:-:-
1
:-:-:-:-:-:+* *
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!WELL .1 1, J_,.. ;~~~..:'.~.I:::::::::::I::::::::i::::::::!::::::::::::::::i:j:::,
WELL - 11. ?-l f:-:-:-:-:-:':'!':-:-:-:-:-:-:-:-:.J-:-:.:.:-:.:-:.:.:-:~ STiANDBY 1 DI~CONNEC+ED-----'~----'

[ i ! i ! i
1920 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985

VEARS IN SERVICE

NOTES:

1. Chart indicates years in which wells were potentially in service. Individual
pumping histories vary widely by month and year.

2. Wells 1 and 2 were abandoned in 1984.

3. Wells 2, 3, 4, 5, 6, end 7 are 420- 520 feet deep and ere open to. the Jorden
( 5, 6, 7) 0r Prai ri e du Chien - Jorda n (2, 3 , 4).

4. Wells 8 and 9 'Were approx. 480 feet deep prior to 1982; subsequentl y they
'Were deepened to the Mt 5i mon - Hi nckley and returned to service.

5. A carbon filtration unit 'Was added to Wells 5 and 6 in mid-1983, and they
remai ned in se.rvice for approxi matel y 3 months.
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FIGURE 4-6

FI6URE 4-6. PROPORTION OF TOTAL ANNUAL PUt1PA6E FROt1
NEW BRI6HTON WELLS 3. 4. 5. 6. 8 & 9: 1971-1983-

Percent
of Total

Pumpage**

1~~l-~'-;'-~+--.-~.
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40
30 •

~"'--------------------"\-.
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YEAR

* These six wells were found to be contaminated when initially analyzed in 1981.
• * Pumpage from wells 88. 9 not included after "wells were deepened in 1982;

pumpage from wells 58. 6 not includedafl.er carbon filtration added in 1983.
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just southwest of TCAAP.) Tap levels could differ, perhaps substantially,

from well head 1 eve1 s as a consequence of water treatment, storage,

distribution, and other factors. For example, in sane water supply systems

in the state, it has been observed that iron removal processes (invo1 ving

aeration of the wat.er) can significantly reduce certain vol atile organics.

(Note, however, that iron removal was not a treatment process used in

conjunction with any of the contaminated well sin New Bri ghton pri or to

1981. )

Another major question is when the water supply initi ally became

contaminated (or how rapidly contamination reached present levels).

Several types of information may be considered in relation to this issue,

such as when envirorvnental contamination started, install ation and pumping

histories of the city wells, estimated contaminant travel times and

dispersion, and other hydrogeologic factors. Sane of this information is

available and is briefly summarized below.

Estimates of when operations started at suspected source sites and

when IIbreakthrough" of contami nants from underl yi ng ti 11 into aquifers may

have occurred (assuming contamination started at the beginning of

operations) were developed during the MPCA Phase I Remedial Investigation.

For the sources of contamination considered to be the most significant,

these dates generally extend back to the early 1940s-1950. It is not

generally known, however, when contamination actually started at most of

these sites, whether it was continuous or sporadic, the quantities of

materi a1 s invo1 ved, and in sane cases, whether chlorinated sol vents were

even used.

A second type of informati on that may set 1 imi ts to the onset of

contamination is the history of the installation of the municipal wells.

MDH sanitary survey records indicate that New Brighton wells 1 and 2 were
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in service by at least the 1ate 1940s. However, well 1 was on standby or

was disconnected from the distribution system for possibly 20 years or

more. Well 2 showed little contamination prior to its abandonment in 1984,

and it generally provided little contribution to the municipal water supply

between the early 1960s and 1981. Wells 3 and 4 were installed in about

1955, and well s 5 and 6 in about 1963. These dates mi ght i ndi cate the

earliest potential dates in which contaminated municipal water may have

been provided, under a worst-case scenario. At the other end of the range,

laboratory analyses demonstrated that well contamination existed in mid-

1981.

Another source of information that was considered of possible value in

estimating the onset of contamination comes from 3-dimensional computer

model s of groundwater flow and contami nant transport. Such model s were

developed for the MPCA by COM as part of the Phase I Remedial Investigation

to better understand the hydrogeologic characteristics of the region and as

a tool to screen the 1arge number of potenti al contaminant sources that had

been identified from previous investigations. It should be noted that

these models were not developed to estimate the duration or magnitude of

well contamination. A detailed description of these two models, their

derivations, inherent assumptions, applications, calibration, and other

features is presented in the Phase I Final Report (COM, 1985).

These models have been of considerable value in screening potential

sites by demonstrating whether the hydrogeologic characteristics of a site

would enable it to be a source of groundwater contamination in New Brighton

and St. Anthony. Further investigation of possible sol vent use is then

focused on those sites found to possess particul ar hydrogeologic

char acteri sti cs. As of the time of the Phase I Report (May, 1985),actual
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chlorinated sol vent use had been documented for approximately 15 of the 65

si tes that fell withi n the appropri ate hydrogeo 1ogi c framework.

Since most of the sites identified to date with known sol vent use and

appropri ate hydrogeo 1ogi c aspects are withi n the TCAAP facil ity, a mode 1

simul ati on of particul ar interest was one that looked at one of the TCAAP

sites. This simulation took into account the greatly increased pumpage of

TCAAP wells during the period 1968-1973. (Other simul ations were based on

pumpi ng 1eve 1 s of well s as they exi sted onl y duri ng 1979, whi chwere

thought to be representative of conditions in which TCAAP production well

pumpage was at a minimum and New Brighton municipal well pumpage was at a

maximum.) Assuming a continuous source of contamination since 1950 at this

particular site within TCAAP, the model simulated the extent of the

contaminant plume originating fran this site as of 1968, 1973, and 1984. It

was seen that the increased pumpage of TCAAP wells did not prevent

migration of the contaminant plume off the arsenal; however, it did suggest

that heavy TCAAP well pumpage woul d have slOA'ed the mi grati on of the pl ume

during that period. Unfortunately, this simul ation was 1imited to only one

potential contaminant site within TCAAP, and it is currently unknown which

of the potential contaminant sources are the most significant.

Despite the apparent usefulness of the groundwater flow and

contaminant transport models in the remedial investigation, it does not

appear that the COM models util izing currently avail able data can offer

si gnifi cant i nsi ghts with respect to the arri val times of contami nants at

particular well fields. Whether further modeling efforts devoted to this

issue could better characterize historical patterns of contamination is not

clear; it is likely that any such characterization would have a

significant, and possibly unquantifiable, degree of uncertainty. In sum,
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currentl y-a vail ab1e ; nf ormati on cannot estab1ish whether cant ami nati on in

the western New Bri ghton well s was present several years or several decades

pri or to detecti on.

Other Exgosure Considerations

Even assuming that VOCs are present at the consumer tap, individual

exposure will depend on many factors. An obvious factor is how much tap

water is consumed. However, the presence of VOCs in drinking water can

result in exposure through means other than the direct consumption of

water. Exposure to VOCs could also occur, for example, by inhalation and

skin absorption, such as when showering. Although the data are very

limited, such additional pathways of exposure may be significant and need

to be considered in evaluating individual exposure levels (Brown et al.,

1984). As discussed el sewhere in this Section, the VOCs found in New

Brighton water are widely-used chemicals that have become dispersed

throughout the environment. The sum total of these other environmental

exposures is not well-establ ished, but could be of comparabl e or greater

magnitude to expos ures deri ved from New Sri ghton well water.
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VOLATILE ORGANIC COWOUNUS: ENVIRONMENTAL AND TOXICOLOGICAL ASPECTS

The primary contaminants that were found in New Brighton municipal

wells are trichloroethylene (TCE) and 1,1,1-trichloroethane (TCA). Lower

concentrati ons of several other VOCs, primaril y 1, 1-di ch 1oroethyl ene (DCE),

were also detected. The f 0 11 owi ng di scussi on pro vi des bri ef 0 ver vi ews of

the uses, en vi ronmenta1 expos ures, and the toxi co logy of TCE, TCA and DCE.

A number of comprehensi ve revi eN documents and arti cl es on these compounds

(parti cul ar 1y, TCE) ha ve been prepared by vari ous i ndi vi dua 1sand agenci es

during the past several years. These reviews provide the basis for the

foll C1r'Ji ng summari es.

Trichloroethylene

Occurrence ~I!..Q ~~~ure. TCE is a col orl ess, nonfl ammabl e sol vent

that has been produced commercially in the U.S. since 1925. U.S.

production in 1977 was 132,000 metric tons, down from 277,000 metric tons

in 1970 (IARe, 1979).

The major use (82% of 1977 producti on) is in the vapor degreasi ng of

metal parts. It is also used as a sol vent in the textile industry; as a

sol vent for adhesi ves and 1 ubri cants; and, as a low-temperature heat

transfer fl uid. It has been used in such consumer products as spot

removers and rug c1eani ng fl ui ds. A pharmaceuti ca 1 grade of TCE has been

used as a general anesthetic in surgical, dental, and obstetrical

procedures and in veterinary practice. For many years, it was used as an

extraction sol vent "in foods (such as in the manufacture of decaffeinated

coffee); the FDA has since prohibited many such uses.

A1though TCE is not known to occur natura11 y, it has become wi despread

in the environment. The EPA has estimated that 60% of the total world
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production is released to the environment. Annual emissions in the U.S.

alone were estimated (in 1976) to be 193,000 metric tons. TCE is not

expected to persist in the environment due to its photooxidation, low water

solubility, and volatility (EPA, 1980b). Nevertheless, TCE has been

detected in air, water, soils, some food products, marine organisms, and

human tissues (IARC, 1979).

Some reported ambi ent ai r concentrati ons in the U.S. are as follows: 1

)Jg/m3 in urban areas in the northeast; 0.1 jJg/m3 in rural areas; 0.r"S-0.5

).Ig/m3 in M'ichigan; and 0.08-1.7 jJg/m3 at sites in Cal ifornia. In Tokyo,

average levels were reported to be 6.4 ug/m 3, and in Manchester, U.K., 5­

343 ).Ig/m3 were reported. Wall ace et al. (198S) reported that personal

exposure levels to TCE (and other organics) were consistently higher than

outdoor concentrati ons. Geometri c mean 1eve 1s of TCE in personal ai r were

2~6-3.0 J,lg/m 3• It was estimated that an average daily dose of 19.7-75.6

jJg/day is inhaled in three urban locations in the U.S. (Singh et al.,

1981). The greatest inhal ation exposure generally occurs in certain

occupational settings, primarily in hospitals, in the aircraft

manufacturing industry, in bl ast furnaces and in steel mills. It was

estimated by NIOSH in 1975 that approximately 290,000 U.S. workers were

potenti ally exposed to TCE (COC, 1985).

TCE has been detected with some frequency in raw surface waters,

ground waters, sewage, and finished tap waters. A recent EPA survey of 29

VOCs in randomly-selected finished ground water suppl ies showed that TCE,

tetrachl oroethyl ene, and TCA were the three most frequently detected

compounds (Westrick et al., 1983). TCE was detected in 11% of systems

serving popul ations of over 10,000. Level s exceeded 5 }Jgll in 3% of the

systems. In a recently campl eted state survey of 1801 community water
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supply wells in Minnesota, TCE was the most frequently identified

contaminant, found in 42 samples (MDH, 1985).

TCE has been reported in foodstuffs in the U.K. as follows: dairy

products (0.3-10 ppt) , meat (12-22 ppt), oils and fats (0-19 ppt) ,

beverages (0-60 ppt), and fruits and vegetables « 5 ppt) (IARC, 1979).

Packets of tea were found to contain 60 ppt. little TCE would be expected

in other foodstuffs except where TCE is used as an extractive solvent (EPA,

1980b) •

In human tissue samples at autopsy, TCE has been detected at levels of

<1-32 ppt (wet tissue) (EPA, 1980b). As expected from its physical and

chemical properties, TCE has a greater affinity for body fat than other

tissues, both in humans and animals.

Toxicology. Many articles and comprehensive reviews have been

prepared in recent years on the absorption, metabolism, and elimination of

TCE in humans and animals, and on the potenti a1 health effects of TCE

(e.g., IARC, 1979; EPA, 1980b, 1984b, 1985; NAS, 1977, 1983a; Kimbrough et

a10, 1985; Prout et a1., 1985; E1combe et a1., 1985; D1Souza et a1., 1985) 0

Some general conc1 usi ons that can be drawn from these revi ews are presented

below.

TCE is readily absorbed through all routes of exposure - inhalation,

i ngesti on, and dermal. However, quantitati ve data on oral absorpti on are

lacking. Once absorbed, TCE enters the blood and is distributed to various

tissues and organs. Data on distribution are mainly from· inhalation

studi es. From studi es of human pati ents under TCE anaesthesi a, it has been

shown that TCE crosses the p1 acent al barri er.

TCE is metabolized to a qualitatively similar set of products in

various species., including humans. Some of the identified metabolites
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include trichloroacetic acid, trichloroethanol, trichloroacetaldehyde,

monochloroacetic acid, and trichloroethanol glucuronide. An important

intermediary metabolite is chloral hydrate. TCE and its metabolites are

eliminated in urine, by exhalation, and to a lesser degree in sweat, feces,

and sali va. Recent studies have indicated that several aspects of TeE

metabolism vary substantially depending on the species and the dosage. It

has been proposed that these differences (whi ch incl ude such factors as the

rate of TCE metabol ism, metabol ic saturati on, blood 1 evel s of key

metabo1ites, and hepati c peroxi sane pro lifer ati on) may exp1ai n the obser ved

species differences in sensiti vity to TCE hepatotoxicity and carcinogenesis

and may have public health implications (Kimbrough et ale, 1985; Prout et

ale, 1985; Elcombe et al., 1985; D'Souza et al., 1985).

In in vitro mutagenic tests, TCE has been found to be weakly

m~tagenic or nonmutagenic. In vivo, TCE does not bind with DNA as do many

other carci nogens. TCE does not appear to be teratogeni c or fetotoxi c in

rodents.

A number of studies have examined the carcinogenicity of TCE in

rodents. These studies are summarized in the previously cited review

documents. These studies show that TeE significantly increases the

incidence of hepatocellular carcinanas in sane rodent strains and species

(B6C3F1 mice), but not in others (rats and hamsters). As noted above,

species differences in the metabolism of TCE, particul arly at the high

doses used in these studies, may account for differences in the sensiti vity

to carci nogenesi s. Based on the resul ts of the study with B6C3F1 mi ce, a

mathemati ca 1 mode 1 was used to determi ne the upper 95% confi dence 1 imi t on

cancer risk associ ated with low level exposure (NAS, 1983a). This risk was

estimated to be 3.3 x 10-7 per 1 }lg/liter of water for lifetime exposure.
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A 1imited number of occupational epidemiologic studies have been

conducted on workers potenti all y exposed to TCE. These studi es ha ve

invo1 ved re1 ati vel y few workers to date. At an exposure to 50 or 100 ppm

in the workplace air, a worker would receive a dose approximately 10,000

times higher than the dose that would be recei ved frOOl consumption of water

with a TCE level of 100 ppb. These studies have not demonstrated increased

cancer mortal ity among these workers. Based on metabol i c factors and

occupational experience, Kimbrough et al. (1985) conc1 ude that the

theoreti cal cancer ri sks att ri buted to TCE are extremel y ques ti onable, and

that the "risk associated with exposure to trace amount (ppb)

concentrations of TCE in water appear to be minimal or perhaps neg1igible."

Acute and chronic toxicity from TCE exposure has long been known. The

effects of TCE mainly invo1 ve the central nervous system and the perifera1

nervous system, a1 though other organ systems can a1 so be affected. Several

deaths have been reported following extremely high exposures. Exposures

whi ch may produce acute or chroni c effects are much hi gher (ppm) than those

associ ated with extrapo1 ated cancer risks (ppb).

Based on recent revi ews of the carci nogeni c, met abo 1 i c, and 1 imi ted

epidemi'.ologic data regarding TCE, there is currently little evidence that

TCE poses a significant human risk of cancer or other adverse effects at

environmental exposure 1eve1 s.

Tri ch 1oroeth ane

Occurrence an.5:! .£xpo~ur~. Trichloroethane (TCA) is a colorless,

nonf1anrnab1e sol vent that was introduced conmerciall y in 1946 (rARC, 1979).

It has been used increasingly as an industrial solvent and in consumer

products. U.S. production of TCA was estimated at 289,000 metric tons in

1977 and 315,000 metric tons in 1980 (EPA, 1984c).
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The major uses of TeA are cold cleaning of metal and electrical

materi a1 s and vapor degreasi ng. These uses accounted for some 75% of total

usage in 1975. Approximately 12% was used in the synthesis of viny1idene

chloride (1,1-dichloroethy1ene). The largest other use is in aerosols as a

vapor-pressure depressant and as a sol vent and carri er for acti ve

ingredients. Other uses include the development of printed circuit boards;

as a sol vent in adhesi ves, spot removers, and printing inks; as a motion

picture film cleaner; and, as an additive in cutting oils. Vapor

degreasing grades of TCA contain several percent stabilizers and additi ves

(EPA, 1984c).

Most of the world production is eventually released to the atmosphere.

Estimates of yearly global emissions during the late 1970s range from

300,000 to 500,000 metric tons. In the U.S. emissions have been estimated

at 214,000 and 245,000 metric tons (EPA, 1984c). An additional 29,000

metri c tons are re1 eased to the environment vi a sol id waste and water. It

has been estimated that TCA has a resi dence time of 5-10 years in the

atmosphere, whi ch suggests that some fracti on will reach the stratosphere.

Some model s indicate that photodestruction of TCA in the stratosphere could

accelerate ozone destruction.

As with TCE and other chlorinated solvents, TCA is widespread in the

environment, although it is not known to occur naturally. Typical ambient

1 eve1 s of TCA in the atmosphere are in the 0.1 to 1 ppb (0.54 to 5.4 ug/m3)

range, but levels as high as 64 ppb (346)Jg/m3) have been reported in urban

areas (EPA, 1984c). Wall ace et al. (1985) reported that geometric mean TCA

level s in personal air sampl es were much higher than in outdoor air, 19

.I.Jg/m3 versus 4j.lg/m3. It was estimated by Singh et a1. (1981) that the

average daily adult dose in several urban 1ocati ons was 38-133 J.l9.
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TCA has been detected in finished drinking· water, ground water,

surf ace water, sea water, rai n water, and in raw and treated sewage (IARC,

1979). As previously noted, TCA was one of the three most commonly

detected VOCs in finished groundwater supplies in the U.S. In the random

survey, TCA was detected in 8.1% of the water supplies serving popu1 ations

of over 10,000 (Westrick et al., 1983). The median of positive values was

1.0 J.l9/l. In the survey of VOCs in Minnesota water supp1 i es, TCA was

detected in 0.9% of the 1801 community supply wells, with a median of

positive values of 0.5J.1g/1.

TCA resi dues were found ina U.K. study of twe1 ve food items: meat

(3-6 ppb), oils and fats (5-10 ppb), tea (7 ppb), fruits and vegetables (1­

4 ppb), and fresh bread (2 ppb) (IARC, 1979).

Tox ico.lqgy. Recent comprehensi ve re vi ews of TCA ha ve been conducted

. by EPA (l984c), NAS (1983a) and IARC (l979). These reviews indicate that

TCA has consi derab 1y 1ess potenti a1 f or to xi ci ty than ot her ch 1 ori n ated

sol vents such as TCE. Some general observati ons on TCA from these revi ews

are presented below.

TCA can be absorbed through the 1 ungs, through the gastroi ntesti na1

tract, "and through the skin. After absorption, it is widely distributed

into various body tissues, particularly those high in lipid content.

However, in contrast to TCE, very 1itt1 e of the absorbed dose « 6% inman)

is estimated to be metabo1 ized. Most of the TCA is e1 imi nated from the

body unchanged through the 1 ungs. Metabo1 ites are excreted mai n1 yin the

urine. The only identified urinary metabolites are trich10roethano1 and

trichloroacetic acid.

Physi ca 1 and chemi ca 1 properti es wou1 d i ndi cate that TeA can cross

membrane barriers in the body. Thus, it can cross the blood-brain barrier,
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and can probably reach the fetus during pregnancy. TCA has not shown any

teratogeni c potenti al in the studi es conducted to date in rodent speci es

invol ving either short- or long-tenn exposures.

TCA has been subjected to a wi de vari ety of mutageni c assays.

Although generally negati ve, reviewers indicate that the conventional

protocol s used in these tests· are inadequate in the case of TCA. Under

specialized trea'bnent conditions (to overcome solubility and vol atility

properti es), commerci all y avai 1 abl e sampl es of TCA (i .e., containi ng

stabilizers) are weakly mutagenic or genotoxic in several in vitro tests.

It is not establ ished whether these effects are due to TCA, stabil izers, or

contaminants. One stabilizing compound (1,4-dioxane) shows evidence of

bei ng an animal carci nogen.

Effects have not been observed for short-term exposures to air

concentrations in the range of 350-500 ppm (it can be estimated that an

eight-hour exposure to 350 ppm will result in about 10 grams of TCA

absorbed into the body of a 70-kg man). Hi gh exposures in humans produces

effects mainly in the central nervous system. A threshold for these

effects may occur around 1000 ppm (5400 mg/m 3). At much hi gher expos ures

(>5000 ppm) death can occur due to anesthesi a and/or cardi ac toxi ci ty.

Unl ike other chlorinated compounds, TCA has not been associ ated with

cl ear 1y evi dent 1 i ver or ki dney damage.

Three carcinogen bioassays have been completed in rats and two in

mi ceo Two of the rat studi es were negati ve, but are not consi dered

concl usi ve due to vari ous i nadequaci es. Concl usi ons from a thi rd rat study

(and one mouse study) are under re-review by the National Toxicology

Program. The other mouse study was negati ve, but was al so consi dered

inadequate to judge carci nogeni city.
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The wei ght of the evi dence to date does not suggest that TCA is a

human carci nogen or is 1ike 1y to be associ ated wi th adverse reproducti ve

outcOOles at environmental exposure levels. However, further studies are

needed to better define any possi bl e ri sks.

Dich 1oroethy 1ene

OCcurrence and Exposure. Dich 1oroethyl ene (1, 1-di ch 1oroethyl ene, also

called vinylidene chloride) is a colorless, highly reactive, and flammable

liquid. U.S. production capacity is approximately 120,000 metric tons,

most of which is used in the production of copolj1llers with vinyl chloride

or acr yl oni tril e (EPA, 1983).

A small porti on is used in the synthesi s of tri ch 1oroethane. Losses

to the environment during manufacturing processes are estimated at 580

met ri c tons.

Median ambient air levels of DCE was estimated to be 20 ng/m3 in

urban/suburban areas of the U.S., resulting in an estimated daily

inhalation intake of 0.4 J.Jg (EPA, 1983). Singh et al. (1981) estimated

average daily adult intakes of 0.4-2.5 j.Jg in three urban locations. Near
\,.,

point sources of emission, these values can be approximately 1000-fold

hi gher.

In the EPA survey of groundwater suppl ies, DCE was found in

approximately 3% of the suppl i es serving popul ations of over 10,000. The

median of positive values was about 0.3 ug/l. In the Minnesota survey, DCE

was found in 0.4% of the wells sampled, with a median concentration of 1.2

}Jg/l for positi ve val ues. There are insufficient data to estimate DCE

levels or exposures rel ated to food.
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I.Qxico.l.Qgy. nCE is readily absorbed in rats and mice through

ingestion or inhalation, and is rapidlydistributed inthe body. DCE is

metabolized in the liver producing a number- of possible reactive

intermediates, including an epoxide. These intermediates may bind with

macromolecules, such as DNA, producing toxic effects. Excretion of

metabol ites and parent compound occurs primari 1y through the uri ne and

through exhal ed air and is dependent on dose; at hi gher doses, more of the

compound is el imi nated unchanged through exha 1ati on. Pri mary met abo 1ites

found in urine include thiodiglycolic acid and an N-acetyl-S-cysteinyl

deri vati ve. There does not appear to be an accumul ati on of DCE in body

tissues.

Much information exists on the toxicity of DCE in experimental

animals. Toxicity varies with age, sex, species, and fasting-state. The

ki qney and 1i ver are the target organs affected by both acute and chroni c

exposures through either inhal ation or ingestion. Reproduction and

teratogenic effects have not generally been observed in studies involving

several speci es and different routes of exposure, incl uding a three

generation study in rats invol ving DCE in drinking water (up to 200 ppm).

Where pregnancy outcanes were effected, doses were hi gh enough to produce

materna 1 toxi ci ty (EPA, 1983).

DCE is mutagenic in several bacterial assays, when metabolic

activation is anployed. DCE may react in vivo with DNA of mouse kidney.

However, other in vitro and.l..!! vivo assays have not shown mutagenic

acti vi ty (EP A, 1983).

Accordi ng to the recent revi ew by EPA (1983), there ha ve been ei ght

cancer bioassay studies in which DCE has been administered to rats, mice,

or hamsters oral 1y or through i nha 1ati on. Seven of these studi es fail ed to

find a significant carcinogenic response. In one inhalation study,
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significant elevation of kidney tumors was found only in male Swiss mice.

It has been suggested that this may be a species- and strain-specific

res po ns e, res u1 tin g from s ever e kid ne y t 0 xi cit Y• Ver y 1 i mit e d

epidemiologic data from an occupationally-exposed cohort revealed no

significant clinical differences canpared to matched controls (EPA, 1983).

Based on noncarci nogeni c effects, the suggested no-adverse response

level (SNARL) for chronic toxicity for DeE in drinking water was calcul ated

to be 100 Jl9I 1 (NAS, 1983a).
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EXISTING HEALTH INFORMATIOO - NEW BRIGHTON

There is little existing health information which permits

identification of any excess of adverse health effects in New Brighton that

coul d be rel ated to well water contami nants. The 1imi ted i nformati on that

is avail abl e is described below.

Some data are avai 1 abl e on cancer mortal ity in New Bri ghton. Thi s

infonnation was prepared by the Mill in response to infonnation requests in

1983 by State Senator Steve Novak and Representati ve Dan Knuth. The number

of cancer deaths among New Brighton residents over a five-year period

(1976-1980) was compared to the number of "expected" deaths usi ng r~etro

area or state mortal ity rates as a reference. The "expected" numbers take

into account age and sex differences, but do not refl ect many other factors

that influence cancer mortality rates (such as smoking habits, occupation,

and socioeconomic factors). As shown in Table 4-12, application of Metro

area rates (whi ch are sl i ghtl Y hi gher than statewi de rates) to the

population of New Brighton indicates that 121 cancer deaths would have been

expected over the fi ve-year period, while 114 cancer deaths were observed.

This is not a statistically significant difference. For specific types of

cancer, observed and expected numbers were al so very simil are However,

the small number of deaths due to any parti cul ar cancer 1 imi ts the

possibility for finding small differences. The advantages and limitations

of cancer mortality data in assessing potential risks from environmental

exposures are discussed elsewhere in this report.

As part of this feasibil ity study, existing vital statistics were

examined to determine whether it would be possibl e to detect differences in

fetal, neonatal, or infant deaths in New Brighton over time or in

comparison to other communi ti esc However, the small number of yearl y
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Table 4-12

Observed and Expected Cancer Mortality in New Brighton: 1976-1980

Observed Deaths

114

Expected Deaths a

121

OlE Rati 0

0.94

95% Confi dence I nterva 1

0.77-1.13

a Expected deaths based on mortal ity rates for Minneapol is-St. Paul Standard
Metropolitan Statistical Area (excluding data from New Brighton and several
surroundi ng communi ti es). New Bri ghton popu 1 ati on data from 1980 census.
Expected number adjusted for sex and age.
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Table 4-13

Vital Statistics for New Bri ghton and Other Areas

------

New Brighton Rosevi 11 e New Hope *Ramsey County

1977
Live Births 389 327 307 6096
Fet a1 De at hs 3 1 4 34 ( 5. 6)
Neonatal Deaths 7 3 3 42 ( 6. 9)
I nf ant De at hs 9 3 4 62 (10.2)

1978
Live Bi rths 402 359 333 6081
Fetal Deaths 2 2 2 51 (8.4)
Neonatal Deaths 1 5 4 50 (8.2)
I nf ant Deaths 3 6 6 79 (13. 0)

1979
Live Births 387 366 304 6454
Fet a1 De at hs 4 2 2 49 (7.6)
Neonatal Deaths 4 1 33 ( 5.1)
I nf ant Deaths 2 4 3 53 (8.2)

1980
Live Bi rths 353 357 333 6641
Fetal Deaths 3 1 3 37 ( 5. 6)
Neonatal Deaths 3 1 47 ( 7.1)
I nf ant Deaths 3 2 65 (9.8)

1981
Live Births 388 382 301 6686
Fetal Deaths 2 4 1 40 (6. 0)
Neonatal Deaths 4 1 1 39 (5.8)
I nf ant De atns 5 2 2 57 ( 8. 5)

1982
Live Births 365 383 322 6634
Fet a1 De at hs 2 1 3 43 (6.5)
Neonatal Deaths 6 1 38 ( 5. 7)
I nf ant Deaths 8 2 4 71 (10.7)

1983
Live Births 304 350 317 6533
Fet a1 De at hs 1 7 50 (7.7)
Neonatal Deaths 1 A 2 48 ( 7.3)
I nf ant De at hs 4 8 2 82 ( 12. 6)

* Ramsey County data are forwhites on1 y; numbers in parentheses show rates
(events per 1000 1i ve bi rt hs ) •
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bi rths (300-400) in New Bri ghton coup1 ed with the low rate of fetal and

neonatal deaths (Table 4-13) produced large variability in the observed

yearly rates. Thus, although no trends were observed (canpared to Ramsey

County), only large differences in rates (almost two-fold) could have been

detected statistically. It should also be noted that such crude

compari sons do not take into account any communi ty differences in known

maternal risk factors, such as maternal age, maternal smoking, diseases

duri ng pregnancy, prenatal care, and many other factors.

No other health-related information pertaining to well contamination

in New Brighton is believed to exist. (HC1Never, a number of epidemiologic

studies have considered health effects in other conmunity or occupational

popu1 ations exposed to VOCs; findings from these studies are presented

el sewhere in thi s Secti on.)
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5. EPIDEMIOLOGIC STUDY OPTIONS: ST. LOUIS PARK AND NEW BRIGHTON

As described in Section 1, several different epidemiologic methods and

several types of health outcomes can be util ized in studies to identify

potential relationships between chemical exposures and adverse health

effects. Possible study options range from simple tabulations and

ccmpari sons of mortal ity rates in "exposed" and "nonexposedll popul ati ons· to

ana1yti c studi es usi ng case-control or cohort study methods. Sel ecti on of

appropri ate methods and heal th endpoi nts wi 11 depend on many factors, and

each approach wi 11. have parti cul ar advantages and di sad vantages. In the

following discussion, various study options are presented for St. Louis

Park and New Brighton. Each option is briefly outl ined in terms of its

general approach, advantages, limitations, and costs. Based on these

considerations, a recommendation is made as to the usefulness of each

option.

DESCRIPTIVE roDRTALITY STUDIES

Mortal ity studies are rel ati vely inexpensive and may indicate if a

probl em exists that warrants further investi gation. A mortal ity study can

also be used as a first step in looking for adverse health effects

associ ated with exposures whose specific health effects, if any, are not

known (lilienfeld, 1983).

As previously described, there are several limitations associated with

mortality studies including changes in disease diagnosis, cl assification

and survivorship (Lilienfeld and Lilienfeld, 1980). Advancements in

diagnostic technique have improved the clinician1s ability to accurately

di agnose di sease. In some instances an improvement in the differenti al

di agnosi s of a di sease has affected the number of cases recorded. Impro ved
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treatment regimens have increased survi vorship for certain diseases

resul ti ng in a decrease in mortal ity even though the incidence may be quite

stable. In addition, the International Cl assification of Disease (ICD)

code, used to code causes of death, has gone through several major

revi si ons, each one incorporati ng greater detai 1 and specifi city in di sease

classification. These revisions have affected the numbers of cases

assigned to certain disease codes. The significance of these limitations

varies depending upon the time period and cause of death under study.

Several other factors such as communi ty characteri s ti cs and i nf orm ati on

avai 1 abl e on the exposure al so determi ne the feasi bi 1 ity of doi ng these

studi es.

A mortality study can be conducted using data recorded on death

certificates. Because contact with indi vidual s is not necessary, this

study is noni nvasi ve to the communi ty and woul d be much 1ess expensi ve than

a study requiring community contact.

The number of deaths in the community of interest (St. louis Park or

New Brighton) could be compared to the number of deaths in a simil ar

popu 1ati on. There are several cri teri a for the sel ecti on of an appropri ate

canparisqn cOll1llunity. The community shoul d not have the same ilexposureil to

the factor of interest (e.g., compari son communiti es for St. Loui s Park and

New Brighton should not have contaminated well water). A comparison

community shoul d al so be simil at to the community of interest in several

major demographic characteristics (Edmonds, 1981). This reduces the

possi bil ity of a factor other than the exposure of interest (i.e., well

water contamination) causing an observed difference in mortality (ecologic

fall acyl. These characteristics may include race, socioeconomic status,

urban/rural status and community size. It is possible to select more than

one comparison group when no single group is an entirely satisfactory
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canparison (MacMahon and Pugh, 1970). Multiple comparison conmunities may

give additional insight into any observed differences in mortality.

Several cOlllnunities that may be appropriate to use as comparisons for St.

Louis Park are Edina and Richfield; comparison groups for New Brighton may

include Roseville and New Hope. These are neighboring conmunities in which

the water supp 1y has not been known to be ·contami nated. The popu 1ati ons'

size, median incane, racial distribution, and educational status are also

genera11 y comparab1e. Canpari son of mort a1ity rates in St. Loui s Park and

New Brighton to general Twin Cities area or statewide rates could· also be

made. The use of such a 1arge reference popu 1ati on woul d ser ve to reduce

the effects of statistical variability.

Mortal ity rates can a1 so be examined in the same community over time.

This anal ysis can reveal changes in a community's cancer mortal ity

experience. Its primary use is to generate hypotheses or to suggest

appropri ate study endpoi nts; it does not address changes in mortal ity due

to specific exposures. Many other factors, either real or artifactua1

(e.g., changes in rco coding, improvements in disease diagnosis and

survi val, the presence of other unmeasured risk factors) other than the

exposure of interest can cause changes in mortality over time (Lilienfe1d

and li1ienfe1d, 1980).

There are several ways in which death certificate data could be

analyzed. Age-, sex-, and cause-specific mortality rates could be

exami ned. In additi on, both di rect and i ndi rect standardi zed rates cou1 d

be cal cu1 ated to compare the mortal ity experi ence in the community of

interest re1 ati ve to the comparison community. Age- and sex­

standardization eliminates the effect of differences in the age and sex

structure of the populations being compared (Shryock et al., 1976). Crude
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or unadjusted rates from different popul ations can be misleading if

compared (Pike, 1978). For exampl e, a crude death rate is 1 ikel y to be

high in a population with a large number of elderly relative to a

population composed primarily of young adults, even if their age-specific

mortality experience is identical. Standardized rates can control for

these differences.

Direct standardization appl ies the age- and sex-specific death rates

in the popul ation of interest to the number of the same age and sex in the

standard population. The comparison community's age- and sex-specific

death rates are also applied to the standard population. The resultant

summary statistics can be directly compared and differences in the

conmunities' mortality experience can be determined (Shryock et al., 1976).

Standardi zed mortality rati os (also ca 11 ed i ndi rect standardi zati on)

can also be calculated. A standardized mortality ratio (SMR) is the ratio

of the observed number of deaths in the popul ation of interest to the

number expected if the popul ation of interest were to have the same

mortal ity rates as the comparison popul ation (Shryock et al., 1976). An

SMR of 1.0 indicates that the observed number of deaths is identical to the

expected number. An SMR greater than 1.0 impl ies an excess number of

deaths in the population of interest, while an SMR less than 1.0 implies

fewer deaths than expected in the popul ation of interest.

Several different mortal ity end poi nts can be examined i ncl udi ng fetal;

neonatal or infant deaths, and cancer deaths. The advantages and

disadvantages of doing a study of infant, neonatal or fetal deaths are

simil ar for St. Louis Park and New Brighton and therefore will be discussed

jointly. The advantages and disadvantages of conducting a cancer

mortal ity study are sufficiently different in St. Louis Park and New

Bri ghton that they will be descri bed separately.
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Infant/Fetal Mortality

An advantage of studying events such as infant, neonatal, or fetal

deaths is that they occur much closer in time to potential exposures of

interest; a long latency period is not involved. Although it is not known

when wells in St. Louis Park and New Brighton were first contaminated, it

is known when contaminated wells were removed from service. A study could

be conducted to examine and ccmpare infant mortality several years before

and several years after closure of contami nated well s. The most high 1y

contaminated well sin New Bri ghton were taken out of regul ar servi ce in

1981. A "before and after" study coul d compare mortal ity several years

prior to 1981 to mortality after the wells were closed. In St. Louis Park

the first wells were closed in 1978 (several additional wells were closed

between 1979 and 1981, soon after contamination was first detected; thus,

t~ere was probably little exposure potential after 1978). Here the same

type study could be done before and after 1978.

There are several major 1imi tati ons to the study of acute events

(i.e., infant/fetal mortality) in these communities. First, as described

in Secti on 4, there is no evi dence to date whi ch suggests that low-dose

exposure ~o the contaminants found in either community is associ ated with

an increase in any of these events. Certai n PAH's are known carci nogens

but they are not known to be teratogens. The available evidence does not

s'uggest that the contarni nants found in the New Bri gthton water suppl yare

associ ated with measureable adverse human health outccmes at environmental

expos ure 1eve 1s.

An additional difficulty in doing this type of study is the small

number of these acute events which occur and are recorded. Since 1977,

500-650 1i ve bi rths per year ha ve been recorded in St. Loui s Park, and 300­

400 live births per year have been recorded in New Brighton (Minnesota
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Health Statistics, 1977-1982). Fewer than 10fetal, neonatal, or infant

deaths occurred each year in ei ther community (M innesota Health Stati sti cs,

1977-1982). If these acute events were accumul ated from 1977-1980 and

assuming a power of 80%, the rel ati ve risk for overall mortal ity woul d need

to be between 2.2 and 2.5 in order to be detected (Tabl e 5-1). A study's

abil ity to detect a rel ati ve risk of this magnitude for fetal and neonatal

deaths woul d be 1ess than 80% because these events occur 1ess frequentl y

than infant deaths.

Examining the overall infant or neonatal mortal ity rate (vs. cause­

specific mortality), however, gives little insight into changes in a

community's mortal ity experience due to specific exposures. There are many

categories of infant death (e.g., accidents, congenital defects, and Sudden

Infant Death Syndrome), each of which may be associ ated with a parti cul ar

set of risk factors (Edmonds, 1981). It may not be possible to identify

the risk associated with a specific exposure by examining overall rates; if

a specific cause were truly elevated, its existence might well be masked by

other causes of death and would not be apparent from a comparison of

overall mortal ity.

An 'al ternati ve to studyi ng overall rates is to compare vari ous cause­

specific mortality rates in the community of interest at different periods

of time or between the community of interest and one or more control

communities. By looking at specific causes of death, it is less likely

that an increase in one cause of mortal ity will be missed. However, this

approach al so has 1imitations. Any specific cause of death occurs very

infrequently and the examination of these events would be severely limited

by small numbers. A very 1 arge increase in the number of cause-specific

deaths would have to occur for a statistically significant elevation to be
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Table 5-1

Lowest Detectable Relative Risk for a Specified Power (alpha = .05, 2-Sided)*

Power

I nf ant Mortal ity (1977 -80)

St. Loui sPark

Ne.o.r Bri ghton

.90

2.83

2.46

.80

2.51

2.22

.50

1. 97

1. 79

* Walter, S.O., Oetermination of Significant Relative Risks and Optimal
Sampl ing Procedures in Prospecti ve and Retrospecti ve Ccmparati ve
Studies of Various Sizes. Am. J. Epi. 105: 387-397 (1977).

Note: Calculations based upon 17 infant deaths and 1531 live births in
New Brighton from 1977 through 1980. St. Louis Park calculations
based upon 12 infant deaths and 2103 live births in this community
from 1977 through 1980.
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found. Results, even if significant, would be very difficult to interpret.

If a 1 arge number of compari sons are made it is 1 ike1 y that one or more

rates will be found elevated by chance alone (Snedecor and Cochran, 1976).

If the specific rate found to be elevated is biologically plausible and is

confirmed by additional studies, then it is not likely to be a result of

normal random vari ati on. Unti 1 these types of va 1 i dati ng data are

available, however, conclusions can not be drawn.

A di sadvantage specific to the study of fetal deaths is the data

source itself -- fetal death certificates. In r4innesota, reporting of

fetal deaths prior to 20 weeks gestation is not required by state law;

therefore, fetal death certifi cates document on1 y the deaths whi ch occurred

at 20 or more weeks gestati on (M.S. 144-222, MN Rul e 4600.1800). There are

several other sources of data on fetal deaths pri or to 20 weeks. Medi cal

and physician's records document fetal deaths that occur in the hospital or

physician's office. Even these data are not canplete, however, as not all

spontaneous aborti ons (and therefore early fetal deaths) come to medical

attention. In a study of New York wanen known to have had fi rst trimester

spontaneous abortions, 40% of them did not seek medical attention (Edmonds,

1981). These data could also be obtained by personal interview, although
I"~

the accuracy of thi s i nformati on may vary (Edmonds, 1981). Obtai ni ng data

from these sources (i.e., physician and hospital records, personal

intervi ew) wou1 d be time consuming and woul d increase the cost of a study.

In sum, a study of infant, neonatal, or fetal deaths could be done in

either St. Loui s Park or New Sri ghton. The accessi bi 1 ity of the data, the

re1 ati vel y 1 r:1il cost (Tab1 e 5-2) and the general 1ack of knowl edge regarding

the causes of these events are factors that wou1 d support the conduct of

such studi es. On the other hand, there wou1 d be serious difficul ti es and
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Table 5-2

2,000

6,401
1,152
7,553

4,667
1,067

667

Total

$ 9,553

Dollar Amount

28,000
32,000
20,000

Total

Effort

50 (4)
10 (4)
10 (4)

Personnel Subtotal
Fri nge (18%)
Personnel Total

5-9

Study BUdget: I nf ant Mortal ity in St. Loui s Park and New Bri ghton

Personnel

Title of Position

Epidemiologist I
Canputer Progamner
Health Program Aide

Note: This is the cost of doing an infant mortality study in one community.
The cost of doing a study in each community would be $19,106.

Canputer Expenses



1 imitations to the conduct or interpretation of these studi es. At this

ti me there is no evi dence that low expos ures to any of these contami nants

would result in an increased rate of these events (i.e., a lack of biologic

p1 ausi bil ity). In addi ti on, the number of these events is very small and

data available on fetal deaths is incanp1ete. Because of the small number

of acute events which occur, on1ya considerably elevated risk could be

detected. Thi s is especi all y true if exami ning cause-specifi c mortal ity.

Therefore it is not likely that-this type of study would offer new insights

into possible adverse health effects associated with water contamination in

ei ther St. Loui s Park or New Bri ghton.

Canc er Morta1i t~ - St.:,. Lou i sPark

A mortal ity study exami ni ng cancer deaths in these two communi ti es

could also be conducted. In St. Louis Park, cancer mortality over time and

in comparison to similar communities and to the Metro area could be

examined. Specifically, cancer rates fran approximately 1948-1952, 1958­

1962, 1968-1972, and 1978-1982 coul d be ca 1cu1 ated. These ti me peri ods

surround the census years for which accurate population data are available,

a necessi ty when determi ni ng rates. Well s that were contami nated between

1978-81 were installed between approximately 1947 and 1969. It might be

assumed then that 1950 (and probabl y 1960) rates wou1 d represent cancer

mortality before any possible effects from the contaminants would occur.

The 1970 and 1980 rates cou1 d represent the community's mortal ity

experience several decades following possible onset of exposure. (This is

specul ati ve si nce it is not actua 11 y known when well s became contami nated

or to what extent contaminants were actually present in tap water.)

Calculating rates over 5-year periods in lieu of annual rates, increases

the person-years of observation and therefore increases the chance of
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detecting a true elevation in mortality. The St. Louis Park mortality

rates wou1 d need to be compared to those in si mil ar communi ti es (e.g.,

Edina and Richfield), as well as to the Metro area during the same period.

In St. Louis Park, this type of study has several advantages. Data on

causes of death are readil y avail ab1 e on computer tapes dating back to

1944. The records are each 80 characters in 1ength (see record 1 ayout in

Table 5-3). The city code for St. Louis Park has been recorded on the

tapes since at least 1948, a11CMing easy identification of St. Louis Park

residents. Street address is not coded on the tapes and therefore, if in

the future, areas of exposure within St. Louis Park could be identified,

the certificates would have to be accessed in order to determine exposure

status of the residents.

Although present at extremely low levels, certain of the water

contaminants in St. Louis Park wells are known animal carcinogens.

Exposure to certain PAH-containing mixtures (such as cigarette smoke and

coke oven emissions) has been associ ated with an increased risk for several

cancers, e.g., lung, (NAS, 1983b). In addition, the cancer incidence study

done in this community, based on data fran the Third National Cancer Survey

(1969-1971), demonstrated an increase in several cancers in women. The

incidence of breast cancer was found to be elevated, as was the incidence

of colon and rectal cancers, cancer·of the corpus uteri, and cancer of the

digesti ve systen as a whole. Several of these findings were based upon a

small number of cases and were of marginal significance (Dusich, 1979). In

a study of ?t. Louis Park mortality it would be possible to reexamine those

cancers previously found to be elevated and to examine additional cause­

specific rates to look for any other elevations. This study would be used

to generate hypotheses and wou1 d not address the eti 01 ogy of any e 1evati ons
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Table 5-3

Cadi ng Scheme for Deat h Tapes

Variable-------

Name
Sex
Date of de at h
Age
Race
Pl ace of death - county
Place of death - has pital
Marital status
Place of resi dence - county
Census tract
Cause of death (lCD code)
Autopsy (Yes/No)
Attendant
*Cancer (Yes/No)
*Accident type
*Acci dent age
*Acci dent pl ace
*Pl ace of death
*Veteran status
*Bi rthpl ace (State/county)

Columns

6-31
32

33-38
39-40

41
42-43
44-47

48
49-52
53-57

58-61
62
63
64

65-66
67

68-71
72-77

78
79-80

*Available only for certain years. When available~ entered only if applicable.
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found. Again, the probability of finding an increase due to chance alone

is greatly increased with this approach and the results would have to be

interpreted wi th cauti on.

There is along 1atency peri od associ ated with many cancers (i .e., the

cancer does not develop until many years after initiation of the exposure).

Municipal well water contamination in St. Louis Park could conceivably have

begun anytime between the 1ate 1940s and the 1ate 1970s. If it is assumed

. that well contamination occurred quite early, then a sufficient period of

time since initial exposure has passed to allow for the 10-30 year latency

peri od for most cancers.

A mortality study could detect relatively small increases in overall

cancer morta 1ity because of the si ze of the popu 1ati on in St. Loui sPark.

The population has been between 42,000 and 49,000 since 1960 (Table 5-4).

Thus, a sufficient number of cancer deaths during 5 year intervals from

1960-1980 wi 11 have occurred, enabl ing the detecti on of a 20-30% increase

in overall cancer mortal ity (this assumes power of .80-.90 and level of

significance of 0.05). A 50-100% increase in mortality from any of the

major cancer groups (e.g., breast, digestive) could also be detected (Table

5-5). Accumulating cases over a longer period of time might allow the

detection of similar increases in more specific cancer types or detection

of smaller increases in the major cancer groups.

The limitations of doing a mortality study in St. Louis Park are

primarily those commonly associated with mortality studies where death

certificate data are used (see Section 1). These limitations include

changes in disease diagnosis, classification, and survivorship.

Another limitation to this study is the degree of population migration

(or mobi 1 ity) which has occurred in St. Louis Park since 1950. Migration

may occur in two directions: (1) exposed persons may move to another
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Table 5-4

St. Loui s Park and New Bri ghton: Popul ati on Census

1950 - 1980

Census Year----

St. Louis Park Population

New Brighton Population

1950

22644

2218

1960

43310

6448
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1970

48883

19517

1980

42931

23269



Table 5-5

St. louis Park: Lowest Detectable Relative Risk for a Specified Power**

Year

1980* 1970+
-- ---- _._-----

PC1t'Ier PC1t'Ier
--------- ----

Cause of Death o.~ 0.80 0.50 O.~ 0.80 0.50

all cancers 1. 27 1. 23 1.16 1. 24 1. 21 1.14

di ges ti ve cancers 1. 51 1.44 1.30 1.46 1.39 1.27

breast cancer 1. 97 1. 82 1. 54 1.94 1. 79 1. 52

respiratory cancer 1.59 1. 50 1.34 1. 65 1. 55 1.37

1eukemi a 2.38 2.15 1. 75 2.28 2.07 1. 70

uterine and
cervi ca1 cancer 3.33 2.92 2.22 3.14 2.76 2.12

\-,

** Walter, S.D., Determination of Significant Relative Risks and Optimal
Sampl i ng Procedures in Prospecti ve and Retrospecti ve Canpar ati ve
Studies of Various Sizes. Am. J. Epi. 105: 387-397 (1977).

* Calcul ations based upon cancer r-ates for state of Minnesota, 1980.
+ Cal cul ati ons based upon cancer rates for state of Minnesota, 1970.

Note: Person years of observation accumul ated over 5 years and based upon
St. louis Park population in 1980 for 1980 risks and 1970 population
for 1970 ri sks.
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geographic area (possibly to one of the comparison communities) and

therefore their death will not be included in the exposed group, or (2)

previously unexposed persons may move into the exposed community. In

either event, the ability to detect differences in mortality between the

exposed and unexposed area is decreased because the two groups become

intermixed (Polissar, 1980). Population migration or mobility is of

speci al concern ina study where the di seases of interest, e.g. cancer,

have a long latency period (Polissar, 1980). The longer the latency period

the more likely it becomes that some exposed people will have left before

disease develops. Data from the 1980 Minnesota census indicate that only

53% of the residents in 1980 resided in St. Louis Park in 1970. This

degree of mobility may affect the ability of the study to detect

differences in mortality.

It is feasible to conduct epidemiologic monitoring of mortality in St.

Loui sPark. In thi s community there are several specifi c cancers of

interest, the data are available on computer tapes, and the population is

large enough to detect reasonable elevations in cancer mortality.

Epidemiologic monitoring of cancer mortality rates over time and relative

to several compari son popul ati ons wi 11 be useful. These mortal ity data,

together with data from a statewide cancer surveillance system (see below),

will be important to addressing the concern in St. Louis Park about the

current heal th impl i cati ons of the 1969-1971 fi ndi ng of increased breast

cancers. An important step in interpreting this observation is the

development of historical (pre-1967) and subsequent (post-1971) cancer

rates for St. Louis Park.
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Cancer Mortality - ~~~ ~~lghton

A study of cancer mortalityrates is also an option inNew Brighton.

In fact, a study of overall cancer mortality rates has already been

completed. In 1983, the MDH examined cancer mortality in New Brighton for

the period 1976-1980 in response to a request by State Senator Steve Novak

and Representati ve Dan Knuth. The number of obser ved cancer deaths in New

Bri ghton was canpared to the number expected, based on state and metro area

rates and adjusting for age and sex differences. Results indicated·that

cancer mortal ity in New Bri ghton over the fi ve-year period was sl i ghtl y

1ess than that in the metro area.

The year that the New Brighton municipal water supply first became

contaminated is unknown. Use and/or disposal of contaminants began in the

ear 1y 1940's. Well s found to be contami nated in 1981 had been install ed

between 1955 and 1971. It might be assumed that municipal wells became

contami nated sane time between 1955 and 1981. Consequent 1y,expos ure coul d

have started from 1 ess than 5 years ago to almost 30 years ago. A 1 atency

peri od of 10-30 years after exposure to an en vi ronmental carci nogen is

generally required for the development of cancer (Shy and Struba, 1978).

Therefore, it is uncertain, although possible, that there has been a

sufficient time period since onset of exposure to allow for a cancer

mortal ity study.

A mortality study in New Brighton could update the 1976-1980 data as

well as include data prior to 1976. The rates fran 1948-1952, 1958-1962,

1968-1972 and 1978-1982 can be cal cul ated. Comparisons can be made over

time and rel ati ve to another community. The New Bri ghton popul ati on in

1950 was only 2,218 and therefore the rat_es must be viewed with caution

during this period. When exami ning mortal ity in a small popul ation, cause-
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specific death rates are quite unstable (i .e., can vary from year to year

normally) (Mantel, 1967). Rates from 1950-1980 will presumably represent

the community's mortality experience both in the period before effects from

the exposure could be expected and the period when effects (if any) might

be expected. The New Brighton rates could also be compared to those in

several other corrmunities (e.g., Roseville and New Hope) and to the Metro

area during the same period of time.

New Brighton is a fairly small community (Table 5-4) and therefore a

mortality study will not be able to detect as small an increase in cancer

mortality as is possible in St. Louis Park. For the population size during

1970-1980, a mortality study would be able to detect a 30-40% increase in

all cancers combined if cases are accumulated over 5 years. A 60-200%

increase could be detected in some of the major cancer groups (Table 5-5).

The population was considerably smaller in the 1950s and 1960s and

therefore a mortality study would be much less likely to detect an increase

during these periods. The ability to detect a small increase in a specific

cancer in New Brighton is extremely poor.

The death certifi cate data for New Bri ghton are al so avai 1abl e on

computer tapes. However, information on residence is not as readily

available for persons residing in this community. Until 1961, New Brighton

was coded as Rural Ramsey County on the death certificate tapes, along with

several others communities (e.g., Shoreview and Maplewood). To determine

which deaths occurred in New Brighton residents, the original death

certificates from all persons residing in Rural Ramsey County prior to 1961

would have to be examined.

Population mobility is also a concern in New Brighton. According to

the 1980 Minnesota census, only 42% of the 1980 population had been living

in New Bri ghton si nce at 1east 1970. Therefore, some persons consi dered
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exposed (as determined by the residence listed on their death certificate)

may have only recently moved to New Brighton. Alternatively, New Brighton

residents who moved to another community and then died will be missed.

Another factor to consider in relation to mortality (or other) studies

in New Brighton is the available evidence regarding health effects of the

contaminant compounds. There are presently no epidemiologic data which

suggest that the substances found in the New Brighton water supply pose. an

observable cancer risk in humans. TCE is known to cause hepatocellular

carcinoma in a strain of mice, although there appears to be dose-related

and metabolic differences that may account for the sensitivity of this

strain (see Section 4). A potential endpoint of interest then is liver

cancer. As mentioned above, the small population size in New Brighton

would prohibit detection of even modest increases in specific types of

cancer. For liver cancer, which is very rare, the minimum detectable risk

is about 6 (Table 5-6).

In summary, an expanded cancer mortality study in New Brighton is

clearly possible. It would have some advantages and many limitations. The

study would be quite inexpensive and could be done in a short period of

time. It would update and expand upon the data presently available. The

limitations of this study include the lack of suspected human health

effects upon whi ch to focus (other than 1i ver cancer, based on animal

data), the difficulty in obtaining mortality data prior to 1961 and the

size of the community, especially prior to 1970. To have adequate power to

detect an e1 evati on in mortal ity, deaths wi 11 have to be accumu1 ated over

at 1east 5 years and on1 y the maj or categori es of cancer could be exami ned.

Furthermore, the previous mortality study did not show any significant

elevations in cancer mortality for the period 1976-80. For these reasons
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another mortal ity study of cancer in New Bri ghton is not recommended at

this time. In addition, the institution of a statewide cancer surveillance

system (see. below) would provide adequate surveillance of future cancer

experi ence for New Bri ghton.

The primary expense associated with mortal ity studies in either

coomunity would be personnel and canputer time. A mortal ity study coul d

be completed in approximately six months. A study in St. Louis Park would

cost approximately $21,000 (Table 5-7). A study in New Brighton would be

more expensi ve (approximatel y $23,000; Tabl e 5-7) because of the need to

review every death certificate from Rural Ramsey County prior to 1961 to

i dentify the New Bri ghton resi dents.
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Table 5-6

New Brighton: LC1Nest Detectable Relative Risk for a Specified PC1Ner**

Year

1980* 1970+
---_._-

PC1Ner PC1Ner

-------------
Cause of Death 0.90 0.00 0.50 0.90 0.00 0.50

------- - - - - - ._---
all cancers 1. 38 1. 32 1.22 1.40 1. 34 1. 23

di gesti ve cancers 1. 73 1. 61 1.41 1.80 1.68 1.45

breast cancer 2.41 2.17 1.77 2.65 2.37 1. 89

respiratory cancer 1. 83 1. 70 1.47 2.12 1. 94 1. 62

1eukemi a 3.05 2.69 2.08 3.31 2.90 2.20

1i ver cancer 6.48 5.37 3.60 7.31 6.00 3.94

---------------------
** Walter, S.D., Determination of Significant Relative Risks and Optimal

Sampling Procedures in Prospective and Retrospective Canparative
Studies of Various Sizes. Am. J. Epi. 105: 387-397 (1977).

* Cal cul ati ons based upon cancer rates for state of Minnesota, 1980.
+ Calcul ations based upon cancer rates for state of Minnesota, 1970.

Note: Person years of observati on accumul ated over 5 years and based upon
New Brighton population in 1980 for 1980 risks and 1970 population
for 1970 ri sks.
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Table 5-7

Mortal ity Study Budget: St. Loui s Park and New Bri ghton

-----------

._------ ---------------

Personnel

Title of Position---

Epi demi 01 ogi st I
Canputer Progranrner
Health Program Aide

Effort

50 (6)
25 (4)
50 (3)

Personnel Subtotal
Fri nge (18%)
Personnel Total

28 t OOO
32~OOO

20t OOO

0011 ar Amount'

7~000

2~667

2t 500

12t 167
2~190

14t 357

Canputer Expenses (canputer time, tape)

---------------
Total

7t OOO

$ 21,357

Note: The cost of doing the St. Loui s Park Study is $21,357. The New
Brighton Study would cost $22,832 because the Health Program Aide would be
needed at 75% time for 3 months (all other costs would be the same). This
would allrJII the Health Program Aide to review each Rural Ramsey County death
certificate prior to 1961 to identify New Brighton r·esidents. The total cost
of the two studi es woul d be $44,189.
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DESCRI PTIVE CANCER MORS IDITY STUDI ES

Statewide Cancer Surveillance System

The advantages of using cancer morbidity (vs. cancer mortality) in

epidemiologic studies were described previously in Section 1 of this

report. However, Minnesota does not now routinely collect cancer incidence

(morbidity) data. The feasibility of a statewide cancer surveillance

system has been eXhaustively studied by the MDH at the request of the

Legislature (1981 Session Laws, Chapter 340). The proposed pathology-based

statewide cancer surveillance system was found to be scientifically valid,

cost-effective, technically feasible and is being recommended for

impl ementati on in Minnesota. One of the important uses of the system will

be to monitor cancer incidence trends in order to detect potential problems

that may have public health significance or to indicate that no additional

investigations are necessary. The proposed system will collect the amount

of cancer information on each Minnesota resident with cancer necessary for

the computati on of i nci dence rates by age, sex, cancer and geographi c area

of the state, including St. Louis Park and New Brighton. Detailed

information on the feasibility study results, patient confidentiality,

needs, uses and costs of the proposed system are contained in the MDH

report enti tl ed, IIFeasi bil ity Study of a Statewi de Pathology-Based Cancer

Surveillance System in Minnesota: Final Report. 1I

The following discussions outline additional cancer incidence studies

that may, depending on the data from the cancer surveillance system and

mortality data, be required to interpret the observations about cancer

occurrence in St. Louis Park or New Brighton.
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Cancer-Incidence Study ~ St. Louis Park

As described previously in this report, much of the public concern in

St. Louis Park was precipitated by the findings of a study of cancer

incidence rates in St. Louis Park in comparison to rates in several similar

communities and to rates for the Minneapolis-St. Paul metro area (Dusich,

1979; Dusi ch et al., 1980) • Thi s study was based on data from the Thi rd

National Cancer Survey for newly-diagnosed (incident) cancers, 1969-1971.

None of the rates for the 45 cancer sites analyzed was found to be elevated

in .men who had a St. Louis Park address at the time of diagnosis. Among

women, however, greater than expected rates were found for cancers of the

breast, corpus uteri, di gesti ve system and for cancers overall. The

greatest excess (45% higher than in the Metro area) was for breast cancer.

Efforts to determine the extent to which known risk factors account for

this excess have not been conclusive. Several interpretations of this

observed excess in 1969-71 remain possible: it could be explained, for

example, in terms of normal statistical variation, known risk factors,

and/or environmental exposures. Based on available evidence, it appears

unlikely that the observed excess is related to well contamination.

Regardless of the potential explanations, a significant elevation in cancer

rates in a community will be of public health concern. To further define

this issue, cancer incidence in St. Louis Park could be monitored for the

period 1972 to 1986 to determine whether the previous excesses still exist

or other cancer rates have increased or decreased in women or men. In

addition to providing information on trends in cancer incidence and

resolving some of the above questions, case identification for further

studies, if warranted, would be greatly facilitated. This cancer incidence

data woul d be parti cul arly val uabl e if a statewi de cancer surveil 1ance
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program were not initiated or if findings from this surveillance were

uncl ear.

i. Case Ascertai nment

Cases would be identified by reviewing pathology reports in

metropolitan area hospitals for individuals with a diagnosis of cancer

between 1972-1986. All incident cases would be checked with hospital lists

to obtain residential information and eliminate all non-St. Louis Park

resi dents. To ens ure maxi mum case ascertai nment records from the

University of Minnesota ~ospitals, Mayo Clinic, physician reports,

outpatient information from pathology labs and radiotherapy facilities

serving St. Louis Park residents would also need to be reviewed. Case

identification would begin by using the TUMORS hospital-based cancer

registry system which collects information regarding cancer diagnosis .from

almost all of the metro area hospitals. Since this registry is incomplete

for all hospitals during this time period (1972-1986), additional cases

would have to be identified by reviewing individual hospital records.

Access to medi cal records would be arranged by the Mi nnesota Department of

Health pursuant to Minnesota Statute 144.67-144.69. This statute assures

access to medical records for cancer research and protects patient

confidentiality. The protocol and methods employed during the Third

National Cancer Survey would be followed to ensure comparability and

minimize development costs. (An example of the abstract form for cancer

ascertai nment can be found in Table 5-8).

i i. Anal ys is

A11 abstracted i nformati on woul d be entered onto computer tape by the

data entry personnel at the Minnesota Department of Health. Data would be

verifi ed for accuracy and uploaded without personal identifi ers to the
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University of Minnesota's Cyber Canputer for subsequent analysis. Cancer

incidence rates would be calculated by age, sex, race, primary site and

histology (if available). In addition, cancer incidence rates would be

examined for trends by canparing site-specific rates. at three· year

intervals (i.e., 69-71; 72-74; 75-77; 78-80 etc.). Since the State of

Mi nnesota had no popul ati on-based cancer i nci dence data for thi s time

period, site-specific rates could be compared with those of the State of

Iowa. Time trends wi·ll al so be canpared to those of St. Loui s Park after

the statewi de can!=er survei 11 ance system is impl emented.

iii. Cos t Es timates

The cost estimate for updati ng cancer i nci dence in St. Loui s Park for

the years 1972-1986 is shown in Table 5-9. Overall costs would be

approximately $250,000. This cost could be reduced to approximately

$205,000 if no St. Paul area hospitals were included in the abstracting

process. The approximate duration of this study would be two years. The

fi rst year woul d i nvol ve case ascertai nment and medi cal records abstracti ng

while the second year would involve data analysis and report generation.
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Table 5-8
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Table 5-9

Cost Estimates for Cancer Incidence Study in St. Louis Park

ANNUAL
SALARY

NUM3ERO OF
MONTHS

% OF
TIME

TOTAL COST
REQUIRED

POS IT! ON
--.-----------

Record abstractors (7) $15,000 12 100 105,000

Programmer 31,000 24 25 15,500

Clerical 15,800 24 100 31,600

Epi demi 01 ogi st I 28,000 24 100 56,000

Epidemiologist II 45,000 24 10 9,000

subtotal 217,000
fri nge at 18% 20,178

237,178

Supplies

travel
pri nti ng
computer processi ng

2,000
2,000

10,000

TOTAL $ 251,178
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Overall study desi gn and methods woul d be the responsi bil ity of the

Epidemiologist II. Day-to,-day supervisory tasks would be the

responsibility of the Epidemiologist I. Seven record abstractors,

supervised by the Epidemiologist I would be responsible for the

identification and abstraction of all incident cancer cases living in St.

Louis Park anytime between 1972-1986. A clerk typist, under the

supervision of the Epidemiologist I would be responsible for the typing of

all correspondence, study instruments, protocol s and reports as well as

ens uri ng communi cati on between all staff members on proj ect schedul es. A

computer programmer, working in concert with the epidemiologists, would be

responsible for data management including abstracting schedules, coding,

data entry and the generation of computer files for data analysis. Data

analysis and report generQtion would be the primary responsibility of the

epidemiologists.

iv. Discussion and Recommendation

To gain further insights into the previously-observed elevations in

female cancer rates the city of St. Louis Park, it would be beneficial to

exami ne cancer i nci dence trends si nce the conduct of the Thi rd Nati onal

Cancer Survey in 1969-71. A statewi de cancer surveill ance system, once

implemented, will provide future cancer incidence data for St. Louis Park.

If these data are inconsistent with the 1969-1971 findings then additional

historical epidemiologic monitoring of cancer incidence will be necessary.

Thi s i nfonnation would provi de a means to assess whether the previous

cancer rates were increasing, decreasing or remaining the same. Site- and

age-specific rates should be evaluated for trends as well as compared to

other cancer i nci dence data to assi st in the i nterpretati on of previ ous

observations of the 1969-1971 population. Decisions about the need for
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more sophisticated studies (i.e., case-control) must await the collection

and analysis of the descriptive cancer incidence and mortality data. These

data may indicate that the 1969-1971 increase was not consistent with a

potential public health problem or they may indicate that more work is

necessary to resolve their public health significance. If a case-control

study is needed it could be conducted with relative ease since the cases

would already be identified. It is recommended, therefore, that if a

statewide cancer surveillance system is not implemented or if the findings

from the statewi de cancer survei 11 ance system do not cl arify the 1969-1971

findings, then the cancer incidence data should be updated in St. Louis

Park to include individuals diagnosed between the years 1972-1986.

Cancer Incidence in New Brighton

Although there is still scientific uncertainty about the health risks

associated with exposure to low levels of the volatile organic compounds

found in New Brighton city wells (TCE, TCA and DCE), available evidence

does not suggest that these contaminants pose an observable human cancer

risk. The specific type of cancer (i .e., liver cancer) which has been
I"~

implicated in mice studies as being associated with TCE exposure is

exceedingly rare in humans; the population size in New Brighton precludes

the investigation of this potential relationship. Therefore, it is not

recommended that retrospective cancer incidence studies be conducted in New
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CASE-CONTROL STUDY - ST. LOUIS PARK

Several methodologic approaches could be used, in principle, to test

the hypothesis that contaminated drinking water in St. Louis Park is

associated with an excess cancer risk. Before discussing these approaches,

two major points need to be noted. The first is that regardless of the

approach, it does not appear possible to define or even approximate

individual exposure to PAH contaminants in drinking water (Section 4).

Even if water expos ures coul d be es ti mated, there woul d be the seri ous

problem of distinguishing water exposures from the potentially much greater

cumulative exposures to PAH from food and air. The potentially large

errors in the classification of exposure to water contaminants could result

in inaccurate and misleading risk estimates. Consequently, it is unlikely

that more sophisticated epidemiologic studies would be able to directly

address the rel ati ons hi p between PAH contami nants in water and human

health.

The second point is that, as previously noted, several interpretations

are possible regarding the elevations in cancer rates (particularly breast

cancer) in St. Louis Park women in the period 1969-71, and it is not known

whether the earlier rates have persisted, increased or decreased.

Therefore, new anal yti c studi es shoul d not be undertaken unl ess health

monitoring of past or future cancer incidence shows continued elevations or

significant trends.

Should monitoring data indicate a significant elevation or persistent

high trend, a likely analytic study design to assess possible causes (other

than water contaminants) is· a case-control study. In the following

discussion the protocol for a case-control study of breast cancer is

outl i ned as an exampl e. If some other cancer site were to be studi ed, the

general approach would be the same.
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Case-Control Study of ~reast Cancer

The basic concept of case-control methodology and its application in

environmental epidemiology has been previously described (Section 1).

Briefly, individuals with disease are compared to individuals without

di sease to identify factors that differ between groups. In a case-control

study, all incident breast cancer cases in St. Louis Park residents would

be ascertained within a specified time period and their exposure histories

compared to those of a group of control s. Several issues including

definition of exposure, sample size required, case ascertainment, control

selection and study instruments will be addressed.

i. Exposure

As previously noted, it remains unclear when contaminants reached

·publ i c water systems in St. Loui sPark, and it does not appear possi bl e to

estimate individual exposures to water contaminants. Theref ore, an

arbitrary assessment of exposure could be defined such as 1ength of

residence. Those individuals residing in St. Louis Park longer than 10

years could be considered exposed while those residing less than 10 years

could be considered unexposed. Data from the 1980 Minnesota Detailed,

Housi ng Characteri s ti cs i ndi cate that approximately 53% of the popul ati on

has lived in the same residence for 10 years or more. Assume therefore,

that the proportion of the popul ation "exposed" to· water for at least 10

these rates to the population of St. Louis Park, the expected number of

years is 0.53.

ii. Sample Size Considerations

Numbers vary
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slightly according to the case-control design (unmatched, matched, mul tiple

matching). Cancer risk associated with environmental contaminant exposure

is small, especially when known risk factor's are evaluated simultaneously.

Therefore, sample size estimates using the smallest detectable relative

risk would be the most appropriate in this instance. For example, an

unmatched case-control study of breast cancer wi th 509 cases and 509

controls would be able to detect a relative risk of 1.5 (i.e., a fifty

percent excess of breast cancer) among those exposed. To be abl e to detect

small er risk differences woul d require a 1arger study popul ation.

iii. Case Assertainment

If the expected number of breast cancer cases in St. Louis Park is 21

per year, then cases woul d need to be accumul ated over approximatel y a 24­

ye~r peri od to be abl e to detect a rel ati ve ri sk of 1.5. The assembl y of

cases retrospecti vely, (i.e., identify all inci dent cases occurring from

1960 to 1985) coul d be done through chart revi ew of all has pi tal s ser vi ng

the St. Louis Park community.

Cases would be identified by reviewing records in the Minneapolis area

hospitals.that have treated breast cancer patients with a St. Louis Park

residence. Records from the Mayo Clinic would also be reviewed to insure

maximum case ascertainment. Abstracting would begin by identifying the

cases of breast cancer most recently diagnosed and continue backward in one

year inter val s until a suffi ci ent number of i nci dent cases had been

identified. This process would minimize problems associated with follow­

up, such as missing records, subject migration and subject death.
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Table 5.10

Number of Cases and Controls Required to Detect A Specified Relative Risk

number of
study rel ati ve-risk al pha power number of control s
desi~ to be detected level level ~!!~es requ ired requ ired- ----- -_._.-

1 :1
unmatched 1.5 0.05 O.~ 509 509

1 :2
unmatched 1.5 0.05 0.00 383 766

1 :1
matched 1.5 0.05 0.00 478 478

1 :1
unmatched 2.0 0.05 0.00 193 193

1:2
unmatched 2.0 0.05 0.00 145 290

1 :1
matched 2.0 0.05 0.00 177 177

1:1
unmatched 2.5 0.05 O. ro 109 109

1:2
unmatched 2.5 0.05 0.00 82 163

1:1
matched 2.5 0.05 0.90 108 108
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Since the popu1 ation in St. Louis Park is primarily white, the study

would be restricted to white fena1es only. Access to medical records would

be arranged by the Minnesota Department of Health pursuant to the

guide1 ines set forth by Minnesota statute 144.67-144.69. This statute

assures access to medical records for cancer research as well as protects

pati ent confidenti a1 ity. Informati on to be abstracted woul d i nc1 ude name,

bi rthdate, 1 ast known address and phone, date of di agnosis, stage, grade

and histological type of tumor and social security number. Any additional

information regarding risk factors known to be associated with breast

cancer would be recorded if available in the medical record.

iv. Control Selection

Fall owi ng case ascertai nment, one control subject for each case,

matched on age, would be identified using randan digit dialing according to

the method of Waksberg (1978). Not all telephone exchanges in St. Loui s

Park are uni que to St. Loui s Park; therefore, the address of the randoml y

selected numbers would have to be verified asa St. Louis Park residence.

It would be expected that randomly selected phone numbers would result in

some residences in which cases were present, no eligible controls were

present, fema1 es were present who do not wish to participate, or several

eligible controls were present. In the first three instances another

randan number woul d be sel ected until the requi red number of control s is

obtained. In the last instance, the first eligible control to respond to

the study participation request would be selected. It would also be

expected that same of the cases will have died necessitating proxy

interviews. In those instances where a proxy interview would be conducted

for a case, both the se1 ected control for that case and a proxy interview

5 -3 5



for that control would be conducted. The purpose of this procedure would

be to ensure comparabil ity between proxy case and control interviews.

v. Interview Methods and Study Instrument Considerations

A11 indi vidual s identified as cases wou1 d be contacted, first by

1etter and then by telephone and asked to parti ci pate in the study. Those

agreei ng to parti ci pate wou1 d be asked to si gn and return a study consent

form. Physician approval for patient contact would be obtained prior to

this effort.

All cases or their proxies would be interviewed by telephone using a

detailed study questionnaire. Controls and their proxies would be

interviewed in the same manner. Every effort wou1 d be made to ensure that

the i ntervi ewers are unaware of the exact nature of the study as well as

the case/control status of the interviewee.

The study questionnaire wou1 d inc1 ude questions regarding demographic

information (i.e., age, height, weight, marital status and sex), employment

history, residential history, family history of disease (e.g., cancer,

fibrocystic disease), re1 igion, smoking history, reproducti ve history,

water source and consumption history, education and dietary history

including alcohol and coffee consumption practices and other elements of

1 ifesty1e. Table 5-11 shows sane of the factors reported to be associ ated

with an increased risk of breast cancer.

vi. Analysis

All comp1 eted ques ti onnai res wou1 d be entered onto computer tape by

the data entry personnel of the Mi nnesota Department of Heal tho Data wou1 d

be verified and uploaded to the Uni versity of Minnesota's Cyber computer

for subsequent analysis. Risk estimates for matched data sets would be

generated using the method described in Sch1esse1man (1982). Thus, the
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risk of breast cancer as a function of length of residence in St. Louis

Park adjusted for the effects of all variables known to be associated 'tlith

breast cancer waul d be determi ned.
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Tabl e 5-11

Factors Reported to be Associated with an Increased Risk of Breast Cancer*

_ History of breast cancer in mother and/or sister

_ History of breast surgery for a nonmalignant breast condition

- Jewi sh Rel igi on

- Menopause at age 50 or older

- Menarche before age 12

- Never married

_ First live birth at 30 years of age or 01der 9 or no live birth

College graduate

_ Daily alcohol consumption (wine 9 beer 9 or hard liquor)

_ Relative weight index 110 or more

* Taken from Seidman et al. (1982).

5-38



vii. Cost Considerations

The cost estimates for a case-control study of breast cancer in St.

Louis Park with sufficient numbers to be able to detect a relative risk of

1.5 may be found in Tabl e 5-12. The approximate durati all of the study

would be three years. The fi rst two years woul d invol ve study protocol and

instrument developnent, (prevalent and incident) case identification, and

control selection, as well as the interviewing of cases and controls or

their proxies. The third year would involve completion of interviewing,

data processing, analysis and preparation of the final report.

Study design and conduct would be under the direction of the

Epidemiologist III with the day-to-day supervisory tasks under the

direction of the Epidemiologist 1. All study protocols and instruments

would be the joint responsibility of the two epidemiologists. A clerk

typ.ist, under the supervision of the Epidemiologist I, would be responsible

for all the typing of materials and instruments as well as to ensu're

communicati on between all staff members on project schedul esc A record

abstractor, supervised by the Epidemiologist I, would be responsible for

case ascertai nment and record abstracti on. Sel ecti on of control s woul d be

the responsibility of the Epidemiologist I with assistance from staff

members. Interviewers, supervised by the Epidemiologist I, would be

responsible for the collection of data from all study participants. A

computer programmer, working in concert with the epidemiologists, would be

responsible for data managenent including interview schedules, coding, data

entry and the generati on of computer fi 1 es for data anal ysi s. Data

analysis and report generation would be the primary responsibility of the

epi demi 01 ogi sts.
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Table 5-12

Cost Estimates for Breast Cancer Case-Control Study.

Position Annual Salary

record abstractor 20,800

Intervi ewer(s)
(1000 i ntervi ews
at 3 hrs per i nter-
view/$7.00 per hr) 21,000

programmer 31,000

clerical 15,800

Epidemiologist I 28,000

if of months

18

24

36

36

36

Time

100%

100%

50%

100%

100%

Amount
Requested

31 ~ 200

42, 000

46,500

47,400

84,000

Fri nge at 18%

Suppl i es

tel ephone
pri nti n9 and postage
computer processi ng (i ncl udi n9 data entry)

Total
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251,100
45,198

296,298

2,000
5,000

10,000

$313,298



•

viii. Discussion and Recommendation

There are several factors regarding the conduct of a case-control

study of breast cancer (or other cancer site) in St. Loui sPark whi ch must

be considered. First, the measure of exposure is extremely poor. The

assumption that indi vidual exposure can be expressed as a function of the

1ength of resi dence (i .e., the greater the 1ength of resi dence, the greater'

the exposure, the greater the risk of breast cancer) may generate

substantial misclassification resulting in inaccurate risk estimates. It

is possible, for example, that well contamination patterns changed over

time as different demands were pl aced on the system, produci ng a si tuati on

in which exposure to contaminants was sporadic. Thus, there may have been

short peri ods wi th some expos ure and long peri ods wi th no expos ure.

Mi scl assifi cati on caul d occur in those instances where a breast cancer case

resi.ded in St. Louis Park for a short period of time during which there was

actual exposure or when a control resi ded in St. loui s Park for along

period of time during which there was no exposure. Such misclassification

coul d, in princi pl e, cause 1ength of resi dence to appear to be a protecti ve

factor for breast cancer. The general result of misclassification is to

~'1eaken any real association that might exist. Second, the effect of

mi grati on is not well control 1 ed. Indi vi dua 1 s wi th long resi dence

histories in St. Louis Park may have moved prior to their disease

diagnosis. These individuals would not be identified in a case-control

study. On the other hand, there will be indi viduals who migrated into the

city just shortly before their disease is diagnosed. The relative impact

of such in and out migration is difficult to determine. Cases and controls

sel ected for study may not be an accurate representati on of the true

popul ation at risk. Third, the use of proxy respondents caul d resul t in

inaccurate and incorrect information. Canbining case and proxy responses
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may weaken etiologic associ ations. Fourth, all information obtained in the

interview of cases and control s woul d have to be verified through medical

record revi eWe Thi s may decrease the parti ci pati on rates when peopl e

refuse to permit access to medical records. In addition, access to records

may be complicated by the fact that many may have been lost over time.

Fifth, the study protocol and instruments would have to be pilot tested to

determi ne effecti veness, ~~curacy and ease of use.

A case-control study of breast cancer (or other cancer) in St. Louis

Park woul d provi de 1 imited i nsi ghts into the impact of drinking water

contaminants. Given the ubiquitous nature of PAH compounds in the

environment and the inability to determine historical exposures to PAH

contaminants in drinking water, it is highly unlikely that a case-control

study could detect any excess cancer risks attributable to contaminated

drinking water. Such a study would, however, yield valuable information

regarding other risk factors for the disease and could have consi derabl e

public health importance. In light of these considerations, especially the

inadequate information on exposure, a case-control study to eval uate the

contri buti on of contami nated dri nki ng water on breast cancer ri sk in St.

Loui s Park is not reconmended at this time.
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COHORT STUDY - ST. LOUIS PARK

The basic concept of a cohort study has been previously described. As

applied to the situation in St. Louis Park, a cohort study would involve

the identification and subsequent follow-up of all individuals residing in

St. louis Park as of some historical date. Cohort members or their proxies

would be interviewed to determine disease patterns and identify risk

factors associated with those disease patterns. Both mortality· and

incidence rates of disease in the exposed community of St. Louis Park could

be compared to those of a similar but non-exposed community, adjusted for

differences in the frequency of risk factors between communities (e.g.,

family history of disease, smoking behavior, length of residence, etc.) An

advantage of a cohort study is that a variety of disease entities may be

eval~ated. It would also satisfy the criteria proposed in Section 3 for

environmental epidemiologic studies. Inherent problems involve the

completeness of cohort ascertainment and follow-up, the selection,

ascertainment and follow-up of a suitable control (non-exposed) population

and the overall costs.

i. Expos ure

It remains unclear when and to what degree exposure to waterborne

contami nants began in St. Loui sPark. Hi stori cal i nformati on suggests

aquifer contamination as early as the 1930s. Municipal wells found to be

contaminated in 1978-81 were installed between about 1947-1969. To ensure

some degree of exposure and adequate lag time for disease occurrence,

especially cancer, an arbitrary date for the identificafionand follow-up

of St. Loui sPark resi dents woul d be January 1, 1960. Thi s assumes that

water supplies were contaminated for approximately 10 to 15 years prior to
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1960 and the follow-up of all residents to 1985 would allow sufficient time

(i.e., 25 ye ars) to e1as pe for di seas e induction. It f urt her ass umes that

all residents were exposed to sane degree, the magnitude of which would be

dependent upon the 1ength of resi dence. These exposure assumpti ons are

coopl etel y specul ati ve (Secti on 4).

i i • Sam p1e Size Cons i der at ions

The proposed non-concurrent cohort method for the study of heal th

effects in St. Loui sPark woul d generate approximately 1,200,000 person

years of observation (i.e., a population of approximately 48,000 observed

for 25 years), providing sufficient power to examine a variety of disease

entities including cancer. For example, the expected number of incident

cancers within the twenty-fi ve year follow-up period would be breast (525),

colon (450), rectum (175), bl adder (175) and stanach (75).

iii. Co hort As cert ai l1TIent an d F011 ow-up

The use of the 1960 cens us i nformati on woul d great 1y f acil itate case

ascertai nment and decrease study costs; however, thi s i nformati on is

confidential and available only in summary form. Thus, all St. Louis Park

resident.s as of January 1, 1960 would be identified using a variety of

ascertaim1ent methods, including telephone and reverse directory listings,

utility bill listings (e.g., gas, electric, water), taxation rosters and

drivers license registration lists. In addition, membership,lists of

vari ous communi ty organi zati 0 ns (e.g., VF WI s, ch urches, synago gues,

schools, nursing homes) would be reviewed. Information to be collected

during cohort ascertainment should include, at a minimum, the name,

address, sex, birth date, and social securi'ty number of the individual.

Additional information such as marital status, religion and occupation

woul d greatl y faci 1 itate traci ng efforts duri ng the follow-up process.
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Subsequent interview of St. Louis Park residents would generate infonnation

on the names of family menbers, neighbors and friends which would be added

to the cohort. The objecti ve of this process woul d be the i dentifi cati on

of all individuals residing in St. Louis Park as of January 1, 1960.

Following ascertainnent, all residents of St. Louis Park in 1960 would

be traced to determine their present day status (i.e., al ive vs. deceased).

Sane overl ap of cohort ascertai nment and tracing efforts woul d be expected

since the interview of successfully traced cohort members may generate

infonnation on additional cohort members (e.g., family members, neighbors,

fri ends).

Initial tracing efforts would involve the review of current telephone

and reverse directory 1istings, util ity bill 1istings, taxation rosters and

membership lists of community organizations to identify all those

individuals still residing in St. Louis Park. Driver registration lists

could be used to identify individuals still residing within the state of

Minnesota, as well as provi de i nfonnation on where indi vidual s may have

moved. Additional sources of information that could facilitate tracing

efforts incl ude the post office, social security administration and the

National Death Index. Death certificates would be reviewed to determine

those who had died during the twenty-fi ve year period. Marriage

certificates would be reviewed to facilitate tracing of female residents

who may have changed names following marriage. All tracing efforts would

be conducted by phone, and subsequent contact wi th next of ki n, nei ghbors

and family friends would provide information on those cohort members

currently residing outside the St. Louis Park area. Current residents may

provide information on past owners, and realty companies may have

i nformati on regardi ng ti tl e and address changes of cohort members. The

5-45



objecti ve of the follow-up process would be the successful determination of

the present health and vital status of all individuals who resided in St.

Loui s Park in 1960.

iv. Control Canmunity

It does not appear possible to estimate individual exposures to

drinking water contaminants. It is possibl e that all, some, or few

residents were exposed to varying degrees of contaminated drinking water

over time. The follow-up of St. Louis Park residents would provide

i nformati on regardi ng heal th patterns among a popul ati on with potenti al

but unknown exposure to contaminated drinking water. Since it is not

possible to distinguish exposure potential among residents, population

information from St. Loui s Park must be compared to information deri ved

from a si mi 1 ar popu 1ati on wi thout potenti al expos ure to these contami nants

in drinking water. Thus, rates of disease in the liexposedli popul ation of

St. Loui sPark coul d be compared to rates ina non-exposed popu 1 ati on to

determine potential differences which may be attributable to contaminated

dri nki ng water. Thi s necessi tates the ascertai nment and follow-up of a

control community. For example, the city of Richfield is similar to St.

Louis Park in size and certain other characteristics and might serve as a

control corrmunity. (The sel ecti on of an appropri ate control corrmunity woul d

require very careful evaluation.) Thus, all residents of Richfield (for

example) as of January 1,1960, would be identified and traced to their

present day status usi ng the same methods and techni ques previ ous 1y

descri bed.

v. Interview Methods and Study Instrument Considerations

All individuals identified as residents of St. Louis Park and

Richfi el d (if determi ned to be the mos t appropri ate compari son communi ty)
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in 1960 would be asked to participate in the study. Those agreeing to

parti ci pate wou1 d be asked to si gn a study consent form and comp1 ete a

detailed study questionnaire by telephone. Proxy interviews (e.g., next­

of-ki n) wou1 d be conducted in those instances where the i ndi vi dua 1 has

died. All death certificates for individuals who died during the bJenty­

five year period would be requested and cause of death determined.

The study instrument wou1 d inc1 ude questions regarding demographic

information (e.g., age, height, weight, sex, marital status), emploYment

hi story, r esi denti a1 hi story, reprod ucti ve hi story, medi cal hi story

(i nc1 udi ng all di agnosed di seases and the name and address of the physi ci an

who diagnosed the disease), family history of disease and dietary history

including water consumption practices. All diseases and conditions

reported by the interviewer would be verified through physician contact and

med'i ca1 records reques ts •

vi. Anal ysi s

All comp1 eted ques ti onnai res wou1 d be entered into a data base such as

System 2000 and pl aced in the Uni versity of Minnesota1s Cyber cOOlputer for

subsequent analysis. Cause- and sex-specific mortal ity rates would be

calculated by obtaining all death certificates of deceased individuals in

the St. Louis Park and Richfie1 d cohorts. Excess mortal ity wou1 d be

e val uated by c_ompari ng rates in' St. Loui s Park and those in Ri chfi e1 d.

Incidence rates of disease would be determined by using the verified

questionnaire inf~rmation. Risk of disease would be calculated by

comparing disease rates in St. Louis Park with Richfield adjusted for the

effects of variab1 es known to be associ ated 'with the disease under

eva 1uati on (e.g., 1ung cancer smoki ng).
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In addi ti on, a case-control study with; n the cohort coul d be conducted

in those instances where excesses in disease incidence or mortal ityare

discovered. For example, if an excess incidence of breast cancer were

found in the St. Louis Park cohort compared to the Richfield cohort, breast

cancer cases and suitably matched controls from St. Louis Park and

Richfield could be enrolled in a case-control to further identify etiologic

factors associ ated with that excess. All apparent disease excesses coul d

be further eval uated in this manner. Thus, the cohort approach to the

study of disease provi des the opportunity to identify various heal til

outcomes that can then be further exp 1ored, if necess ar y, by case-control

methodology.

vii. Cost Considerations

The cost estimate for a non-concurrent cohort study of St. Loui sPark

is approximately $3,000,000; detail s may be found in Tabl e 5-13. The

approximate duration of such an effort would be five years. The first year

waul d invol ve study protocol and instrument development, as well as the

i ni ti ati on of cohort identification and foll ON-Up. The next three years

waul d invol ve the canpl etion of cohort i ntervi ews. The last year waul d

i nvo 1 ve data anal ysi s i ncl udi ng cause-specifi c mortal ity and i nci dence rate

calculations. However, without the additional information obtained fran a

non-exposed communi ty, rate compari si ons cannot be made. Thus, the ri sk of

dise-ase associated with residing in St. Louis Park independent of other

known ri sk factors coul d not be determi ned. It is important therefore,

that information from both exposed and non-exposed popul ations be

collected. The effect of collecting cohort information on a control
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Table 5-13. Cos t Es timates for a Cohort St udy in St. Loui sPark.

155,000

79,000

2,069,310
130,556

1,008,000

Amount
:.=..:..:...=~_~~:-~R~u ired

56,310

175,000

140,000

120,000

336,000

Annua1 Number of
Salary Months Time

Epi demi 01 ogi st III $45,000 60 25%

Epi demi 01 ogi st II 35,000 60 100%

Epidemiologist I 28,000 60 100%

Project Coordinator 24,000 60 100%

*Tracers (48,000 @ 1 hr/7 per hr)

**I ntervi ewers (48,000 @ 3 hrsl7 per hr)

Canputer Programmer 31,000 60 100%

Cl eri cal Support 15,000 60 100%

Fringe at 18%

2,199,866

Pri nting, Postage, and Telephone
@ $15.00 per study subject 720,000

Canputer
Data Entry
Tapes '
Anal ysi s, Canputer Time

25,000
5,000

25,000

TOTAL $2,974,866***

* To trace 48,000 people will average approximately one hour per person at a cost
of $7.00/hr. .

** To interview 48,000 people will average approximately three hours per interview
at a cost of $7.00/hr.

***The inclusion of a control community will effectively double the costs.
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community (e.g., Richfield) would effectively doubl~ the costs. Thus,

costs for a cohort study of both exposed and non-exposed communi ti es woul d

total approximately $6,000,000.

Study design and conduct would be under the direction of the

Epidemiologist III with the day-to-day supervisory tasks the responsibility

of the Epidemiologist II. The Epidemiologist I would be responsible for

the hiring and training of a project coordinator, trainers and

interviewers. Study protocol and instruments would be the joint

responsibility of the Epidemiologists. A clerk typist, under the

supervision of the Epidemiologist I would be responsible for the typing of

all materi als and study i nstrlJllents and ensure proper coomuni cation between

a11 staff members regar di ng proj ect s chedul es. The proj ect coordi nat or,

under the supervision of the Epidemiologist I, would be responsible for

the day-to-day supervision of tracers and interviewers whose main

responsibilities would involve cohort ascertainment, follow-up and

interview. The computer programmer, under the supervision of the

Epidemiologist I would be responsible for data management, including the

construct of a data base for cohort ascertai nment, traci ng efforts and

interviewing schedules. In addition, the programmer would generate

computer fil es for data anal ys; s. Data anal ysi s and report generati on

would be the primary responsibility of the Epidemiologist II working in

concert with the Epidemiologist III.

vi i i. Di scussi on and Reconmendati ons

A cohort study woul d be an enormous undertaki ng and encroach upon all

individuals in both St. Louis Park and a control community (e.g.,

Richfiel d). The 1ack of adequate exposure data raises serious questions

about the conduct of such a costl y study. The use of proxy respondents in
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those instances where i ndi vi dual s ha ve passed away woul d resul tin 1ess

accurate and less complete information. Verification of medical

information obtained in the interview process of study subjects may be very

difficult with aged members of this cohort. Development, pilot testing of

study protocol and instruments would, in and of itself, be very costly.

Except for inadequate exposure data relating to water contaminants, a study

of this nature satisfies the criteria set forth in Section 3 and would

provide information regarding disease/exposure relationships for an entire

generation. Issues surrounding the associ ation between heal th and di et,

smoking, excercise, genetics, (>,,:cupation and environment would be addr'essed

simultaneously and provide useful information for a variety of public

heal th concerns. Howev€i', in 1ight of the absence of a val id model of

i ndi vi dual exposure to water contami nants and the absence of a documented

public health problem, a cohort study of this magnitude is not recommended,

nor is it needed at this time.

A cohort study shoul d be consi dered on1 y if descri pti ve (cancer

surveillance or mortality) and subsequent case-control studies provide

unequi voca 1 evi dence of the need for such a study. In addi ti on, if

historically contaminated water is to be eval uated as a risk factor for any

di sease then further i nformati on that permi ts assessment of indi vi dua 1

exposures to water contaminants is i'equired before a cohort study can be

recommended.
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CASE-CONTROL STUDY-NEW SRI GHTON

There is currently no scientific basis for conducting a case-control

study in New Brighton in rel ation to contaminated municipal we'ls. First,

it is not known when well s first became contami nated or to what extent

contaminants were present at the tap. Contaminated wells were installed

between 1955 and 1971, and contami nati 6n coul d concei vabl y have occurred

anytime between 1955 and 1981 (date of detection). Thus, even assuming

that contami nants were present at the tap, there mayor may not have been a

sufficient period of time for induction of chronic diseases (e.g., cancer).

Second, it is unclear what health endpoint should be studied. Specific

health effects have not been identified in published epidemiologic studies.

Animal experiments suggest that hi gh exposures to TCE are associ ated wi th

excess li ver cancer in mice. According to the Iowa SEER estimates, the

annual incidence of 1iver cancer in humans is 1.2 per 100,000. Thus, the

expected number of 1i ver cancers in New Bri ghton is 0.3 per year. The time

required to assemble enough incident cases retrospectively to conduct a

study woul d span the century. Thus,; t is not possi bl e to use 1i ver cancer

as a heal th endpoi nt. In addi ti on, no excess cancer mortal ity was apparent

in New Brighton during the five year period 1976-1980 (see above). Current

1 iterature suggests that human cancer risks associated with low level

exposures to TCE are probably very small (Section 4). There is little, if

any, evi dence to date that TCA and DCE are human carci nogens. Thus, a

case-control study with cancer as an endpoi ntis not reconmended. Third,

the use of congenital anomalies as a health endpoint would be limited due

to the small number of these events. The State rate of congenital

anomal ies is 1.2% and approximately 5 congenital anomal ies per year woul d

be expected in New Brighton. The 1ength of time required to generate
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sufficient cases for study is prohibitive. The major contaminants

identified in New Brighton wells have not produced reproductive effects in

animal studies. In addition, findings fran the State of California do not

suggest that expos ure to TCA vi a contami nated ground water is associ ated

with excess risk of congenital malformations. Thus, the use of a case­

control approach in New Bri ghton is extremel y 1imi ted and cannot be

recoomended at this time.

COHORT STUDY-NEW BRI GHTOO

The concurrent cohort study method would be the most appropriate

cohort method in New Brighton. This would invol ve the identification of

all current res i dents in New Bri ghton. Cohort members woul d be inter vi ewed

to collect baseline information and to identify potential risk factors.

These indi vidual s woul d be followed forward through time to identify

diSease mortality and incidence patterns. Similar efforts would be

undertaken in a suitable control community comparable to New Brighton, but

where the water supply is not known to have been contaminated. A

compari son of rate differences and rati os woul d provi de estimates of ri sk

associ ated with 1i ving in New Bri ghton, whi ch mayor may not serve as an

index of exposure to contaminants in drinking water.

i. Cohort As certai nment

All current residents of New Brighton would be identified through a

census. Canpl ete enumeration of the popul ation woul d invol ve door-to-door

inter vi ews of a11 residents in New Bri ghton co 11 ecti ng, at a mi ni mum, the

name, address, sex, birthdate, soci al security number, and occupation of

all members of the househo 1d. The wi 11 i ngness of the i ndi vi dua 1s to

participate in a coomunity health study could also be determined at this

poi nt.
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ii. Control Coomunity

For purposes of compari son, i nformati on from a simi 1 ar communi ty

without a history of public water contamination would have to be collected

as well. The selection of an appropriate control community would require

careful eval uation. As an example, a possible cOOlparison conmunity is the

city of New Hope. It is simil ar to New Brighton in size and

socioeconomic status, and has not experienced known contamination of the

muni ci pa 1 water suppl y. A11 current resi dents of New Hope wou1 d be

identified through a census which would invol ve door-to-door interviews.

Information identical to that collected for New Brighton would be collected

for New Hope as well as an indication as to whether these indi viduals

desired to participate in a community health study.

iii. Interview Methods and Study Instrument Considerations

All individuals identified as current residents of New Brighton or New

Hope would be asked to participate in the study. Those agreeing to

participate would be asked to sign a consent form (at the time of

enumeration) and cOOIplete a detailed telephone questionnaire. Both cohorts

would be ~sked to repeat the telephone questionnaire every three to five

years to collect information on disease incidence and mortality, as well as

to determine changes in behavior and risk factors. Baseline clinical

information (e.g., blood pressure, blood profil es, etc.) on a subset of

this cohort should be considered. All death certificates for individuals

dying during the follow-up period would be requested and cause of death

det ermi ned.

The study ins trument wou 1d inc 1 ude ques ti ons regardi ng demographi c

information (i.e., age, sex, height, weight, marital status) employment

history, residential history, reproductive history, medical history
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including all diagnosed diseases and the name and address of the attending

physician,family history of disease, educational history and dietary

history. All diseases and conditions reported by the interviews would be

verified through medical records.

iv. An,a1ysis

A11 enumerated cohort menbers waul d be entered into a computer data

base for purposes of follow-up. Vital status of these individuals could be

updated every year. Questionnaire information would be entered into

another data base which could be linked to subsequent infonnation obtained

on fo1l C7o'I-Up every three to five years. Incidence rates of disease in the

liexposedll and lIunexposed" communi ti es caul d be compared to determi ne any

excess risk associated with residence in New Brighton, adjusted for the

eff~cts of variab1 es known to be associ ated with disease. The accuracy and

reliabi1 ity of analytical results would improve with increasing duration of

follow-up. Thus, more reliable risk estimates would be achieved with

increasi ng durati on of popu1 ati on fall C7o'I-up.

v. Cost Considerations

The cost estimates for a concurrent cohort study of New Brighton

resi dents may be found in Tab1 e 5-14. These are estimates for the fi rst

two years whi ch waul d i ncl ude popu 1 ati on enumerati on and co 11 ecti on of

basel ine data. Subsequent costs associ ated with follow-up and rei ntervi ew

of the cohort would involve similar amounts every three to five years.

Thus, the average cost per year following the establ ishment and i ntervi eN

of the cohort would be approximately $250,000. Both time and cost

considerations should be doubled with the addition of a cohort of control

subjects in New Hope.
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Table 5-14. Cost Estimates for Prospecti ve Cohort Study in New Sri ghton.

Annual Number of %of total cost
Posi ti on sal ary months time requested

---------

Epi demi ologist II 35,000 24 50 35,000

Epi demi 01 ogi st I 28,000 24 100 56,000

Tracers (5) at $7 per
hour for 60 days 16,800

Interviewers $7 per houri
3 hours per i ntervi ew 504,000

Cl erk 15,800 24 100 31,600

COOlputer programmer 31,000 24 75 46,500

689,900

Fringe at 18% 30,438

720,338

Printing, postage and telephone
$5.00 per pers on 120,000

Canputers
data entry 15,000
tapes 2,500
analysi s 15,000

Total $872,838*

*Inc1usion of control community would effectively double costs.

5 -56

n
!



Study design and conduct would be under the supervision of the

Epidemiologist II with the day-to-day supervisory tasks being the

responsibility of the Epidemiologist 1. All study protocols and

instruments wou1 d be the joi nt responsi bil ity of the two epi demi 01 ogi sts.

A c1 erk typist would be responsib1 e for the typing of all materi a1s and

instruments as well as for insuring communication between all staff

members. A group of five individuals, under the supervision of the

Epidemiologist I, would be responsible for the complete enumeration of the

popu1 ation of New Brighton and New Hope. It would be expected that both

populations coulcj be enumerated within a period of six months. A team of

interviewers under the supervision of the Epidemiologist I would be

responsible for the collection of information from all cohort menbers in

both coomunities. It would be expected that a team of twenty interviewers

would complete all interviews within a period of two and a half years. A

canputer programmer, working in concert with the epidemiologists would be

responsible for data management including interview scheduling, coding,

data entry and generation of computer fil es for data anal ysis. Data

analysis and report generation would be the responsibility of the

epi demi 01 ogi s ts.

vi. Discussi on and Recommendati ons

The conduct of a cohort study in New Brighton and a control community

(e.g., New Hope) would be an enormous undertaking. The approximate costs

associ ated with the i dentificati on of all current resi dents of New Bri ghton

and a suitable control community amount to 1.7 mill ion doll ars (i.e.,

$800,000.00 for each community). Follow-up of these cohorts wou1 d cost

approximately 0.5 million per year (i.e., $250,000 for each conmunity). To

gain insights into disease/exposure relationships the cohorts should be
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foll owed for a mi nimum of ten years. It s houl d be noted that the ten years

of follow-up may be an insufficient period of time of observation for some

diseases of long 1 atency (e.g., cancer). Thus, 20 years of follow-up may

be requi red to be abl e to detect changes in di sease rates especi all y if

well contaminations had not occurred unti 1 rel ati vel y recent years (e.g.

1970's).

In the absence of evidence of significant health risks from 1011 level

exposures to the contaminant canpounds, and for reasons simil ar to those

set forth previously regarding a cohort study in St. Louis Park (e.g., lack

of adequate exposure data coupl ed with the soci a1 invasi veness and

magnitude of costs), the conduct of a cohort study to eval uate potenti al

heal th effects associ ated with contami nated dri nki ng water in New Sri ghton

is not recommended, nor is it needed at thi s ti me.
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BaP
COM
DMBA
DCE
EPA
MDH
MPCA
NAS
NB
PAH
SLP
SMR
T~

TCAAP
TCE
~~

VOCs

APPENDIX B

LIST OF ABBREVIATIONS

Benzo(a)pyrene
Camp, Dresser &McKee
7,12-Dimethylbenz(a)anthracene (not an environmental PAH)
1,1-Dichloroethylene (vinylidene chloride)
United States Environmental Protection Agency
Minnesota Department of Health
Minnesota Pollution Control Agency
National Academy of Sciences
City of New Brighton
Polynuclear (polycyclic) aromatic hydrocarbon
City of St. Louis Park
Standardized Morbidity (Mortality) Ratio
1,1,1-Trichloroethane (methyl chloroform)
Twin Cities Army Ammunition Plant
1,1,2-Trichloroethylene
United States Geological Survey
Volatile Organic Compounds

~g microgram (1/1,000,000 of a gram)
ng nanogram (1/1,000,000,000 of a gram)
1 liter
ppm parts per million
ppb parts per billion
ppt parts per trillion




