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Abstract

Superfund sites are polluted locations in the U.S. designated by the Environmental Protection Agency for cleanup
due to hazardous waste contamination. The U.S. Government Accountability Office estimates that 50% of U.S.
Superfund sites are at risk of flooding, potentially leading to mobility of contaminants into the environment. We
investigate the relationships between rainfall, snowpack, and storms with levels of contaminants in well water
beneath Dzus Fasteners Co. in West Islip, New York (NY, 2011-2019) and American Thermostat Co. in South Cairo,
NY (2005-2011) using data shared by the New York State Department of Environmental Conservation. At Dzus,
sampling was conducted approximately yearly. During Superstorm Sandy in October 2012, the water table beneath
Dzus rose 1to 2 meters due to storm surge, then receded into the Atlantic Ocean via Willetts Creek. In a Dzus
monitoring well (MW), cadmium (Cd) increased from 64.4 ug/L in August 2012, to 120 pg/L in November 2013;
lower levels of Cd were seen in other MWs. In April 2013, after Sandy, 14 out of 70 sediment samples collected
along Willetts Creek were above 90 mg/kg Cd, with a maximum of 1,600 mg/kg; the previous maximum was
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133 mg/kg. At American Thermostat, positive correlations were detected between volatile organic compounds and
both rainfall and snowpack in three out of six observation wells. For example, in well observation well 12, snowpack
showed strong correlations with the on-site main contaminants: trichloroethylene (r = 0.96) and
tetrachloroethylene (r = 0.86). Despite limited sampling data, these case studies suggest that contaminant levels
in groundwater and nearby sediment at Superfund sites can increase with rainfall, snowpack, and intense storms.
Increased monitoring frequency is recommended to better understand the impacts of storms and precipitation at
Superfund sites.

Keywords: Hazardous waste sites, metals, volatile organic compounds, extreme weather, Superstorm Sandy

INTRODUCTION

Recent storm events have shown that variations in rainfall, flooding, and groundwater levels can mobilize
contaminants at hazardous waste sites, particularly Superfund sites, but patterns and long-term changes are
not well-characterized. Superfund sites are polluted locations in the U.S. designated by the Environmental
Protection Agency (EPA) for cleanup due to hazardous waste contamination™. In 2019, a U.S. Government
Accountability Office (GAO) report was motivated by news of hazardous sediment being transported from
the Gowanus Canal Superfund site to basements in Brooklyn, New York (NY), during Superstorm Sandy in
2012, and by damages to Superfund sites in Houston, Texas, during Hurricane Harvey in 2017". More
recently, in 2021, substantial widespread flooding occurred at the American Cyanamid Superfund site in
Bridgewater, New Jersey, during Hurricane Ida”. In May 2021, J. Alfredo Goémez, Director, Natural
Resources and Environment, GAO, testified before the Subcommittee on Environment and Climate
Change, Committee on Energy and Commerce, U.S. House of Representatives and reported that 50% of
Superfund sites are at risk of moderate flood hazard, 12% at risk of storm surge, and 7% at risk of sea-level
rise’”. Flooding events can influence the mobility of contaminants from hazardous waste sites, including
U.S. Superfund sites”.

Theoretical models suggest that dynamic rainfall and evapotranspiration can influence the migration of
contaminants, including organic and radioactive contaminants"*'". Water-level fluctuations can influence
redox conditions, which have been shown to impact contaminant mobility. For example, seasonal spring
flooding can mobilize dissolved lead (Pb) in inundated areas and groundwater table fluctuations due to
rainfall have been linked to the mobility of chromium (Cr)">"”). Saltwater intrusion also could mobilize soil
contaminants"*. Moreover, models suggest that 326 sites in the U.S. Superfund program, representing 18.1
million hectares of contaminated land, may be vulnerable to changes in groundwater depth or flow
direction because of sea-level rise"”. As an example, anticipated sea-level rise is expected to alter soil
biogeochemical and hydrological conditions, potentially impacting their ability to retain arsenic (As)"* and
other metals.

Collectively, the literature suggests that contaminants can become mobilized due to greater amounts of
rainfall, sea-level rise, and major flooding events, but we lack sufficient data to confirm and understand this
pattern. To address this gap, the New York State Department of Environmental Conservation (NYSDEC)
granted us access to monitoring data on state and federal Superfund sites to investigate whether storm
intensity, rainfall, and snowpack are linked to contaminant mobility at these sites. After reviewing the data
to ensure sampling was conducted at similar locations, well depths, using similar sampling protocols, and
overall data completeness, we focused on data from two sites: Dzus Fasteners and American Thermostat.
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EXPERIMENTAL

Site selection

Data were provided by the NYSDEC for seven contaminated sites. Since one goal was to understand
temporal trends, the data were then reviewed to determine whether there were at least four repeat
measurements of the same contaminant, at the same well, at the same depth, and where each sample was
followed by a subsequent sample no more than a year later. Dzus Fasteners Co. and American Thermostat
Co. successfully met those criteria while the rest did not; the case studies proceeded using these two sites
[Figure 1].

Sites

The Dzus Fasteners Co. [Figures 2-4] produced fasteners and springs at a 1-acre site in West Islip, NY, from
1937 to 2015". Personnel designed and manufactured quarter-turn fasteners, quick-acting latches, and
panel strips for military and aerospace applications, among others, and used steel, stainless steel, aluminum,
and plastic. Wastes from metal plating, tumbling, electroplating, chromic acid, anodizing, and special
finishing operations consisted of oils, heavy metals, and salts and were deposited into leaching pools on-site;
these wastes leached into the underlying soil and groundwater. The site began a remedial investigation (RI)
under the State Superfund Program in May 1992"". Since then, NYSDEC has worked to complete various
projects that include collecting samples to monitor contaminant levels and to also remediate contaminants
that are found to be at high concentrations. The primary contaminants of interest at Dzus as identified by
the NYSDEC, are cadmium (Cd) and Cr. Per the NYSDEC, the groundwater concentrations of Cd should
be no more than 5 pg/L and of Cr should be no more than 50 pg/L".

From 1954 to 1985, the American Thermostat Corporation [Figures 2 and 5] built thermostats for small
appliances on an 8-acre site in the Catskill Creek Valley in South Cairo, NY". In 1981, NYSDEC discovered
that workers had been pouring waste and organic solvents down drains attached to an abandoned septic
system and dumping solvents and sludges on the parking lot. The site was designated as a federal Superfund
site in 1983. Since then, similarly to Dzus, the NYSDEC has worked to complete various projects that
include collecting samples to monitor contaminant levels and to also remediate contaminants that are found
to be at high concentrations. Trichloroethylene (TCE) and other volatile organic compounds (VOCs),
including tetrachloroethylene (PCE), are the primary contaminants of interest. Per the NYSDEC,
groundwater concentrations of TCE and PCE should be no more than 5 pg/L™.

Datasets

For each site, each monitoring (MW) or observation well (OW) was identified in the database. The
properties of the wells were then compared to ensure that the analysis method of the sample and the depth
from which the sample was obtained were the same across each of the sampling points within a well. After
ensuring that each well was sampled using similar protocols over time, we compiled a dataset of repeat
measures of different contaminants at each site. At Dzus, there were 12 MWs with sampling data before and
after Superstorm Sandy, with 5-11 samples collected at each well (2011-2019). Data on Superstorm Sandy’s
water table rise and sediment measurements at Dzus were recorded by NYSDEC. Filtered and unfiltered
groundwater samples were analyzed for total and dissolved Target Analyte List Metals (including mercury)
via U.S. EPA Method 6010"¥. At American Thermostat, there were 6 shallow OWs, with 5-11 samples
collected at each well (2005-2011). Methods for the analysis of water samples for VOCs at American
Thermostat were not provided. Precipitation data were obtained from the National Environmental Satellite,
Data, and Information Service report of Record of Climatological Observations. More specifically, daily
precipitation data for the Dzus site were obtained from the National Weather Service (NWS) Forecast
Office in Upton, NY, and the precipitation data for the American Thermostat site were obtained from the
NWS Forecast Office in Albany, NY.
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SITE SELECTION

GSDEC provided datasets for seven sita
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Figure 1. Flowchart illustrating the selection process for the sites that were used as case studies.
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Figure 2. Map of locations of the two Superfund sites in New York created by the authors.
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Figure 3. Map of groundwater MWs and direction of groundwater flow at the Dzus site from page 24 of the Dzus Fastener Company
and are not

Quarter 2 2024 Sampling Data Summary Report™ Figures came from publicly available government reports"™®

copyrighted. MWs: Monitoring wells.

Figure 4. Zoomed-in map of groundwater MWs and direction of groundwater flow at the Dzus site from page 24 of the Dzus Fastener
Company Quarter 2 2024 Sampling Data Summary Report"™. Figures came from publicly available government reports™ and are not
copyrighted. MWs: Monitoring wells.

Statistical analysis

At Dzus, data collection included the period before and after Superstorm Sandy (Oct 2012). We visually
plotted the data at 12 groundwater MWs and along sediment transects to investigate whether metal
contaminants increased after Sandy. At American Thermostat, we calculated Pearson correlation
coefficients using a cloud-based RStudio Integrated Development Environment (IDE) to investigate the
relationship between precipitation and VOC levels in each well. Precipitation was defined as a one-day and
seven-day average (the six days preceding the sampling event plus the one day of sampling). Three different
NWS categories of precipitation were considered: (1) Rain and melted snowfall; (2) snow, ice pellets, and
hail; and (3) snow, ice pellets, and hail on the ground at the time of the observation (i.e., snowpack). The
NWS defines “rainfall” as the amount of precipitation of any type, primarily liquid; “snow”, as precipitation
in the form of ice crystals formed directly from the freezing of the water vapor in the air; “snowpack” as the
total snow and ice on the ground, including both the new snow and the previous snow and ice which has
not melted; “ice pellets” as pellets of ice composed of frozen or mostly frozen raindrops or refrozen partially
melted snowflakes; and “hail” as shower precipitation in the form of irregular pellets or balls of ice more

21-25]

than 5 mm in diameter, falling from a cumulonimbus cloud” .

RESULTS AND DISCUSSION

At the Dzus site, nine of the twelve MWs did not show meaningful changes in levels of metals
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Figure 5. Map of groundwater wells and direction of groundwater flow at the American Thermostat site from page 10, including a
zoomed-in version on the right panel, from the Fourth Five-Year Review Report Addendum American Thermostat Superfund Site?”. The
3 wells depicted in Tables 1 and 2 are circled in red; the other 3 wells depicted in Supplementary Table 1 are circled in black. Figures
came from publicly available government reports™”’ and are not copyrighted.

[Supplementary Figure 1]. However, three MWs located close to West Islip Creek showed increases in Cd.
At MW-13A, for example, Cd increased from 10.3 pg/L in May 2011, to 64.4 pg/L in August 2012, to a peak
of 120 pg/L in November 2013 [Figure 6]. Superstorm Sandy impacted the region in October 2012 and the
water table rose by approximately 1.5 m at Dzus, to about 1 m below the surface. At MW-23B, Cd levels
increased before Sandy, then a little more after Sandy, and gradually decreased. At MW-3, Cd levels
increased following Sandy and then decreased. The three wells with increased Cd, MW-13A, MW-23B
(located next to MW-23A), and MW-3, are essentially in a line with groundwater flowing from MW-3,
under the site, to MW-13A, and to MW-23B. About 6 months after Sandy (April 2013), seventy sediment
samples were collected along Willetts Creek adjacent to the Dzus site, and fourteen samples (20%) were
above 90 mg/kg Cd with a maximum of 1,600 mg/kg. Another five were above 9 mg/kg Cd, the site cleanup
criterion level. For comparison, background levels of soil Cd in the U.S. are less than 1 mg/kg". The
previous maximum sediment sampling concentration was 133 mg/kg from 6 samples collected in 2006, with
only 1 sample above 90 mg/kg. Levels of Cd in well water dropped over time [Figure 6 and Supplementary
Figure 1], and site remediation began in 2016, which involved dredging the sediment in the creek and the
soil beneath the site.
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Figure 6. Cadmium concentration (ug/L) at MW-13A, Dzus site (2011-2019). MW: Monitoring well.

Of note, no other trace contaminants showed temporal trends around Superstorm Sandy at MW-13A
[Supplementary Figure 2]. However, of the 16 contaminants, Cd was the only one whose levels were
elevated above background, suggesting that contaminants need to be at elevated levels to indicate a possible
impact from Superstorm Sandy.

At American Thermostat, there were six main OWs with repeat samples. Three of these wells had lower
contaminant concentrations [Supplementary Table 1] and no clear changes over time (OW-6, OW-9, and
OW-10); the other three wells, OW-3, OW-15, and OW-12, are depicted in Figure 5. For these three wells,
we report the Pearson correlation coefficients and P-values for contaminants in relation to same-day snow,
ice, and hail on the ground (i.e., snowpack) [Table 1], and rain and melted snowfall [Table 2]. Several
positive correlations were statistically significant (P-value < 0.05), indicating higher concentrations of
contaminants with higher precipitation or snowpack. More contaminants showed associations with snow,
ice, and hail on the ground, compared with rain and melted snowfall. In addition, since PCE and TCE were
the contaminants of interest, there was longitudinal data for PCE and TCE, which we are showing at OW-
12 for same-day snow, ice, and hail on the ground [Figure 7] and rain and melted snowfall [Figure 8].

Correlations with snow, ice pellets, and hail were not observed. On December 17, 2008, there was a larger
amount of snow, ice, and hail on the ground (2 inches), which corresponded with higher concentrations of
TCE and PCE at OW-12. On the same date, a higher amount of rain and melted snowfall was reported (0.4
inches) and was also associated with higher levels of TCE and PCE at OW-12.

These case studies provide some evidence that (1) a major storm event (Sandy) is associated with higher
levels of Cd at MWs and down creek from the Dzus Superfund site; and (2) larger amounts of rainfall or
snow accumulating on the ground are associated with higher concentrations of VOCs at OWs at the
American Thermostat Superfund site. This pattern, however, was not universal across the MWs at the
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Table 1. Pearson correlation coefficients and P-values for contaminants and same-day snow, ice, and hail on the ground at three OWs
at the American Thermostat site (2005-2011)

OW number

Contaminant OW-3 OW-15 OW-12

r P-value r P-value r P-value
1,1-Dichloroethene 0.72 0.04 0.17 0.69 0.98 <0.01
TCA 0.99 <0.01 0.22 0.68 -0.54 0.27
1,1,2-Trichloroethane 0.96 <0.01 -0.41 0.42 -0.63 0.18
1,1,2,2-Tetrachloroethane 0.90 0.01 -0.46 0.36
1,2-Dichloroethane 0.96 <0.01 -0.47 0.35 -0.60 0.21
2-Hexanone 0.73 0.02 0.74 0.01 0.34 0.29
Acetone 0.40 0.25 0.60 0.04 0.26 0.41
Carbon disulfide 1.00 <0.01 -0.28 0.06 -0.57 0.43
Carbon tetrachloride 0.98 <0.01 0.30 0.56
Chloroform 0.93 <0.01 0.23 0.67 -0.20 0.70
Cis-1,2-dichloroethylene 0.85 <0.01 0.63 0.03 0.65 0.02
Dichloroethylene 0.87 <0.01 0.63 0.03 0.66 0.02
Methyl chloride 0.97 <0.01 0.14 0.79 -0.20 0.70
Methylene chloride 0.67 0.07 0.16 0.73 -0.28 0.60
PCE 0.64 0.05 0.32 0.31 0.86 <0.01
Toluene 0.89 0.02 0.39 0.44 0.27 0.61
Trans-1,2-dichloroethene 0.96 <0.01 -0.21 0.59 0.80 0.01
TCE 0.81 <0.01 0.92 <0.01 0.96 <0.01
Vinyl chloride 0.90 0.01 0.73 0.01 -0.02 0.95

Some of the contaminants were not measured in OW-12. Bolded values are significant (P < 0.05). OWs: Observation wells; TCA: 1,1,1-
trichloroethane; PCE: tetrachloroethylene; TCE: trichloroethylene.

sampling sites, and there was sparse sampling at all sites.

Recent reviews have summarized evidence showing that flooding events can move large amounts of
material from hazardous waste sites, including U.S. Superfund sites, and that material often contains
contaminants found on those sites, including metals, organics, and radioactive contaminants”*. However,
there are far fewer studies on contaminant mobility when the sites do not flood. In coastal areas, sea-level
rise and saltwater intrusion from storm surge, in addition to fluctuations in the water table level related to
precipitation, impact the mobility of contaminants through complex biogeochemical redox
mechanisms">'*?”*), While these redox phenomena may explain the variability observed for Cd at the Dzus
site, they do not help explain the observed variable levels of TCE and PCE at the non-coastal American
Thermostat site.

At the Dzus site, Cd was not elevated across all wells following Superstorm Sandy. The differences across
wells might be explained by spatial location and well depth"®. MW-13A is the shallowest MW with a depth
of 10.7 feet. The next most shallow is MW-3 with a depth of 11.3 feet. Both of these wells displayed an
increase in groundwater Cd after Sandy. MW-15A is located between these two wells, at a depth of 28.8 feet,
and did not display changes in Cd concentrations after Sandy. MW-23A was located further south of MW-
13A, at a depth of 14.3 feet, and did not display Cd concentration changes after Sandy.
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Table 2. Pearson correlation coefficients and P-values for contaminants and same-day rain and melted snowfall at three OWs at the
American Thermostat site (2005-2011)

OW number

Contaminant OW-3 OW-15 OW-12

¥ P-value r P-value r P-value
1,1-Dichloroethene -0.27 0.49 0.10 0.84 0.98 <0.01
TCA -0.29 0.58 0.24 0.64
1,1,2-Trichloroethane -0.36 0.48 -0.46 0.36 -0.71 0.12
1,1,2,2-Tetrachloroethane -0.14 0.76 -0.54 0.27 -0.71 0.12
1,2-Dichloroethane -0.39 0.45 -0.52 0.29 -0.71 0.12
2-Hexanone -0.29 0.42 -0.27 0.40 -0.26 0.40
Acetone -0.15 0.68 -0.20 0.54 -0.12 0.69
Carbon disulfide -0.40 0.43 -0.37 0.47 -0.67 0.33
Carbon tetrachloride -0.29 0.58 0.24 0.64
Chloroform -0.37 0.37 0.24 0.64
Cis-1,2-dichloroethylene -0.44 0.18 -0.24 0.44 0.50 0.08
Dichloroethylene -0.43 0.22 -0.24 0.44 0.46 0.1
Methyl chloride -0.24 0.65 0.24 0.64
Methylene chloride 017 0.72 0.05 0.93 -0.35 0.50
PCE -0.44 0.20 0.31 0.32 0.90 <0.01
Toluene -0.06 0.92 0.35 0.49 0.26 0.62
Trans-1,2-dichloroethene -0.40 0.33 -0.28 0.51 0.77 0.01
TCE -0.45 0.19 -0.12 072 0.92 0.00
Vinyl chloride -0.15 0.75 -0.23 0.47 -0.39 0.19

Some of the contaminants were not measured in OW-12. Bolded values are significant (P < 0.05). OWs: Observation wells; TCA: 1,1,1-
trichloroethane; PCE: tetrachloroethylene; TCE: trichloroethylene.
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Figure 7. Scatterplot of PCE and TCE with same-day snow, ice, and hail on the ground at OW-12, American Thermostat site (2005-
2011). PCE: Tetrachloroethylene; TCE: trichloroethylene; OW: observation well.
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Figure 8. Scatterplot of PCE and TCE with same-day rain and melted snow precipitation at OW-12, American Thermostat site (2005-
2011). PCE: Tetrachloroethylene; TCE: trichloroethylene; OW: observation well.

At the American Thermostat site, contaminants are only associated with snowpack at 3 of the 6 sites. We
are not sure why there are these differences across wells, but one factor may be the higher concentrations of
contaminants at OW-3, OW-12, and OW-15 [Supplementary Table 1]. Correlations are only seen at OW-12
when using the same-day rain or snowfall as our measure of precipitation. We do not have a good
explanation as to why OW-12 and OW-15 are not associated with the same-day rain or snowfall depicted in
Table 2.

The correlations between VOCs and precipitation are also not consistent across different contaminants; this
may help us better understand phenomena influencing the mobility of certain VOCs. Both TCE and PCE
are denser than water and can form a dense non-aqueous phase liquid (DNAPL) that can influence their
detection, leading to a difference from other soluble contaminants such as acetone"™. In addition, DNAPL
can become trapped and form a pollution pool that serves as a secondary source of contamination"”. This
can lead to pollutants migrating through a process known as reverse diffusion, where solutes migrate from a
zone of low permeability to a zone of high permeability"™. This might explain why PCE and TCE were more
consistently associated with measures of precipitation, compared with acetone and vinyl chloride, for
example, as seen in Table 2. Future work should involve developing an experimental model and conducting
laboratory experiments to better understand how precipitation might influence levels of different VOCs.

When considering the sediment data from Dzus and the observed increase in Cd, the salinity level of the
storm surge might have also contributed to Cd mobility. Cd tends to form the cation Cd** when dissolved
and it could compete with other cations in seawater, such as Mg*"'. This could lead to its desorption from
the soil, along with possible reactions with Cl, an anion abundantly found in seawater”. The cations and
anions in storm surge could enhance the remobilization of Cd from sediment into the groundwater®"..

The strengths of this analysis include the multi-year dataset on contaminants in groundwater samples from
wells at two U.S. Superfund sites, collated with the historic precipitation data. Our largest limitation is the
temporal sparseness of the sampling occurrence. There are not enough frequent measurements within these
wells to fully characterize and quantify these dynamics in the context of precipitation data. More frequent
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monitoring, ideally daily or weekly, is recommended across the seasons, to be able to better understand the
relationship between precipitation events and changes in concentrations of contaminants in groundwater at
U.S. Superfund sites. More frequent monitoring of the groundwater, along with more data about the spatial
distribution of contamination (on the surface and into the earth), would also be helpful for interpreting
differences between MWs.

CONCLUSIONS

This study provides data in support of the hypothesis that Superstorm Sandy increased the mobility of Cd
from the Dzus Superfund site. Remediation efforts after Sandy appear to have lowered the concentration of
Cd in Willetts Creek; however, further monitoring is recommended to understand the impacts of extreme
weather events such as storms and any potential storm surge, and their potential changes in the future.
Precipitation events at American Thermostat appear to have increased the mobility of some VOCs in some
of the MWs, although additional monitoring across the seasons is recommended to better understand these
dynamics.
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