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Trace Element Time Markers as Proxies for
the Calibration of Civil War-Era Sediment
Accumulations at the West Point Foundry

Joel W. Grossman, Robert J. Taylor, and Eri Weinstein

Abstract

Between 1989 and 1995, Joel Grossman and his team were
selected by the Environmental Protection Agency and Army
Corps of Engineers to conduct the first major archaeological
excavation of the contaminated Superfund and National Reg-
ister site of the West Point Foundry in Cold Spring, New York.
The project included both a terrestrial and a marine aspect.
The team needed to determine the depth of the buried and sub-
merged Civil War-era surface within the shoveline coves that
were lo be dredged to remove cadmium deposits deposited by
a twentieth-century nickel-cadmium battery plant. The trace
elements of copper (Cu), lead (Pb), and cadmium (Cd) were
used to calibrate the depth of historic and modern marine sedi-
ments as part of the remediation process. We selected copper
and lead because both metals represent industrial byproducts
of military smelting. Six cores were successfully recovered from
submerged Hudson River and marsh sediments. We used
the depth of recorded increases in the levels of both metals to
demarcate the onset of foundry operations in 1817. Increases
in mid-level readings of Pb and Cu suggested a major increase
in effluents during the Civil War. Twentieth-century fluctua-
tions are tied to the advent and elimination of leaded gas.

Joel W. Grossman, Robert J. Taylor, and Eri Weinstein, “Trace Element Time
Markers as Proxies for the Calibration of Civil War-Era Sediment Accumula-
tions at the West Point Foundry,” IA: The Journal of the Society for Industrial Arche-
ology 42, no. 2 (2016): 55-68.

Joel W. Grossman, Geospatial Archaeology, 511 West 232nd St., Apt. W43,
Bronx, NY 10463, jwgnyny@gmail.com; E. Weinstein, eri@texashealingarts.
com; R.J. Taylor, rtaylor@cvm.tamu.edu.

© 2019 by the Society for Industrial Archeology. All rights reserved. Please
direct all requests for permission to photocopy or reproduce article content
through the Society for Industrial Archeology’s website: www.sia-web.org/ia-
journal/siaia.html.

Dating archaeological deposits can be difficult. The
dating of submerged cultural, or anthropogenic, sedi-
ments can be even more so. This report will summarize
the use of lead, copper, and cadmium (Pb, Cu, and
Cd) concentration in core profiles to establish the
depth of datable historic sediments in an important
but contaminated archaeological site complex com-
posed of riverine and terrestrial components. This
dating method also proved useful in determining
the relative depth of proposed dredging operations.
In the early 1990s, metal concentrations served as
chronological proxies to augment the 1950-era nuclear
benchmarks from the first atomic bomb tests which
were, until that time, one of the few sources for dat-
ing of twentieth-century sections from vertical core
samples. These archaeological benchmarks augment
the inventory of available time markers in the Hudson
River sediments and provide archaeological proxies
for three critical events in the local history: 1) the
opening of West Point Foundry operations in 1817,
2) the peak of foundry production during the Civil
War years (1858-1865),' and 3) the onset of discharge
of cadmium into East Foundry Cove from the Mara-
thon Battery Company in 1953.”

The U.S. Environmental Protection Agency and Army
Corps of Engineers selected Grossman and his team to
plan and direct the first federally mandated archaeo-
logical investigation of a contaminated Superfund site.
This investigation took place between 1989 and 1995
in the context of a large-scale, multi-year archaeologi-
cal sensitivity study and mitigation program required by
Section 106 of the National Historic Preservation Act
ahead of critical remediation work to remove cadmium
from the shore and cove areas around Cold Spring, New
York (figure 1).
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The clean-up area encompassed the Civil War-era iron
manufacturing complex of the West Point Foundry,
which specialized in cannon for the military, steam
engines, and sugar production machinery, as well as
general commercial iron products.” Cadmium depos-
its from a post-WWII battery factory built over the
historic foundry needed to be removed, both on land
and from the marshes bordering the river. Clean-up
could not begin until the poorly defined historic site
had been documented. The Superfund effort posed
critical health and safety constraints, and there was a
need to expedite the fieldwork under often adverse
weather conditions. It also represented a logistical and
scientific test case of the ability of archaeology, as a dis-
cipline, to meet federal preservation laws in contami-
nated and potentially dangerous contexts."

Fieldwork along the shoreline of the foundry complex
was completed in deep winter under heavy, custom-
built steel-reinforced shelters covered with inflated,
forced-air-insulated, plastic skins. Heavy pumps worked
around the clock to lower the water table down to the
level of the buried Civil War surface, five ft. below the
1990 grade. Large industrial heaters ducted hot air to

Approximate Locations
of Coring Samples
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A\ Core Sample Taken
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Cold Spring, NY /
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Figure 1. General location map of core samples from East and West
Foundry Coves, Cold Spring, New York. Map by Steven A. Walton.
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the shelters to keep the artifacts and archaeologists
thawed. All field and laboratory team members were
HAZMAT-certified and medically monitored. A range
of applied technology solutions was deployed to facili-
tate the safe and timely investigation and documenta-
tion of the site. Instead of using “statistically valid”
random sampling, liability and health concerns neces-
sitated a strategic shift to safer, non-random, target-spe-
cific geospatial and geophysical technologies to locate
buried and submerged resources. Traditional “hands-
on” manual recording was improved with remote, or
non-contact, high-speed 3D laser transit and photo-
grammetric recording systems to limit exposure to
potentially toxic deposits and artifacts. On-site con-
current computer and conservation systems provided
real-time feedback and planning capabilities, reducing
uncertainty over where sampling should occur and
focusing project resources on only undisturbed, high
integrity study areas.

The five-year archaeological rescue effort resulted in
major discoveries in Civil War military history. Inten-
sive terrestrial geophysical surveying of a football-field-
sized shoreline area targeted for cleanup and land
reclamation resulted in the discovery and documenta-
tion of the preserved wooden and iron gun testing
platform of Parrott’s 30,000 1b. rifled cannon (figure
2). Recovered beside it were the remains of the can-
non hoist tower for lifting this new class of heavy rifled
ordnance. These archaeological materials were cov-
ered by a deposit of 3-5 ft. of cadmium-laced industrial
fill. While these terrestrial discoveries have been exten-
sively described, the riverine elements of the overall
study have not.” This summary presents the use of trace
elements as markers or proxies to document historic
riverine and marsh sediment depths.

The marsh and riverine portions of the investigation
combined scaled comparisons of historic bathymetric
surveys, geophysical (magnetometer) marine surveys
and side-band sonar scans with historic trace element
analysis to reconstruct the Civil War-era bathymetry, sed-
iment depths and archaeological sensitivity of East and
West Foundry Coves. Historic bathymetric maps were
digitized, scaled, and georeferenced using early CAD
software and then compared with the geophysical data
to indicate the relative depths of sediments within West
Foundry Cove (figure 3). Comparisons between 1857,
1905, and 1933 maps showed considerable differences
in channel, cove, and marsh sediment depths between
the mid-nineteenth and early twentieth centuries.’



TRACE ELEMENT TIME MARKERS AS PROXIES

Figure 2. Photo of a 30,000-1b. Civil War
cannon taken at Cold Spring, NY, 1863.
Courtesy of the Putnam County Historical
Society, Cold Spring, NY.
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Figure 3. Detailed bathymetric map of coring all sample locations relative to core samples.
The triangles with dots show where five were recovered. Map by G. Myers.
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Based upon the comparison of eleven discrete sets of
overlapping depth readings, both the absolute depth
accumulations and the computed rate of sedimenta-
tion between different areas of West Foundry Cove
and the shoreline of Cold Spring showed a wide range
of variation. The computer-based comparisons of his-
toric bathymetric records showed varying sediment
accumulation totals, ranging between 6 in. and 9 ft.
for different areas of West Foundry Cove between 1857
and 1905. Negative accumulations identified for the
period spanning 1905-1933—that is, where the cove
was deeper in places than indicated on previous sur-
veys—suggested that extensive areas of West Foundry
Cove and the shore front had been dredged during the
first half of the twentieth century. Because of this heavy
dredging activity, it was not possible to use this more
recent map series (1905-1933) for establishing esti-
mates of sediment accumulations for this period. Never-
theless, the earlier comparisons between 1857 and 1905
showed significant differences in the depth soundings
within West Foundry Cove. One area near sample loca-
tion (Core 4) showed sediment loss by almost 9 ft. as
indicated by lead-line readings between 1857 and 1933.7

In addition to the historic map investigation, side-scan
sonar and magnetometer instruments crisscrossed the
river in front of the Foundry to help identify, avoid,
and protect any submerged resources. Together, they
defined the presence and location of twenty-seven anom-
alies, of which fourteen could be associated with discrete
submarine remains. These included two historic barges,
two probable shipwrecks, as well as a range of magnetic
targets which could not be identified as to function.
They did not, however, establish the absolute depth rela-
tive to the proposed dredging operations of the anoma-
lies identified by the sonar and magnetometer.

The definition of the depth of the submerged Civil
War-era surface, or “historic cove bottom,” and the
magnetic and sonar anomalies presumed to be on that
buried Civil War surface would require other investiga-
tive procedures to date the different layers in the verti-
cal column of sediments. Grossman selected metallic
trace element analysis as a possible method to identify
the depth of the buried historic interface. Analysis of
“Vibra-core” sediment cores taken across the study area
identified shifting concentrations of historic metallic
trace elements in a series of sub-bottom cores. Distinct
fluctuations in lead and copper concentrations were
identified as potential historic fingerprints because
of the belief that their initial presence demarcated
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the onset of foundry operations in 1817 and that the
increase in metal concentration recovered at shallower
core depths was coterminous with the surge in foundry
output from 1858 to 1867, the years of peak artillery
production around the Civil War.

Field Sampling and Laboratory Procedures

A total of six core samples were successfully recovered
from within the project area. Three additional cores
located within East Foundry Cove Marsh (Cores 1, 2,
and 7 in figures 1 and 3) resulted in no recovery of
sediments or data. Consequently, no useable sediment
or trace element data is available for the marsh area.
Of the six useable cores, four (Cores 3, 4, 5, and 8)
were successfully recovered to depths of 5-6 ft. within
East Foundry Cove. Core 6 was taken in West Foundry
Cove, near the intersection of the rail trestle and the
Long Dock. It was selected because its location cor-
responded to the historic bathymetric map coverage
provided by the various U.S. Coastal and Geodetic
Service (USCGS) sounding records. The sixth, Core 9,
served as the control sample and was extracted from
the southern embayment of Little Stony Point, to the
north of, and outside, the study area to aid in compari-
son and evaluation of trends in historic trace element
fluctuations detected within East and West Foundry
Cove. Given the distance and the up-river and generally
up-wind location of this control sample core, it served
to differentiate between area wide trends in trace metal
concentrations through time versus foundry-specific
fluctuations within the coves. As such, all interpreta-
tions of sediment core data must be evaluated relative
to fluctuations indicated by the control Core 9.

All cores were taken from the survey boat using sec-
tions of 4-in. diameter aluminum irrigation pipe. A
commercial portable gasoline-driven vibration unit was
utilized to drive and extract the cores from the sedi-
ments of the cove (figure 4). A numbered section of
coring pipe was lowered into the water until it reached
the upper surface of the cove sediments. At water level,
a mark was scribed on the outer wall of the pipe. A
second mark was then scribed into the pipe wall 5 ft.
above the first. The location of the upper mark served
as a visual guide to the coring crew that the limit of the
5-ft. depth had been reached. The bracket holding the
Vibra-core hammer was clamped to the core pipe and
the vibration unit was used to drive the core pipe into
the cove sediments to the upper mark scribed on the
pipe wall. The open-air end of pipe was then capped



Figure 4. HASMAT team taking marine Vibracore sediment cores to
define the Civil War-era Hudson River channel interface and historic
sediment depths through trace element analysis in East and West
Foundry Coves, Cold Spring, New York. Photo by Joel W. Grossman.

with a rubber plug to reduce compression and the loss
of samples upon extraction. In most cases the core
was manually winched to the surface and the bottom
of the core pipe was capped. The motorized Vibra-
core assembly was used to retrieve cores which did
not release easily from the cove sediments. Water was
drained from the core pipe by sawing two drain cuts
above the upper mark which designated the upper lim-
its of the core. After the water was removed, the excess
coring pipe was cut off and both ends of the core were
capped.

TRACE ELEMENT TIME MARKERS AS PROXIES

The sediment column of each core was recovered by
clamping the core pipe horizontally to a cutting table
and sawing each section lengthwise through the core
pipe wall with a circular saw. After the core pipe was
cut away, the sediment column was measured to deter-
mine the actual core length and to establish sampling
increments. Each sub-sample was cut and handled with
disposable plastic implements to minimize the possibil-
ity of contamination between samples. All sampling
increments were split and sealed in pairs of zip-lock
plastic bags, providing one sample for analysis and one
for storage in the event that the trace metals analysis
required replication.

Although each core was sampled to a depth of 5 ft., the
actual core lengths were slightly shorter due to com-
pression of the sediment matrix within the core pipes.
The sampling procedure was designed to take sub-
samples at 6-in. increments so that a 5-ft. core would
yield 10 equal sub-samples. Cores in which the actual
lengths measured less than 5 ft. were standardized
by spreading the loss due to compression over their
entire length. For example, a core taken to a depth of
5 ft. with an actual measured length of 4.7 ft. was sub-
sampled at increments of 0.47 ft. (Table 1).

All core samples were analyzed by Robert J. Taylor of
the Trace Element Research Laboratory, Department
of Oceanography, Texas A&M University. Samples were
received on December 24, 1990, in plastic bags, with
each plastic bag packed inside a glass jar. Sediment

Table 1
Trace Element Results from East and West Foundry Coves and the upriver control sample, Core 9 (ppm).

CORE 3 CORE 4 CORE 5 CORE 6 CORE 8 CORE 9 (Control)
Interv. | D(ft)| Pb | cu| cd| D)| Po | cu | ca (D) Pb | cul| cd|Dgi)| Po| cu|ca|pg)| Po | cu) ca| pg) | Po| cul| ca

1 024 | 120 — | — | 0.21 | 179 111 [1246(0.25|141| — | — | 0.25 |113| — | = | 0.24 |102| 83| — | 0.25 |70]| 65| 3
2 0.71 | 141 — | — | 0.62 | 143 | 100 | 211 075|198 — | - [0.72124) 90| — [ 0.74 |98 71 | 10
3 1.18 [147) — | = | 1.04 | 99 | 60 8 125164 - | -|120|57 [43| - | 1.23 [13] 17 |<0.5
4 165|164 - | - | 1.45 | 83 | 50 |<0.5 175114 | - | - | 1.68| 81 (41| - | 1.72 |14]| 14 |<0.5
5 212133 - | - | 187|386 ] 31 |<05 225 11| = [ - [216 53 |43 | - | 221 |12] 13 [<0.5
6 259 [ 15 | = [ = | 2.28 | 11 | 14 |<0.5 275 112 - [ - 26427 23| - [ 270 |10 13 |<0.5
7 3.06 |14 - | -]|270 | 7 13 | <0.5 325 113 | — | - [312) 9 (12| -] 3.19 |11] 13 |<0.5
8 353 | 11 | - | -] 311 | 5 12 | <0.5 375 |13 - | -[360]10 12| — | 3.68 |12] 14 |<0.5
9 400 [ 12| - | - | 3853 | 6 12 | <0.5 425112 - | - |[4.08] 9 | 12| - | 417 |10] 13 |<0.5
10 447 13| - | - | 394 | 7 13 | <0.5 475 |12 - | - |456| 11| 13| - | 466 | 8 | 13 |<0.5

11 520 12| - | -
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samples were homogenized, sub-sampled into plastic
vials, and freeze-dried. Dry sediment was then ground
and homogenized in a Spex ball mill. Aliquots of dry
sediment (~1 g, weighed to 0.01g) were transferred to
180 ml, tall-form Pyrex beakers. Aqua regia (5ml; 3:1
HCI:HNO3) was added, the beakers were covered with
watch glasses, and the samples were refluxed on a hot
plate for thirty minutes. Sediment adhering to the walls
was washed down with ~10 ml of distilled water, and
the samples were refluxed for an additional forty-five
minutes. The beakers were removed from the hot plate
and allowed to cool, and the samples were diluted to
volume (20 ml) with distilled water. Samples were ana-
lyzed for Pb, Cu, and Cd by flame atomic absorption
spectrophotometry (FAAS) on a Perkin-Elmer 306 AA
spectrometer, using an air-acetylene flame. Calibration
standards were diluted from commercial standards
(Ricca Chemical, 1000 ppm) and were matrix-matched
to the acid composition of the samples. Background
correction was accomplished using a deuterium arc
lamp. Reference samples of USEPA municipal digested
sludge showed excellent recovery of all three elements.
Samples analyzed in duplicate showed that analytical
precision was excellent at all concentrations. Proce-
dural blanks processed as samples were below the
detection limit of the technique.

Trace Element Time Markers as Proxies

The quantified analysis of trace element levels of lead
and copper assumed that the presence and relative
concentration of these elements within the sediments
of East and West Foundry Cove derive from historic
foundry smelting and manufacturing procedures. The
team hypothesized that the initial accumulation of both
lead and copper correlated in time with the beginning
of foundry ordnance production when the foundry
opened in 1817. It was also hypothesized that a subse-
quent peak in lead and copper-alloy concentrations
could be correlated with the 1858-1867 period of maxi-
mal output of military production for the Civil War
under the superintendence of Robert P. Parrott, inven-
tor of the famed Parrott Gun. Finally, the cadmium con-
centrations would correspond to the era of nickel-cad-
mium battery production on the site after World War II.

Lead

Lead was used at the foundry in the manufacture of
munitions, as a coating medium for weatherproofing
guns, for elements of early versions of rifled shells,
and for a number of lead-based commercial products
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before, during, and after the Civil War. The use of lead
as a basic element of foundry production probably
began prior to the Civil War with the onset of produc-
tion in 1817, continued through the war years of 1861-
1865, and persisted in non-military production at least
through the first decade of the twentieth century.

The clear association with—and use by—the foundry
of lead and lead-based products was established
through the archival investigation as having begun
during the initial years of the foundry’s operation. The
review of the primary archival sources in the National
Archives identified a circular or General Order from
the Board of Navy Commissioners that refers to the
use of lead as early as November 13, 1818—the first
year of the foundry’s operation. The communication
specified that as of that date, all federal cannon at
U.S. Navy installations (presumably also including the
foundries producing cannon) were to be painted with
a lead-based lacquer to protect against the elements.”
Other entries refer to lead both in the context of the
production of ordnance and in reference to its being
used as a preservative, but this document in particular
establishes that lead was being used as early as 1818.

Based on the primary archival sources it appears that
the most intensive use of lead and lead byproducts was
in the production and testing of rifled shell designs,
specifically for the manufacture of the “sabot” or
expanding ring at the base of rifled shells. The body
of the elongated rifled shells was formed of cast iron,
however, its base was generally manufactured from
softer lead alloys. Upon detonation of the shell in the
gun, the sabot expanded due to the heat and pressure
created by explosive firing. This force melted the sabot
which expanded and filled the spiraled grooves of the
rifled barrel of the cannon, thereby causing the shell
to spin.

Later in the war effort, Parrott replaced his lead sabot
with one of brass. Parrott’s late Civil War-era rifled
shells were distinguished by the use of a brass sabot
for the expanding material at the base of the shell,
which was adapted for high volume production by
1862. Prior to this date, and at least as early as 1858 if
not several years before, Parrott was actively involved in
experimenting with different kinds of rifled shells and
expanding sabots of different alloys. Some shells were
of his own design; others were produced by various
manufacturers within the U.S. and in several instances
by foreign producers.’ It has also been implied that



Parrot was experimenting with British shell designs
prior to 1862. The diversity of shells being manufac-
tured and tested at West Point Foundry was significant
because many of these designs used a lead sabot to
impart spin to the shell. Thus, given the diversity of
the then-ongoing research and development in shell
design, it is highly probable that Parrot was experi-
menting with lead sabots for rifled shells both shortly
before and during the Civil War period (¢.1858 to
1867). Rifled shell production may have continued for
at least a year (possibly through 1867) following the
cessation of hostilities.

In addition to the archaeological recovery of shells at
the foundry, investigations in the vicinity of the gun
testing platform revealed the presence of lead seals
from shipping boxes for friction primers and fuses
used in the firing of guns. Although secondary to
shells and lead-based coatings on guns as a source of
lead recovered in the cores, the presence of lead fric-
tion primer and fuse box seals on the buried Civil War
surface, in addition to other artifacts made of lead,
illustrated the range of lead-based products in use at
the Foundry site throughout the nineteenth century.

Based on these archaeological associations and archi-
val references, three assumptions can be made regard-
ing the use of trace elements as time markers. First,
there should be a clear temporal association between
the appearance of lead in cove sediments and the
growth of the foundry as a center of weapon devel-
opment after 1817." Second, based on the archival
evidence suggesting both the diversity and volume of
ordnance being produced (7,000 shells per week)," it
appears that the highest levels of lead use and disper-
sal into the environment probably occurred during the
period immediately prior to and during the Civil War.
Third, based on the fact that cannon and shell produc-
tion apparently came to a near standstill at the end of
the war, there would have been a significant decrease
in lead use and dispersal into the environment at that
time. This assumption is further supported by the fact
that Parrott retired from the foundry in 1867, marking
the beginning of an economic and production decline
which lasted until its takeover by the Cornell works at
the turn of the century.”

Despite the possibility that the output levels of lead
products may have dropped substantially after Parrott’s
departure in 1867, relevant evidence suggests that lead
was processed for a variety of products from the 1880s

TRACE ELEMENT TIME MARKERS AS PROXIES

through the first decade of the twentieth century. The
most specific evidence survives in the form of three
dated Sanborn insurance maps which detailed the loca-
tion, dimensions, and function of each standing struc-
ture at the foundry as of 1887, 1905, and 1912. The
1905 map clearly illustrates a long rectangular building
flanking the northern west hillside at the foundry that
was described as a “Sash Weights Foundry.” Assuming
that sash weights for double-hung casement windows
were made of both iron and lead, the use of the word
“foundry” in the building description on the map sug-
gests that the metal was probably being melted and cast
into cylindrical weights at this location. The time span
of this activity is bracketed by the fact that the same
location on the previous 1887 Sanborn map is referred
to as a place for the storage of patterns, indicating that
the lead sash weight production did not begin until
after 1887. The end of this activity is indicated by the
1912 Sanborn map which labeled the same building as
“Sash Weight Foundry (vacant).”

Finally, conversations with local informants yielded
additional insight into the production of other lead-
based products after the Civil War. One informant
spoke of the use of lead compounds for the manufac-
ture of alternator bushings. A local shop owner also
mentioned having seen a catalogue of foundry prod-
ucts which included the production of lead and tin
ceiling tiles. Although no fixed dates can be assigned,
the fact that these references occurred in the context
of oral historical recollections indicates that lead com-
pounds and products were produced in considerable
volume and diversity throughout the late-nineteenth
and early-twentieth centuries.

Investigations of historical patterns of lead accumu-
lation by others in the environment provide some
regional and international vectors of contamination
by trace elements in general and by lead in particu-
lar. Studies of dated historic period sediment cores
from the Sacramento-San Joaquin Delta in California
identified early lead contamination dating to ¢.1425
CE.” Long before European contact, the authors pos-
tulate that this early spike in lead levels in California
derived from ore smelting in China. Drexler et al.
also suggested that a second spike in lead levels took
place around 1850 which they associated with Califor-
nia Gold rush. They identified a third benchmark as
the period of leaded gasoline, in use from the 1920s
through its 1980-1985 phase-out. The eventual removal
of lead from fuel in 1988, as well as the effects of the
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Clean Air Act of 1970 that removed airborne lead and
other contaminants, resulted in a sharp drop in lead
levels in several of the most recent uppermost core
samples from the West Point Foundry."

Closer to the study area, the measurement of lead levels
from high resolution sampling of four shallow (50 cm)
cores was undertaken at the Central Park Lake in Man-
hattan, New York. Plots of lead concentration through
time showed a constant increase in lead levels from the
late 1800s through to the 1960s and a drop off after the
1980s.” The authors attributed the twentieth-century
increase in lead levels to the introduction of large-scale
incineration of municipal solid waste (MSW), and
Chillrud noted that “the similarities between the history
of MSW incineration in NYC and the accumulation of
trace metals in [Central Park] Lake sediments . . . are
consistent with incineration being a major source of
several metals in the NYC atmosphere.”

Finally, another study of sediment cores from the Pet-
taquamscutt River basin in Rhode Island showed a
“clear maximum in anthropogenic lead isotopes in the
mid-1800s.”” The decline of lead contributions from
ore smelting was accompanied by the rise of coal com-
bustion, and at the turn of the twentieth century, “con-
tributions from smelting of Pb ores had decreased to
5% and coal was responsible for 65% of the Pb input.”®

These different studies illustrate the diversity of poten-
tial sources for lead contamination, both local and
regional. The California data attributed early lead
levels to smelting in Asia. The Rhode Island data attrib-
uted nineteenth-century upticks in lead to the smelting
of ore and burning of coal. The West Point Foundry
data, however, highlights the importance of localized
industrial sources of lead pollution.

Copper

The second metal selected as a chronological indica-
tor is copper. Prior to the Civil War, the foundry was
engaged in the production of cannon and ordnance,
as well as a wide range of non-government commercial
products. One secondary reference clearly alludes to
the production of brass products early in the foundry’s
history. In his brief account of the foundry, William
Tyrrell stressed the fact that within three years of its
initial production “the West Point Foundry was manu-
facturing iron and brass of all kinds.”" While it is clear
that the foundry was later engaged in the testing and
rifling of brass cannon prior to the Civil War, the level
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of copper alloy production between the 1820s and
1858 cannot be established based on available sources.

Despite the paucity of early references, the role of cop-
per and brass in the production activities at the West
Point Foundry during the Civil War is well documented.
While there is evidence for the experimental use of
lead in Parrott’s early prototypes of his rifled shells, as
discussed above, by 1862 Parrott had shifted from using
a wrought-iron sabot at the base of his shells to using a
cast-brass sabot. As detailed elsewhere, Parrott’s rifled
cast-iron shells represented an adaptation of an earlier
design by Dr. Reed, who invented the use of a wrought-
iron ring, or sabot, bolted onto the base of the cast-iron
shell.* While Parrott’s earliest rifled shells produced
between 1860 and 1862 copied Reed’s use of wrought
iron as a malleable expanding material, by 1862 Parrott
shifted to, and received a patent for, the manufacture of
cast-iron shells with a brass ring.” Although no figures
exist for the amount of copper used during the war,
the Union was reported to have produced 1.3 million
shells.” Although no details are available on production
levels at West Point Foundry, it is clear from surviving
archival sources and the archaeological evidence that
Parrott produced large numbers of fuses and friction
timers. Both utilized brass as the primary element for
their construction.

The continued use of copper after the Civil War is also
documented on Sanborn insurance maps. The earli-
est of these detailed Sanborn insurance maps dates to
1887 and documents the presence of a brass foundry
as a discrete production area in the post-Civil War
layout of the complex. No detailed references exist to
fill in the use of copper during the time gap between
the earlier Civil War era ordnance production which
peaked between 1858 and 1867 and the postwar 1887
map. Nevertheless, the combined archival and archae-
ological evidence clearly document that copper was
used at the foundry from the first decade of its opera-
tion for both military and non-military products, that it
was used in high volumes for shell and ordnance pro-
duction during the Civil War, and that its use contin-
ued after the Civil War at least until 1887, if not later.

Cadmium

In this study, the initial appearances of lead and cop-
per in the vertical core samples were demonstrated to
be chronologically significant indicators for the onset
of foundry operations during the first quarter of the
nineteenth century. The appearance of cadmium, how-



ever, serves as a marker to date and calibrate the range
of late twentieth-century sediment depths and rates
of sediment accumulation within East Foundry Cove.
The appearance of cadmium in the sediment records
can be fixed in time with some certainty. The initial
appearance of cadmium discharge into the general
area of Cold Spring began in 1953 and continued until
1979. Between these dates, a nickel-cadmium battery
factory discharged 179 metric tons of cadmium-laced
toxic waste into the local environment.”

This twenty-seven-year period is also punctuated by
two shifts in cadmium effluence—in 1965 and 1971.
During the initial phase, 1953-1965, the Marathon Bat-
tery Company utilized the Cold Spring sewer system to
discharge directly into the Hudson River in the vicinity
of the Cold Spring pier. During this early period, the
battery plant also used its bypass system “approximately
10% of the time” to discharge into a storm sewer and
directly to East Foundry Cove. This fact is important
because it documents that the initial appearance of
cadmium in East Foundry Cove began as early as 1953
and continued on a periodic basis until 1965. By 1965
it was determined that the village of Cold Spring sewer
and treatment plant could no longer treat the battery
plant’s volume of effluent. The plant, then owned by
the Sonotone Corporation, responded by discharging
cadmium-laden effluent directly into East Foundry
Cove marsh. The final phase of cadmium deposition
occurred after January 1971 when the company was
prohibited from making further discharge into East
Foundry Cove. In response, all effluents and cadmium
discharge were again redirected into the village of
Cold Spring storm sewer and into the Hudson River.
This redirection of the cadmium output continued
until March 1979 when all battery manufacturing oper-
ations and cadmium discharge were discontinued.”

Cadmium levels were identified and extracted from
East Foundry Cove. Core 9, the upriver control sam-
ple, was used to establish background readings from
the deepest sample fractions outside and upriver of the
ambient limits of foundry impacts. Post-1953 cadmium
concentrations recovered from Core 4 yielded high
levels of 1246 ppm in the uppermost sample interval
(at 0.24 ft. deep). The second sample interval (0.62 ft.)
showed a decrease to 211 ppm and the third interval
(at 1.04 ft. deep) a further decrease to 8 ppm. Below
1.04 ft., readings for cadmium measured less than 0.5
ppm. In other words, the “background” or prehistoric
level for ambient cadmium was less than 0.5 ppm

TRACE ELEMENT TIME MARKERS AS PROXIES

(Table 1). Core 9 also showed very low levels in the
upper two intervals and practically undetectable back-
ground levels of 0.5 ppm below that depth.

The issue of residual or low-level concentrations of trace
metal elements deposited beneath significant accumu-
lations of Cadmium was highlighted within Core 4. In
this core, it is suggested that the 211 ppm Cd reading
at 0.62 ft. and probably the 8 ppm reading at 1.04 ft.
appears to be the artifact or byproduct of human or
biological mixing (figures 5-12). The lead author’s expe-
rience with the archaeological excavation of cadmium
deposits underscores the fact that deposits of cadmium
are bright yellow and are sharply demarcated by color
from underlying deposits.” That depositional scenario
was encountered during the excavations at West Point
Foundry. It suggests that the low concentration levels
indicated by the 211 ppm and 8 ppm readings represent
residual byproducts of mixing, either from natural or
anthropogenic sources from the uppermost sample frac-
tion, downward. Bioturbation, including the actions of
worms and burrowing animals are more than adequate
vectors of mixing to account for the presence of low
levels of cadmium at levels 2 and 3 in the sampling
sequence. The near-surface reading of 1246 ppm at 0.21
ft. suggests primary deposition after 1953 (Table 1).

Patterns Through Time

The primary assumption of this study is that the pres-
ence of trace elements of copper and lead appear
to have derived from historic foundry smelting and
manufacturing operations after 1817. Furthermore, the
initial uptick, and subsequent increase in deposition
of both metals correlated with the onset of foundry
ordnance production. The depositional concentrations
of copper and lead tripled initially, and then increased
ten-fold in East Foundry Cove samples recovered
higher in the cores. This increase in concentration
presumably represents peak production levels for the
period leading up to and including the Civil War (fig-
ures 5, 6, 7, and 8). Finally, we assume that the selection
and study of both copper and lead were not fortuitous.
Both metals have been shown to be associated with key
products of ordnance production throughout the mili-
tary phase of foundry operations from 1817 to 1867.

This study has highlighted six patterns of fluctuations
in trace metal element concentrations through time:
1) Strong archival, statistical, and historical correla-
tions through time confirm the presence of lead and
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Figure 5. Trace element plot of lead (Pb) by depth for Core 3 in East
Foundry Cove. Chart by R.J. Taylor.

Figure 6. Trace element logarithmic plots of copper (Cu) and lead
(Pb) relative to cadmium (Cd) by depth for Core 4 in East Foundry
Cove. Chart by R.J. Taylor.
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Figure 7. Trace element plot showing shifting concentrations of lead
(Pb) in Core 5 in East Foundry Cove. Chart by R.]. Taylor.

copper at the foundry. 2) Sufficient evidence from the
cores exists to establish low baseline levels of lead and
copper concentrations prior to the onset of foundry
operations in 1817. 3) Initial upticks in lead and cop-
per levels in the depositional environment correlate
with the beginning of foundry production in 1817.
4) Evidence suggests that subsequent peaks in the
concentrations of lead and copper from near surface
samples correlate with the period of increased produc-
tion during the Civil War (1858-1867). 5) The pres-
ence of significant decreases in concentrations of lead
and copper in recent near surface deposits suggests a
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Figure 8. Trace element plot showing shifting concentrations of lead
(Pb) for Core 6 in West Foundry Cove. Note uptick in lead levels
between 1.25 and 1.75 ft. in depth. Chart by R.J. Taylor.

decrease in post-1971 ambient levels. And 6) interpre-
tation of the sixth pattern is more problematic because
the data display incrementally increasing concentra-
tions of copper and lead throughout Cores 4, 5, and 6
with no drop-off in the near surface samples.

As pointed out by Robert Taylor, the historical associa-
tion of lead and copper as time markers was matched
by a strong statistical correlation between copper and
lead (figure 9). Copper and lead showed a correlation
coefficient (R*) of 0.965 which suggests that they were
deposited in the environment at about the same time.
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Figure 9. Trace element plots of lead (Pb) and copper (Cu) by depth
for Core 8 in East Foundry Cove. Chart by R.J. Taylor.

Figure 10. Trace element plots of Copper (Cu) and lead (Pb)
relative to cadmium (Cd) in the upriver control Core 9 off Little
Stony Point. Chart by R.J. Taylor.
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Figure 11. Plot of lead (Pb) values by depth for all six cores. Chart by
R.J. Taylor.

As Taylor underscored:

There is a strong correlation between Pb and Cu. Enclosed is
a scatter diagram including all points from the three cores in
which both Pb and Cu were measured [figure 9]. It appears as
if there is a similar source for the two elements, and anthropo-
genic input sure seems like the best bet. The degree of similarity
in these profiles vs. depth suggests that the introduction of Cu
and Pb commenced at about the same time, and that their rela-
tive increases have been similar.”

The six statistical plots of core data showed two con-
trasting long-term trends. Both patterns spanned from
the initial uptick in trace metal elements around 1817

Figure 12. Plot showing strong correlation between copper (Cu) and
lead (Pb) in Cores 4, 8, and 9, indicating that both copper and lead
followed similar historical trends in East Foundry Cove and for the
upriver control sample, Core 9. Chart by R.]. Taylor.

through the twentieth century (figures 6, 7, and 8).
The first group of three cores (4, 5, and 6) displayed
parallel lineal patterns of increasing lead and copper
concentrations over time throughout their deposi-
tional history. However, as a group, the cores lacked
a spike corresponding with archival documentation
describing a surge in copper and lead output during
the Civil War (figure 9)

The second group of cores (3, 8, and 9) were inter-

nally consistent, but showed opposing patterns from
the first group. In addition to being statistically cor-
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related through time, copper and lead followed a
parallel “zig zag” or “ebb and flow” pattern in tandem
with each other. All three cores document a significant
decrease in lead and copper values in their near sur-
face samples (figures 5, 9, and 10). In Core 9 (figure
10), the biggest decrease occurred in the two near-
surface samples (0.0-1.0 ft.) in which lead dropped
from 98 ppm to 70 ppm (down 29 percent). In Core
8 (figure 9) the two near-surface samples (0.0-1.0
ft) showed a drop in lead from 124 ppm to 102 ppm
(down 18 percent). In Core 3 (figure 5) lead concen-
trations decreased incrementally from 147 ppm to 141
ppm to 120 ppm within the three near-surface samples
(0.0-1.5 ft). This represents a 29.5 percent decrease in
lead in the upper 1.5 ft. of the core.

The six cores establish the pre-Civil War levels of cop-
per and lead in East and West Foundry Coves and in
the upriver control sample (Core 9). The baseline
readings documented ranges of concentrations over
time with depth for each trace metal element. Figure
11 presents a statistical plot of lead levels in concentra-
tion versus depth for all cores. Below 2.5 ft., the lead
values record a range of similar, low concentrations.
Sample data from the deepest intervals in all cores,
presumably pre-nineteenth-century historic and pre-
historic levels, yielded background concentrations
ranging from 5-14 ppm for lead (Table 1). In Core
8 at levels deeper than 2.64 ft., copper displays back-
ground, or prehistoric, levels of 12-13 ppm.

The onset of foundry operations in 1817-1818 was ini-
tially recorded in the stratigraphy of Core 4 at 2.28 ft.
(Table 1) by an uptick in lead ranging from 5-7 ppm

Table 2
Depth of the Initial Uptick in
Trace Element Readings

. Depth of
Location Core No. Sediment (ft.)
3 2.12
4 2.28
East Foundry Cove
5 2.25
8 2.64
West Foundry Cove 6 1.75
Control 9 1.23
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to 11 ppm (up 37 percent) (figure 6). Copper initially
increased minimally to 14 ppm at 2.28 ft. It nearly
tripled in value to 50 ppm at 1.87 ft. These two bench-
marks demarcate the depth of the initial, early nine-
teenth-century output of industrial effluents in East
and West Foundry Coves. In comparison, the upriver
control sample (Core 9) displayed a significantly shal-
lower increase in copper levels from 13 ppm to 17 ppm
at 1.23 ft. (figure 10).

In general, the combined sediment core samples
showed increased levels of lead and copper at depths
of between 2.12 and 2.64 ft. below the modern bot-
tom in the East Foundry Cove cores (Cores 3, 4, 5, and
8). The recorded “uptick” depths (Table 2) for Cores
6 and 9 differed, coming from different areas of the
Hudson River. Core 6 was from West Foundry Cove
and was distinguished by different deposition rates and
shallower deposits of trace elements than was the case
for the East Foundry Cove core samples (figures 1 and
8). Control sample Core 9 also showed shallower pre-
cipitation depths and higher benchmarks for onset of
trace element records (figures 1 and 10).

Both lead and copper elements showed significant
increases in detectable levels at 1.68 ft. in Core 8 and
at 1.87 ft. in Core 4. Both increases correlate with what
appears to have been a massive increase in smelting
operations during the Civil War years (Table I; figures
6 and 9). This increase is interpreted by the senior
author to correlate with higher Civil War-era output
at West Point Foundry and is expressed best by the
Core 8 data. Lead in Core 8 surged to 81 ppm at 1.68
ft. from an earlier level of 53 ppm at 2.16 ft. deep. The
sequence then dropped down to 27 ppm at 2.64 ft.,
and then down to background counts of 9-11 ppm
below 3.12 ft. in depth. The track taken by the copper
trace elements also broadly follows the historical out-
lines of the ebb and flow of brass production at West
Point Foundry.

The plot of copper in Core 8 suggests an apparent
stand-still in brass production. The three samples
showed copper levels ranging from 41 to 43 ppm,
occurring between 1.20 ft. and 2.16 ft. in depth, but
without displaying any significant variation in con-
centration. However, the subsequent reading at 0.72
ft. deep, showed copper concentration increased to
90ppm. Copper then dropped to 83 ppm in the upper-
most surface sample (0.24 ft. deep). Although specu-



lative, it is intriguing to think that the stagnation
the copper levels encountered at these middle-depth
ranges (1.20-2.64 ft.) potentially correlates with the
diminution of the use of copper and brass for ord-
nance during the Civil War years in favor of reinforced
rifled iron cannon (figure 9).

One sample (Core 6) in West Foundry Cove, northwest
of the inlet into East Foundry Cove, was tested only
for lead (figures 1, 3, and 8). This “outside” sample
displayed a different diachronic pattern compared
with cores to the southeast taken inside East Foundry
Cove. In Core 6 the initial presence of lead in the ver-
tical plot occurs at a shallower depth in comparison
with the plots in East Foundry Cove. The initial uptick
in lead to 14 ppm (at 1.75 ft.), above its background
range of 12-13 ppm in West Foundry Cove, indicates
the depth of the buried historic surface or shore-
line bottom. The Core 6 data suggest that the early
nineteenth-century surface in West Foundry Cove lies
beneath nearly 2 ft. of more recently deposited mod-
ern sediments (figure 8).

Taken together, these trends suggest that the local
sediment accumulation increased significantly in East
Foundry cove following the onset of operations in 1817
and that the increases in lead and copper levels closer
to the submerged sediment surface corresponded with
the increased production levels of the Civil War years.
The data sets indicate three major proxies or trace
element markers: the onset of foundry operations in
1817, the apex of maximal operations between 1858
and 1867 correlated with peaks in lead and copper
concentrations, and the initial appearance of cadmium
in 1953. These historical proxies furthermore suggest
one case study for which trace elements, when linked
to a specific industry, can help delimit the depth of his-
toric sediments.
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