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EXECUTIVE SlIIKAR.Y

The Naval Industrial Reserve Ordnance Plant (NIROP) is located 1n

an industrial at'8a in the northern portion of the Miameapolis/St.Paul

. Metropolitan Area within the city l1mits' of Fridley, .Minnesota.

Advanced naval weapons systems are designed and manufactured' at the

NIROP. The northern portion of the facility is government-owned and

operated by a pt'ivate contractor (FMC), and the remainder of the

facility is owned independently by FMC.

The IDOSt significant natural resource near the facility is tne

Mississippi River. The City of Minneapolis water supply intake in the

Mississippi River is less than one mile' downstream from the NIROP. A

portion of the Anoka County Islands of Peace Mississippi Riverfront P.ar~

is located west of the N!ROP adjacent to the river.

Ground water use in the vicinity of the NIROP consists primarily of

high capacity industrial production wells completed in the Prairie du

Chien/Jordan (PCJ) aquifer system. The City of Fridley also maintains $.\

backup well finished in the PCJ immediateiy north ~f the NlROP.

A highly permeable aquifer within unconsolidated Quaternary

sediments overlies the PCJ in the vicinity of the NlROP. Tae

unconsolidated aquifer is hydraulically separated from the PCJ by 1\

silty to shaly basal bed of the St. Peter Sandstone except for an area

where the St. Peter Sandstone has been eroded. The unconsolidated

aquifer is in contact with the PCJ in the eroded area. The City of

Minneapolis has plans to utilize the unconsolidated aquifer .for ,.:

"Ranney" well system to serve' as a backup to the 1".1ssissippi River

surface water intake.

1254.03 139:RTA:frid0506a



In Marc~ 1981, an anonymous phone call to· the MPCA led to the

discovery of trichloroethylene (TeE) in three NIROP water supply wells

finished ··inthePCJ ~ Grab sallip.les~tained fromNIROP storm sewer

outfalls at'the 'M1ssissippiR1ver also showed contamination byTCE and·

other volatile .organic compoUnds (VOCs) ·at that time. Subsequent

sampling at the·.City of Minneapolis Mississippi River water intake also

revealed measurable~eoncentrationsof TeE.

investigations 'into potential problems at' the NlROP began

immediat.ely by ·FMCCorporation. Two separate areas of concern were

•

identified as the South Study Area' (FMC-owned property) and the North

, Study Area (government-owned property) by Hickok and Associates
.. ~.

(1981a):. FlflC 'pursued investigation of the south study area separately

from·thegoverriient";owne'd ,north study area. An .agreement was recently

reached between FMC and "the MPCA for what 'Hickok had' called the South

St.udy Area • That agreement calls for pumping and discharging

•

. contaminated ground water to the Pig's Eye Waste Treatment Plant for·

treatment. Cleanup levels for the ground water have been :set at 0.270

mg/l· -total VOCs.. Thi~ Remedial Investigation Report details the Navy'.s

efforts related .to investigation of what Hickok (1981a) called the· North
. ~ .

Stuay Area, which is herein referred to as the NIROPO'

'On March 31, 1982, Naval officials implemented the Navy Assessment

. and Control of Installation Pollutants (NACIP) program to identify and

cotltrol environmental contamination from past' use and disposal

practices. An In'itfal Assessment Study (lAS) was completed in June 1983

by Envirodyne Engineers, Inc. .The IAS determined that drummed wastes

had occasion~lly b~en buried in the northern portion of the NIROP and,

1254O'~3 139:RTA:fr1d0506a 11



• additionally, that the area beneath the NIROP building may be

contributing to ground water problems. As a result of IAS recom-

mendations, the Navy CO,ntracted the U.S. Army Corps of Engineers (COE)

to continue investigations.

Through various geophysical and remote sensing techniques, nine

areas were selected for excavation based on their liklihood for

containing drummed wastes. These areas were excavated under COE

direction in the fall of 1983. Forty-three excavated drums, and

underlying soils were found to contain VOCs, PCBs, oil and grease,

pesticides, and metals. The 43 excavated drums and 1,200 cubic yards of

soil weredi,sposed at USEPA-approved landfills (U.S. Army Co!PS of

Engineers, 1984).

monitoring wells installed under the COE's direction and 1 FMC-installed

Three ,phases of ground water monitoring well installation began in

• June 1983 under COEsupervision. The current network consists, of 33

monitoring ,well. Wells have been finished in the shallow and deep

•

portions of, the unconsolidated aquifer as well as the PCJ aquifer. The

monitoring .. well· network has been used to determine physical and, chemical

characteristics of tbe unconsolidated and PCJ aquifers underlying the

NIROP and some adjacent areas~

Analysis of information gathered during this investigation

indicates the following:

Ground water flow is, from the northeast to the southwest
across the NIROPsite.

Ground water in the., shallow and deep portions, of the
unconsolidated aquifer' at the NIROP has been contaminated by
VOCs.

1254.03 139:RTA:frid0506a iii



Multiple· sources of ground water contamination may exist in
the vicinity of the NIROP. Source areas identified in this
report include the following:

•
TCE is the best
contamination for
NIROP .

indicator of the extent of ground water
evaluating remedial alternatives at the

•

The former pitltrench drum disposal area on the NIROP
property. ~

An unidentified TCE source upgradient (northeast) of the
facility.
An unidentified source either on-site near the eastern
NIROP property boundary or off-site (east of the
facility).
An area on the southwestern portion of the NIROP where
contamination may be emanating from both a former TCE
storage tank location and the building envelope (includes
sanitary and storm sewers).

The removal action in the pit/trench drum disposal area had a
marked eff~~t on two wells· immediately downgradient of the
pits/trenches causing significant decreases in TCE
concentrations. However, a recent TCE concentration increase
in· a third' well immediately downgradient of the excavations
indicates that all of the drummed wastes and/or contaminated
soils in this area may not have been removed •

A lack of deep alluvial wells in several areas has hampered
evaluation of the vertical extent of contami~ation.

Concentrations of TCE in ground water reaching the Missis,sippi
River are probably on the order of 1 to 10 mg/l.

Preliminary evaluation of the No-Action Alternative indicates
the current health-based carcinogenic risk level for TCE
calculated at the only existing receptor area, the Minneapolis
water supply intake, is above the _tJt,EPA acceptable risk level
for individual carcinogens (10 ), assuming 10 percent
dilution of the ground water with the annual daily low flow
volume for the Mississippi River. However, the calculated TCE
concentration after 100 percent dilution in the river j.s pelow
the analytical det~ction limit for TCE, and is very close to
the acceptable 10- level.

Current ground water data do not show significant
concentrations of any contaminant in the PCJ bedrock aquifer.

:.
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• ·1. DmlODUCTIOR

1.1 Background

RMT, Inc., has been retained by the Omaha District of the U.S. Army

Corps of Engineers to complete a Remedial Investigation Repo::t for the

Naval Industrial Reserve Ordnance Plant (NIROP) located in Fridley,

Minnesota.

This Remedial Investigation Report is the culmination of the

following specific tasks as described in the USEPA guidance documents on

RIfFS under CERCLA:

RI Task
RI Task

1';' Description of Current Situation
4 - Analysis of Existing Data

•

•

Recommendations for additional data that need to be obtained to

provide additional problem definition. will be addressed in the

Conceptual Workplanwhich outlines activities for the remainder of the

RIfFS.

1.7. .Purposeand Scope

The purpose of the Remedial Investigation Report is to use existing

information to· evaluate the impacts of past disposal practices on

subsoils and ground water.

The scope of this report is limited to a review of existing

information related to the NIROP site and surrounding areas which was

developed by other consultants, the Corps of Engineers, and RMT. A list

of previous investigations which formed the basis for this Remedial

Investigation Report is as follows:

InitlalAssessment Study of Naval Industrial Reserve Ordnance
Plant, Minneapolis, Minnesota, prepared by Envirodyne
Engineers, Inc., for the Navy Assessment, June 1983.

1254.03 139:RTA:frid0506a
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•

•

Draft NlROP Hazardous Waste Clean-Up Report prepared by the
Corps of Engineers in October 1984. and finalized by RMT in
September 1986.

Ground water quality and ground water level measurement data
collected by the Corps of Engineers from October 1983 to March
1986.

Summary Report on Ground Water Conditions. FMC Northern
Ordnance Division Plant. Minneapolis. Minnesota. 1983. s.s.
Papadopulas and Associates. Inc.

Final Report Phase I and Phase II Investigation Programs.
Northern Ordnance Division FMC Corporation. 1984. 5.5.
Papadopulas and Associates. Inc.

Evaluation of Remedial Action Alternatives. FMC and BNR Lands.
Ground Water Regime. May 1985. Connestoga-Rovers & Associates
Limited.. __

Evaluation of Past Disposal Practices ·Phase I Intitial
Assessment. April 1981. Eugiene A. Hickok and Associates.

Evaluation of Past Disposal Practices Phase II Hydrogeological
Investigation. Eugene A. Hickok and Associates. December 1981 •

Feasibility Study. FMC and BNR Lands. Ground Water Regime.
January 1985. Connesto.ga-Rovers & Associates. Limited.

Response Action Plan. Fridley, Minnesota, April 1985,
Connestoga-Rovers & Associates, Limited •

1254.03 13S:RTA:frid0506a . 1-2
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2. INVESTIGATION SlIDWlY

2.1 Site Background Information

2.1.1 Site Description

'The Naval Industrial Reserve Ordnance Plant (NIROP) is operated by

the Northern Ordnance Division of FMC Corporation and is involved with

the manufacture of advanced naval weapon systems, including their

development, design, engineering', and testing. The plant began

production of naval guns in 1941. The plant has continued to produce

naval guns and has expanded into the production of guided missile

launching systems, torpedo tubes, and hydraulic and electric power drive

and control systems.

The NIROP lslocated in the northern portion of the Minneapolis/St.

Paul Metropolitan Area, within the city limits of Fridley, Minnesota •

The plant is situated approximately one-quarter mile east of the

Mississippi River and less than one mile south of Interstate 694. The

plant is bordered on the west by the East River Road and on the east by

the Burlington Northern railyard. A general vicinities map is included

as Figure 2-1.

The government-owned, contractor-operated portion of' the plant

encompasses 82.61 acres. The remainder of the facility is owned and

operated by FMC Corporation. Figure 2-2 shows the layout of the plant,

delineating those areas owned by the Navy and those areas owned by FMC,

as well as other site features referred to throughout the report. This

report deals only with the government-owned portion of the facility •

1254.03 139:RTA:frid0506a 2-1
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2. 1.2 O1ronology of 1leIled1al Work. and Investigations

. In 1981, an anonymous phone call to the Minnesota Pollution Control

Agency (MPCA) led~oconcern over Waste'dt~PQ8al practices at the NIROP

faci:'ity.

Subsequently, on March 16, 1981, and April 23, 1981, Navy water

supply wells 2 and 3 and FMC well 1 (Figure 2-2) were tested and found

to contain trichloroethylene (TCE) at concentrations ranging from 0.035

mg/l to 0.200 mg/l. The wells were finished in the' Prairie du

Chien/Jordan aqUifer and were being used as a potable water supply. The

wells were shut down on April 24, 1981.

Sampling in 1981 at 'the Minneapolis water supply intake,

approximately 1 mile downstream in the Mississippi River (Figure 2-2),

revealed the unquantifiablepresence of teE during .4 sampling rounds.

On December 31, 1981, the first quantifiable concentration (0.0012 mg/l)

of teE was detected at the water supply intake (Envirodyne, 1983).

On March 3f,' 1982, naval officials implemented the Navy Assessment

and Control of Installation Pollutants (NACIP) Program to identify and

control environmental contamination from past use and disposal of

hazardous substances at Navy and Marine Corps installations. The NACIP

Program is part of the Department of Defense Installation Restoration

Program, and is similar to the Environmental Protection Agency's'

.. Superfund" Program authorized by the Comprehensive Environmental

Response, Compensation, and Uability Act of 1980 and the Superfund

Amendments Reauthorization Act of 1986.

Under the NACIP Program, Envirodyne Engineers completed an Initial

Assessment Study (lAS) in 1983. The IAS team collected and evaluated

1254.03,139:RTA:frid0506a 2-4



• evidence of contamination that could pose a potential threat to human·

health or the environment. The LAS included a review of archival and

facility records. interviews with personnel. and an on-site survey of

the facility.

The LAS team discovered that. in previous years. the storage yard

in the northern portion of the site had been used for disposing of

drummed waste by burial in 8- to 10-foot-deep trenches or in pits

(Figure 2-2).

LAS recommendations for the NIROP included the following:

The use of geophysical techniques to locate and define the
boundaries of waste burial areas.

Excavation and proper disposal of. wastes from located waste
disposal areas.

• Installation of numerous monitoring wells
presence of ground water contamination
suspected NIROP source areas.

to detect
emanating

the
from

Initial remedial action cleanup activities began in November. 1983

as a result of LAS recommendations. Under the supervision of the U.S.

Army Corps. of Engineers. nine areas were excavated (Figure 2-2 hand

approximately 1.200 cubic yards of soil and 43 drums were removed. The

majori ty of the drums contained inert solids; others contained PCB

wastes. flammable solids. base solids and inert liquids. Four of the

drums were empty (U.S. Army Corps of Engineers·. 1984). The hazardous

soils and drums were disposed in an EPA-approved landfill. Samples were

then taken of the soils beneath the excavations and analyzed for vola··'

trenches contained total VOC's above 1 mg/l; however. no further testing

•
tile organic 'compounds (VOCs) and PCBs. Soil samples beneath three

1254.03 139:RTA:frid0506a 2-5



•

•

•

was done at tnat Hme. The trenches were backfilled with clean f111,

and removal activities were completed 1n March, 1984.

Phased installation of ground water monitoring wells began in the

fall of 1983. To date, 34 welln have been installed as part of the

NIROP ground water monitoring network. Wells have been completed in the

shallow and deep portions of an unconfined aquifer in the Quaternary

sediments as well· as in the Prairie du Chien bedrock aquifer. Eight

rounds of ground water sampling have been conducted at the NIROP since

October 1983.

2.1.3 Historical Description

Facility Type. The NIROP dates back to 1940 when Northern Pump

Company negotiated with the Navy for the construction of a new

manufacturing plant. Northern Pump had been under defense contracts to

the Navy throughout the 1930' s. These defense contracts eventually

reached a level where Northern Pump's existing plant in Minneapolis was

inadequate. An arrangement was made to construct a new plant. The

. arrangement was unique in that the plant was partly owned by the

government and partly owned by Northern Pump Company. The site chosen

for the plant was a corn field just north of the Minneapolis city

limits, within the Township of Fridley. The ·new plant was completed in

just 60 days, with machinery, office equipment, and records moved intact

by flat car from the old plant. By January 1941, the plant was in full

production.

In June 1942, Northern Pump Company established Northern Ordnance,

Incorporated, as an operating subsidiary to conduct the government
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• early 1970s. small burnable material was processed in the NIROP

incinerator. Incinerator ash was. in turn. hauled to a disposal area

off Navy property.

Hazardous

disposal off

approximately

wastes are currently placed in

Navy property· by a contractor.

30 drums per month were disposed

55-gallon drums for

On the average.

of since the early

•

•

19705. Before 1973. industrial wastes such as paint sludge and

chlorinated solvents were typically disposed in landfills off Navy

property. Limited disposal of these materials also occurred on Navy

property in the e~t:!y 1970s. These materials were placed in on-site

pits or trenches in the'northern portion of the NIROP property.

The NIROP has one on-site industrial wastewater treatment plant for

handling chemical wastes from the plating shop. Plant sanitary waste­

water. and both treated and untreated industrial wastewater. are

discharged to the sanitary sewer system.

Incidents. No serious incidents (fire. explosion. etc.) have been

reported at the NlROP facility. Several spills of various materials

in~luding acids. paints. solvents. fuel oil. and gasoline have occurred

in varying quantities. Records of spills which occurred in 1984. 1985.

and 1986. have been incorporated into this report. Records were not

available prior to 1984.

Site Investigations and Regulatory Violations. Investigations of

the NIROP were instigated by the discovery of TCE in the Navy wells on

the NlROP facility and at the City of Minneapolis water intake in the

nearby Mississippi River. The investigation began with the Initial

Assessment Study (Envirodyne Engineers. 1983). Subsequently. excavation
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• of on-site buried drWDDled 'wastes has been completed under COE

supervision. Additionally, 34 monitoring wells have been installed to

date and eigh~ rounds of ground water sampling have been completed.

A Request for Response Action (RFRA) was issued to the Navy by the

Minnesota Pollution Control Agency in May 1984. The obligation ~o take

response action required a Remedial Investigation/Feasibility Study

(RI/FS) be completed by the Navy.

2.1.4 OCher Factors

Planned Use. The NlROP facility has been operating at its present

location since 1941. No plans to change that operation are known at

investigation contain conflicting or missing information.•
this time.

Conflicting or Missing Information. Certain areas of this

Specific

•

problem areas include the following:

The IAS (Envirodyne, 1983) reported that between 50 to 100
drums of waste were disposed in two trenches on the northern
portion of the NlROP facility. Two additional pits reportedly
received 25 drums each. The number of drums disposed, as well
as burial locations, was based on employee recollection and
hearsay. After review of file information and aerial
photographs, as well as completion of- a field geophysical
survey, nine areas were selected for excavation with MPCA

. concurrence • Subsequently, 43 drums were removed from 2 -of
the 9 excavated areas. Although a discrepency exists between
the number of drums reportedly disposed and the number
recovered, the COE is confident that the drum removal project
was successful.

Documentation of the excavation of Pit 5 as performed
indicates that the true area to be excavated was approximately
40 feet east of the area indicated on Drawing 3· of 3 in the
Project Reporl of the Hazardous Waste Cleanup Site (COE,
1986). This discrepancy was brought to the attention of the
COE. Subsequent investigation by the COE indicated that
Drawing 1 of 3 from the Project Report (COE, 1986). shows an
incorrect planned location for Pit 5 excavation. The COE
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indicated that the actual eX~avation area for Pit 5 was the
correct location. No information is available regarding why
the planned location for Pit 5 was shown incorrectly on
Drawing 1 of 3. The decision to locate the actual Pit 5
excavation 40 feet west of the planned location was reportedly
made in the field by the COE during the excavation work, based
on additional field measurements.

Total volatile organic compound concentrations detected "in
soils in Pit 7 exceeded 1 part per million (ppm). - The COE
(1984) indicated that MPCA guidelines established backfilling
requirements of 1 ppm and that only trenches number 3 and 6
exceeded the guideline. Subsequent review of soils analytical
data show that TCE was detected in Pit 7 at 1.3 mg/kg (ppm).

Conflicting information exists regarding underground tanks in
the vicinity of well 9-S. - The Initial Assessment Study (LAS)
(Envirodyne, 1983) shows the location of both above- and
below-ground tank locations. Figure 2-2 of this report was
adapted from IAS information. Recently received information
from FMC labeled "Enclosure (15) One General Arrangement Plan
Drawing - Present Status" (not otherwise labeled or dated)
shows at least one and possibly two additional 2,000-gallon
underground tanks in the vicinity of 9-S. An April 9, 1987,
letter from the FMC Environmental Manager states that one of
these two tanks currently contains mineral spirits and that
the other tank was abandoned at an unknown date. Prior uses
of these two tanks, which were installed in the 1950s, is
unknown.

Data regarding ground water quality in the deeper portions of
the unconfined aquifer is lacking in some locations.

Ground water data for xylene are sparse in the immediate area
of the pits/trenches. Xylene was detected in a significant
quantity (39 percent by weight) in drums removed from the
pit/trench area. Xylene was not analyzed in soil samples
obtained from the pits/trenches and has been analyzed only
once (November, 1986) in ground water. Therefore, conclusions
regarding the presence or absence of xylene in ground water
cannot be made at this time.

A subsurface investigation of the dry well in Hazardous Waste
Storage Area C revealed VOCs and metals in soils and
potentially in ground water. There are no monitoring wells
located downgradient of Hazardous Waste Storage Area C.

The only known sampling of the storm sewer outfalls to the
Mississippi River were reported by Hickok (1981). Current
sampling data_ would be useful to look at VOC loading to the
Mississippi River •
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• 2.2 Mature and Extent of the Problea

Results of this investigation indicate that multiple sources of

ground water contamination exist in the vicinity of the NIROP, and that

contaminant sources inc.lude NIROP activities as well as undefined off-

site sources. The degree of off-site contribution has not been

determined at this time but may be significant. Contaminated ground

water from these sources apparently has migrated to the Mississippi

River. Trichloroethylene (TCE) has been detected at the City of

•

••

Minneapolis drinking water intake less than one mile downstream from the

NIROP.

Contaminants detected in ground water are primarily volatile

organic compounds (VOCs). This investigation has determined that TCE is

the best indicator of ground water contamination within the study area •

The following key items which have been developed in Sections 4, 5,

6, and 7 are presented in support of the above statements:

1. 'Ground water use in the vicinity of the NIROP consists primarily of
industrial production wells completed in the Prairie du
Chien/Jordan bedrock aquifer. Shallow ground water use was
reported by Papadopulos (1983) as consisting of two farm wells; one
north and west of the NIROP (upgradient), and one about 900 feet.
south and west of the NIROP. The present condition of these .wells
is unknown; however, they appear to be located in what is now a
county park and therefore, may no longer exist.

2. Thirty-three ground water monitoring wells have been installed at
the NIROP site under the direction of the COE. One additional well
(FMC-33), installed as part of the FMC Study, has been used for
this study. Data from well borings have yielded the following
geologic findings: .

Unconsol1datedsilty sand, gravelly sand, sandy gravel or
gravel was found in nearly all borings.

Clay, silty clay, sandy clay or clayey silt lenses were
observed in several borings at various depths. These lenses
appear to be discontinuous across the site. Underneath the
adjacent FMC site these clay deposits are apparently
continuous.
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• Underneath the aliuvial deposits is the St. Peter Sandstone
,which is 37 feet thick at the northern property line and not
present near the southern property line. Where present. the
St. Peter Sandstone acts as a confining layer above the
underlying Prairie du Chien Dolomite. The lack of continuous
confining layers in the alluvial aquifer and above' the bedrock
means that contaminants could potentially migrate throughout
the alluvial aquifer and into the bedrock aquifer.

3. Numerous rounds of ground 'water
the NIROP monitoring wells.
developed from this data.

elevations have been obtained from
The following findings have been

•

•

4.

Ground water flow in the shallow and deep portions of the
alluvial aquifer is generally to the southwest or west toward
the Mississippi River with horizontal hydraulic gradients that
vary from 0.0005 ft/ft to 0.014 ft/ft. Average linear ground
water velocities for these gradients would range from 40 to
1.100 ft/yr. assuming hydraulic conductivities estimated by
Papadopulos (1984) and porosities from Freeze and Cherry
(1979). This movement of contaminants in the shallow aquifer
would take approximately 0.5. years to travel from the western
property boundary of the NIROP site to the Mississippi River.

Flow in the bedrock (Prairie du Chien) aquifer is also to the
southwest (toward the Mississippi River) with horizontal
hydraulic gradients of 0.0008 ft/ft. The average linear
ground water flow velocity for this gradient. assuming
hydraulic conductivities estimated by Kanivetsky (1979) and a
porosity from Freeze and Cherry (1979). is 67 feet/year. In
the bedrock aquifer it would take approximately 15 years to
travel the same distance. This evaluation assumes typical
gradients and flow distances and no attenuation of the
constituents.

In general. vertical hydraulic gradients in the alluvial
aquifer are near zero. except in those areas where clay lenses
exist . and the vertical gradients are downward. Vertical
gradients between the deep alluvial aquifer and the bedrock
(Prairie du Chien) aquifer are generally upward and increase
in the vicinity of the Mississippi River. which is the
regional discharge for both the alluvial and bedrock aquifers.

Ground water quality on the basis of the eight sampling rounds and
water quality analyses performed can be summarized as follows:

lnorganics - Prior to November 1986. only total concentrations
(unfiltered samples) were reported and the data suggested that
significant concentrations of inorganic constituents could be
found in the ground water. The samples collected in November
1986 had total concentrations fairly consistent with previous
results. However dissolved concentrations (filtered samples)
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•

were analyzed for the first time and were considerably lower,
indicative of the fact that much of the inorganic concentra­
tions were associated with sediments in the samples. Sediment
that is transported by ground water is not generally
consumed. Of the dissolved inorganic concentrations detected
only three constituents exceeded federal standards; manganese,.
sulfate and selenium. Of these constituents, manganese and
sulfate both exhibited concentrations in excess of SMCLs in
both background wells and downgradient wells and therefore are

·not associated with activities at the NIROP.

Selenium in a sample from well 9-S (0.49 mg/l) is the only
dissolved inorganic constituent detected in ground water above
an MCL. Since well 9-S is located along the eastern
(upgradient) edge of the NIROP facility, it is possible that
selenium detected in well 9-S is related to an off-site
source.

PCBs - PCB-s were detected in several wells at concentrations
near the detection limit. PCB Aroclors varied between sampl­
ingrounds as did the locations where PCBs were detected.
Although PCBs were detected in drums and soils in the pit/
trench disposal area, they were not detected in wells
immediately downgradient. Low confidence in the reported
values (near detection limits) and· the lack of spatial or
temporal patterns suggests that PCBs are not of concern in the
ground water.

Organics - The primary organic compound detected in ground
water on the NIROP site is TCE. Other organic compounds occur
at much lower concentrations than TCE. 1,2-Dichloroethylene
isomers (breakdown products of TCE) appear to be correlated
with the occurrence of TCE. Tetrachloroethylene, 1,1
dichloroethane, and 1,1,1 trichloroethane also generally occur
in the same areas as TCE, but at much lower concentrations.
TCE has been detected in background wells 15-S and l6-S
(Figure 2-2) at concentrations as high as 0.017 mg/l and 0.17
mg/l, respectively.

1,1 Dichloroethylene has been detected in well 9-S only, and
thus, exhibits a distinctive distribution pattern. The
balance of organic compounds detected in ground water were
detected at insignificant concentrations or demonstrated no
obvious source areas.

•
5. Raw materials used and thus wastes generated at the

chlorinated and non-chlorinated solvents, acids,
conditioners, stripping and cleaning agents,
photographic chemicals •

NIROP include
bases, metal
paints, and
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6.

7.

,
Data for the years i984 through 1986 indicate leaks and spills of
various raw materials, including TCE, have occurred at the NIROP
and that spilled materials have entered both the storm and sanitary
sewer systems. It is likely that activities prior to 1984 resulted
in a similar frequency of spills, type of spilled materials, and
spill volume.

Past NIROP waste disposal practices included occasional burying of
drummed wastes in pits and trenches in the northern portion of the
facility property. Identification and removal of the drummed
wastes were undertaken by the Navy to remediate conditions.
Hazardous substances were detected in 39 of 43 drums excavated.
Hazardous substances identified in drums and underlying soils in
the pits and trenches included VOCs, PCBs, pesticides, and metals.
VOCs were the only hazardous substance detected in drums and soils
which have been detected in shallow ground water downgradient of
the disposal area in significant concentrations. The mix of VOCs
detected in wells immediately downgradient of the pit/ trench drum
disposal area (3-S, FMC-33, and 8-5) included, TCE, 1,1,1
trichloroethane~- 1,2 dichloroethylene and tetrachloroethylene. Of
these VOCs, ,TCE was detected most often and in the highest
concentrations. TCE concentrations declined dramatically upon
completion of drum excavation and then leveled off in wells 3-S and
FMC-33. However, an increase in TCE concentrations has been noted
in well 8-5 in the November 1986 sampling round. The cause of this
increase is unknown. Evaluation of the deep alluvial aquifer in
this area would require an additional welles).

•

8. TCE-contaminated ground water was detected to the north and east
(upgradient) of the NIROP in shallow alluvial wells 15-5 and 16­
5. Evaluation of the deep alluvial aquifer in this area was not
possible since there are no deep wells. Detection of TCE
upgradient of the facility at these locations suggests that a
separate contaminant source exists which is not on the NIROP
property.

9. Ground water contamination by a similar mix of contaminants as
those detected in wells downgradient of the pit/trench area was
detected in shallow alluvial well 9-S along the eastern NIROP
property boundary. 1,1, Dichloroethane and selenium (in excess of
the MCL) were also detected in well 9-S. Due to the location of-"
well 9-5, relative to ground water flow and potential on-site
sources, as well as the detection of 1,1 dichloroethane and
selenium, an off-site source of contamination east or northeast of
well 9-5 is suggested. Evaluation of the deep alluvial aquifer
near well 9-5 would require an additional welles).

10. A fourth area of contamination was indicated on the southwest.ern
portion of the NIROP facility near wells 10-S, 6-5, l1-S, and 17­
S. Constituents detected in well 10-S indicate a pure TCE source,
while those in well 6-5 indicate a mix similar to those previously
discussed. An above-ground TCE tank formerly located near well
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11.

10-S or its distribution system may be the source of this
,problem. Over 13,000 gallons of TCE per year are used at the
NIROP. Although the contaminants detected in well 6-S may be an
extension of the plume from the pit/trench area, the building
envelope including leaks from the storm and sanitary sewers are
also potential sources.

Soil and water samples obtained from a dry well in Hazardous Waste
Storage Area C (Figure 2-2) indicated the presence of TCE, 1,1,1
trichloroethane, 1,2 dichloroethylene, tetrachloroethylene,
toluene, xylene, and ethylbenzene as well as chromium, lead:, and
cadmium. There are no monitoring wells downgradient. of Hazardous
Waste Storage Area C; thus, no conclusions regarding the possible
spread of contaminants from this area can be made.

2.2.1 Special Waste Considerations

Production of naval ordnance has always been the primary focus at

the NIROP. No ammunition production' or loading operations were

•
conducted at the facility. Additionally, the only radioactive source

used at the facility was removed from service and shipped to the

Barnwell Waste Management Facility, Barnwell, South Carolina, in

December 1982.

2.2.2 Effects of Contaa1nants fro. the Site

Hazardous substances have migrated from the site to the surface

waters of the Mississippi River. No adverse -effects from these

substances have been reported or observed. Likewise, no vegetatiVe

•

stress or aquatic problems have been reported or observed.

2.2.3 Rear-Future lapacts of Site Conditions

The City of Minneapolis has proposed to install wells in ·the

alluvial aquifer near the NIROP facility. These wells would supplement

current sources during peak demand. A hydrogeologic investigation of
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the alluvial aquifer has been completed by the Ranney Company (1978).

Definitive plans and a completion date for this project are not known at

this time.

2.3 Investigation Su.-ary

The initial investigation of conditions at the NIKOP was performed

in 1981 by Hickok and Associates under contract to FMC Corporation.

Hickock identified two separate areas of concern which they called the

South Study Area and the North Study Area. Subsequently, FMC began

investigation of the South Study Area in 1981, while investigation of

the North Study Area was undertaken by the Navy.

The Navy's investigation at the NIROP facility began in March 1982,

as part of the Navy Assessment and Control of Installation Pollution

(NACIP) program. As part of the NACIP program, an Initial Assessment

Study was performed to identify and assess site areas posing a potential

threat to human health or the environment due to contamination from past

operations including hazardous materials. The lAS concluded that three

areas warranted further investigation. As a result of lAS

recommendations, the Navy through the U.S Army Corps of Engineers (COE)

initiated cleanup of the pit/trench disposal area and installed and

sampled 34 ground water monitoring wells.

In June 1986, after seven rOWlds of groWld water sampling and

analysis, COE retained RMT, Inc., of Madison, Wisconsin, to complete

this investigation. Subsequently, a comprehensive round of ground water

sampling has b~en performed as well as preparation of this report.
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• Concurrent with this investigation, FMC Corporation, through

various subcontractors, conducted the investigation of a separate ground

water contamination problem on FMC property immediately to the south of

the NIROP study. Based on studies completed by FMC, an agreement was

reached with the MPCA. FMC has agreed to pump TCE-contaminated ground

water and discharge it for treatment to the Pig's Eye Sewage Treatment

Plant. FMC cleanup levels have been set at 0.270 parts per million

•

(ppm) total VOCs.

2.4 Overview of Report

This report generally follows the basic Remedial Investigation

Report format as outlined in the "Guidance on Remedial Investigations

Under CERCLA," USEPA (1985) •

The report has been divided into 7 major sections as well as

references (Section 8), a terminology guide (Section 9), and

Appendices.

Volume II.

Raw data and supporting documents are included in

•

Sections 3 through 7 provide information from the following project

investigations:

Site Features Investigation (Section 3).

Hazardous Substances Investigation (Section 4).

Subsurface Investigation (Section 5).

Surface Water Investigation (Section 6).

Assessment of Potential Impact of .Existing Ground Water
Contamination to Public Health (Section 7) •
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Appendices A through D included in Volume I are as follows:

Chronological Summary of Constituents Detected in at Least One
Sample from NIROP Ground Water Analyses (Appendix A).

Alphabetical Summary of Constituents Detected in at Least One
Sample from NlROP Ground Water Analyses (Appendix B).

Maximum and Mean Concentrations of Constituents. Detected in
NIROP Ground Water Analyses (Appendix C).

Constituents Added November 1986 (Appendix D) .
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3. SITE FEATURES IMVESTIGATIOH

3.1 Deaograpby

The Naval Industrial Reserve Ordnance Plant is in. the City of

Fridley, Anoka County, Minnesota. Population estimates for 1984 place

Fridley's population at 29,270 residents. Anoka County's population,

according to 1984 estimates, was 210,939 people.

The NIROP facility is located near the northern boundary of the

metropolitan statistical area (as defined by the U.S. Bureau of Census)

for Minneapolis-St. Paul, Minnesota-Wisconsin. The area was estimated

to contain a population of 2,262,400 people in 1985. The facility is

situated in the southern-most tip of Anoka County~

3. 2 Land Use

• The NIROP site and properties neighboring on the north, east, and

south, are zoned "heavy industrial."

Also located between East River Road and the Mississippi River

(west of the site) is the "Anoka County Islands of Peace Mississippi

Riverfront Park." The park is a day-use recreation facility on the

river's edge, consisting of approximately 60 acres.

3.3 Batural Resources

Two significant waterways are in the vicinity of the site: Rice

Creek approximately 2 miles to the north and the Mississippi River to

the west. Because of ground .water and surface water flow directions

•
(west and south), it is unlikely that the NIROF facility would impact

Rice Creek•
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The Mississippi River provides active recreational opportunities to

boaters and anglers as well as passive recreation because of its

aesthetics and historical significance. The river also serves as a

source of public and private water supply. The City of Minneapolis

waterworks facility is located approximately 2,000 feet south

(downstream) of the NIROP (see Section 6.3 for further details).

The NIROP facility is situated over an aquifer capable of yielding

significant quantities of water for residential or municipal supplies.

The aquifer is generally restricted to the Mississippi River Valley.

3.4 Cliaatology

The climate in the area of the NIROP is characterized by warm

summers with average temperatures ranging from the upp~r 70°F to the low

80°F, with moderate rainfall averaging about 17 inches. Winter tempera­

tures average between 3 and 7of for January and .February. Winter

precipHation (during the months of October through April) averages

about 9 inches. Temperature extremes for the area range from -34 ° to

104°F (Envirodyne, 1983).

Wind directions vary throughout the year. Northwest winds prevail

from November through April; southeast winds are dominant in May, June,

August, and October; and southern winds dominate in July and

September. Wind speeds are fairly constant throughout the year,

averaging 10.5 miles per hour (Envirodyne, 1983) •
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4. HAZARDOUS SUBS'tAlII:ES INVESTIGATION

This section of the report summarizes the information RMT obtained

from 'the COE and FMC regarding substances found at the NIROP. All of

the documents reviewed were produced during the 1980s. The facility,

however, has been in existence since 1941. Very little information is

available. for this forty-year period and most of what does exist is

anecdotal, such as recollections of older employees, or indirect, such

as air photo interpretation. Although the Initial Assessment Study

(Envirodyne Engineers, 1983) was designed to prOVide a comprehens ive

evaluation of past hazardous waste generation or disposal, little is

known about site activities prior to the 1960s. The information

presented here, consequently, can only prOVide a "snap shot" of current

practices that may not be representative of past practices nor lead to

the identification of all past disposal areas or other potential sources

of hazardous substance releases. This section is divided into two

parts. The first part describes the hazardous substances that are used

at the NIROP, the processes that utilize hazardous substances and

generate hazardous wastes, and the disposition of the hazardous

wastes. The' second part of this section describes the physical and

chemical behavior of the ~jor hazardous substances found at the NlROP.

4.1 Hazardous Substance types

This section addresses hazardous substance quantities, location,

components, containment, composition, and management methods. It covers

the materials at the site that may be potential sources of environmental

contamination or public health threats, or which may be of importance

during remediation.
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• 4.1.1 Raw Ma~er1a1s

The NIROP uses a wide variety of raw materials for indus.trial

operations. Tanks and stockrooms used for storage of raw materials are

located throughout the facility. Most materials used for the various

industrial operations are stored in stockrooms associated with

individual departments. Only hazardous materials are stored in a

.central location (Figure 4-1). These materials are not dispensed from

this location but are transported directly to the shops through the

Maintenance Control Center.

Numerous hazardous materials including metal conditioners,

•

•

stripping and cleaning agents, solvents, paints, acids, bases, and

photographic chemicals are used at the NIROP. All fresh chemicals and

machinery oils are kept in the central hazardous materials storage

area. Materials are labeled upon receipt and stored in their shipping

containers. Items are segregated by type (acids, bases, solvents, etc.)

into individually diked rooms. The oil and solvent stockroom contains

an explosion-proof ceiling.

Specific materials used at the NIROP for which material safety data

sheets have been provided to RMT by the COE include the following:

Pr~t Ingredients Use

Reliasolv 564 90% Tetrachloroethylene Cleaner and resin flux reuover

Dike Mixed Jilenols M:>~ sam binder (use has been
di9:00tinued)

23-75 Coreactant Bisphenyl isocyanate R1eDolic based resin binder used
Arcma.tic hydrocarbons intD':.>~ sams

Varioos Pepset Aranatic and aliphatic Rleoolic based resin binder
Formulations hydrocarbons phenol, used in tD':.>ldi~ sams

fonnal.dehyde, IXllyueric
dii.socyante and pyridine
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• Various IsoQJI'e
Fol'llU1.aticns

Araoatic am aliphatic
h)'dIucarboos, triethylsmi.ne,
JX)lyueric diisocyanate,
phenol, fomaldeh)Ue,
a.l.coool, am aItlDatic add
derivatives

Fowdry operations, resins,
aui.nes

Rust-Lick cr25-JA hnines, nitrate,
JX)lyaKyethy1eDe
(d1methylimino) ethylene
dichloride

~~l ~tto~oil,~oriMt~

waK., enulsifiers, odorants,
am dye

~coolant

Mach:1ne coolant

Trichloroethylene (TCE) is also used in the. NIROP facility in large

quantities. Commercial or technical grade TCE can contain other

compounds that are also considered hazardous substances. These include

safety data sheets for TCE and 1,1,1 trichloroethane were not provided.

1,1,1 Trichloroethane is also

•
chloroform and 1,1,1 trichloroethane.

used in relatively large quantities in vapor degreasers. Material

Both above-ground and underground tanks are located outside for

bulk storage of oil and several other materials. Tanks used for

materials storage at the NIROP, their locations and contents, are shoWn

on Figure 2-2.

Due to the detection of trichloroethylene (TeE) and other volatile

organic compounds (VOCs) in ground water, tanks containing VOCs are of

primary concern to this investigation. The current TCE storage tank (T2

on Figure 2-2) was moved to its present location under permit number

M-83-S, issued by the MPCA in May 1983. The 8,670-gal10n steel TCE tank

surrounding and contiguous with a base slab constructed of 6 inches of

is above ground. Safeguards include a 5-foot-2~inch-high concrete wall

• reinforced concrete. There is no curbing or containment for trucks
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delivering or receiving the TCE and there are no overflow prevention

devices or alarms. The TCE is transported into the plant in "tote

tanks" hauled on trucks. The trucks deliver the TCE to the various

points of use.

Prior to May 1983, a steel TCE storage tank was located on the west

side of the building (Figure 2-2). TCE distribution at that time was by

piping laid in a covered concrete trench. The lO-foot-diameter, 15­

foot-high tank was ,placed on a 7 1/2-inch-thick concrete pad. The

original teE storage and distribution system drawing (FMC Drawing Nos

2555F, 2558F, and 2574F October 1966) shows no spill containment

provisions.

The principal oil used over the years at the NIROP has been #6 fuel

oil. The oil is stored in six above-ground insulated steel tanks

(65,OOO-gallon capacity) located outside in a drainless, diked area

adjacent to the Plant Maintenance Department. All tanks are connected

by equalizer lines at the top to guard against overflowing.

Four steel underground tanks (18,00o--gal10n capacity) are also used

to store fJ6 fuel oil. These tanks are located in an area adjacent to

the Boiler Room (Figure 2-2). The tanks are similarly connected by

equalizer lines to prevent overflow. There are no sanitary or storm

drain inlets in the vicinity. of these tanks. Storm sewers have been

sealed at the oil unloading stations to prevent leaking or spilled oil

from entering the system•

. Spills and leaks of stored materials have occurred at the NIROP,

both indoors at storage areas and shipping and receiving areas, as well

as outdoors at storage tanks. Records obtained from FMC for the years
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1984 to 1986 list 23 spills in these areas of acids. oils. solvents. and

plating solutions in quantities ranging from less than 1 to 15 gallons

per spill. Various methods were used to clean up these spills. Records

for years prior to 1984 were not provided. The records for the years

1984 through 1986 are found in Volume II of this report. It is likely

that previous facility activities resulted in a similar frequency of

spills. type of spilled material. and spill volumes.

4.1.2 Industrial Processes

The . processing and manufacturing operations associated with the

facility include machine shop. metal plating shop. paint shop. assembly.

foundry. heat treating. welding. and associated support facilities.

Locations of production areas at the NIROP have varied over the

years. Figure 4-1 shows areas of the facility which were being used for

various activities as defined by Envirodyne (1983).

Reports documenting spills and leaks that occurred in process areas

during the period from 1984 to 1986 were provided by the COE. One

hundred and thirty-three (133) spills were reported over the three-year

period. Spilled materials included cyanide compounds. ac ids. 0ils •

plating solutions. paint. ethylene glycol. paint thinner and solvents.

Individual spill volumes ranged from less than 1 to 4.000 gallons.

Approximately 780 gallons of teE were also reported to have been s.pilled

during the three-year period. including a 200-gallon spill in the

plating area (April 1984) and a 520-gal10n spill in the foundry area

(September 1985). Generally. spilled material was recovered with

absorbent material or vacuuming. Some of the spilled material.
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NOTE: PROCESS AREA LOCATIONS ADAPTED FROM ENVIRODYNE
(1983). LOCATIONS OF THE PRODUCTION AREAS HAVE
VARIED OVER TIME. THE DATE OF THE PROCESS AREA
LAYOUT SHOWN IS NOT KNOWN. ALTHOUGH HAZARDOUS
WASTE STORAGE AREA A APPEARS TO BE OUTSIDE OF
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including part of the 200 gallons of TCE,was lost to floor drains or

the sanitary sewer system. Some reported corrective measures included

the sealing of floor grates to prevent future spill losses.

4.1. 3 Waste Storage, Processing, and Disposal Practices

Hazardous Waste Storage Areas.

Table 4-1 summarizes findings regarding waste production in the

industrial process areas. Much of the information .reported in Table 4-1

has been taken from the Initial Assessment Study by Envirodyne

Engineers, Inc., June 1983. Findings reflect conditions at the NIROP in

the 1970's and early 1980's. Little information is available regarding

practices during the 1940's and 1950's.

Three areas of hazardous waste storage, designated A, B, and C, are

located at the facility. Areas A and B are located within the plant

,building. Area C is located in an outlying building near the northeast

corner of the main plant building (see Figure 4-1).

The maximum number of drums that can be stored in the' existing

storage areas ·is 274 55-gallon drums distributed as follows:

Area A - Storage Shed - 52 drums
Area B - Storage Crib - 108 drums
Area C - Building - 114 drums

The three storage' areas are currently being replaced by a new

storage facility with a capacity of 288 55~gallon drums. Closure plans

for Areas A, B, and C have been submitted for both state and federal

approvaL

During closure uf Storage Area C, it was discovered that a sump in

the building floor was actually a dry well. The dry well consisted of a
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• •TABLE 4-1

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS

•
Production Area

Machine Shop

~tal Plating

Cleaning/Degreasing
(P1ant-wide)

Paint Shop

Waste Generated

~tal scrap, shavings, t.Ilter soluble
coolants, lubricati~ ani cutting
oils, hydraulic oils

Acids, caustics, chroodum and cyanide
bearing liquids

Plating Sludges

TCE
Stoddard Solvent

1,1,1 Trich1oroethane

Paint sludges, cleaners,
phosphatizers, chroodc acid, rinse
water contani~ naphtha or
rethylethyl ketone (MEK), an:l toluene

Disposal ~thods

Sane recycling, SO,(XX) to 1SO,(XX) gallons/year of liquids to
sanitary sewer. Approximately 8 barrels/year of sludges
disposed off-site. .

Pre-1973 liquids p..nnped to sanitary sewer or disposed off­
site. Post-1978 wastewater pretreatne1t then to sanitary
sewer.

Approximtely 25 barrels/year disposed off-site. SalE 00­

site disposal prior to 1973.

Apptmc:itmtely 40 barrels/year of TCE sold to reclairer.
Approximately 120 barrels/year of stoddanl solvent disposed
off-site.
Approximtely 75 barrels/year of 1,1,1 trichloroethane
disposOO off-site.

•1960's - 2 to 3 barrels/year sludges disposed off-site with
8OIII!presured dispose1 oo-site in pits ani trenches.

1970's - filter system installed with filters disposed off­
site.

Cleaner, rh>sphatizers discharged to sanitary sewer.

Olranic add collected an:l processed with plati~ effluent
pretreatrent •

Rinse loGter discharged to sanitary sewer.
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• •
TABLE 4-1 (Cont'd)

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS

•
Assembly

FOlUldry

Heat Treating

Photo Shop

. Welding DeIBrtnent

Boiler Plant

Stoddard solvent, 1,1,1­
trichloroethane, wash water, solvent­
soaked rags

SaM

QJench oils, ~ter-based oils, ron­
cyanide bearing salts, cyanide
bearing salts, grit/bead blast

Fixer, developer, and silver bearing
liquids

Rod stubs, flux, slag, l.ine carbide

Condensate bl<MlCJm

Stoddard solvent and 1,1,1 trichloroethane included with
cleaning/degreasing (above). Wash water discharged to
~tary sewer. Solvent-soaked rags collected in closed
containers ani wasle! on-site.

Most sand is n!ClaiJred, ~r, n:n-reclaiuable sand (core
bJtts) disposed off-site. Sane core bJtts reportedly
disposed cn-site at rorth property prior to 1970. Mter
1970 disposed by contract hauler.

~h oil bImed in rollers. Water-based ofis discharged
to sanitary sewer. Appr0xim9.tely 1,200 pol.Ois/year eadt of
waste salts (non-qanide aner cyanide) disposed off-site.
Grit/bead blast wastes disposed off-site.

.m,<XX) gallons of rinsewater discharged annually.

wastes collected and disposed off-site.

:n:>,<XX) gallons/year disCharged to sanitary sewer.
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section of 48-inch-diameter concrete pipe filled with crushed rock. The

base of the concrete pipe was 10.83 feet below grade at an elevation of

825.17 feet according to the original Closure Plan submitted in the RCRA

Part B Application (MSL). Core samples taken and analyzed from beneath

the dry well indicated contamination by halogenated and aromatic

solvents. ·As a result, actions have been taken to seal this dry well

temporarily until final closure of the storage area.

Soil samples from beneath the dry well at Hazardous Waste Storage

Area C were obtained' on May 30, 1985, by Braun Engineering of

Minneapolis. Samples were taken to a depth of 14.5 feet below the base

of the dry well or to an approximate elevation of 810.7 feet (MSL).

Since the water table elevation from the well closest to Hazardous Waste

Storage Area C (4-5) was 814.95 feet on June 10, 1985, it is assumed

that the samples obtained from greater than 10 feet below the dry. well

were below the water table. The samples contained chromium, cadmium,

and lead at 24, 2.8, and 32 mg/kg, respectively, at the 4-foot to 6-foot

level. Chromium, cadmium, and lead concentrations decreased to 7.2,

0.17, and 4.7 mg/kg, respectively, at the lO-foot to 12-foot levels.

Organic compounds detected in the soil sample from the 4-foot to 6-foot

level included ethyl benzene (7.9 mg/kg), m-xylene (19 mg/kg), o-xylene

and p-xylene (28 mg/kg) , toluene (6.9 mg/kg) , 1,2-dichloroethylene (19

mg/kg), tetrachloroethylene (26 mg/kg), 1,1,1 trichloroethane (1.2

mg/kg), and trichloroethylene (430 mg/kg). Organic contaminants

detected at the lO-foot to l2-foot level were tetrachloroethylene (66

mg/kg) and trichloroethylene (62 mg/kg) •
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• A water sample was also obtained from the dry well in Hazardous

Waste Storage Area C. Although one might not expect to see· standing

water in a dry well, water was observed during the July 25, 1986, site

visit. It is unclear how water from the dry well was sampled, but

•

•

sampling was performed by Braun Engineering in May 1985. It is doubtful

that this sample represents ground water conditions at Area C, but

rather represents spills of materials which occurred in the storage area

combined with surface runoff.

Results of the water sample obtained by Braun Engineering showed

the following organic contaminants: ethyl benzene (3.3 mg/l),-m-xylene

(11 mg/l), o-xylene and p-xylene (6.9 mg/l), toluene (2.4 mg/l), cis and

trans l,2-dichloroethene (63 mg/l), tetrachloroethene (49 mg/l), 1,1,1

trichloroethane (4.2 mg/l) and 1,1,2 trichloroethene (470 mg/l) •

Results of Braun Engineering laboratory testing are included in

Volume II.

PCB Storage. PCBs were used as dielectric fluid in capacitors for

induction furnace and hardening equipment located in the Foundry and

Heat Treat Departments and in power capacitors throughout the NIROP.

The Maintenance Department notifies plant engineering when a PCB

capacitor is to be removed from service. Plant engineering, in turn,
.

coordinates disposal operations. The out-of-service units are placed in

DOT-approved 17-H drums containing one foot of sorbent material. The

55-gallon drums are placed into an 800-gallon concrete vault constructed

with 4-inch-thick walls and a 6-inch bottom. Each vault is ultimately

filled.with a 6-inch layer of sorbent material and sealed with a 4-inch-

thick concrete cap •
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Three sealed concrete PCB storage vaults are located outside of the

plant in the northeast corner of the facility (Figure 2-2). The vaults

are kept above the ground by placing them on wooden blocks.

On-Slte Waste Disposal. The storage yard located in the northern

portion of the NIROP facility was used' for burial of waste materials in

pits and trenches (Figure 2-2). Drums of wastes were buried in the pits

or trenches at depths of 8 to 10 feet.

No records of buried materials were maintained; therefore, the

exact amount and location of wastes could not be ascertained. The lAS

(Envirodyne, 1983) reported that 50 to 100 drums of waste were disposed

in two trenches on the northern portion of the facility. Two additional

pits reportedly received 25 drums each. The number of drums disposed

was based on employee recollection and hearsay. The materials disposed

in the pits and tr·enches were thought to include waste oil, plating

sludge, paint sludge, cleaning solvents, and degreasing solvents. These

waste materials may have contained hazardous substances such as cyanide,

trichloroethylene (TCE) , methyl ethyl ketone (MEK) , and 1,1,1­

trichloroethane. Wastes were assumed to be in liquid ,. semi-liquid, or

solid form.

The Navy, through the U.S. Army Corps of Engineers (COE), began

cleanup of the. pits and trenches in 1983. COE personnel conducted

geophysical surveys of the suspected disposal areas. Prior to the geo-

physical survey, Navy and FMC officials arranged to relocate equipment

and materials kept in the storage areas to delineate potential excava­

tion areas to reduce interference with the surveys. The ge0t-hysical

survey crew completed their task by using both magnetometer and terrain
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• conductivity surveys. As a result of these surveys, 20 areas were

identified as potential disposal locations.

Data for the 20 areas where geophysical surveys took place was

reviewed by the COE Missouri River Division Laboratory. Four of the 20

areas were found to have had anomolous "no reading" areas,. These areas

were found to correlate well with buried asphalt, or concrete rubble and

were not further considered as hazardous waste disposal areas. This

varying levels of

reasoning

additional

was further

areas were

supported

found

by

to

employee

have had

recollections. Seven

conductivity. These seven areas corresponded to known areas of rubble

disposal (no drummed wastes), or buried features such as electrical

lines, propane lines, and a former ditch.

The nine remaining areas were selected for excavation (Figure 2-

• 2) • These areas were divided into high, medium, and low probability

•

waste sites as follows:

High Probability Waste Sites - 3, 5, 18

Medium Probability Waste Sites - 6, 7, 10

Low Probability Waste Sites - 15, 17, 19

The criteria for these subdivisions included consideration of aerial

photograph analyses and interviews with NIROP employees (COE, Exhibit _Q,

1984).

Chemical Waste Management of Oakbrook, Illinois, began excavation

of the nine pits in November 1983. A total of 43 drums were recovered

(41 drums from Pit 3 and 2 drums from Pit 17) and stored temporarily on

a staging pad until excavation of all pits was complete. Although the

number of drums recovered differed from the original estimate, the COE

is confident that the removal project was successful.
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After .excavation, composite samples were obtained from the drums

and analyzed. Classification and a summary of analytical results for

the 43 drums are shown in Table 4-2. Laboratory analytical results are

included as Volume II of this report.

During review of data from the excavated areas it was noted that

Pit 7 was originally excavated in the wrong location. A second

excavation was made in the correct (as planned by geophysical data)

location and sampled. A drawing prepared for the COE (U.S. Army Corps

of Engineers, Drawing Control No. XF-21S-30-0l, Sheet 4, 1984) shows

both the proposed locations of the excavations and the locations at

which the excavations were actually made. This drawing also indicates

that Pit 5, a high' probability waste site, appears to have been

excavated approximately 40 feet west of the planned location. The COE

project manager has verified that the drawing showing areas to be

excavated (Drawing 1 of 3, COE, 1984) is incorrect and that actual

excavation took place in the corrct location (Thiele, 1987).

All empty drums were crushed and disposed with the contaminated

soil at the Evergreen Landf ill, Northwood, Ohio, USEPA I. D. ORD

68111327. The full or partially filled drums were trucked to Emelle,

Alabama, and disposed at the Chemical Waste Management Facility, USEPA

I.D. ALD 000622464.

The required depth of excavation was to be determined based on the

results from the volatile organics testing of the soil at the base of

the excavations. Guidance from Dave Richfield of the MPCA was that, if

the total cvncentration of VOC analyzed was less than 1 part per

million, backfilling could proceed. The project report of the hazardous
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TABLE 4-2

SUMMARY OF COMPOSITE ANALYSES PERFORMED ON DRUM CONTENTS FROM PIT/TRENCH AREA
(Analyses Date, January 1984)

•

Number Oil and Grease Metals Volatile Organic Compounds PCBsTotal Leachable**Classification* of Drums (% by weight) (mg/kg) (mg/l) (% by weight) (mg/kg)

Empty 4 -- -- -- --
Inert Liquid 4 7.5 As < 0.07 Isopropanol 0.3 NO

Ba 5.78 Methyl Ethyl Ketone 0.6
Cd 142 7.21 Trichloroethylene 0.2
Cr 7,430 2.12 Ethyl Benzene 0.02
Cu 15.3 Xylenes 0.07
Hg < 0.005 Hydrocarbons (Cl0-2O) 0.2
Ni 6.84
Pb 18.9 0.04
Se 0.15
Zn 2,560 95.7

Base Solid 1 16 Ag < 0.22 Methyl Ethyl Ketone 0.06 NO
As < 0.07 Trichloroethylene 0.4
Ba 119 1. 70 Toluene 0 •.03
Cd 8.60 0.01 Ethylbenzene 0.07
Cr 427 < 0.01 Xylenes 0.3
Cu 71.5 Hydrocarbons (C6-16) 0.5
Hg < 0.005 .
Ni 22.8
Pb 312 < 0.01
Se < 0.07
Zn 1,250 3.40

PCB Waste 6 (a) (a) (a) 650
(as 1016)
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TABLE 4-2 (Cont'd)

SUMMARY OF COMPOSITE ANALYSES PERFORMED ON DRUM CONTENTS FROM PIT/TRENCH AREA
(Analyses Date, January 1984)

•

Number Oil and Grease Metals Volatile Organic Compounds PCBsTotal Leachable**Classification* of Drums (% by weight)
(mg/kg) (mg/l) (% by weight) (mg/kg)

Flammable Solid 2 54.4 Ag 0.74 Trichloroethylene 0.06 NO
As < 0.08 Toluene 2
Ba 44.9 Ethylbenzene 12
Cd 2.87 0.01 Xylenes 39
Cr 1,020 0.31 Hydrocarbons (C7-22) 12
Cu 24.5 Naphthalene 0.2
Hg < 0.005 C3 Benzenes 2
Ni 8.18 C4 Benzenes 3
Pb 301 < 0.01 C5 Benzenes 2
Se 0.16
Zn 32,500 97.3

Inert Solid 26 6.92 Ag 1.46 Trichloroethylene 0.8 65
As 1.49 Toluene 0.08
Ba 218 2.14 Ethylbenzene 0.2
Cd 4.90 0.03 Xylene 1
Cr 533 0.16 Hydrocarbons (C10-23) 2
Cu 124 Cresols 0.8
Hg 0.0202 C3 Benzenes 0.03
Ni 33.1
Pb 324 < 0.01
Se < 0.08 ,

Zn 1,250 3.16 . ... , 1"\.11 . __ a .. ..- -,-""

* - Classifications by Chemical Waste Management Corp.
** - Leachable Concentrations by EP Test Procedure

(a) - Constituents Not Reported
ND - Not Detected



• waste cleanup (COE, 1984) states that all pits except numbers 3 and 6

had VOC concentrations below the 1 ppm (1 mg/kg) guideline. Pit number

3 was also reported to have PCBs in the soil beneath the pit (COE,

1984). The data reviewed by RMT indicateF. that Pit 7 apparently also

exceeded the 1 ppm guideline (see Section 5.1). The soil in Pit 7

containing more than 1 ppm of VOCs was not removed. The final depth 6f

the excavations has not been reported. However, photographs of pit 3

indicate· the depth to be 4 to 5 feet. Pit number 3 was lined with

plastic sheeting prior to backfilling so that the clean backfill would

not come into contact with the trench bottom soil that still contained

organic compounds. The remaining 8 pits were filled with clean -soil

•
without any special provisions for segregating the fill from the

underlying soil.
~

Upon completion of excavation, five soil sampling locations were

identified at the bottom of each excavation. Split-spoon samples were

obtained at each of the five locations at the pit bottom and at a I-foot

and 2-foot depth below the pit bottom level. The range of constituent

values detected in soils from pits and trenches upon completion of

excavation are. shown in Table 4-3.

Results of metals reported in Table 4-3 have been compared to the

composition of typical soils as reported by Bowen (1966). Results of

the comparison indicate that the soils sampled below Pit 5 may be

indicative of natural or background conditions. Comparing the Pit 5

•
soil data with samples from the other pits suggests that barium,

. chromium, copper, lead, manganese, nickel, and zinc may have been

associated with past waste disposal particularly in Pits 7, 10, 15, and

17.
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-. TABLE 4-3

RANGE OF CONSTITUENT VALUES DETECTED IN SOILS FROM PITS AND TRENCHES UPON COMPLETION OF EXCAVATION*

Constituent

Me tals (mg/kg)
Arsenic
Barium
Cadmium
Chromium (Total)
Copper
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Zinc

Pit/Trench

3 ~ I 5 I 6 I 7** I 10 . I 15 I 17 I 18 I 19

< 0.06 - 2.50 < 0.06 - 27.7 < 0.06 - 6.15 < 4 - 6 < 0.7 - 9 < 3.2 - 6.1 <3-<10 < 3.9 - < 16 < 2.7 - 11
5.01 - 83.8 8.28 - 78.2 7.16· - 169 < 5 - 270 7.5 - 300 (c) 22 - 72 (c) (c) I

0.88 - 2.06 0.90 - 2.91 1.3 - 4.29 < 0.5 - 2 < 0.3 - < 0.6 < 0.4 - 4.3 < 0.3 -:' < 0.3 < 0.3 - 1 < 0.2 - < 0.4
6.82 - 48.7 9.94 - 16.4 9.00 - 19.3 5.3 - 74 2.2 - 28 (a) < 2 - 130 (a) (a)
5.67 -·334 6.57 - 45.5 5.58 - 80.2 4.1 - 14,000 < 0.7 - 19 1.8 - 4,300 1 - 32' 6.4 - 39 7.1 - 36
12.4 - 48.3 14.3 - 49.4 19.9 - 74.2 < 8 - 550 < 1 - < 2 < 10 - 280 < 2 - 370 < 10 - 22 < 10 -' 24
(d) (d) (d) < 0.04 - 14,000 39 - 3,000 (d) 100 - 740 (d) (d)

< 0.005 - 0.0363 < 0.005 - 0.0202 < 0.005 - 0.2231 < 0.07 - < 0.1 < 0.03 - < 0.1 < 8.1 - < 0.5 < 0.02 - < 0.8 < 0.1 - 2 < 0.1 - < 0.2
9.2 - 18.3 7.98 - 19.2 0.8 - 27.1 7 - 110 < 10 - 25 (e) 4.5 - 37 (e) (e)
< 0.06 - 0.45 < 0.p5 - 0.25 < 0.06 - 0.21 < 3.8 - < 6 < 0.8 - < 1 < 2 < 1 :.. < 2 < 2 - < 8 < 2 I.

0.23 - 1.36 0.44 - 1. 28 0.75 - 1.79 < 0.1 - 3.5 < 1 - 4 < 1 < 1 - < 4 < 1 - < 5 < 0.6 - < 1
10.2 - 108 13.4 - 46.5 12.3 - 70.8 8.0 - 890 4.6 - 28 8.4 - 1,200 5.2 - 46 5.1 - 43 16 - 56

Industrial Solvents
(% by weighi) I < 1.0

< 0.001 < 0.002 < 0.002 NO - < 0.015 < 0.002 - 0.0077 < 0.002
< 0.010 < 0.020 < 0.020 - 0.041 NO - < 0.015 < 0.002 -< 0.020 < 0.020 - 0.028
< 0.001 - 0.270 0.0025 - .100 0.0024 - 0.130 0.004 - 0.140 < 0.002 - 0.093 0.0048 - 0.126
< 0.001 - 0.002 < 0.002 - .0063 < 0.002 - 0.0071 NO - 0.015 < 0.002 - 0.012 < 0.002 - 0.022
< 0.001 - 0.002 < 0.002 - .0289 < 0.002 - 0.0058 NO - 0.082 < 0.002 - 0.086 <0.002 -0.0071
< 0.001 < 0.002 - .0081 < 0.002 0.0048 ..2 0.0086 < 0.002 - 0.0079 < 0.002
< 0.001 - 0.002 < 0.002 - .0023 < 0.002 ND - 0.0025 < 0.002 - 0.0028. < 0.002

!
,

< 0.005 < 0.010 < 0.002 - < 0.010 < 0.002 (-< 0.010 NO < 0.010
,

< 0.020 < 0.050 < 0.050 - 0.280 < 0.050 - 0~280 NO - 0.690 < 0.050 - 0.250
. < 0.010 < 0.050 < 0.050 NO < 0.050 < 0.050 ,

:

<'0.042 I < 0.020 - .130 I < 0.0055 - 0.077 I NO - 1.00 I < 0.020 I < 0.02 - 0 •.053

Organics (mg/kg)
Aldrin
Chlordane

•
' DDT

Dieldrin
- Endrin

Heptachlor
Lindane
Methoxylchlor
Toxaphene
Parathion

PCBs (mg/kg)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.005
<0.001

< 0.001 - 0.03

< 0.001 < 0.001
< 0.001 < 0.001
< 0.001 < 0.001
< 0.001 < 0.001
< 0.001 < 0.001
< 0.001 < 0.001
< 0.001 < 0.001
< 0.001 < 0.001
< 0.005 < 0.005
< 0.001 < 0.001

< 0.001 < 0.001

< 1.0 I < 1.0 (b) (b) < 0.1 (b) < O~ 1 < 0.1

each pit/trench include values for samples obtained from the surface of the pit bottom; 1 foot below the pit bottom, and
bottom. Duplicate:sample results have been included in ranges shown where appropriate.
and sampled twice due to a surveying error. Values shown represent the second (true) excavation location.

* Ranges indicated for
2 feet below the pit

** Pit #7 was excavated
ND - Not Detected

(a) - Total chromium not reported for pits/trenches 15, 18,
(b) - Industrial solvents not reported for pits/trenches 7,
(c) - Barium not reported for pits/trenches 15, 18, and 19.
(d) - Manganese not reported for pits/trenches 3, 5, 6, 15,
(e) - Nickel not reported for pits/trenches 15, 18, and 19.

'.

and 19.
10, and 17.

18, and 19. '.".
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• This round of soil sampling and analyses also indicates that

pesticides are present below some of the excavated pits. None of the

pesticide concentrations detected at the NIROP exceeded 1 mg/kg (1 part

per million - ppm). Currently there are no standards for pesticides in

soils. The United States Department of Agriculture (USDA) considers

'that 1 to 10 ppm of pesticide residue at three feet is normal in

agricultural use. (USDA, . 1987). Therefore, pesticide concentrations

detected at the NIROP appear to be insignificant.

At . the MPCA's request, a modification was issued to ,perform

additional pit bottom sampling in order to quantify the presence of 15

volatile organic compounds. The previous analyses (Table 4-3) had

•
reported "industrial solvents" on a percent by ,weight basis only. These

additional samples were taken 1 foot below the pit bottoms. Additional

samples were obtained as follows:

Pit Number Number of Samples Analyzed

3 6
5 2
6 3
7 3
10 3
15 2
17 3
18 2
19 2

Total 26

The above testing was performed to a detection level of 10 parts per

billion. Table 4-4 summarizes the range of concentrations of VOCs from

one foot below the pit bottom as required by the MPCA.

At the request of the MPCA, soil from beneath trenches 3 and 6 was

'. resampled in June 1985.

1254.03 139:RTA:frid0506b
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TABLE 4-4

SUMMARY OF CONCENTRATION RANGES FOR MPCA-REQUIRED VOLATILE ORGANIC COMPOUND ANALYSES
OF SAMPLES FROM ONE FOOT BELOW PIT BOTTOMS

•
Pit/Trench

Constituent (ng/kg) 3* 5 6* 7** 10 15 17 18 19

Ethy1renzene <0.010 -< 0.100 <0.010 ~ <0.010 <0.010 <0.010 <0.010 <0.010 <0.010

Benzene <0.010 - < .100 <0.010 ~ <0.010 < 0.010 <0.010 <0.010 <0.010 < 0.010

Methylene Chloride <0.005 - 1.200 <0.010 0.017 -<J.033 <0.005-0.056 <0.010 <0.010 <0.010 <0.010 <0.010

Tetrachloroethylene 0.022 - 6.m <0.010 0.042 -<J.051 <0.005-0.078 <0.010 <0.010 < 0.010 <0.010 <0.010

1,1,2-trichloroethane <0.010 - <0.100 <0.010 <0.010 <0.005 <0.010 <0.010 <0.010 <0.010 <0.010

Toluene 0.100 - 12.(00 <0.010 m <0.010 < 0.010 <0.010 < 0.010 <0.010 <0.010

Chloroform <0.010 -< 0.100 <0.010 <0.010 <0.005 <0.010 <0.010 <0.010 <0.010 <0.010

1,1 dichloroethane <0.010 - 5.(00 <0.010 <0.010 <0.005 <0.010 <0.010 <0.010 <0.010 <0.010

cis 1,2-dichloro- <0.010 - NS <0.010 <0.010 <0.005 <0.010 <0.010 <0.010 <0.010 <0.010
ethylene

Trans 1,2-uichloro- <0.100 - <0.010 0.021 -<J.064 <0.005 - <0.010 <0.010 < 0.010 <0.010 <0.010
ethylene (> W.Ol) - 0.057

<100.(00)
.'

1,1-dichloroethylene <0.005 - 1.300 <0.010 . <0.010 <0.005 <0.010 <0.010 < 0.010 <0.010 <0.010

1,1,2,2 tetrach1oro- <0.010 - <0.100 <0.010 <0.010 <0.005 <0.010 <0.010 <0.010 <0.010 <0.010
ethane

1,1,1,2 tetrach1oro- <0.010 -< 0.100 <0.010 <0.010 <0.005 <0.010 <0.010 < 0.010 <0.010 <0.010
ethane

1,1,1 trichloroethane <0.010 - 1.(00 <0.010 <5.1 - 13 <0.005-0.014 <0.010 <0.010 < 0.010 <0.010 <0.010

Trichloroethylene 0.680 - 3,700 0.050 -<J.280 0.160 -1.600 0.045 - 1.300 0.099 - 0.220 <0.010 <0.010 <0.010 <0.010

1 ~.01 139:RTA:frid0506T2
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of the second set of monitoring wells at the site. The drill rig was

used to drive and obtain split-spoon samples. Samples were obtained at

eleven locations in pit 3 and five locations in pit 6. Samples were

collected beginning at 10 feet below ground surface to a depth of 20

feet below ground surface. All of the samples were. therefore. col­

lected below the base of the pits. Data are presented in Volume II. A

summary of these so11 data is presented as Table 4-5· and boring loca­

tions are. shown on Figure 4-2.

Three organic compounds were detected in 11 of 13 samples collected

below Pit 6. Methylene chloride was found in two samples (0.39 and 0.14

mg/kg) and bis (2 ethylhexyl) phthalate was found in 9 samples (0.234 to

0.0200 mg/kg). Trichloroethylene was detected in only two samples; one

from boring 4 between the 16.5-foot and 18.0-foot depth at 0.026 mg/kg

and one from boring 5 between the 18.5-to 20.o-foot depth as present but

not quantifiable.

Samples from below Pit 3 contained 8 organic compounds at

concentrations greater than those in Pit 6. Trichloroethylene was

detected in 75 percent of the samples and from all depths below Pit 3

and in concentrations ranging from present, but below detection limits,

to 207 mg/kg. Trichloroethylene was most. prevalent at the eastern end

of pit 3. Other organic compounds detected included tetrachloroethylene

(0.0987 mg/kg to 16.5 mg/kg); 1.1,1 trichloroethane (0.048 ~o 1.0

mg/kg); methylene chloride (0.10 to 0.039 mg/kg) toluene (0.032 mg/kg to

7.9 mg/kg); ethylbenzene (1.9 mg/kg to 10.6 mg/kg) bis (2ethylhexyl)

phthalate (0.0049 to 0.045 mg/kg) and trans 1,2 dichloroethylene (0.78

mg/kg) •
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TABLE 4-5

NIROP SOIL SAMPLING RESULTS OF BORINGS ADVANCED AT PITS J AND 6
JUNE 1985 (ppm)

I.

Pit , 3 3 3 3 3 3 3 3 3 3 3 ·3 3 3 3 3 3 3 3

Sanp1e , Location 1 1 2 2 3 3 3 4 I. 4 5 5 5 6 6 6 7 7 7

Depth 10.0-11.5 18.5-20.0 10.0-11.5 18.5~20.0 10.0-11.5 14.5-16.0 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0 10.0-11.5 12.5-14.0 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0

Lead 2.78 3.97 2.43 2.12 1.45 1.64 1.62 1.61 2.35 1.96 1.82 1.63 2.~ 2.03 1.82 1.83 2.~ 3.Df 2.50

Manganese 679 485 328 166 350 194 218 285 340 205 376 357 445 387 226 419 460 390 343
,

Zinc 11.3 11.7 9.32 11.2 11.3 8.40 11.6 9.03 12.4 11.9· 11.1 10.2 11.2 16.2 1.2.1 13.1 15.8 14.2 8.05

PCB 1242 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 ~ .002 < .002 < .002 < .002 < .002

PCB 1248 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < ~002 < .002 < .002 < .002 < .002 < .002

PCB 1254 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002

PCB 1260 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002· < .002 < .002 < .002 < .002 { .002 < .002 < .002 < .002 < .002 :
I

Hethf1ene Chloride < .025 < .025 .10 < .025 .035 < .025 < .025 .039 < .025 < .025 < .025 < .025 < .025 < .63 " .63 < .63 < .63 < .025 < .025

1,1-Dlch1oroethene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 <.•025 < .63 < .63 < .63 < .63 < .025 < .025

1, 1-Dich1oroethane < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .63 < .63 < .63 < .63 < .025 < .025

Trans 1,2- < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .63 < .63 < .63 .78 < .025 < .025
Dich1oroethene

1,1,1 Trichloroethane < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 •88 < .63 < .63 . 1.0 .Df8 < .025

Trlch1oroethene .19 < .025* < .025* < .025* < .025 < .025 < .025 < .025 < .025 .41 < .025 < .025 .Df2 207 ~27 78.8 139. 6.7 .53

Benzene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .63 <: .63 < .63 < .63 < .025 < .025

Tetrach1oroethene .0.56 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 .073 < .025 < .025 < .025 16.5 "i3.0 3.9 13.9 •.56 .097

Toluene < .025 < .025 < .025 < ·.025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .02.5 4.9 ~ .9 4.6 3.82 .73 .032

Ethylbenzene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 1.9 (0.6 6.4 4.85 2•.38 < .025,

< .025
.

< .025 < .025 < .025 < .025 < .63 < .63 < .63 < .63 < .025 < .025Chloroform < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025

B1s(2 ethy1hexy1) < .0002 < .0002 < .0002 < .0002 .0110 .037 .022 .0085 .016 .022 < .0002 < .0002 .023 < .0002 -:: .0002 .045 < .0002 < .0002 .033
Phthalate

, l' '1n nl;" 1 "'In .DrYr.C'_I..In710" \
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• TABLE 4-5 (Cont'd) ,
NIROP SOIL SAMPLING RESULTS OF BORINGS ADVANCED ,AT PITS 3 AND 6

JUNE 1985 (ppm)

:.

•

Pit" 3 3 3 3 3 3 3 6 6 6 6 6 6 6 6 6, 6 6 6 6

~le , Locatico 8 8 9 9 10 10 11 1 1 1 2 2 '2 3 3 3 " 4 4 4 5

Depth 12.5-14.0 18.5-20.0 10.0-11.5 18.5-20.0 14.5-16.0 18.5-20.0 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0 10.0-U.5 14.5-16.0 16.5-18.0 10.0-11.5 14.5-16.0 16.5-1.8.0 10.0-U.5 14.5-16.0 16.5-18.0 18.5-20.0.
Lead 1.85 2.50 2.47 1.89 1.79 2.78 2.69 1.57 1.81 2.59 1.68 2.10 1.49 1.09 1.86 1.80 1.56 2.27 3.30 2.44

Manganese 192 356 602 394 164 1820 331 357 215 345 1400 526 399 540 266 285 344 196 521 716

Zinc 9.65 10.2 14.2 9.85 9.12 10.7 10.2 9.36 U.8 14.5 U.8 9.10 9.27 11.3 8.27 12.1 12.9 10.1 11.7 U.2

PCB 1242 < .002 < .002 < .002' < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002

PCB U48 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002

PCB 1254 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002, < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002

PCB 1260 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 (' .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002

Methylene Chloride < .025 < .025 < .025 < .025 < ~025 < .025 .042 .39 .14 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 <.025 < .025

1,1-Dich1oroet:hene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 <.025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025
"

1,1-Dichloroethane < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 ' < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025

Trans 1,2- < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025Dich1oroethene

1,1,1 Trichloroethane < .025 < .025 < .025 < .025 < .025 < .025 < .025 <.025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025

Trichloroethene < .025 ~3O .034 ' < .025* < .025 < .025* .15 < .025 < .025 ~ .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 .026 < .025*

Benzene < .025 < .025 < .025 < ~025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025

Tetrachloroet:hene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025

Toluene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025
, .

<

Ethylbenzene < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 .

Chlorofonn < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 < .\)25 < .025,
BI8(2 ethylhexyl)

.0049 .0051 < .0002 < .0002 < .0002 < .0002 < .0002 .031 .037 .0111 .0395 .0247 .0297 .234 .0732 .0200 < .0002 < .0002 < .0002 < .0002
Phthalate
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FIGURE 4-2.

SOIL BORING LOCATIONS ADVANCED IN TRENCHES 3 AND 6 JUNE, 1985
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The presence of high concentrations of VOCs below the pits

indicates that an unknown quantity of these hazardous constituents were

released from the disposal area. The VOCs also probably entered the

ground water flow system since the water table is approximately 19 feet

below the ground surface in the area of the pits. The disposal

activities in some of the pits and trenches did result in releases of

hazardous substances into the environment. The constituents left in the

soil (Table 4-5) may also form continuing source to the ground water as

precipitation infiltrates through the sandy soils.

Sever Systems. Sewer systems in use at the NIROP include separate

sanitary and storm sewers (Figure 4-3). The sanitary sewer system

installation was begun during the original site development. As the

facility expanded, so did the collection system. Various sizes of clay

pipe were used for the original gravity flow system. The sanitary sewer

is 4 to 6 feet below the' ground surface at the northern end and 8 to 10

feet below the ground surface on the sourthern end of the facility. The

sanitary sewer system from NIROP continues beneath FMC-owned property.

The system carries plant sanitary wastewater and treated and untreated

industrial wastewaters. It has a single IS-inch connection point to the

metropolitan system. Total facility (NIROP and FMC) wastewater

discharged to the metropolitan sewer system during 1983 ranged from O.~

to 0.5 MGD. The wastewater' discharge has varied over time, depending on

the number of employees, which has ranged from 1,000 to 11,000. There

are currently approximately 3,200 employees at the NIROP. ,The plant

effluent is piped to the Pig's Eye Wastewater Treatment Plant, which is

operated by the Metropolitan Waste Control Commission •
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• Repairs to the FMC portion of the sanitary sewer system were

initiated by FMC in October 1982. as reported by Papadopulos (1983).

These repairs were needed because of unusually high ground water levels

observed in a monitoring well located near the sewer. It was concluded

that leakage from the sanitary sewer was probably causing the elevated

ground water levels. This conclusion was also based on an inspection of

the condition of the sewer in existing manholes and a television survey

of the sewer between manholes. The wastewater contains several

•

•

different types of wastes, and leakage from the sewer may have caused

ground water contamination beneath the FMC-owned portion of the

facility. The sewer was repaired in October 1982 by inserting a liner

into the existing pipe. Inspection and repair of the lateral lines was

not conducted. The condition of sanitary sewer lines beneath the NIROP

is not known. The inspections and repairs described here occurred only

beneath the FMC-owned portions of the facility.

The storm sewer system is also shown on Figure 4-3. Most of the

storm sewer system exits the facility at the southwestern corner of the

main plant building, near monitoring wells 10-5, 6-D, and 6-5. The

storm. sewer system is 'connected to roof drains, catch basi~s in

roadways, and in the plant, as well as floor drains throughout the plant

(FMC Drawing 4251, 1984). The drawing indicates that many of the floor

drains have been plugged as of 1984. A separate sewer drains the

southeastern portion of the facility near well 9-5, toward the south.

An 84-inch line draining to the Mississippi River is located to the

south, near monitoring wells 19-5 and 19-D •
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The sewer systems beneath the NIROP have the potential for

releasing hazardous substances to the environment. Spills described

earlier in this report, continue to occasionally find their way into

floor-drains and the sanitary sewer. It is likely that 20 to 40 years

ago spills of liquid wastes, and intentional waste disposal practices,

resulted in even greater discharges to the sewer system. Some section

of the sewer lines are over 40 years old. It is not unlikely that small

and large leaks may exist in parts of the system as was discovered

beneath the adjoining FMC facility.

The integrity of the sewer systems have not been investigated.

However, two outfalls on the Mississippi River and the sanitary sewer

were sampled in March 1981 (Hickok, 1981a). The results are summarized

on Table 4-6. The sample from storm sewer outfall 20200 contained

substantial quantities of TCE (0.4 mg/l), acetone, methyl ethyl ketone,

and isopropyl alcohol. The second storm sewer sample contained only

acetone. The sanitary sewer sample contained at least seven organic

compounds, including 0.35 mg/l of TCE. These data suggest that if the

sewers are leaking, hazardous substances can be released to the shallow

ground water flow system beneath the NIROP.

Industrial Wastewater Pretreatment Plant. The NIROP uses an

industrial wastewater pretreatment system, constructed in 1973, for

wastewater generated from metal plating operations. Before the pre­

treatment plant was constructed, plating wastes were discharged directly

to the sanitary sewer (Envirodyn~, 1983).

The continuous pretreatment system automatically treats

approximately 100,000 gallons per day of liquid plating wastes (rinse
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* I = Illegible copy and NR = Not Reported
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chemical treatment to destroy cyanide, reduce hexavalent chromium to the• water and. spent plating solutions). The pretreatment plant employs

trivalent state, neutralize acids and alkalis, and precipitate heavy

metals. The treatment sludge, a listed hazardous waste containing heavy

metals, is drummed and stored in a NIROP hazardous waste staging area

prior to final .disposal in an approved landfill. The treatment oper-

ation during the 1980' s generated approximately 12 to 24 barrels of

sludge annually.

sewer system.

Clarified wastewater is discharged to the sanitary

•
4.2 Waste Component Characteristics aDd Behavior

4.2.1 Introduction

An evaluation was conducted by RMT to determine which chemical

parameters at the NIROP site should be addressed more extensively in

terms of environmental behavior and potential toxicity. The list of

chemicals compiled in Section 4.1 was screened to select chemicals which

satisfied one or more ~f the following general criteria:

clear pattern of occurrence in on-site ground water samples
clear pattern of occurrence in trench and pit 80ils
known history of spills·
toxicologically important

The highest priority was given to those chemicals for which there

was evidence of migration in ground water (discussed in detail in

Section 5.3.3 and 5.3.4 ·of this report). The compounds Which were

•

reported frequently in samples of ground water are listed below:

Trichloroethylene
Methylene chloride
cis and trans 1,2-dichloroethylene
Tetrachloroethylene
l,l,l-trichloroethane
l,l-dichloroethane
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No metals exhibited an obvious ground water occurrence pattern• indicative of on-site operations. Two inorganics, manganese and

•

•

sulfate, were frequently measured at concentrations exceeding the

secondary drinking water regulations. However, these levels appear in

wells throughout the site and are likely due to either upgradient

sources or natural geochemical conditions.

Selenium was measured at a concentration over the primary drinking

water standard in well 9-8 during the last round of sampling in

November, 1986. For this reason the behavior of, selenium will be

further discussed. In addition, because of the occurrence ,of xylene and

ethy1benzene at high concentrations in one of the excavated drums and

PCBs in soils beneath one of the trenches, these parameters warrant

further discussion. Toluene was also found in two drums and in some

ground water samples. Isocyanates will also be discussed because they

are listed as a raw material and are potentially very toxic. These

compounds have not been included in any waste, soil, or ground water

analysis program. The environmental significance of isocyanates is

therefore unknown at the NIROP site.

4.2.2 Behavior of Individual Compounds

The behavior of the compounds in the list in Section 4.2.1 can be."

discussed as a group. All these compounds are liquids at room

temperature but are considered volatiles. Xylene, ethy1benzene, and

toluene can also be included in this group. Therefore, they would tend

to evaporate from surface spills. If ,buried or spilled in large

quantities these compounds would becom~ available for leaching by

infiltrating rainfall.
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In general these compounds are soluble in -water so that ground

water could cause significant translocation in the subsurface. Water

solubilities for each compound are listed in Table 4-7.

If a spill or leak is large enough s~ch that the solubility in

ground water is exceeded, then these liquids would separate from water.

Toluene, ethyl benzene and xylene are less dense than water and would

float on the water's surface. The remaining volatile compounds are

•

•

denser than water and would sink. It is possible that trichloroethylene

may have sunk at the NIROP site because it appears to have been spilled

or leaked in the largest concentrations.

A sinking plume of trichloroethylene will be slowed by layers of

less permeable strata or by bedrock. Ground water flowing pasta

sinking plume will dissolve trichloroethylene from the plume edges and

transport it in the direction of ground water flow at concentrations

less than or equal to the solubility (i.e., approximately 1000 mg/l).

Trichloroethylene may also undergo biodegradation in the

subsurface. The amount of degradation by microorganisms cannot be

predicted at any particular site. It is dependent on concentrations of

the compound, exposure time of the organisms to the compound, amount of

oxygen present, other compounds present, and other hydrogeochemical

factors. The breakdown products of trichloroethylene could include the

three forms of dichloroethylene, vinyl chloride, chloroethane and carbon

dioxide (Kleopfer et.a., 1985; Bario-Lage et .a1. , 1986). Dichloro­

ethylene does appear in ground water samples. However, vinyl chloride

has not been detected in ground water, indicating that degradation of

trichloroethylene may not be occurring.
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• Polychlorinated biphenyls (PCBs) behave differently in soils. PCBs

exhibit a much lower water solubility (less than 100 ppb.) PCBs also

have an affinity for organic or other solid surfaces. Therefore» PCBs

are not mobile in ground water» nor are they readily leached from the

unsaturated zone. Migration can occur if other organic solvents are

mixed with PCBs. However» at the NIROP site the soils in the pit/trench

containing the highest concentration of PCBs did not contain detectable

levels of organic solvents.

Isocyanates are generally highly reactive with both 'organic

solvents and water. In both instances, the cyanate molecule is

altered. In the case of reaction with water» substituted urea compounds

remain intact after exposure to rainfall or ground water.

The material safety data sheets at NlROP show that polymeric

isocyanates are being used. Although this terminology is not

definitive, it may refer to the polymeric form of MDI (diphenylmethane ­

4,4' -diisocyanate). Synonyms for this material are methylene bisphenyl

isocyanate and polymethylenepolyphenyl polyisocyanate. The vapor

pressure of this material is low (0.00014 tarr at 25°C) which is

significant because the toxicity of isocyanates is greater via

inhalation than by dermal exposure.

Selenium occurs in several oxidation states in the environment (-2,

+4, +6). In intermediate redox conditions and at pH values between 2.9

and 8.4, selenium normally exists as HSe03-. In this oxidation state

(+4) selenium is called selenite. Selenite is strongly adsorbed to

solid surfaces containing iron below a pH of 9. Clay minerals with low

•

•

and carbon dioxide are formed.
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iron content may adsorb selenite less strongly. At higher pHs carbonate• can prevent selenite adsoprtion. Other anions may reduce selenite

•

•

adsorption, including phosphate and possibly sulfate.

4.2.3 Tox1.cology of Individual Compounds

Volatile Organic Coapounds. The carcinogenic potential of the

compounds· listed in Table 4-7 has been studied. Table 4-8 classifies

the compounds by carcinogenicity•.

The acute and chronic toxicities of these compounds to humans is

not well known. In order to compare these compounds, the oral LDSO

values for rats are shown in Table 4-9. Data on mutagenicity and

teratogenicity is even more scarce. The information which is available

is often contradictory or for inhalation experiments only (WDHSS, 1985

and 1986). Therefore, an effective comparison of compounds cannot be

made.

PCBs. PCBs are regarded as a potential human carcinogen by NlOSH

(1986). According to NlOSH, exposure by humans to PCBs can also cause

chloroacne, gastrointestinal disturbances, changes in blood chemistry

and numbness in fingers and toes. EPA concluded that PCBs may also

cause adverse. reproductive effects (49 CFR 28176 Tuesday, July 10,

1984). However, PCBs have a low acute oral toxicity (> 1,000 mg/kg for

rats and mice, NIOSH, 1986).

Isocyanates. The isocyanates exert toxic effects primarily in the

vapor phase (ACGIH, 1986). Although both eye damage and respiratory

problems have been documented, most reported incidents have been in the

lungs and bronchial airways. The threshold limit value - time weighted

1254.03 139:RTA:frid0506b 4-35



•
TABLE 4-8

CARCINOGENICITY OF VOLATILE ORGANIC COMPOUNDS

•

Compound

Trichloroethylene

Methylene chloride

trans 1,2-dichloroethylene

cis 1,2-dichloroetylene

Toluene

Tetrachlorethene

l,l,l-trichloroethane.

l,l-dichloroethane

Ethylbenzene

Xylene

Carcinogenicity

Known or probable carcinogen l

Some data to indicate non-carcinogen2

Insufficient data 2

Insufficient data 2

Some data to indicate non-carcinogen2

Known or probable carcinogen l

Non-carcinogen1

Contradictory data 2

Insufficient data2

Insufficient data2

•

1 50 FR 46886 Wednesday, November 13, 1985.

2 Public Health Related Groundwater Standards, September 1985 and June
1986. Wis~onsin Department of Health and Social Services, Division
of Health •
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Compound

TABLE 4-9

ACUTE TOXICITIES OF SELECTED VOLATILE ORGANIC COMPOUNDS 1

Oral LD
59for Rats (8 kg)

Trichloroethylene

Methylene chloride

cis and trans l,2-dichloroethylene

2.0

4.9

3.0

0.77

•

Toluene

Tetrachloroethylene

l,l,l-trichloroethane

l,l-dichloroethane

Ethylbenzene

Xylene

*LD50 for Mice

1Taken from Public Health
and June 1986. Wisconsin
Division of Health •

4.3 - 7.5

No data

11*

14.1

3.5

0.0043

,
Related Ground Water Standards, September 1985
Department of Health and Social Services,
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average (TLV-TWA) is 0.02 ppm in air for MDl (ACGlH, 1986). MDl appears

to have a low oral toxicity and is not a potent skin irritant.

selenium. Selenium is considered a potential carcinogen based on

tests with laboratory animals· (USDHS, 1983)•. However, there is some

evidence that selenite may actually inhibit tumor formation (Sittig,

1980). Other toxic effects of selenium are strongly dependent on the

chemical form of selenium. Selenium is considered an essential nutrient

for humans in the range of 0.01 to q.l mg/l in the diet (Sittig, 1980).

For these reasons a Primary Drinking Water Standard of 0.01 mg/l has

been set as a precautionary measure until human health effects are more

clearly defined •

1254.03 139:RTA:frid0506b 4-38



•

•

•

5 • SUBSURFACE INVESTIGATIONS

The U.S. Army Corps of Engineers (COE) has installed 33 monitoring

wells on the NIROP in three phases in May 1983, May 1985, and January

1986. The wells were designated with suffixes to identify the

stratigraphic position of the monitoring well intakes: With ·~S"

indicating a shallow (water table) well in the unconsolidated aquifer,

"D" indicating a deep (piezometer) well near the base of the unconsoli­

dated aquifer, and "PC" indicating a monitoring well (piezometer) near

the top of the aquifer in the Prairie du Chien Formation. The wells

were constructed of stainless steel, wire-wound well screens and

galvanized well casing. The boreholes were grouted and lockable

protective casings were cemented over the well casings. Individual well

construction diagrams are provided in Volume II of this report •

This section of the report also compiles the regional information

contained in published reports; unpublished data from previous

investigations of the FMC Northern Ordnance Division Plant (Papadopulos,

1983; Conestoga Roovers, 1983 and 1985); unpublished reports of previous

investigations at the NIROP facility (Envirodyne, 1983); and the

November 1986 ground water sampling conducted by RMT.

5.1 Soils

Physical Properties of Soils. The soils in the area of the NIROP

formed in sandy glacial deposits. The glacial deposits occurring at the

site consist of coarse sand, medium sand, and some gravelly sand. These

unconsolidated deposits are up t9 150 feet thick in the vicinity of the

NIROP (Envirodyne, 1983) •
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Alluvial deposits occur in areas immediately adjacent to the

Mississippi River, west of the East River Road. These deposits are of

recent origin, and the soils formed show little development. The

textu~e o~ these alluvial deposits varies Widely. These deposits are

frequently subjected to flooding (Envirodyne, 1983).

The NIROP is located in the southwesternmost portion of Anoka

County in a small strip of land referred to as the "Anoka County

Boot." This portion of the county is not included in the present (1983)

Anoka County Soil Survey.· However, the Soil Conservation Service (SCS)

was able to provide Envirodyne (1983) information as to the soils

present at the NIROP. The SCS indicated that the NIROP was located

within the Hubbard-Nymore soil association, which is characterized by

nearly level to gently sloping, excessively drained, sandy soils. The

majority of the area has Hubbard soils, while small areas close to the

Mississippi River are occupied by Becker and Chaska soils.

The Hubbard series consists of nearly level to slightly sloping,

excessively drained soils formed in broad· outwash sands. These s01ls

are located on broad flats adjacent to drainageways and large) depres­

sions in the sandy outwash plains. Hubbard soils have a black and very

dark grayish-brown, coarse sandy surface layer about 20 inches thick.

The subsoil is dark brown and yellowish-brown coarse sand. The

underlying ·material at a depth of about 44 inches is pale brown,

gravelly coarse sand. The permeability of these soils is rapid.

The Becker series consists of nearly level, moderately well drained

to well drained soils formed in loamy sediments underlain by sand.

These soils are found on bottomland along rivers and streams •

"
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Permeability of these soils is moderately rapid. and the available water

capacity is moderate. This so11 is occasionally flooded for short

periods. The surface layer is very dark brown. black or dark grayish­

brown fine sandy loam abnut 27 inches thick. The subsoil is dark brown

and dark yellowish-brown. friable. very sandy loam about 17 inches

thick. The underlying material is mottled yellowish-brown. loose coarse

sand. This soil differs from the Hubbard soils in that it has a thick A

horizon and a thicker loamy sediment.

The Chaska series consists of deep. poorly and somewhat poorly

drained soils formed in loamy alluvium on flood plains. The surface

layer is very dark gray silt loam 8 inches thick. The substratum is 30

inches of very dark grayish-borwn and very dark gray mottled silt loams

with strata of fine sand and very fine sandy loam over stratified and

mottled dark grayish-brown and olive fine sandy loam and grayish-brown

loamy fine sand. Slopes on these soils range from 0 to 2 percent.

These soils are commonly subjected to periods of flooding. The

permeability of these soils is moderate to moderately rapid.

5.2 Geology

The description of site geology is based upon published reports.

NIROP monitoring well logs. and reports from the nearby FMC study area.

A general geologic column (Hogberg. 1972) is presented in Table 5-1­

The NIROP site lies on an alluvial terrace deposit which was formed

during the Pleistocene Epoch. when glacial melt waters caused the nearby

Mississippi River to flow at a higher elevation. The terrace deposits

consist of a heterogeneous mixture of gravel. sand. silt., and clay •
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Soil .samp1es (39) from borings 5-0, 6-0, 9-S, and 10-S were

classified according to the Unified Soil Classification System following

mechanical analyses. The predominant sediment type beneath the NIROP

was found to be· silty sand (SM). Gravelly sand (SP or SM-SP) occurred

at boring 5-0, 6-0, and 9-S. Sandy clay was found in boring 5-0.

Details of these analyses and depths of individual samples are presented

in Volume II of this report.

The bedrock unit immediately underlying most of the Quaternary

deposits at the NIROP is the St. Peter Sandstone. Successive units

underlying the St. Peter sandstone are the Praitie du Chien Group and

the Jordan, St. Lawrence, Franconia, and DreshachFormations. This

discussion extends to the base of the St. Lawrence due to its role as a

regional confining unit •

The St. Peter Sandstone has been described by Thiel (1944) as

consisting of a medium- to fine-grained, friable, white to yellow

sandstone, with beds of siltstone and shale in the lower part of the

formation. Because of the small size of its quartz grains, the

formation is not highly permeable.

Much of the original thickness of the St. Peter sandstone was

eroded away before the overlying unconsolidated materials were

deposited. Therefore, only the lower portion of the formation is .•..

present beneath the site. The base of the St. Peter Sandstone is

typically silty to shaly. This low permeability unit therefore acts as

a hydrogeologic confining unit within the ground water flow system,

separating the Quaternary deposits from the underlying Prairie du Chien

aquifer. Within the Mississippi River Valley, the St. Peter Sandstone
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is often completely eroded away, exposing the underlying Prairie du

Chien Group. Where the St. Peter is absent, or where "windows" occur,

there is direct communication with the alluvium and hazardous substance

migration into the Prairie du Chien Formation can occur.

The Prairie du Chien Group consists of the Shakopee and Oneota

Dolomites. The Shakopee Dolomite is much less dolomitic than the Oneota

(Thiel, 1944). Its basal beds are sandy and, in many places, the

succeeding layers are thin-bedded. Much of the formation is a massive,

drab, dolomitic limestone with cavities filled with white calcite.

Calcareous oolites may be found throughout the Shakopee, and much of the

flint that is common in this formation is also oolitic.

The Oneota Dolomite is thick-bedded, drab to buff, and in places

pink, and may be sandy or shaly. The upper part may be cherty and in

many locations it is porous to cavernous. Many of the cavities and

joints are lined with' quartz crystals, and huge calcite-lined pockets

are common. In the southeastern counties where the dolomite is strongly

developed in the bluffs of the Mississippi and its tributaries, there

are extensive solution channels, some of which reach the dimensions of

caves penetrable for some distance. Both' the Shakopee and Oneota

Dolomites are highly permeable and form a regional aquifer that is

widely used for water supplies.

The Jordan Sandstone, which underlies the Prairie du Chien Group,

has been described by Thiel (1944) as a loosely cemented medium- to

coarse-grained white sandstone, which becomes yellow or brown, due to

oxidation, along its outcrops and jointing planes. It ranges from 75 to

. nearly 175 feet thick and is exposed in the valleys of the Minnesota
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R1ver and tributary streams; it also appears in the lower part of the

bluffs of the Mississippi and its branches from near Hastings southward

to the Iowa state line. Elsewhere the Jordan Sandstone is deeply buried

beneath younger rock. Xhe Jordan Sandstone is made up of two members,

the Norwalk and the· Van Oser. The upper Van Oser member ·is the

coarser. It consists of friable gray, white, pink, or brown sand

grains. The lower Norwalk member is not present in the Twin Cities

area. The Jordan sandstone is very permeable and acts as a regional

aquifer.

The St. Lawrence Formation underlies the Jordan Formation. The St.

Lawrence Formation consists of glauconitic, buff, dolomitic limestone

(Thiel, 1944). Several conspicuous beds of gray to buff dolomitic

siltstone occur near the base of the formation. The St. Lawrence

consists of two members, the lower of which is the Nicolet Creek member,

the upper, the Lodi shale.

Neither member of the St. Lawrence Formation is important as a

source of ground water. - The chief value of these members lies in their

function as confining strata under the Jordan Sandstone aquifer.

Contaminants which have migrated to this depth would be impeded from

further migration by the St. Lawrence Formation.

Geologic Cross Sections. Geologic cross sections have been

prepared to aid in the discussion of site geology at the NlROP study

area. Cross-section locations are shown on Figure 2-2. Two north-south

geologic cross sections and one east-west cross section are shown on

Figures 5-1 and 5-2. Boring. logs from the installation of NIROP

monitoring wells and information from FMC reports were used in preparing

Figures 5-1 and 5-2.
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• Unconsolidated deposits seen on Figures 5-1 and 5-2 are generally

silty sand. Gravelly sandt sandy gravel t or gravel units were found in

nearly all b,~~1ngs. A gra~411y Band "layeria found at a shallow depth
-.. ..:~ ."'.J .~~ .:-.t. -..:>::".' '. '.

(approxim,ately 1Q to 25 ~l!et below the ground surface) beneath the
'.;:'. :,.~ ," .

NIROP. It baot found south of the NIROP, on FMC land. A deeper

•

gravelly sand unit .is found near or at the base of the unconsolidated
": . <C'.:.'

sediments .'lhe5-:- to 40-foot-thick unit extends benea,th both the NIROP

and FMC fac~11t1es, with the exception of the area bounded by borings 6-

D, FMC-41, ~d.9:D. Ther~.is also a body of "clean" sand (SP) 'beneath
.'.

the southwest· corner of the NIROP (boring logs 6-D, 8-D, and 9-D). This
. ":"--..;' . ',:.

unit extends.downward to the bedrock surface (Figure 5-1). The thick
'-', .

clean sand. ~tt may be co~related to the shallow gravelly sand unit (see
- "." ... :

· .~. .
borings 7~D;;'nd 4-PC on Figure 5-2). Both may represent recent fluvial

· :"-' ::,;..
deposits left by the Mississippi River. This r~cent, alluvial sediment

· I:

is probably, hydraulically interconnected withth.e gravelly sand layer at

the base of the unconsolidated sediment, immediately west of boring

location 7-D •.

Clay, silty clay, or sandy clay sil t lenses were observed at.. ~ •.:

various .4~pths in several borings on the NIROP. These f ine:-grained

deposits appear to be discontinuous lenses within the silty s.a¥ found

beneath "lDOst of the NIROP. An apparently continuous cl.y layer
. "':'.

underlies. the FMC facility at elevations 760 feet to 810 feet. The clay

layer forms ,an aquitard beneath tbe FMC property that bas a significant

impact on ground water flow and hazardous substance migratiol).

becomes ~~lscontinuo~s to the ~orth and is not found under the

'. '

northertUQos.t· pOJ'.tions of the NIROP facility •..... ..... . .. . .
.' .•

, "

(Padadopu~c:>s, 1.984; .Cones toga-Roovers, 1985) • This unit thins and
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Several borings beneath the NIROP facility penetrate the bedrock

formations. A distinct thinning of the St. Peter Sandstone occurs

between wells 1-PC and 4-PC. The thickness decreases from approximately

37 feet to 7 feet between the wells. Further south, the St. Peter

Sandstone is absent between borings 7-D and FMC 42 and 41 and appears

again at FMC 31. In the area where the St. Peter Sandstone is absent,

the Prairie du Chien Dolomite is in direct contact with the overlying

alluvial deposits. The approximate areal extent of Prairie du Chien

exposure is shown on Figure 5-3, which has been adapted from the Initial

Assessment Study (1983). This area could allow vertical migration of

contaminants into the Prairie du Chien Formation to occur. The contact

area appears to be the mouth of a buried bedrock valley described by

Payne (1965). Payne describes the valley as extending to the northeast,

which would locate it under the southern portion of the NIROP

facility.

In summary, the NIROP is underlain by a thick layer of

unconsolidated sediments. The majority of the sediments are silty sand

and form an extensive aquifer beneath the facility. There are coarser,

gravelly sand layers near the top and the bottom of the unconsolidated

sediments. Both layers are hydraulically connected to thick sand

deposits that appear to extend from near the ground surface to the

bedrock along the Mississippi River. The clay layer(s) which

significantly affects ground water flow and contaminant migration

beneath the FMC facility becomes thin and discontinuous beneath the

NIROP. It probably does not have a significant impact below the NIROP •
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5.3 Ground Water

5.3.1 Aquifer Syste-s

Four aquifers underlie the NIROP site as defined by the Minnesota

Geological Survey (Kanivetsky and Walton, 1979). These are (from

youngest to oldest) the Quaternary aquifer, the Prairie du Chien/Jordan

aquifer, the Franconia/Ironton/GalesVille aquifer and the Mt. Simoni

Hinckley/Fond du Lac aquifer. The upper two aquifers (Quaternary and

Prairie du Chien/Jordan) are separated from the lower two units by the

St. Lawrence Formation, which serves as a confining layer. Therefore,

this investigation will focus on the upper two aquifers.

The Quaternary aquifer is found within Mississippi River alluvial

deposits which consist primarily of sand with some gravel, varying

thicknesses of silts, and occasional clay lenses. The Quaternary

alluvial aquifer, though capable of yielding fairly high quantities of

water to wells, is not commonly used for water supply purposes. The

Quaternary aquifer is highly susceptibile to contamination; therefore,

the 'underlying Prairie du Chien/Jordan aquifer is more commonly used

(Envirodyne, 1983).

The Prairie du Chien/Jordan (PCJ) is composed of two units:

dolomites of the Prairie du Chien Group and the Jordan Sandstone. The

Prairie du Chien is primarily a highly fractured dolomite and contains

solution cavities that increase its permeability. The Prairie du Chien

Group is underlain by the poorly cemented Jordan Sandstone which,

together with the Prairie du Chien, is capable of yielding 500 to

1,000 gpm •
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In the NIROP study area, the PCJ aquifer is generally separated

from the overlying Quaternary aquifer by a silty to shaly basal bed of

the St. Peter Sandstone. However, under the southwestern portion of the

plant, the St. Peter Sandstone is fully eroded and in contact with the

unconfined Quaternary alluvial aquifer (see Figure 5-3). Where this

condition occurs, the PCJ and the Quaternary deposits act as a single,

hydraulically connected unit.

Ground Water Use. Only two area wells were reported by Papadopulos

(1983) as being finished in the Quaternary alluvial aquifer in the

vicinity of the NIROP. One well is north and west of the NIROP

(upgradient), west of East River Road; and the other is about 900 feet

south of the NIROP, west of East River Road. Both wells are in the area

currently designated as a park. It is not known if either well is

operational. The production from these wells was estimated by

Papadopulos at less than a.few hundred gallons per day. A high-capacity

"Ranney" well system to augment the City of Minneapolis water supply has

been proposed for the alluvial aquifer immediately west and south of the

NIROP. These wells would be generallydowngradient of the NIROP.

The PCJ aquifer is a major source of ground water for the

Minneapolis-St. Paul area. Within and near the NIROP site, ground water

production from the Prairie du Chien/Jordan aquifer either has occurred

or does occur from several wells. Three high capacity production wells

are located on NIROP property (FMC/Navy wells 1, 2, and 3 on Figure

2-2). These wells are no longer in use. The City of Fridley Municipal

Well 13 (immediately northwest of the NIROP) , two wells owned by

Honeymead/Minnesota Linseed Oil Company (located southeast of the
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facility), and two wells owned by Kurt Manufacturing Company (located

about 2,500 _feet northeast of the NIROP), continue to rely upon water

from the PCJ aquifer.

Production from these wells has varied over the years. Navy wells

2 and 3 produced at -an average annual rate _of about 500 to 650 ,-gallons

per minute (gpm) or about 0.7 to 0.9 million gallons per day (Mgd) prior

to their closure in April, 1981 (Papadopulos, 1983). FMC well 1

produced at an average rate of about 245 gpm (0.35 Mgd) in 1983. Prior

to the closure of Navy wells 2 and 3, FMC well 1 was used only to

supplement the production from wells 2 and 3. The average annual

production rate of FMC well 1 prior to August 1981 was less than 10 gpm

(0.01 Mgd). Fridley well 13 is used intermittently at a pumping rate of

approximately 1,000 gpm and produces about 15 to 30 gpm (0.02 to 0.04

Mgd) on an average annual basis. The Honeymead wells average about 140

to 170 gpm (0.20 to 0.24 Mgd) of production annually (Papadopulos,

1983). Annual production from the wells owned by Kurt Manufacturing

Company is unknown.

Other wells that produce ground water from the Prairie du

Chien/Jordan aquifer are located in the main Fridley well field (about 2

miles north-northeast from the plant) and in the Brooklyn Center well

field (about 2 miles north-northwest from the site). The production

from these well fields in 1979 was about 4 and 3 Mgd, respectively

(Papadopulos, _1983). However, in the Fridley well field, only abollt 40

percent of the total production was from the Prairie du Chien/Jordan

aquifer •
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Effects of Puapiug. Little is known about the effects of pumping

in the vicinity of the NIROP. One effort to determine the effects of

nearby pumping wells was reported by Papadopulos (1984). Three local

production wells were evaluated; Fridley Number 13 (Figure 2-2), Kurt

Manufacturing (about 1/2 mile northeast of the NIROP), and Honeymead/·

Minnesota Linseed Oil Company (Southeast of the NIROP). Efforts to

develop accurate data for both the Kurt Manufacturing and Honeymead

wells were unsuccessful.

The Fridley Well Number 13 test was more ·successful. Fridiey Well

Number 13 was pumped at a reported rate of 1,000 gallons per minute for

24 hours beginning at 1:00 p.m., January 4, 1984. Water in the pumping

well declined nearly 30 feet over the test period. Water level declines

of 0.1 to 0.9 feet were observed in bedrock monitoring wells beneath the

NIROP and FMC facilities.

The short-term pumping test indicates that production from well 13

could potentially affect ground water flow directions in the Prairie du

Chien beneath the NIROP facility. If hazardous constituents were -to

enter the Prairie du Chien, they could be drawn toward Fridley Well 13

during periods of intermittent use.

5.3.2 Ground Water Flow

Monitoring wells at the NIROP study area were installed in three

phases. The U.S. Army Corps of Engineers supervised the installation of

monitoring wells at the NIROP site. Fourteen monitoring wells were

installed at the NIROP site between May and August 1983. Seven addi­

tional. on-site monitoring wells were installed in May and June 1985 •
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Installation of twelve off-site monitoring wells was completed in

February 1986. The purpose of these wells was to monitor the

effectiveness of waste" removal activities from the pits/trenches

""(described in Section 4 of this report). to determine ground water flow

directions. and to determine the "extent of ground water contamination.

Water levels were measured regularly from October 1983 to April 1985.

and from June to September 1986. Well construction logs and water level

data are presented in Volume II of this report. Table 5-2 summarizes

some of the monitoring well information.

Three separate water table or piezometric surface maps have been

prepared to present horizontal ground water flow directions (Figures

5-4. 5-5. and 5-6). Water level data from the adjacent FMC study area

has been incorporated where appropriate •

The water table surface within the unconsolidated deposits has been

developed from water levels measured on July 22. 1986 (Figure 5.4).

Generally. ground water flow is toward the southwest or west. to the

Missis"Sippi River. A horizontal gradient of 0.0005 feet/foot beneath

most of the site (well 7-S to well 10-5) steepens to between 0.014

feet/foot (well 10-S to well 11-5) and 0.010 feet/foot (well 20-S to

19-8) at the southern edge. of the facility. The steepening occurs in

the area of a broad "valley" within the water table surface between the

NIROP and the Minneapolis Waterworks facility. The increased gradients

and lower water levels may reflect the occurrence of the "clean" sand

unit discussed in Section 5.2. This potentially more permeable unit

would cause flow to converge in this area from the surrounding. less

permeable silty sands. This low point in the water table may be

1254.03 139:RTA:frid0506c 5-17



TABLE 5-2. NIROP MONITORING WELL CONSTRUCTION OATA
- --

WELL TOP OF CASING TOP OF SCREEN BOTTm1 OF SCREEN WELL *
NUMBER ELEVATION ELEVATION ELEVATION OEPTH

l-S 837.14 817.24 802.16 34.98

1-0 836.75 731.31 721.21 115.54

i-PC 837.63 653.97** 628.97 208.66

2-S 836.07 816.62 801.42 34.65

2-D 836.04 733.93 723.74 112.3

2-PC 838.05 679.35** 659.76 178.28

3-S 836.75 817.06 802.00 34.75

3-0 837.48 766.79 756.61 80.87

3-PC 839.21 706.51** 679.81 159.4

4-S 837.45 817.67 802.60 34.85

4-0 834.79 723.94 713.86 120.93

4-PC 834.75 677.42** 652~42 182.33

5-S 835.060

-- - 815.38 800.35 34.71

5-0 836.00 729.1 718.9 117.1

6-S 835.73 816.28 801.08 34.65
6-0 835.69 715.71 705.74 129.95

7-S 835.97 816.23 806.03 29.94

7-D 835.63 727.63 717.63 118

8-S 835.76 815.96 805.86 29.9
8-0 834.02 716.02 706.02 128

9-S 836.68 - - 817.38 807.38 29.3

9-0 834.30 720.03 710.30 124

10-S 835.89 814.59 804.59 31.3

l1-S 835.89 814.79 804.59 31.3

12-S 838.51 812.61 802.61 35.9

13-S 834.59 810.69 800.69 33.9

14-S 835.99 811.59 801.59 34.4
15-S 834.83 810.33 800.33 34.'5

16-S 837.26 811.46 801.46 35.8

17-S 835.75 806.75 796.75 39

18-S 834.08 803.33 793.33 -40.75

19-5 834.56 799.56 789.56 4.5

20-5 837.62 812.02 802.02 35.,6

FMC-33 837.05 806.05 760.05 77 .:0

'.

•

• * From top of casing
** Open hole
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• accentuated as a result of ground water leaking into the 84-inch storm

sewer noted in Section 4.1 or, flowing laterally through very permeable

bedding;, materials use~ in constructing ',the : storm sewer system. The

storm sewer may therefore 1nterc~pt the southwestward ground water flow

fromthe"NIR.OP. ~dit10nallYI this area may be more subject to changes

in stage ,of ,the Mississippi River.

,The piezometric surface 1n the'base of the unconsolidated sediments

is shoWn in ,Figure 5-5. Ground wster, is again flowing southwestward

toward :th~, Mi,ssissippi River. The horizontal gradient benea~h the

northeastern two-thirds of the facility was calculsted to be 0.0044

feet/foot. The horizontal gradient on the southern 'edge of the facility

"valley· in the,'piezometric surface may aga1nbe refiecting the ,presence

of more permeable 'sands in the vicinity 'of wells 6-D, ,7-D, audS-D.

The piezometric surface' for the Praide duCh1en/~ordan aquifer•
again increases to 0.012 feet/foot. The increased, g~adlents'and,

system 'shown on Figure 5-6. Flow 1s toward the southwest. The

horizontal-, 'gradient calculated between wells I-PC and ,2':"PC was o~ 0008

. feet/foot. 'The gradient appears to remain flat across the site to the

MississipplRiver.

Vertical ,hydraulic gradients were calcula'ted for eight NIaop well

nests ,to allow a better understanding of the vertical components of

ground water. flow. The vertical gradients measured. at the eight well

nests on three 'different dates are summarized in Table 5-3. .The dates
(

were choseuto cover both high and low water table elevations.

In :general, vertical gradients, are downward or near zero 'within the

•
alluvial aquifer • The gradients are slight, except for well nests
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TABLE 5-3

VERTICAL GRADIENTS· IN NIROP WELLS

VERTICAL GRADIENT (ft/ft)
WELL AQUIFER FINISHED IN 11/18-20/86 - 7/22/86 1/18/85

1-5 Shallow Alluvial 0.002 0.007 0.00011-D Deep Alluvial

2-S Shallow Alluvial -0.0005
0 -0.0032-D Deep Alluvial -0.01

-0.005 -0.0091-PC Dolomite

3-S Shallow Alluvial -0.003 0.0008 ~0.0022-PC Dolomite

4-S Shallow Alluvial 0.01 0.03 0.013-D Deep Alluvial -0.01 -0.008 -0.0093-PC Dolomite

5-5 Shallow Alluvial 0.05 0.07 0.074-D Deep Alluvial -0.2 -0.1 -0.14-PC Dolomite

17-S Shallow Alluvial 0.06 0.08 Wells Not
7-D Deep Alluvial Installed

18-S Shallow Alluvial -0.0002 0 Wells Not
8-D Deep Alluvial Installed

19-5 Shallow Alluvial 0.004 0.005 Wells Not
9-D Deep Alluvial Installed

(1254.01 139:RTA:frid0506T3)
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5-S/4-D and 17-S/7-D, where gradients are nearly 0.1 feet/foot

downward. These steeper gradients may be attributed to a drop in

hydraulic head as ground water enters the potentially more permeable

sands-found in the vicinity of wells 6-D, 8-D, and 9-D.

Vertical gradients between the deep alluvial aquifer and the

dolomite were calculated at three locations. Vertical gradients at

these locations were upward. The strongest gradient (0.2 feet/foot) was

measured at 4-D/4-PC, the well nest nearest the Mississippi River. The

strong upward gradient may reflect ground water flow from the bedrock

aquifer to a regional ground water discharge area, the Mississippi

River.

No information is available regarding hydraulic conductivities for

the NIROP study area. Hydraulic conductivities from slug tests reported

by Papadopulos (1984) for the unconsolidated sediments ranged from 0.5

feet/day to 320 feet/day. The median value for 15 tests was 65

feet/day. Grain size analyses of sand and gravelly sand (SP) from NIROP

borings 5-D and 6-D were performed by the COE (see Volume II). Repr~­

sentative analyses were used to estimate hydraulic conductivity values

for the sand using the methods presented by Masch and Denny (1966). The

estimated values ranged from 20 to 90 feet/day, the same order of

magnitude as the field test values from FMC. The silty sands (SM) found

beneath much of the NIROP have not been tested. It is likely that the

hydraulic conductivity is less than that of the sand (SP).

Hydraulic conductivity values for the Prairie du Chien/Jordan

aquifer have bet:n estimated by Kanivetsky (1979). Values reported

ranged from approximately 4.9 feet/day to nearly 66 feet/day. The modal

value was approximately 46 feet/day.
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• The average linear ground water velocity (V) can be determined from

the modified Darcy's Law:

v .. Ki
IT

where: K - hydraulic conductivity of aquifer
i-gradient
n - porosity of aquifer

The chart below has been prepared from hydraulic conductivities and

gradients cited above. Values assumed for n are from Freeze and Cherry

(1979).

over most of the NIROP are relatively slow, except in the southwest

corner of the facility where gradients steepen. Ground water flow rates

in the deeper portions of the unconsolidated sediments show less

variability across the facility.

5.3.3 Data Q6JQC Evaluation and Presentation

This section of the report documents the extent of hazardous

substance occurrence in ground water as defined by the the monitoring

well sampling program at the NIROP. Ground water samples have been

installed in May and June 1985 have been sampled three times, and the

The latest sampling•
taken six times .from the original fourteen wells.

twelve off-site wells have been sampled twice.

The seven wells
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round waS in November 1986. Table 5-4 summarizes the history of ground

water sampling from the NIROP wells. All samples were analyzed at the

U. S. Army Corps of Engineers Waterways Experiment Station, Vicksburg,

Mississippi. The section has been divided into two parts: the first

portion deals with QA/QC and evaluation of NIROP data; the secondportion

looks at the extent of hazardous substances beneath the facility.

This section evaluates· data analyses for three of the eight

sampling rounds performed by the COE between October 1983 and April 1986

and by RMT in November 1986. The first two rounds evaluated herein are

a combination of the]anuary and. April 1986 sampling rounds and the June

1985 sampling round.

The quality control data for the June 1985 and January-April 1986

rounds of water quality analysis were examined by RMT in order to

evaluate accuracy of analyses performed by the Waterways Experimental

Station (WES). Data were evaluated on the basis of percent recovery in

spiked samples, relative percent difference in duplicate or replicate

samples, and results of analysis of field blank samples.

Percent recovery information for spiked samples from the June 1985

and January-Ap!il 1986 sampling rounds is summarized in Table 5-5. The

number of samples for which percent recoveries were reported, the range

of percent recovery, and the mean percent recovery are indicated for

each constituent. The last column in the table contains ranges of

acceptable percent recovery for each constituent based on method

performance data from a number of different laboratories and published

in the Federal Register (October 26, 1984, Part VIII). The Waterways

Experiment Station percent recovery data is very good and falls well

within the ·acceptable range for every constituent.
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TABLE 5-5

PERCENT RECOVERY FOR SPIKED SAMPLES
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS

CONSTITUENT
NO. OF RANGE OF
SAMPLES % RECOVERY

MEAN %
RECOVERY

USEPA %
RECOVERY
ACCEPTANCE
RANGE
CRITERIA *

•

Zinc
Manganese
PCB 1221
PCB 1248
Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloride
1,1 Dichloroethylene
1,1 Dichloroethane
1,2-Dichloroethylene
Chloroform
1,2 Dichloroethane
1,1,1 Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2 Dichloropropane
Trans-l,3-dichloropropene
Trichloroethylene (TCE)
Dibromochloromethane
Cis-l,3-dichloropropene
1,1,2 Trichloroethane
Benzene
2-Chloroethylvinylether
Bromoform
1,1,2,2 Tetrachloroethane
Tetrachloroethylene
Toluene
Chlorobenzene
Ethylbenzene
Acrolein
Acrylonitrile

7
7
3
2
2
2
3
3
4
6
6
6
5
5
6
5
5
5
4
6
5
2
5
6
3
4
4
5
6
5
5
1
3

92.2 to 104
98.0769 to 105
80 to 110
112 to 114.4
75.25 to 97.375
66.375 to 103.25
81.75 to 99.875
79.125 to 95.25
78.8235 to 108.75
86.5 to 104.25
63.25 to. 105.5
78.75 to 123.5
90.75 to 100.75
93.25 to 102.5
83.5 to 106.25
81. 75 to 105.25
91.25 to 100
95 to 100.75
50.23 to 105.114
72.5 to 100.25
94 to 104
94.8718 to 100.321
79 to 107.25
86.75 to 110.5
91.75 to 108
76.75 to 95.5
98.75 to 116.5
87 to 112
90 to 101.75
90.75 to 132.75
63.5 to 121.5
89.75
109.5 to 118.5

98.8
101. 9 .

90.3

91.3
87.4
87.8
95.3
90.6
94.3
95.8
96.5
97.1
93.8
95.5
97.5
88.7
87.8
97.7

97.1
93.4
98.1
83.9

107.9
96.9
96.1

107.5
93.6

111.4

75 to 125
75 to 125
15 to 178
38 to 158
D to 273**
D to 242
D to 251
14 to 230
D to 221
D to 234
59 to 155
54 to 156
51 to 138
59 to 155
52 to 162
70 to 140
35 to 155
D. to 210
17 to 183
71 to 157
53 to 149
D to 227
52 to 150
37 to 151
D to 305
45 to 169
46 to 157
64 to 148
47 to 162
37 to 160
37 to 162
88 to 118
71 to 135

•

* USEPA Percent Recovery Criteria for organic compounds were obtained from
the Federal Register, Friday, October 26, 1984, Part VIII, 40 CFR, Part
136, Guidelines Establishing Test,Procedures for the Analysis of Pollutants
Under the Clean Water Act; Final Rule and Interim Final Rule and Proposed
Rule. Criteria were obtained from tables for methods used by Waterways
Experimental Station for water analyses: Volatile organic compounds, method
624 (p 43326), PCB's, method 608 (p. 43379); and acrolein and
acrylonitrile, method 603 (p. 43285).

** D - Detected - results must be greater than zero.
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• Duplicate analyses were performed for some constituents for twelve

of the June 22, 1985, samples and for b of 27 samples in the January-

April 1986 round. Relative percent difference (as defined by Contract

Lab Program Procedures) was calculated for each duplicate sample pair

for which quantifiable concentrations of a constituent were dete~ted ,in

both samples. Relative percent difference (RPD) values were calc,ulated

according to the following Contract Lab Program definition.

RPD ..

C ­1
x 100

•

•

C1 = Concentration of constituent in sample
C2 = Concentration of same constituent in replicate sample

The results of these calculations are summarized in Table 5-6 •

The range of values and the mean relative percent difference for

five organic compounds and two inorganic elements were calculated.

Generally, laboratories maintain records of duplicate analysis data from

which confidence limits are established. Confidence limits for relative

percent difference for a limited number of constituents are published in

the Contract Laboratory Program Procedures Manual. Of those constitu-

ents in Table 5-6, only trichloroethylene has such a published

confidence limit. The published confidence limit of 90 percent is given

for a relative percent difference of 14. This is a 90% confidence limit

meaning that, in nine of ten duplicate analyses, a laboratory should

obtain a relative percent difference ~alue less than 14. Eight of the

nine duplicate pairs analyzed by the Waterways Experiment Station which

1254.03 l39:RTA:frid0506c 5-29



•

•

•

TABLE 5-6

RELATIVE PERCENT DIFFERENCE (RPD) FOR DUPLICATE SAMPLES
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS

USEPA 90%
CONFIDENCE

CONSTITUENT PAIRS* RANGE RPD MEAN RPD LIMIT OF RPD

Zinc 7 0.7 to 4.0 1.9

Manganese 7 0.0 to 1.7 0.9

Trans 1,2 dichloroethylene 8 0.0 to 14.6 5.1

Tetrachloroethylene 1 4.4

Trichloroethylene (TCE) 9 2.3 to 14.3 8.1 14

Methylene chloride 1 30.5

Bis(ethylhexyl) phthalate 2 33.3 to 33.8 33.6 -

*Indicates the number of replicate pairs for which quantifiable
concentrations of the indicated constituent were detected in both
samples.
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concentrations of TCE had relative percent• contained quantifiable

difference values less than 14. The one value higher than the 90

•

•

percent confidence limit was 14.3.

One distilled water field blank sample was analyzed during the

January-April 1986 round. The field blank was not of sufficient volume

to analyze for all parameters. Therefore, the' trip blank was not

analyzed for lead, zinc, manganese, or any of the seven PCB Aroclors.

Of the other constituents analyzed, only methylene chloride (0.013 mg/l)

was detected in the field blank sample. Methylene chloride is a common

contaminant resulting from laboratory analysis procedures.

An eighth ground water sampling round was conducted at the NIROP in

November 1986 by RMT. A QA/QC evaluation of laboratory results similar

to that presented here for COE data is described in detail in the A-E

Quality Control Summary Report (RMT, 1987). Results of that evaluation

indicated that the data quality was similar to the two rounds of data

evaluated here. The analytical quality of the reviewed data was deter­

mined to be acceptable for use in the RI evaluations. The November 1986

sampling round also improved the overall quality of the data base since

it was the first round in which all wells were sampled for a consistent

set of constituents. Previous rounds had included only portions of the

monitoring well network and the analytical program changed between

rounds. This had made evaluations of spatial and temporal trends in

constituent concentrations difficult.

Analysis of dissolved metals in the NIROP monitoring wells was

performed for the first time in November 1986. Dissolved metals samples

were prepared by filtering in the field in order to minimize chemical
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changes to the ground water samples and to collect a more representative

sample of the water movi'ng through the ground. Three of the 34 ground

water samples collected were analyzed for total metals as well as

dissolved metals so that comparisons to previous sampling could be made.

Laboratory results for the eight rounds of sampling are included in

Volume II. .Interpretation of data directly from the analyses shown in

Volume II proved difficult for the following reasons:

1. Due to the phased approach of well installation, various wells
were sampled as they were installed.

2. Constituents included in the analytical program and individual
constituent detection limits changed between sampling rounds.

3. The format shown does not allow for data manipulation and/or
statistical analyses.

In order to provide for easier interpretation, the data shown in

Volume II were first reduced to a list of constituents which were

detected in any of the wells at least one time over the entire

monitoring period. A list of these constituents is shown in Table 5-7.

From the list of detected constituents, a second set of tables was

derived which lists each constituent detected by sample round and by

well. These ta~les are shown in Appendix A.

Reduction of data to the format shown in Appendix A allowed

grouping of constituents alphabetically by well (Appendix B).

Alphabetical grouping facilitated statistical analyses of detected

constituents. Both manual and computer checks of data reduction were

•

performed to ensure completeness and accuracy.

Statistical analyses chosen for data presentation included the

selection of maximum and mean values of detected constituents. In order
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TABLE 5-7

LIST OF CONSTITUENTS DETECTED IN MONITORING WELL SAMPLES
FROM THE NIROP SITE, FRIDLEY, MINNESOTA

INORGANIC CONSTITUENTS ORGANIC CONSTITUENTS

Arsenic 1,1,1 -Trichloroethane

Barium l,l-Dichloroethane

Cadmium l,l-Dichloroethylene

Calcium Benzene

Chloride Bis (2 ethylhexyl) Phthalate

Chromium Chloroform
..

Copper l,2-Dichloroethylene

Lead Ethylbenzene

Magnesium Methylene Chloride

• Manganese PCB 1242

Mercury PCB 1248

Nickel PCB 1254

Silver PCB 1260

Sodium TOC

Sulfates Tetrachloroethylene

Zinc Toluene

Alkalinity Trichloroethylene

Nitrate-N Trlchlorofluoromethane
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to determine mean values of constituent concentrations, the following

assumptions were made:

1. Data points were left blank in instances where individual
wells were not sampled, samples were broken, or "insufficient
sample" was present. Thus, the above instances are not
included in the count for calculation of mean concentrations.

2. A value equal to one-half the detection limit.was assigned to
samples listed as not detected at concentrations less than the
detection limit, or present, but below the detection limit.

3. Actual values were assigned to constituent concentrations
detected as equal to or greater than the appropriate detection
limit.

Results. of statistical analyses of maximum and mean values of

constituents detected are included in Appendix C. Statistical analyses

of new constituents added in the November 1986 sampling round were not

performed. Data for added constituents are shown in Appendix D•

5.3.4 Evaluation of Constituents

The purpose of this section is to evaluate constituents detected in

monitoring wells at the NIROP site. This evaluation is aimed at.

determining which constituents are to be further considered as

significant ground water contaminants. In order to facilitate

discussion, constituents have been grouped together as inorganics and

organics.

Inorganic Constituents. Until November 1986, most inorganic

constituents were analyzed only once or twice. Only lead, manganese,

and zinc analyses were performed in each of the first seven sampling

constituents were unfiltered and preserved with acid prior to shipment

(total concentration).•
rounds. Prior to November 1986, samples for analysis of inorganic

Filtered samples (dissolved concentrations) as
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well as three total concentration samples (for comparison), were

obtained for analyses in November 1986.

Findings are presented below for individual constituents which were

measured- above detection limits in at least one sample. Constituents

which have never been found above detection limits include antimony,

beryllium, cyanide, and thallium. Dissolved constituent concentrations

are discussed where appropriate in detail because it is the dissolved

fraction that is potentially mobile in ground water, and it is the

dissolved fraction in ground water that may result in exposures to

humans or the environment. The dissolved concentrations are summarized

on Table 5-8. Detected concentrations have been compared to Maximum

Contaminant Levels (MCLs), Maximum Contaminant Level Goals (MCLGs) and

Secondary Maximum Contaminant Levels (SCMLs) as defined by the Safe

Drinking Water Act (as ammended).

Arsenic was analyzed in the second sampling round (April 1984) and

in the last sampling round (November 1986). Measurable concentrations

of total arsenic were reported in 1984 in only one well (l-S) at a

concentration of 0.008 mg/l. Dissolved arsenic concentrations were

•

reported in the November 1986 sampling round from wells 9-S and lS-S as

well as duplicate samples from those wells. It was not detected in the­

well l-Ssample in November. The total arsenic concentration in well 9­

S was 0.023 mg/l while the dissolved concentration was < 0.005 mg/l.

Total and dissolved arsenic detected in 15-S was 0.045 mg/l and 0.014

mg/l, respectively. The dissolved arsenic values are below the MCL of

0.05 mg/l. Arsenic is not known to have been used in processes at the

NIROP•
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TABLE 5-8. CONCENTRATIONS OF DISSOLVED

INORGANIC CONSTITUENTS DETECTED IN GROUND WATER
SAMPLES, NOVEMBER 1986 (mg/l)
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Barium was analyzed only in the November 1986 sampling round •

Total concentrations of barium measured in wells 3-S, 9-S, and 15-S were

0.088 mg!l, 0.086 mg!l and 0.172 mg!l, respectively. Quantifiable

dissolved barium was found in all wells with concentrations ranging from

0.032 mg!l in downgradient well 19-5 to 0.165 mg!l in on-site well 3-S.

Background concentrations of barium are similar to downgradient

concentrations and no sample exceeded the MCL for barium (1.0 mg/l).

Cadmium was analyzed in samples collected in October 1983, April

1984, and November 1986. The highest total cadmium concentration

reported from NIROP samples was 0.0194 mg/l, in the November 1986 sample

from upgradient well 15-S. This value is above the MCL for cadmium of

0.01 mg/l. The dissolved cadmium.concentration for the sample from well

15-S (0.0008 mg!l), however, is more than one order of magnitude below

the MCL. Dissolved cadmium was reported in 30 of 34 samples at concen~

trations of 0.0002 to 0.0024 mg!l.

Cadmium is used in NIROP plating processes and these sludges may

have been disposed of on-site. EP Toxicity tests for cadmium were run

on drummed wastes removed from the pits/trenches. The highest concen­

tration detected was 7.21 mg/l (Volume II). However, EP Toxicity tests

run on soils from pits 3, 5, and 6 showed 36 of 37 samples had no

measurable cadmium concentrations above the detection limit of 0.01

mg/l. One sample had a reportable cadmium concentration of 0.002 mg!l.

This data suggests that mobile (leachable) cadmium is not present in the

soils beneath the sampled pits and trenches. The presence of similar

cadmium concentrations in background and downgradient ground water

samples also indicates that cadmium is not being released to the ground

water from the NIROP.
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• Calcium was analyzed only in the November 1986 sampling round.

Concentrations of total calcium measured for wells 3-S, 9-5, and 15-5

were 169 mg/l. 154 mg/l and 207 mg/l. respectively. The dissolved

calcium concentrations for these three samples were 8 to 48 mg/l less

than their respective total concentration. Dissolved calcium

concentrations ranged from 21.1 mg/lto 208 mg/l. Background and

•

•

downgradient samples had similar calcium concentrations. No health-

based or.environmental standards have been established for calcium.

Chloride was analyzed only in the November 1986 sampling round.

Chloride was detected in all 34 monitoring wells at concentrations

ranging from 3.2 to 75.6 mg/I. The SMCL of 250 mg/l was not exceeded in

any well.

Chromium was analyzed in samples collected in October 1983, April

1984. and November 1986. The MCL for chromium is 0.05 mg/l. It was

exceeded by total chromium concentrations from well 2-S (0.057 mg/l) and

well 9-S (0.267 mg/l) in October 1983 and November 1986. respectively.

The dissolved and total chromium analyses from November 1986 indicated

that total concentrations were 3 to 300 times higher than dissolved

concentrations. The total values therefore do not accurately reflect

potential hazardous constituent migration because much of chromium is

associated with the sediment which is not transported with the slow­

moving ground water. Dissolved chromium was detected in 28. of 34

monitoring wells. at concentrations ranging from 0.001 mg/l to 0.005

mg/l. during the November 1986 sampling round. The MCL for chromium was

not exceeded by any dissolved chromium concentrations and there were no

significant differences between background and downgradient dissolved

chromium concentrations.
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Chromium was used in the NIROP plating shop and may have been

disposed on-site with plating sludges. EP Toxicity leaching test

results of drummed samples from the pit/trench area indicated a maximum

concentration of 0.31 mg/l (for legible results) (Volume II). These

•

wastes· were removed and soils at pit bottom, and at I-foot and 2-feet

below the pit bottom were subjected to EP Toxicity tests in pits 3, 5,

and 6. Results from 26 of 42 samples showed no leachable chromium above

the detection level of 0.01 mg/l. The highest leachable concentration

was 0.02 mg/l in 4 of 42 samples (Volume II) suggesting that chromium is

not present beneath the disposal areas sampled. The lack of significant

chromium concentrations in ground water downgradient of disposal sites

also suggests that chromium that may have been disposed on the NIROP

facility does not appear to be migrating to, or with, ground water •

Copper was analyzed in samples collected in October 1983, April

1984, and November 1986. The MCLG for copper is 1.3 mg/l. The highest

value of total copper detected in NIROP monitoring wells was 0.377 mg/l

in well 9-S (November 1986). The dissolved copper concentration for

we1l9-S was 0.005 mg/l. Again, most of the copper is associated with

sediment which is not transported by ground water. Dissolved copper

concentrations range from 0.009 mg/l to < 0.001 mg/l. None of the

dissolved copper concentrations exceeded the MCLG. Copper was used in

the plating shop at the NIROP facility and may have been disposed on-

site. The ground water data however, suggest that copper disposed on

the facility is not entering, or migrating with, the ground water.

~ has been analyzed in all sampling rounds. Total lead has been

detected in numerous samples (both upgradient and downgradient of the
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facility) at concentrations above the MCL of 0.05 mg/l. A comparison of 

dissolved and total concentrations from November 1986, however, show 

that total concentrations, on the order of 70 times greater than 

dissolved concentrations, reflect lead associated with sediment. None 

of the dissolved lead concentrations exceeded the MCL. Almost all the 

dissolved lead concentrations measured in November 1986 were less than 

or equal to 0.005 mg/l. 

detected in November 1986 

The highest dissolved lead concentration 

came from well 9-D (0.011 mg/l) and the 

adjacent well 19-5 (0.009 mg/l). Both wells are downgradient of the 

NIROP. It is not clear whether this is indicative of a release from the 

facility since other downgradient wells closer to the plant yielded 

samples with lower lead concentrations. Measureable lead concentrations 

(> 0.01 mg/l) were reported by Papadopolus (1984) in three water table 

wells and two piezometers installed for the FMC investigations. The 

concentrations ranged from 0.02 to 0.24 mg/l. It is not known if 

results reported by Papadopolus were for total or dissolved lead. It is 

therefore difficult to draw any conclusions regarding the relationship 

of the FMC data to the observed lead concentrations at wells 19-5 and 

9-D. 

Magnesium was analyzed in only the November 1986 sampling round. 

The WES did not report analyses for total magnesium. Data for dissolved 

magnesium showed concentrations ranging from 10.7 mg/l to 61.4 mg/l. No 

health-based or environmental standards have been set for magnesium. 

Manganese was analyzed in all eight sampling rounds. No MCL or 

MCLG has been set for manganese. However, total manganese 

concentrations have exceeded the SMCL of 0.05 mg/l in every well 
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• sampled.

the SMCL

Dissolved manganese was detected at concentrations exceeding

in all but 6 wells. In general, the highest dis solved

•

•

manganese concentrations were detected in background wells (15-5, 12-5,

13-S, and 16-S). Based on these results, the observed manganese levels

do not appear to be originating from on-site operations •

. Mercury was analyzed in 14 well samples collected in April 1984 and

in 34 well samples collected in November 1986. Total mercury was

reported in 1984 at concentrations exceeding the detection limits in

shallow wells 3-5, 4-5, and 6-5 at 0.0013, 0.0007, and 0.0008 mg/l,

respectively, and in the Prairie du Chien well 2-PC at 0.0008 mg/l.

Neither dissolved mercury nor total mercury were reported above the

detection limit of 0.0004 mg/l during the November 1986 sampling

round. No concentration of mercury (total or dissolved) has exceeded

the MCL of 0.002 mg/l. Mercury is not reported as haVing been used in

NIROP processes.

Nickel was analyzed in 14 samples obtained in April 1984 and 34

samples collected in the November 1986. Total nickel was reported in

a~l of the well samples collected during April 1984, between concentra­

tions of 0.003 and 0.107 mg/l. The comparison of dissolved and total

concentrations from three of the November 1986 samples indicates that

much of the nickel is associated with suspended sediment that is not

transported by ground water. Total concentrations ranged from 0.332 to

0.018 mg/l, while dissolved concentrations were less than 0.005 mg/l.

Dissolved nickel concentrations ranging from 0.001 mg/l (9-D) to 0.072

mg/l (7-5) were reported in 22 of the 34 monitoring well samples

collected in November 1986. Background well samples had the same range
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of dissolved nickel concentrations as on-site or downgradient well

samples. Nickel is used in the plating process at the NIROP facility.

but is apparently not being released to the ground water. MCLs and

MCLGs have not been set for nickel. The ambient water quality criterion

for the protection of human health has been set at 0.0134 mg/l. The

observed dissolved nickel concentrations are generally one-half the

criterion.

Selenium was analyzed for the first time in samples collected

during November 1986. Dissolved selenium and total selenium were

approximately equal when detected (0.049 and 0.076 mg/l.

respectively). This is typical since selenium is not generally

associated with sediment. Only two wells. showed concentrations of

dissolved selenium above the detection limit ofO.OOS mg/l: background'

well 14-5 (0.008 mg/l) and on-site well 9-5 (0.049 mg/l). The MCL for

selenium is 0.010 mg/l and the MCLG is 0.045 mg/l. Concentrations of

Iselenium detected in the sample from well 9-S exceeded the MCL. Well

9-S is near the NIROP property boundary on the eastern (upgradient) side

of the facility. Sources of selenium are not apparent since it has not

been reported as being used at the facility. The presence of selenium

may be indicative of an as yet unidentified upgradient source.

Silver was analyzed in· samples obtained at the NIROP facility in

October 1983. April 1984. and November 1986. Silver was reported in

only one sample (4-S) in April 1984 at the detection limit of 0.001

mg/l. Dissolved silver was detected in 10 of the 34 monitoring wells in

November 1986. Concentrations ranged from 0.001 mg/l (12-S) to 0.005

mg/l (l-S). Both background and downgradient well samples had similar
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• concentrations. Silver was used in both the NIROP plating process and

the photo lab but is apparently not being released to the ground water.

The MCL of 0.05 mg/l was not exceeded by any sample.

Sodium was analyzed in only the November 19B6 sampling round.

Concentrations ranged from 3.57 mg/l to 14.1 mg/l in samples from wells

5-D and 19-5, respectively. There were no apparent spatial trends in

sodium occurrence across the NIROP. No health-based environmental

•

•

standards for sodium have been established.

Sulfate was analyzed in only the November 1986 sampling ~ound.

Concentrations ranged from 26.8 mg/l (19-S) to 422 mg/l (18-S). The

SMCL for sulfate is 250 mg/l. The SMCL for sulfate was exceeded in

eight wells, including one background well. Approximately two-thirds of

the wells with high sulfate concentrations are downgradient of the

southwest corner of the NIROP (7-D, 8-D, ll-S, 17-S, and 18-S). It is

not clear if this spatial distribution is related to any particular

source on the NIROP.

Zinc was analyzed in all eight sampling rounds at the NIROP

facility. Total zinc concentrations, measured at all monitoring wells,

have ranged from 0.086 to 29.8 mg/1. The SMCL of 5.0 mg/l was exceeded

in 15 of 34 monitoring wells sampled. The high total zinc values appear

to be associated with suspended sediment in the well samples. Compar­

ison of dissolved and total concentrations from November 1986 show total

values to be 12 to 17 times greater than dissolved concentrations.

Dissolved zinc concentrations above the 5.0 mg/l standard were not

observed in any well sampled during November 1986. The dissolved zinc

concentrations ranged from 0.030 mg/l to 4.42 mg/l. There were no
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• significant differences between upgradient and on-site or downgradient

dissolved zinc concentrations.

Some of the zinc detected in the well water at the NIROP facility

may have leached from well casing materials. The highest dissolved and

total zinc concentrations are found in those wells that have galvanized

well casing in contact with the ground water. Galvanized well casings

•

can reportedly leach zinc into well water (Barcelona et al., 1983). The

leached zinc may precipitate at the bottom of the well or be absorbed by

sediment at the well bottom. Zinc is not reported as being used in the

plating process at the NIROP. Based on these results, the observed zinc

levels do not appear to be originating from on-site operations.

Table 5-9 has been prepared to aid in summarizing the findings of

the previous section. Prior to November 1986, only total

concentration(unfiltered samples) were reported and the data suggested

that significant concentrations of hazardous inorganic constituents

could be found in the ground water. The samples collected in November

1986 had total concentrations fairly consistent with previous results.

However, dissolved concentrations were considerably lower, indicative of

the fact that much of the inorganic concentrations were associated with

sediment in the samples. Sediment is not transported by ground water

and is not generally consumed. In fact, only three constituents

exceeded federal standards when dissolved concentrations· were

considered; manganese, sulfate, and selenium. Of these constituents,.

•
manganese and sulfate both exhibited concentrations in excess of SMCLs

in both background wells and downgradient wells.
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Selenium in a sample from well 9-S (0.049 mg/l) 1s the only

dissolved inorganic constituent detected 1n ground water above an MeL.

Well 9-S is located along the. eastern (upgradient) edge of the NIROP

facility·. Thus, it is possible that the selenium detected in well 9-S

may be related to an off-site source. Selenium has only been analyzed

in a single· sampling round (November 1986). Additional sampling would

be required to increase the certainty in any interpretation of selenium

occurrence.

Organic Constituents. Organic constituents have been analyzed in

samples from all 8 sampling rounds. Most of the analysis has focused on

volatile organic compounds. A number of these compounds have, and

continue to be, used on the NIROP facility~ Many are also used in large

quantities. Previous investigations (see Section 4.1) have also found

these compounds to be in past waste disposal areas. Some samples (14

collected in April 1984) have also been analyzed for the more extensive

priority pollutant list.

A summary table (Table 5-10) has been prepared to clarify the

occurrence of organic constituents in ground water samples. The table

lists only those compounds that have been detected at least one time at

the NIROP. The data is summarized as mean concentrations to simplify

the presentation. The maximum reported value is also listed to prOVide

a sense for the variability observed at a given monitoring well.

Bis (2 ethylhexyl) phthalate was analyzed in all but the April 1986

and November 1986 sampling rounds; therefore, no background wells have

been analyzed. Bis (2 ethylhexyl) phthalate was detected in every round

when analyzed and in nearly every well at least once. The occurrence of
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• •TABLE 5-10 MAXIMUM AND MEAN CONCENTRATIONS OF
ORGANIC CONSTITUENTS DETECTED IN GROUND
WATER SAMPLES, OCTOBER 1983 ·to NOVEMBER

1986 (mg/l)
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• •TABLE 5-10 (Cont'dl. MAXIMUM AND MEAN
CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED

IN GROUND WATER SAMPLES, OCTOBER 1983 to
NOVEMBER 1986 (mg/1 l

•

I'
~.HIO •
O.O:U'.

2 •
'.0025 •
0.0025 •

·].

0.0015 •
'.0025 •·I'
O.j.j~ •
0••1'06 •·].

0.0025 •
0.0025 •

I.
0.01" •
t.(·11O •·2.
0.0025 •
0.0025 •

2 •
0.0025 •
0.0025 •·I'
0.0000 •
0.0000 •

I'
0.2100 •
o.:eO(l •·2'
0.0025 •
0.0025 •

I •
tonI I 2' 2.
Ra.I ... I 0.0025' '.0025'
R... I 0.0025. 0.0025.

telll
".....
lit••

",mh, I 8-5 I 8-0 I '-5 I '-0 : 10-5 I 11-5 I 12-5 I IH I 14-5 I 15-5 I I'" I I7-S I 18-S : It-S I 20-5 : FIIt-D I-_.__._._--_.__.__._-_._-----;---_._-_.;---_..__.._---.__.;-_.._-;---------;----_._;-----_.;----;------;------------;._------;_._--_.__.._------;-_._._;-_._-;
I. ••••••• •• •••

• • I , • • " •• I'.
2t 2' ]. 2' ]. ]' 2' 2' 2' 2' 2' 2' 2' 2' 2t ,.

0.0390' 0.0025' 0.]900. 0.0016' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.0025' 0.0025' 0.0050'
0.0285' 0.0025' 0.2"" 0.0056' 0.0025. 0.0025' 0.0025. 0.0025. 0.0025. 0.0025. 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' O.OOSI'· . . . . . . . . . . . . . . .

2' 2' ]. 2' ]. ]. 2' 2' 2. 2' 2' 2' 2' 2' 2' ,.
o.oon. 0.0025' 0.0660' '.0025' 0.0025. o.oon. 0.0025. 0.0025' 0.0025. 0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.0270'
0.0049' 0.0025. 0.0540' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' o.om.· . . . . . . . . . . . . . . ..

2t 2' ]' 2' ]. )I 2' 2' 2. 2' 2' 2' 2' 2. 2' ,.
0.0025' 0.0025. o.oon. 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025" 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' O.OOSO'
0.0025' 0.0025. 0.005" 0.0025' 0.0025' 0.0025' 0.002'5. 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' 0.0025' 0.0025' O.OOlt.· . . . . . . . . . . . . . .

2' ]. 2' )I ]' 2' 2' 2. 2' 2' 2' 2' 2' 2' ,.
0.0052' 0.0025' 0.0050' 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' 0.0025' 0.0065' 0.0025' 0.0025' 0.0025' 0.0100'
0.0019. 0.0025' 0.0018' 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' 0.0025. 0.0015. 0.0025' 0.0025. 0.0025' o.om.

• • , • • • • • • • • • • t •

O. I' O. II I' O' •• o. o. O' O. o. O. O' I.
••• 'ooסס.0 ••• 0.000]' 0.00011' .1 • II. •• • .1 • •• • II • •• • •• • II' o.om.
••• OOסס.0 ~ ••• 0.000]' 0.0008' II • II • •• • n • II • II • II • II • II' 0.0210'

1.I-OleM.,..' ....

Ito,...

te••1 I
1.1.I·I'leM.,ItI~... R"I ... I

Rtt. I
I

teet I
Ratl... I
lit.. I

I
Caoiot I
R"I ... I
lit.. I

I
taul I
R"I ... I
lit.. I

I
taul I

'hn.'hlh..\IPllt~alth Ratl ..... I
",U .=

1.I·OleM.,••' ....

Ra",I ... o.I.,U.

nblb.." ...

· . . . . .. ...
2' ]' ]. 2' 2' 2. 2' 2' 2' 2t 2' 2' ,.

0.0025' 0.0025' '.0025' 0.0025' 0.0025' 0.0025. 0.0025' o.o,:!!. 0.0025' 0.0025' 0.0025' 0.0025' 0.0050'
0.0025. 0.00:5' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025. 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.OOS8'· . .. ..

I' I' I' I' I. I' I' I' I' I' I' ].
0.~360· '.om. 0.~:5' o.~. t.OO:!S' 0.0~:5' 0.(>0::. ~.07Y0' •. 'SOO' 0.002~' '.O~:!S' 0.2:00'
'.~360' 6.~::C·' ~.OO:!S. 6.00~' ~.(lO:5. 6.00:5' ('.0(.::. 0.0:70' 6.:](>0. 0.6.1·:5' 0.",';;' 0.1153'· . . . . . . . . . . .

]. )I 2. 2' 2' 2' 2' 2' 2' 2. 2' ,.
0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0025' 0.0025' '.0025' 0.0025' 0.2100'
0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025. 0.0025. 0.0025' 0.0025' 0.0025. 0.0025' o.om.· . . . . . . , . , , .

total 2' 2' ]. 2' ]. ]. 2' 2' :2' 2' 2' 2' 2' 2. 2' ,.
R"I... 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.0025. 0.0"" 0.0025. 0.0025' 0.0025' '.0025' 0.0025' 0.1200'
lit'" 0.0025' 0.0025. 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.0025. 0.0041' 0.0025. 0.0025' 0.0025' 0.0025' 0.0025' o.om.

I • • • • • • • • • • • • • • • •
_ ..., a- n ••u ..- n a u -- - ...,. a--__ _ D .

CIII.,.1...



• TABLE~O (Cont'dl. MAXIMUM AND MEAN
CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED

IN GROUND WATER SAMPLES, OCTOBER 1983 to
NOVEMBER 1986 (mg/1 l
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• TABLE 5-10 (cont. MAXIMUM AND MEAN CONCEN­
TRATIONS OF ORGAN CONSTITUENTS DETECTED IN
GROUND WATER SAMPLES, OCTOBER 1983 to NOVEMBER

1986 (mg/1) •
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• this compound is highly variable in space and time. In the April 1984

round, this compound was found at its highest concentrations in wells

3-S (0.14 mg/l) and 6-S (0.22 mg/l), both of which also exhibited high

TCE levels. The samples collected from 14 wells in January 1985 had

concentrations from < 0.00001 to 0.00007 mg/l. By June of 1985, 9 of

these 14 wells yielded samples with c9ncentrations of 0.00062 to 0.0049

mg/l. Bis (2 ethylhexyl) phthalate was not detected in the soil samples

beneath the disposal pits (see Section 4.1). Bis (2 ethylhexyl)

phthalate is widely used as a plasticizer in a variety of rubber and

plas tic compounds. As such, it has become a common contaminant in

•

•

laboratory settings and sampling equipment. This ~y account for the

sporadic occurrence of this compound in the NIROP data base. No MCL or

MCLG has been set for bis (2 ethylhexyl) phthalate •

Benzene' was analyzed in all eight sampling rounds. It was reported

in 19 percent of the samples as detected but not quantifiable to 0.010

mg/l. Three samples had concentrations as high as 0.022, 0.021, and

0.023 mg/l. Almost all benzene detections (93%) were reported prior to

June 1985. In November 1986, benzene was detected in only one well

(17-S) at a concentration of 0.0065 mg/l. The MeL for benzene is 0.005

mg/l and the MCLG is zero. Thirty-three of 34 samples did not exceed

the MCL in November 1986. There are no apparent spatial or temporal.

trends related to past or current NIROP activities.

Chloroform was analyzed in all eight sampling rounds. It was

reported at the detection limit of 0.010 mg/l on several occasions, but

never above the detection limit. The data show no consistent spatial or

temporal pattern. Chloroform was not detected in any well during the
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No regulatory levels have been set for 1,1-

•

•

•

the background· wells.

dichloroethane.

1,1 Dichloroethylene was analyzed in all eight rounds. It was

detected only in well 9-5 at 0.0092 and 0.0056 mg/l in June 1985 and

January 1986, respectively. It was not detected in the most recent

(November 1986) sampling round. No detectable concentrations of this

compound were found in background wells. The proposed MCL for

1,1 dichloroethylene is 0.007 mg/l.

1, 2~Dichloroethylene was analyzed in samples _from the April 1984

and October 1984 in only a few wells and again in November 1986 in all

wells. The concentrations shown for cis 1,2-dichloroethylene are

identical to the reported concentrations for trans 1,2-dichloroethylene.

The value reported for both compounds is total 1,2 dichloroethylene,

according to Richard Karn of the WE5.

In April and October 1984, it was detected in shallow wells 3-5 and

6-5, FMC-33 and the bedrock well 2-PC. In November 1986, cis 1,2-
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• dichloroethylene was reported in samples from 11 wells at concentrations

ranging from 0.022 to 0.53 mg/l.

It is likely that 1,2 dichloroethyleneoriginated from the

microbial degradation of TCE. This process of degradation has been

-previously reported in both laboratory and field investigations. The,,

MCLG of 0.07 mg/l was exceeded in samples from 6 wells. The wells which

yield samples with 1,2 dichloroethylene also exhibited high

•

concentrations of TCE.

Ethylbenzene was analyzed in samples from all eight. sampling

rounds. Ethylbenzene was not detected in any sample in November 1986.

Previously, it has been detected in only two wells (3-5 and FMC-33)

immediately downgradient of the disposal pits. At FMC-33 the concentra­

tion decreased from 0.21 mg/l in October 1983 to < 0.005 mg/l in

November 1986. At 3-5 the concentration has decreased from 0.037 mg/l

to below the detection limit during the last two rounds of sampling.

The MCLG for ethylbenzene is 0.68 mg/l. Ethylbenzene was identified in

both drums and soil samples collected below the disposal pits (see

Section 4.1). The decrease observed in the monitoring well samples

suggests that the pit excavations have removed the ethylbenzene source

upgradient of wells 3-5 and FMC-33.

Methylene. chloride was analyzed in all eight sampling rounds. It

was detected at least once in 16 of the 34 wells. Reported concentra-

tions range from 0.0065 to 41. 0 mg/l. The latest sampling round had

methylene chloride occurring in only one sample (1~5 at 0.013 mg/l). It

was also detected in three of the field blanks taken prior to November

•
1986. The results are highly variable and difficult to interpret •
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(0.0053 to 0.22 mg/l) in samples from 6 monitoring wells. These areas

•

•

••
rounds. PCE has been found at much lower concentrations than TCE
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1986. The wells immediately downgradient of the disposal areas have not

had significant toluene concentrations. The spatial distribution of

toluene occurrences t therefore t does not appear to correlate with the

pit locations t where it was reported in drums and soil samples below the

pits. The MCLG for toluene is 2.0 mg/l.

Total Organic Carbon (TOC) concentrations are typically used as a

general indicator of the presence of hazardous organic substances. TOC

method detection limits are not compatible with compound-specific

organic detection limits achieved using organic carbon techniques. In

other words t fairly significant organic contaminant levels could go

undetected because of the high detection limits of the TOC methods •

include the. pit/trench area wells FMC-33 t 8-S t and 3-S (PCE not detected

in 3-S since October 1984) j well 9-S at the eastern boundary j and in

well 6-S near the southwest corner of the main NIROP building. No

dete~table amounts were found in the background wells. The concentra­

tions of PCE have decreased to at or below detection levels in the

pit/trench area. However t the levels have remained somewhat constant at

well 6-S (average ·of 0.028 mg/l) and were as high as 0.21 mg/l at well

9-S in the January 1986 sampling round and 0.20 mg/l in November 1986.

The proposed MCLG for tetrachloroethylene is zero.

Toluene was analyzed in all eight sampling rounds. Toluene has

been detected in 14 monitoring wells at near the detection limit (0.020

to < 0.005 mg/l) in 18 percent of the. samples collected. Most of the

samples (88%) with detectable concentrations were collected prior to

•

•

•

June 1985. Toluene was not detected in any well sample in November
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• TOC was analyzed in the OCtober 1983 and June 1984 sampling

rounds. During the October 1983 sampling round , concentrations of TOC

were reported to range from 649.0 to 2.3 mg/l. By June of 1984 these

concentrations had decreased to 15.2 to 1.0 mg/l.

concentrations in October may be due to the following:

The· high TOC

1)

2)

3)

4)

Poor well development. ,This was the first sampling round
after installation, and organic drilling fluids (if used) may
not have been completely removed.

Other nonvolatile organics (not routinely analyzed) may be
present and contributing to the TOC values.

Laboratory measurement errors (e.g., 190 percent recovery was
reported for FMC-33).

VOCs may have been lost in analyses; thus, TOC may be correct
and VOCs low.

•
1,1,1 Trichloroethane (TCA) was analyzed in all eight samp~ing

rounds. The highest concentrations of TCA have been measured in well 9-

5, where concentrations have decreased from 0.39 to 0.12 mg/l· between

January 1985 and November 1986. Monitoring wells 6-5 and 8-5 have also

consistently yielded samples with measurable TCA concentrations ranging

from 0.018 to 0.13 mg/l. Traces of TCA (0.0086 to < 0.005 mg/l) have

also been reported from wells 2-5, 7-5, and 9-D. No .background wells

contained measurable concentrations of 1,1,1 trichloroethane. The MCLG

for this compound is 0.2 mg/l.Only the first two samples from well 9-5

exceeded the MCLG•. No concentrations detected in November 1986 exceeded

the MCLG. This compound appears to be associated with the occurrence of

TCE, and releases from the NIROP facility •

monitoring wells at the NIROP, with concentrations ranging from 0.005 to

. Trichloroethylene (TCE) has been analyzed in samples from all eight

•
sampling rounds. TCE has been detected (.?-, 0.005 mg/l) in 22 of 34
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• 37.0 mg/1. TCE has been detected in two of the upgradient wells, in

three monitoring wells on the east edge of the property, in 16 monitor-

ing wells adjacent to or downgradient of disposal areas on the plant

property and in one bedrock monitoring well. Seven wells have exhibited

TCE concentrations_ an order of magnitude higher than other wells at the

NIROP facility where TCE has been detected. The seven wells include the

following:

Maximum Average
Well Concentration (mg/l) Concentration (mg/l)

FMC-33 37.0 7.9

3-S 28.0 6.1

8-D 10.7 8.2

8-S 9.2 6.6

9-S 4.2 3.1

6-S 3.8 1.3

• 18-S 2.9 2.2

The proposed MCL for TCE is 0.005 mg/l; over one-half of the

monitoring wells have exceeded the proposed MCL at least one time. The

distribution and significance of TCE occurrence will be discussed fully

in Section 5.3.4 of this report. In general, TCE occurrence appears to

correspond to past waste disposal activities and be related to other

past or on-going releases both on and off of the NIROP facility.

Table 5-11 has been prepared to aid in summarizing the occurrence

of organic constituents in ground water. The primary organic

compound found in wells on the NIROP site is trichloroethylene. Data

suggest multiple source areas and changing concentrations with time

(upgradient).sources of TCE may be present.

•
(discussed in Section 5.4).
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•
TABLE 5-11

SUMMARY OF ORGANIC CONSTITUENTS DETECTED AT LEAST
ONE TIME IN GROUND WATER AT THE NIROP STUDY AREA

Constituent

B1s (2 ethylhexyl)
phthalate

ChlorofOIDl

MaximJm
Concentration
Detecte:l (tiWl)

0.023

0.22

O.OlQ1r

Well CcmJents

2-PC tb consistent trend with concentrations
usually near detecticn limit. Detecte:l in
only one lEll in November 1986.

6-S Highly variable concentrations in first
seven ro.mds. All concentrations had
decreased to <0.0006 by June 1985.

Several Barely present :in several mmds.
Wells tbt detected :in NoveDiler 1986.

9-S Similar distributicn as TCE.

m:;-33 Only detecte:i downgrad1ent of pit areas.
Coocentrations mve decreased since
pit/trench excavation. Not detected in
November 1986.

•

EthylbenzeJJe

1,1 dichloroe~

1,1 dichloroethylene

0.21

0.066

0.0092 9-S Cklly detected :in 9-S.

* Indicates present, but not quantifiable, at concentrations be1cJJ the detecticn l1mit·.•

1,1,1 trichloroe~

1,2-d1chloroethylene

Methyl.ere QUor1de

PCBs

Tetrach1oroethyl.ere

Toluene

Trichloroethylene

0.39

4.7

41

0.0011

0.22

0.02

649

37.0

9-S Simi Jar distributicn as n:E.

l8-S Similar distribution as TCE.

2-5 Inconsistent coocentraticn am locations.
May be sampling or analytical contaminant.

2-5 Very lal concentrations am incoosistent
occurrence in any lIllill.

9-S Similar distributicn as TCE.

2-PC Detected :in several oo-site wells at
1cJJ concentrations. Not detected in

. November 1986.

5-S Poor indicator of site conditions.
Analysis disc:ont1mJed after June 1984.

m:;-33 Widespread distributicn suggeSts urJre than
one soorce (both en- am off-site).
Concentrations near pit area have declined
since barrel reuoval •
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•

•

Other organic compounds occur at much lower concentrations than

TCE. l,2-Dichloroethylene isomers (breakdown products of TCE) appear to

be correlated with the occurrence of TCE. Tetrachloroethene. 1,1­

dichloroethane, and l,l.l-trichloroethane also generally occur. in the

same areas as TCE, but at much lower concentrations. They do not·appear

in the background wells. l,l-Dichloroethylene exhibits a distinctive

distribution pattern in that it is only reported from well 9-S. The

balance of organic compounds detected in ground water were found

infrequently, at very low concentrations, or demonstrated no obvious

source areas.

5.3.5 Occurrence and Migration of Hazardous Substances in Ground water

This section of the report relates the occurrence of hazardous

substances· in ground ·water. (Section 5.3.3) to the site hydrogeology

(Sections 5.3.1 and 5.3.2), industrial practices, and past disposal

activities (Section 4.1). Section 5.3.3 described contaminant levels

observed in ground water. Several organic contaminants and one

inorganic contaminant (selenium) were shown to have been detected in

ground water at concentrations above their respective MCLs and MCLGs.

Section 5.3.3 showed that generally, wherever TCE was detected in ground

water, several other contaminants were also detected. Additionally,

Section 5.3.3 showed TCE was detected in the highest concentrations

(37.0 mg/l at FMC-33) and in the most wells (21 of 34).TCE is the best

indicator of ground water contamination at the NIROP site and has been

used in this section to define contaminant plumes and migration •
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•
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The extent of the TeE contaminant plume in both shallow and deep

zones of the aquifer in the unconsolidated sediments is shown in Figure

5-7. Mean TCE concentrations have been used in preparing Figure 5-7

because a single point-in-time presentation would not clearly represent

the TCE occurrence. Mean TCE concentrations for the adjacent FMC study

area (Conestoga Rovers t 1985) were checked against Figure 5-7 and showed

good correlation to the NIROP contours. A figure has not been prepared

for the bedrock aquifer since there is no indication of ongoing TCE

contamination in the bedrock. .

A single elongated TCE "plume" is near the base of the

unconsolidated sediments (dashed line in Figure 5-7). The occurrence of

TCE deep in the sediments is probably an extension of the "shallow

plume" shown by solid contour lines in Figure 5-7. The TCE plume is not

extended to the base of . the aquifer northwest of the NIROP building

because the existing deep wells in the area (1-D t 2-D t 4-D t 5-D t 6-D t

and 7-D) yield samples with TCE concentrations less than or equal to

0.011 mg/l. The vertical extent of TCE in the aquifer beneath and

immediately downgradient of the waste disposal pits is not known.

Two distinct TCE plumes are evident in the shallow portions of the

in the unconsolidated sediments. The first forms part of possibly

aquifer-thick plume extending from well 9-5 to well 18-5. The second

plume in the shallow portion of the aquifer extends from well l5-S t

beyond the northern property of the NIROP t to well 6-S.

The distribution of TCE in the shallow aquifer suggests four

potential hazardous constituent source areas which include the

following:
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Pit/trench disposal area 

Off-site source(s) north and east of wells 16-S and 15-5 

An on-site source near well 9-5 or, an upgradient (off-site) 
soUrce northeast of well 9-5. 

Possible localized source(s) near the southwest corneL" of, or 
beneath, the lllain NIROP building. 

These four potential source areas as well as NiROP activities which may 

have contributed to ground water contamination are discussed below. 

Table 5-12 has been prepared to aid in the discussion of potential 

on-site souree areas. The table incluftes those constituents which have 

been detected at the NIROP in drums, soils beneath disposal areas, and 

ground water·.. The table also lists raw or waste material constituents 

which arelieported to have been used or disposed at the facility. 

Qualifiers ahowing whether constituents have be~n dete~ted insignif-

icant or insj;gnificant concentrations have been included in Table.5-12. 

The qualifiers were based on comparison to background levels an~ overall 

results. 

The pit/trench area has been a source of ground water contamlnat~on 

at the NIROP site as reflected in the mean TCE concentrat1Qos obs-erved 

at wells 3-5, FMC-33 and 8-5 (Figure 5-7). The area impac~ed by TCE '1s 

bounded on the northeast by wells 1-D and 1-5 Wh 1. ch exhibit no 

detectable levels of TCE. On the north, TeE is reported at mean 

concentrations of 0.096 to 0.17 mg/l in wells 7-S and 16-S, but has not 

been detected in the base of the aquifer (well 5-D) • Low TCE 

concentrations have been found below the northwest corner of the NIROP 

facility; well 2-S has averaged approximately 0.065 mg/l tdnce April 

1984, while well 2-D has shown increasing concentrations « 0.005 to 
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• 1~~LE 5-12 SUltltARy OF CONSTITUENTS DETECTED OR REPORTED ON THE MIROP FACILITY

ALL CONSflTUENTS KNOIIN RAil DETECTEO DETECTED DETECTED
DETECTED "ATERIALS IN ORUltS IN SOILS IN GROUNO

OR lIASTES IIATER

1,1,1,2 tetrachloroethane f ND ND
1,1,1 trIchloroethane X t OS DS
1,1,2,2 tetrachloroethane f NO NO
1,1,2-tr~chloroethane f NO NO

·1,1 dichloroethane f OS OS
1,I-dichloroethylenene f OS 01
Benzenes OS NO .Dl
8is(2 ethylhexyll phthalate f OS 01
Chloroforl f NO 01
Cis 1~2-dichloroethylene f ND OS
Cresol s OS NA NA
Cyanide X NO NO ND
Ethyl Benzene OS NO 01
Ethylene Glycol X NA NA NA
Isocyanate r HA NA NA
lsoproponal OS NA NA
"ethyl Ethyl Ketone X OS NA NO
"ethylene ChlorIde X t 01 01

• Naphthalene X OS NA NO
PCBs X DS DS DI
F'esticides NO 01 ND
Phenols X NA NA NO
Tetrachloroethylene i f OS OS
Toluene X OS DS 01
Trans t,2-dichloroethylene f DS OS
Trichloroethylene X OS OS DS
Trichlorofluorolethane HA NA DI
Triethylaline X NA NA NA
lylenes i DS NA NO

t - Orul anlayses provided by Chell cal lIaste
"anageaent aoes not. distinguIsh between
VOCs which were not d~tected and those
which were not analyzed.

I - Indicates raw laterial; known to have been
used at the NIROP frol file inforlation.

NA - Constituent not analyzed.

ND - Constituent not detected.

• DS - Constituent detected at a signifIcant
concentrati on.

01 - Constituent detected at an insignificant
concentration.



• fHBLE 5-12 SUIIIIARY OF CONSTITUENTS OETECTED OR REPORTEO ON THE NIROP FACILITY

ALL CONSTITUENTS KNOIiN RAW OETECTEO DETECTED DETECTED
DETECTED IIATERIAL5 IN ORUII5 IN SOILS IN GROUND

OR WASTES IIATER

Arsenic DI 01 01
8ariul OS OS 01
Cadliun X DS 01 01
(;hroeiul X OS OS 01
Copper I 01 DS 01
Lud X DS OS 01
lIanganese I NA OS 01
lIercury 01 01 01
Hi cke! I 01 OS 01
Seleniul 01 Dl DS
Si! ver I DI 01 Dl
Linc DS DS DI

Acids I NA
Gasoline I
Hydrocarbons, Aliphatic I
HydrOiatic, Arolatic I

• Hydrocarbons 0
Kerosene I
lIinera! Spirits I
Oil and Grease I
f'aint I
Paint Thinner' I
Stoddard Solvent I

t - Orul anlayses provided by ehelical Waste
lIanageleot does not distinguish between
VOCs which were not detected and those
which Mere not analyzed.

I - Indicates raM laterials known to have been
used at the NIROP frol file inforlation.

NA - Constituent not analyzed.

NO - Constituent not detected.

•
OS - Constituent detected at a significant

concentration.

01 - Consh tuent detected at an insi gnit icant
concentration•
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0.0092 mg/l)· since April 1984. The intermittent pumping from Fridley

municipal well 13 may be draWing TCE northwestward from the apparent

source area(s) in the northcentral portions of the NlROP facility.

The high TCE concentrations observed immediately downgradient of

the pit area decreased substantially between October 1983 and April 1984

(wells FMC-33 and 3-S, Figure 5-8). Since that time TCt concentrations

have remained relatively stable between 0.5 and 3 mg/l. Samples from

monitoring well 8-S, however, show the opposite trend; an increasing TCE

concentration from 4.0 to 9.2 mg/l between June 1985 and November 1986.

It is difficult to assess the significance of this apparent trend with

only two data points.

The decreases in TCE concentrations observed in FMC-33 and 3-S may

be linked to the pit/trench remedial action taken under COE direction. in

the fall of 1983 (described in Section 4.1 of this report). This

action, however, consisted of the removal of 43 barrels, 41 of which

came from one trench upgradient. of well 8-S, where TCE concentrations do

not appear to be decreasing. The data obtained to date therefore do not

clearly indicate an improvement of ground water quality as a result of

the barrel removal. At a minimum, the data suggest that there may be a

continuing source of TCE in the pit/trench disposal area. If Pit 5, wa~

not excavated as planned in earlier investigations, it may be

contributing to the continuing TCE concentrations observed in wells 3-5,

8-S, and FMC-33.

Low concentrations of TCE have been reported in one of four

monitoring wells in the bedrock aquifer (2-PC), since their installation

in the fall of 1983. The low TCE concentrations from well 2-PC have
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decreased by a factor of 12 (0.062 to 0.0053 mg/l) by November 19H6•

Three production wells are also completed in the Prairie du Chien/Jordan

bedrock aquifer (Figure 2-2). The 3 wells on the NIROP and FMC property

were found to contain from 0.035 mgt! (Navy 3) to 0.200 mg/l (FMC-I) of

TCE in April 1981 (Hickok, 1981). Navy wells 2 and 3 were then shut

down. FMC-1 was sampled until April 1982. The last two samples

collected from this well contained 0.082 mg/l (Envirodyne, 1983). The

mechanism by which TCE migrated into the bedrock aquifer is not known.

Currently, vertical gradients are upward across the St. Peter Formation

that separates the Prairie du Chien from the overlying unconfined

aquifer. If TCE was released in volumes great enough to form a separate

phase in the unconfined aquifer, it could have sunk through the

unconfined aquifer and the St. Peter Formation. There is no evidence to

suggest that this has happened near Navy wells 2 and 3 or beneath the

NIROP facility. The TCE plume above production well FMC-l may extend to

the base of the unconfined aquifer. The Prairie du Chien aquifer is in

contact with the unconfined aquifer (Figure 5-3), allowing for dirt:ct

migration into the intake zone of this well. It is not known how

pumping of these wells changed ground water flow patterns. It is likely

that pumping reversed the vertical gradients near the wells and ground

water flowed downward through the St. Peter. If TeE was present near

the base of the unconfined aquifer, it would have been more likely that

TCE could have crossed the St. Peter and entered the production wells.

It is also possible that TCE migrated along the casing of Navy wells 2

and 3. These wells were installed in 1941 using cable tool methods. It

is unlikely that the 16-inch drive casing that served as the well was
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grouted or sealed into the St. Peter Formation. This unsealed contact

between the sediments t rock t and casing could have allowed TCE to enter

the wells. The potential for TCE migration by this route would be

greatly enhanced by the reduction of heads caused by pumping.

Other contaminants detected in significant concentrations in ground

water downgradient of the pit/t·rench source area include 1,1 t 1

trichloroethane (8-S)t 1t l dichloroethane (8-S, 3-S and FMC-33)t 1,2-

dichloroethylene (8-S, 3-S t and FMC-33)t and tetrachloroethylene (8-S,

3-5, and FMC-33). These five constituents in ground water were detected

in significant quantities in soils (Table 5-12).

Three of the' five constituents detected at significant

concentrations in soils were also used as raw materials at the NIROP

(Table 5-12). Of the remaining two constituents detected in ground

water t the 1t 2-dichloroethylene isomers are breakdown products of TeE'

(see Section 5.3.3). 1,1 Dichloroethane is the only constituent

detected in ground water and soils which cannot be linked direc tly to

the NIROP. However t since 1t 1 dichloroethane was detected in

significant concentrations in soils from the pits/trenches, it is

probable that it was used at the facility.

Several constituents which were either detected in drums found in

the pits/trenches, or were known to have been used as raw materials t

have not been detected in ground water samples or were detected in

insignificant concentrations (Table 5-12). These constituents include

cresol t methyl ethyl ketone t naphthalene t cyanide, phenols t and xylenes.

Several products used at the NIROP were not analyzed in any

medium. These include acids t oil t grease, and gasoline. Although not
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specifically. tested for, most of these products contain constituents

which would have been included in the analyses performed to date. For

example, very low pH would have indicated the presence of acids and

elevated benzene concentrations would have been detected from the

presence of gasoline.

The extension of the TCE plume to the north and east of the NIROP

facility (Figure 5-7) suggests a potential off-site contaminant source.

TCE has been detected in wells 7-S, 15-S, and 16-S on both occasions

that the wells have been sampled. TCE concentrations in samples from

wells 7-S and 16-S have typically ranged from 0.097 to 0.19 mg!l while

the two samples from well 15-S had concentrations of 0.017 and 0.0071

mg!l. The high concentrations at wells 7-S and 16-S suggest a source

.between these wells and wells 14-S and 15-S or a narrow TCE plume

migrating southwestward between wells 14-S and 15-S.

Kurt Manufacturing is a CERCLA site to the northeast of the NIROP

and could be a potential source of organic constituents. The likelihood

of Kurt Manufacturing contributing to the observed concentrations has

not been evaluated. Previous investigations (Braun Engineering, 1983),

however, found that tetrachloroethylene was generally found in

concentrations greater than or equal to TCE. Only TCE has been detected

in the monitoring wells immediately upgradient of the NIROP.

The water table map (Figure 5-4) indicates that ground wat~r flow

in the shallow portions of the unconsolidated aquifer travels from the

vicinity of wells 15-S and 16-S across the NIROP facility. . Thus, TCE

from an off-site source would contribute to the total TCE mass observed

beneath the NIROP in the unconsolidated aquifer. No deep alluvial wells
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have been completed in the vicinity of 15-S and 16-S. The contribution

from any potential off-site source to the deep portions of the

unconsolidated aquifer is unknown at this time.

The TCE concentration data on Figure 5-7 suggests a separate

contaminant source either in the immediate vicinity of well 9-S or

upgradient (offsite and to the northeast) of well 9-S. Well 9-S was

first sampled in June 1985. Significant concentrations of 1,1,1

trichloroethane (0.39 mg/l), 1,1, dichloroethane (0.066 mg/l) ,

tetrachloroethylene (0.22 mg/l), 1,2 dichloroethylene (0.50 mg/l) and

TCE (3.2 mg/l) were detected at that time. Two subsequent sampling

rounds in January 1986, and November 1986 yielded similar concentrations

of the above· constituents as well as dissolved selenium (0.049 mg/l) ,

which was analyzed for the first time in November 1986. The mix of

organic constituents detected in well 9-S are mostly the same as those

detected in the pit/trench area. However, concentrations detected at

9-S are generally higher than those seen in the pit/trench area since

drum excavation. In fact well 9-S has had the highest concentration

detected at the NlROP for four VOCs including 1,2 dichloroethylene,

tetrachloroethylene, 1,1,1 trichloroethane and 1,1 dichloroethylene

(Table 5-11). Monitoring well 9-S was also the only well to yield

samples with sig~if1cant quantities of selenium.

Potential sources of the contamination detected at well 9-S on the

NIROP facility include an above-ground TCE tank, underground fuel oil

tanks J and underground Stoddard solvent tanks. The above-ground TCE

tank was moved near well 9-S in 1983 as detailed in Section 4.1. If the

above-ground TCE tank was the source of contamination at well 9-S then
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one would not expect to see'tetrachloroethylene, 1,1 dichloroethylene or

selenium emanating from the tank area as well.

Similar arguments can be made for both the underground fuel tanks

and the underground Stoddard solvent tanks located near 9-S. An

underground fuel tank leak would have shown the presence of benzene,

toluene and xylene and not the constituents detected above. Likewise, a

leaking Stoddard solvent tank would also have shown benzene,

ethylbenzene, toluene, and xylene and not TCE or selenium. Therefore,

it appears that the source of contamination detected in well 9-8 -may be

due to off-site activities to the northeast.

The vertical extent of hazardous substances into the deeper

portions of the unconfined aquifer on the east side of the NIROP may be

reflected by the chemistry of samples from well 3-D. TCE concentrations

from this well have been low but consistent (0.023 to 0.012 mg/l). With

the exception of the November 1986 sampling, the shallow well, at that

location (4-S) has been free of TCE, suggesting that the TCEin well 3-D

could not have originated from downward migration. This still leaves

open the possibility for lateral' (off-site) migration through the

gravelly sand layer in Which well 3-D is completed.

The plume of hazardous constituents that originates near or

migrates on to the eastern NIROP boundary apparently extends west of

River Road to wells 8-D, 9-D, 18-S, and 19-5 (Figure 5-7). TCE con-

centrations at well 8-D and 18-S are on the order of 8 mg/l and 2 mg/l,

respectively, while concentrations from wells 9-D and 19-5 are on the

order of 3 mg/l and 0.07 mg/l. The highest concentrations 'are found at

the base of the alluvial aquifer at both locations. Based on the ground
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water flow paths in the base of the aquifer (Figure 5-5)t it is likely

that these high concentrations extend eastward toward well 9-5.

Other organic compounds found west of East River Road include l t 2­

dichloroethylene (8-D t 9-D t and 18-5) t tetrachloroethylene (8-D) t and

l t l t l-trichloroethane . (9-D) •. Only lt2-dichloroethylene is found at

significant concentrations (> 0.05 mg/l). This differs from the

apparent upgradient mix of organic compounds found in samples from well

9-5; where lt l-dichloroethylene t tetrachloroethylene t and lt It 1­

trichloroethane occur in concentrations from 0.008 to 0.4 mg/l. The mix

of constituents is similar to that found at wells 7-5 t 10-St and ll-S

(discussed below)t but the concentrations at l8-S and 8-D are one to two

orders of magnitude greater.

There is insufficient information at this time to assess the

cause(s) or significance of the inconsistencies between the mix of

hazardous constituents and their concentrations amoung the monitoring

wells. It is apparent t however t that high concentrations of TCE (1 to

10 mg/l) are leaving the NIROP facility and moving toward the

Mississippi River. It is also not clear as to whether some or all of

the TCE observed on the east side of the NlROP originated on the site or

has migrated onto the site from some unknown source to the east.

Separate sources of contamination may be located beneath or

southwest of the main NlROP buildingt near wells 6-S t 10-St ll-St and

17-S. A narrow TCE plume extending from the pit/trench area through

wells 10-S and 6-S is shown on Figure 5-7. Wells to the north and west

of 6-S and 10-S (4-D t 5-S t and 4-PC) and to the south (1l-S and 6-D) are

•

•

•
outside of the plume indicated.
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include TCE, 1,2 dichloroethylene, 1,1 dichloroethane, tetrachloro­

ethylene, and 1,1,1 trichloroethane. However, well 10-S has shown only

the presence of TeE and 1,2 dichloroethylene, suggesting separate

sources for the constituents observed in these wells.

Well 10-S is located less than 100 feet from the pre-1983 location

of the above-ground TCE tank (see Figure' 2-2). The constituents

detected in well 10~ (TCE and 1,2 dichloroethylene) suggest a p~re TCE

contaminant source near 10-S, the pre-1983 TCE tank. This may be the

source of some of the constituents seen in 6-S; however, the. tetra­

chloroethylene and 1,1 dichloroethane detected in 6-S would have to come

from a source other than the former TCE tank.

Well 6-S is located very close to two storm sewers which exit the

NIROP westward toward the Mississippi River (Figure 4-2). These lines

drain most of the area within the NIROP building. Several spills of

various materials into floor drains that are part of the sewer system

were documented in Section 4.1. Corrective action taken in the instance

of some spills was to seal storm sewer drains in the vicinity of the

spill, thus implying that spilled materials have entered the storm sewer

system. Sampling of the storm sewer outfall on one occasion also found

several organic compounds, including TCE, to be in the effluent (Hickok,

1981). Leaks from the storm sewer system immediately west of the

building might account for the hazardous substances seen at well 6-S.

Monitoring well 6-S is also downgradient of the pit/trench disposal area

(Figure 5-4 and ~-7). Some of the hazardous constituents observed in

samples from well 6-S probably originated from the pit/trench area •
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Monitoring wells 17-5 and 7-n are downgradient of both wells 10-5

and 6-5. Samples from well 17-5 contain both TCE and 1,2­

dichloroethylene while 7-n (the deep alluvial monitoring well) is free

of organic constituents. The lack of organic constituents at the base

of the alluvial aquifer supports the interpretation of a shallow plume

on the west side of the NlROP facility. The data from the shallow well

(17-5) show the plume continuing toward the Mississippi River, with a

constituent mix similar to that found at well 10-5. It is not known why

the other organic constituents seen at well 6-S are not found in 17-s.

Leaks from the sanitary sewer system (Figure 4-2) may also have

contributed to the organic constituents detected in ground water.

Spilled materials as well as treated wastes enter the sanitary system.

For example, a 200-gallon TCE spill to the sanitary system was detailed

in Section 4.1. Sampling of the effluent has found organic compounds,

including TCE (Hickok, 1981). Thus, leaks from the sanitary system to

the ground water may contribute to contamination in the vicinity of

wells 6-5, 11-5, and 17-5. An attempt to evaluate potential leaks from

the sanitary sewer by evaluation of major ion chemistry was made during

the November 1986 sampling round. Sanitary sewage typically contains

significant concentrations of chloride, nitrate, alkalinity, and sodium

(Todd, 1980; Miller, 1980). The intent of the major ion analyses was to

determine whether these constituents increased in concentration down-

gradient of the NIROP relative to upgradient or background concentra­

tions. The data were evaluated using trilinear plots (Piper, 1944).

The cation-anion balances for 88 percent of the samples were < 10

percent, yielding a large set of acceptable data for the evaluation •

1254.03 139:RTA:frid0506c 5-74



• wnen the data were plotted. 'the samples generally fell within the Ca +

Mg: RC03 + S04 field of the diagram. There was no evident change in

chloride.' alkalinity. or sodium concentrations downgradient of the NIROP

-sanitary sewers. Nitrate concentrations also did not show a spatial

distribution related to the sanitary sewers. The highest nitrate values

(17.0 to 3.29 mg/l) were found upgradient of the NIROP sewers. The 17.0

mg/ I concentration measured in the sample from well 14-S exceeds the

10.0 mg/l MCL.

Sum-ary. Four separate source areas of contamination have been

related to the observed occurrence of hazardous constituents in ground

water. These areas were identified on the -basis of the constituents

•

•

detected and ground water flow patterns. The four areas discussed

included the pit/trench area near wells 8-S. 3-S. and FMC-33; an off­

site source northeast _of the NIROP; the area around well 9-S or an off­

site source east of well 9-S; and the area southwest of the NIROP main

building around wells 10-S and 6-S. Some of the constituents found

southwest of "the building may have originated with the TCE storage tank

located near well 10-S from 1962 to 1983. The remaining constituents

have probably migrated southwestward from the pit/trench area.

The distribution of hazardous constituents suggests two separate

plumes are found beneath the NIROP facility. One plume begins north of

the NIROP and moves beneath the pit/trench area where TCE concentrations

increase by one order of magnitude. Migration continues to the south­

west toward wells 6-S. 10-S. and 17-s. where TeE concentration increases

suggest an additional source of TCE to the ground water. The plume also

appears to be limited to the upper portions of the alluvial aquifer.
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The second plume originates near well 9-S or somewhere east of the

NIROP facility. The plume migrates southwestward toward wells 18-S and

8-D where the data suggest that the TCE plume may extend across the

entire thickness of the alluvial. aquifer •

. The two plumes apparently merge in the vicinity of wells 1i-S and

18-S. continuing to migrate westward until the ground water discharges

to the Mississippi River. Concentrations of TCE in the ground water

reaching the river are probably on the order of 1 to 10 mg/l •
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6. SUU'ACE WATEB. INVESTIGATION

6.1 Surface Water Characteristics

The NIROP facility is situated on an alluvial terrace of the

Mississippi River. Much of this very flat surface is covered by build­

ings and pavement. Runoff from these hard-surfaced areas, as well as

from drains within the plant, is collected by a series of storm sewers,

which discharge into the Mississippi River, located approximately 800

feet west of the plant boundary.

The flow of the Mississippi River is recorded by the United States

Geological Survey (USGS) at a gaging station near Anoka, which is

located about 6 river miles upstream from the NIROP site. Water

elevation near the NIROP range from 800 to 810 feet MSL. The average

discharge at this station is about 7,600 cubic feet per second (cfs) or

4,900 million gallons per day (Mgd). The average monthly flow at this

station is seldom less than 1,000 cfs (650 Mgd) and is generally between

4,000 and 10,000 cfs (2,600 and 6,500 Mgd) (Norvitch and others,

1973). Low-flow conditions for the river are expressed generally in

terms ofa number of consecutive days during which the flow does not

exceed a given value. Statistically, these conditions occur with a

certain frequency called a recurrence interval. For the Mississippi

River near Anoka, a flow of less than 1,000 cfs (650 Mgd) for a 7-day

duration occurs about once every ten years •. A low-flow of 2,400 cfs

(1,500 Mgd) for a 7-day duration occurs about once every two years

(Mann, 1971).

As part of a 1975 study, the U.S.G.S. determined flood plain datums

at the 1-694 bridge less than 1 mile north of the NIROP. The lOO-year
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flood plain elevation was found to be 818 feet. (MSL) and the 500-year,

flood plain was found to be 821.5 feet (MSL) (U.S.C.S. 1987).

Ground elevations for the terrace on which the NIROP site is

located are over 830 feet (MSL). Therefore, the facility is not within

the boundaries of either the 100-year flood plain or the 500-year flood

plain.

6.2 Ground Water/Surface Water Relationship

Papadopulos (1983) showed that hydraulic communication exists

between both the alluvial and Prairie du Chien aquifers and the

Mississippi River beneath the FMC study area, immediately south of the

NIROP. Papadopulus determined that the control the Mississippi River

exercises on ground water levels in the vicinity of the site is evidence

that the river is the- downstream head control for the ground water

system and is the discharge area. Conditions at the adjacent NIROP

study area are expected to be the same. Similar comparisons with NIROP

well data a~d river stage are difficult at this time, since newer wells

near the river were not installed until 1986.

6.3 Surface iater Use

The Mississippi River is a drinking water source for Minneapolis

and St. Paul. Surface water is withdrawn from the Mississippi River at

the St. Paul water intake (about 3 1/2 river miles upstream from the

site) and at the Minneapolis water intake (about 1 mile downstream from

the site). In 1970, St. Paul had a total water use of about 56 Mgd.

Most of this water was derived from the intake on the Mississippi
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River. In 1970, Minneapolis was withdrawing approximately 77 ~gd from

the river (Norvitch and others, 1973). In 1979, St. Paul's total water

use had declined to about 50 Mgd and Minneapolis' withdrawal was

estimated to be about 55 Mgd (Papodopulos, 1983).

In addition· to drinking water, the Mississippi River is used for

recreation, transportation, and wastewater discharge. In the vicinity

of the NlROP, the Anoka wastewater treatment facility is located about

13 river miles upstream from the disposal site and discharges effluent

into the river. The discharge rate is about 2 Mgd (Larson and ·others,

1976).

6.4 Surface iater Contamination

On March 16, 1981, and April 23, 1981, Navy water supply wells and

FMC well 1 (Figure 2-2) were tested and found to contain

trichloroethylene (TCE) at concentrations ranging from 0.035 mg/ I to

0.200 mg/l. Subsequent sampling in 1981 at the Minneapolis water supply

intake, approximately 1 mile downstream in the Mississippi River (Figure

2-2), found detectable but unquantifiable TCE concentrations during 4

sampling rounds. On December 31, 1981, the first quantifiable

concentration (0.0012 mg/l) of TCE was detected at the water supply

intake. Table 6-1, adapted from the lAS report (Envirodyne 1983) ,

summarizes the concentrations of TCE detected at the water intake for

the period July 1981 to August 1982. The TCE concentrations detected at

the water intake may have been related to activities at the NIROP (sewer

discharge or ground water contamination) or from other upgradient

sources •
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TABLE 6-1

TRICHLOROETHYLENE CONCENTRATION AT MINNEAPOLIS SURFACE WATER INTAKE*
(mg/l)

Minneapolis
Sample Date Water Intake

07/22/81 **

07/29/81 **
08/14/81 **
09/08/81 **
12/31/81 0.0012

01/27/82 0.0013

02/03/82 0.0010

02/10/82 0.0012

02/17/82 0.0011

03/03/82 0.0009

03/17/82 0.0008

04/01/82 < 0.0002

• 04/07/82 < 0.0002

04/16/82 < 0.0002

04/19/82 < 0.0002

04/21/82 < 0.0002

04/23/82 < 0.0002

06/16/82 0.0009

06/30/82 0.0008 '

07/14/82 0.0004

07/28/82 0.0006

08/11/82 0.0006

Minneapolis
Finished Water

0.0006

< 0.0004

< 0.'0002

0.0004

0.0004

0.0002

0.0010

**
0.0002

•
* (Envirodyne, 1983).

** Indicates that TCE was present, but ::he amount was too small to
quantify •
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• 7. ASSESSHENT OF POTENTIAL IMPACT OF EnSnRG GIl.omm WATRK.
CONTAKlNATION TO PUBLIC HEALTH

7.1 introduction

The factors evaluated to complete the assessment of the potential

impact of the existing ground water contamination include the following:

The contaminants present in the ground water
The potential contaminant migration
The distribution of ground water contamination on and off the
site
The potential for human exposure and the. adverse effects of

. exposure

Existing conditions at the NIROP site were defined by available

analytical data obtained through November 1986. The information was

used to identify critical contaminants and the pathways by which -they

situated downstream of the site on the Mississippi River.

potential·receptor area of the Minneapolis municipal water supply intake

•
may impact public health. The risk assessment was evaluated for the

7.2 S\mIIUlry of Existing Conditions

The graphical representation of TCE contamination as shown in

Figure 5-7 in the shallow alluvial wells reveals that there are probably

at least 4 source areas. Two major potential sources are the "pits and

trenches" area along the northern side of the plant and a second area to

the east of the plant. Wells in these two locations exhibit the highest

TCE concentrations. Soil samples taken after excavation of the pits and

trenches also reveal. residual levels of TCE, 1,2-dichloroethylene, 1,1-

dichloroethylene, tetrachloroethane, toluene, and 1,1,1-trichloroethane.

The distribution of TCE in the unconsolidated aquifer is consistent

• with shallow ground water flow. For example, TCE levels generally
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decrease at wells downgradient of the suspected source areas, and - at

wells that' are transverse to flow lines through the source areas. Wells

not subject to flow from the source areas typically exhibit TCE levels

at the analytical detection level. It is also possible that there are

additional off-site or on-site sources which have not yet been identi­

fied, and which may be influencing the observed distribution of TCE.

Ground water flow through the unconsolidated (as well as underlying

bedrock) aquifer discharges to the Mississippi River west of the site.

The unconsolidated aquifer pathway may result in contaminant loading to

the river. Contaminants discharging to the river would be Bubject to

dilution in proportion to the ratio of ground water flow to river

flow. Based on available hydrogeological data and, the annual average

•
daily low flow for the river, this dilution factor was estimated to be

approximately 555, assuming complete mixing (RMT, 1987). Since the

receptor point of interest, the Minneapolis water supply intake, is

located only 1 mile downstream of the NIROP facility, complete mixing

may not be a valid assumption. If incomplete mixing is assumed which

results in ground water mixing with only 10 percent of the river flow,

the dilution factor would be 55.

The actual dilution factor is probably closer to 55 (10 percent

mixing) as calculated with the following equation taken from the Draft

Superfund Exposure Assessment Manual (Versar, 1986):

MZ a 0.4 w2u
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• where:

HZ = mixing zone length
w = width of water body
u = stream velocity
d • stream depth
s • slope of the stream channel
g = acceleration due to gravity

Values used in the above equation which were felt to be representative

of the Mississippi River near the NlROP were as follows:

w = 720 feet; measured on site map
u • 2 feet/second (Case 1)

1 foot/second (Case 2); values for u were selected based
on the equation

u • Q (discharge)
w . d

. w '" 720 feet (from above);d was assumed to be 10 feet
(Case 1) and 20 feet (Case 2)

Q = Approximately 14,500 cubic feet/second was average
discharge in water year 1985 reported by USGS

• d =

s ...
g =

10 feet (Case 1)
20 feet (Case 2);
0.0003 feet/foot;
32 feet/second 2

values assumed
measured on USGS topographic map

•

Solving the equation yields mixing zone values of 42 miles (Case 1) and

7.5 miles (Case 2). If mixing is assumed to be linear over the entire

mixing zone and the distance to the water intake equals one mile, then

that distance would equal 2.4 percent of the mixing zone (Case 1) and

13.3 percent of the mixing zone (Case 2). Thus, the use of a diluti~n

factor of 55, asuming 10 percent mixing, is probably of the right order

of magnitude. This level of precision is sufficient for the preliminary

assessments made in this report •
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7.3 Evaluation of the !!pact of Existing Conditions to Public Health

7.3.1 ltetbocl of Evaluation

This evaluation is a preliminary assessment of the public health

impacts based only on available ground water monitoring data and is not

inten~ed to b~ a comprehensive risk assessment. The method for

•

evaluating the health risk for contaminants identified on-site has been

adapted from the Superfund Public Health Evaluation Manual, draft

edition, December 18, 1985, prepared for the USEPA by IFC, Inc. (RMT,

1987).

The risk level. for TCE was calculated for the Minneapolis water

supply intake by "diluting" the observed off-site concentrations by the

dilution factors of 555 (100 percent mixing) and 55 (10 percent mixing)

described in Section 7.2. The average mean value for all samples from

the off-site wells was used in this calculation because the flux of

ground water to the river is across a two-dimensional plane represented

by all the wells, and _not by any particular well. The water intake

evaluation actually results in an incremental risk level since it does

not include the potential presence of TCE in the river from other

upstream sources. It is also conservative because it assumes that there

is no removal in the river by volatilization or biodegradation.

7.3.2 Deviations and Assuaptions

This evaluation is based on the assumption that the primary route

of human exposure occurs only through ,ingestion of ground water or river

water and that the effect of exposure through other media (e.g., air

transport 'and inhalation, soil contact, etc.) are negligible. Hence, it
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•
was not considered necessary to select other·indicator chemicals through

the ranking process outlined in the Superfund Public Health Evaluation

Manual.

TCE contamination via ground water discharge to the Mississippi

River has been evaluatn.d in this section. Although Hickok (1981)

•

reported several detected VOCs in storm water discharge to the river·

(see Section 4.1.3). the storm sewers have not been sampled since that

time.

7.3.3 Computation of Results

The calculation of risk is based on the numerical technique

described in· the Superfund Public Health Evaluation Manual. The

calculated values of TCE concentrations at the Minneapolis municipal

water intake were found to be 0.003 ms/l if 100 percent dilution occurs

and 0.033 mg/l if the dilution factor is 10 percent (RMT. 1987).

Since TCE is listed as a human carcinogen. the estimated daily

intake was multiplied by the USEPA' s carcinogenic potency factor to

determine actual risk levels. In evaluating carcinogenic risks. - the

.r

USEPA considers risks lower than 1 x 10-6 as the acceptable range. The

Minnesota Health Department considers the risks of multiple carcinogens

to be additive and uses risks lower than 1 x 10-5 as being in the

acceptable range for the total of all carcinogens present.

Because the relationship between risk and observed concentration is.

linear. it can be plotted as a straight line on log-log paper. Figure

7-1 plots specific TCE data points at several locations. . Figure 7-1

illustrates that there is a carcinogenic risk at on-si.te and off-site
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municipal water supply intake are generally in the range of acceptable

.-

wells as well as in a background well (15-S) , in excess of s tate and

• federal guidelines. The calculations for risk at the Minneapolis

•

levels, depending on the dilution assumption used.

7.4 Evaluation of Possible Future Effects

Based upon present knowledge regarding the extent of past waste

disposal practices and the fact that TCE levels are declining in some

wells, it appears that the risk evaluation for existing (observed)

conditions provides a conservative estimate of future risks as well.

The evaluation of risk for potential future conditions could be improved

by better defining sources and by identifying any additional trends in

ground water quality over time.

The future risk to public health may be summarized as follows:

In the absence of remedial action, a large, unidentified
continuous TCE source may yield downgradient concentrations
which are higher than those presently observed. Public health
risks would increase proportionally. The data to date,
however, do not indicate worsening ground water quality in
terms of TCE concentrations. This scenario is not realistic
if all large sources are presently known.

If there have been no new sources of TCE in the last 5-10
years, then the concentrations presently observed (and the
corresponding risks) probably will not increase.

since the effects of small, isolated sources of relatively
pure TCE (such as subsurface pools or pockets) are relatively
local, not all of the risks may be presently known.
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9. TEIDUNOLOGY GUIDE

The following guide is broken into the following two sections:

Explanation of various federal environmental laws

Other terminology

The laws are not in alphabetical order, the other terms are.

ENVlRONKENTAL LAWS:

B.CRA

Resource Conservation and Recovery Act of 1976. What we commonly

refer to as RCRA is an amendment to the first piece of Federal solid

waste legislation called the Solid Waste Disposal Act of 1965. RCRA was

amended in 1980 and most recently on November 8, 1984 by the Hazardous

Solid Wastes Amendments of 1984 (HSWA) •

The goals set by RCRA are the following:

To protect human health and the environment.

To reduce waste and conserve energy and natural resources.

To reduce or eliminate the generation of hazardous waste as
expeditiously as possible.

To achieve these goals, three dis tinct yet interrelated programs

were developed under RCRA. The first program, outlined under Subtitle D

of RCRA, encourages states to develop comprehensive plans for the

management of· solid wastes, primarily nonhazardous (e.g., household

waste). The second program, outlined under Subtitle C of the Act, is

•

the one most people think about when RCRA is mentioned. It establishes

a system for controlling hazardous waste from the time it is generated

until its ultimate disposal, iii effect, from "cradle to grave." The

last of the three programs established under RCRA is also the newest.
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This program, outlined under Subtitle I of the Act, regulates certain

underground storage tanks. It establishes performance standards for new

tanks and requires leak detection, prevention and correction at

underground tank sites.

It is important to note that although RCRA creates a framework for

the proper management of hazardous and nonhazardous solid waste, it does

not address the problems of hazardous waste encountered at inactive or

abandoned sites or those resulting from spills that require emergency

response. They are taken care of by a different act, the Comprehensive

Environmental Respons~, Compensation, and Liability Act (CERCLA), better

known as Superfund.

The Subtitle C program developed under RCRA creates a Federal

"cradle to grave" hazardous waste management system that sets forth

statutory and regulatory requirements for the following:

Identifying hazardous waste.

Regulating generators of hazardous waste.

Regulating transporters of hazardous waste.

Regulating owners and operators of facilities· that treat,
store,.or dispose of hazardous wastes.

Issuing operating permits to owners or operators of treatment,
storage, and disposal facilities.

Enforcing the Subtitle C program.

Transferring the responsibilities of the Subtitle C program
from the federal government to the states.

Requiring public participation in the Subtitle C program.

petroleum products and hazardous substances (as defined under CERCLA)

Subtitle I of the Act is a new program created by HSWA to regulate

•• stored in tanks underground.
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·establish regulations laying out performance standards for new tanks as• that may be delegated to states. Under this program. the EPA must

well as standards covering leak detection. leak prevention. and

corrective action for both new and existing underground storage tanks

(UST). The objective of this subtitle is to prevent leakage from tanks

that could pollute the environment. especially ground water.

Subtitle I regulates underground tanks storing petroleum products

(including gasoline and crude oil) and any substance defined as

hazardous under CERCLA. It is important to note that Subtitle I does

•

not regulate tanks storing hazardous wastes as defined by RCRA. Such

tanks are already regulated under Subtitle· C.

Under certain circumstances. RCRA facilities may have to comply

with the regulatory requirements of other federal environmental acts

including the following:

Clean Air Act

Clean Water Act

Safe Drinking Water Act

Toxic Substances Control Act

BSWA

Comprehensive Environmental
Liability Act

Response. Compensation, and

•

The Hazardous and Solid Waste Amendments of 1984 (Public Law 98-

616) that significantly expanded both the scope and the coverage of

RCRA, especially regarding Underground Storage Tanks.
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• CEK.ClA

The Comprehensive Environmental Response, Compensation, and

Liability Act (CERCIA), passed .in 1980 and commonly known as

"Superfund." CERCLA gives the federal government the power to respond

to releases (e .g., spills), or threatened releases, of any hazardous

substance into the environment as well as to a release of a pollutant or

contaminant that may present an imminent and substantial danger to

public health or welfare. CERC1.A established a Hazardous Substance

•

•

Trust Fund (Superfund), available to finance responses taken by the

Federal Government.

The Superfund program consists of the following three functions:

Taking actions in response to releases or threatened releases
of hazardous substances, pollutants, or contaminants.

Requiring responsible parties (any individual(s) or
corporation(s) responsible for, or contributing to a hazardous
waste site--also referred to as RPs) to take the appropriate
response action and overseeing their response.

Recovering expenditures for response actions taken by the
Federal Government.

EPA has authority to take action under CERC1.A whenever any of the

follOWing occurs:

A release or substantial threat of release of any hazardous
substance.

A release or a substantial threat of release of any pollutant
or contaminant that may present an imminent and substantial
danger to the public health or welfare.

Two types of response actions exist: removal and remedial.

Removal actions generally are short-term cleanups that usually
address problems only at the surface of a site. They are
conducted in response to an emergency situation, e.g., to
avert an explosion or to clean up a hazardous waste spill, or
to stabilize a site until a permanent remedy Can be found •
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Remedial actions are generally more expensive (an average of
$6-$12 million) and of longer duration (an average of 3.5
years) than removal actions. Remedial actions are intended to
provide permanent solutions to hazardous substance threats.
The EPA can take remedial actions only at hazardous waste
sites on the National Priorities List (NPL) , which contain the
nation's most dangerous sites. Sites are placed on the NPL
after being evaluated through the Hazard Ranking System
(HRS). TheHRS is a model that determines the relative riSK
to public health and the environment posed by hazardous
substances in ground water, surface water, air, and s011.

The EPA often tries to identify the parties that are responsible

for the contamination before taking any response action. The following

individuals can be considered responsible parties· (RPs):

Past and present owners or operators of the site.

Generators of hazardous substances found at the site.

Transporters of hazardous substances to the site.

Once the RPs are identified, the EPA determines whether they are

able to undertake the .response action. If they are, the EPA can either

negotiate a legal agreement requiring the RPs to respond or unilaterally

order them to take the response action. If the RPs are either unable to

respond or refuse to comply with the Agency's order, the EPA can take

the necessary response action itself.

Regardless of who carries out the response, the procedures· for

doing so are uniform. These procedures are outlined in the National.

Contingency Plan (NCP). Although CERCLA and RCRA are separate programs

(CERCLA addressing problems at facilities no longer operating. RCRA

regulating present and future waste management). they overlap in a

number of areas. The areas of relationship encompass the following:

Disposal of Superfund w~stes.

Corrective action.
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Imminent hazards.

Disposal

When was tes from a CERCIA site are taken off-site for treatment,

storage, or disposal, the facility to which they are brought must have a

RCRA permit to be operating under interim status. Superfund policy

further requires that facilities used for treatment or disposal of

Superfund was te be inspected by the EPA to ensure that they are in

compliance with the appropriate RCRA regulations. In addition to

sending waste to facilities that are in compliance with RCRA regula­

tions, any individual moving waste from a Superfund site must adhere to

RCRA's generator and transporter requirements.

Wherever applicable, on-site treatment, storage, or disposal of

hazardous waste at Superfund sites must meetRCRA technical requirements

for the design and operation or the closure of a facility.

Corrective Action

Prior to HSWA, the EPA's only explicit authority for requiring

owners or operators of RCRA facilities to conduct extensive cleanups was

under CERCIA. Now, RCRA authorizes EPA to require corrective action

•

under an order or as part of a permit whenever there is or has been a

release of hazardous waste or constituents into the environment. HSWA

provides similar corrective action authority in response to releases at

interim status facilities. HSWA further directs the EPA to require

corrective action beyond the facility boundary, on a case-by-case basis,

pending new regulations to that effect.
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• The EPA interprets the term "corrective action" to cover the full

range of possible actions. from studies and quick-fix measures to full

cleanups. Anyone who violates the corrective action order can be fined

up to $25.000 per day of noncompliance and runs the risk of having their

interim status suspended or revoked.

Iunninent Hazard:

Both CERCLA and RCRA contain provisions that allow the EPA to

require persons contributing to an imminent hazard to take the necessary

actions to clean it up. Under CERCLA. the EPA is given authority. via

the courts, to abate an imminent or substantial danger to public health

or welfare or the environment that results from an actual or threatened

essentially the same, except that in RCU's imminent hazard provision,•
release of a hazardous substance. The authority under RCRA is

•

nonhazardous as well. as hazardous solid waste releases are addressed.

The CERCLA and RCRA imminent hazard provisions may be used in tandem to

strengthen the government's case.

SARA·

Superfund Amendments and Reauthorization Act of 1986 (Public Law

99-499) which reauthorized and amended CERCLA (as well as certain other

Acts), and established a new title pertaining to emergency planning and

counnunity "right-to-know."

Selected key factors include the following:

Sets CERCLA cleanup standards with emphasis on permanent
remedies -- particularly in favor of on-site treatment -- even
when the remedy selected is untested or unproven in the field •
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•

•

•

Requires on-site remedial actions to meet all Federal and
State "Applicable or Relevant and Appropriate Requirements
(ARARs)" unless requirements are waived -- thereby closing the
earlier gaps between CERCLA and other environmental acts.

Allows for increased state participation in CERCLA cleanup
decisions and in site evaluation/negotiation processes.

Enables private citizens to file civil suits under CERCLA.

Amends RCRA regarding underground storage tanks (UST)
requiring~among other things, that EPA write financial
responsibility requirements for UST owners.

Applies CERCLA to federal facilities.

Establishes an $8.5 billion fund to finance CERCLA cleanups
.and a $500 million UST trust fund to finance UST program
activities.

orBER. TEKKINOLOGY:

LD50 = Lethal dose 50 is the dose of a substance which is fatal to
50 percent of the test animals.

MCL ... Maximum contaminant level which (per 40 CFR l4l.2(c)) means
the maximum permissible level of a contaminant in water which is
delivered to the free flowing outlet of the ultimate user of a
public water system, except in the case of turbidity where the
maximum permissible level is measured at the point of entry to the
distribution system. Contaminants added to the water· under
circumstances controlled by the user, except these resulting from
corrosion of piping and plumbing caused by water quality, are
excluded from this definition.

MCLG ... Maximum contaminant level goal (formerly recommended maximum
contaminant level or RMCL) which (per 40 CFR l41.2(u) means the
maximum level of a contaminant in drinking water at which no known
or anticipated adverse effect on the health of persons would occur,
and which includes an adequate margin of safety. [Maximum
contaminant level goals] are nonenforceable health goals.

Mineral Spirits OIl (per the Merch Index, 10th edition, item number
6067) Petroleum spirits. In the U. S.A. same as ligroin; in the
U. K. a· volatile hydrocarbon mixture having a flash point below
oDC. Mineral spirits are a petroleum distillate product.
Petroleum distillates contain no chlorinated solvents.

MPCA ... Minnesota Pollution Control Agency. The Minnesota Pollution
Control Agency (MPCA) was established in 1967, replacing the Water
Pollution Control Commission, established in 1945. The Agency was
given all of the powers and duties of the commission, and was also
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•

•

directed to establish air quality standards and make recommenda­
tions on solid waste disposal and land use. In 1969, the legisla­
ture increased the Agency's water pollution control authority, more
fully described the Agency's air pollution standards and penni t
authority, and gave it the power to adopt standards and regulations
for the collection, transportation, and disposal of solid waste.
Over the years, additional responsibilities have been added. such
.as noise pollution and toxic and hazardous waste regulation.

PCBs (Aroclors) c Polychlorinated biphenyls (trade name under which
they were marketed by Monsanto was Aroclor).

The term polychlorinated biphenyls (PClis) refers to a family of
organic chemicals which have been produced and marketed in this
country for 45 years as a series of relatively complex mixtures
under the trade name Aroclor. Each of these mixtures contains a
number of chlorinated biphenyl isomers out of an overall range of
chlorine content from one chlorine to ten chlorines per molecule.
In general, higher chlorine content corresponds. to greater
resistance to chemical (and biochemical) degradation.

PCBs are among the stable organic compounds known, and, in
addition, they exhibit other properties which render them extremely
advantageous for use as dielectric and heat transfer fluids. These
properties include low solubility in water, low vapor pressure, low
flammability, high heat. capacity, low electrical conductivity,
favorable dielectric constant, and suitable viscosity-temperature
relationships.

The commercial process by which the PCBs are made involves the
chlorination of biphenyl with anhydrous chlorine in the presence of
a catalyst which may be either iron filings or ferric chloride.
The crude product is generally purified to remove color, traces of
hydrogen chloride, and the catalysts by treatment with alkali and
subsequent distillation. The resulting product is then a more or
less complex mixture of the chlorobiphenyls, the precise composi­
tion depending on the conditions under which chlorination was
carried out. .

The produc ts . made by Monsanto under the tradename Aroclor are
designated 'as to the starting. material, with biphenyl represented
by the 12 prefix, and with the approximate chlorine percentage by
the second set of digits (i.e., Aroclor 1248 is a chlorinated
biphenyl containing approximately 48 percent chlorine).

SMCL = Secondary Maximum Contaminant Level which (per 40 CFR
143. 2(f)) means SMCLs which apply to public water systems and
which, in the judgement of the [EPA] Administrator, are requisite
to protect the public welfare. The SMCL means the maximum permis­
sible level of a contaminant in water which is delivered to the
free-flowing outlet of the ultimate user of public water system.
Contaminants added to the water under circumstances controlled by

1254.03 139:RTA:frid0506d 9-9



• the user, except
plumbing caused
definition.

those resulting from corrosion of
by water quality, are excluded

piping and
from this

•

•

Stoddard Solvent = (per the Merch Index, 10th Edition, item number
8676) White spirits. A petroleum dis.tillate. Liquid.
Distillation ran.ge: Not less tnan 50 percent at 350°F, dry end
point not above 410°F. Flash point lOO-llO°F. Insol in water.
Miscible with abS alcohol, benzene, ether, chloroform, carbon
tetrachloride, carbon disulfide, and oils except ca~tor oil.

Use: In dry cleaning, as solvent.

Petroleum distillates contain no chlorinated solvents •
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APPENDIX A

CHRONOLOGICAL SUMHARY OF CONSTITUENTS DETECTED IN AT
LEAST ONE~ ROIl NIROP WATER. CHEKICAL ANALYSES
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1.311 1.111

0.005 I ( 0.005 I ( 0-005
0.005 ( 0.005 I ( 0.005
0.005 ( 0.005 I ( 0.005

I
( 0.005 I ( 0.005
.0.0030 0.0059

(0.0002 (0.0002
(0.0002 (0.0002
(0.0002 (0.0002
( 0.0002 I ( O.OOOl

I
( 0.005 I· ( 0.005

0.025 ( 0.005 ( 0.005 ( 0.005 ( 0.005

0.005 I 0.0012 I 0.011 I (
0.11 ( 0.005 I ( 0.005 I (
0.61 0.017 I P 0.005 I (
t,IO 2.U I .0.686 I

0.005 0.005 I ( 0.005 I (
0.005 0.005 ( 0.005 1 (
0.005 0.005 ( 0.005 I (

I
( 0.005 I ( 0.005

0.0013 I 0.0011

(0.0002 (O.OOOl (O.OOOl
(0.0002 (O.OOOl (0.0002
(0.0002 (0.D002 (0.0002
( 0.0002 1 ( 0.0002 (0. OOOl

I
( 0.005 1 ( 0.005 ( 0.005

0.0201P
( . 0.005 1

0.011 I
b.m 1
0.005 I (
0.0051 (
0.0051(

1
( 0.005: ( 0.005 ( 0.005
(0.00001 I 0.0016 0.0019

I
( 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005

I
1

0.005 0.005 ( 0.0051 ( 0.005 0.0065 0.005 I ( 0.005 0.014 0.005
0.005 ( 0.005 o.ml( 0.005 ( 0.005 0.005 I ( 0.005 O.OOS 0.005
0.005 O.OOBI 0.62 I 0.011 ( 0.005 0.005 I ( 0.005 0.005 0.005
1.11 0.1Il 1.1I1 1.58 0.1l6 1.13 0.162 1.14 0.119

I

( 0.0002 ( 0.0002
(0.0002 (0.0002
(0.0002 ( 0.0002
( 0.0002 (0.0002

( 0.005 ( O.OOS

0.005
0.005
0.069
1.51

L~ ( L~ ( LOO5I( L~ ( L~ ( L~ ( L~ ( ~~
o. m o. 07l 0.019 0.026 O. D45 0.011 o.oBI O. OJ,
6.90 0.516 o.m 3.16 0.081 o.m 1.81 O.Otl

0.011 I P 0.005 I P 0.005
0.005 1 ( 0.005 I ( 0.005
0.005 I 0.060 P 0.005
1.07 1 0.687 4.01

0.005 1 0.0058 0.005
0.005 I ( '0.005 0.005
0.005 I- (0.005 0.005

I
( 0.005 1 ( 0.005 ( 0.005
(0.00001 I 0.0018 0.0032

I
( O.ooS I ( 0.005 ( 0.005

I
I
I

0.005 I (
0.0181
un 1

1
0.16 1 0.0051 ( 0.005 ( 0.005

0.005 I ( 0.005
O.OOsl( 0.005
0.005 I ( 0.005
2.51 0.231

0.005 I (
0.0051(
0.005 I (
0.2561

I
I
1
I
I
I
1
I
I
I
I

0.005 1 0.0099 I
0.005 I ( 0.005 1 (
0.005 I ( 0.005 I (
0.546 1 US
0.0051( 0.005
D.0051( 0.005
0.005 I ( 0.005

1
0.005 I ( 0.005
0.005 I ( 0.005

I
0.0011 0.0076

( 0.005 (
o.m
0.065

1
( 0.005 ( 0.005 I

1
(0.0002 (0.0002 1 ( 0.0002 1 ( 0.0002
(0.0002 (0.0002 I ( 0.0002 I ( 0.0002
(0.0002 (0.0002 1 ( O.OOOl (0.0002
(0.0002 (0.0002 1 (0.0007 (0.0002

I
( 0.005 I ( 0.005 I ( 0.005 ( 0.005

1
I
I
I ( 0.005

0.010
l.1S

Jon-S5: lolu... I P
l.n-S51 I".. t,7-0ilhloro.lh... 1 (
l.n-S5 1 Ir ilhloro.lhon. I (
J.. -S51Iine.lotll I
J.n-S5 I I.I.I-lrieUoro.lh... I (
J"n-S5 I I.I-Diehloro.th... I (
Jun-n I I.I-DieUoro.thon. I (
J.n-S5:Arnnil.lotll
Jun-S5 : Bonlfn. I (
Jun-S5 \ Bi.C7.lh,lhtr,IIPhlhillhl (
Jun-S5: CId.iu•• lollI I
Jun-S5: Chloroforo
Jun·B5: Chroliul. 10hl
Jun·B5l Cis 1.2·Dichioro.tbln.
J,,-S5 I Cooo... lohl
Jon-S5IEth,lbfnnn.
Jon-85:lud.lotll
JUh-B5 : "inqln.u, Total
Jun·B5 : ".rcu", rot"
Jon-85 I ".Ihyl.n. Chlorld.
Jun-85 I Milhl. lohl
l.n-S5 1 PCSI717
J.n-S5IPCI11I8
Jun-85 pcsml
Jun-85 PCS mo
lon-S5 511>.r.loltl
Ion-S5 1.lr "llor.th...
Jon-S5 IDC
Jun-S5 lolu.n. 1 (
lon-S5 I".. 1.7-0iIUoro.lhn.1 (
Jun-S5 Irilhlo,o.th.n. I (
lun-S5 li ... lotll I
l .. -S6 I.I.I-Ir ilhloro.lhin. I
J.. -S6 1.I-OieUoro.ll.n. 1
Jor.-86 1.!,OiIMoro.ll... I
l ..-S6.A, ..nle.lollI I
hn-96: 8"nun. I
l.n·S6 Si.17.lh,lhfl,IIPhlh.Ioto:
l.n-S6 CId.lu•. lohl I
J.. -S6 Chloroloro
J.. ·S6 Chro.io'. 10111
l.n-S6 CI.1.7·0ilhloro.lh.n.
J.. -S! Cooo.r.lolol
l.rd6 flh,lb"lfn.
J.. -S6 lOld.lotll
J.. ·S6 "..9...... 10111
J.. -S6 "'''0.,.10111
l .. ·S6 ".lh,lo.. Chlond.
l .. -S6 Milhl.lollI
j .. -S6 PCB 1717
Jon-S6 PCI171S
J..·S! ICI 1751
l .. ·86 pelmo
J.. -S6 5ilm.lol.1
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blh : Pl,nfhr I I-S I '-0 I I-PC I 2-5 I 2-0 I 2-PC : loS I 1-0 1 HC I 4-5 I 4-1 I HC I 5-5 I 5-0 I 6-1 I 6-1 I 7-5

Jo.-B6 I ltlr"hlortlh... I i( 0.005 I

J.n-B6 I roc I I I

Jiln·B6: 'alu,n, I I I( 0.005 I

J.n-B6 ; triM 1.2-Djehlortlfth,n. : I I( 0.0051

J.n·B6 : Irichloro.lhon, I I D.UlI

J.n,B61Ii.c.lohl I I l.~ I

Apr-B6: I,I.I-Irichloro.lh.., 0.005 I 0.005 I

Apr-B6: I.I-Duhloro.lh.n, 0.0051 0.005 I

Apr-B611.I·Oichloro,lh.n, 0.005 0.005 I

Apr-B6 I Ars•• ic,lohl I

AClr-B6: Sunn, ( 0.005 ( 0.005 I

Apr-B6 : li,I~,lhylh"yIlPhlh."1 ' I

Ajlr-B6: Codliul.loh' I

Apr-B6: Chloro'orl
( 0.005 ( 0.005

Ajlr-B6:Chroliul.1011I
Ajlr-B6ICi,I.2-0ilhl oro,lh,n, I
Ajlr-B6 I [opp".lollI I
Apr-B6 I Elbylb,nlfO' I ( 0.005 ( 0.005

Apr-B6ll,,'.lohl I I 0.061 o.m
Apr -86 : "",.n.." loh' I I 0.1lS 0.503

Apr-B6 I ""cury. lohl I I
Apr-B6 : ",Ih,ltn, Chlorid, I I ( 0.005 ( 0.005

Apr-B6 : N1<IoI. 10111 I I I

Apr-B6 : PCB 1m I I ( 0.0002 ( 0.0002

Apr-B6 I fCI I24B I I ( 0.0002 ( 0.0002

Apr-B6IPCllm I I ( 0.0002 ( 0.0002

Apr -B6 : PCI 1260 I I I ( 0.0002 ( 0.0002

Apr-B6 :Sil'ltr, rot.1 I I I
Apr,B6 I hlrlchlor,lh... I I I I 0.005 ( 0.005

Apr-B6110C I I I I
Apr-B6 I lolu.., I I I I 0.005 ( 0.005

Apr-B611".. 1.2-Dichloro,lh.. I 1 I I 0.005 ( 0.005

Apr-B61Irichloro,lh.n. I I I I I 0.005 '.0067

Apr-B6 I linc. lohl I I I I I 4.02 5.57

Noy-B6 I 1,1.1-lriebloro.lh.nt 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.13 0.005 O.OOSI

No,-B6 I I,I-Oiehloro.lhon. 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.019 0.005 ( 0.005

Noy-B6 I I,I-Dilhloro,lbtn, 0.005 I ( 0.0051( 0.005 I ( 0.005 0.005 ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 '.005 0.005 0.005 '.005 0.005 0.005 ( 0.005

No,·B6 I 2-luhno.. 0.0l01( 0.010 I ( 0.010 I ( 0.010 0.010 ( 0.0101 ( 0.010 ( 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 ( 0.010

No,-B6 I Allliinih ml 2311 2141 '" 26B B.51 411 102 m 212 m m m lBl m 260 m
loy·B6: Arunic, Din. ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005

"0,-B6: Ars.nic. lohl I ( 0.005

lfo~·B6 : IniuI.,Din O.OBOI 0.010 I 0.119 0.105 0.075 O.OSl 0.165 0.074 0.014 I 0.058 I O.on 0.091 0.061 o.oBO I 0.071 o.on 0.060

"D;o'86: IIriul t rolll I I 0.011 I I I

10'1-86: Plnun. ( 0.005 ' ( 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005 I ( 0.005 ( 0.005 I ( 0.005

"0,-B6 : li,12.lhlb",IIPhlb.llh, I I I I I

1(;'1·86: [.l4.iul, Din. I ( 0.0001 0.0004 I O.OOOB 0.0006 ( 0.0001 0.0005 0.0001 0.0004 0.0005 0.0006 I 0.0002 I 0.0005 0.0009 ( 0.00011 0.000' ( 0.0001 I O.OOOB

No,-B6 : C""iu., Iohl I 0.0011 I I I I 1

Noy-B6 I Clleiu•• Diu. 101 16.0 I 11.5 16' 110 21.1 151 115 110 ".9 I ".J I 90.4 II' 1171 1451 1021 1I6 I

Roy-B6 I Coltiul. lold I 16' I I I I I ,
WOy-SI> : Chlorid' 19.5 30.91 5B.' 4.5 41.7 5'-1 I.B 22.6 JI.7 4.21 12." 750' 50.0 J.21 32.71 72.51 11.71

No,-B6 I (hiorolllf' I ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.0051 ( 0.005 ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I

ltoY·B6 : Ch'OliuI. Diu. 0.005 0.002 I 0.002 0.001 0.001 I 0.002 0.001 I 0.001 0.002 0.002 I 0.001 I ( 0.001 I 0.002 0.002 I ( 0.001 I ( 0.0011 0.002 I

No,-B6 I (hroli ... 10101 I I I 0.009 1 I I I I I I I

No,-B6 : Cil '.2-0iehloro,lh.. I ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( 0.005 I ( 0.005 0.29 I ( 0.005 ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I 0.51 I ( 1.005 I ( 0.005 I
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0,., : Par •••", I 1-5 I 1-0 I I-PC I 2-5 I 2-0 I HC I H I 1·0 I HC l.-s I 1-0 I HC I 'oS I,.. I ".-s I 6-0 I I-S

I.BI '.68 11.5 n.5 10.2 11.0
201 101 15.2 118 I'" m

Lm ( Lm ( LOO5 ( LOO5 ( 0.005 ( Lm

0.009 I 0.001 I
I I

0.005 1 ( 0.005 I
0.001 I 0.002 I

I I
11.61 21.11

0.1l0 I 1.01 I
I I

( 0.0001 I ( 0.0001 I
\ I

( 0.0051( 0.005
0.011 I 0.012

I
0.0161 1.29

I
I
1
I

2.11 I 2.81
0.005 I ( 0.00'

I
0.001 I ( 0.001

I I
15.01 6.111
1161 1181

0.00' I ( 0.005 I
I I

0.005 I ( 0.00' I
0.005 I ( 0.005 I
0.011 I 0.11 I
0.005 I ( 0.005 I
0.821 I 1.05 1

I I

0.001 I
I

0.005 I (
0.002 I

I
19.1 I

0.561 I

1.00
( 0.005 (

I
( 0.001 I (

I
26.0 I
1121

0.201(
I

( 0.0051 (
0.581(
1.11

0.005 I (
0.909 I

I

2.11
0.005

UI
\81

0.005

0.00'
0.005
0.005
0.00' (
0.681 I

I I

0.001

( 0.001 I (
I

0.005 I (
0.001 I

I
61.11

0.100 I
I

( 0.0001 I ( 0.0001
I

0.005 ( 0.005
0.001 0.025

11.'
0.593

0.00'
0.005
0.005
0.005
0.601

( 0.005 (
0.011 I (

I
2.66 I

I
I
I
I

UII
( 0.005 I (

( 0.001

I'"0.2\0

0.106

0.005
0.00'
0.005
0.005
0.086

( 0.001

0.005
0.005
0.005
0.005
0.192

I

( 0.001

o.m
0.005
0.019
0.005
0.6lI

51.9
0.052

0.00'
0.00'
0.005
0.005 I (
0.157 I

I

0.009 I ( 0.001 I 0.002 I 0.001
I I I

0.005 1 ( 0.005 I ( 0.00' ( 0.005
0.001 I ( 0.001 (0.001 ( 0.001

I
21.' I 18.1

0.00' I 0.162
I

( 0.0001 I (0.0001 (0.0001 (0.0001
I

0.005 ( 0.005 I ( 0.005 ( 0.00'
0.001 I 0.009 I (0.001 0.014

I I
0.060 I 6.56 I

( 0.001 ( 0.001

11.5
0.016

I
I

2.20 2.62 2.79 2.11 I '.52
0.005 ( 0.005 ( 0.005 ( 0.005 I ( 0.005

0.001

0.005
0.005
0.012
0.00'
0.812

I
\

1.85 I
0.005 I (
0.005 I
0.001 I (
0.001 I"
I.8SI
91.01

0.005 I (
I

0.005 1 (
0.29 1 (
o.s8 I

0.0051 (
O.ISI I
1.521

0.001 I 0.006 I O.OOS
0.021 I I
0.005 1 ( 0.005 ( 0.005
0.002 (0.001 0.001
0.1Il
10.1
\.01
1.56

(0.0001 (0.0001 (0.0001
(0.0001
( 0.005 ( 0.005
(0.001 0.001

0.018
1.11

o.ooli
I

0.005 I (
0.001 \

0.001 I
I

0.005 I (
0.001 I

I
51.6 I 10.1

0.192 I 0.002
I

( 0.0001 I ( 0.0001
I

( 0.005 I ( 0.005
0.002 I 0.001

I
1 0.160

0.008 I (
1

0.005 I (
0.0011(

'1
18.61

0.198

I
I

, 1.69 I 2.61 16.8 :
( 0.005 I ( 0.005 ( 0.005 1 (

I I (
( 0.001 I ( 0.001 ( 0.001 I (

I I
5.99 I 6.06 14.0 I
56.1 I IBI lID I

( 0.005 I ( 0.005 ( 0.005 I (
I I

0.005 I ( 0.005 ( 0.005: (
0.005 I ( 0.005 ( 0.005 I
0.065 I 0.0092 o.om I
0.0051 (0.005 0.00111 (
0.851 I 0.660 I ( 0.010 I

I 1 I

0.002

0.005
0.005
0.005
0.005 (
0.068 I

1

18.8
0.090

0.001 I 0.005 I
I I

0.005 I ( 0.005 I (
0.001 0.002 1

1
15.01

0.0161
I

(0.00011 (0.0001
1

0.005 I ( 0.005
0.001 I 0.005

\
0.209 I 1.11

I
I
I

0.001 I

U5 12.9
129 96.0

0.005 ( 0.005

0.005
0.00'
0.005
0.005
1.25

0.005

11.1
11.5

( 0.005 (
I

0.005 I (
0.005 I (
0.005 I (
0.005 I (
0.1ll I

I

1.92 2.20 1.28
( 0.005 ( 0.005 (. 0.005

I
I
I
• ( 0.0001 I ( 0.0001

I
0.011 1 ( 0.005
0.009 1 0.001

I
I

0.0011(
1 I
1 ( 0.005 I (
I ( 0.001 I (

I
20.2 I
1.011

MD~·B~ : (o,p.r. Din.
lov-86I Copp... lolIl
10,-86 : Ithvlb.nnni
Noy-96: ltd, Din.
Nov-86 I Iud. 10101
Nov-Bll: ".qnniu., D,,,.
Nov·86: ".IlQ.ntu. Din.
Rov-86: ".nq.nn., totd
liIoy-86 : ",reury, Din.
Moy-86 I ",rcur" Totll
lov-86 : ".thvlon, Chlo,id,
Nov-86 : Micltl, Oin.
Nov-86 : li,ltl. 10111
.ov-86 : Nitnlt-Nitroq,n
Nov-86 : PCB 1211
Nov-86 : PC8 1218
Nov-86:PCBlm
lov-86: PCB 1260
lIov-B6 : Pohniul. Di".
Nov-B6 : S.hniul. Din.
.0'1-86 : S,I'f1iDl. lohl
10,-86 : Si Iv.,. Din.
lov'86: 5ilv.,.lolol
lIov-86: So.aUl. Din.

. Nov-86: 5ullllo.
10' -86 : It.. " hJortl h,n,
10,-86: IOC
10,-86: !olu.n, (
No,-86 : I"n. l.l-Oilhloro,lh.n. '" (
Nov-B6 : Irichloro,lhfn. ; (
.c. .. ·S,: frir.hlorofluorOlPthnt I (
Moy-B' : lint. Din.
Nov-B6: lint. lahl
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: 1-0 I B-S I B-O : 9-5 : 9-0 : 10-5 I 11-5 I Il-S I U-S I 11-5 I 15-5 I 16-5 I 11-5 I IB-S I 19-5 I 10-5 I F"C-n I

( 0.010 I
0.0111

( 0.010 I
I

0.0101
I

0.0013 :
( 0.010 I

0.003 I
I

0.008 I
0.71

0.011
o.n,

o,l-n : I.I.I-Iri,hloro.lhon.
D,t·BJ : 1.I-Oi,h1.ro.th.n.
O[t·al: I.I-Oi,hloro.lh.n.
D[I·Bl: Ar ..ni,. 10101
Ort-BJ: B,nlfnt
0,1-81: Bi,I1.lh,lh.. ,IIPhlh.hte:
Oet-81: C.d.iu •• 10101
0<1-83 : Chlor.'."
0[I·B3: Chro.iu•• 10101
0[t·83: ti.l.l-Oiehloro.th.n••
0[t·83 :CoPP". '.101
Ocl·83 : £Ih,lb.n....
Oet·BJ : I..d. 1.101
oct-83: Ihnqan,u , lotll
0,1·83 : ""cur,.·'.11I
lkl-83 : ".Ihl.n. Chl.rid.
0[t-83 : Hid.l. '.111
0,1·83 : PtB 1111
Oel·83 PCB 1218
Oel·81 ICI Il~I

0,1-83 fCB 11M
Oel·83 Sih".I.hl
0<1-81 lrlr"hlonlh•••
0<1·83 lOt
Oel-BJ 'olu•••
O[ I-Bl 'ran. I.l-DiehIMo.lhrn.
0[1·83 lr"hloro.th.n.
lkt-Bl lift(. '.101
~r-II 1.1.1-'richIMo.lhon.
Apr-II I.I-Oi,hI.ro.th...
Apr·1I I.I-Oiehlor ••lh•••
Apr-II An.nic. '0101
A.r-II B.n..n.
Apr-II Bi,ll.lh,lh.. ,IIPhlh.hltl
Apr-BI C.d.iu•• lolol I
Apr:1I Chlor.'o"
Apr ·BI Chro.i ... '0101
Apr ·BI ti, I.l-Oiehlor ••lhr••
Apr-II t.ppt<. '0101
Apr-BI £Ih,lb.n..n.
Apr-II Iud. '0101
Apr-BI "..' ...... 10101
Apr-II ".reur,. '0101
Apr·BI ".lhtltn.Chl.rid.
Apr-BI Ni[I.I.I.11I
Apr-BI PCB 1111
Apr -II PCB 1218
Apr -II fCB 12~I

A.r-BI ICII160
Apr-II Sil,,,.I.loI
Aor-BI lrlr"hIM.lh•••
Apr -II lot
Apr·BI I.lu•••
Apr -BI I,,", I.l-Oichloro.lh•••

I
I
I
I
I
I
I,
I

I
I
I
I
1(0.010
I
I ( D.OOOI
I ( 0.0001
I ( 0.0001
I I 0.0001
I( 0.050

0.021
1.6 \

( 0.010 I
0.1l\
n.o I
4.09 I

( 0.0101
0.011 I
e.olo I
0.0051
0.010 I
0.0191

0.00511
( 0.010\

0.001 I
0.096 \
0.031 I
0.061 I
0.051 I

0.0011
I ( 0.010
I 0.003
I ( 0.0001
I ( 0.0001
I ( 0.0001
I ( 0.0001
I ( 0.001
1(0.010
I 4.5
1(0.010
I 0.096

( .un••01 Irlrehd u'ln, d.t"lion 11.11 , ..... P ..... ,,,.ml but hi •• d.ltellon Ihlll IS ..... In,ulfl.hnl ,"pl. "" ,



• • •
ChronoloQi,,1 Suu.. , of Con.ititu.nll O.It<l.d In .1 1t..1 On. S••plt FrOI MIROP &round M.I .. Chui,,1 An.ly.., 11,,11 1754.01

Dit. : PJrIl.hr : 1-0 I 8-5 : 8-0 I '-5 I '-0 I 10-5 I 11-5 I 12-5 I 11-1 I 11-5 I IS-S I U-S I \1-S I 18-5 I I9-S I lO-S r"c·n I

Aor-BI: Iriehloroflh.n.
~p,·B' : lin[, 10hl
Dc I-B4 : 1,I.I-I,iehlorOtlhon.
Oel-BI : I,I-Oiehloro.lh.n.
0[1-84 : 1,I-Oi[hIOlo.lhtn.
orl-84 : An.nie, 10111
Del-BI :8.nIPn. I
0[I-B4 : BilI7.lh.lh.. ,IIPhthlhlt:
lkl-84 : C.d.iuI, 10111 I
0[1-94 : Chloro'on :
0[1-84 I Chroliul, 10111 I
0[1-94 : Ci. 1,7-0i[htoro.lht.. •
Orl-94: Co,P". lohl
0[I·B4 : E1hylbtnlfn.
Orl-84 : Lt.d. 10111
0<1-84 : ".n~.n... , 10111
Oct-84 : ".reu". lohl
oel-BI: ".th,ltn.Chlo,id.
orl-94 I Niehl. lohl
oel-BI : 'CB 1747
oel-B4 : PC8 1H8
orl-B4 IPC8 1254
0[1-84 I PC8 1160
Del -84 : Si"... 10111
0[I-B4 : hl,,[htO'llhrn.
orl-BI : loC
0,I-B4 : lolUlnl
0<1·84 : Tr.n. 1.7-0i,hlnroolhtn.
0[I-B4 : I,iehlo,o.lh.n,
0[1-94: hne. lohl
.Jon-B5: I.I.I-I,iehlo,ollh.nl
J.n-B5 : !,1-Oi[hlo,o.lhln.
lin-85: 1.I-oi[hlo,o.lh...
Jan-95: Arunit. tahl
Jln·8~ 8tnn".
J.n-B5 81.f7.lhylhllyIlPhlh.hlt
J.n-95 C.d.iu •• lollI I
J.n-95 Chloro'on
J.n-B5 Chlo.i ... lollI
J.n-B5 Ci.I.7-Diehloro.lh.n,
J.n·95 Co"".Iohl
J.n-95 Eth,lb.nIPn,
hn-95 L"d.lollI
Jan-B5 ".nQ.n.... lohl
lin-95 ""cur,. 10111
hn-95 fttth,ltn.Chlorid.
Jon-85 • Ai,lll. lohl
J.n-B5:PC81742
hn-95 : 'CB IHB
hn-B5:PC8m4
J.n-B5: PCI1160
hn-B5: Sih,r, Toll I
J.n-85 : hl",~I ...lhrn.
J•• -B5: loC

I
I
I
I
I­
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

'1
I
I
I
I

I 7.'
I 2.95

( 0.010
, 0.010
( 0.010

( 0.010
0.013

( 0.010

0.21

0.099 I
0.010
0.414

0.12

( 0.0007
( 0.0007
( 0.0007
( 0.0007

( 0.010

, 0.010
0.21 I

I 1.6 I
I 1.56 I
I ( 0.005 I
I 0.011 I
I ( 0.005 I
I I
I 0.0069 I
I (0.00001 I
I I

( 0.005 I
I
I
I

( 0.005 I
0.021 I
0.519 I

I
0.018 I

I
( 0.0007 I
( 0.0007 I
( 0.0007 I
( 0.0007 I

I. I
I' 0.005 I
I I

( ...n. nol d.It[ltd u.inQ d.lt[lIon lI.il .ho""l , .unt ,rl..nl bul hlow ••It,II ... Iltitl IS ...n. in.ul/lelul ...,It "Q' 1 7H,r-17



• • •
Chlo.olo,i") Su...r, of Co.,ilitu,.h Dth,hd I. " L.." On. S..ph Fro. MIROP Bround N,I" Chui,,1 A.a1y.., hQ1I1 125'-01

I 7·0 I 9-S I 9·0 I 9·5 I 9·0 I 10·5 I II-S I I2-S I IH I 11-5 I 15-5 I I6-S I 17-9 I t9-S I I9-S I 70·S I '"C-n I

( o.OOS: ( 0.005

I ( 0.005 ( 0.005

( 0.005 I ( 0.005
I

( 0.005 I ( O.OO~

0.010: 0.010
9.~' I 2.23

I ( 0.00'
I 0.10
I 2.1
I 0.919
I ( 0.005
I 0.0063
I ( 0.005
I
I ( O.QOS
I (0.00001
I
I ( 0.00'
I
I
I
I 0.016
I 0.010
I 0.B4
I
I 0.016
I
I ( 0.0002
I ( 0.0002
1(0.0007
I ( 0.0002
I
I 0.00'3
I
I ( 0.005
I 0.11
I 2.6
I 0.730
I
I

( 0.00'
0.036
0.0J5
1.47

0.005
0.005
0.005

I
I
I
I

0.0051
0.005 I
0.005 I

I
( O.OO~ I
o.oooBol

I
( 0.005 I

I
I
I

( 0.0051
0.063 I
5.00 I

I
( 0.005 I

I
( 0.0002 I
( 0.0007 I
( 0.0002 I
(0.00071

0.005
0.005
0.005

( 0.005
0.015
0.1~

!.IB
0.005
0.005
0.005

( 0.005
o.oom

( 0.005
0.10'
B.II

( 0.005 I ( 0.005
I
I

( 0.005

( 0.0002
( 0.0002
(0.0002
( 0.0002

( 0.0002 I ( 0.0002
( 0.0007 I ( 0.0002

I ( 0.0002 : ( 0.0002
: ( 0.0007 I ( 0.0002
I

( O.oo~

1

( 0.005

( 0.0002
( 0.0002
(0.0002
( 0.0002

( 0.005
0.50
3.7

1.10
0.29

0.061
0.0056

0.22

( 0.005

( 0.005
0.035
1.30

I
( 0.005

I
I
I
I

0.391
0.066 I

0.0092 I
I I
I( 0.0051
1(0.000011
I I
: ( 0.005
I

I
I ( 0.005
I 0.054
I 2.07
I
I ( 0.005
I
1(0.0002

(0.0002
(0.0002
( 0.0002

0.016

( 0.0002
( 0.0002
( 0.0002
( 0.0002

( 0.005
0.19
1.0

\.8.

I ( 0.005
I (0.00001
I
I ( 0.005
I
I
I
I( 0.005
I 0.'54
I II.B
I 1
• ( 0.005

I
I
I

I 0.039 I
I( 0.0051
I ( 0.005 I

JIn~BS : '01 u,n, I
Jln-85: trans 1,2-Dhhloro,th,n,:
JUI-B5 : frichloro.thfn, I
Jin-B5 : lilu:. fDt.1
Jun' B~ : I.I.I-!,i,hloro"hl••
Jun·as: I.I-Dichlora••",",
Jun-95: I.I·Dichloro,th,n,
Jun-B5 : Annie, fotl'
Jun-as: Brn!.,.,
Ju.-9~ : Bi,l1,th,lh"YIJPhth,ht I
Jun-B~ : C,d.iu •• lolal
Jun·8S Chloro'Of'
Jun-B~ Chro.iu•• lolal
Ju.-B5 CII 1.7-oi,hloro,th,.'
Jun-B~ Cop,,,. Tolal
Ju.-B~ llhylbtn..n,
lu.-B5 L"d.lolal
Jun-95 ","q,n,,,, Totll
Jun-B5 "",ury. lolal
Jun-B~ H.thyh•• Chlo,id.
Ju.·B5 Mi,hl.lolal
Jun-B5 Ptl 1711
Ju.-B~ PCB 171B
Ju.-B~ tel ml
Jun-B5' : Pel 1760
Ju.-B~ : 5il"r. lolal
Ju.-B5 : Itl,,(hlor.th,••
Jun·B5 : IOC
Ju.-B~ : 'Diu•••
Ju.-B~ : ,,,.. 1,2-oi'hloro,th..,
Jun·95 : tr irhloro.lh,n,
Jun-B~ : /i.,. '0101
Ja.-B6 I.I.I-Iri,hloro.th,.,
J,n-B6 I,I·Di,hloro,thi••
Ja.-B6 I.I-oi,hloro.th,••
J,n-B6 Ar i,. 'olal
J,.-B6 BI .
J,n-B6 Ji,I1,th,lhnylJPhlhiht
Ja.-B6 Cod,iu•• 'olal
J,.-B6 Chlo,olort
J,.,B6 Chro.iu •• '0101
J.n-B6 Ci,1.7-oi,hloro,'h••,
J•• -B6 Copp". 'olal
J•• -36 ElhylbP."••
J,.-36 l"d.lohl
J.n-ill: ft.nq.nu •• loh)
Jan·86: "'feur,. 'otll
J•• ·B6: H,th,.,•• Chlorid.
J".-B6 : Hi" .1. 10101
J,n-B6: PCB 1117
J,.·U: PCB mB
J,.·B6 I Fel Il~4

J,.-B6: PCB 1260
J,n-96: Sil.,tr. Johl

( .. ,., .,t d.t"hd .,i.o d,t"tt .. Ii.il ,~0"1 P ...., 'r ....1 hI hlol ••h,lIo. Ihitl 15 .... , I.,ullld ••t ".plt Po;, • 21-A,..87



• • •
ChrDnDIDqi,,1 Su...r, Df CDnoililu.nh D.hchd In II l ..11 On. Supl. Fro. MIROP 6rDund W,h, ChOl;,,1 ~nllyo .. 1'9111 1251.01

Dot. : hru2t!r I 1-0 I B-S I B-D I 9-S I 9-0 I \0-5 I 11-5 I 12-5 I IS-' I II-S I IS-S I I6-S I I1-S I IB-S I n-s ·1 20-S I m-ll I

-..~-~---_.--~.- --_.....--._-----------._--------------------------- ------------------------_._---- -.---------.-------- ------------------------.------------_.. -------------- ------------------------------.---_ ... --------
l,n-B6' I.Ir"hIDrrth.n. 0.211 I ( 0.005 ( 0.005 I I I I I I I

Jon-B6 lOC ·1 I I \ I I I I

lln·B6 IDlu.n. ( 0.005 I I ( 0.005 ( 0.005 I I I I I I I

Jln-B! h.ns 1.2-DithlorD,th,n,: I 0.51 I I 0.012 0.0111 I I I I 1 I

Jon-B6 Irichlorofthtfl' I I 1.11 I 0.1l1 0.011 I I I. I I I I

Jon·B! 1i".IDhl I LOS I I 29.B 1.011 1 '1 I I I I

Allr'B! 1,1.I-lrichlorD.lhln. I ( 0.005 : I ( 0.005 I ( 0.005 I I ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I « 0.005 0.005 I ( 0.005 I ( 0.005

Apr-B! 1,I-DichlorD.th... : ( 0.0051 I( 0.005 I ( 0.005 I I( 0.005 0.005 1 « 0.005 I « 0.0051 « 0.005 I « 0.005 0.005 I « 0.0051« 0.005

Apr-B! I.I-Di,hlo'D.thon. I ( 0.005 I I ( 0.005 l< 0.005 : 1« 0.005 0.005 I « 0.005 I « 0.005 I « 0.005 1 « 0.005 0.005 I « 0.005 I « 0.005

Apr-B! Annie. ,,,hi I 1 I I I I I I

Apr-B6 B,nl,n, I ( 0.005 I I 0.0051 I 0.005 I I ( 0.005 ( 0.005 I ( 0.005 I « 0.005 « 0.005 « 0.005 ( 0.005 I « 0.005 I « 0.005

Apr·B6 B,sI2.lh,lh."IIPhlhlllh' I I I I I , I

Apr-B6 Cod.iu"IDhl I I I I I I I

Apr-B6 [hloro'ar. ( 0.005 I ( 0.005 ( 0.005 1« 0.005 ( 0.005 ( O.OOS I « 0.005 « O.OOS ( 0.005 I ( 0.005 I ( 0.005 I « 0.005 I

Apr·B6 ChrD.i ••• IDI" I I I I

Apr-B6 Cio l.l-DichlDrD.lhon. I 1 I I 1

Apr-B! CDpp".IDhl 1 I I 1

Apr-B6 E1h,lb.nrono ( 0.005 I ( 0.005 ( 0.005 1« 0.005 I « 0.005 « 0.005 ( 0.005 « 0.005 ( 0.005 « 0.005 « 0.005 « 0.005 I

Apr-B! l ..d.IDhl 0.011 I 0.111 0.0!1 I 0.166 I O.on 0.101 0.051 o.on 0.060 0.120 0.091 0.152 1

olpr-B6 Ranq.n,u t lohl 0.695 I UBI 0.511 I 10.11 1.89 o.m 2.12 \.64 1.16 1.18 0.622 1.711

Apr-B6 ""eufl.lohl I I I

~pr-B! ftolh,ltn. ChiDrid. ( 0.005 I ( 0.005 ( 0.005 1« 0.005 I « 0.005 « 0.005 0.0056 ( 0.005 ( 0.005 ( 0.005 « 0.005 0.005

Apr-B! Miehl.IDIII I I I
Ap,-86 PCIllI2 ( 0.0002 I • ( 0.0002 ( 0.0001 1 ( 0.0002 I 81.... ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0001 ( 0.0002 ( 0.0001 ( 0.0002

Apr-8! P~B 11IB ( 0.0002 I ( 0.0001 I ( 0.0002 ( 0.0002 Iroh. ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0001 ( 0.0001 ( 0.0001 ( 0.0001

Apr-8! PCB 1151 , ( 0.0002 ' ( 0.0001 , I ( 0.0002 I ( 0.0002 BrDhD ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0001 ( 0.0002 ( 0.0002 ( 0.0002

Apr-B6 PCB 1160 I ( 0.0002 ( 0.0001 I I ( 0.0001 I ( 0.0002 81Dh. ( 0.0001 ( '0.0001 ( 0.0002 ( 0.0001 ( 0.0002 ( 0.0001 ( 0.0002

~pr '8! 5il,,,,IDhl I
A.r-B6 ht"chID"th... I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( O.OOS ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005

Ap,·B6 lOC I
Apr·8! laluff'l' I ( 0.005 ( 0.005 I 0.0081 0.005 0.005 0.005 0.005 0.005 ( 0.005 0.005 I ( 0.005 ( O.OOS

.pr·86 III"' 1,I-DilhIDrD.thtn. I ( 0.005 0.0191. o.m 0_005 0.005 0.005 0.005 0.005 0.011 UI( 0.005 I ( 0.005

~pr -8! lriehlorD.th.n. ( 0.005 5.11 0.15 0.005 0.005 0.005 0.011 0.096 0.19 2.' I o.m I ( 0.005

Apr-B6 linc,lold 10.1 11.901 4.11 6.11 US 11,6 11.5 6.11 1,56 UB I 1.111 1.25

MD"86 I, t .1-1, ie~llJfD.lhln. 0.005 0.018 0.0051 0.12 0.0086 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 O.OOS I ( 0.005 I ( 0.005 ( 0.005

MD,-86 1,I-Di,t,lorD.thln' 0_005 0.0011 0.005 I 0.015 ( 0.005 0.005 0.005 0_005 0.005 0.005 0.005 o.oOS 0.005 o OOSI ( 0.005 I ( O.OOS I o.oon
"D,-B6 !.1-DiehlD'D.thn. 0.005 ( 0.005 0.005 I ( 0.005 ( 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0_005 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005

.MD,-86 l-lullnDn. 0.010 ( 0.010 0.0101 ( 0.010 ( 0.010 0.010 0.010 0.010 0.010 0.010 O.OtO 0.010 0.010 0.010 I ( 0.010 I ( 0.010 I ( 0.010

Mo,-8! AIl.linity lOS' 169 2611 116 J6Z 191 126 m m m III 19S .,B 1021 2611 190 I SOl

.0,·8! "runic. Din. ( 0.005 ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 0.011 ( 0.005 ( 0.005 ( O.OOS I ( 0.005 I ( 0.0051 ( 0.005

Mo.-8! Ar ..nie.IDIII I o.m I I 0.015 I I I I

Mo,-I! Inial. Dis. 0.11\ 0.017 0.090 I 0.1091 0.061 0.019 0.1061 .0.061 0.091 0.091 o.m 0.068 I 0.050 0.095 1 0.012 I 0.055 I 0.1lI

"0,-86 "ri ••• lolIl I 0.9861 I 0.112 I 1 I I

"0,·B6 Bfnun, ( 0.005 ( .0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( O.DOS ( 0.005 ( O.OOS I 0.0065 ( 0.005 I ( 0.005 ( O.OOS I ( 0.005 I

------ - "D,-86 Bioll.th,lh.. ,IIFhlhll.to, I I I I , I I 1 I

"D,-B6 Cod.i ••• Di ... 0.0002 0.0009 0.0001 I 0.00061 0.0001 0.0006 I ( 0.0001 I 0.0010 0.0011 0.0021 0.00081 0.0010 I 0.0006 0.0005 I 0.0021 0.0009 I 0.0001 I

"0,-86 Cod.;u•• IDtll I 0.0011 : I I 0.0191 I I 1 I I

•0,-8! C.leiu•• Di"• lIS III lIS I III I .122 III I ISB I 126 I" 190 1591 lOB I 110 ISl. 66.0 66.0 I 208 I

Mo,-B6 t.lei ••. IDtI' I I" I I • 201\ I , I

Mo.·8! Chlorid. I n.o 5.9 11.11 1S.21 12. , 16.6 I 21.21 15.1 I lS.l 58.' IS.O • 4.61 1'" 26.6 I 51.6 15.1 I 11.':

"D,-8! ChiorolD" I ( 0.005 ( O.OOS ( 0.005 1 ( 0.005 I ( 0.005 ( 0.005' ( 0.005 I ( 0.005 1 ( 1.005 0.005 ( 0.005 I ( 0.005 I ( D.DOS ( 0.005 I ( 0.005 ( 0.0051 ( 0.0051

Mo,-B! (hrolilil. Din. 0.002 0.002 0.001 I 0.0011 0.002 0.0011 0.001 I ( 0.001 I ( 0.001 0.001 0.002 I 0.0011 0.001 0.0021 0.002 0.0011 0.001 I

"o,·B! thrD.i ... IDtI' I I 0.261 I I 1 I 0.0111 I I I I

Mo.·8! CioI.2-DichIDrD.th.n. I ( 0.005 I 0.21 0.018 1 0.311 0.028 0.016 I 0.022 I· ( O.OOS 1 ( 0.005 ( O.OOS ( 0.005 I ( 0.005 I 0.071 US I ( '.005 ( 0.0051 0.\11

lI-~o' -87
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• •• •
Ch, •••I.,,,.1 5...." .f [ •••ilil.,.h o.hehd I. II hnl On. 5'11I1. ".1 IIROP 6'lIUrid 1010, [hni,,1 A••I,... Io,/Il 1251.01
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APPENDU B

ALPHABETICAL StlHMARY OF CONSTITUENTS DETECTED IN AT
LEAST ONE SAMPLE FROM NIROP GROUND WATER ANALYSES
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Alph.b.liul 5...", .f Con.ilil...h D.h,l.d io at 1...1 On. Snph fr •• "IROP &r ••nd hltr Ch••I,,1 Anilr... ' ••111 1254.01

Ou, : Pun,tr, : 1-5 I 1-0 I I-PC I 2-5 I 2-0 I HC I 3-5 I 1-0 I I-PC I 9-5 I 4-D I HC I H I '-0 I 6-5 I 6-0 I I-S
-_... -_..--------- ... --_..--------..------------------------------------------------------------------ -----------........ _-_ .. -_.._-.- ..-----_....---.------.._-------------------..--- ----.-_..._--- .. ----------.-----_.....
0(1-83 lud.l.hl o.m: o.ml( 0.0011 0.134 I 0.025 I 0.001 0.091 0.025 I 0.001 0.021 0.01l I 0.002 O.DIB I 0.1121 I I

Apr-BI lud.l.td 0.011 0.019 1 0.\101 0.019 I 0.001 I o.m 0.010 0.011 I 0.016 0.019 0.011 I 0.009 I 0.022 I 1

O,IBI l.d.l.hl 0.01l 0.01l I 0.0901 0.1191 0.011 I 0.029 0.063 0.0191 o.m 0.0~9 0.032 I 0.011 I o.m I I

hn-B5 lud, total 0.01l 0.0Il I 0.0591 0.0931 0.010 I 0.011 0.01~ 0.021 0.0" 0.020 0.018 I 0.012 I o.oll I I

Jun-8S l ..d.I.ld 0.010 0.059' 0.019 1 0.293 I 0.021 0.039 0.026 0.0" 0.011 0.091 0.029 I 0.026 0.012 I 0.166 '0.291 0.016 I 0.009

lin-96 lud.lohl 1 I I I I) 0.101

Apr-86 I ..d.lold : I I I I 0.061 0.1ll

",,-86 lud.lohl- I 1 I 0.111 I I

"0,-86 "'9n.. i••• Di ... 10.2 38.8 1 15.0 1 lB.6 I ~1.6 10.1 10.1 .,.~ ".f 21.~ 48.91 I'" 91.~ I 61.1 19.1 91.6 2/.1

".,-16 ft.nq.n,n. Din. 1.01 0.090 I 0.0161 0.1991 0.192 0.002 1.01 0.016 0.0$2 O.OOS o.m I 0.210 0.591 0.100 U6I 0.110 1.01

0,1-83 ".ng.n.... I.hl 1.99 o.ml 0.001 I UBI 0.091 0.021 1.18 O.Ol~ 0.016 0.416 0.091 I 0.18~ 2.11 6.51

Apr-81 Ibnq,n,u,Iohl I I I I
O,I-BI "..g.n.... lohl 1.681 0.095 I 0.1151 1.99 I D.369 o.ml 1.12 0.100 0.109 0•.,0 o.m I 2.11 2.1I

J•• -8~ "inqlnf~'t 10111 1.161 0.0641 O. ,o~ I 1.10 I 0.311 0.111 1.121 0.089 0.102 o.m UU I 1.86 .. 46
Jun·9~ ""g.n.... lohl I.I~ 0.065 o.m I 6.90 I 0.516 0.119 1.161 0.091 o.m 1.91 0.091 I 0:124 4.09 o.m 4,29 0.161 21.50

JIR-96 ",nqln''', total I , I I 9.l0

Rpr-96 "..g.n.... lohl I I I I 0.1l8 0.~01

"0,·86 Muq,an.tt, lohl I I 1.511 I 1

1.,,96 ""curr. Dr... ( 0.0001 ( 0.0001 ( 0.0001 I ( 0.0009 I ( 0.0001 ( 0.0001 ( 0.0001 I ( 0.0004 ( 0.0001 ( 0.0009 ( 0.0009 ( 0.0009 ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0009 I ( 0.0009

Ocl-93 ""curr,l.hl I I I I

Rpr-BI ".reurr.lolli ( 0.0001 ( 0.0001 ( 0.0001 I ( 0.0015 I ( 0.0001 o.oooa 0.001l I ( 0.0009 ( 0.0001 0.0001 0.0001 ( 0.0009 o.oooa I

Od-81 ft.reurr, 1.ld I I I

J•• -9S fttreurr. lotll I I I

J.n·9S ",rcar" Total I I .1
J.n·B6 ""cur,.I.loI I I I

Apr-86 ",rluff, rotll I I I

M.,·BI ",,,ur,.lohl I ( 0.0001 I I I

Od-91 ".lh,ltn.Chlori'. 0.0101' 0.010 ( 0.010 11.0 I 0.011 6.0 '0.010 I 0.010 0.011 0.90 I ( 0.010 P 0.010 0.010 I 0.010 I

Rpr-91 ".lh,l.n.Chlorid. 0.0101 ( 0.010 0.01l ( 0.010 I 0.010 0.021 0.06'-1 ( 0.010 O.tll( 0.010 I 0.013 0.010 I 0-010 I

0,t-81 M.lh,ltn. Chlorid. 0.0101 0.062 1 ( 0.010 0.0291P 0.010 0.20 O.lll' 0.010 0.012 I 0.014 I 0." 0.019 0.010 I

J.n·9~ ".Ihltn. Chlorid. 0.101 O.tlIP O.OOS P 0.001 I 0.83 0.012 0.0061 I ( O.OOO~ 0.0065 I 0.06~ I P 0.0005 0.011 0.026 I

Jun-8S fttlhrltn. Chlorid. I ( O.OO~ I ( O.OO~ I 0.16 0.00~1 I ( O.OO~ ( 0.005 0.01~ I ( O.oo~ ( O.OO~ I( O.OO~ I ( O.OO~ 0.019 ( 0.00' ( O.OO~ ( O.OO~ ( O.OO~ I ( O.OO~

hn'96 ".thltn. Chlorid. I 1 I I I I I I( O.OO~

Apr·91 ".Ih,ltn. Chlorilt I I I I , I I I I 0.00' I( O.OOSI

loY·81 ".lh,l.n,Chlorid. I 0.01l1( O.OOS I ( 0.0051 ( 0.00' 1 ( o.oo~ ( O.OOS I ( O.OOS I ( O.OO~ O.OOS I ( 0.005 I ( O.OO~ O.OO~ I ( O.OO~ O.OOS ( O.OO~ I ( 0.005 I ( O.OO~

"oY·91 li'lt\' 0.... I 0.009 0.001 I ( 0.001 I O.OO~ 0.001 0.0011 ( 0.00\ I O.OO! 0.001 0.009 ( 0.001 0.014 0.012 0.001 o.on I o.on I 0.012

Dd·BI "i,"I,lohl I I I I I I I

Apr·91 li,lt\' lohl 0.011 O.O! I 0.008 I 0.101 0.053 O.OO~ I 0.012 I 0.01 o.ola 0.011 '0.006 I 0.011 0.048 I I

0,1·8' li,lt), 10111 I I I I 1 I

hn-95 "I ,It), 10111 I I I I I

J.n-9~ Ni'ltl. laId I I I I

J.n-B6 NI,It), I.h. 1 I I I

Rpr-8! "illt), lohl I I •
1

"0,·81 Micltl. lohl 0.0181 I I

1.. -86 "ih.It-litrog•• I 0.109 1.1I 0.1601 1.171 0.060 6.56 0.106 2.66 I 0.0161 3.n

O,I-Bl pctlm I ( 0.0001 ( 0.0001 I ( 0.0001 ( 0.0001 ( 0.0001 ( 0.0001 I ( 0.0001 , ( 0.0001 (0.0001 ( 0.0001 ( 0.0001 ( 0.0001 ( 0.0001 ( 0.0001 I I

Apr-al 'Cllm • ( 0.0002 ( 0.0002 I ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0002 : ( 0.0002 I ( 0.0002 ( 0.0002 ( 0.0002 (0.0002 ( 0.0002 ( 0.0002 I I

0,\-81 PC81ll2 I O.OOOS 0.0002 I 0.0003 ( 0.0002 ( 0.0002 • O.OOO~ I ( 0.0002 I 0.0002 0.0003 0.0002 (0.0002 0.0004 0.0002 1 I

J•• ·85 PC81212 I ( 0.0002 ( 0.0002 I ( 0.0002 ( 0.0002 ( 0.0001 ( 0.0002 I ( 0.0002 I ( 0.0002 ( 0.0002 ( 0.0002 (0.0002 ( 0.0002 1(0.00021 I

Jun·95 PCtim I ( 0.0002 ( 0.0001 I ( 0.0001 ( 0.0002 ( 0.0002 ( 0.0002 : ( 0.0002 I ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0002 ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002

IIn-86 PCtllll ., I I I I I I ( 0.0002 I

Apr·86 PCtlm I I I , ( 0.0002 I '1 ( 0.0002 I I

No,-B6 pctlm I I I I I I I I I I I

0,1-83 PC9 Illa I ( 0.0001 I ( 0.0001 1 ( 0.0001 ( 0.0001 ( 0.0001 ( 0.0001 I ( 0.0001 I ( 0.0001 ( 0.0001 I ( 0.0001 ( 0.0001 1- ( 0.0001 ( 0.0001 I ( 0.0001 I I I

'11\ ... D1
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Alph.b.l"d Suo.....1 C.n,ilita.nll O.t.[tod io II l ...1 lin. Supl. Fr•••IRDP Gr.und htor Ch.. i,,1 An.ly.n I.qlll 1251.01

Ddt: P.ru.h, : 1-5 I 1-0 I HC I 2-5 I 2-D I HC I 1-5 I 1-0 I HC I I-G I 1-0 I HC I 5-5 I 5-0 I '-5 I '-0 I 1-5

15.0
116

0.005

( 0.0002

0.20
27.'
1l.2

( 0.0\0

I
2UI
1121

, 0.010 I
0.012 I
O.OIBI

( 0.005 I
0.015 (

1.57
184

O.OOS
0.005

0.001

0.005

( 0.0002 I
(0.00021
(0.00021 I I
( 0.0002 I ( 0.0002 I ( 0.0002 I

I I ( 0.0002 I
I ( 0,0002 I
I I

( 0.0001 I I
(0.00021 I
(0.00021 I
(0.00021 I
( 0.0002 I (0.0002 (0.0002 i

I (0.00021
I ( 0.0002 I
I I

( 0.0001 I I
(0.00021 I
(0.00021 I
( 0.0002 I I
( 0.0002 I (0.0002 (0.0002 I

( 0.0002 I
I
I

2.14 4.00 2.14 2.1l I
0.005 ( 0.005 ( 0.005 ( O.OOS I

I
0.001 (0.001 (0.001 I
0.001 I
0.001 I

I
I
I
I
I
I

..,71
1181

I
I
I
I

0.0051
0.0051

0.005 I
0.005 ( 0.005:

I
I
I
I
I
I
I
I
L

( 0.0002

( 0.0002

0.005
619.0
1l.5

0.010

0.001
0.001
0.001

IB.O
192

0.010
0.010
0.010
0.005
0.005

(0.000\
( 0.0002
( 0.0002
( 0.0002
( 0.0002 I ( 0.0002

I
I ( 0.0002
I

U71
( 0.005 (

(

(

I(
I (

0.005 I (
I
I

0.005 I (
2.11

I
I
I
I
I
I
I

0.010 I (

0.001
0.001

Il.S 10.2
liB 85.9

0.010 ( 0.010
0.010
0.010
0.005
0.005 (

I
I

0.005 I (
10.71
1.01

I
I
I
I
I
I

0.0101(

0.001
0.001
0.001

11.5
45.2

0.010
0.010
0.010
0.005
0.005 (

I
I

0.005 I (
10.1 I
'.\1

I
I

0'-001
0.001
0.001

UB
101

0.010
0.010
0.010
0.005
0.005

0.001
0.001
0.001

4.81
201

0.010
0.010
0.010
0.005
0.005

0.0011
7.BII
91.01

0.011 I (
0.01l1 (
0.0101 (
0.0051 (
0.0051 (

I

....
IB4

0.0\0
0.010
0.010
0.005
0.005

(0.0001 (0.0001
(0.0002 (0.0002
(0.0002 (0.0002

0.0002 0.0005
(0.0002 (0.0002

(0.0002 (0.0002 I ( 0.0002 I 0.0001 I ( 0.0002 I ( 0.0002 I I ( 0.0002 I
(0.0002 (0.0002 I ( 0.0002 I 0.0002 I ( 0.0002 I ( 0.0002 I I ( 0.0002 I
(0.0002 (0.0002: ( 0.0002 I (0.0002 (0.0002 (0.0002 I I ( 0.0002 I
(0.0002 (0.0002: ( 0.0002 I (0.0002 (0.0002 (0.0002 I ( 0~000l I ( 0.0002 I ( 0.0002

I I I I I
I \ I I
I I I I

( 0.0001 I ( 0.0001 I (0.0001 (0.0001 (0.0001 I( 0.0001 I <0.0001
( 0.0002 I ( 0.0002 I (0.0002 (0.0002 (0.0002 I I ( 0.0002
( 0.0002 : ( 0.0002 I (0.0002 (0.0002 (0.0002 I I ( 0.0002

0.0001 I 0.000l I 0.0001 0.0001 (0.0002 I I 0.0002
( 0.0002 I ( 0.0002 I (0.0002 (0.0002 (0.0002 I (0.0002 (0.0002 (0.0002

I I I
I I I

I I I I I
(0.0001 (0.000\ I (0.000\ (0.0001 I (0.0001 (0.0001 (0.0001 I ( 0,0001
(0.0002 (.0.0002 I (0.0002 (0.0002 I (0.0002 (0.0002 (0.0002 I '
(0.0002 (0.0002 I (0.0002 (0.0002 I (0.0002 (0.0002 (0.0011 I
(0.0002 (0.0002 I (0.0002 (0.0002 I (0.0002 (0.0002 (0.0002
(0.0002 (0.0002 I <' 0.0002 (0.0002 I ( 0.0002 I (0.0002 (0.0002 (0.0002

I I I
I I I
I I I

16.8 \ U5 2.20 I U2 I 2.79 .2.U 1.52
( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005

1(0.005
0.001 (0.00\ I (0.001 ( 0.001
0.001 • ( 0.001 I ( 0.001 I ( 0.001
0,001 (0.001 I ( 0.001 I ( 0.001

I I
I
I
I
I
I

14.01
lID

0.010
0.010
0.010
0.005
0.005

0.00\
0.001
0.001

5. "
56.1

0.010
0.010
0.010
0.005
0.005

12.9
U.O

0.010
0.010
0.010
0.005
0.005

I I I I
I I I I I

I I I I I I
0.012 ( 0.010 I' 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( '.010 I ,

I
I
I
I
I

5.B51
1791

0.010 I P
0.010 I (
0.0101 (
0.005 I (
0.0051 (

I ( 0.005 < 0.005 ( 0.005 ( 0.005 ( 0.005 ( O.OOS ( 0.005 I ( 0.005 ( 0.005 (
22.B 612.0 5\.8 57.0 I 1.8 15.9 ".1 I 1.5 •.• I
9.1 2.1 '.9 IS I 1.1. J.O 15.2 I 1.7 1.2 I

I I I I
I I

I P 0.010

I
14.1 :
11.51

I ( 0.010 I (
: ( 0.010 I (
I ( 0.010 I (
: ( 0.005 I (
I ( 0.005 (
I

: ( 0.0001 : ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002
: ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002
: ( 0.0002 : ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002
: ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 • ( 0.0002

I I
I

I I
: ( 0.0015 : ( 0.0001 I ( 0.0001 I ( 0.0001
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002
: ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002
: ( 0.0002 0.0005 I 0.0001 I 0.0011
I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002

I I
I I
I I

( 0.0001 I ( 0.0001 I ( 0.0001
( 0.0002 I ( 0.0002 I ( 0.0002
( 0.0002 I ( 0.0002 I ( 0.0002
( 0.0002 I ( 0.0002 I ( 0.0002
( 0.0002 I ( 0.0002 I ( 0.0002

I I
I I
I I

l.n I 2.20 1 1.2B I 3.69 I 2.U
( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005

I
0.005 I 0.001 I 0.002
0.001 I ( 0.001 I ( 0.001
0.001 I ( 0.001 I ( 0.001

I

1 ( 0.0001
I ( 0.0002
I ( 0.0002
I ( 0.0002

( 0.0002

Apr-BI: PCIIl!B
O[I-BI: PCIllI8
Jon·B5: PCIllI8
Jun-B5 : PCI 11IB
Jon-B': PCIIlIB
Apr·B.: fCII119
••,-B': PCIIIIB
O[t-Bl: PCBllS1
Apr-BI PCII1SI
O[HI PCBllS1
J.n-BS PCIml
Jun-B5 PCBllS1
J.n·B' PCIIl54
Apr·I' PCB 1151
••.-8. PCII154
Od-Bl pCImo
Apr-BI pClmo
O[I-U PCB mo
Jon-BS PCB 12'0
Jun-B5. PCI mo
J.n-B': PCI 12'0
Apr-B.IPCImO
••,-B': PCI mo
Moy-B6 l Pohniu•. Din.
Mo,,"86: Sflrniul. Diu.
••• -B' : 5.ltnlu•• 1.101
"0 ... -86: Silnr, Din.
O[t-I] I 5il 1.101
Apr-BI: 5i1 , I.td
D[t~U : Sih.r. falil
Jon-B5: 5i1 Jahl
Jan-B5: 5il 1.101
J.n-B': Sil,,,. 1.101
Apr-B': 51"... 1.101
••• -8': Si"". 1.101
10'1-96 : Sodiul. Din.
••• -8' I 5ulloto'
O[t ·Bl : Itlr"hl ....lh.n.
Apr-B4: hlrlf'lonU.,n,
011-11: Itlr"hl.r.lh.n.
J.n ·B5 : l.tro,hl."lh.n.
Jun-B~ : htruhlor,th,nf
J.n-B6: hlro[hlar.lh.n.
Apr·B.: ItIr"hl.,.lh.n.
"oy~86 : hlrlC.lor,th,n,
0[1-81: 10C
Apr-BI: lOt
0[1-81 : lOt
J.n-B5 : 10C
Jun·B5: lOt
Jon-B': lOt
Apr·B6: 10C
••• ·B.: lOt
O[I-Bl : 1.lu.n.
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hI. : Plr".h, I 1-D I B-S I B-D I q-S I 9-0 I 10-5 I 11-5 I 12-5 I 11-5 1 II-S I 15-S I I6-S I 11-9 I IS-9 I 19-9 1 20-9 I FftC-lS 1
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Oel·Bl: 1,I.I-l,iehlo, ••lh ••• . I I I I 1 I 1 I ( 0.010

"pr-e4: 1,I.I-tricbloro,U1ln, I 1 I 1 1 I 1 ( 0.010

0[I-S4: 1,1.1-I,i[hl.,o.lh••• I I I 1 I 1 1 I( 0.010

10.-B5 : 1,I,I-I,i[hl., ••lh ••• 1 I I I I 1 I I I ( 0.005

l.r,·B5 : I, 1,1·lriehl.,o.lha•• o.ml 0.39 I( 0.005 0.005 : I I I I I I ( 0.005

lIn-B6: 1.1,I-lri(hlorofthlCl' I 0.29 I( 0.005 0.005 ,: I 1 I 1 I 1

Ap,·B6 : 1,1.1-lri[I,lo,o.lh••• 0.005 I( 0.005 ( 0.005 I I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 1 ( 0.005 0.005 0.005 0.005 I

No,·B6: ),1,1-lriehl.,o.lh••• 0.005 O.OIB I( 0.005 0.12 0.00B6 I ( 0.005 ( 0.005: ( 0.0051( 0.005 I ( 0.005 I ( O.OOSI( 0:005 I ( 0.005 0.005 0.005 0.005 ( 0.005

Od-Bl: I.I-Di[hloro.Ib... I I 1 I I 1 I 0.021

Ap, -B4 I I,I-Di[hlo, ••tha•• I 1 1 I I 0.011

0[I-S4 : 1,I-DitMar ••lh ••• I I 1 I I 1 P 0.010

10.,B51I,I-Diehlo,o.lho•• I I 1 I I I 0.011\

1•• -B5 I.I-Di[hlar ••lh... ( 0.005 1 0.066 I( 0.005 0.005 I I I 0.0061 I

~ •• -S6 I,I-Di[hloro,lhln, 0.061 I( 0.005 0.005 I 1 I I 1

Ap,-B6 1,I-OichIDt ••lb ••• 0.005 I I( 0.005 0.005 I 0.0051 ( 0.005 0.005 I ( 0.005 1 ( 0.0051 ( 0.005 ( 0.005 0.005 0.005 I

•0,-S6 1,I-Di[hIDto.lh••• 0.005 I 0.001l I ( 0.005 0.015 0.005 ( 0.005 ( 0.005 0.005 I ( 0.005 0.005 ( 0.005 I ( 0.005 I ( 0.005 1'( 0.005 0.005 0.005 0.0011 1

0[1-81 1,I-Di[hlo, ••lh••• 1 I I I I ( 0.010 I

Apr-B4 I,I-Di[hlo, ••th... I I I 1 I I ( 0.0101

Oel-SI I.I-Di[hl., ••lbt•• I I I I I' I I I ( 0.0101

1•• -B5 ),1-Oiehlo, ••lbt•• I I I I I I 1 1 ( 0.005 1

J•• ·B5 1,I-Oiehl.,o.lh••• 1 ( 0.005 I 1 0.0092 I 0.005 I ( 0.005 1 I I I ( 0.005 I

J.. ·B6 I,I-Oi[hlor ••lbt•• 1 1 1 0.0056 0.005 1 ( 0.005 I I 1 I 1

Ap,-B6 1,I-Oi[hlo, ••lh••• 0.005 I I( 0.005 I 0.005 I 0.005 I ( 0.005 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 0.005 I

N.,·B6 ),1·Dlthlo, ••lh•• 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 0.005 1 ( 0.005 O.on 0.005 1 ( 0.005 I ( 0.005 1 ( 0.005 ( 0.005 0.005 0.005 1

low 86 t l-Iuluon, 0.010 I ( 0.0101 ( 0.0101( 0.010 0.010 0.010 I ( 0.010 0.010 ( 0.010 0.010 0.0101 ( 0.010 I ( 0.010 I ( 0.010 ( 0.010 0.010 0.0101

N.,·86 Alloli.ih 3011 4691 261 1 436 m 4931 Inl 411 Sl4 383 1111 3951 451 I 302 I 261 ItO 5041

••,·B6 ArunlC, Din. ( 0.005 I ( 0.005 I ( 0.0051( 0.005 ( 0.005 ( 0.0051 ( 0.0051 ( 0.005 ( 0.005 ( 0.005 0.014 1 ( 0.005 ( 0.0051 ( 0.005 ( 0.005 ( 0.005 I ( 0.005 \

Del-U Arnnir,I"hl I 1 I 1 1

Ap,-BI Arunit,Iotil I I 1 I ( 0.005

Oel·81 Ar ...i[,I.hl 1 1 I

11.-B5 AI ... i[, (.laI I I I I

J•• ·85 Ar ... i[,lohl 1 1 I I

J•• -96 Ar ...ie.lohl I I 1 I I I

Apr-S6 Ar"nit,lolil I I I I 1 I

N.,-Bb A, ... ie,lolal 1 I 0.023 I 1 I 0.045 ,I I I

.0,·Bb luiul. Din 0.111 0.012 I 0.090 I 0.109 0.061 I 0.019 ' 0.106 : 0.Ob4 0.093 0.091 I O.tnl O.on O.UO I 0.095 0.037 1 0.055 0.128

N.,-86 ",juI, fotll I o.m 1 1 0.1121 I 1

0[1-83 '.nun. I I I 1 1 I 0.010

Apr -B4 8,nz,n, I I 1 I 1 ( 0.010

Oel-94 8,n"n. I I I 1 I I I ( 0.0101

1•• -85 B,nnnt I I I I I I I 0.00691

lu.-B5 8tnz,n, I ( 0.005 I 0.005 I ( 0.005 0.005 I I 1 I I( 0.0051

l •• -Bh Brutn, I I 0.005 I ( 0.005 0.005 I 1 I \ I

All, -96 bnun, I ( 0.005 1 0.0052 0.005 I 0.005 ( 0.005 I ( 0.005 0.0051( 0.005 ( 0.005 1 ( 0.005 1 ( 0.005 ( 0.005\ I

No,-B6 8.nl,n, : ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( 0.0051 ( 0.005 ( 0.005 0.005 I ( 0.005 1 ( 0.005 0.005 1 ( 0.005 0.0065 I ( 0.0051 ( 0.005 ( 0.0051 ( 0.005 I

0[1-83 Si'12.lhylh..,II~hthal.h: I I I I 1 I I I I

Ap,-BI Ii ,12.lhylh.. ,II~hthillh: I I 1 I I I I 0.0191

O[I-BI Bi,(2.lh,lh",IIPhth.l.hl I 1 I I I I I 1 0.013 I

3•• ·B5 8i,(2.th,lh",IIPhtbal.h: I 1 I 1 1 I I I I (0.00001 I

1•• -85 li,(2.lh,lh.. ,llfhth.l.h: (0.00001 I : (0.00001 1 I 0.00033 O.OOOBO I 1 I I I I (0.00001 \

h.-B6 li,I~.lh,lh•• ,IIPhth.l.hl 1 I I I I \ I I I I

Ap,-B6 8i,ll.th,lh..,llfhthalll.: I I I I I I I I 1 I I

••,-S6 li,12.lh,lh•• ,IIPhihalllt: I I I 1 1 I 1 I I 1 I

N.,-B6 CId.iuI I Diu. 0.0002 0.0009 I 0.0003 I 0.0006 I 0.0001 I 0.0006 (0.0001 0.0010 I 0.0011 1 0.0021 I.OOOBI 0.0010 0.0006 1 0.0005 1 0.0024 0.000' 1 0.00041

11 ·flr!" ~1
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D.1t : PI"I!t" I 7-0 I 8-5 I 8-0 I 9-5 I 9-0 I 10-5 I 11-5 I IH 1 15-5 I 11-5 I 15-1 I I~-S I 11-5 1 18-5 I 19-5 I 20-S I 11lt-31 I
-_.---_...------_.----------------_...._-_._._----------------_...------.--------_.. -.------------------------------- ..-----------..--------------------... ----------------------.-...-------------------....----_.. -------------------
0<1-81 t.dejuI, tohl I I I I I I I I I I I 0_0011 \

~pr -81 t,'"uI,lolil I I I I I I I I I I I I O.OO~I I

0'1-81 tolli.I,lolll I I I I \ I \ I I I 1 I \

hn·B~ tldll.I,lolII I I I I I I I I I I 1 I I

Jun·B~ t.dliul.lolIl I I I I I I 1 I \ I I I I

Jon-8~ t,'"iUI.loIII 1 I I I I I' I I I I I I

~pr -B~ t.dliul.lolIl I 1 I I I I I I I I \ I I

No,-B~ t.dllul.lolIl I 0.0034 I I I I I I 0.0191 I I \ I \ I

No,-B6 Cllciul. DlSl. III DI III I Inl 1211 Ill: 158 1761 151\ 1901 ntl 108 1101 1571 66.0 I 66.0 2081

No,-B6 t.l,i.I.lalll 1541 I I I I 207\ I \ I I

No,-B~ thlorid. 16.0 5.9 47.7 1S.21 41.9 36.6 I 21.2 45.7 I 15.71 5B.B I 15.0 I 4.6 25.~ I 2~.~ \ 54.61 15.3 12.9 I

0,I-B3 Chlar.'all I 1 I I I I I 1 I I ( 0.010 I

Aor-BI thloralall I I I I I I I I ( 0.0101

O,I·BI Chlaro'all I I I I I I I I ( 0.0\01

Jon-85 thlorolall 1 1 1 I I I \ \ I ( 0.005 I

Jun-B~ thlarololl I( 0.005 0.005 1 0.005 \ ( 0.005 I I I I I I I( 0.005 I

Jon-8~ Chlorolall I I 0.005 1 0.005 ( 0.005 I I I I I I I I

Apr-8~ thlora'arl I ( 0.005 I ( 0.005 I( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 1 ( 0.005 I I

"0,-8~ thlora'all I( 0.005 I ( 0.005 ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( 0.005 O.OOS ( 0.005 \ ( 0.005 ( 0.005 I ( 0.005 0.005 0.0051 ( 0.005 I ( 0.005 I ( 0.005 I

No,-8~ Chroliul, Din. I 0.002 I 0.002 I 0.002 0.003 I 0.002 0.001 0.001 0.001 ( 0.001 I ( 0.001 0.002 0.001 0.003 0.002 0.002 I 0.0011 0.001 I

O,I-Bl throliul. Talll I 1 I I I I I 0.0011

Apr-81 throliul.lalll I \ I I I I 0.001

Oel-81 Chrali ... lalll I I I \ 1 I

Jln-B5 thrali ... lalll I I I I \ 1

Jun-B5 Chrolh•• lol .. I I I I I

Jon'B~ [hroliul. lahl I I I 1 I I

Apr -8~ rhra.i ••• lal" I I I I I I

"0,-8~ nrcliUI, tohl 1 I I 0.267 I I 0.011 I

O,I-Bl till.l-Dirhlora.lbtn. 1 I I I I I

~pr -B4 tist.l-Dichlara.lh.n. I I I I I I 0.096

0,1'84 Cis 1.1-0i,hloro.lh... I 1 I I I I O.ll

hn-B5 Cill.2-Di,hlora.th.n. 1 I I 1 I I

Jon-85 Ci,I.2-Di,hlo,0.th... I I I I I I

Jon-B~ Ci.1.1-Di,hlora.lh... I I I I I I

Apr -8~ til 1.2·Di,hlara,lhon. I I I I I I

'a,-8~ Cis I.l-Di,hlaro,thon. I( 0.005 I 0.24\ 0.048 0.34 0.028 0.01~ 0.021 ( D.O~ ( 0.005 I I O.O~ I ( 0.005 ( 0.005 0.021 0.13 ( '.005 I O.OOS I 0.11

Na,-8~ tOppff. Din. I 0.001 0.001 I 0.002 0.005 0.002 0.005 0.002 0.002 O.OO~ \ 0.002 1 D.002 0.001 0.001 0.001 \ 0.001 0.004 I o.m
0,1-83 COPPff. 10111 I I I I I 0.008

Apr-81 tappff.lalll I I I I 0.012

0,1-81 tOPPff. 10111 I I \ I I

hn-85 tapPff. lalil I I I I I

Jun-B5 tOPpff.lalil I I \ I I

hn-B~ tOPPff. lillil I I 1 I I I

Apr-B6 tapPff. 10111 I I I I I

"•• -B~ tapoff.lolil o.m I I 0.OB9 I I I
----~--- 0,133 Elh,lb..ltn. I I I I I 0.21

Apr-81 E1h,lbtnlt" I 1 I 1 I 0.061

0,t-81 E1hjlb..lt" I \ I I 1 I 0.099

hn-B5 E1btlbtnltn. \ I I I I I I( 0.0051

Jun-B5 E1h,lb..ltn. ( 0.005 I( 0.005 I I ( 0.005 0.005.1 I I I I I 0.0161

J.n-8~ Elbtlb.n".. I( O.OOS I I ( 0.005 0.0051 \ I I I I I

Apr -B~ E1h,lb.nltn. 0.005 0.005 I I ( D.005 I I( 0.005 0.005 I ( 0.005 0.005 ( 0.005 I ( 0.005 1 ( 0.005 1 ( 0.005 I ( 0.005 I I

"ov-B~ E1hlbtnltll 0.005 0.005 0'.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 0.005 I ( 0.005 0.005 1 ( D.0051( 0.0051( 0.005 I ( 0.0051 ( 0.005 I ( 0.0051

"o,-B~ l .... Din. 0.001 0.001 0.002\ 0.001 I 0.011 I 0.005 0.001 I 0.001 0.005 I 0.004 0.001 1 0.003 I 0.0051 0.001 I 0.009 I 0.0011 0.001 I

!' •••••••••• ~I 1. •. '1..1 ... oI .. I •• Il ... 1:.;1. n: 'f""': if't"Uirhn' "."h PJ".? 1I-l.,-17



•• • •
Alph.b,lilll Su...r, of Co.. illlu,.h O,lt,ltd h .1 I,nl 0... Suplt FrOI NIROP S,oo.d V.h, Chnic.1 A••ly,.. '1,111 12~1.D1

0.10 : Parntte, : 7-0 1 9-9 I 9-0 I 9-5 .1 9-0 I 10-S : \1-5 I n-9 I IH I II-S I 15-S I I6-S I 17-9 I 19-5 I I9-S I 20-S I F"C-31 I

.. -_ ..---------------_......----------_ .. ---_ .._------------- ------- ...-------.-------------------------------_...-- .....------_._..... --------.- .. -----_....------_ ..----.- ...-----------_ ... _---------_ ... ---- -------------- ... -._ ... -- ...

0,1-81 Itld.lotll I I I I I I I I I 0.0111

Apr-81 I..d.lotll I I I .1 I I I I I o.ml

0[1-81 I..d.lotll I I \ I I I I I I O.no

J.n-BS l ••d. lotll \ I I I \ I I I I 0.011

Jon-85 I..d. lotll 0.154 0.0541 0.1091 o.on 1 I I I I I I 0.010

J.n-86 I..d.lotll I 0.0151 I 0.010 I 0.010 I I 1 I I I \

Apr·86 Iud. 101.1 0.011 I 0.\12 I 0.0&1 I I- I 0.366 \ O.on I 0.101 0.054 I 0.073 0.060 0.1101 0.097 .0.\52 I

No,·86 Iud. lotll I 0.111 I I I \ 1 0.114\ I I

No.·86 1119nniul. Din. 51.1 I 31.0 51.9 31.01 49.1 I 50.81 58.11 31.81 36.9 I 33.1 53.1 I 29.0 51.9 51.11 19.0 17.21 53.1

Noy-86 NUQannt, Din. 0.1031 1.91 0.700 0.0161 0.111 I 1.58 ' 0.003 I 1.101 1.50 I 0.876 1.96 I 1.01 0.388 0.920 0.034 0.088 I 1.00

0[1-81 "'"9·n.... lolal I I I I 0.951

Ap,-91 "··9··..•• 10Ial I I 'I I I
0[1-81 "'"9···..• Iolal I I \ 1 I 0.111

J.n-85 "'"9·n... ,Iolal I I I I 1 I 0.519

Jun-B5 IIlnqan.u. rotll 11.11 I 2.07 8.11 5.00 I 1 I I 0.81

J.n-86 "••' ...... Iola\ I \ 1.l0 9.59 2.73\ I 1 1
Ap,-86 "'"'...... Iotll o.m I 0.8811 0.513 10.7 1.99\ 0.512 2.n \ 1.64 1.16 1.38 o.m 1.71

Noy-86 fI,nq,n,u.lrIhl 1 I 2.54 I I 2.161

No.-86 ""cuq. Din. ( 0.0004 ( 0.0004 I ( 0.0001 I ( 0.0001 ( 0.0001 ( 0.0004 ( 0.0001 \ ( 0.0001 ( 0.0004 ( 0.0001 ( 0.0001 ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0004 I ( 0.0001 ( 0.0004

0[1-81 ""cur,. lolal I \ I I

Apr-84 ",,[or,.Iolal I I I I 0.0012

0[1-81 lI.rrurv, 'otll I I I '1

J•• -a:; "."or,.Iotll \ I I

Jo.-85 ""cur,. lolal I I I

J•• -86 ",icur,. lolal I I I 1

Ap,-86 ",,[ur,. lolal I I I \ I

No.-86 "."or,. 'alai I 1(0.0001 I ( 0.0004 I I

0[1-13 ".lh,l.n. Chlorid. I I 1 I ( 0.010 I

Apr-BI ".thl.n. Chlo,ld. I I I \ ( 0.0101

Orl·81 ",Ih,ltn, Chloridt I I I I I 0.121

J•• -85 ",lh,ltn, Chlorid. I I I I I 0.018 I

Jon-85 ".lh,ltntChlo,ldt I( 0.005 I( 0.005 I 0.005 0.005 I I 0.0161

J••-86 ".lhltn. Chloridt I I I ( 0.005 • 0.005 0.0051 I I

Apr-86 Iltlh,It•• Chlo,id' I( 0.005 I 0.005 I ( 0.005 ( 0.005 ( 0.005 0.005 0.0056 0.005 0.005 0.005 0.005 0.005 I I

Noy-86 ",lhYlt•• ChlDtidt I ( 0.005 ( 0.005 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 0.005 ( 0.005 0.005 0.005 0.005 0.005 0.005 I ( 0.005 I

No,-86 lir"l. Din. I ( 0.001 0.054 0.001 I ( 0.001 0.001 0.011 0.001 0.006 \ 0.011 0.031 ( 0.001 0.005 0.003 0.001 0.001 0.001 I ( 0.001\

Ocl-81 Mid.l.lot.1 I I I I I

Apr-81 Mi[hl,Ioloi I I I I 0.0031

Ort-81 Michl. 10101 I 1 I I

J•• -85 Nichl.lohl I I I I

Ju.-B5 Nichl.lohl I I 1 I

J•• -86 Mi[hl.lohl I I I

AlIr-86 Nichl, 10101 I I I I

Noy-86 Ni[hl.loh\ I O.ut I I 0.039 I I

Noy-B6 Nih.h-Nil'09·n 0.031 1.69 0.022 I 3.92 0.271 0.105 I O.BOS 6.051 2.091 17.0\ 0.018 0.1101 2.02 0.016 2.741' 0.4). I 0.020

-----Ocl-81 PC81211 .. I I I I I I 1(0.0001

Apr-81 PCB 1m I I I I I I I I ( 0.0001

Orl-81 PCB IlIl I I I I I \ 1(0.0002

J.n-B~ PCB IlIl I I I I I I \ I I I I ( 0.0002

Jun*85 PC8 IlIl I ( 0.0001 I '1 (0.0002 (0.00011 (0.00021 I I I I I I ( 0.0001

J•• -BI PCB 1111 1(0.0002 ( 0.0001 I ( 0.0001 I I I 1 I I I

Apr-86 PC81l11 : ( 0.0002 I I ( 0.0002 I I ( 0.0002 I ( 0.0002 I Iroh, I ( 0.0001 I ( 0.0002 ( 0.0002 I ( 0.0002 ( 0.0002 I ( 0.0002 I ( 0.0002 I

N",-86 PC81211 I I I I I I I I I I I

Ocl-83 PCIIll8 I I I. I I I I I \ I 1(0.0001

'e'··'·· .: ......... .• 1;.:' ......... 0 .... , ~.,,~~ .. , ~:,' hI .. ." ~••• dio~"l ntH: ,e '''Il~ in~II"tfi,nt "'Dlt P.o. I 21-Apr-81
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• • •
Alph.b,t,,01 Su...,y Df [D.. iltlu••11 O.h,hd II .1 L."I 0•• Snph FrD' NIRDP B'DU.d W.h, [hui,,1 A••ly,,, 1.,111 1754.01

O.h : P" ..ph, I 7-0 I B-S I B-O I '-5 I '-0 I 10-5 I IH I U-S I U-s I 11-5 I 15-5 I 16-5 I 17-9 I IB-S I 19-9 I 20-5 I FftC-31 I

--------.---_ ....----------------------------------------------_.. _--- -.-._----------_ .._...._.._-_ .._------------- --_.---- ---------- -------_._._-...---- --.---_._----------------------.._--------- ......_-----------.-------
Ap,-Be: IDlu••• I 1 I I I I I I 0.010

Od-Be: IDlu.n. I I I I I I I I 0.010

Jln-B511Dlu.n. I I I I I I I I 0.005

Jun-BS : '01 u.n' I( 0.0051 0.005 I I( 0.0051 ( 0.005 I I I 0.005

hn-Bb: folurn. I I 0.005 I I( 0.0051 ( 0.005 I I I

Ap,-B611Dlu.n. I ( 0.005 I I ( 0.005 I 0.00B2 I 0.005 0.005 0.005 0.005 0.005 I ( 0.005 I ( 0.0051 ( 0.005 I ( 0.005

MD~ -86 : 101 utn' I( 0.005 I ( 0.005 1 ( 0.005 ( 0.005 I( 0.005 I ( 0.0051( 0.005 0.005 0.005 0.005 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005

O[I·Bl I I..., 1.2-0i,hID'D.lhn. I I I I I 0.12

Apr-B4: lrln51.2-DichIOto,th,n,: I I I 0.096

O,t·84 : I,.n, 1.2-0i[h1D'D.lh••• I I I I 0.23

Jon-B5 I I,an, 1.2-0i,hID'D.lhr•• I I I I 0.10

Jun-B5 I I"n, 1.2-0i,hID'D.lh.n. I 0.19 0.50 I 0.015 0.036 I 0.111

J.n-B6 : I"n, 1.2-0i,hIDfD.lh.n. I I 0.51 I 0.012 O.Oll I I I

Ap,-BI I I.... 1.2-0i,h1D'D.lhn. I ( 0.005 0.039 I \ 0.013 0.005 ( 0.005 ( 0.005 0.005 ( 0.005 O.on '.II( 0.005 0.005 I

Ifo~ -86 : Ir Ins 1,1-Dirhl or o,'h,n. I ( 0.005 0.2' O.O.BI 0.1' 0.02B 0.036 0.022 0.005 I ( 0.005 ( 0.005 0.005 ( 0.005 0.027 o.n I ( 0.005 0.005 0.111

O,t-BlII'i,bIDl'D.lh.n. I I I n.ol
Ap,-Be I I,i,hID'D.lhn. I I I I 2.'1

O,t -Be I lr i,hIDfD.lhrn. I I I 1.11

Jln-85 : frlchlorofthfn. I I 2.11

Jun-B511,i,hIDtD.lh.n. '.0 1.2 0.15 0.015 I \ "'I
J.n-B6 I I,i,hIDtD.lhn. U 0.1ll 0.011 I I I I

Ap,-86: IricMorD.th,n. 0.005 5.1 0.25 ( 0.005 0.005 0.005 0.0Il 0.096 I 0.19 2.91 0.041 0.005 I I

No.-B611,1,h1DtDflh.n. 0.005 9.21 10.1 1.1 0.65 0.21 0.012 ( 0.005 0.005 0.0051 0.0011 0.171 o.m I.Sll o.oBB O.OOS I 1.11

IID~·96 : ',ithioroiluoroltihul 0.005 ( 0.0051 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 0.005 0.005 I ( 0.005 ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 0.0051'( 0.005 I

No,-B61/i.,.Oi". 1.21 '.421 1.03 O.IB' 1.07 0.735 o.m 1.I1 l.O3 3.25 I . 1.89 2.11 I 2.21 ..111 l.n 3.101 0.526 I

O[I-BI: II.,. IDIII I I I I I '.0'1

Ip,-BI I hll. IDIII I I I 1 2.95 I

Oct-al I h." IDt.1 I I I I I 1.56 I

hn·B5 I h.,. IDIII I I I I I I o.tl9 I

Jun-B5 I line. lotd I !.BII 1.10 1.3B I I.U I I I I O.IlOI

J.n-B61/i".IDIiI I 1.05 29.B I 1.01 I I I I I

Apr-B61/i."IDIiI 10.'1 11.90 • I '.13 6.11 6.n 11.11 1J.5 6.111 '.56 9.OB I 1.21\ 1.25 I I

ID,·B6 I h.,. IDIII I I l.IS I I 25.' I I I I I
:=========::=::::==::::1'=:1'::::1:1'2:.:1':.:.:.:::1:1.:1•••••• :&I:S:.:I::I:I'I:::I==2:.:I'••:;:I':I:I'I:::2:11':l1:1I::lI:::I:::::::::I':•• :1••••••••• 11••• 1'••••••••••••••••••••••••:.11: ••• :111•••••1'••••• " •••••••••••••••••••••••••••••••••••••••••••••••••••••••

( If'.' ODI d.l"hd u.in, d.h"i ... Ii.il .hD.n, P ...., , .....1 hI briD. d.h,li ... Ihill IS ...., i.,ulfi,i ••1 ...ph "0' 10 2H".B1
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AI,h.b,liul Su...r, 01 tOMi Ii to.olt Orlr<l.d 1ft ot tr,,1 00. S..,I. F,o. IIROP Srouod hhr th•• iul Aooty... ,.,111 1251.01

D.h : f"u,h, : Ihol I Riolllli 11081U1 Irplllil 1,,81121 Irplllli 1,plllll Oupi I I Oupl 2 I Dupl 1 I
....... -_ .. -_.. -- .....-.._-_.. __ ._----_..-_...---- .. -_.. --- ..-._--------_...._---- .. _-----------_.... ----- ... _....------._-..---------... -_.....
0[1·8l : I.I,I-Iri[hloro.lh.o. I I I I I

apr -II : "I,I-Iridloro.lh'o, I I I I I

0[1-11 : I,I.I-Irl[hloro.lhan. I( 0.0101 I I I I
J.n-B~ : I.I.I-I,icbloro.thln, I ( 0.005 I I I I I
l.n-B5: 1,1.1·lr;[hloro.lh.n. I : I I I I

J.o-Bb: ""I-!ri'hloro.lh.n. I ·1 I I I
Apr·8bll.I,Hri,hloro.lh,n. I ( 0.005 I I I I I

10'1-96 : 1,1,I-f,icbloro,lhln, I ( 0.005 ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.093 ( O.DOS I

D[I·8l: I,I·Oi,hloro,lh... : I I I I
Apr-II: I, I-Oi,hloro,lh... I I I

O<I-BI I "1·Di,hloro,lha•• : ( 0.0101 I I

h.-B5: 1,I-DI'hlaro.lhan. : ( 0.005 I I

Jun-85 : I.I-Di'hloro.lbln. I I I I

J.0-8b : "1-Di,hloro,lh,•• I I I

Aar-8b I I,I-Di[hloro.tblo. I ( 0.005 I I I I

loy-S' : I,I-Dichlara,th.n, I( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ' ( 0,005 ( 0.005 0.075 I ( 0.D05 I

0<1·8l : .. 1·Di[hloro.thoo. I I I I I

Apr-II: 1,I·Di,hloro.lhoo. I I I I I I I

O<t-B4 I I,I-Di[hloro.th••• I( 0.0101 I I I I I

hn-85: 1,I-Di'hloro,lh... I( 0.005 I I I I I I

Jon-B5 : "I-Di,hloro.lh.o. I I I I I I I

hn 86 I 1.I-Dlchloro.lhoo. I I I I I I I

A,r-B6 : 1.I-Di'hlo,o.lhon. ( 0.005 I I I I I I I

lo.-Bb I 1,I-Di'hlo,o.lh.n. I ( 0.005 I ( 0.005 D.OOS I ( 0.005 I ( 0.005 0.005 I ( 0.0051 ( 0.005 I ( 0.005 I

110'1-86: 2-8uhnon, I( 0.010 I ( 0.010 0.010 I ( 0.0101( 0.010 0.0101 ( 0.010 I ( 0.010 ( 0.010 I

10.-86 : A11l1initv I( 5.0 I ( 5.0 5.0 I I I 4841 417 416 I

10,,-96: "unic. Din. I( 0.0051 ( 0.005 ( 0.0051 I I( 0.005 I ( 0.005 0.0Il

D[t-IJ : Ar ..ni', lotll I I I I I I

Ap,·BI: Ar ...\<,totll I I I I I I

D[I-II : Ilr "''', 10111 I I I I I I
ho-IS: A, ... \<. 10111 I I I I

Jan-S5: Ar"ni[, totd I I I I

Jln-86: .,n"ic, lotal I I I

A,'-86 I Ar ..n;,. 101,1 I I I I

10,-B6 : AH.n;,. 10111 I( O.OOS I ( 0.0050 I ( 0.005 I I ( 0.005 0.006 O.on

10.-861 hriul. Din I( 0.010 I ( 0.0101( 0.010 I I 0.157 0.115 0.111

.r.... -86: lI,iuI. lohl ( 0.010 I ( 0.010 I ( 0.010 I I 0.194 0.511 0.160

lkl-8l: It...n. I I I

Ap, ·B4 : h ...n. I I I

lkl·84: 8....n. I ( 0.010 I I I

J.n-85 : 8.onn. I ( 0.005 I I I

Jun·85 : Itnunt I I I I.

hn·86: Brnnnt I I I I

AD,-B6: ....... I( 0.005 I I I

-------;---- .- ..'·B6-1-.....n. I . ( 0.005 ( 0.005 I ( O.OOS I ( 0.005 : ( 0.005 ( 0.005 I ( 0.005 ( 0.005 ( 0.005 I

D[I-IJ : 8i.C2.lh,lh•• yIlPllthlhlt: I I I I I I

Ap,·84 : 8i,c2.lh,lhtl,IIf1llh.hlt: I I I I I I

0<l·B4: 8i.I2,lhylhtl,IIPhlh.hltl I I I I I

IIn-85 : 8i,II.lh,lbtlyIIPhlh.hltl I 1 I I I I

Jun·B5: 8i.17,lhylbtlyIIPhlh.hltl I I I I I I

J.n·86 : 8i.17.lhYlhtl,IIPhlhohlt: I I I I I I

Ap, -Bb : ti.l7.lhylhtlyIlPhlhohlt: I I I I I I

10,-B6 I ti'17.lhylhtl,IIPhlhhlt: I I I I I I I I

1.,-8b It.d.iu., Din. I . I 0.0004 I ( 0.0001 I 0.0002 I I I D.OOOl I 0.0004 0.0008 I

. : ••. I r: ~ I ,,_, .. t ... 1. II-A" -81



• • •
",~no••lI,,1 '''10', 01 Co•• itilue.h D.lllhd io .1 1.101 0.. Supl. hOi IIROP G,ou.d hh' Chroi,,1 Anlly... 119/11

hh : P""lPhr I Ih.1 I li.8II11 11.81U I l,p8ll11 1,,11I11 I,pllll: I,p81111 Dupll I Du,ll I Dupl3 I
---...--..---_.._--.._--_._---.---------.._-- ----------------------------------------_.- .-----._.---------- ------..------------------------
OcI-81 ICdliul. loll' I I I I I
Ap,-II :Cdliul, 101.1 I I I I I
Otl-II : hdtiul. 10111 I I- I I I
J•• -85 : C.dtiuI, lold I I I I I
Jun-aS: [,"jUI, fohl I I I I I
J.n-86 : Cd,juI, lotd , I I I 1

II,r -86 I h'"lu". 10111 I I I I I
10,-86 I C.d.iuI, lold O.DOOl I - 0.OD03 I 0.D005 I O.DOIO 1 0.00lt I 0.0159
10,-16 I hlliuI, Di ... ( D.IDO I ( 0.100 I ( O.IDO I 1571 1111 I5l
10,-16 I hlliuI, fold ( 0.11 I ( 0.11 I1JI 86.5 1 380
10,-86 I Chlo'ide I( 1.0 I ( I.OI( 1.0 I "" 15.3 I 15.1

OtI-81 I Chloro'o'l I I I I I 1
A.,-II : Chlo,olo,1 I I I I I 1

Otl-II I Chlo,o'.rI I ( 0.0101 I I I I

J.n-BS : Chlaro'or. I ( 0.D05 I I I I I
Ju.-95I Chlo,olo," I I I I I

J..-96 : Chloro'o,1 I I I I I I
11,,-86 : ChI.,ofo,1 : ( 0.D05 I I I I I I
Mav-B6 : [Morofon I ( 0.005 I ( D.D05 ( 0.005 I ( 0.005 I ( 0.005 ( 0.D05 I ( 0.005 I ( 0.005 I ( 0.005 I
low-S6 I Chro.iu•. Din. I 0.001 0.001 0.0011 I 0.001 0.001 1 0.001 I

Del -81 I Ch'OliuI, 1.111 I I I I

Apr-8f I Ch'OliuI, 101.1 I I I I
Oel-91 I Ch'OliuI, 10111 I I I
J•• -85 : Chraliul, 1.1.1 I I I
Jun-85: Ch'.liuI,I.I.1 I I I

J.n-86: ChrOliul. 10111 I I

Ap'-96 : Ch'OliuI, 10111 I I

IDV' 86 ~ thr ali UI. rat.1 0.004 0.001 0.001 I 0.009 o.m 0.009 I

Oel-U : Cio I.l-Dirhloro.lh.n. I I I
Apr-81 I Ci, t.l-0iehlo,0.lh.n. I I
Ocl-II I Cio t.l-Diehl.,o.lh••• ( 0.010 1 I

h.-85 I [io I,I-Dichlo,o.lh••• I I I
Jun-85 : [i. l.l-0iehlo'0.lhn' I I I

J.n-86 :[i,l.l··Diehlo,o.lh••• I I I I I
Ap,-86 IC.. I,l-Diehlo,o.th.n. I I I I I

10,-86 ' Ci. I,l-Diehlor •• lhtn. I( 0.005 I ( 0.D05 I ( o.m ( 0.D05 ( 0.005 ( 0.005 0.19 0,31 0.005 I

1.,-96 COppft, Din. I 0.003 I 0.009 0.001 0._001 0.004 0.001 I

O[I-BJ Copprr, 10111 I I I

Ap,-8I Copprr, 10111 I I I I

Or.·81 [opprr, 10111 I I I I

J•• -95 Copprr, 10111 I I I

Jun-95 Coopt', 10111 I I I I

J.n-86 Cop.rr.lolil I I I

I#r-86 [o.prr.lolil I I I I

10.-86 COppt" '0111 0.005 0.004 0.0011 I I 0.019 0.181 0.016 I

Oel·81 £th,lbrnzrn. I I I I

RP;-91 £thYlbrnzr.. I I I I

Drl-81 Ethvlbtnnnt 0.010 I I I I

J.n-95 £th,lb••nn. 0.D05 I I I I

Ju.-95 £th,lb.nzrn. I I I I

J.n-96 (th,lb.nn•• I I I I
Ap,-96 llh,lb.nn•• ( 0.005 I I I I
10,-86 £th,lb.nzr•• ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.D05 ( 0.005 I

10,-96 lud.Oi ... O.DOl O.DOI I 0.0011 I I I O.DOI '.D03 O.DOI I

( u ••' nol Irltrlrd •• i09 d.lr,lion lilil .lo.., , ....1 ' .....1 'ul hlo. ,.1,,1101 lilli, IS .un, i.,.fll[i ..1 .upl. "9' U

1251.01
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Alphlb.ti,,1 Su.... , of CO.lititu••11 O.It,I.d In at hul 0•• Supl. Iroo .IROP Grou.d hltr Chtll,,1 A..Iy... IIQ/II 1254.D1

Dalt : hrnrtf, I 11a.1 I Ri.1II11 Ri.BII21 Irplllli lrpBIIll lrpBIIll IrpBIIII Dupll I Dupll 1 Dupll I
--_....---.~---_...-_... -_....-_.._.----.----_.------_.- --_..-..-. --------.----------------.------- ----------------------------------.-------
Oll-Sl I"d.lotll I I
Apr-81 I"d.lohl I I
O,t-SI I"d.lotll I I
Jln-B~ l"d.lot.1 I I
Jun'B~ I"d.lohl I I
J••-S& l"d,Iohl I I I
Apr-9& h.d. lohl 115 I I I
.0,-9& I"d.lohl I I 0.009 0.001 0.001 I O.Olll 0.019 0.018
••,-S& ""nniul. Din. I I( 0.010 0.100 0.100 I 29.' I n.8 '1.1
••,·8& ",nq.n.n. Din. I I( O.OlO O.OlO O.OlO 1.01 I 0.027 1.98

O,I'Sl ",nq.nn., 'ohl I I
Apr -8\ Ibn;,nnt, folal I I
O,l-SI ".·9.··... loh

l
I I I

10.-85 h.Q...... Iohl I I I I

J•• -S5 h.Q'."" Iotol I I I I
Io.-S& ",nq.nn' l total I I I
Apr-8& "••Q...... Iohl 115 I I
••• -S& "'.Q...... 10101 I I( O.OlO ( 0.0101( 0.030 ..,5 I 1.1l 1.19

.",-S6 "'fCUry, Din. I ( 0.0001 ( 0.0001 (0.0001 ( 0.0001 I ( 0.0001 <0.0001

0,1-8l ""CDr't, lohl I I
Apr-SI ",,,ur,. I.hi I I

OtI·8\ ",,,Ury, 1.101 I I
11.-85 ••".r,.IDhl I I
J••-S5 ftrfcuf1, lohl I I
J•• -86 "."ur,.lohl I I I

Apr-S& "",ur,.lohl .1 I I I
.o,-S& ""tur,.I.11I I ( 0.0001 I ( 0.0001 ( 0.0001 I ( 0.0001 I ( 0.0001 ( 0.0001

Olt-Sl ".lh,It•• Chlorib I 1 I I
Apr-SI ".lh,It•• Chl.,id. I I I I

Oll-8\ ".lh,I ... Chlorld. 0.010 1 I 1 I I
J.. 85 ".Ibylt•• Chlo.id. 0.005 1 I I I I
Jo.-85 ".lh,It•• Chloridl I I I I I

Jo.-S& ""lh,II., ChIDridl I I I I I

Apr-86 ".th,It., Chloridl 0.011'1 I I I I

••,-86 ".lh,It.1 Chloridl I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 : ( 0.005 I ( 0.00' I ( 0.00' I ( 0.005

•0,-86 .i,hl.Oi... I( 0.001 I 0.001 I ( 0.001 I I( 0.001 I ( 0.001 I ( 0.001

Oll-81 "i,h" lohl 1 I I I I I I

Ap. -8\ .i,"I.lohl I I 1 I 1 I I

Ott-81 Ni,I.I.lohl 1 I I I I I I

J•• -85 Nilhl.lohl I I I I I I I

Jl1n'B~ .i'hl.lohl I I I I I I I

J•• -86 .id.I.lohl I 1 I I I

Apr-S6 .i,"I.IoI11 I I I I I

.0,-8& Nilhl.lollI I 0.011 O.OOl 0.0101 I O.Ol' I 0.15' I O.on

•0,-8& .ilralt-.ilroQI• I 0.021 0.0211 I 1.161 Ul I O.OlS I

0,1-81 PCI1212 I I I I I I

ADr-SI PCI 1212 I I 1 I I I

Olt-81 PCI 1112 I I I I I

hn·B~ PCI 1112 I I I I I I

Jun·B5 PCI 1112 I I I I I I

J•• -8& PCB 1112 I I I I I I

Apr-S6 PCI 1112 lIS I I I I 1

.0,-86 PCI 1112 I I 1 I I I

Oll-Sl PCI 121S I I 1 I I I

.. Ul" ..."t ~lt'"r"d ,,~lnn ~"hrti,," li,it ~'Ull'"t P lun, ,rn,"t ht blo. d,hctial lilitl 15 lunt in\uffichnt Inpll "QI Il II-A,.."
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D.t. : Plr ...t" : Ilin' I Rlnmll Rlnll'21 I,pmll 1,,11'21 frplill I frpBI"1 D.pll I lupl 2 I Dopl J I
......-.. ----..-........--_.......__ .__ .....---_........_-------------------------------------------_ .... _._--------------.-----------------------
Apr-II:fCII2IB
O,t-BI : In I2IB
J""B~ : PCI 11IB
Jun'B~: In 11IB
Jon·l. fCIIlIB :
~" ·Bb ICI1211 IS I
Ro.-Bb fCB 121B I
0,I'B3 fCBml I
Ap"BI fCllm I
O,I·BI PCI Il~4 I
Jln-B~ PCI Il~4 I I
Jun'B~ PClm4 I I I
J..,-B6 PCB Il~1 I I I
Ap,-Bb PCI 1lS4 IS I I I
Ro.-B6 PCB 1lS4 I I I
Oll-Bl PCB 1260 I I I
A,,·BI PCB 1260 I I I
Otl-BI PClmo I I I
hn-B~: PCI 1260 I I I
J.n·B5 : PCI 1260 I I I
J.n-B6: PCI 1260 I I I I
Ap,·Bb : PCB 1260 115 I I I I
Rodl : PCB 1260 I I I I
loy-B6; Pohniu., Di". IC O.IDO I C O.IODIC O.IDO I 1.85 ,." 1.92

Ro,-Bb S.ltniUl. Dill. IC 0.005 I ( 0.D05 I ( 0.005 I 0.00' '.051 0.005

Rov-Bb S.ltni ••, 10111 I( 0.005 I ( 0.0050 I ( 0.005 I 0.005 o.m ( 0.005

R.,-Bb Sihr" Din_ :( O.OOIIC 0.001 I ( O.DOI I 0.001 ( 0.001 I ( 0.001

0,1-83 SiI"" 10111 I I I I
Ap,-II Sih",Iolil I I I I
0,t-B4 Silv".Iolli I I I I

J•• -15 Sih".Iol.1 I I I
J.n-B~ Silv". 10111 I I I I
J.n-Ib SiI .... lolli I I I I

Ap"Bb Sil,,,,lolll I I : I I

Ro,·Bb SiI"" 101.1 I ( 0.001 I ( O.DOI I ( 0.0011 O.OOJ ( 0.001 I ( 0.0011

Ro,-86 So.i.I, Din. I( 0.100 I ( 0.100: ( O.IDO I b.n 1$.1 I 10.61

Ro,-Bb .S.lhl.. I( 10.0 I ( '.0 ( 10.0 I 96.5 43.0 Jltl

0<1·83 : Ittruhl ...lbtn. I I I I I

Ap, '11 : ItI,,,h1or.lbtnl I I I I

Ocl·1I : hl,,,hlor.lh.n. I ( 0.010 I I I I
Jan-B5: ht,utllor,th,n, : ( 0.D05 I I I I

J•• -B~ : I.tr"hl ... lh.nl I I I

J•• -BI: Ittr"hl ...th.nl I I I I I I I

~"BI: I.tr"bl ...th.nl I( 0.D05 I I I I I I I

Ro,-BI: It""hl ...lh"l I I( 0.D05 I ( 0.005 ( 0.005 I ( 0.D05 I ( 0.005 I ( 0.D05 I ( 0.005 '.11 ( 0.005 I

. Oct -83 : loe I I I I I I I I

AD,·II: 10C I I I I I I I

Oel·lI: lOC I I I I I

Jln-85 : tot I I I I I

J.n-B5 : lOC I I I I I

J.n-Bb: 10C I I I

AD' ·BI : loe I I I
RD.-BI : Joe I I
0,I-B3 : lol ••n• I I

. 0.'_' ._1 ~~l".h" .. ~; .. _ .. , ..,ti .... 1i,it (""'VII! P ...n~ !!,..~ .."t 'IJt hl01 d,hctlon 1hit: 1~ ."n, lMUUici,,,t , ..pl. ,.,.14 21-Ap' ."
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0110 : Pu ..,h, : 11Inl I RlnlHll RinllU I Irplllli IrpllUI IrplllS I I,pllll I Dupll I 8upl2 I hpl J I
---.----..... __..-....---------------------- -.--------------_.--------.. ----------.--------------.-------_._-----------_...._----......--------------
tlpr-B4: Tolu.n. I I I I I I I
O,I-BI : lolu.n. 0.010 I I I I I I I
Ju·B5: lolu,n. 0.005 I I I I I I I
lun-B~ I.lu.n. I I I I I I I
Jln-B~ lolu.n. I I I I I I I
~r-e~ tolutn, ( 0.005 I I I I I I I I
".,-B6 tolu.nt - ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005
Oel-91 I"ns 1.2-0iehl.,••th.n. I I I I I
Ap,-el Ir,ns 1.2-DieMDf •• lh.nt I I I I
Oel-BI I"ns I ,2-0iehl.r ••lhon. 0.010 I I I
Jolln·B5 I"nl 1.2-Diehlor ••lh.nt 0.005 I I I I
lun-n I"nl 1.2-0iehl.,••lhon. I I I I I
Iln-B~ I..nll.2-Di,hl., ••lh••t: I I I I I
Ap,-B6 I"no 1.2-DieMoro.lh.n. I ( 0.005 I I I I I
... -B6 I"no 1.2-DleM.r •• lh.nt I : ( 0.005 ( 0.005 ( 0.005 ( 0.0051 ( 0.005 I ( 0.005 I 0.19 O.JI ( 0.005
Oel-n Ir\eMo,o.lh.n. I I I I
Ap,-BI I,lchlDfoPlhont I I I
Oel-BI I,lchIDfo.lh.n. I ( 0.010 I I I
Iln-B5 I,IeMoro.lh.n. I ( 0.005 I I I
lun-B5 I Irichlor ••lh.n. I I I I
Iln-B6 : Ir iehloro.lhon. I I I I
Ap,-B6 : I,iehloro.lh.n. I( 0.0051 I I I I
.0,-B6: I,iehloroolh.n. I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.0051 ( 0.005 I 0.60 1.5 0.000
.ov·86: trlthlofoftuorDI,thln, I( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005
... -B61Iinc.Oi". I ( 0.010 I ( 0.010.1 ( 0.010 I I 0.129 0.112 1.86
Oel-n I h.e. 10111 I I I I I
Apr-BI: hnc. 10111 I I I I I
Oel-BI : line. 1.111 I I I I I
Jan-BS: luc, Iota I I I I I I I

lun-B5: line. 1.111 I I I I I I
J.n-86: hAt, totll I I I I I I

Ap'-B~ : hne. 10111 lIS I I I I I
"0,-B6: line. 10hl I I ( 0.010 I ( O.OJ I ( 0.010 I I I.UI 1.191 20.7
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APPENDIX C

KAXIMUK AND MEAN CONCENTRATIONS DETECTED IN
NlROP GROUND WATER ANALYSES
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"","U" .nd "!In [ont.ntrolion. of [on.lito.nll Oohthd In MIROP a,ound M.t .. ~.. I.... Ioq/II '254.01

tn ..,t., : I·S 11-0 IHC I 2-S 12-0 IHC Il-S : J·D IHC I I·B 1 4-D I He I 5-S I 5-1 16·B I 1-1 11·B 11-0 ~ I-B

...--------_..._.._.._...__....---.------.-----_._-----------_._-------------_._--------~------------_._----------------------...._---- ..-..-------------------.. ---_ ..------..--------------_..---------------------------------------
I I I I I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I I I

I I I I I I · I I I I I I I I I · I I

Counl .1 .1 '" II .1 •• 2' '" '" '" •• o I '1 01 '" o• 01 D. O.

Aro.n;t.lohl RuiIUI: O.OOBOI 0.0025 • 0.0025 • 0.0015 I 0.0015' 0-0015 • 0.0015 • 0.0015 • 0.00151 0.0015 I 0.0025 • IA • 0.0015 I IAI 0.0015 I IlAI I~ • IlAI IAI

Run O.OOBO' 0.0015 • 0.0015 • 0.0015' 0.0015" 0.0015' 0.0025 I 0.0015 I 0.0015 I 0.0015 • 0.0025 • IA • 0.0025 I I~ I 0.0025 I IA I I~ I M~ I IlAI

I · I · · I I I I I I I I I I ~

I I I I I I I I I I I I I I I I I

I · . · I · I I I I I I I I I I I

· I I I I · · I I I I I I I I I I I

· I I I · · I I . I I I I I I I I I ·Counl 11 11 2' 11 11 21 II 21 21 21 21 '" 21 01 21 01 01 01 01

[,dliul.lohl "ui.u. 0.OOB5 I 0.00611 0.0011 I 0.00'.1 0.00111 0.0011 I 0.0016 I 0.00111 0.0091 I 0.0011 I 0-0029 I 0.00111 0.0068 I IA I 0.0061 I IA I M~ I 1lA. IAI

".an 0.0051 I 0.0011 • 0.002•• 0.0017 I 0.0021 I 0.0021 I 0.0011 • 0.0019 I 0.0051 I 0.0020 I 0.0011 I 0.0011 0.001l I IAI 0.0010 I UI IA I IAI IAI

I I I I I · I I I I I I I I I I I

I I I I · I I I I I I I I I I I

I I I I I I I I I I I I I I I I

I I I I I I I I I I I • I I I I

I I I I I I I I I I I I I I I I I I

Counl 2' 2' 21 21 21 2' I' 2' 2' 21 21 , 2 I 01 21 01 01 01 01

Ch,oliul. TollI ""i.d.1 0.01l0 • 0.00101 0.0110 • 0.0510' 0.0050 • 0.0070 • 0.0100 • 0.0150 I 0.0190' 0.0150 I O.OOBO I 0.0010 0-0130 I IA I 0,0100 I "'1 IAI NAI IA I

"un I 0.0110 I 0.0015 I 0.0115 I 0.0Il0 I 0.00151 0.0065 I 0.01ll. 0.0165 I 0.0110 I 0.0110 I 0.0065 I 0.0010 0.0095 I IA. o.om I IAI 11011 IAI IA I

· I I · · · I I I I I I I I I I

· I I · · I I I · I I · • I I ·· I I · · · I I · I · · I · I ·I I I I I I . . · · · I I I I I

I I I I I · I I I • · • · · · I I

COUll 21 21 21 2' 21 21 II 21 2 I 21 21 • 21 O. 21 01 01 01 01

C.P.... Tohl "ui.a. ' 0.05101 0.0560 • 0.0110 I 0.11101 0.0190 I 0.01901 O.OBIO I 0.0510 I 0.01lO I 0.0110 I 0.0560 I 0.0005 0-0100 I I. I o-ono I IA I "'" "'1 .. I

"tIft 0.0165 I 0.0110 I 0.0125 I 0.1lI0 I 0.0150 I 0.0155 I o.oml 0.01501 0.0115 I 0.0110 I 0.0110 I 0.0005 0-0290 I 11011 0.0525 I "'" 1M I IA I IA I

I I I I I · I I I I . I · I I I I I

I I I I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I I I

I I · I I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I I I

Counl 51 '" 5 I 51 5 I 5 I 61 5 I 51 5 I 5 I 21 5 I 21 'I 21 21 I I I I

h,d. T.hl "lIi.u. 0.09101 0.05101 0.1100 • O.llIOI 0.0100 I O.ono I 0.11101 0.0710 I 0.0160 I 0.0110' 0.0110 I 0.0260 I 0.0720 I 0.1660 I 0.2910 I 0.11101 '.'0101 0.01lO I 0.1510 I

"un o.oml o.om • o.om I O.IT'I I O.OI9B I 0.0191 I 0.0611 I 0.01l81 0.0116 I 0.010. I 0.0212 I 0.0110 I o.oml 0.11151 0.1101 I 0.01151 0.0590 I 0.0lI0 I 0.1510 I

I I I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I

I I I I I I I I I . I I I I I I I

I I I I · · I I I I I I I I I I

Counl II II. II .1 '" ,. ,. '" '" '" '" 2 i '" 21 '" 21 21 '" '"".., ...... 10111 ftui.u. 1.68001 0.15701 0.8110 I 6.9000 I 0.51601 o.mol 1.16001 0.1000 I o.mo I \.1100 I O.lUO I o.mol 4.0900 I o.mol 6.5100 I 0.5010 I 21.5000 I 0.6950 I IUOOO •

"un 7.1150 I 0.01101 0.58111 1.19251 o.mo I 0.7710 I 7.06BOI 0.OB60 I 0.1065 I 0.1418 • O.I9IBI 0.1015 'I l.2500 I 0.2750 • UU51 O.mOIIl.IOOO' 0.6950' 11.8000'

I I · I I I · I I I I · I I · I . I

· . · I I · · I I · I I I I · I I I

I I I I I · I · I I I I • I I I I I I

I . · I I · · I I I I I · · I I . ·I I · I · · I I I . I I I I I · I ·C..II •• '" "
II '" '" 2' •• '" '" '" 01 , I 01 '" •• 01 O' ••

"."u".lolll ft .. ilul 0.0001 I 0.00021 '.0002 • 0.0001 I 0.00021 O.ooot I 0.001l I 0.0002 • 0.0002 I 0.0007 • 0.000' I IAI 0.0002 I IAI '.0001 I 11011 IA I 1101' IAI

"flft 0.0002 I 0.0001 I 0.0002 • O.ooot I 0.00021 O.OOOB I O.OOOB I 0.0002 • 0~0002 • 0.0001 I '.0001 I IA I 0.0002 • IAI 0.0001 I IA' 1M I IAI 11011
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• • •
",ri.u. 'nd "un Connnt"tlon, of Conllllu,nll O,lrll,d I. IIROl' G,ound Mil" Anol .... 1"'11 1251.01

hr ..!tlr I 8·0 1'·5 1'·0 110-5 111-5 112-5 IIl-S I 11-5 I IS-S I 16-1 117-9 I 18-9 I 19-9 I 20-9 'fllt-11 I
--_ ...--- ....---_._-~_.--_._..-- ..-..-------...--_..-...-......_---.---_._--- ...._-------.-------_......... --_ ..... _-_ .... _------------_ .._-.-.----------.------------- .._------------------_.- .. _------· , · , · · · · ·· · · · · · · · ·· · · · · · · · · ·· · · , , , , · , , ·· · · · · · · , · · · · · · ,

Count 0' I. O. o. o • o • O' O. I' o • o • o , o. o • I'
II,II!. Totol fll.i.u. IA. o.mo. IA. IA. IA • IA' IA' IA • 0.0190 • IA • IA • IA • IA. I•• 0.0010 •

"tI" IA • 0.1120. IA. IA. IA. IA • IA' IA. 0.0190' I.' IA. IA • IA. U, 0.0010 •· · · · · · · · · · · , I ·· · · · · · I , , , I , , I· · · · · · · I I I I · "
I ·· I · · · · · · I I , I · I ,

· · · · · · · · · · · , ·Coont O' I. O. O. O' o • O' O' I' O' O· 01 01 01 2'
SiI'fr. Tolol Mui.u.l IA • 0.0010 • IA • I•• IA' IA • NA' KA. 0.000' • IA. U. I•• KA • la, 0.02~ •

"un I IA' 0.0010 • IA. IA. lA' IA' NA' IA. 0.000' • IA • IA' IA. IA • KA • 0.0118 •· · · · · · · , , , • · , , ,
· · · · · · · · , · , · · , ,

I · · · · · · · , · , · · , ·I · · · · · · · , , , · · , ·I · · · · · · · , · · I , · ·Coon I I I' l' I' 2' 2' I' ,. I' 2' I' I' I' I. I' ,.
lift.. Tohl "ul.o. I 1l.9000 • 1.1~' '.noo. 2'.8000' 1.1100' '.1100 • 6.1100' 17.6000' 25.'000 • 6.1100 • 4.5600 • 9.0800 , '.2100 , '.2'00 • "0'00'

"tin· II. '000 • 1.766/' '.noo • 1S.'900 • 1.2'00 • '.1100' 6.1100'11.6000 • 21.4~0 • 6.1100 • 4.5600 • '.0800' 1.2100' U~O' 2.0198 •· · · · , · ,
.:::::=::sa:I:::::.Sll=:.:::t~:::•• 'I.C=.:'II••• :l:I •••••:.lIl.:lI••••S' •• ,1I •••••••• , ••:I ••••• 5••• :; •• I.I::I:.:•••• : •• 'I ••••• a•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

M.II ttl, d,hdiDn li.it u\ und 'Dr cantitu,nh .hirh .". lIot ••hrhd. Poq, • 71-A,,-81



• • •
""ilul Ind "PIn Con"nl"lion, 0' Co..lilu.nll D.I"ltd In .I~DP ',ound hlt, ,,,,,III m4.01

PI,urt,r I 1·5 11-0 I I-P[ I 7-5 I 7-D I 7-P[ 11-5 I 1-0 Il-PC II-S 11-0 I I-P[ I 5-5 I S-O I 6-S 16-0 17-S 17·0
--_.-_.... -_..._----..._------------------.--------_..--------------------------------------------------------.-_.._-------_.------------------------------------------------- ... -------------------------._--_.---------_ ...· · · · · · I I · I · · ·· · · · · · · • · · · I I I ·· I I · I I · I I I I · · I I I

Counl 6' 6' 6' 6' 6' 6' 6' 61 61 61 61 11 61 l' 6' 11 l' 2'
I,I,I-I,i,hlorotlhln. ftU'IUI : O.OO~. 0.00:10 • O.OO~O • 0.00~8 • 0.00:10 I 0.00:10 • 0.00:10 • O.OO~O • 0.0050 I 0.0050 I 0.00:10 I 0.0050 I o.mol 0.0075 I 0.1100 I 0.00711 0.0065 I 0.001~ I

"un 0.0018 • 0.0018 • 0.0018 • 0.0011 • 0.0018 • 0.0018 • 0.0018' 0.0018 • 0.0018 • 0.0018 I 0.0018 I o.oon. 0.0018 I 0.0071 I 0.0616 • 0.0025 • 0.0047' 0.007~ I

· · · · · · · I · I I I I I I

· I · · · · · · I I I I I · · ·· · I · · · · I I I · · I I I I

· · · · · · · I I I I I I I I I I

· I · · I · · · I I I I I I I I · ·Counl 6' 6' : 6. 61 6' 6' 6' 6' 61 6' 61 1. 61 11 61 Sl l' 71

LI-Di,hlo,o.lhln' ft•• ilull 0.00:10 • 0.0050 • 0.00:10' O.OO~O • 0.0050 • O.OO~O • 0.0260 • 0.00:10 I 0.0050 • O.OO~O I 0.00:10 I 0.0050 I 0.00:10 • 0.0025 I 0.0190 • 0.0071 I 0.0015 • 0.0075 •

"'IA I 0.0018 • 0.0018 • 0.0018. 0.0018' 0.0018 • 0.0018' o.oon. 0.0018 • 0.0018 I O.OOlB I 0.0018 • O.OOll I 0.0018 I 0.0075 I 0.0065 • 0.0025 I 0.0075 • 0.0075'

· I · · I · · I I I I · I I · I I I

· · I · · · · · I I I · I I I I I I

· · I · · · I I I I I I I I I I I I

I · I I I · I I I I I I I I I I I

· · · · · I · I I I I I I I I I ·Counl 6' 6. 6. 61 6' 61 6' 6' 61 6' 61 11 61 l' 61 S' S' 7'
1,I-Di,h1o,o.lh... "..hul I O.OO~O • 0.00:10 • 0.00:10 • O.OO~O • O.OO~O • O.OO~. O.OO~O • o.oo~o • 0.0050 • 0.00:10 I 0.0050 I 0.00:10 • O.OO~O I 0.0075 I 0.0050 • 0.0075 • 0.0071 • 0.0025 •

"un O.OOlB • O.OOlB • O.OOlBl 0.0018 • O.OOlB • 0.0018 • 0.0018 • 0.0018 I 0.0018 I O.OOll • 0.0018 I 0.0013 I O.OOlB I 0.0025 I 0.0018 I 0.0075 • 0.00711 0.0075 I

· · I I · · · I I I I I I I I I I I

· · · · I I · I I I I I I I I · · ·· · · I I I · · I I I I I I I I I I

· · I · · · · · · I I I I I I I · I

· I I · · · · · · · I I I I I I I

Counl 6' 61 6. 61 6 I 6' 6' 61 61 6 I 61 'I 61 'I 61 ,. 'I 21

8'"lfnl ..uieul 0.00:10 • 0.0220 • 0.0710' 0.00:10 • 0.00:10 • O.onO' O.OO~O • ,0.0010 • 0.0110 I 0.0061 • 0.00:10 I 0.0050 I 0.0059 I 0.0025 I 0.0100 I 0.0025 I 0.0075 • 0.0071 I

"un 0.0018 • 0.00661 0.0061 • 0.0018' 0.0018 I 0.0012' 0.0018 • 0.0018' 0.0068 • 0.0011 I 0.0018 I o.oon. 0.00111 0.0071 • 0.0050 I 0.0075 I 0.0075 • 0.0071 •

· · I I · I I · I I I I I , I' I I

I · · · · · · I I I I I I I · I

· · · · I · I I I I I I I I I I · I

· I · I I · · I I I I · I I · I I

· · · · · · · I I f I I I · f · I I

Co••1 I. I. I. I' II II I. I. I' II I. I' I' I' I. II I' O'

liI12.lh,lh...IIPbtbah.. "nlllli 0.0180 • 0.00:10 • 0.0060 • 0.0110 • 0.0810 • 0.0100 • 0."00' 0.0580 • 0.0230 • 0.0180 • o.ono i 0.005' f 0.0160 f 0.0016 I '.2200 • 0.0030 I 0.000' • KA •

"PI. 0.0056 I 0.0021 I 0.0028 • o.om· 0.0226 • 0.0088 • 0.0319' 0.0167 I 0.0081 • 0.0061 I 0.0200 I 0.0059 I 0.0071 • 0.0036 I 0.0561 • 0.0010' 0.000'1 U.

· · · · · I · I I I · I · I · ·· · · I I · · I I · I · f f · · ·· · · · · · I I · I · · · f · · ·· · · · · · I I I I · · f · · I

· · · I · I I I I · · · f · I · I

Counl 6' 61 6. 6' 6' 6' 6' 6. 6' 61 61 11 6' ,. 6' 'I l' 2'

Chlo,olo.. "uhul 0.0050' 0.0050 • 0.0050 • 0.00:10 • 0.0050 I 0.0050 • 0.00:10 • 0.0050' 0.0050 I 0.0050 I 0.0050 I 0.0050 I 0.0050 I 0.00751 0.0050 I 0.002S· 0.00751 0.0071 I

"un 0.0036 • 0.0018 • 0.0018. 0.0018 • 0.0018 • 0.0018 I 0.0018 • 0.0018 • O'OOlB • 0.0018 • 0.0018. o.oon I 0.0018 • '0.0071 f 0.0018 • 0.00151 0.0071 • 0.0015 •

· · · I · · I .1 I · · I I · ·· · · · · · I I · · I I · · I ·· · I · · · I I · I I I I I I ·· · · · · · · I I · I I · · · I ·I · I · I · · I · I I · I I I I I ·Coo.1 I l' 11 11 l' ,. 11 I' l' 11 'I 1. I. l' I' l' I' I' I'

Cu L2-0"hlo,o.lh.n. 1I•• huI: 0.00:10' O.OO~ I 0.00:10 • 0.00:10' O.OO~I 0.0210 • 0.2900 • 0.00:10 • 0.0050 I 0.00:10 I 0.0050 I 0.0071 • 0.0010 I 0.0075 I 0.5800 • 0.007S • 0.0075 • 0.0015'

lIIun I 0.0017 • 0.001l • 0.001l I 0.001l • 0.001l I 0.0105 • 0.1500 • 0.001l I 0'001l I 0.0012 I 0.001l I 0.007S I 0.001l • 0.0025 I 0.2190 I 0.0025 • 0.0025' 0.0025'

HIlI Ih. d.l"lion lilil .n uud '0' ,an'lilu.nil .hl,h .rr••01 ....,ltd. Po,... 21-01,,-17



• • •
""iouo .nd "un Con..nl"liDn, of Con,lilu••h Dflflhd in IIROP Ground ••h. loq/ll Im.OI

P,rutt" : I-S I 1-0 I I-PC 12-S I 2-D IHC Il-S 11-0 I I-PC 11-' I 1-0
• HC

I 5-9 I 5-0 ..-. I '-0 • 7-' '7-0
...............-- .....__ ...--_.---- ------------ .._---.-.--.----.---------.---_ .._-----_.....---------.....---_._-_.......--------_...--.......---_....__ ......-..._-------_..-------..-_.------..------_.._----.....-------._..--.......----_........._---· · · · · · · · · , , · , , , , , •

I I , , I · · · • · , · · , , · · ·· · , , · I · · · , · , , , , · , ·· · · · • · • · , , , , · , · , • ·· · · · · · · · , , , · , , • , · ·CDu.1 6' •• 6' 6' 6' 6' 6' 6' 6' •• 6' S' 6' S' •• S' S' ,.
£Ihvlbo..... "ui,u. 0.0050 • 0.0050' 0.0050 • 0.0050' 0.0050 • 0.0050' 0.0lI0' 0.0050' 0.0050 , 0.0050 • 0.0050 • 0.0050' 0.0050 • 0.0075 • 0.0050 • 0.0025 • 0.0025 • 0.0025 •

"un 0.0018 • 0.0018 • 0.0018' 0.0018' 0.0018' 0.0018 • 0.01ll • 0.0018 • 0.0018 • 0.00S8 • 0.00S8 • o.oon. 0.0018 • 0.0025 • 0.0018 • 0.0025 • 0.0025 • 0.0025 •· · · , · .. · I · · · · · · · ·I · · · · · · · · · · · · , · ·· · · · · · · · · , · · · , · ·· · · · · · · · · · · · · ·· · · · · · · · · · · · · · · ·CDunl 6' 6' 6' 6' 6' 6' 6' 6' 6' •• 6' S' 6' S' •• S' S' 2'
".th,l.n. ChlDfI'. ""ilull 0.1000 • 0.1100' 0.1600'11.0000' 0.8100 • 6.0000' 0.1100 I 0.0100' 0.1100 • 0.8000 • 0.1100 • 0.0190 • 0.0290' 0.0025 • 0.0100 , 0.0025 • 0.0025 • 0,0025 •

"un 0.0551 ·o.om. o.om. 6.8108' 0.1Il5' I.om. o.om. 0.0075' 0.0211 • 0.1182 , 0.0712 • 0.0088 • 0.0097 • 0.0025 • 0.0185 • 0.0025 • 0.0025 • 0.0025 •· · · · · ·::::::::::::::::::=:=:::::=:=::=====:::::::::=:.:=*:••=::::•• lI'=S~U=•• ISltS •••=.::=.:r:.C:S.:.:.SI •• :lI:IS::.::::.:::::::::::1==•••• : •• 11 ••••••••••: ••••••••••••••••••=1.:.:•• :1••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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•
""i.u. ",d "un [Dn[.nl"liono of C..... ilu.nh O.I"ltd in .IRDP &round hh, hqlll

•
1254.01

•
Plru!hr : 8-S I 8-0 I '-S I '-0 : 10-9 : II'S I I2·S I IH I 14-9 I 15·S I '6·9 I \7·S I 18-9 I I9-S I 20-9 I Fft[·11 I

2' 2t ,.
0.0025' 0.0025' 0.1200'
0.0025' 0.0025' o.om.· .

Rolhy"n. OII.rid.

CDunl
ftUilul
"un

CDunl
fI.. itul

"..n

·····2'
0.0025 •
0.0025 •····2.
0.0025 •
0.0025 •

2'
0.0025 •
0.0025 •·····2.
0.0025 •
0.0025 •

·····3'
0.0025 •
0.0025.

····3.
0.0025 •
0.0025 •·

2'
0.0015'
0.0025 •

····2'
0.0025 •
0.0025 •·

·····3'
0.0025 •
0.0025 •

3'
0.0025 •
0.0025 •·

5'
0.0025 •
0.0025 •·····3'
0.0025 •
0.0025 •

··2'
0.0025'
0.0025 •····

2'
0.0025 •
0.0025 •·

·····2'
0.0025 •
0.0025 •·····2.
0.0025.
0.0025 •

·····2'
0.0025 •
0.0025 •

·2'
0.0025 •
0.0025 •·

·····2'
0.0025 •
0.0025 •·····2.
0.0056 •
0.0041 •

•

·····2'
0.0025 •
0.0025 •

•·2.
0.0025 •
0.0025 •·

·····2.
0.0025 •
0.0025 •·":.

;.·2.
0.0025 •
0.002; •

·····2.
0.0025 •
0.0025 •

·····2.
0.0025 •
0.0025 •

·•···2'
0.0025 •
0.0025 •·····

·····2'
0.0025 •
0.0025 •·····

····•,.
0.2100 •
0.0655 •···

P,q. 4
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"""UI ••d "un CD.".I"liD.O D' C..olilo••h Dtlr<trd II IIROP &rDu.d ••Ior AlI.lyoll '"qlll

•
1254.01

•
PI,u.hr

PCtll4l

PCB 1m

pct me

ptl 1760

: 1-5 : 1-0 I I-PC : 2-5 I 2-0 I HC I 1-5 : 1-0 : l-PC I 1-5 I 1-0 I I-PC I 5-S I 5-1 I 6-S I 6-0 I 1-S I I-D , I-S

I.
I

CDu.1 I 5 • 5 I 5 • 5 • 5 • 5 I 5 • 5 • 5 • 5 I 5 I 2 • 5 • 2 I 5 • 2 • 2 • I I I I

""il.1 : 0.00050 I 0.00070 • 0.00010 I 0.00010 • 0.00010 I 0.00050 I 0.00010 • 0.00020 • 0.00030 I 0.00020 I 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00020 • 0.00010 I 0.00010 • 0.00010 • 0.00010 I

"un : 0.00011 • 0.00011 I 0.00013 I 0.00009 I 0.00009 I 0.00011 I 0.00009 I 0.00011 I 0.00013 I 0.00011 I 0.00009 I 0.00008 • 0.00015 I 0.00010 • 0.00011 • 0.00010 • 0.00010 • 0.00010 • 0.00010 •
• , • I' •• I' I
• • I .,. • I •

, I I •• It' •

• I' •• I ,. •
I 'I .., •• .,

CDu.l: 5 I 5 I 5 • 5 I 5 • 5 I 5 I 5 • 5 I 5. 5' 2 • 5 I 2' 5 • 2' 2 I I • I I

""ilul I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 10.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 • 0.00010 I 0.00010 • 0.00010 I 0.00010 I

"un : 0.00009 I 0.00009 I 0.00009 I 0.00009 I 0.00009 • 0.00009 I 0.00009 I 0.00009 I 0.00011 • 0.00009 • 0.00009 I O.OOOOB I 0.00009 I 0.00010 • 0.00009 • 0.00010 I 0.00010 I 0.00010 • 0.00010 I

• I • , • , , I I I I , • • • " ,
, I , I • • • • • • • , , • • •• I

I I I • I I I I • I • • I • • '.. I
, • •• • I , I • , I • I ., •

I I •• I I • • • I • • I • I •

CDu.1 5 I 5 • 5 • 5 • 5 I 5 I 5 I 5 • 5 • 5 • 5 • 2 • 5 • 2 • 5 • 2' - 2 • I • I •
""ilul I 0.00015 I 0.00050 I 0.00010 • 0.00110 I 0.00070 I O.OOO~O • 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00070 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 •
"un : 0.0007l I 0.00011 • 0.0001l • 0.00079 • 0.00011 • 0.00011 • 0.00021 I 0.0001l I 0.00013 • 0.00015 • 0.00009 • 0.00008 I 0.00011 • 0.00010 • 0.00009 • 0.00010 • 0.00010 • 0:00010 • 0.00010 •

• • • • , • t , , , • • of I • • • I I

• I • • • • I • I • • I • • • • • I •

I I· • • •• ......,....

• , • • •• 'I'""""· . . . " .,.,....,..
CDunl 5 I 5 • 5 • 5 • 5 • 5 • 5 I 5 I 5 • 5 • 5 • 2 • 5 • 2 • 5 • 2 • 2 • I • I •
""il'" I 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 I 0.00010 I 0.00010 • 0.00010 • 0.00055 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 •
"un : 0.00009 I 0.00009 • 0.00009 • 0.00009 I 0.00009 • 0.00009 I 0.00009 • 0.00009 • 0.00009 • 0.00009 • O.OOOIB • 0.00008 • O.OOoot • 0.00010 • 0.00009 I 0.00010 • 0.00010 • 0.00010 • 0.00010 •

• • • , • • • • • • , I , • , • t , •

:=::.:1111·.1::::=.:===::=::1111:=11••=:=:_:=:=:1:::==•• :"::11,: ••=11==:1:.:1=::••1:.:1:.1:::.111:=::11:••:.:11I==1::1:1:.=====11.,11.==:11.==••• 11•••••••••••••••••••••••••••••• .11 ••••••••• :11 •••••••••••••••••••••••••••• 1:••• 1:•••••••••••••••••••••••••••••••
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ce • • 
,0n,1I Iupnh Add.d No,-B6 

h,h •• Ind M .. n Con[fnlriliono .f C ... lilu.nh D.ltCfd In .,ROP 6round Mil" A .. IYliI f.,/1I 

Oah : Parnehr : I-S I 1-0 I HC I l-S I 1-0 I I-PC I 3-5 I 3-0 I HC I 4-9 I 4-1 I HC I 5-S I 5-0 I '-9 I .-. I 7-S 
--_ ...... ------------------------------ --------- -----------... -.- -- -- -----_ .. ------------- -_.. -------- -- -_ .... -- --_ ..... _------------_ ... --.---------------.. -------------------- .. --------.. _-------------------- ---_ .. _-- ----------------
M.,-86 : l-Butanon. ( 0.010 0.010 I ( 0.010 I ( 0.010 I ( 0.010 0.010 : ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010: 
Mo,-86 : Alhlinih m 231 I 2111 569 : lie 8.5 : 1111 102 1 2191 2121 258 I 2ll 1971 3Bl1 1561 260 I m: 
Nov-86 : Arsenic, Diu. 0.005 0.005 : ( 0.005 I ( 0.005 I ( 0.005 0.005 : ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005: 
110'1-86 : Bartul. Din O.OBO 0.010 I 0.119 I O.IOS I 0.075 0_051 I 0.165 I 0.074 I 0.034 I 0.0~8 I 0.099 I O.on 0.06\ I 0_080 I 0.077 I 0.092 I 0.060 I 
110'1-86 : Biriul l '0111 I I 0.OB8 I I I I I I I I 
1I0'l-9b : [d.iul t Din. ( 0.0001 0.0004 0.0008 I 0.0006 I ( 0.0001 0.0005 I 0.0003 I 0.0004 I 0.0005 I 0.000' I 0.0002 I 0.0005 0_0009 I ( 0.0001 I 0.0004 I ( 0.0001 I 0.0008 
Nov-Bft : (.Ieiul. Dis5. 101 86.0 81.5 I 169 I 110 21.1 I 1571 1151 1101 64_' I n.J I 90.4 18. I 1111 1451 102 I 216 
"0,-86 : Cal[iu •• 10101 I I I 169 I I I I I I I I 
1(0 ... -96 : Chloride 19.5 10.9 58.4 I 4.5 I 41.7 59.7 I 4.8 I 2l.l I 31.7 I 4.2 I ; 72.6 I 75.' 50.0 3.2 I 32.7 I 72.5 I 11.7 
Nov-B6 : Chroliu., Din. 0.005 0.002 0.002 I 0.003 I 0.001 0.002 : 0.003 I 0.001 I 0.002 I 0.002 I 0.001 I ( 0.001 0.002 0.002 ( 0.001 I ( 0.001 I 0.002 
110,-96: Cnpptr. Disi. 0.001 0.001 0.005 I 0.008 I ( 0.001 O.OOS I O.OOS I O.OO~ I 0.003 I 0.00' I ( 0.001 I 0.002 0.004 0.001 ( 0.001 I 0.009 I 0.003 
No,-86 : Lud. Di ... : ( 0.001 0.001 0.002 : 0.001 ( 0.001 0.003 I 0.002 I ( 0.001 0.001 ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 0.001 0.002 I 0.003 I 0.002 
No¥-B6 : "a9r,uiu •• Din. 20.2 lB.8 45.0 : 3B.' 51.6 10.7 : 10.1 I U.5 54.' 21.5 4B.4 I 45.' U.5 11.4 39.4 I 47.' I 27.3 
MDy-B6 : "anqin,Sf, Din. 1.07 0.090 0.016 I 0.\98 0.392 I 0.002 I 1.04 I 0.076 0.052 0.005 0.362 0.210 D.m 0.100 0.564 I USO I 1.01 
flD¥-B6 : ",reury. Din. I ( 0.0001 ( 0.0004 ( 0.0004 I ( 0.0004 ( 0.0004 I ( 0.0004 : ( 0.0004 I ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0004 ( 0.0004 I ( 0.0004 I ( 0.0004 
Mo,·86 • Mi[hl. Oi ... 0.00' 0.003 ( 0.001 I 0.005 0.002 I 0.007 I ( 0.001 I 0.004 ( 0.001 0.00' ( 0.001 0.011 0.012 ( 0.001 0.025 I 0.043 I 0.072 I 
No,-B6 Hi t"tr-NitrOljfn 0.209 I 1.31 0.160 I 1.17 I 0.060 '.56 0.106 2.66 I 0.036 I S.29 I 
No,-B6 F'ohniul, Din. 3.92 I 2.20 3.28 I 3,6, 2.67 I 36.8 : 3.85 I 2.20 2.62 2.79 2.43 3.52 4.67 2.74 4.00 I 2.34 I 2.n I 
N",-86 S.I .. i ••• Oi ... : ( 0.005 I ( 0.005 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 0.005 0.005 0.005 O.OOS 0.005 I ( 0.005 I ( O.OOS I 
Mo,-86 S.ltni ••• lohl I I I I ( 0.005 I I I I 
No,-86 SI I "'. Oi ... 0.005 I 0.003 0.002 I ( 0.001 0.001 I ( 0.001 I ( 0.001 I ( 0.001 0.001 0.001 0.001 0.001 0.001 0.003 0.001 I ( 0.001 I ( 0.001 I 
"0,-86 Sodi ••• 01 ... 11.3 I 5.85 12.9 I 5.n '.06 I 31.0 I 7.R! I 4.81 5.68 11.5 U.5 10.2 18.0 3.57 26.0 I 15.0 I '.77 I 
M.,-86 Sui hits 77.5 I ml 96.0 I 56.3 184 I 110 I 91.0 I 203 304 15.2 118 85.' 192 181 1721 1761 118 I 
No,-86 Ir i[hlorolluorolflh ... I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I 0.0077 I ( 0.005 I ( 0.005 0.005 0.005 0.005 O.OOS 0.005 0.005 0.005 I ( 0.005 I ( 0.005 I 
N.,-86 line. Oi ... o.m I 1.25 I 0.068 I o.s51 0.660 I ( 0.010 I 0.131 I 0.842 0.351 0.631 0.492 0.086 1.601 0.687 0.909 I 0.8~3 I 1.05 I 

ml.01 
"" I 

21-Apr-87 
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