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Abstract

The Salem/Hope Creek nuclear plant in southern New Jersey is one of just
four U.S. plants with three large reactors (all others consist of one or two).
These reactors started operations in 1976, 1980, and 1986 and routinely re-
leased toxic radioactive gases and particles into the environment. Only a sin-
gle study has been performed by federal officials on cancer near nuclear
plants—a study now 30 years old. A review of official mortality data using
four-year periods shows the Salem County cancer death rate was consistently
just below that of other New Jersey counties up to the mid-1980s. However,
from 1983-1986 to 2015-2017, the county rate soared from —5.4% below the
rest of the state to +32.6% above. The county/state mortality ratio for all
causes also increased rapidly in these periods, from +0.6% above to +28.4%
above the state. Salem now has the highest cancer death rate, and the 2™
highest total death rate of any New Jersey county. Had the 1983-1986 coun-
ty-state ratios not changed in the following 31 years, 3493 fewer deaths (1018
of them from cancer) would have occurred among Salem County residents.
The lack of any apparent etiologies that could have caused such a dramatic
and unexpected change, plus the fact that the Salem/Hope Creek reactors are
aging, corroding, and more prone to leaking radionuclides, emphasizes the
immediate need for more studies of this type, and the inclusion of local health
as a crucial factor in public decisions on the plant’s future.
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1. Introduction

The introduction of nuclear power as a means of generating electricity in the
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1950s has added a new set of harmful man-made chemicals into the environ-
ment. In the United States, with 98 nuclear reactors producing about 19 percent
of the nation’s electricity as of early 2019, the issue of measuring any decline in
health status is raised [1]. Despite the large number of reactors operating over
decades, the U.S. federal government has only produced one health study in
populations living near nuclear plants, a 1990 review of cancer mortality. The
study was only done after Senator Edward Kennedy raised the issue to the Na-
tional Institutes of Health [2].

The federal National Cancer Institute could not conclude whether the addi-
tion of radioactivity in the environment was or was not linked to cancer mortal-
ity. The fact that only reactors that started operations before 1982 were studied
means that many of today’s operating reactors were excluded or just several
years of post-startup data were used. Despite the Institute’s recommendation
that further analyses should be conducted, no federal study has been performed
in the nearly three decades since then [3]. With 49 of 98 reactors operating more
than 40 years—the original period regulators permitted electric companies to
operate and many more approaching the 40-year mark, it indicates studies are
needed near the plethora of aging and corroding reactors.

Most U.S. nuclear plants consist of 1 or 2 reactors. Only four plants operate
three reactors (Browns Ferry, Alabama; Oconee, South Carolina; Palo Verde,
Arizona; and Salem/Hope Creek, New Jersey). While Palo Verde has the greatest
capacity of any U.S. nuclear plant at 4341 megawatts electrical, the fact that these
reactors began operating much later than most plants means the three-reactor
plant with the second largest capacity (Salem/Hope Creek, with 3363) has possi-
bly produced the most radioactivity of any operating U.S. nuclear plant [4].

One relative indicator of how much radioactivity has been produced by nuc-
lear plants is the amount of radioactivity stored as nuclear waste. At the end of
2010, Salem had the 22™ greatest amount of such waste of 72 U.S. nuclear plants,
a total of 216,050,800 curies. The current number is considerably greater, and
Salem/Hope Creek’s ranking is higher. By contrast, the estimated 150,000,000
curies were released from the catastrophic meltdown at Chernobyl [5]. Although
the waste includes several dozen radionuclides that decay slowly, about 90% of the
waste is made up of three chemicals: Cesium-137, Plutonium-241, and Stron-
tium-90.

The purpose of this analysis will be to review trends in cancer mortality near
the Salem/Hope Creek nuclear plant, following the manner that the National
Cancer Institute took in 1990. In addition to cancer, mortality trends for other

causes of death will be explored.

2. Methods and Materials

Salem/Hope Creek consists of adjoining Salem units 1 and 2, and Hope Creek
just five miles away. The reactors, which began operating in 1976, 1980, and

1986 [1], are located on the Delaware River, in Salem County, in the southwest
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portion of New Jersey. The county is 331.9 square miles in size, indicating vir-
tually all county residents live within 15 miles of the reactors means Salem will
be chosen as the “study” area (most likely to expose its residents to radioactivi-
ty), and its mortality patterns and trends compared with those for the other 20
counties in New Jersey.

A demographic comparison of Salem County and New Jersey is given in Ta-
ble 1 [6].

There appears to be no distinct pattern suggesting whether Salem County has
a higher or lower risk of cancer mortality than the state of New Jersey. A mostly
rural and small-town area of 62,792 residents, Salem has lower percentages of
Asians, college graduates, household income, and a higher percent living in pover-
ty—each suggesting a more vulnerable population. Conversely, it has higher percen-
tages of Caucasians, and a lower percentage of Hispanics and foreign-born—each
suggesting a less vulnerable population. The plant is located just 18 miles from
Wilmington Delaware and 30 miles from Philadelphia Pennsylvania, geographi-
cally proximate to major medical centers that treat cancer.

The U.S. Centers for Disease Control and Prevention has made data available
on the Internet on all U.S. deaths for each year in the 50-year period 1968 to
2017 [7]. These data can be analyzed by age, race, gender, cause of death, state,
county, and other demographic measures. Because 50 years represents an un-
usually long period for a health data base, the ease in accessing it, and the fact
that it incorporates periods before and after the startup of the three reactors at
Salem/Hope Creek, the Centers for Disease Control and Prevention will be the
data source in this review. In addition, using data on mortality trends matches

the choice of the National Cancer Institute in its 1990 study.

Table 1. Demographic comparison Salem County and New Jersey.

Measure/Year(s) Salem County New Jersey

Population, July 1, 2017

Total 62,792 9,005,644
% White Non-Hispanic 74.3 55.1
% Black 14.7 15
% Hispanic 9 20.4
% Asian 1.1 10.1

Other Demographics, 2013-2017

% <65 with no health insurance 7.9 9
% Foreign-born 4.9 22.1
% High School grad. Age > 25 87.3 89.2
% College grad., Age > 25 21 38.1
% in poverty 13.3 10
Median household income $63,934 $76,475
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Also similar to the National Cancer Institute, mortality for all cancers com-
bined will be presented, grouping the data by four-year period of death (the Na-
tional Cancer Institute used five-year periods). The only three-year periods will
include 1968-1970 (the earliest data available) and 2015-2017 (the most recent
data available).

The rate of deaths per 100,000 persons (all ages), adjusted to the 2000 U.S.
standard population, will be the measure of mortality employed in this review.
Age-adjustment is a long-employed statistical method used in epidemiology to
facilitate true comparisons between groups, to avoid bias such as the highest
mortality rates consistently occurring in areas heavily populated by the elderly.
Two sets of findings will be presented, namely 1) all-cause mortality, as radioac-
tivity can harm various body systems, [8] and 2) all cancers combined, as the
carcinogenic properties of radioactivity are well-recognized.

Mortality rate data will be accompanied by Salem County’s rank in the state.
As New Jersey consists of 21 counties, a ranking of #1 signifies the highest rate in
the state, while a ranking of #21 indicates the lowest rate in the state.

The test of whether differences in mortality rates between county and state are
statistically significant will use 95% confidence intervals. All data on confidence
intervals, age-adjusted death rates, number of deaths, and populations are auto-

matically calculated with the Centers for Disease Control and Prevention data base.

3. Results
3.1. Mortality for All Cancers

Table 2 and Figure 1 present age-adjusted mortality for all malignant cancers
combined for each four-year period from 1968 to 2017.

For each of the periods from 1968-1970 to 1983-1986, the cancer mortality
rate for Salem County remained slightly below the rate for all other New Jersey
counties, varying between —0.1% and —5.4%. These differences were not statistically
significant. Of the 21 New Jersey counties, the Salem rate varied from 10™ high-
est to 17™ highest.
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Figure 1. % Salem county is +/— other new jersey deaths from all cancers combined, by
4-year periods, 1968-2017. Number of deaths/100,000 population, adjusted to 2000 U.S.
standard.

DOI: 10.4236/jep.2019.104028 491 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.104028

J. Mangano, J. Sherman

Table 2. Mortality, all cancers combined Salem County vs. all other NJ by four-year pe-
riods, 1968-2017.

Salem County Other N. Jersey % Salem vs.

Year of Death Deaths Rate Deaths Rate Oth NJ Rate  Rank
1968-1970 316 214.49 38,477 221.47 -3.2% 14
1971-1974 461 220.94 54,408 221.07 -0.1% 10
1975-1978 494 224.07 58,313 224.06 0.0% 10
1979-1982 528 218.14 62,112 225.34 -3.2% 16
1983-1986 567 217.22 66,942 229.55 -5.4% 17
1987-1990 629 229.17 69,706 230.21 -0.5% 11
1991-1994 698 248.16 72,030 227.51 +9.1%* 2
1995-1998 677 233.65 72,254 216.63 +7.9%* 2
1999-2002 701 238.87 71,542 204.11 +17.0%* 1
2003-2006 636 207.85 68,880 187.91 +10.6%* 6
2007-2010 670 208.4 66,658 173.07 +20.4%* 1
2011-2014 656 191.88 65,443 159.32 +20.4%* 2
2015-2017 514 196.26 48,397 147.96 +32.6%* 1

*County rate is significantly different than other New Jersey at p < 0.05 (borderline significant for
1995-1998). Rates = annual cancer deaths per 100,000 population, adjusted to 2000 U.S. standard popula-
tion. Malignant cancer codes are 140-209 (1968-1978); 140-208 (1979-1998); C00-C97 (1999-2017). Source:
U.S. Centers for Disease Control and Prevention. https://wonder.cdc.gov. Rank: 1 = highest rate of any
county in the state, 21 = lowest rate of any county in the state.

After 1986, a dramatic change was observed. In the four years after 1983-1986,
the Salem rate rose from —5.4% below to just —0.5% below other New Jersey.
Thereafter, the Salem rate exceeded that of the other New Jersey counties for
each period. The excesses increased steadily, until reaching 32.6% above the rest
of the state in 2015-2017. The county rate was significantly higher than the rest
of the state for each period after 1990. In six of seven most recent four-year pe-
riods, Salem county had the 1% or 2™ highest cancer mortality rate of the 21
counties. The number of cancer deaths per year among Salem County residents
has increased from about 110 per year in 1970 to about 170 per year at present.

Table 3 shows the Salem County cancer mortality rate, compared to other
New Jersey counties, for each gender, race, ethnic group, age group, and the four
most common types of cancer, for the most recent 10-year period (2008-2017).

For the 10-year period 2008-2017, the Salem County cancer mortality rate was
significantly greater than the other New Jersey counties for
- All persons (+25.2% higher)

- Males (+32.1%) and females (+17.9%)

- White non-Hispanics (+19.0%) and black non-Hispanics (+16.3%)

- Ages 25 - 44 (+84.2%), 45 - 64 (+31.6%), and 65 or over (+20.8%)

- Lung (+43.2%), female breast (+18.1%), male prostate (+57.4%), colorectal
(+20.3%)
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Table 3. Mortality, all cancers combined Salem County vs. all other NJ, 2008-2017 by
gender, race, age, and cancer type.

Salem County Other N. Jersey % Salem vs.

Category Deaths Rate Deaths Rate Oth NJ Rate  Rank
Total 1685 198.96 163,557 158.96 +25.2%* 1
Male 891 246.13 80,594 186.34 +32.1%* 1
Female 794 166.39 82,963 141.10 +17.9%* 1
W Non-Hispanic 1427 200.28 127,816 168.37 +19.0%* 2
B Non-Hispanic 226 222.77 20,418 191.59 +16.3%* 2
W Hispanic 18 + 10,058 110.75 + +
Age0-24 6 + 737 2.64 + +
Age 25 - 44 48 31.74 3882 17.23 +84.2%* 1
Age 45 - 64 431 206.68 40,719 157.09 +31.6%* 3
Age 65+ 1200 1127.99 118,213 933.69 +20.8%* 1
Lung 468 54.92 39,322 38.35 +43.2%* 1
F Breast 124 26.7 13,100 22.60 +18.1%* 1
M Prostate 100 29.71 7661 18.87 +57.4%* 1
Colorectal 156 18.11 15,588 15.06 +20.3%* 1

*County rate is significantly different than other New Jersey at p < 0.05 at (borderline for black
non-Hispanic, female breast, and colorectal). + = insufficient data to generate rates. Codes are C33-C34
(lung/bronchus/trachea); C50 (F breast); C61 (M prostate); C18-C20 (colorectal). Source: U.S. Centers for
Disease Control and Prevention. https://wonder.cdc.gov. Rank: 1 = highest rate of any county in the state,
21 = lowest rate of any county in the state.

In each of the above categories, the Salem rate was the highest of any New
Jersey county, except for white non-Hispanics (2" highest), black non-Hispanics
(2™ highest), and age 45 - 64 (3™ highest).The number of deaths among white
Hispanics (18) and persons age 0 - 24 (6) were too small to facilitate a signific-

ance analysis.

3.2. Mortality for All Causes

Table 4 and Figure 2 present age-adjusted mortality for all causes combined for
each four-year period from 1968 to 2017.

From 1968-1970 to 1983-1986, the percent that the Salem County death rate
exceeded the 20 other New Jersey counties dropped steadily, from +9.3% to
+0.6%; the Salem County rate fell from the 3™ highest to the 11™ highest rate
(out of 21 county) in the state. After 1986, this trend reversed. A steady rise in
the county vs. state excess occurred, until it reached a high of 28.4% in
2015-2017, the most recent period. In the last six periods, after 1994, Salem
County’s mortality rate has ranked 1%, 2™, or 3 of New Jersey counties.

Table 5 shows the Salem County all-cause mortality rate, compared to other
New Jersey counties, for each gender, race, ethnic group, age group, and the four

most common types of cancer, for the most recent 10-year period (2008-2017).
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Table 4. Mortality, all causes combined Salem County vs. all other NJ by four-year pe-

riods, 1968-2017.

Salem County

Other N. Jersey

% Salem vs.

Year of Death Deaths Rate Deaths Rate Oth NJ Rate ~ Rank
1968-1970 1890 1409.24 203,047 1289.30 9.30% 3
1971-1974 2500 1304.13 271,362 1207.81 8.10% 4
1975-1978 2331 1120.79 260,373 1077.18 3.60% 8
1979-1982 2460 1067.66 267,129 1034.67 3.20% 7
1983-1986 2548 1018.07 278,961 1011.50 0.60% 11
1987-1990 2625 993.39 284,807 981.99 1.20% 9
1991-1994 2721 993.20 283,649 918.59 +8.1%* 5
1995-1998 2813 984.26 288,227 873.45 +12.7%* 2
1999-2002 2827 971.41 294,673 840.89 +15.5%* 2
2003-2006 2896 945.67 284,483 773.57 +22.2%* 3
2007-2010 2815 869.07 274,645 704.95 +23.3%* 1
2011-2014 2831 830.81 280,980 676.30 +22.8%* 2
2015-2017 2227 854.81 218,045 665.79 +28.4%* 2

*County rate is significantly different than other New Jersey at p < 0.05. Rates = annual cancer deaths per
100,000 population, adjusted to 2000 U.S. standard population. Source: U.S. Centers for Disease Control
and Prevention. https://wonder.cdc.gov. Rank: 1 = highest rate of any county in the state, 21 = lowest rate

of any county in the state.

Table 5. Mortality, all causes combined Salem County vs. all other NJ, 2008-2017 by
gender, race, and age.

Salem County Other N. Jersey % Salem vs.

Category Deaths Rate Deaths Rate Oth NJ Rate  Rank
Total 7181 846.93 704,700 679.17 +24.7%* 2
Male 3550 1016.85 340,704 808.67 +25.7%* 2
Female 3631 713.04 363,996 579.1 +23.1%* 2
W Non-Hispanic 5927 824.3 549,249 701.51 +17.5%* 2
B Non-Hispanic 1067 1080.24 90,478 872.69 +23.8%* 1
W Hispanic 125 690.9 45,190 513.24 +34.6%* 3
Age0-24 143 72.09 13,417 48.37 +49.0%* 3
Age 25 - 44 313 204.84 28,553 124.37 +64.8%* 2
Age 45 - 64 1402 692.99 123,703 484.57 +43.0%* 2
Age 65+ 5322 4798.65 538,983 4093.78 +17.2%* 2

*County rate is significantly different than other New Jersey at p < 0.05. Source: U.S. Centers for Disease

Control and Prevention. https://wonder.cdc.gov. Rank: 1 = highest rate of any county in the state, 21 =

lowest rate of any county in the state.

For the 10-year period 2008-2017, the Salem County all-cause mortality rate

was significantly greater than the other New Jersey counties for
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Figure 2. % Salem county is +/— other New Jersey deaths from all causes combined, by
4-year periods, 1968-2017. Number of deaths/100,000 population, adjusted to 2000 U.S.
standard.

- All persons (+24.7% higher)

- Males (+25.7%) and females (+23.1%)

- White non-Hispanics (+17.5%), black non-Hispanics (+23.8%), and white
Hispanics (+34.6%)

- Ages 0 - 24 (+49.0%), 25 - 44 (+64.8%), 45 - 64 (+43.0%), and 65 or over
(+17.2%)

In each of the above categories, the Salem rate was the 2°® highest of any New
Jersey county, except for black non-Hispanics (1* highest), white Hispanic (3"
highest), and age 0 - 24 (3" highest). Elevated rates in Salem County were statis-
tically significant in each category, as the numbers of deaths are relatively large

(currently, over 700 Salem County residents die each year).

4. Discussion

The analysis of trends and current patterns of mortality in Salem County has re-
vealed distinct patterns, both for all causes combined and for all cancers com-
bined.

Through the late 1960s and continuing through all the 1970s to the mid-1980s,
the county consistently showed all-cause death rates insignificantly above the
rest of the state, which improved from +9.3% above to a low of +0.6% above in
1983-1986. The death rate for all cancers combined during this time also reached
alow of —5.4% in 1983-1986.

However, beginning in 1987, the all-cause mortality rate in the county, com-
pared to the state steadily increased, as did the all-cancer mortality rate. Rates
continue to rise, peaking in the most recent period of 2015-2017. Table 6 shows
the percentages that Salem County rates exceed that of the other 20 New Jersey
counties; it also calculated an “excess death” total for all causes and all can-
cers—calculated as the difference between the actual number of deaths minus
the “expected” number, based on the presumption that 1983-1986 county/state
ratio (+0.6% for all causes, —5.4% for all cancers) would not change.

The “excess” number of deaths among Salem County residents in the 31-year
period 1987-2017 was 3493, of which 1018 were cancer deaths. These excesses
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Table 6. Excess age-adjusted mortality rate all causes and all cancers combined Salem
County vs. all other NJ, 1987-2017.

All Causes Combined All Cancers Combined
Year of Death  Co. vs. NJ Deaths Excess Co. vs. NJ Deaths Excess

1983-1986 0.60% - - —5.40% - -
1987-1990 1.20% 2625 16 -0.50% 629 31
1991-1994 8.10% 2721 204 9.10% 698 101
1995-1998 12.70% 2813 340 7.90% 677 90
1999-2002 15.50% 2827 421 17.00% 701 157
2003-2006 22.20% 2896 626 10.60% 636 102
2007-2010 23.30% 2815 639 20.40% 670 173
2011-2014 22.80% 2831 628 20.40% 656 169
2015-2017 28.40% 2227 619 32.60% 514 195

TOTAL 21755 3493 5181 1018

Ex: Excess deaths for all causes, 1991-1994 = (county/state ratio for 1991-1994 - county/state ratio for
1983-1986) x 1991-1994 deaths: (8.1% - 0.6%) x 2721 = 204. Source: U.S. Centers for Disease Control and

Prevention. https://wonder.cdc.gov.

are about 16% of all county deaths for all causes, and 20% of all cancer deaths.
With county/state ratios having reached highs in the most recent period, it is
very likely that excess deaths will increase in the future.

The obvious issue raised in this report is that of etiology; that is, what factor(s)
caused such a dramatic and unexpected rise in Salem death rates compared to
the rest of the state. This question is not easily answered, as potential factors ac-
counting for trends in death rates are multiple, and often cannot be identified.

Addressing the mortality trends of the past three decades in Salem County
requires identification of potential causes that could not account for such trends.
Commonly analyzed factors include changes in demographic makeup within the
county, changes in access to medical care, and changes in living conditions.

The fact that both cancer and all-cause mortality have increased simulta-
neously in Salem County suggests a potential common cause, and further may
suggest a deterioration in the health care system, and health services perfor-
mance indicators should be reviewed. Still, an excess deterioration in Salem
County’s system, compared to the state of New Jersey, would have to be demon-
strated to support the health care system as a factor in the rising county/state
mortality ratios.

A review of data shows no obvious differences in trends between Salem
County and the rest of New Jersey. Similar demographic trends were expe-
rienced; Hispanic and black proportions of the population rose; male/female ra-
tios and age-specific distribution remained essentially unchanged. No differenc-
es in trends in geographic access to medical care were obvious between county
and state, nor were financial access to services. Finally, trends in living condi-

tions (poverty, housing, food consumption, and unemployment) were similar
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for both state and county.

While many environmental toxins exist, trends in most are likely no different
in Salem County. In fact, since the county’s population remained essentially un-
changed during the 50 year period studied, and most county residents lived in
rural areas or small towns, no new industry that could account for such a huge
rise in the mortality gap with the state can be proposed—with the exception of
the startup of three large nuclear reactors, which routinely release carcinogenic
radioactivity into the environment, and into human bodies through breathing
and the food chain.

The fact that the reactors began operating in 1976, 1980, and 1986 raises the
question of why sharp mortality increases did not occur immediately after the
startup of the first reactor. Instead, the change first can be detected by a small
rise in the late 1980s (11 - 14 years after the startup of Salem unit 1), followed by
large and continuing increases thereafter. The known latency between exposure
and cancer manifestation (plus the latency between diagnosis and death) leads us
to suggest that radioactive exposures could account for at least some of the gap
between plant startup and mortality increases [9].

Findings interact with previous reviews, which have identified similar trends
to those identified here. For example, one article focused on cancer incidence in
Sacramento County, California USA, site of the Rancho Seco nuclear plant,
which closed in 1989. The county/state ratio from the last two years of plant opera-
tion (1988-1989) were compared with those of the following 20 years (1990-2009).
The ratio after shutdown was consistently lower than before shutdown, leading
to the estimate of 4319 fewer actual cancer cases versus expected, Ze., a continu-
ation of the 1988-1989 ratio [10]. These similar findings lend greater credibility
to the theory that Salem County increases in cancer mortality are due at least in
part to continuing radioactive exposures from nuclear plant releases.

Exposure levels to nuclear plant emissions are impossible to calculate with
precision. There are many separate radionuclides that are emitted; some have
long half-lives while others decay rapidly; there is no steady emission pattern by
time period; and the directions that gases and particles take once in the envi-
ronment vary. Measuring levels of radioactivity in bodies of local residents
would help, but only one known such study in the U.S. exists—an analysis of
Strontium-90 in 5000 baby teeth [11]. Still, even relatively low doses of radiation
exposure such as those of routine emissions from reactors, are known to cause
damage to human health; a blue ribbon panel’s most recent report reviewed
hundreds of studies and concluded radiation takes a linear, no-threshold
dose/response in health (no threshold meaning hazards exist even at very low
doses [9].

Appropriate actions following this new knowledge include the need that gov-
ernment experts in health and the environment to engage in public discussions
of the relationship between radioactive emissions from Salem/Hope Creek and
local health patterns. Periodic studies of health trends and patterns near plants

are merited, as this report only reviewed mortality (not incidence) for two
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measures of health (all-cause mortality and all-cancer mortality).

A second follow up to this report is the dissemination of results among public
elected and regulatory officials, who are mandated to maintain the safety of New
Jersey residents, along with the public at large. The discovery of distinct trends
that were previously unknown, more than three decades after they began, indi-
cates that additional studies such as this should be conducted by officials. Final-
ly, as Salem unit 1 has operated over 40 years, and Salem 2 will soon reach this
milestone (the original legally-allowed period granted by government to oper-
ate), health patterns and trends should be a standard component in any public
discussion and decision on the future of the Salem/Hope Creek plant.

Comparable efforts should be made near other operating nuclear plants. With
116 million Americans living within 50 miles from a nuclear power plant, the
Salem situation should be seen as part of a national issue, not just a local one
[12].
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