






























































Table 2.--Hydraulic conductivity of glacial deposits at Pine County site
estimated using Hazen's formula (from Minnesota Department

of Natural Resources, 1985)

[cm, centimeters; cm/s, centimeters/second; ft/d, feet/dayl

Diameter at which Saturated
Sampling 10 percent of hydraulic
Hole depth Soil soil mass is conductivity
number interval type finer (D10) -
(feet) (cm) (em/s) (ft/d)
2 10-15 Silty sand 2.0 x 1073 4.0 x 10°% 1.1
2 15-20 Silty sand 5.2 x 10-3 2.7 x 10-3 7.7
2 20-25 Silty sand 3.5 x 10-3 1.2 x 10-3 3.5
30-35 Sand with 0.41 x 10-2 1.7 x 10-3 4.8
gravel
USGS? 5 Silty sand 4.3 x 10-4 1.8 x 10-5 0.05
with a little
gravel
USGS2 7-8 Silty sand 2.5 x 10-3 6.3 x 10-4 1.8
with gravel
USGS? 8-11 Silty sand 1.1 x 10-3 1.2 x 10-4 .34
with a little
gravel
USGS2 12-13 Silty sand 2.9 x 10-3 8.4 x 10-% 2.1
with gravel

1k = 100(D1¢)2 (Lambe and Whitman, 1969)

2 Sampled at air-rotary rig discharge hose; the sample is thus less
representative than others that were collected by split spoon.

15



=l A\ AN
Base from Minnesota Department of Natural Resources 0 560 100 FEET
8t. Croix State Forest topographic map, 1:333, 1984
(o] 25 METERS
DATUM IS NGVD OF 1829
EXPLANATION
—1050— POTENTIOMETRIC CONTOUR-- Bl DISPOSAL SITES
Showing altitude at which
wells would stand in water 1 OBSERVATION WELL, WELL
open to the water table. Inter- 7047.53 NUMBER, AND WATER-SUR-
val 1 foot. Datum is NGVD FACE ALTITUDE MEASURED
of 1929 IN WELL

Figure 7.--Configuration of regional water table at Pine County
site on April 24, 1985
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Hydraulic-head data from paired piezometers north of the pond indicate a
slight upward component of vertical flow at the location.

Saturated hydraulic conductivity of glacial deposits at the site ranges
from 0.05 to 4.8 ft/d, estimated using Hazen's formula (table 2). The
hydraulic conductivity in the upper part of the regional aquifer was estimated,

also using Hazen's formula, to range from about 3 to about 8 ft/d. By applying
Darcy's law to the gradients shown on figure 8, lateral specific discharge

would be approximately 1 to 30 ft/yr. Assuming a porosity of 0.3, the average
lateral seepage velocity could range from 3 to 90 ft/yr.

Relation of Burial Site to Geologic Environment

During the course of surveys to locate buried pesticides, additional
information about the shallow clay-rich lens was obtained. Geophysical data
and shallow augering in the immediate vicinity of the burial sites indicated
that the pesticides were buried in trenches excavated in a shallow lens of
saturated silt and clay-rich sand that l1ies about 25 feet above the regional
water table. The magnetic survey identified two potential areas of buried
metal objects. These areas, approximately 6 to 10 feet northeast and southwest
of the assumed location of the trenches may be the actual locations of
pesticide burial. Electrical-resistivity profiling (fig. 8) and gridded
electromagnetic-conductivity surveys (fig. 8) identified materials with low
electrical resistivity (high conductivity) in the depth interval from about 0
to 20 feet below land surface in the area under the disposal trenches and
extending north-northwest and south-southeast from the disposal sites. These
findings corresponded with earlier results from test drilling and
electromagnetic-conductivity surveying that indicated the presence of a
shallow, clay-rich lens (fig. 6). Interpretation of the geophysical data
suggested that the lens contained a perched water table near land surface.

Twelve additional test holes, 10 to 15 feet deep, were drilled to better
define the 1ithology, extent, thickness, and geometry of the clay-rich lens,
Visual inspection of split-spoon samples of the material showed that the lens
lacks fine laminae and grades into cleaner sand. The lens, which averages

about 5 feet thick, extends from just north of the site to the vicinity of the
beaver pond (fig. 6). The top of the lens slopes from the burial site toward

the beaver pond.

Shallow wells (2-in. PVC) were installed in the lens (fig. 3). Water-
level data (fall 1984, spring 1985) from these wells indicated that the
direction of horizontal ground-water flow in the lens is to the south, toward
the beaver pond, and approximately at right angles to the direction of regional
ground-water flow (fig. 7). However, comparison of water levels measured
concurrently in the pond and nearby shallow well USGS10 suggests that, at least
part of the time, water from the pond discharges to the lens rather than the
reverse, Depths to water in the shallow wells also were measured on February
14, 1985. All wells were dry or frozen, indicating that the lens may be
saturated only temporarily during spring and during other wet periods.
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Estimates of the rate of ground-water movement (horizontal and vertical)
in the lens cannot be made without more detailed information on the hydraulic
characteristics of the lens., It is likely, however, that the lens is the major
pathway for water and, possibly, for pesticide movement away from the dispesal

trenches, The relative magnitude of the horizontal and vertical components of
this flow can not be evaluated with the available data,

Soil Contamination

Soil samples were collected from both disposal trenches at the Pine County
site with a hand auger. Samples were obtained from eight auger holes in the
liquids-disposal trench (fig. 9). In the southwestern part of the trench,
three soil samples had combined DDT-series compound concentrations ranging from
0.2 to 2.5 ppm. The northeastern part of the trench had combined DDT-series
compound concentrations of 150 to 2,300 ppm (tables 3, 4 and 5).

A so0il sample from the center of the solids-disposal trench indicated a
white lead-arsenate paste at about 6 feet below land surface. The bottom of
the zone was not sampled to avoid perforation of any possible confining layer.

Soil within about 10 feet of the disposal trenches and above the bottom of
the clay~rich lens showed little contamination by pesticide or pesticide-
degredation products (table 6). This may be because contaminants have migrated
laterally with ground water in the clay-rich lens. Soil samples from holes Afl,
A9, and A10 (fig. 9) had combined DDT-series-compound concentrations as high as
0.0010 ppm of dry soil. Lead concentratons as high as 48 ppm also were
measured in soil from A9. The lack of similarly high concentrations of arsenic
suggests that the lead value at A9 may be an anomaly.

Some vertical migration of contaminants through the clay-rich lens may
have occurred. A concentration of DDT-series compounds., 0.10 ppm, was detected
in soil at 10 to 12 feet in hole USGS 12, which is 15 feet from the solids-
disposal trench and approximately 4 to 5 feet below the base of the lens.
Contamination could not be detected in soil above the 10- to 12-foot depth,
however, suggesting that contamination may have spread laterally from the
disposal trenches in water flowing through the lens.
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Figure 9.--Soil-sampling sites in liquids trench, Pine County site
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Table A4.--Purgeable organic compounds in soil samples from liquids trench,
Pine County site

[Analyses by Department Natural Resources Laboratory, data from
Minnesota Department of Natural Resources, 1985; NA, not available;
<, less than]

Concentration, parts per million wet soil

Parameter Hole T4, Hole T5, Hole T10,
2.5-3.5 feet 2.5-6 feet 4.0-4.5 feet

Chloromethane <0.005 <0.005 <0.005
Bromomethane < .005 < .005 < .005
Vinyl chloride < .005 < .005 < .005
Chloroethane < .005 < .005 < .005
Methylene chlorideq .010 .019 .010
1,1-dichlorethene < .005 < .005 < .005
1,1=dichlorethane < .005 < .005 < .005
Trans-1,2-dichlorethene < .005 < .005 < .005
Chloroform < .005 < .005 < .005
1,2-dichloroethane < .005 < .005 < .005
1,1,1,-trichloroethane < .005 < .005 < .005
Carbon tetrachloride < .005 < .005 < .005
Bromodichlorome thane < .005 < .005 < .005
1,2-dichloropropane < .005 < .005 < .005
Trans-1,3-dichloropropene < .005 < .005 < .005
Trichloroethene < .005 < .005 < .005
Dibromochl oromethane < .005 < .005 < .005
Cis-1,3-dichloropropene < .005 < .005 < .005
1,1,2-trichloroethane < .005 < .005 < .005
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Table 4.--Purgeable organic compounds in soil samples from liquids trench,
Pine County site--Continued

Concentration, parts per million wet soil

Parameter TTHolE T8, T Hole 15, ~~~~Hols TI0; ™~~~
2.5"'305 feet 2.5"'6 feet 4.0"'4-5 feet

Benzene <0.005 <0.005 <0.005
2-chloroethylvinyl ether < .025 < .025 < .025
Bromoform < .005 < .005 < .005
Tetrachloroethene < .005 < .005 < .005
1,1,2,2-tetrachloroethane < .005 < .005 < .005
Toluene < .005 2< .005 2< 005
Chlorobenzene < .005 < .005 < .005
Ethylbenzene < .005 2¢ .005 2< .005
Acrolein < .125 < .125 < .125
Acrylonitrile < .125 < .125 < .125
Total xylenes .005 .091 .007

1 Contaminant from laboratory extraction procedure.
2 Parameter detected but amount present was less than quantitation limit.
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Table 5.--Base/neutral organic compounds in soil samples from liquids trench,
Pine County site

[Analyses by Iowa Hygienic Laboratory, data from Minnesota Department of
Natural Resources, 1985; <, less than]

Concentration, parts per million wet soil

Parameter Hole T4, Hole 15, Hole T8,
2.5-3.5 reet 2.5-6 teet 3.5-5.5 feet

Bis-(2-chloroethyl) ether <0.13 <0.13 <0.13
1,4-dichlorobenzene < .07 < .07 < .07
1,3-dichlorobenzene < .07 < .07 < .07
1,2-dichlorobenzene < .07 < .07 < .07
Bis-(2-chloroisopropyl) ether < .03 < .03 < .03
Hexachloroethane < .07 < .07 < .07
Nitrobenzene < .13 < .13 < .13
Isopnorone < .03 < .03 < .03
Bis-(2-chloroethoxy) methane < .13 < .13 < .13
1,2,4-trichlorobenzene < .07 < .07 < .07
Naphthal ene < .03 .061 1.36
1,3-hexachlorobutadiene < .13 < .13 < .13
Hexachlorocyclopentadiene < .13 < .13 < .13
2-chloronaphthalene < .03 < .03 < .03
Acenaphthylene < .07 < .07 < .07
Dimethyl phthalate < .03 < .03 < .03
N-nitrosodi-n-propylamine < .13 < .13 < .13
N-nitrosodimethyl amine < .3 < .3 <.3
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Table 5.--Base/neutral organic compounds in soil samples from liquids trench,
Pine County site

-=Continued

Parameter Hole T4, “Hole T5, Hole T8,
2.5-3.5 teet 2.5-6 feet 3.5-5.5 feet

Acenaphthene <0.07 <0.07 <0.07
Diethyl phthalate < .07 < .07 < .07
Fluorene < .07 < .07 < o7
4-chloropheny phenyl ether < .13 < .13 < .13
N-nitroso diphenyl amine < .07 < .07 < .07
1,2-diphenyl hydrazine < .13 < .13 < .13
4-bromophenyl phenyl ether < .13 < .13 < .13
Hexachlorobenzene < .13 < .13 < .13
Benzidine <1.2 <1.2 <1.2
Phenanthrene < .03 < .03 1< .03
Anthracene < .03 < .03 < .03
Di-n-butyl-phthalate 1< .07 T Lot < .o7
Fluoranthene < .03 < .03 < .03
Pyrene < .03 < .03 < .03
2,6-dinitrotoluene < .3 < .3 < .3

2,4=-dinitrotoluene < .3 < .3 < .3

Butyl benzyl phthalate < .13 < .13 1< .13
Bis-(2-ethylhexyl) phthalate < .13 Ay 1< .13
Di-n-octyl phthalate .19 .66 < .13
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Table 5.--Base/neutral organic compounds in soil samples from liquids treach,
Pine County site

--Continued

Concentration, parts per million wet soil

Parameter Hole Th, Hole 15, “Hole T8,
2.5-3.5 feet 2.5-6 feet 3.5-5.5 feet

Benzo(b) fluoranthene <0.13 <0.13 <0.13
Benzo(k) fluoranthene < .13 < .13 < .13
Chrysene < .03 < .03 < .03
Benze(a)anthracene < .13 < .13 < .13
1,2,3-indeno(c,d)pyrene < .3 < .3 < .3
Dibenzo(a,h)anthracene < .3 < .3 <.3
Benzo(g,h, i) perylene <.3 <.3 <.3
Benzo(a)pyrene < .13 < .13 < .13
3,3-dichlorobenzidine < .3 < .3 < .3

1 Parameter detected but amount present was less than quantitation limit.
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Water Quality

Ground Water

Ground water from site wells completed in the regional water-table aquifer
have specific conductance, pH, and organic-carbon content concentrations
typical of values reported by Trippler and Clark (1983) and Myette (1985) for
sand and gravel aquifers in the Carlton-Pine-Kanabec County area. Specific
conductance ranged from 120 to 350 pS/cm, (microsiemens per centimeter at 25
degrees celsius), pH ranges from 5.7 to 8.0.

Pesticides were not detected in any of the wells tapping the regional
aquifer. The lack of pesticides in the regional aquifer may be explained in

one or more of the following ways: (1) pesticides are strongly sorbed by fine-
grained sediments, and chemical transport of the contaminants is greatly
retarded, (2) the seasonally saturated lens above the regional aquifer results
in lateral movement of the contaminants toward the beaver pond southwest of the
site, (3) contamination has not yet migrated vertically to the regional water
table, and (4) dispersion and dilution in the regional aquifer have resulted in
undetectable concentrations at the wells sampled.

Specific conductance and pH of water sampled from wells completed in the
clay-rich lens near the disposal trenches ranged from 40 to 90 pS/cm and 4.6
to 6.1, respectively. These values, generally lower than for water from wells
completed in the regional aquifer, suggest a relatively short subsurface-
residence time,

Pesticides were detected in water from shallow wells in the clay-rich lens
in the immediate vicinity of the solids-disposal trench (table 7). Low levels
of arsenic were detected in water from wells A1, A2, and A10. Water samples
from wells A10 and A12 also contained low levels of some phthalate esters,
These compounds may be residues of DDT formulation ingredients, pesticides
packaging material, other waste organic material in the trenches and (or) well-
construction material, The water-sampling results indicate lateral transport
of pesticide compounds within 10 feet of the trench, but pesticides have not
migrated great distances.

The failure to detect elevated concentrations of aldrin, dieldrin, endrin,
chlorpropham and 3-chloroaniline and elevated lead in any of the wells could
be due to several factors, individually or in some combination: (1) certain
pesticides remained isolated in their containers after disposal, (2) various

contaminants migrated in different directions, primarily owing to differences
in placement of pesticides in the trenches, (3) some contaminants, due to

retardation, have not migrated as far as others, (4) some contaminants have
been degraded, and (5) the amount of certain pesticides put into the trenches

was small, Lead, for example, might be expected to move in the same direction
as arsenic, because they have the same source material, lead arsenate. The
absence of high lead concentrations at locations where arsenic concentrations
are high might be explained by greater sorption of lead relative to arsenjic or
the higher solubility of arsenic relative to lead. Fuller (1978) and Griffin
and Shrimp (1978) indicate that lead is one of the least mobile trace elements
in soil leachates, particularily in relation to arseniec,
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Surface Water

Pesticides were not detected in water samples from the beaver pond
southwest of the disposal sites or from the Lower Tamarack River. Based on the
proximity and projected directions of ground-water movement, these two surface-

water bodies would be the most susceptible to contamination

Summary of Investigation at Pine County Site

No significant soil or ground-water contamination by pesticides was found
at the Pine County site, The relatively low solubility of the pesticides, the

vertical separation between the buried materials and the regional water table,

and the low hydraulic conductivity of the soils in which the pesticides were
buried probably combined to limit mobility of the chemicals.

ST. LOUIS COUNTY SITE

Site Description

Physical Setting

The St. Louis County site is located about 3 miles north and 1 1/2 miles
east of Greaney (SE1/4,SW1/4,SE1/4, sec. 22, T. 64 N., R. 21 W.) in a gravel
pit near the top of an east-west trending ridge that rises 30 to 50 feet above
the surrounding topography (fig. 10). The area in the immediate vicinity of
the site ranges in elevation from 1,380 to 1,390 feet above sea level. Relief
in the region is subdued with the exception of hills associated with the
Vermillion End Moraine about 3 miles to the north (beyond the limits of figure
10). The site is located on and is surrounded by State-owned land in the
Kabetogema State Forest. The nearest structures are hunting cabins approxi-
mately 1 mile to the north. Timber and forest-products production are the
major land uses.,

Drainage

Surface drainage in the area is poorly developed. Swamps, bogs and wet-
lands are numerous. The site lies atop a topographic divide that separates
drainage to Prairie Creek (to the north) from the drainage to Willow River (to
the south)., Both Prairie Creek and Willow River flow to the west and are

tributaries of the Little Fork River.
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Figure 10.--Location of St. Louis County site
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Hydrogeology

Consolidated rock in the vicinity of the St. Louis County site consists of
Precambrian metamorphosed volcanic rocks (Helgesen and others, 1976). The
bedrock surface, at a depth of about 200 feet below the site, dips
northeastward toward Pelican Lake (Sims., 1972; Helgesen and others, 1976).

Glacial deposits overlie the consolidated volcanic rocks. The surficial
glacial deposits consist of clay-rich calcareous till deposited by the Des
Moines Lobe that was later reworked by wave action in Glacial Lake Agassiz and
covered with a thin mantle of lake sediments (Hobbs and Goebel, 1982).
Erickson and others (1977) note that discontinuous beach ridges, consisting of
thin lake clays over sand and gravel, are numerous in the area. Till, lake
clay, and discontinuous zones of sand and gravel are numerous at depth

Aquifers in the general area can be placed in three groups: surficial sand
and gravel deposits, buried sand and gravel deposits, and bedrock (Helgesen and

others, 1976). Yields of wells range widely. In general, the depth to water
in the area is less than 20 feet.

The St. Louis County site lies near the crest of a nearly east-west

trending ridge that rises about 30 to 50 feet above surrounding lowlands (fig.
11). The ridge has a slope of approximately 1 to 5 percent in all directions,

To the north, west, and southwest of the site the lowland areas are underlain
by deposits of peat. These lowlands typically are underlain by 1lake deposits
that can be as much as 10 feet thick (R, F. Norvitch. U,S. Geological Survey,
written commun., 1962).

Geophysical surveys and test drilling were used to define local geology at
the disposal site, Electrical-resistivity and electromagnetic-conductivity
data suggested that the central part of the area (the ridge) consisted of sand
and gravel and that the ridge was flanked by clay. The sand ridges probably
are beach ridges or offshore bars deposited in glacial lakes.

North-south and east-west resistivity-sounding profiles were made along
survey lines oriented relative to a "center station"™ located near the pesticide

burial site (fig. 11). Offset Werner 'A' spacing readings were recorded at 3,
6, 12, 25, 50, and 100 feet at each station. The part of the north-south
profile from 60 feet south of the center to about 140 feet north of the center
had apparent-resistivity values greater than 300 ohm-meters (fig. 12),
suggesting the presence of sand and gravel. The parts of the profile south of
60 feet south and north of 140 feet north of the center consistently had
apparent-resistivity values less than 300 ohm-meters, suggesting the presence
of clay. The east-west resistivity-sounding profile showed low-resistivity
areas (less than 300 ohm-meters, probably clay) from 140 to 200 feet east and
from 265 to 310 feet west of the center station (fig. 12). The remainder of
the profile had apparent-resistivity values greater than 300 ohm-meters
(probably sand and gravel).
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Figure 11.--Topographic setting and location of data-collection
points, St. Louis County site
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Figure 12.—-—Apparent-resistivity profiles along south to north (C-C') and
west to east (D-D') survey lines, St. Louis County site
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Electromagnetic-conductivity data showed results similar to the
resistivity data. These data were collected along the resistivity-survey lines
and in a gridded area in the center of figure 11. Horizontal and vertical
dipole data (20-foot maximum penetration) were collected. Data collected along
the north-south transect had high conductivity values, greater than 3 yS/m
(microsiemens per meter), from 140 to 310 feet north and from 60 to 310 feet
south of the center station (fig.13), indicating the presence of clay. The
"highs™ had very low conductivity, averaging about 1 pS/m, indicative of sand
and gravel; conductivity from 155 to 185 feet east and from 280 to 310 feet
west of the center station was higher (fig. 13).

Test drilling done by power auger supported findings from the geophysical
surveys. The ridge crest consists primarily of sand and gravel (fig 14). The
sand and gravel deposits are generally more fine grained to the west. Power-
auger drilling was limited to depths ranging from 11 to 33 feet below land
surface because of cobbles and boulders in the glacial deposits. 1In the
region, surficial sand and gravel is underlain by older glacial tills, lake
clays, and other sand and gravel units (Helgesen and others, 1976). The
surficial sand and gravel probably represents glaciofluvial deposits modified
by Lake Agassiz into beach ridges.

The sand and gravel is overlain by as much as 20 feet of silty to sandy
gray clay along the flanks of the ridge (within about 200 feet of the ridge).
This boundary coincides with contrasts between areas of high and low electrical
resistivity and electromagnetic conductivity. The clay may represent lake
sediments or lake-modified glacial till.

Generally, water in the sand and gravel aquifer is unconfined. In some
areas at the site, where clay overlies the sand and gravel aquifer, the water
is under confined conditions (fig. 14). The direction of ground-water flow in
the sand and gravel aquifer is to the northeast. Data from two pairs of nested
piezometers are contradictory and the vertical component of flow in the area
can not be determined without additional data. Depth to the water table from
land surface varies from about 10 feet in the western part of the area to about
30 feet in the east. The gradient of the water table changes abruptly through
the area from about 0.09 in the west to about 0.00043 in the east (fig. 15).
This abrupt change in gradient probably is related to increasing aquifer
thickness from west to east. Estimated hydraulic conductivity of the sand and
gravel aquifer ranges from about 1 ft/d to about 200 ft/d based on published
values for similar materials (Todd, 1959).

Soil Contamination

The approximate outline of the disposal trench was delineated by charac-
teristics of the soil profile in the area of the trench. The dimensions of the
trench were estimated to be 24 feet by 7.5 feet based on historical informa-
tion. Lead arsenate (a white, pasty solid) was located at a depth of about 4.5
feet in this area.
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Figure 14.--Well and test-hole locations, south to north (A-A"') and west
to east (B-B') sections, and water levels measured in wells
at St. Louis County site, September 25, 1984
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Soil samples were collected from several locations and depths by bucket
augering (table 8) in the immediate vicinity of the disposal trench and by use
of a split-spoon sampler (table 9) outside of the disposal trench. Typically,
arsenic and lead concentrations in soils were less than 10 ppm (tables 8 and
9). The maximum arsenic value of 31 ppm was measured in a sample that
contained a small amount of the lead-arsenate solid. Mean values for arsenic
and lead in soils of the United States are 7.5 ppm and 17 ppm, respectively
(Rose and others, 1979). Mean values for arsenic in Pine County, Minnesota,
ranged from 1.4 to 2.8 ppm (Morey and others, 1980). These data suggest,
therefore, that the lead arsenate has not been sorbed by soils at the site,

In November 1984, approximately 3 feet of overburden was removed from the
St. Louis County burial site with a bulldozer. The lead arsenate, a white
pasty solid, was confined to a single layer about 8 inches thick covering an
area of about 6 feet by 10 feet. The lead arsenate (about 2,000 pounds) was
placed in barrels and prepared for transport to an approved landfill., After
removal of the lead arsenate, composite soil samples were taken from 0 to 1.5
feet below the base of the area. None of the samples contained lead or arsenic
above a State-mandated criterion of 500 ppm ( Bruce Brott, Minnesota Pollution

Control Agency, oral commun., 1985).

Water Quality

Ground Water

Results of analyses of ground-water samples collected from observation
wells at the St. Louis County site on August 22 and September 25, 1984, are
listed in tables 10 and 11. All values were below the Minnesota Class 1a
water-quality standard of 10 wg/L for arsenic and SOng/L for lead (tables 10
and 11) (State of Minnesota, 1985). These results indicate that local ground
water has not been contaminated by lead arsenate disposed of at the site,

Surface Water

Water samples were collected from Prairie Creek and from Willow River at
several points near the disposal site in March 1984 as part of the initial
investigation (Minnesota Department of Natural Resources, 1984a), Dissolved
arsenic and lead concentrations in these samples were less than or equal to 3

pg/L (micrograms per liter) and less than 1Ig/L. repectively. The nearest
sites for which background water-quality datd are available are for the Rainy

River, where arsenic and lead range from 0.5 to 1 yg/L and 1 to 8 )Ag/L,
respectively (Minnesota Pollution Control Agency, 1981).

Summary of Investigation at St, Louis County Site

No significant soil or ground-water contamination by lead arsenate was
found at the St. Louis County site. The relatively low solubility of the lead-
arsenate pesticide combined with the vertical separation (20 feet) between the
buried materials and the water table probably account for the absence of
contaminants in the ground-water system.
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Table 8.--Arsenic and lead concentrations in soil samples collected with
bucket auger immediately adjacent to the St. Louis County disposal site

[Analyses by Department of Natural Resources Laboratory, Hibbing, Minn.; data
from Minnesota Department of Natural Resources, 1984b; all samples were
digested with HNO3/AS,0p; ppm, parts per million]

Depth of sample, Arsenic“, Lead",

Soil pit (feet) (ppm) (ppm)
1 7.5 -8 2.4 2.2
2 7.7 - 8.2 2.4 2.4
3 2 -2.5 4.7 3.3
4 - 4.5 T.7 4.0
6.5 - 7 3.2 2.4
4 2-25 5.4 5.1
4 - 4.5 3.0 3.9
7.5 - 8 2.9 4,2
5 2-25 6.5 3.8
6 2. 25 7.3 3.5
12 - 2.5 4.9 3.5
4 - 4.5 2.2 4.1
7.5 -8 1.5 2.6
7 2-25 4.3 3.8
4 - 4.5 5.1 5.5
8 2 - 2.5 6.5 3.7
4 8.7 3.8
24,5 31.0 11.0
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Table 8.--Arsenic and lead concentrations in soil samples collected with
bucket auger immediately adjacent to the St. Louis County disposal site

~-Continued

Depth of sample, Arsenic”, Lead”,

Soil pit (feet) (ppm) (ppm)
10 2 -2.5 8.7 4.3
b - 4.5 5.9 3.5
11 2 = 2.5 4,2 2.7
4 - 4.5 4.y 2.5
7.5 -8 3y.1 3.4
12 2 - 2,5 6.1 2.0
4 - 4.5 5.6 15.0
7.5 -8 5.3 13.0
13 2 - 2.5 6.1 6.1
4 - 4.5 4.2 2.4
7.5 -8 4.9 3.5
14 2 -2.5 5.1 7.7
4 - 4.5 2.6 2.9
7.5 = 8 33.5 33.2

o ———————_— — —— - ——— T ——————— —— —_————— " ——————— = ——— — — ———— " ————— - ———————— ]

1 Field duplicates.
Lead arsenate was visibly noted at this depth.
g Average of duplicate laboratory aigestions.
Dry-mass basis
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Table 9.--Arsenic and lead concentrations in soil samples
collected with split spoon in well borings at the St. Louis County site

[Analyses by Department of Natural Resources Laboratory, Hibbing, Minn.; data
from Minnesota Department of Natural Resources, 1984b; ppm, parts per million]

Depth of sample, ArsenicZ, Leadz,
Well (teet) (ppm) (ppm)
3D 24 - 26 2.2 3.9
3D 34 - 36 3.0 3.9
3D 49 - 51 6.0 5.0
9 34 - 36 1.2 4.0
10 4 -6 5.1 2.2
10 9 - 11 2.3 1.8
10 14 - 16 3.0 2.0
10 19 - 21 1.9 1.1
10 24 - 26 4.5 1.7
10 29 - 31 9.3 2.6
1 4 -6 2.4 0.7
1 9 -1 3.6 2.1
1 14 - 16 2.1 2.9
11 19 - 21 1.y .5
11 24 - 26 1.1 1.3
1 29 - 31 7.2 1.6
12 4 -6 2.6 2.2
12 9 -1 2.6 1.7
12 14 - 16 3.8 2.2
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Table 10.--Results of ground-water analyses, August 22, 1984,
St. Louis County site

(Analyses by Department of Natural Resources Hibbing Laboratory; data from
Minnesota Department of Natural Resources, 1984b; mg/L, milligrams per liter;
uS/cm, microsiemens per centimeter; pg/L, micrograms per liter; NA,
not available; <, less than)

——— ——————— o — — S —— T — T ——————————— . — " 1 " > — - —————" " —— o~

Specific Arsenic, Lead
Alkalinity conduct- (ug/L, (ug/L,
(mg/L as ance, dry mass dry mass
Sample Well pH CaC03) (uS/cm) basis) basis)
107 13 6.7 14.4 50 2 2
T108 14 6.9 12.2 45 2 <1
Y09 14 6.9 NA 45 2 <1
2110 14 NA NA NA 2 1
111 238 6.9 32.0 130 2 <1
112 9 7.2 124 280 3 <1
3113 35 6.7 234 330 3 1
3114 3 6.7 248 335 3 <1
115 11 6.7 41.7 95 2 <1
116 12 6.7 26.1 62 1 <1
117 10 6.5 28.6 82 1 1
118 10 6.5 NA 82 1 <1

21 Field duplicates.
Unfiltered metals.
3 Field duplicates.
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Table 9.-~Arsenic and lead concentrations in soil samples
collected with split spoon in well borings at the St. Louis County site

--Continued
Depth of sample, Arsenicz, Leadz,
Well (feet) (ppm) (ppm)

12 19 - 21 1.6 2.3
12 24 - 26 1-9 1.3
12 29 - 30 4.2 1.6
13 24 - 26 1y.0 1.6
14 24 - 26 4.5 2.6

; Average of duplicate laboratory digestions
Dry-mass basis



Table 11.--Results of ground-water analyses, September 25, 1984,
St. Louis County site

(Analyses by DNE-Hibbing Laboratory; data from Minnesota Department
ot Natural Resources, 1984b; analysis on dry mass basis;
Fg/L, microgram per liter; <, less than)

Well
10
11
12

13

Arsenic, ug/L Lead, ug/L
Y <1
4 <1
5 <1
5 <1




CONCLUSIONS

Investigations of the geology and ground-water hydrology and analysis of
s0il and ground-water samples collected at the sites of waste-disposal sites in
Pine and St. Louis Counties, Minnesota, indicate that contamination from
pesticides buried at the sites is not widespread or highly concentrated at
short distances from the burial site. No significant soil or ground-water
contamination was found at either site, The possible combined effects of
relatively low solubility of the chemicals, sorption on soil particles, low
vertical hydraulic conductivity of the soil (in the vicinity of the Pine County
site) and significant vertical separation between the site of burial and the
water table appear to have limited migration of the chemicals, At both sites,
pesticides and pesticide-containing soils have been excavated and transported
to approved disposal sites.
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