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Summar

Among the growing concerns about environmental pollution,
the landfill deposition of industrial waste products in close
proximity to residential areas poses a potential public health
problem of great magnitude. We present evidence that spontaneous
abortion and low birth weight might be good initial indicators
of human toxicity to multiple chemical agents in this typs of
setting. Geologic surveys, and comparison of the temporal course
of area developmant with biologic end points, are important in

developing hypotheses on possible modes of chemical exposure.
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The deposition of industrial waste products is an ever-growing problem which
might have both immediate and long-term health implications to society. In Hiagara
County, Mew York, it is estimated that there are approximately 100 chemical dump
sites. Manufacturing, particularly of chemical and allied products, is a major
industrial enterprise of the county. According to 1970 data from the Mew York State
Department of Commerce, nine major chemical-producing companies employing a total
of 5,267 people are locatad in the county.

The City of Miagara Falls is located in MNiagara County, MNew York, and had a
population of 85,615 in 1970. The Love Canal is a rectangular, l6-acre, below-
around-level landfill site located in a residential section of the southeast corner
of the City. In the late 19th Century, the site was excavated as part of a proposed
canal linking the Njagara River and Lake Ontario. The Love Canal project was
abandonaed and subsequently used as a chemical and municipal waste disposal site.

The Hooker Chemical Company of Miagara Falls used the site for disposal of

chemical wastes, including chiorinated hydrocarbon residues, processed sludges,

flyash, and other wastes, for a period of nearly 25 years from about 1930 to about
1953. The City of Hiagara Falls also used the site for disposal of municipal waste

for many years prior to its concluding in 1953. In the spring of 1953, the sita

was sold by Hooker Chemical Company to the Board of Education of the City of

Miagara Falls. Presently, the site is contained within the area borderad on the north by
Colvin Avenue, on the south by Frontier Avenue, on the wast by 97th Street, and on

the east by 99th Street. Southern and northern sections of the original Love Capal are
bordered by the backyards of single-family homes on 97th and 99th Streets, while

the middle section is occupied by an elementary school.

On April 25, 1978, after inspecting the Love Canal site, the New York State
Commiszioner of Health, Dr. Robert P. Whalen, ordered that a fence be erected to
limit zccess to the Canal inasmuch as containers and mounds of chemicals were Tying

exnased on the surface. Further, he orderad that studiss be undertaken to assass
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actual or potentiai hezalth hazards associatod wikh residing in the irmediate area.
This report presents the results of our initi:l epidemiological investigations.

Housing Development and Possihle Modes of Chenical Spread

The study area extended from 97th Strest in 103rd Sirest and was bounded on
the north and south respectively by Colvin and Frontier fvenues (Figure 1). Aerial
photographs taken in 1938 show that 97th Street was absent and there were only two
housas on what would later be 99th Street. In contrast, 10Ist, 102nd, and 103rd
Streets were occupied by single-family houses and some Tarms, By 1951, there
were still no homes on 97th Street; a few new houses wer2 przsent on thes southeastarn
section of 99th and 100th through 103rd Stresis. The 99th Street School was built
in 1954. Housing construction on 97th and 99th Streets proceeded through the 1860's
most of the latter street being completed in 1965. In contrast, construction on
97th Street continued through 1973. Backyards of 99 hemes on 97th and 93th Streels
directly abut the Canal.

Geologic surveys indicat2 soil strata gererally consist of & tain mantie of
clay-silt over a sandy-silt or silty-sand texiure thai resis on a silty-clay with
desiccation cracks that extend to the soft clays. The ¢lay strata act as a harr: 2
to movement of water and chemicals below the surface. The accurulation of rain and
groundwater facilitated by either natural or sanmade activity probably raised the
level of chemical wastes to that of higher permeability thus facilitating lateral
migration. This slowly overflowing bathtub effect could result in the transport cf
vaste products to adjacent areas.

The most probable mode of exposure is via Teachable micration of chemicals
throush the top seil layer to the basemants of houses. Chemicals could then
volatilize, producing high local concentrations of agenis suzh as 1o molecular
weizit chlorinated organics, Initial air sawples taken in the basenents of

fourtaun houses adjacent to the Canal by Lhe United States Tovironmaoiail Prolaction
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Agency in February, 1973, resulted in the identification of 26 oroanic compounds
also present in the Canal. Thirty-three of 99 houses which abut the Canal tested
by tha Mew York State Health Department showed clear evidence of chlorotoluene in
basement air. This compound is a good indicator of chemical contamination in the
study area since it is not likely to be found in commonly-used household products.
In contrast, only four of 256 houses in the outer area showed trace evidence of
contamination with this chemical. Similar results were obtained when chlorobenzens
was used as an indicator (1).

The possibility that chemicals might have extended beyond adjacent houses
through the same or other mechanisms was also considered. Chemicals may have
traveled along surficial paths such as the lowlands, (e.g. swamps, ponds, and
wetlands) which were present prior to the development of housing in more paripheral
areas. The topography of the region under study can be generally characterized as
flat, except for three creeks north of the Canal. These creesks contain water year-
round. In addition, prior tc tha developmeni of housing in this area, a number of
natural shallow depressions (Figure 1) traversad the area, some of which intersected
the Love Canal itself. The location of these depressions, commonly referred to as
swales, was determined from aerial photographs taken in 1938, 1951, and 1566, as
independently interpreted by the Cornell University School of Civil and Environmental
Engineering {2}, This group had no knowledge of the hypotheses being tested.

These depressions served as drainage ways and produced ponding in certain
sections (Figure 1) during times of high water. Additional verification of
historically wet areas was obtained from personal interviews, review of photo-
graphs and motion pictures, taken by area residents, As the area was developed,
the contour and extent of these swales was substantially modified. Development
of the area between 1951 and 1956 eliminated the major swale which intersscted
the Canal as a continuous conduit of surface water flow from the Canal to

peripherai areas. In the 1966 aerial photograpn, only & small section northoast
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of the Canal remained; and at the time of initiation of our study, there was no
visible above-ground evidence of these natural depressions. Although the filling
of the swales eliminated the potential for chemical migration by surficial flow,
it is entirely possible that these natural depressions might conduct leachate from
the Canal because of the use of permeable fill.

Recent excavations on tha periphery of the Canal on 99th Street indicate that
three 4-inch pipes, aoproximately three feet below the ground extended laterally
towards a historic pond area located on the more peripharal streets of the study
area. Anecdotally, farmers in these locations used this systam to obtain water
from the Canal prior to the time that chemical waste products were dumped.
Collectively, this information yields a relatively unambiguous topography of the
original land surface prior to fiedification by man. In addition this suggests
that at least two potential routes existed for the migration of chemicals from
the formal dump site to the more peripheral historic water areas - surface swales
(orior to 1950) and underground pipes. Alternatively, chemically contaminated
soil may have been used as fill for low level areas during the development of the
area. Serial aerial photographs taken between 1951 and 1958 showed that by May
1958, the vast majority of the histarical depressions were filled in. During the
year 1958, majér pnrtiﬁns of the ponded sections were filled in. Minutes of the
School Board meetings in the 1950's record the transport of fill from the 99th
Street School yard to the 93rd Street School properties. This or the hypothetical
migration of chemicals along swales and/or through pipes would raesult in ths
nerferential contamination of historic water areas.

These ohservations suggested that we dichotomize 211 houses (other than those
directly adjacent to the Canal) into 116 houses built on historically wet propariies
(water -- either poads or swales) and 268 houses built on historically dry propertises

(non-water).
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In order to verify further the location of ponds and swales and the extent of
chermically contaminated soil, a house-by-house soil boring program has been carried
out. Soil sampling information distinguished between undisturbed soil and disturbed
soils (fi11). By defining houses with at least three feet of fill or houses adjacent
to such houses as a fill house, a coefficient of agreement of 0.33 was found between
£i11 houses and water houses (p < .000001.chi square = 41.6). Qualitative comparison
of a map of fi11 houses and a map of water houses substantiates the positive cor-
relation between i1l houses and water houses. Chemical analyses of soil borings are
in progress and will be the subject of a separate report.

Other more general modes of exposures and possible conduits of migration of
chemicals were also considered. This neighborhood has been sarved with a public
water supply since 1930. Residents in the whole study area might have been expaosed
to toxic vapors emanating from the Canal by airborne transmission,

End Points of Human Toxicity

Maore than 200 chemicals have already been identitied at the site by the
Division of Laboratories and Research of the lew York Stats Health Department and
by the Environmental Protection Agency. Table 1 contains a partial 1ist of comoounds
found in the Love Canal. Compounds such as benzene (3), toluene (4), benzoic acid (5},
lindane (6), trichloroethylene (7), dibromozthane (8), various benzaldahydes (3},
methylene chloride (10), carbon tetrachloride (11), and chloroform (12, 13) can
produce both acute and chronic toxic responses in man. Although the sensitivity
of biologic events such as congenital defects, spontaneous abortions, and low birta
weight infants as possible end points of human toxicity to chemicals is not well
established, the pre-partunm period is characterized by a special susceptibility, to
certain chemical agents (e.g. Minamata disease and Yusho disease) (14). It is also
well established that many chemicals are hazardous to the conceptus of low animals,
depending on dosage, route of administration and stage of gestation (15, 16). The

importance of examining cach of the three end points is dictated by the possibility
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that differcont manifestations of toxicity are likely to be encountered in situations
where exposure to a wide variety of chemicals is 1ikely. In addition evaluation of
events such as congenital defects might not provide a true indication of the frequency
of this end point. The imporlance of monitoring spontansous abortions in seeking
environmaental teratogens is well established since the number and variety of congenital
anomalies during gestations is far greater than can be detected in term birth (17).
Another advantage in using these three indicators is the shorter induction period than
for most adult chronic diseases.

Certain 1imitations of each of these end points, however, must be appreciated.
The frequency of spontaneous abortions, especially those occurring during early
pregnancy, is exceedingly difficult to measure. Various congenital malformaticns
such as cardiac abnormalities and mental deficiencies are very difficult to diagnose
during the immediate postpartum period and often go unrecognized when birth certifi-
caztes are filed. Birth weight alone may not be a suificiently sensilive nor
specific measura of toxicity. Accordingly, we decided to examine all three outcomes.

Epidemiologic Hypotheses on Possible
Routes of Chemical Higration

Qur descriptive study of the temporal patterns of housing development, the
topography of the study ares, and initial chemical evaluations suggested that many
houses directly adjacent to the Love Canal were contaminated. If the more
peripheral areas were contaminated, this would most 1ikely have occurred through
some ganeral machanism (e.g. airborne route)} affecting broad arees or a more
selactive route, such as the historic water area.

Based on these considerations, four epidemiologic hypotheses were advanced
concerning the possible distribution of spantaneous abortions, congenital defects,
and low birth weight infants, in specific sections of the study area:

1} hn excess of some or 211 indicators night be demonstrated only awong

premaant females residing in houses on 97th and 99th Streets -- vhere

hackyards are dircctly adjacent to tha dum site, and the Yikeliboad of
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chemical contamination was greatest. Since temporal factors may be
important in the migration of chemicals and the houses on 99th Street
were significantly older than those on 97th Street (128), we examinad
each street separately in all statistical analyses;

2) The entire study area (excluding the two streets adjacent to the Canal)
might have an excess of all or some of the biologic indicators. Examination
of each indicator by single street might also detect a2 gradient effect as
the distance from the Canal incraasad. This would support the hypothesis
of some general mechanism of contamination;
3) An excess of certain indicators might be demonstrated in historical
water areas of the neighborhood, whers chemicals might have migrated from
the Canal and/or chemically contaminated soil was used for fill prior to
construction of houses. In contrast, historical non-water areas might be
characterized by a lesser frequency of these markers. Here, too, temporal
factors might be important since houses built in water areas are signifi-
cantly older than those in non-water sections (12): and
4) Reqardless of their geographic distribution, the occurrence of indicators
such as spontansous abortions and low birth weight infants and thair
geographic distribution in various sections of the Love Canal might be
related to temporal factors and the nature and the concentration of
chemicals to which pregnant females were exposed (20). For example,
99th Street with its close proximity to the dump site and old homes might
be characterized by an excess of the worst type of indicator, spontansous
abortions. In contrast, more paripheral sections might have an excess of -
low birth weight infants.
Selection of Comparison Groups
Initially, expected numbers of spontanecus abortions were obtained from a
report by Marburton and Fraser (21). The reasons for selecting this comparison

group vare thotit was a relatively large study illustrating the spontansous abortion
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experience of over 6,000 pregnancies and the frequency of this adverse event was
tabulated by both birth order and materpal age at conception. Proband children
either had a clear-cut genetic defect, a defect of unknown eticlogy but with a
familial tendency, an undiagnosed defect or series of wmultiple malformations, or
a twin with no defect. The nature of this population suggests that it represents
a conservative comparison group. However, possible differencesin ascertainment
and demographic characteristics of this Canadian population dictated the need for
additional comparison groups. Accordingly, a similar distribution table was
constructed for residents of houses naorth of Colvin Avenue (Figure 1). This latter
area was selected as a control group for the Love Canal study area for various
reasons: it is the most proximate section of the Love Canal {Figure 1); it contains .
a relatively large population residing in single-family houses in an industrialized
community (211 houses, 480 adults, and 190 children); and most importantly, residenis
were also concerned with the possibility that chemicals from the Love Canal mignt
have migrated into their area. Thus it was anticipated that the degree of partici-
pation from these individuals would be comparable to that realized from Love Canal
residents. This proved to be true as over 938 percent of the adult residents in
each area participated in the invastigation.

The potential limitations of this comparison group must also be appreciated.
A greater proportion of residents in the north of Colvin region had a collegs
education [15.6 percent) than those in the entire study area (5.6 percent). This
was partially overcome by controlling for this factor in statistical analyses. 1In
addition we cannot presently exclude the possibility that the naorth of Colvin area
was also chemically contaminated. If this were proven to bz true, it could tend to
decrease the excess of confirmed observations in pregnant Temales from the Lova
Canal. Finally, a maternal age-parity table was construciad based on tha spontansous
abortion experience among females residing in non-water areas. This internal

comparisan group was employed to evaluate further the hypothesis that an excess of
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study indicators might be present in the historic water sections. Herz too the
nossibility of prior chemical contamination cannot be excluded at present.
Considering the limitations of each comparison group, the results obtained from
all three should be considered in formulating conclusions.

Table two summarizes the pertinent information concerning the age distribution
and pregnancy histories of females in four sections of the Love Canal (97th and 9%th
Streats and the water and non-water sections) and the area north of Colvin Avenus,
Over 98 percent of the population in each section was white, and no single ethnic
group predominated.

Quality Control of Epidemiologic Data

The same prepared questionnaire was used throughout the investigation.
Questions relating to the past medical, therapeutic, social {smoking, drinking and
social histories), occupational and precnancy histories were obtained from all
adult residents in a seven month door-to-door survey. The same field teams were
used in all areas studied. Investigators had no prior knowledge of the specific
hypotheses under evaluation or the areas selected as comparison groups. While in
the field, completed questionnaires were reviewed by irmediate team supervisors
with at least four years of experience to assure standardized data collection.

All questionnaires were subsequently reviewed for completeness and possible
inconsistencies by two other supervisors, and independantly by members of a
statistical unit.

The following measures were taken as a validity check on respondents: the
interview procedure had a built-in recall mechanism. Certain questions were asked
repetitively in the questionnaire; statistical amalyses of the low birth weight
end point as determined from interview data and birth certificates obtainad from
the Qffice of Vital Records, iew York ftate Health Dopartment were dons separately,
and the results were commared; and an effort was made to confirm 211 spentaneous

abortions through Yital Records, physician interviews and/or modical records.
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Keypunching of questionnaires was carried out on a key to disc unit with
verification. Programs ware checked by hand calculations to guarantee accurate
implementation of computational algorithms. Statistical routines of sufiicient
complexity to prohibit hand checks were run against test data for verification.

tatistical Analyses and Results

Only those indicators occurring among females who resided in the study area
as of June 1978, and had 1ived there during the entire period of pregnancy were
included in this investigation. Spontaneous abortions were considered confirmed,
and included in our analyses if they were verified through personal physicians,
hospital records, or there was evidence of pregnancy with a subsequent history
compatible with this outcome. The number of miscarriages claimed by female
residents, the number included in the study, and the number excluded for specific
reasons {e.g- induced abortion, stilibirth, or the patient was not pregnant
according to the private physician) were as follows: 89th Street - 15, 12, &;
97th Street - 6, 3, 1: historical water area - 27, 25, 2; non-water - 23, 21, 1,
and north of Colvin - 18, 11, 4. The remaining events on 97th Street, the non-waler
and the north of Colvin areas were unconfirmable and were excluded from our analyses,

Women who were ever pregnant at their present address in the study arsa were
categorized according to their age at delivery (minus nine months) and parity
(pregnancy order number ) for each pregnancy. For each of the areas studied (97th
and 99th Streets, and the rest of the Love Canal - individual strests and water
and non-water sections), the number of miscarriagas observed among the pregnancies
vas detarmined. The number of miscarriages expected among these women was calculated
by applying the percent miscarriages for each age parity combinalion of ihe other
control group to the observed number of precnancies in each cell. The groups used
to obtain expected numbers for all study areas were YWarburton and Fraser (21} and
tho north of Colvin area. In addition, the non-water area was used Tor the water

area. The Mantel-Haanzel chi saquare (22) was usod to test the differences belwesn
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the observed and expected number of miscarriages,

OF the streets directly adjacent to the Canal, only 99th Street might have
had an excess of spontanecus abortions (Table 3}. More peripherally, 102nd Strest
had a significant excess (23) regardless of the comparison group employed. When
the whole study area, excluding the 99th and 97th Street houses adjacent to the
Love Canal was evaluated, no consistently significant difference was observed.

In contrast, statistically significant excesses were observad in the water area

when each of the two comparison groups was used (Table 3), and when the non-water
area was used to obtain expected numbers (p = .042, OBS/Exp. = 1.2). Interestingly,
102nd Street represents a major component of the historical watér area (Figure 1),
For the north of Colvin comparison group, the highest ratic of observed to expectec
was on 99th Street, followed by the historic water area. Spontaneous abortions
observed in the north of Colvin arez did not differ significantly from the numbers
derived from either tha Warburton-Fraser report or the non-water area.

Table four lists the meaically confirmed defects which occurred among children
born in the five areas studfed. The percent of all live births with birth defects
was then calculated for each area studied and the proportion was compared with that
for the north of Colvin Avenue area children (difference between two proportions).
A significant excess was not found in any of the Love Canal sections studied
(Table 5). However, when the water and non-water areas were compared, a statis-
tically significant excess was observed (p = .024). The differences in results
could be due to the random variation commonly associated with small numbers.

Birth certificate information for all infants born of women from the Love
Canal area identified at the interview was obtained from the Kew York State Qffice
of Vital Records: the address was verified and the birth w2ight shown on the
cortificate was recorded. (If the resident address on the caritificate was not
the same as the address at interview, the birth was ﬁnt considerad in our analvsas).

Bined cn the waight stataed on the birth certificate, those vito weighad Five pounds-

Provisional= April 1980



Micholas J. Vianna, 1.0, Page 13
eight ounces or less (< 2500 grams) were considered low birth weight children,
The proportion of all live births which were low birth weight was established for
each area studied. The average proportion of all white births which were fjve
pourids-eight ounces or less was determined for llew York State excluding Hew York
City (Upstate New York) for the period 1950-1977 (24) and was used as the
population proportion, to test whether an area had significantly more low birth
weight children than the Upstate proportion.

There was only one low birth weight infant (99th Street) among the 65 live
births occurring among residents living directly adjacent to the Canal. The only
study area where significant increases in low birth weights were observed was the
historic water area (Table 5). The ralative risk for this indicator was 2.2
(95 percent confidence limits, 1.23-3.63). This was also true when maternal age
was takan into account (chi square test, expected based on Upstate average percent
for each age; p = .005).

Children born in the water area also had a generally lower birth weight
distribution than those born in the north of Colvin area, For-example, 22.9 percent
of the 83 water area births compared with 11.8 percent of the 110 north of Colvin
hirths were under 6.25 pounds (10th percentile weight). Conversely, 6.0 percent of
the water area and 10.9 percent of tha north of Colvin births were 8.75 pounds or
ovar (90th percentile weight) (25).

The results of spontansous abortion and low birth weight evaluation anmalyses
support the hypotheses (numbers 1 and 3) that chemical contamination might have
been maximum on 99th Street adjacent to the Canal and the historical water area.

In addition the different patterns for these indicators in these two areas are
consistent with the hypothesis (number 4} that dosage might bz an irnortant facter
in the cccurrence indicators evaluated. In conitrast wa found no staiistically
siqnificant evidence to support the hypothasis {number 2) of some ga2naral machanism
of exposure,

fealysis of variance of tha mean age (15 years of age and oldar) at which
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preqrant women had moved into eack of the four Love Canal study areas and north of
Colvin ragion showed no significant difference between groups (p > .05, range of
means 24.1 - 26.0). Vhen the m2an years of residence (during ages 15 through &4
years) for the same groups residing in these areas were evaluated, the difference
between groups was statistically significant (p < .01, mean y=ars: 89th Street -
13.0; 97th Street - 9.4; water - 13.6; non-water - 10.4; north of Colvin - 12.6).

(ne problem with each of the indicators studied is that mothers can contributa
multiple and unsqual numbers of gutcomes. For example, if some mothers are more
prone to miscarriages than others, then using chi square tests to compare vraw
miscarriage rates in different areas can lead to p-values which are smaller than
they should be. Gladen (268) includes a review of some literature on this problem
as it relates to toxicological testing on litters of animals. To obviate this
potential problem, four methods which take different approaches in analyzing the
data with each motier as an observational unit were used: the beta-binomial model
(BETA) {27), the jackknifing method (JACK) (26), a2 t-test on transformed rates for
each mother (SQRT) (26}, and a cﬂmpar{snn involving the percent of ever-pregnant
viomen who had a problem with one of the indicators while residing on the Canal (PER).
Water, non-water and the section north of Colvin (Horth} were compared. Each
method had its own limitations and hence the p-values from any one method do not
give an adequate interpretation to the data.

Miscarriage rates were significantly higher in the water area than in the
tiorth. One-sided p-values for BETA, S50°PT, and JACK were all below 0.01 witile PER
was less than 0.05. Water area miscarriagse rates were also hicher than non-water
rates with p-values between .0l and .05. The non-water area was not significantly
different from torth (p > .05). The significance of water and non-water together
against lorth depended on the test. The p-values for BETA and JACK were arcund £.02
while SORT and PER were not significant (p » .05). A part of the difference i3 that
§O%T and PER make no distinction between events such as no miscarriaoos in one

progazncy and no miscarriaces in five prammancies.
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For low birth weights, water was significantly different (p < .05) from HMorth
and from non-water. Water and non-water arcas together or non-water alone was not
significantly different from North, althouagh one-sided p-valuzs for water and non-
water tended to be around 0.08. The birth defect data showed no significant
differences, although the probability values range betwean 0.07 and 0.08.

Temporal Factors and Adverse Pregnancy Endpoints

Ho single month or season (winter - December, January and February) predominated
for spontaneous abortions when month of event was examinad. This was also true when
the month of birth was evaluated for children with conganital defects or low birth
weights.

Ten spontaneous abortions (50 percent of the pregnancies) on 99th Strest
adjacent to the Canal, occurrad bestween 1958 and 1964, OF the 12 pregnancies that
occurred after 1970, only ona resulied in a spontaneous abortion in 1973. The
trend of five-year moving averages of the percent of pragnancies which terminated
in spontaneous abortion (Figure 2) on 99th Street, adjacent to the Canal, peaked in
1952 (54.6 percent). Using a standard of 15 percent of precnancies resultiﬁg in this
end point (21), the binomial probability of this observation or a more exfreme ong
is .003.

e next examined the percent of pregnancies that resultad in spontaneous abortions
for each of the past three decades in both the historical water and non-water areas.
For the historic water area the percents for the periods 1949 through 19538, 1959
through 1963, and 1969 through 1978 were 4.7 percent, 33.9 percent and 19.2 percent
respectively., For the non-water area they were 5.6 percent, 15.6 percent and 14.7
cercent. For the period 1959 through 1568, a signifTicant excess (p-= L0004, observad/
expected = 2.1) of this end point was observed when maternal age and parity were con-
trolled for, using the Warburton and Fraser report (23). Significant increases were
nat found for the two other decadas in the historical water area or any of the three
decadas in the non-water area (p > .05 for each).

For the historical wator arca, the trend of five-year moving averages of the
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percent of pregnancies which terminated in spontaneous abortion (Figure 2} showed 2
high period starting in 1959 (24.0 percent), peaking in 1985 (42,9 percent; binomial
probability for 15 percent standard is .002) and ending in 1970 (26.7 percent). In
contrast the percents observed for both the non-water and north of Colvin areas during
this period fluctuated around 12.5 percent (range O percent to 17.9 percent). After
1970, the percent in the historical water area dropped to a low of 7.7 percent in 1975 ~
and was comparable to the two other areas.

The percent of pregnancies which ended in spontaneous abortions from 1959 through
1570 appearad to be higher in both the pond (11/38 = 29.0 percent) and swale (8/24 =
33.3 percent) sections of the historic water area (Figure 1) when compared to the non-
water area (9/53 = 17.0 percent), The age of houses on the pond section (mean 31.7
years, median 29,3 years) was somewhat older than those on the historical swale {ma&n
24.2 years, median 22.7 years).

Analysis of infants with low birth weights and congenital defacts in the manner
described above was limited by the small number of these events observed (Table 2).
Honetheless using live births as our denominator, the greatest percent of low birth
weights and congenital defects occurred in the water area during the years 1949
through 1958 (8/21 = 38,1 percent, versus 1959 through 1963, 8/37 = 21.6 percent and
1969 through 1978, 3/20 = 15.0 percent). In the non-water area the percents from
the earliest to the most recent decads ware 5.9 percent, 16.2 percent and 11.1 percent
respectively. The same pattern was evident when the parcent of live births that resulted
in low birth weichts was examinad separately (percent of low birth waights from the
gearliest to the most recent decades: water - 28,6 percent, 10.8 percent and 10.0
percent; non-water - 5.9 percent, 16.2 percent, and 3.2 percent). The number of
infants with tow birth weights or congenital defects was too small for further
analysis (e.g. five-year moving averages).

Possible Confounding Factors

The apparent excess of spontanaous abortions and Yow bivih weights on D2ih

Street and the water area micht be duye to sowe confounding factor or cordination

Provisional= April 1980



Hicholas J. Vianna, M,D, Page 17
of factors. Maternal age and/or parity were considered in our analyses of spontan=zous
abortions and low birth waighis. We also examined the possibility that women who had
one or more unfavorable pregnancy outcome, while residing in the Lowe Canal neighborheod,
might have had similar outcomes prior to moving into this area. Ho significant excess
of prior spontanesous abortions was found when either the Warburton and Fraser report
(21) or tha experience in tha north of Colvin area was used to gensrate expected numbers.
Prior low birth weights were also not significantly excessive when compared to New York
State {excluding New York City) rates. In addition, there were no documented congsnital
defects among the 57 live births among female residents from 9%th Street and the water
area prior to moving to the Canal area. This contrasts with 14 among the 122 live
births (11.5 percent} while thesa females residad in these two areas.

Certain occupations, such 2s operating room attendants (27), and chemical and
laboratory operators (28, 23), might also be associated with an excess of spontanzous
abortions and congenital malformations. The possible influence of exposure from thass
sources was also examined among all adults in households frem each of the five areas
invastigated (99th and 87th Streets, water, non-water, and north of Colvin areas).
Emong households with either a spontaneous abortion andfor a2 congenital defect, no
significant differences were observed (chi square test, df = 4, p > ..05 for each
indicator). Among households with a low birth weight child, the numbers were too small
for the five area chi square analysis. However, the water versus the non-water area
and water versus the north of Colvin area did not differ signiticantly (Fisher's exact
test, p > .05).

liaternal smoking {30, 31) may also influence pregnancy outcome. To control for
the possible influence of this factor, wa examined the adverse pregnancy experienca
amona wiomen who had never smoked., The proportion who lived in the water area and had
an unfavorable event (7/11, 63.6 percent) was significantly hichzr than those wip
resided in either the non-wvaker area (10740, 25.0 percent) or north of Colvin
(3717, 17.7 percent) (7 test, p < .01 for each coparisan).

Socio-Economic Status {37)might be associated wilh an increased risk oF spantansnls
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Hicholas J. Vianna, H.D. Page 13
abortion. Educational level of parents (the higher of the two} of households whers
pregnancies occurred was used as an indicator of this factor. For households whose
aducational level was high school graduation but less than college graduation (12
to 15 years), the proportion of women who lived in the water area and had an
unfavorable event (24/37, 63.9 percent) was significantly higher than those wiho
resided in efjther the non-water area (7/19, 31.8 percent) or north of Colvin (11/45,
24.4 percent) (p < .002 for each comparison): The proportion of women who lived on
99th Street and had an unfavorable pregnancy outcome (7/19, 36.8 percent} was higher
but not significantly different {rom those who lived in either the non-water or the
north of Colvin areas. Tha numbers in households with other educational levels
(1ess than high school and college graduation nr'mure} were too small for statistical
analysis.

Sti1l other factors must be considered. Certain infections (33, 34) such as
rubella, mycoplasma, and toxoplasmosis, prior induced spontaneous abortions (17),
alcoholism (35), clinical conditions (e.g. maternal diabetes mellitus (36), epilepsy
(37), malnutrition (38), maternal exposure to lead (39), methyl mercury (40), and
arsenic {41), exposure to jonizing radiation (42) or the ingestion of certain drugs
(43) (e.g. androgenic hormones, folic acid antagonists)), might adversely influence
the outcome of pregnancy. Past medical histories of femdles with spontaneous
abartions, and children with either congenital defects or low birth weight ware
reviewsd, and with one exception (a pregnant female possibly exposed to rubella
during her first trimester whose child was born with a congenital defect) none
of these factors could be documented in the Love Canal area.

Yariability in interviewer technique and/or respondent recall might account
for somz of the significant differences we observed. Analysis of the data by
individual interviewer did not suggest that the excesses observed ware attributable
to any one interviewer. We also examined tha time interval botwesn the date of

interview and the date of spontansous abortien for the wal2r and non-water areaas.
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The mean interval was only approXimately 2.7 years greater for the water area.

Finally, our validity checks suggested that the accuracy of respondent recall
was comparable in the Love Canal and north of Colvin areas. When the low birth
weight information as determined by interview data from each area was compared
with that obtained from Vital Records, the results were similar. Only the water
area had a significant excess of low birth weights (p = .0009, relative risk 2.3},
when compared with the percent of low birth weights recorded in Hew York Sfate
excluding New York City.

O0f all the factors mentionad above mother's age, parity, smoking, drinking
and social class as indicated by educational status are probably the most important.
House age and duration of residence are also important considerations. Collectively,
these factors could conceivably account for tha results obtainad. This possibility
was examined using maximum likelihood linear logistic regression {44). The effects
for all variables were assumed to be linear, additive, and the same in all regions.
The assumptions are only crudely approximate but should reveal serious confounding
problems. A separate constant term or intercept was estimated for each area and
comparisons between areas were made in terms of intercepts. The method used was
essentially an analysis of covariance approach for binary data. Each pregnancy was
treated as a separate, independent event. Hence, differences in rates for different
mothars were not accounted for beyond differences in the variables given above. The
main conclusfon from the logistic analyses is that comparisons of the arsas studied
were not affected greatly when adjusiments were made for those Tactors listed above
as a group.

The p-values from the logistic analyses need to be considersd in conjunctien
with those of BETA, JACK, SORT, and PER, since the logistic model was necessarily
sinlified in many respects. A synthesis of the resulls indicates an excess of
miscarriages in the water arca over either the north of Colvin or non-water areas. Ti2
vater area would also appear to have an excess of low birth weights corpared to

nuorth of Colvin.
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Conclusions

Qur findings are consistent with the possibility that a slight to rmoderate
excess of spontanegus abortions andfor low birth weights might have occurred on
99th Street and historic water sections of the Love Canal area, Similar pregnancy
outcome patterns have been observed among women living in close proximity to a
smelter in Morthern Swaden which produces a number of metallurgical and chemical
products (45). The results obtained with congenital defects were not statistically
significant, but the highest percentages were observed on 29th Street adjacent 1o
the Canal and the historic water section. This could be dus to the fact that a
major portion of the congenitally malformed fetuses are aborted (17)}. Although
these pbservations could not be explained by the various puteﬁtia11y confounding
factors examined, they might be attributed to other variables not considered. The
possible deficiencies of each of the comparison groups have already been discussed.
The water/non-water dichotomy has certain limitations, particularly with regard to
the lateral boundaries of the historical swale, Othar obvious limitations are the
small numbers involved in t&rfain statistical analyses, and the fact that much of
the data obtained for this investigation are based on recall of pregnancy outcomes,
This is particularly true for spontaneous abortions due to problems with recognition
and ascertainment. Birth weight, since it was obtained from Vital Records, is
clearly the more objective and reliable indicator. Finally, and most importantly,
we have not yet been able to correlate the geographic distributions of adverse
pregnancy outcomes with chemical evidence of exposure. AL present, thersz is no
diract evidence of a cause-effect relationship with chamicals from the Canal.

With a great deal of caution we can speculate on the implications of our Tindings
with regard to the possible modes of exposure to Canal chemicals. The hypothesis
favoring some general route of exposure Lo toxins (e.g. modes 1, & and 9, Table &)
was not found to bo statistically significant. In addition, the water/non-water

e
L

dichotamy and anccdotal information are not consistent with poleniial mod2s o
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exposure which are strongly dependent on personal behavior (e.q. modes 5, & and 10,
Table §). OQur observations appear to be most consistent with hypothetical exposurs
related to historic low lying areas such as modes 2, 3, 7 and possibly B {Table 6).

Dosage and temperal factors might also be important considerations in explain-
ing the different geographic patterns observed for spontanzous abortions and low
birth weights. It would seem reasonable that the proximity of houses directly
adjacent to the Canal might explain the fact that spontansous abortion was the most
cammon unfavorable pregnancy outcome observed on 99th Street. The apparent ahsencE
of an excessive number of miscarriages on 97th Street, adjacent to the Canal, might
be explainad partially by the fact that many of the houses were nof built until the
late 1960's and early 1970's., In contrast the vast majority of spontanzous abortions.
on 99th Strest occurred in the early 19580's.

The historical water area was also characterized by an apparent excess of this
end point, particularly during the early 1%60's. Interastingly tha rise in
spontaneous abortions bagan less than one year after land filling was largely
completed in this arsa. While this observation may well be fortuitous, it tends
to support the chemically-contaminated landfill hypothesis (Table &, Number 7).

In contrast, if the historical swales ever provided a surficial conduit for chemicals
from the Canal to this area, available evidence suggests that this particular
mechanism of transmission ceased by 1956. Finally, the excess of low birth waighis
in the historical water area and not $9th Streat adjacent to the Canal is consistent
with the hypothssis that the occurrence of indicators (low birth weights versus
spontansgus abortions) might be related to the concentration of chemicals to which
pregnant females were exposed.

Epidemiologic studies which attempt to determine whether certain biologic
end points might be related to potential exposure to a multiplicity of chemicals,
occurring in the past, are exceedingly difficult. The indicators of human toxicity

selocted might not be sufficiently sensitive. Gthar health effects, netb yot
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considered might be more appropriate end points. The methodologic approaches
ernloyed might be too insensitive to detect real Tow level risks. The distinction
between exposed and unexposed groups might not be as clear-cut as it is in certain
occupational settings. In the absence of supporting environmental data, epidemio-
logic observations, as described in this report, must be interpreted with great
caution. Furthermore, the inherent limitations in attempting to demonstrale an
association between chemicals currently found in the study area and certain adverse
biologic events, many of which occurred several years acgo, must be appreciated.

Despite the current limitations of epidemiology in investigating environmental
problems such as the Love Canal, it remains the only direct means of measuring
huran risk. We believe our observations provide the rationale for several hypothases

dealing with the most likely routes of chemical migration (46]).
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The use of two chemicals as indicators of the spread of contamination in
an industrial landfill where over 200 compounds have already been identified
has obvious Timitations. HMNonetheless these initial observations did suggest
that houses directly adjacent to the Canal should be examined apart from those
in more peripheral areas.
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Table 1. Preliminary List of Compounds Found in Love Canal Air or Soil Samples

Chlorotorm

Carbon tetrachloride
1,1-dichloroethane
1,2-dichloroethane
1,1,1-trichloroethane
Trichloroethylene
Tetrachloroethylene
Chlorobanzene
Dichloraobenzene (2 isomers)
1,2-dichloropropane
Chlorotoluene (2 isomers)
Chlorobenzaldehyde (isomers)
Dichlorotoluene (3 isomers)

Dichlorobenzaldehyde (isomer)

Trichlorobenzene (3 isomers)
1,2-dibromoethane ,
Trichlorotoluene (5 isomers)
Tetrachlorotoluene {isomers)

Tetrachlorabenzene (3 isomers)
Benzene
Toluene
o, m, p, Xylenes
Benzaldehyde
Chlorotoluenes
Pentachlorobenzense
Alkyl phenols
Hexachlorobenzene
BHC's (4 isomers)
Tetra, penta, hexa chlorinated
anthracenes or phenanthraeness**
2,3,7,8 TCDD and other TCDD**
Hexachlorodibenzadioxin®**
Dichlorodibenzaodioxin**
Chlorinated napthalenes** (isomers]
Trichloro phenols (isomers)
PCB's (2 isomers)
Octachlorocyclopentene™*

* The first 21 chemicals listed were identified by both the Envirunmentql
Protection Agency and the Mew York State Health Department. The remaining
comoounds were identified by the Hew York State Health Department.

*% Tentative assignment
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Table 2. Pregnancy Histories and Age Distribution of Female Residents
of Specified Sections of the love Canal and the Morth of Colvin Area

Horth

Pregnancy History at Present Address 99th*  O7th*  Mater ton of

Hater -

Colvin
Women Ever Pregnant 22 20 49 98 66
Humber of Pregnancies** 50 29 108 164 125
(sets of Twins) (1) (2) (2)

Women with Live Births 21 19 44 g2 64

Mumbar of Live Births ' 39 26 83 144 110

Komen with Miscarriages 7 3 16 16 11

Number of Miscarriages 12 3 25 21 11

Women with Birth Cefect Child 4 ] 7 7 7

Number of Eirth Defect Children 4 0 10 7 8

Homen with Low Birth Weight Child 1 0 10 b 3

Humber of Low Birth Weight Children 1 0 13 11 3

Women with Stillbirths 4 0 2 1 3

Humber of Stilibirths 0 0 2 1 4

iomen with Mo Unfavorable+ Event 14 17 22 70 45

Woman with An Unfavorable+ Event 8 3 27 28 21
Age (years) of Females

Total++ a9 90 208 474 343

0-14 26 29 49 138 b2

15-29 14 27 65 121 a0

30-44 20 i 35 9% 62

45-59 21 15 44 73 86

60 and older 8 2 14 45 34

* Houses on the Canal
** Humber of Pregnancies = (Live Births + Miscarriages + Stillbirths) Minus Twins-

+ Unfavorable Event: Miscarriage, Birth Defect Child, Stillbirth or Low Birth Heigﬁt Child
++ Total Includes Age Unknown
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Table 3. Spontanaous Abortion Ratios of Cbserved to Expected Humbers*
for Specified Areas of the love Canal Based on Two Comparison Groups

Warburton & Fraser North of Colvin

Area Comparison Group Comparison Group
P 0/E p+ O/t
99th Streat** .110 1.5 007 6.0
97th Street** *ER 0.7 >.05 1.2
Rest of Love Canal Area >, 05 1.1 .050 2.6
Water .031 1.5 007 3.4
Non Mater ek 0.8 >.05 2.0

* Standardized for Age and Parity

** Houses on the Canal
**% Observed was less than expected

+ Mantel-Haensel chi square (one sided test)
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Jable 4. Cocumented Congenital Defects Among Children Eorn
in Specified Areas of the Love Canal and the Northern Area

Location Location
Type of Malformation Sex Type of Malformation Sex
97th and 99th Strests* Mon-Water Area
Congenital deafness M Inverted testicle M
Reflux of ureters F Absence of deciduous
teeth M
Cleft palate, deformed ears
and testh, hearing defect, Extra toe M
mental retardation, heart
defect F Obstruction of urster I+
Club foot M Disaccharide deficiency M
Wo diaphragm H
Water Area
Severely retarded,
Prolapsed mitral valve M eye defect,
teeth defect F
Hlon-functioning Rt. hydro-
nephrosis F
Horth of Colvin
Born with 3 ears M
Hypospadias penis i
Ears turned down F
Deformed kidney F
One kidney F
Incomplete left lip F
Hydrocephalus M
Hydrocephal ic-slepian eye,
Club foot F deafness M
lieb toes F Mongolism F
Web toss M Diaphramic hernia H
Web toss F Immature lungs,
pulmonary insufficiency M
Congenital dysplasia of
left hip F

* Houses on the Love Canal
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Table 5. Percent of Children with Low Birth Height or with
Congenital Defects, Born in Specified Areas of the love Canal

5 Children with Chitdren witn
Location Live Low Birth Weight+ Congenital Defects

Births Number Percent P#** Mumber Percent P¥**

99th Street* 39 1 2.56  ++ 4 10.26 >.05
g7th Streat* 26 0 0.00 ++ 0 0.00 ++
Rest of Love Canal Area 227 24 10.57 .017 17 7.4 >_.05
fater 83 13 15.66 .001 10 12.05 .05

Hon YWater 144 11 7.66 >.05 7 4,86 ++

* Houses cn the Canal

*# Hormal Approximation, one-sided; sample proportion compared with population
proportion 6.97 (Average for period 1950-1977, white births recordad in
llew York State, excluding New York City)

#* Normal Approximation, one-sided, Morth of Colvin Control (7.27)

+ Defined as < 2500 grams

++ Observed was less than Population or Control
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Table 6. Possible Modes of Exposure to Toxic Chemicals

Mode

Epidemiological Implications

1) Inhalation of {(or skin contact
with) ambient air particulates

2) Household air particulates from
chemical leaching into houses and
drying on walls

3) Volatile chemicals in household
air, waterborne to the house

4) Volatile chemicals in ambient
air

5) Ingestion of (and skin contact
with) Canal soil

6} Soil-borrne chemicals brought
into nouses on foolwear

7) Toxic chemicals in transported
soil fill used to fill in wet areas

8) Volatile chemicals transported
from the Canal to storm sewers to
houses via drainage sumps

9) Chamical contamination of town
water supply

10) Ingestion of veagetables grown
in contaminated soil
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Incidence of health effects should
decrease with increasing distance from
Canal

Expected higher incidence in historic
water houses

As for 2

As for 1

Would affect people spending time on

the Canal

Would affect specific familiss, depanding
on personal habits

Would affect people 1iving in houses on
historically leow lying areas

Would affect only residznts of houses
viith sumps

Would affect a very broad area

Would affect specific Tamilies
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