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En CUTIVE S1JMHAR.Y 

The Naval Industrial Reserve Ordnance Plant (NlROP) is located in 

an industrial ar~a in the northern portion of the Minneapolis/St. Paul 

Metropolitan Area within the city limits of Fridley, Minnesota. 

Advanced naval WeaponS sys tems are designed and manufactured at the 

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

operated by a private contractor (FMC), and the remaillder of the 

facility is owned independently by FMC. 

The most signific2I1t natural resource near the facility is the 

Mis,sissippi River. The City of Minneapolis water supply intake in the 

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

portilln of the Anoka County Islands of Peace Mississippi Riverfront Park 

is located west of the NIROP 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 a 

backup well finished in the PCJ immediately north of the NIROP. 

A highly permeable aquifer within unc:onsolidated Quatarnary 

sediments overlies the PCJ in the Vicinity of the NIRDP. The 

um:onsolidated aquifer is hydraulically separated from the PCJ by a 

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

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

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

Minneapolis has plans to utilize the unconsolidated aquifer for a 

"Ranney" well system to serve as a backup to the. Mississippi River 

surface water intake. 
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In March 1981, an anonymous phone call to the MPCA led to the 

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

finished in the PCJ. Grab samples obtained from NIROP storm sewer 

outfalls at the Mississippi River also showed contamination by TCE and 

other volatile organic compounds (VOCs) at that time. Subsequent 

sampling at the City of Minneapolis Mississippi River water intake also 

revealed measurable concentrations of TCE. 

Investigations into potential problems at the NIROP began 

immediately by FMC Corporation. 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). FMC pursued investigation of the south study area separately 

from the government-owned north study area. An agreement was recently 

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

Study Area. That agreement calls for pumping and discharging 

contaminated ground water to tbe Pig's Eye Waste Treatment Plant for 

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

mg/l total VOCs. This Interim Report details the Navy's efforts related 

to investigation of what Hickok (198la) called the North Study Area, 

which is herein referred to as tbe NIROP. 

On March 31, 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 

practices. An Initial Assessment Study (lAS) was completed in June 1983 

by Envirodyne Engineers, Inc. The lAS determined that drummed was tes 

had occasionally been buried in the northern portion of the NIROP and, 
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additionally, that the area beneath the NIROP building may be 

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

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

to continue investigations. 

areas 

Through various geophysical and remote sensing techniques, nine 

were selected for excavation based on their li~hoOd 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 were reportedly disposed in accordance with USEPA and MPCA 

guidelines. 

Three phases of ground water monitoring well installation began in 

June 1983 under COE supervision. The current network consists of 33 

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

moni toring 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' the unconsolidated and PCJ aquifers underlying the 

NIROP and some adjacent areas. 

Analysis of information gathered during this investigation 

indicates the following: 

Ground water flow 1s from the northeast to the southwest 
across the NIROP site. 

Ground water 1n the shallow and deep portions of the 
unconsolidated aquifer at the NIROP has been contaminated by 
VOCs. 
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TCE is the best indicator of the extent of ground water 
contamination for evaluating remedial alternatives at the 
NIROP. 

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

The former pit/trench 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 effect 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 contamination. 

Concentrations of TCE in ground water reaching the Mississippi 
Ri vel' are probably on the order of I to 10 mg/I. ,ODD tv 'D,DO!) If b 

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 _~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 is below 
the analytical de~cction 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. INTRODUCTION 

1.1 Background 

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

Corps of Engineers to complete an Interim Report for the Naval 

Industrial Reserve Ordnance Plant (NIROP) located in Fridley, Minnesota. 

This Interim Report is the culmination of the following specific 

tasks as described in the USEPA guidance documents on RI/FS under 

CERCLA: 

RI Task 1 - Description of Current Situation 
RI Task 4 - Analysis of Existing Data 
FS Task 9 - preliminary Remedial Technologies 
FS Task 10 - Preliminary Development of Alternatives 
FS Task 12 - Preliminary Evaluation of the No-Action 

Alternative 

Recommendations for additional data that need to be obtained to 

provide additional problem definition, evaluation of the no-action 

alternative and/or evaluation of potential remedial alternatives made in 

this Interim Report will be addressed in the Conceptual Workplan Which 

outlines activities for the remainder of the RI/FS. 

1.2 Purpose and Scope 

The purpose of the Interim Report is to use existing information to 

evaluate the impacts of past disposal practices on subsoils and ground 

water and to form the basis for preliminary development of remedial 

action alternatives. 

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

information related to the NIROP site and surrounding areas which was 

~eveloped by other consultants, the Corps of Engineers, and RMT. A list 
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of previous investigations which formed the basis for this Interim 

Report is as follows: 

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

Draft NIROP 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 }~rch 
1986. 

Summary Report on Ground Water Conditions, 
Ordnance Division Plant, Minneapolis, Minnesota. 
Papadopulas and Associates, Inc • 

FMC Northern 
1983. S.S. 

Final Report Phase I and Phase II Investigation Programs, 
Northern Ordnance Division FMC Corporation. 1984. S. S. 
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 lntitial 
Assessment, April 1981, Eugiene A. Hickok and Associates. 

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

Feasibili ty Study t FMC and BNR Lands, Ground Water Regime, 
January 1985, Connestoga-Rovers & Associates, Limited • 

Response Action Plan, Fridley, Minnesota, April 1985, 
Connestoga-Rovers & Associates, Limited. 
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2. INVESTIGATION SOKHARY 

2.1 Site Background lnformation 

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 is located in the northern portion of the Minneapolis/St. 

Paul Metropolitan Area, within the city limits of Fridley t 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. 
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2.1.2 Chronology of Remedial Work and Investigations 

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

Agency (MPCA) led to concern over waste disposal practices at the NIROP 

facility. 

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 2-2c), 

revealed the unquantifiable presence of TCE during 4 sampling round-so 

On December 31, 1981, the first quantifiable concentration (O .. O,Qb2 mg/l) 

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

On March 31, 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 Ag'ency's 

"Superfund" Program authorized by the Comprehensive Environmental 

Response, Compensation, and Liability 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 lAS team collected and evaluated 
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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 IAS 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 the 
emanating 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), and 

approximately 1,200 cubic yards of soil and 43 drums were removed. The 

majori ty of the drums contained inert so lids; 0 thers 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-

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

trenches contained total VOC's above 1 mg/l; however, no further testing 
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was done at that time. The trenches were backfilled with clean fill, 

and removal activities were completed in March, 1984. 

Phased installation of ground water 'monitoring wells began in the 

fall of 1983. To date, 34 wells 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 194() 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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portion of Northern Pump's business. Thereafter, the facility has been 

referred to as Northern Ordnance, Inc. I and later as Northern Ordnance 

Di vision (NOD). 

On January 31, 1964, Northern Ordnance was acquired from Northern 

Pump Company by FMC Corporation. Northern Ordnance was assigned 

divisional status within FMC's Ordnance Group. FMC has been the 

contractor at the NIROP since this date. The facility presently employs 

approximately 3,200 persons. 

The NIROP has evolved into one of the prime developers and 

manufacturers of naval ordnance equipment in the United States. The 

plant has one of the largest and most diverse machine shops in the 

world, enabling it to be the major supplier of heavy naval ordnance for 

the United States Navy, 

Activities and Operations. The processing and manufacturing 

operations associated with the facility include a machine shop, metal 

plating shop, paint shop, assembly, foundry, heat treating, welding, and 

associated support facilities. The testing facilities include an 

electronics laboratory, metallurgical laboratory, hydraulic test bays, 

and shock/vibration test equipment. 

Condition of Wastes. The NIROP generates both liquid and solid 

waste materials. In some cases wastes have been disposed on-site. 

General plant wastes, such as paper, scrap wood, and garbage, are 

handled in the on-site stationary hydraulic compactor which was 

installed in the early 1970s. A contractor for solid wastes hauls this 

material to an off-site landfill several times per week. An estimated 

4,000 tons of this waste is 1andfi1led annually. Between the 19408 and 
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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 wastes are currently placed in 55-gallon drums for 

disposal off Navy property by a contractor. On the average, 

approximately 30 drums per month were disposed of since the early 

1970s. Before 1973, industrial wastes such as paint sludge and 

chlorinated solvents were typically disposed in landfills off Navy 

property- Limite~ disposal of these materials also occurred on Navy 

property in the early 19708. 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 NIROP facility. Several spills of various materials 

including 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 Begulatory Violations. Investigations of 

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

the NIROP facility and at the City of Minneapolis water intak.e 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 drummed wastes has been completed under COE 

supervision. Add i tionally , 34 monitoring wells have been ins tall ed to 

date and eight 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 to take 

response action required a Remedial Investigation/Feasibility Study 

(RIfFS) be completed by the Navy. 

2.1.4 Other Facto~s 

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

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

this time. 

Conflicting or Hissing Information. Certain areas of this 

investigation contain conflicting or missing information. Specific 

problem areas include the following: 

The Draft NIROP Hazardous Waste Cleanup Report (COE, 1984) 
indicated that upwards of 200 drums of waste materials were 
thought to be buried in the pits and trenches. Fourty-three 
drums were removed during excavation of the nine areas 
selected in 1983. This apparent discrepancy potentially 
leaves many drums unaccounted for in the pit/trench area. 

Excavation of Pit 5 may have been conducted in the wrong 
location. - Pit 5 was identified during pre-excavation site 
selection as having a high probability of containing d,rummed 
wastes. Documentation of the excavations as performed 
indicate that the true area to be excavated was approximately 
40 feet east of the area indicated on Drawing 3 of 3 in the 
Project Report 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 Dra~ng 1 
of 3 (not included in the existing information provided to 
RMT) from the Project Report (COE, 1986) shows an incorrect 
planned location for Pit 5 excavation. The COE indicated that 
the actual excavation area for Pit 5 was the correct 
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location. However, no drums were found in Pit 5. In 
addition, 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 vici~ity 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 lAS 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,OOO-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. 

2.2 Nature and Extent of the Problem. 

Results of this investigation indicate that multiple sources of 

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

contaminant sources include NIROP activities as well as undefined off-
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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 indicato~ of ground water contamination within the study 

area. The current health-based carcinogenic risk level calculated at 

the Minneapolis water intake is above the USEPA acceptable risk level, 

assuming 10 percent di1utio~. However, the calculated TCE concentration 

after 100 percent is very close to the acceptable 10-6 level. 

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) t installed as part of the FMC Study, has been used for 
this study. Data from well borings have yielded the following 
geologic findings; 

Unconsolidated silty 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 alluvial 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. 

Numerous rounds of ground water elevations have been obtained from 
the NIROP monitoring wells. The following findings have been 
developed from this data. 

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." 

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

Inorganics - 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/1) 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 - PCBs were detected in several wells at concentrations 
near the detection limit. PCB Aroclors varied between sampl
ing rounds 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 weIls 
immediately downgradient. Low confidence in the report,.ed 
values (near detection limits) and the lack of spatial ""'<ir 
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 16-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 NIROP include 
chlorinated and non-chlorinated solvents, acids, bases, metal 
conditioners, stripping and cleaning agents, paints, and 
photographic chemicals. 
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6. Data for the years 1984 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. 

7. 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. 
~ 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 (3-8, FMC-33, and 8-8) 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 uRQn 
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 well(s). 

8. TCE-contaminated ground water was detected to the north and east 
(upgradient) of the NIROP in shallow alluvial wells 15-S and 16-
8. 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 9-8 along the eastern NIROP 
property boundary. 1,1, Dichloroethane and selenium (in excess of 
the MCL) were also detected in well 9-5. 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 9-8 would require an additional well(s). 

10. A fourth area of contamination was indicated on the southwestern 
portion of the NIROP facility near wells 10-5, 6-5, 11-S, and 17-
S. Constituents detected in well 10-5 indicate a pure TCE source, 
while those in well 6-8 indicate a mix similar to those previously 
discussed. An above-ground TCE tank formerly located near well 
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10-5 or its distribution system may be t~e 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 pitltrench area, the building 
envelope including leaks from the storm and sanitary sewers are 
also potential sources. 

11. 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 soulice 

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

Barnwell Waste Management Facility, Barnwell, South Carolina, in 

December 1982. 

~f 
2.2. 2 Effects of Contaa1n8uts from. the Site f 

Hazardous substances have migrated from the ite to the surface 

waters of the Mississippi River. No adverse effects from these 
__ •• _,....' 4 _.____ • __ ~, .. __ _ 

substances have been reported or observed. Likewise, no vegetative 

stress or aquatic problems have been reported or observed. 

2.2.3 Near-Future Impacts 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 hydrogeologie 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 Suamary 

The initial investigation of conditions at the NIROP 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 rounds of ground water sampling and 

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

this investigation. Subsequently, a comprehensive round of ground water 

sampling has been performed as well as preparation of this report. 

Concurrent with this investigation, FMC Corporation, through 
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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 Iteport 

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 10 major sections as well as 

references (Section 11), a terminology guide (Section 12), and 

Appendices. Raw data and supporting documents are included in 

Volume II. 

Sections 3 through 6 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). 

Sections 7 through 10 outline the following feasibility study 

activities: 

Preliminary evaluation of the No-Action Alternative (Section 
7). 

Identification of Remedial Technologies (Section 8). 
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Screening of Remedial Technologies (Section 9). 

~ Preliminary Development of Remedial Technologies (Section 10). 

// Sections 11 and 12 contain a reference section and glossary, 

respectively. 

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 NIROP Ground Water Analyses (Appendix B). 

Maximum ~nd Mean Concentrations of Constituents Detected in 
NIROP Ground Water Analyses (Appendix C) • 

Constituents Added November 1986 (Appendix D) • 
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3. SITE FEA11JR.ES INVESTIGATION 

3.1 DellOgraphy 

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. t. 

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 faciUt}l-.o~ the 
',,--- .' _. __ . ....---::.::::---_ .. --

river's edge, consisting of approximately ~_Q_ acres~_., ./ 

3.3 Natural 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 NIROP 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 ge~erally restricted to the Mississippi River Valley • 

3.4 Clfaatology 

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

summers with average temperatures ranging from the upper 70°F to the low 

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

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

precipitation (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 SUBSTANCES INVESTIGAnOH 

This section of the report summarizes the informationRMT 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. There also have been no facility-wide 

investigations designed to provide a comprehensive evaluation of past 

hazardous waste generation or disposal. 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 major hazardous substances found at the NIROP. 

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 Materials 

The NIROP uses a wide variety of raw materials for industrial 

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

located throughout the facHi ty. Most materials used for the various 

industrial operations are stored in stockrooms associated with 

indivirlual departments. Only hazarnous 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 Cbntrol 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: 

Product 

Reliasolv 564 

Diko 

23-75 Cbreactant 

Various Pepset 
Formulations 
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Ingredients 

90% Tetrachloroethylene 

Mixed phenols 

Bisphenyl isocyanate 
Aromatic hydrocarbons 

Aromatic and aliphatic hydrocarbons 
phenol, formaldehyde, polymeric 
diisocyante and pyridine 
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Various Isocure 
Formulations 

'Rust-Lick G-25-JA 

Trimsol 

Aromatic and aliphatic hydrocarbons, 
triethylamine, polymeric diisocyanate, 
phenol, formaldehyde, alcohol, and 
aromatic acid derivatives 

Amines, nitrate, polyoxyethylene 
(dimethylimino) ethylene 
(dimethylimino) ethylene dichloride 

Petroleum oil, chlorinated wax, 
emulsifiers, odorants, and dye 

·Trichloroethylen~ (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 

chloroform and 1,1,1 trichloroethane. 1,1, 1 Trichloroethane is also 

used in relatively large quantities in vapor degreasers. Material 

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

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 (TCE) 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-ga110n steel TCE tank 

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

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

reinforced concrete. There is no curbing or containment for trucks 

delivering or receiving the TCE and there are no overflow prevention 

devices or alarms. The TCE is transported into the plant in "tote 
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tanks" hauled on trucks. The t rucks de 11 ver 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 TCE 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 t OOO::-~.Cl._ll.?n capac~~y) 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 (18,000-gallon capacity) are also used 

to store #6 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 

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 
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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, aCids, oils, 

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 TCE were also reported to have been spilled 

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

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

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

absorbent material or vacuuming. Some of the spilled material, 

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. 
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4.1.3 Vaste 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 of Storage Area C, it was discovered that a sump in 

the building floor was actually a dry well. The dry well consisted of a 

section of 48-inch-diameter concrete pipe filled with crushed rock. 

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. 
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TABLE 4-1 

SUMMARY OF WASTES GENERATED BY INDUSTRIAL P.ROCESS AREAS 

Production Area 

Machine Shop 

~tal Plating 

Cleaning/Degreasing 
(Plant-wide) 

Paint SI))p 

Waste Generated 

Metal scrap, shavings, 1Nater soluble 
coolants, lubricating ani cutting 
oils, bJdraulic oils 

Acids, caustics, chranium and cyanide 
rearing liquids 

Plating Sludges 

'It:g 
Stoddard Solvent 

1,1,1 Trichloroethane 

Paint sludges, cleaners, 
phosphatizers, chroorl.c acid, riMe 
water contaning naphtha or 
IOOthylethyl ketOl.E (MEK), ani toluene 
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Dls{l?Sal Methods 

SonE recycling, 50,(00 to 150,(00 gallons/year ot Uquids to 
sanitary sewer. Approx:i.Jmtely 8 oo.rrels/year of·· sludges 
disposed off-site~ 

Pre-1973 liquids p.DDped to sanitary a:!Wer or disposed off
site. Post-1978 wastewater pretreal:m:!nt tlal to sanitary 
sewer. 

Appr0xim3.te1y 25 barrels/year disposed off-site. Sate OIr 

site disposal prior to 1973. 

Approxitmtely 40 barrels/year of 'ICE 8lld to rec1ailOOr. 
Approximately 120 barrels/year of stoddani solvent disposed 
off-site. 
Appr0xim3.te1y 75 barrels/year of 1,1,1 trichloroethane 
disposed off-site. 

1960's - 2 to 3 barrels/year sludges disposed off-site with 
sone prestm.e:1. disposed on-site in pits am trenches. 

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

Clearer, Ifusphatizers discharged to sanitary sewer. 

Chroorl.c acid collected ani processed with plati~ effluent 
pretreattrent. 

Rinse 1Nater discharged to sanitary sewer. 

Clearers containing MER'., to1ueoo, or naphtte disposed off
site (approx:ltmtely 20 gallons/day). 
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TABLE 4-1 

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS 

Production Area 

Assembly 

FOtD\dry 

Heat Treating 

Photo Shop 

Welding Dep3rtnent 

Boiler Plant 

Waste Gererated 

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

Sand 

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

Fixer, developer, and silver rearing 
liquids 

Rod stubs, flux, slag, line carbide 

Condensate b10wdcMn 
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Disposal ~thods 

Stoddard solvent am 1,1,1 trichloroethane included with 
cleaning/degreasi~ (above). Wash water discharge:l to 
sanitary sewer. Solvent-soaked rags collected in closed 
contaioom and wasted. on-site. 

Most sand is mc1a.ined, rowever, rm-reclainable sand (core 
lutts) dispose1 off-site. Sooe core lutts reportedly 
disposed on-site at mrth property prior to 1970. After 
1970 disposed ~ contract hauler. 

Quench oil runted in ooilers. Water-based oils discharged 
to sanitary sewer. Approx.iIJBtely 1,200 pouOOs/year earn of 
waste salts (non-cyanlde and cyanide) disposed off-slte. 
Grit/bead blast 1i7astes disposed off-site. 

300, (XX) gallons of rinsewater discharged annually. 

Wastes collected and disposed off-site. 

:n>,(XX) gallons/year discharged to sanitary sewer. 
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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. 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 10-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-dlchloroethylene (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 10-foot to 12-foot level were tetrachloroethylene (66 

mg/kg) and trichloroethylene (62 mg/kg). 

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 

visi t. 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. 

Resul ts of the water sample obtained by Braun Engineering showed 

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

(11 mg/l), a-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 
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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-af-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 snd 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. 

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-Site Vaste 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 rna ter ials were ma in tained; therefore, the 

exact amount and location of wastes could not be ascertained. Upward of 

200 drums of waste materials were. thought to be buried within the pits 

and trenches (COE, 1984). The materials disposed in the pits and 

trenches were thought to include waste oil,· plating sludge,paint 
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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 

geophysical survey, Navy and FMC officials arranged to relocate 

equipment and materials kept in the storage areas to delineate potential 

excavation areas to reduce interference with the surveys. The 

geophysical survey crew completed their task by using both magnetometer 

and terrain conducti vi ty surveys. As a result of these surveys, 20 

areas were identified as potential disposal locations. 

Nine 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, \2-7, 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 

(~1 drums from Pit 3 and 2 drums from Pit 17) and stored temporarily on 
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a staging pad until excavation of all pits was complete. It is 

uncertain at this time whether the 200-barrel estimate presented by COE 

(1984) is in error or whether there are a substantial number of drums 

still buried in the north storage area. 

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 excava

tion 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-215-30-01, 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. There is no file 

information to indicate that Pit 5 was re-excavated. 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 Landfill, Northwood, Ohio, USEPA I.D. OHD 

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. 
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Classification* 

Empty 
Inert Liquid 

Base Solid 

PCB Waste 

• • 
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 PCBs 
Total Leachable** of Drums (% by weight) (mg/kg) (mg/l) (% by weight) (mg/kg) 

4 -- -- -- --
4 7.5 As < 0.07 Isopropanol 0.3 NO 

Ba 5.78 Methyl Ethyl Ketone 0.6 
Cd 142 7.21 Tri~hloroethylene 0.2 
Cr 7,430 2.12 Ethyl Benzene 0.02 
Cu 15.3 Xylenes 0.07 
Hg < 0.005 Hydrocarbons (C10-2O) 0.2 
Ni 6.84 
Pb 18.9 0.04 
Se 0.15 
Zn 2,560 95.7 

1 16 Ag < 0.22 Methyl Ethyl Ketone 0.06 ND 
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 

6 (a) (a) (a) 650 
(as 1016) 
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VI 

ClassiUcation* 

Flammable Solid 

Inert SoUd 

• • 
TABLE 4-2 (Cont'd) 

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

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

2 54.4 Ag 0.74 Trichloroethylene 0.06 
As < 0.08 Toluene 2 
Ba 44.9 Ethylbenzene 12 
Cd 2.87 0.01 Xylenes 39 
Cr 1,020 0.31 Hydrocarbons (Cr 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 

26 6.92 Ag 1.46 Trichloroethylene 0.8 
As 1.49 Toluene 0.08 
Ba 218 2.14 Ethy1benzene 0.2 
Cd 4.90 0.03 Xylene 1 
Cr 533 0.16 Hydrocarbons (ClO-23) 2 
Cu 124 Cresols 0.8 
Hg 0.0202 C3 Benzenes 0.03 
Nt 33.1 
Pb 324 < 0.01 
Se < 0.08 
Zn 1,250 3.16 

PCBs 
(mg/kg) 

NO 

65 
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* - Classifications by Chemical Waste Management Corp. 
** Leachable Concentrations by EP Test Procedure 

(a) - Constituents Not Reported 
ND - Not Detected 



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 concentration of VOC analyzed was less than 1 part per 

million, backfilling could proceed. The project report of the hazardous 

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

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

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

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

exceeded the 1 ppm. guideline (see Section 5.1). The soil containing 

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

without any special 

underlying soil. 

The remaining 8 pits were fil1ed with clean soil 

provisions for segregating the fill from the 

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. 
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TABLE 4-3 

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

Pit/Trench 

Constituent 3 5 6 7** 10 15 17 

Metals ~m6/ks) 
Arsenic < O.O!,> 2.50 < 0.06 - 27.7 < 0.06 6~15 < 4 - 6 < 0.7 - 9 <3.2-6.1 < 3 - < 10 

'"BaiLUm" 5.01 - 83.8 B.2B - 78.2 7.16 -' 169 < 5 - 270 7.5 - 300' (c) 22 - 72 
~~ium 0.86 - 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 

Chromium (Total) 6.82 - 48.7 9.94 - 16.4 9.00 - 19.3 5.3 - 74 2.2 - 28 (a) ( 2 - 130 

-~~ 5.67 - 334 6.57 - 45.5 5.58 - 80.2 4.1 E:lli.jO < 0.7 19 L8-.@ 1 32 
12.4 - 48.3' .14.3 - 49.4 19.9 - 74.2 < 8 550_ < 1 - < 2 < 10 280 <2~ 

" ",angam!s!) , (d) (d) (d) < 0.04 -(i4:000, 39 .,.' 3,000 (d) 100,:- ) 
Mercury < 0.005 - 0.0363 < 0.005 - 0.0202 < 0.005 - 0.2231 <~ .. <0.1 ( 0.03 - < 0.1 < 8.1 - < 0.5 < 0.02 - < 0.8 
Nickel 9.2 - 18.3 1.98 - 19.2 0.8 27.1 7(:-. 1~0 I < 10 - 25 (e) ~.~~~ Selenium < 0.06 - 0.45 < 0.05 ~ 0.25 < 0.06 - 0.21 < 3.8 - < 6 < 0.8 - < 1 < 2 
Sl.lJ!ll_~ 0.23 - 1.36 0.44 - 1.28 0.75 - 1.19 <o.~ < 1 - 4 < 1 < 1 - < 4 

_. Zinc 10.2 - 108 13.4 - 46.5 12.3 - 70.8 8.0 8~0 4.6 - 28 8.4 - l,200 ' 5.2 - 46 

Or~anics ~m6/k82 
Alddn < 0.001 < 0.001 < 0.001 < 0.001 < 0.002 < 0.002 NO - < 0.015 
Chlordane < 0.001. < 0.001 < 0.001 < 0.010 < 0.020 < 0.020 - 0.041 NO - < 0.015 
DDT < 0.001 < 0.001 < 0.001 < 0.001 0.270 0.0025 .100 0.0024 - 0.130 0.004 - 0.140 
Dieldrin < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.002 - .0063 < 0.002 - 0.0071 NO - 0.015 
Endrin < 0.001 < 0.001 < 0.001 < 0.001 - 0.002 < 0.002 - .0289 < 0.002 - 0.0058 NO - 0.082 
Heptachlor < 0.001 < 0.001 < 0.001 < 0.001 < 0.002 .0081 < 0.002 0.0048 0.0086 
Lindane < 0.001 < 0.001 < 0.001 < 0.001 - 0.002 < 0.002 - .0023 < 0.002 NO - 0.0025 
Methoxylchlor < 0,,-001 < 0.001 < 0.001 < 0.005 < 0.010 < 0.002 < 0.010 < 0.002 -< 0.010 
Toxaphene '-<c. 0.005 t::~~005\ /1 < 0.005 < 0.020 < 0.050 < 0.050 0.280 < 0.050 - 0.280 
Parathion < 0.001 II < 0.001 < 0.001 Ie/. < 0.010 < 0.050 < 0.050 NO 

PCBs (mg/klll < 0 •. 001. - 0.03 < 0.001 < 0.001 < 0.042 < 0.020 - .130 < 0.0055 - 0.077 NO - 1.00 

Industrial Solvents 
~% bl weisht) < 1.0 < 1.0 < 1.0 (b) (b) < 0.1 (b) 

Ranges indicated for each pit/trench include values for samples obtdned from the aurEace of the pit bottom; 1 foot below the pit bottom, and 
2 feet below the pit bottom. DupUcate sample re8ults have been included in ranges shown where appropriate. 

•• Pit #7 W/1S excavated and sampled twice due to II surveying error. Values shown represent the second (true) excavation location. 
NO - Not Detected 

(a) - Total chromium not reported for pits/trenches 15, 18, and 19. 
(b) - lnduatrhl solvents not reported for pits/trenches 7, 10, lind 17. 
(c) Barium not reported for pits/trenches 15, 18, and 19. 
(d) - Mangllnese not reported for pits/trenches 3, 5, 6, IS, 18, lind 19. 
(e) Nickel not reported for pits/trenches 15, 18, and 19. 

18 19 

< 3.9 - < 16 (2.7-11 
(c) (c) 
< 0.3 - 1 ( 0.2 < 0.4 
(a) (a) 
6.4 39 7.1 - 36 
< 10 - 22 < 10 - 24 
(d) (d) 
< 0.1 - 2 <0.1-<0.2 
(e) (e) 
< 2 - < 8 < 2 
< 1 - < 5 < 0.6 - < 1 
5.1 - 43 16 - 56 

< 0.002 - 0.0077 < 0.002 
< 0.002 -< 0.020 < 0.020 0.028 
< 0.002 - 0.093 0.0048 - 0.126 
< 0.002 - 0.012 < 0.002 0.022 
< 0.002 - 0.086 < 0.002 -0.0071 
< 0.002 0.0079 < 0.002 
< 0.002 - 0.0028 < 0.002 
NO < 0.010 
NO - 0.690 < 0.050 - 0.250 
< 0.050 < 0.050 

< 0.020 < 0.02 - 0.053 

( 0.1 < 0.1 
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Since Pit number 5 may have been excavated in an undisturbed (non-

disposal) area, the soils sampled below this pit 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 in the storage yard. 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 ~g/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 

ins ign1£ lcan t. 

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 

3 
5 
6 
7 
10 
15 
17 
18 
19 

1254.01139:RPT:frid0407b 

Number of Samples Analyzed 

Total 

4-18 

6 
2 
3 
3 
3 
2 
3 
2 
2 

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. Samples were collected during the installation 

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 beginnip.g 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 soil data is presented as Table 4-5 and boring 

locations 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 l6.5-foot and l8.0-foot depth at 0.026 mg/kg 

and on from boring 5 between the la.5-to 20.0-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 

1254.01 139:RPT:frid0407b 4-19 
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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 (os/kg) 3* 5 6* 7*1e 10 15 17 18 

Ethylbenzene < 0.010 -< 0.100 < 0.010 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 

Benzene < 0.010 - < .100 < 0.010 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 

Hethylene Olloride < 0.005 - 1.200 < 0.010 0.017 -0.033 < 0.005-0.0.56 < 0.010 < 0.010 < 0.010 < 0.010 

Tetrachloroethylene 0.022 - 6.300 < 0.010 0.042 -0.051 < 0.005-0.078 < 0.010 < 0.010 < 0.010 < 0.010 

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

Toluene 0.100 - 12.000 < 0.010 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 

allorofonn < 0.010 -< 0.100 < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 

1,1 dich1oroethane < 0.010 - 5.000 < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 

cis 1, 2-d1chloro- < 0.010 - NS < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 
ethylene 

Trans 1,2-d1chloro- < 0.100 - < 0.010 0.021 -0.0>4 < 0.005 - < 0.010 < 0.010 < 0.010 < 0.010 
ethylene (> 10.000 - 0.057 

< l?>.OOO) 

1,1-dichloroethy lene < 0.005 - 1.300 < 0.010 < 0.010 < 0.005 < 0.010 < O.OlD < 0.010 < 0.010 

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

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

1,1, 1 t richloroetha.ne < 0.010 - 1.(0) < 0.010 < 5.1 - 13 < 0.005-0.014 < 0.010 < 0.010 < 0.010 < 0.010 

Trichloroethylene 0.680 - 3,700 0.050 -0.280 0.160 -1.600 0.045 - 1.300 0.099 - 0.220 < 0.010 < 0.010 < 0.010 

19 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 
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* DJe to lrigh concentrations detectoo in pits/trenches 3 and 6 reanalysis was requimJ by MPCA. Concentrations shovn reflect reana1yzoo samples. 
** Pit 117 was excavatoo and sampled twice due to a surveying error. Concentrations shown represent the second (true) excavation location. 
NS-Data not supplied. . 



Pit' 3 3 3 3 3 

Sanple , Loc:atlon 1 1 2 2 3 

Depth 10.o-n.S 18.5-20.0 10.0-U.S 18.5-20.0 10.0-U.5 

l.eid 2.78 3.97 2.43 2.12 1.45 

MIIngane,." 679 485 328 166 350 

Ziroe 11.3 11.7 9.32 11.2 11.3 

PCII 1242 < .002 < .002 < .002 ( .002 < .002 

1'01 1248 ( .002 ( .002 < .002 < .002 < .002 

PCII 1254 ( .002 ( .002 < .002 ( .002 ( .002 

FCB 1260 ( .002 ( .002 ( .002 < .002 < .002 

Methylene a.lorlde ( .025 ( .025 .10 < .025 .035 

1,I-Olc.hlol:O<!thene ( .025 < .025 < .025 ( .025 ( .025 

l,I-Oic.h1oroetlvtne ( .025 ( .025 < .025 < .025 < .025 

TraM 1,2- < .025 < .025 < .025 < .025 ( .025 
Dic.hlotoothene 

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

Trlc.hloroet:lll!lll! ~19 < .025" ( .025* < .025· ( .025 

Bmz .... < .025 ( .025 < .025 ( .025 ( .025 

Tetrac.hloroethene .056 < .025 ( .025 < .025 < .025 

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

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

Chloroform < .025 < .025 < ·.025 < .025 < .025 

B1s(2 ethylhexyl) ( .0002 < .0002 < .0002 < .0002 .0110 
Phtll!l1ate 

• • 
TABLE 4-5 

NlROP SOIL SAMPLING RESULTS OF BORINGS ADVANCED AT PITS 3 AND 6 
JUNE 1985 (ppm) 

3 3 3 3 3 3 3 3 

3 3 4 4 4 5 5 5 

14.5-16.0 18.5-20.0 1O.o-U.5 14.5-16.0 18.5-20.0 1O.o-U.5 12.5-14.0 18.5-20.0 

1.64 1.62 1.61 2.35 1.96 1.82 1.63 2.;!) 

194 218 285 340 205 376 357 445 

8.40 11.6 9.03 12.4 1l.9 11.1 10.2 11.2 

( .002 ( .002 ( .002 ( .002 < .002 ( .002 < .002 ( .002 

( .002 < .002 < .002 < .002 < .002 < .002 ( .002 ( .002 

( .002 < .002 < .002 ( .002 ( .002 ( .002 < .002 ( .002 

( .002 < .002 < .002 ( .002 ( .002 < .002 < .002 ( .002 

< .025 ( .025 .039 < .025- ( .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 < .025 < .025 ( .025 

< .025 < .025 ( .025 < .025 < .025 < .025 < .025 ( .025 

< .025 ( .025 < .025 < .025 < .025 < .025 < .025 ( .025 

( .025 ( .025 < .025 < .025 < .025 < .025 < .025 < .025 

( .025 < .025 ( .025 < .025 .41 < .025 < .025 .042 

< .025 < .025 < .025 < .025 < .025 ( .025 < .025 < .025 

< .025 < .025 < .025 < .025 .073 < .025 ( .025 < .025 

( .025 < .025 < .025 < .025 < .025 < .025 < .025 < .025 

< .025 ( .025 < .025 < .025 < .025 < .025 ( .025 < .025 

< .025 ( .025 < .025 < .025 < .025 ( .025 ( .025 < .025 

.037 .022 .0085 .016 .022 < .0002 < .0002 .023 

3 3 3 3 3 3 

6 6 6 7 7 7 

10.o-U.5 14.5-16.0 18.5-20.0 10.o-U.5 14.5-16.0 18.5-20.0 

2.03 1.82 1.83 2.20 3.04 2.50 

387 226 419 460 390 343 

16.2 12.1 13.1 15.6 14.2 8.05 

( .002 < .002 ( .002 ( .002 ( .002 < .002 

< .002 < .002 ( .002 < .002 < .002 < .002 

( .002 < .002 < .002 < .002 < .002 ( .002 

< .002 < .002 ( .002 < .002 < .002 < .002 

< .6~ ( .63 ( .63 < .63 ( .025 < .025 

< .63 ( .63 ( .63 < .63 < .025 < .025 

< .63 < .63 ( .63 < .63 < .025 < .025 

( .63 < .63 < .63 .78 ( .025 < .025 

.saO. < .63 ( .63 1.0 .0118 ( .025 

207 127 78.8: ' 13'l:::1y 6.7 .53 

< .63 < .63 ( .63 ( .63 < .025 < .025 

16.5 U.O 3.9 13.9 .56 .em 
4.9 7.9 4.6 3.82 .73 .032 

1.9 10.6 6.4 4.85 2.38 < .025 

< .63 < .63 < .63 ( .63 < .025 < .025 

< .0002 < .0002 .045 ( .0002 < .0002 .033 

(1120.05 u~:RPr:tr1dOl1ot) 
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Plt, 3 3 3 3 3 ,) 

Sa""le , t«atlm 8 8 9 9 10 10 

o.pth L2.5-L4.0 L8.5-20.0 LO.O-LL.S 18.5-20.0 l4.5-l6.0 18.5-20.0 

LeBd 1.85 2.50 2.47 1.69 1.79 2.78 

Hanganese 192 356 602 394 164 1820 

ZInc 9.65 10.2 14.2 9.85 9.12 10.7 

PCB 1242 < .002 < .002 ( .002 < .002 < .002 < .002 

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

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

!'(]I 1260 < .002 < .002 < .002 < .002 < .on < .002 

Methyl ..... Ollorlde < .025 < .025 < .025 < .02.5 < .025 ( .025 

1, I-Dlcltloroethene ( .025 < .025 < .025 < .025 ( .025 < .025 

l,l-Dlcltloroetlwte ( .025 < .025 < .025 < .025 ( .025 < .025 

Tnms 1,2- < .025 < .025 < .025 ( .025 ( .025 < .025 Dlchloroethene 

1,1,1 Trlehloroethaoo < .025 < .025 < .025 < .025 < .025 < .025 

Trichloroetl ....... < .025 .:JJ .034 < .025* < .025 < .025' 

Benzene ( .025 < .025 < .025 < .025 < .025 < .025 

Tetrnchloroethene ( .025 < .025 < .025 < .025 < .025 < .025 

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

Ethylberu!ene < .025 < .025 < .025 < .025 < .025 < .025 

Chloroform < .025 < .025 < .025 < .025 ( .025 < .025 

Bist2 etll)'lho!xyl) 
.0049 .0051 < .0002 < .0002 < .0002 ( .0002 Phthalate 

• 
TABLE 1,-5 (Cont'd) 

NII\OP SOIL SAMPLING RESULTS Of BOIlINGS ADVANCED AT 1'1TS 3 AND 6 
JUNE 1985 (ppm) 

,) 6 6 6 6 6 6 6 

11 1 1 1 2 2 2 3 

L8.5-20.0 to.0-ll.5 14.5-L6.0 18.5-20.0 lO.O-LL.S L4.5·16.0 L6.5-18.0 LO.O-ll • .5 

2.69 1.57 1.81 2.59 1.68 2.10 1.49 1.09 

331 357 215 345 1400 526 399 5'tO 

10.2 9.36 U.8 14.5 11.8 9.10 9.27 11.3 

< .002 < .002 ( .002 ( .002 < .002 < .002 ( .002 < .002 

< .002 < .002 < .002 < .002 ( .002 < .002 < .002 ( .002 

< .002 ( .002 ( .002 < .002 < .002 < .002 < .002 ( .002 

< .002 < .002 ( .002 < .002 ( .002 ( .002 < .002 < .002 

.042 .39 .14 ( .025 < .025 < .025 < .025 ( .025 

< .025 ( .025 < .025 < .025 < .025 < .025 ( .025 < .025 

< .025 < .025 < .025 < .025 < .025 ( .025 < .025 ( .025 

< .025 < .025 < .025 < .025 < .025 < .025 ( .025 ( .025 

< .025 < .025 < .025 < .025 < .025 < .025 ( .025 < .025 

.15 < .025 ( .025 < .025 < .025 < .025 ( .025 < .025 

< .025 < .025 < .025 ( .025 < .025 < .025 < .025 < .025 

( .025 ( .025 < .025 < .025 < .025· < .025 ( .025 < .025 

< .025 < .025 < .025 < .025 ( .025 < .025 ( .025 ( .025 

< .025 < .025 ( .025 ( .025 < .025 ( .025 ( .025 < .025 

< .025 ( .025 < .025 ( .025 < .025 < .025 < .025 < .025 

< .0002 .031 .037 .OUl .0395 ,0247 .0297 .234 

6 6 6 6 6 6 

3 3 4 4 4 5 

14.5-16.0 16.5-18.0 10.0-11.5 14.5-16.0 16.5-18.0 18.5-20.0 

1.86 1.80 1.56 2.27 3.30 2.44 

266 28!i 344 196 521 716 

8.27 12.1 12.9 10.1 11.7 U.2 

< .002 < .002 ( .002 < .002 < .002 < .002 

< .002 < .002 ( .002 < .002 ( .002 < .002 

( .002 < .002 < .002 < .002 < .002 < .002 

< .002 < .002 ( .002 < .002 < .002 ( .002 

( .025 < .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 < .025 

< .025 < .025 ( .025 < .025 < .025 < .02.5 

< .025 < .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 .026 < .025* 

< .025 < .025 ( .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 < .025 

( .025 < .025 < .025 ( .025 ( .025 < .025 

( .025 < .025 < .025 ( .025 < .025 ( .025 

< .025 < .025 < .025 < .025 < .025 < .025 

.0732 .0200 < .0002 ( .0002 < .0002 < .OCXl2 

(lUO.05 139:RPl':frid0718t) 
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TRENCH 3 

P3-'. P3-10. 

PI-1 

P6-
TRENCH 6 

P3-1 • BORING LOCATIONS 

FIGURE 4-2, 

P3-S. 

NORTH 

• 

P3-2. 

P3-7. P3-8. 

NOTes: seE FIGURE 2-2 FOR LOCATIONS OF TRENCHES 
3 AND 8. THIS FIGURE BASED ON DRAWING 
SUPPLIED BY coe NOT OTHERWISE LABELED. 

SCALE 1-·APPROXIMATELY 20' 

Own. by.: Mea 

SOIL BOI;UNG LOCATIONS ADVANCED IN TRENCHES 3 AND 6 JUNE. 1985 RMJ: INC" ----I • .!!.!!.fe: 4/87 

Proj. -# .. 1254.01 



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

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

7.9 mg/kg); ethy1benzene (1.9 mg/kg to 10.6 mg/kg) bis (2 ethylhexyl) 

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

mg/kg) • 

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. 

Sewer Syste.s. 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 1S-inch connection point to the 

metropolitan system. Total facility (NIROP and FMC) wastewater 

discharged to the metropolitan sewer system during 1983 ranged from 0.3 

1254.01 139:RPT:frid0407b 4-24 
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APPROXIMATE SAN'TARY AND 
STORM SEWER SYSTEMS AT NIROP 

ADAPTED FROM FMC DRAWING 4251 (1964), 
ENVIRODYNE (1983) AND HICKOK (1981) 
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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. 

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 fronr 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-S, 6-D, and 6-S. The 

storm sewer system is connected to roof drains, catch basins 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" 

1254.01 139:RPT:frid0407b 4-26 



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

southeastern portion of the facility near well 9-S, 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. 

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 out falls 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 Pretreataent Plant. The NIROP uses an 

industrial wastewater pretreatment system, constructed in 1973, for 

wastewater generated from metal plating operations. Before the' 
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TABLE 4-6 

SUMMARY OF SANITARY AND STORM SEWER EFFLUENT 
ANALYSES (FROM HICKOK, 1981). ALL CONCENTRATIONS IN mg/L. 

Sanitary Storm Sewer Outfalls 
Sewer NPDES 20200 NPDES 20300 84 'lOud all 

Acetone 0.15 0.3 0.060 < 0.025 

n-Butyl alcohol < 0.025 < 0.025 < 0.025 < 0.025 

Isopropyl alcohol 0.3 0.1 < 0.025 < 0.025 

Methyl ethyl ketone < 0.025 0.3 < 0.025 < 0.025 

Methyl isobutyl ketone < 0.025 < 0.025 < 0.025 < 0.025 

Methylene chloride 0.06 < 0.025 < 0.025 < 0.025 

Mineral spirits 2.0 < 0.5 < 0.5 < 0.5 

Naphthalene < 0.025 < 0.025 < 0.025 < 0.025 

Tetrachloroethylene < 0.025 < 0.025 < 0.025 < 0.025 
;r-

Toluene < 0.025 < 0.0'25. < 0.025 < 0.025 

Trichloroethylene 0.35 0.40 < 0.025 < 0.025 

1,1,1 Trichloroethane 0.03 < 0.025 < 0.025 < 0.025 

Xylene (meta) 0.030 < 0.025 < 0.025 

Xylene (ortho/para) < 0.025 < 0.025 < 0.025 

Chromium 0.45 < 0.05 < 0.05 < 0.05 

Cadmium 1* < 0.01 < 0.01 < 0.01 

Copper < 0.05 < 0 • .05 I < 0.05 

Cyanide 0.023 < 0.006 < 0.006 0,.006 

Lead 0.05 < 0.05 < 0.05 < 0.05 

Nickel 0.05 < 0.05 < 0.05 < 0.05 

Oil/Grease 364 10 NR* 13 

Zinc 0.14 0.03 0.02 0.01 

pH 8.6 8.1 8.1 8.2 

TOC I 5 9 8.2 

COD 16 < 4 16 20 . 

* I = Illegible copy and NR = Not Reported 
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pretreatment plant was constructed, plating wastes were discharged 

directly to the sanitary sewer (Envirodyne, 1983). 

The continuous pretreatment system automatically treats 

approximately 100,000 gallons per day of liquid plating wastes (rinse 

water and spent plating solutions). The pretreatment plant employs 

chemical treatment to destroy cyanide, reduce hexavalent chromium to the 

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 

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

sludge annually. Clarified wastewater is discharged to the sanitary 

sewer system. 

4.2 Vaste Component Characteristics and 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 of the following general criteria: 

clear pattern of occurrence in on-site ground water samples 
clear pattern of occurrence in trench and pit soils 
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: 
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Trichloroethylene 
Methylene chloride 
cis and trans 1,2-dichloroethylene 
Tetrachloroethylene 
1, 1, I-trichloroethane 
l,l-dichloroethane 

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 upgrad1ent 

sources or natural geochemical conditions. 

Selenium was measured at a concentration over the primary drinking 

water standard in well 9-5 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 

ethylbenzene 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 Co~ounds 

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, ethyl benzene , and 
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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 become available for leaching by 

infiltrating rainfall. 

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 such 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 past a 

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 
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TABLE 4-7 

WATER SOLUBILITIES AND DENSITIES OF 
SELECTED VOLATILE ORGANIC COMPOUNDS 

Solubility* 
Compound (mg/L) 

Trichloroethylene 1,000 

Methylene Chloride 20,000 

trans 1,2-dichloroethylene 600 

cis 1,2-dichloroethylene 800 

Toluene 515 

Tetrachloroethylene 150 

1,1,l-trichloroethane 4,400 

1,1-dichloroethane 5,500 

Ethylbenzene 152 

Xylene 180 

*Solubility in water at 20°C 
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Density 
(H20" 1) 

1.46 

1.3 

1.28. 

1.26 

0.87 

1.63 

1.35 

1.17 

0.87 

0.88 



dioxide (Kleopfer et.a., 1985; Bario-Lage et.a!., 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. 

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 

and carbon dioxide are formed. It is unlikely that isocyanates would 

remain intact after exposure to rainfall or ground water. 

The material safety data sheets at NIROP 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. 
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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 1s called selenite. Selenite is strongly adsorbed to 

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

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 Toxicology of Individual Co~ounds 

Volatile Organic Compounds. 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 NIOSH 

(1986). According to NIOSH, 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). 
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TABLE 4-8 

CARCINOGENICITY OF VOLATILE ORGANIC COMPOUNDS 

Compound 

Trichloroethylene 

Methylene chloride 

trans 1,2-dichloroethylene 

cis 1,2-dichloroetylene 

Toluene 

Tetrachlorethene 

1,1,1-trichloroethane 

1,1-dichloroethane 

Ethylbenzene 

Xylene 

Carcinogenicity 

Known or probable carcinogen1 

Some data to indicate non-carcinogen2 

Insufficient data2 

Insufficient data2 

Some data to indicate non-carcinogen2 

Known or probable carcinogen1 

Non-carcinogen1 

Contradictory data2 

Insufficient data2 

Insufficient data2 

1 50 FR 46886 Wednesday, November 13, 1985. 

2 Public Health Related Groundwater Standards, September 1985 and June 
1986. Wisconsin Department of Health and Social Services, Division 
of Health. 
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TABLE 4-9 

ACUTE TOXICITIES OF SELECTED VOLATILE ORGANIC COMPOUNDS1 

Compound 

Trichloroethylene 

Methylene chloride 

cis and trans 1,2-dichloroethylene 

Toluene 

Tetrachloroethylene 

l,l,l-trichloroethane 

1,1-dichloroethane 

Ethylbenzene 

Xylene 

*LD50 for Mice 

Oral LD50 
for Rats (g/kg) 

4.9 

2.0 - 3.0 

0.77 

4.3 - 7.5 

No data 

11* 

14.1 

3.5 

0.0043 

lTaken from Public Health Related Ground Water Standards, September 1985 
and June 1986. Wisconsin Department of Health and Social Services, 
Division of Health. 
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Isocyanates. The isocyanates exert toxic effects primarily in the 

vapor phase (AOGIH, 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 

average (TLV-TWA) is 0.02 ppm in air for MDI (ACGIH, 1986). MDI appears 

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

SeleniUlll. 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 0.1 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. 
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5. SUBSURFACE INVESTIGATIONS 

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

wells on the NIROP in three phases in ~.l8.y 1983, 1'1ay 1985, a"nd 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 to 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 

texture of 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 soils 

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 soil is occasionally flooded for short 

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

brown fine sandy loam about 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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TABLE 5-1 GENERAL GEOLOGIC COLUMN, TWIN CITY BASIN 
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Soil samples (39) from borings 5-D, 6-D, 9-S, and 10-5 were 

classified according to the Unified Soil Classification System following 

mechanical analyses. The predominant sediment type beneath the NIROP 

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

occurred at boring S-D, 6-D, and 9-S. Sandy clay was found in boring 

5-D. 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. C Peter sandstone are the Prairie du Chien Group and 

the Jordan, St. Lawrence, Franconia, and Dreshach Formations. 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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River 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. The Jordan Sandstone is made up of two members, 

the Norwalk and the Van Oser. The upper Van Oser member is the 

coarser. 

grains. 

It consists of friable gray, white, pink, or brown sand 

The lower Norwalk member 1s 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 

(Theil, 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 NIROP 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 sand, sandy gravel, or gravel units were found in 

nearly all borings. A gravelly sand layer is found at a shallow depth 

(approximately 10 to '25 feet below the ground surface) beneath the 

NIROP. It is not found sou~h of ,the NIROP ,on FMC land. A deeper 

gravelly sand unit is found near or at the base of the unconsolidated 

sediments. The 5- to 40-foot-thick unit extends beneath both the NIROP 

and FMC facilities, with the exception of the area bounded by borings 6-

D, FMC-41, and 9-D. There 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 exte-qds downward to the bedrock surface (Figure 5-1). The thick 

clean sand unit may be correlated to the shallow gravelly sand unit (see 

borings7-D and 4-PC on Figure 5-2). Both may represent recent fluvial 

deposits left by the MissiSSippi River. This recent alluviai sediment 

is probably hydraulically interconnected with the gravelly sand layer at 

the, base of the unconsolidated sediment, immediately west of boring 

location 7-D. 

Clay, silty clay, or sandy clay die lenses were observed at 

various depths in several borings on the NIROP. These fine-grained 

deposits appe-ar. to be discontinuous lenses withi.n the silty sand found 

beneath most of the NIROP. An apparently continuous clay layer 

underlies the FMC facility at elevations 760 feef to 810 feet. The clay 

layer forms an aquitard beneath the FMC property that has a significant 

impact on ground water flow and hazardous substanee misration 

(Padadopulos, 1984; Conestoga-Roovers, 1985). This unit thins and 

becomes discontinuous to the north and is ,aot found under the 

. northernmost portions of the NIROP facHit'y. 
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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 Systems 

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 generally downgradient 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 about 40 

percent of the total production was from the Prairie du Chien/Jordan 

aquifer. 

1254.01 139:RPT:frid0407c 5-15 



Effects of Pumping. 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 Honeymeadl 

Minnesota Linseed Oil Company (Southeast of the NIROP). Efforts to 

develop accurate dat'a for both the Kurt Manufacturing and Honeymead 

wells were unsuccessful. 

The Fridley Well Number 13 test was more successful. Fridley 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 

moni toring 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 

February 1986. 

twelve off-site monitoring wells was 

The purpose. of these wells was to 

completed in 

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 ~lC 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 

Mississippi River. A horizontal gradient of 0.0005 feet/foot beneath 

most of the site (well 7-5 to well 10-8) steepens to between 0.014 

feet/foot (well 10-S to well 11-S) and 0.010 feet/foot (well 20-8 to 

19-5) at the southern edge of the facility. The stepening 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 

1254.01 139:RPT:frid0407c 5-17 



• 

• 

TABLE 5-2. NIROP MONITORING WELL CONSTRUCTION DATA 

WELL TOP OF CASING 
NUMBER ELEVATION 

1-S 837.14 

I-I> 836.75 

I-PC 837.63 

2-5 836.07 

2-D 836.04 

2-PC 838.05 

3-5 836.75 

3-D 837.48 

3-PC 839.21 

4-5 837.45 

4-D 834.79 

4-PC 834.75 

5-S 835.06 

5-D 836.00 

6-8 835.73 

6-D 835.69 

7-5 835.97 

7-D 835.63 

8-8 835.76 

8-D 834.02 

9-8 836.68 

9-D 834.30 

10-5 835.89 

11-5 835.89 

12-5 838.51 

13-5 834.59 

14-8 835.99 

15-8 834.83 

16-8 837.26 

17-5 835.75 

18-S 834.08 

19-5 834.56 

20-S 837.62 

FMC-33 837.05 
* From top of casing 
* Open hole 

TOP OF SCREEN 
ELEVATION 

817.24 

731. 31 

653.97** 

816.62 

733.93 

679.35** 

817.06 

766.79 

706.51** 

817.67" 

723.94 

677 .42** 

815.38 

729.1 

816.28 

715.71 

816.23 

727.63 

815.96 

716.02 

817.38 

720.03 

814.59 

814.79 

812.61 

810.69 

811.59 

810.33 

811.46 

806.75 

803.33 

799.56 

812.02 

806.05 

5-18 

BOTTOM OF SCREEN WELL * 
ELEVATION DEPTH 

802.16 34.98 

721.21 115.54 

628.97 208.66 

801.42 34.65 

723.74 112.3 

659.76 178.28 

802.00 34.75 

756.61 80.87 

679.81 159.4 

802.60 34.85 

713.86 120.93 

652.42 182.33 

800.35 34.71 

718.9 117.1 

801.08 34.65 

705.74 129.95 

806.03 29.94 

717.63 118 

805.86 29.9 

706.02 128 

807.38 29.3 

710.30 124 

804.59 31.3 

804.59 31.3 

802.61 35.9 

800.69 33.9 

801.59 34.4 

800.33 34.5 

801.46 35.8 

796.75 39 

793.33 40.75 

789.56 45 

802.02 35.6 

760.05 77 .0 
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accentuated as a-result of ground water leaking into the 84-inch storm 

se~~r noted in Section 4.1 or, flowing laterally through very permeable 

bedding materials used in constructing the storm sewer system. The 

stom ,sewer lIlay:therefore intercept the southwestward ground water flow 

fr9m t~e NIROP..' Additionally, this area~y be more subject to changes 

in s~age of the Miss~ssippi River. 

The piezom~tric surface in the base of the unconsolidated sediments 

is shown in Fi~:ure 5-5. Ground water is again f~ow~ng southwestward 

The' horizontal gradient beneath the 

nc;>rtheastern ,t:wo-t~ird!S of the facility was calculated to be 0.0044 

feet/foot. The horizontal gradient on the southern edge of the facility 

,ag~in increases,to 0.012 feet/foot. The increased gradients and 

'~Y~ll~y" in ~~e, p,iezometric surface may -again be reflecting the presence 

,of ,.,lIl?r~ permji!.~ple sands in the vicinity of wells 6-D, 7-D, and 8-D. 

,The pi~~plllettic surface for t:tte Prairie, du" Chien/Jordan " aquifer 

system shown:, ~n ,Figure 5-6. Flow is toward the southwest. The ' 

horizontal gradient calculated between wells l-PC and 2-PC was 0.'0008' ." . 

fe~t/foot. ,The gradient appears to remain "fiat across the,site to the 

Mississippi Biv~r. 

Vertical hydraulic gradients w.ere calculated fO'r ~i~ht' NIROi> well . , ' ..... 

nests to allow, a bett:er understanding of the vertica-I e.oni-pbnents 'ot': 
, ', .. " .:.' . 

ground water flow. The vertical, gt:.ad:Lents measu~ed at the 'eighi"weli 

nests on three different dates are summarized in ,Table 5t3. The dates 

were chosen 'to cover both hl~~'tl, an~ 'low'· ~a..te~ t,able elevatio'ns,.' 

In ge'rleral: verticalgrad~ents~ 4ri"do~~ard or near zero' Wi.th1:n·t~~f 
, . 

alluvial aquifer. The gr~d~ents 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-S Shallow Alluvial 0.002 0.007 0.0001 1-D Deep Alluvial 

2-S Shallow Alluvial -0.0005 0 -0.003 2-D Deep Alluvial -0.01 "!"O.005 -0.009 I-PC Dolomite 

3-8 Shallow Alluvial -0.003 0.0008 -0.002 2-PC Dolomite 

• 4-5 Shallow Alluvial 0.01 0.03 0.01 3-D Deep Alluvial -0.01 -0.008 -0.009 3-PC Dolomite 

5-S Shallow Alluvial 0.05 0.07 0.07 4-D Deep Alluvial -0.2 -0.1 -0.1 4-PC Dolomite 

17-S Shallow Alluvial 0.06 0.08 Wells Not 
7-D Deep Alluvial Installed 

18-5 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 

,1:l.54.Ul 13Y:RPT:frid040}"I:3) 

* Upward gradients are preceded by a negative sign. 

i,,-
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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 enter 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). Repre

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 fee~/ 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 been estimated by Kanivetsky (1979). Values reported 

ranged from approximately 4.9 feet/day to nearly 66 feet/day. The mode 

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 -rr 

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). 

K i n V 
Unit (ft/day) (ft/ft) (ass1..Ilred) (ft/yr) 

S:JallGN Unconsolidated Sedimants 65 0.0005 0.30 40 
ShallGN Unconsolidated Sed:in:ents 65 0.014 0.30 1,100 
Deep Unconsolidated l3ed.immts 65 0.0044 0.30 350 
~p Unconsolidated Sedinents 65 0.012 0.30 950 
Prairie du OUen Aquifer 46 0.0008 0.20 67 

These calculations indicate that flow rates near the water table 

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 QA/QC 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 

taken six times from the original fourteen wells. The seven wells 

installed in May and June 1985 have been sampled three times, and the 

twelve off-site wells have been sampled twice. The latest sampling 
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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 January 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 roiT 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-April 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 5-4 

MONITORING WELL INSTALLATION AND SAMPLING DATES 

SAMPLIN:; U\TE 
INSTALIATICN 

WELL 1'0. MTE 10/83 4/84 10/84 1/85 6/85 1/86 4/86 11/86 

1-S OS/26/83 X X X X X X 
1-0 OS/25/83 X X X X X X 
I-PC 08/25/83 X X X X X X 
2-S (b/28/83 X X X X X X 
2-D 06/22/83 X X X X X X 
2-PC 00/24/83 X X X X X X 
3-5 06/13/83 X X X X X X 
3-D (b/08/83 X X X X X X 
3-PC 08/15/83 X X X X X X 
4-5 (x)/09/83 X X X X X X 
4-0 06/02/83 X X X X' X X 
4-PC 00/26/83 X X X 
5-S 06/02/83 X X X X X X 
5-D OS/24/85 X X X 
6-s 06/06/83 X X X X X X 
6-D 06/05/85 X X X 
7-S OS/28/85 X X X 
7-0 02/07/86 X X 
8-8 06/10/85 X X 
8-D 02/18/86 X X 
9-S 06111/85 X X X 
9-D fJ2./01/86 X X 
lO-S 06/07/85 X X X 
11-S 06/rtJ/85 X X X 
12-S 12/30/85 X X 
13-5 01102/86 X X 
14-S 01/08/86 X X 

It 15-5 01/rE/86 X X 
16-5 12/31/85 X X 
17-5 fJ2./06/86 X X 
18-5 02/06/86 X X 
19-5 01/17/86 X X 
2O-S 01/13/86 X X 
FM::-33 01/24/83 X X X X X X 
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TABLE 5-5 

PERCENT RECOVERY FOR SPIKED SAMPLES 
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS 

CONSTITUENT 
NO. OF 
SAMPLES 

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-1,3-dichloropropene 
Trichloroethylene (TCE) 
Dibromochloromethane 
Cis-1,3-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 

RANGE OF 
% RECOVERED 

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 

MEAN % 
RECOVERED 

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 

USEPA % 
RECOVERY 
ACCEPTANCE 
RANGE 

. CRITERIA * 

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 6 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 detected in 

both samples. Relative percent difference (RPD) values were calculated 

according to the following Contract Lab Program definition. 

RPD .. x 100 

• 
Concentration of constituent in sample 
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 confidence limit for TCE is a relative percent 

difference value of 14. This is a 90% confidence limit meaning that, in 

nine of ten duplicate analyses, a laboratory should obtain a relative 

percent difference value less than 14. Eight of the nine duplicate 

pairs analyzed by the Waterways Experiment Station which contained 

I 

\.-. 
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TABLE 5-6 

RELATIVE PERCENT DIFFERENCE (RPD) FOR DUPLICATE SAMPLES 
FROM JUNE 1985 &~D 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 

Methylene .chloride 1 30.5 

Bis(ethylhexyl) phthalate 2 33.3 to 33.8 33.6 

*lndicates the number of replicate pairs for which quantifiable 
concentrations of the indicated constituent were detected in both 
samples. 
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quantifiable concentrations of TCE had relative percent 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 

I 

\.. 
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changes to the ground water samples and to collect a more representative 

sample of the water moving 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 tables 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 1,1-Dichloroethane 

Cadmium 1,1-Dichloroethylene 

Calcium Benzene 

Chloride Bis (2 ethylhexyl) Phthalate 

Chromium Chloroform 

Copper 1,2-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 Trichlorofluoromethane 
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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 

rounds. Prior to November 1986, samples for analys is of inorganic 

constituents were unfiltered and preserved with acid prior to shipment 

(total concentration). 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 I 

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 I 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 (MeLs), 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 9-5 and 15-5 as 

well as duplicate samples from those wells. Lt was not detected in the 

well 1-5 sample 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 15-5 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/1) 

Dlh : h,ml" I \-9 I 1-0 : 1-9C I loS I I-D I He : H : 1-0 I He \ 4-S \ 4-D I He : '-$ I 5-0 \ &-S : &-D .1 7-$ 

"o;':B""'T"~iii'liiiiiy""-----'--T-""lln""'i:fjT""-'ffiT-,-569"f,·-·,mT·,,i:iT,-,iiii'-,-'3oi"i--,-i:i9"i-··--'ii'i"i-'··'-i:iiT'-·'"i:U·j····-·i9i-i·-·-·-3lil"i····--,:ir-·····-i60'·:·'---·;3f 

Nov-86 t Ar .. oit. Din. I ( 0.005 I ( 0.005: ( 0.005 1 ( 0.005: ( 0.005: ( 0.005: ( 0.005: ( 0.005: ( 0.005: ( 0.005: ( 0.005: ( 0.005 I ( 0.005 I ( 0.005: (MOS ( 0.005: ( 0.005 
Hoy.86 I Sn;uI. 01" : o.oao I 0.010: 0.119: 0.105: 0.015: 0.051 1 0.165 I 0.014: 0.OJ4 I O.O~8 I 0.0" I O.on: 0.061: 0.090: 0.011 0.071: 0.060 
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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 15-8 were 

0.088 mg/l, 0.086 mg/1 and 0.172. mg/l, respectively. Quantifiable 

dissolved barium was found in all wells with concentrations ranging from 

0.032 mg/1 in downgradient well 19-8 to 0.165 mg/1 in on-site well 3-S. 

Background concentrations of barium are similar to downgradient 

concentrations and no sample exceeded the MeL 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 MeL 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 

concentrations 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. 

However, the presence of similar cadmium concentrations in background 

and downgradient samples indicateS that cadmium is not being released to 

the ground water from the NIROP. 

Calcium was analyzed only in the November 1986 sampling round. 

Concentrations of total calcium measured for wells 3-5, 9-S, and 15-5 

were 169 mg/l, 154 mg/1 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/1 to 208 mg/l. Background and 
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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/l. 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 2-5 (0.057 mg/I) 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. Chromium was used in the NIROP plating shop 

and may have been disposed on-site with plating sludges. The lack of 

significant downgradient chromium concentrations suggests that chromium 

that may have been disposed on the NIROP facility does not appear to be 

migrating to, or with, ground water. 
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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 

well 9-S was O. 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 ~ater. 

~ has been analyzed in all sampling rounds. Total lead has been 

detected in numerous samples (both upgradient and downgradient of the 

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. The highest dissolved lead concentration 

detected in November 1986 came from well 9-D (0.011 mg/l) and the 

adjacent ~ell 19-8 (0.009 mg/l). Both wells are downgradient of the 

NIROP. It 1s 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. 
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Hagnesium 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 

sampled. Dissolved manganese was detected at concentrations exceeding 

the SMCL in all but 6 wells. In general, the highest dissolved 

manganese concentrations were detected in background wells (lS-S, 12-8, 

13-5, and 16-5). 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-S, 4-S, and 6-S 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 MeL 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 

all 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 
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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/I. 

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 

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/I. 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 

respectively). 

equal 

This 

when detected 

is typical since 

(0.049 and 

selenium is 

0.076 mg/l, 

not generally 

associated with sediment. Only two wells showed concentrations of 

dissolved selenium above the detection limit of 0.005 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 

selenium detected in the sample from well 9-S exceeded the }1CL. Well 

9-5 is near the NIROP property boundary on the eastern (upgradient) side 

of the facility. Sources of selenium are not apparent since it has not 

1254.01 139:RPT:frid0407c 5-41 



• 

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 (12-8) to 0.005 

mg/l (1-S). Both background and downgradient well samples had similar 

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 1986 sampling round. 

Concentrations ranged from 3.57 mg/l to 14.1 mgtl 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 round. 

Concentrations ranged from 26.8 mgtl (19-5) 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, 11-5, 17-S, and 18-S). It 1s 

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, 
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have ranged from 0.086 to 29.8 mg/l. 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. 

Comparison 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 significant differences between upgradient and on-site ot 

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 sammarizing the findings of 

the previous section. Prior to November 1986, only total concentration 

(unfiltered samples) were reported and the data suggested that signifi

cant 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 
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TABLE 5-9 

SUMMARY OF INORGANIC CONSTITUENTS DETECTED AT LEAST 
ONE TIME IN GROUND WATER SAMPLES FROM THE NIROP STUDY AREA 

(mg/l) 

SDWA 
Maximum Total Maximum Dissolved Regulatory 

Constituent Concentration/Location Concentration/Location Level 

Arsenic 0.04S 15-S 0.014 lS-S MCL-O.OS 

Barium Not Analyzed 0.165 3-S MCL-l.O 

Cadmium 0.0194 l5-S 0.0024 19-5 MCL-O.Ol 

Calcium Not Analyzed 208 FMC-33 None 

Chloride Not Analyzed 75.6 4-PC SMCL-250 

Chromium 0.057 2-S 0.005 1-S MCL-O.OS 

Copper 0.377 9-S 0.009 4-S MCLG-1.3 

Lead 0.366 12-S 0.011 9-0 MCL-O.OS 

Magnesium Not Analyzed 61.4 5-D None 

Manganese 27.5 7-S 1.96 15-S SMCL-0.05 

Mercury 0.0013 3-S < 0.0004 all wells MCL-0.OO2 

Nickel 0.107 2-S 0.072 7-S None 

Selenium 0.076 9-S 0.049 9-5 MCL-O.OlO 

Silver 0.001 4-S 0.005 1-S MCL-0.05 

Sodium Not Analyzed 41.4 19-5 None 

Sulfate Not Analyzed 422 18-S SMCL-250 

Zinc 29.8 10-5 4.71 18-5 SMCL-5.0 
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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. 

Selenium in a sample from well 9-S (0.049 mg/l) is the only 

dissolved inorganic constituent detected in ground water above an MCL. 

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 
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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/1) 
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TABLE 5-10 (Cont'd). MAXIMUM AND MEAN 

CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED 
IN GROUND WATER SAMPLES, OCTOBER 1983 to 

NOVEMBER 1986 (rng/1) 
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TABLE ?-10 (Cont'd). MAXIMUM AND MEAN 

CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED 
IN GROUND WATER SAMPLES, OCTOBER 1983 to 

NOVEMBER 1986 (mg/1) 
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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 

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 6-8 (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 concentrations 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 

plastic compounds. As such, it has become a common contaminant in 

laboratory settings and sampling equipment. This may account for the 

sporadic occurrence of this compound in the NIROP data base. No MeL or 

MCLG bas 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-

8) at a concentration of 0.0065 mg/l. The MeL for benzene is 0.005 mg/l 
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and the MCLG is zero. All but 1 of 34 samples did not meet the }1CL 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 

November 1986 sampling round. Chloroform was also not found in the soil 

samples collected beneath the pits (see Section 4.1). It is unlikely 

that a significant source exists based on these results. The MCL for 

chloroform is 0.10 mg/l. 

1,1 Dichloroethane was analyzed for in all eight sampling rounds. 

It has been found in measurable concentrations only at 3-S, 8-S, and 

FMC-33 (in the pit/trench area) and, at well 9-5 on the eastern 

boundary. It was conspicuously absent from the area around well 6-5 

until November 1986, when 1,I-dichloroethane was reported at 0.019 

mg/l. No detectable concentrations of 1,1-dichloroethane were found in 

the background wells. No regulatory levels have been set for 1,1-

dichloroethane. 

1,1 Dichloroethylene was analyzed in all eight rounds. It was 

detected only in well 9-S 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) sam.pling round. No detectable concentrations of this 

compound were found in background wells. The proposed MCL for 

1,1 dichloroethylene is 0.007 mg/l. 
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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 1,1-dichloroethylene. 

It is unclear at this time whether total 1,2 dichloroethylene was 

reported for both compounds or if total 1,2 dichloroethylene was divided 

evenly between the two compounds. 

In April and October 1984, it was detected in shallow wells 3-8 and 

6-8, FMC-33 and the bedrock well 2-PC. In November 1986, cis 1,2-

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 dichloroethylene originated 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-S the concentration has decreased from 0.037 mg/i 

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 
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5e c t ion 4. 1 ) • The decrease' observed in the monitoring well samples 

suggests that the pit excavations have removed the ethylbenzene source 

upgradient of wells 3-S 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 

concentrations range from 0.0065 to 41. 0 mg/l. The latest sampling 

round had methylene chloride occurring in only one sample (1-S 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. Methylene chloride is a commonly used cleaning solvent for 

organic compounds. Therefore, contamination during sampling or analysis 

may have contributed to the observed variability in the 

concentrations. 

established. 

MCLs or MCLGs for methylene chloride have not been 

PCB Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260 were 

ana.lyzed in water samples from all monitoring wells. Aroclors 1016, 

1221, 1232, and 1260 were not found in any sample. In the October 1984 

sampling round, the only Aroclor reported was 1242, in 10 of 14 samples 

at concentrations ranging from 0.0002 to 0.0005 mg/l. Aroclor 1254 was 

reported only in January 1985 samples. Concentrations in 10 of 14 

samples collected on that date ranged from 0.0002 to 0.0011 mg/l. 

Aroclor 1248 was detected in 2 of 5 rounds from well 3-PC in concentra

tions of 0.0004 and 0.0002 mg/l. The reported levels are at or near the 

detection limit of the method (0.0002 mg/l), and therefore identifica

tion and quantification are difficult. The proposed MCLG for PCBs is 

zero, which is below the detection limit. The lack of consistent 
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spa tia1 or temporal trends also makes the reliability of these low 

concentrations uncertain. PCBs were found in barrels and soils in the 

pit/trench area; however, the wells immediately downgradient of the 

disposal areas were never reported to contain any PCB Aroclors. The 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. 

Tetrachloroethylene (PCE) was analyzed in all eight sampling 

rounds. PCE has been found at much lower concentrations than TCE 

(0.0053 to 0.22 mg/l) in samples from 6 monitoring wells. These areas 

include the pit/trench area wells FMC-33, 8-S, and 3-S (PCE not detected 

in 3 -s since October 1984); well 9-S at the eas tern boundary; and in 

well 6-8 near the southwest corner of the main NIROP buildi ng. No 

detectable 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, 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 

9-8 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 

1986. The wells immediately downgradient of the disposal areas have not 

had significant toluene concentrations. The spatial distribution of 
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6. SURFACE WATER 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 of a 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.G.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 and river stage are difficult at this time, since newer wells 

near the river were not installed until 1986. 

6.3 Surface Water 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 Mgd 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 NIROP, the Anoka wastewater treatment facility 1s 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 Water 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/l 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 IAS 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/1) 

Minneapolis 
SamEle 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 0.000.6 

* (Envirodyne, 1983). 

Minneapolis 
Finished Water 

0.0006· 

< 0.00Q4 

< 0.0002 

.> O. 0004 

0.0002 

** Indicates that TCE was present, but the amount was too small to 
quantify. 
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7. EVALUAXION OF THE NO-ACTION ALTERNATIVE 

7.1 Introduction 

The National C'.ontingency Plan speciHes ~ that remedial' actions be 

evaluated in terms of, among other things, the extent to which they 

mitigate damage to, and provide protection of, pubUc health. To do 

this, it is first necessary to evaluate the threats posed by existing 

conditions at the site. The following evaluation is an analysis of 

NIROP site conditions in the absence of remedial action. 

Existing conditions at the NIROP site were defined by available 

analytical data obtained through November 1986. This information was 

used to identify critical contaminants and the pathways by which they 

may impact public health. Risk levels were then calculated at five 

potential receptor areas as follow: 

1. Background (off-site and upgradient). 

2. On-site contaminant source areas. 

3. Along the downgradient property line. 

4. Off-site between the property line and the Mississippi River. 

5. The Minneapolis municipal water supply intake situated 
downstream of the site on the Mississippi River. 

To assess the potential for, and the risks associated with, future 

conditions which may be more severe than those observed to date, analyt-

ical and numerical techniques were used to model potential contaminant 

movement at the site. These calculations were limited by uncertainty 

over exact source conditions and hydrogeological parameters. TIley 

should be considered only an approximate representation rather than an 

exact reproduction of conditions. 
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7.2 ~ry of Existing Conditions 

Sections 2 through 6 provided a review of the available historical, 

hydrogeologic, and analytical data for the NIROP site. This information 

was used to establish the ground water flow patterns and contaminant 

distribution map (Figure 5-7) which provide the basis for the risk 

evaluation in Section 7.4. 

The graphical representation of TCE contamination in the shallow 

alluvial wells reveals that there are probably at least 4 source 

areas. Two majot potential sources are the "pi ts 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, tetrachloroethylene, toluene, and 1,1,1-trichloro

ethane. 

The distribution of TCE in the alluvial aquifer is consistent with 

shallow ground water flow. For example, TCE levels generally decrease 

at wells downgradlent 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 alluvial (as well as underlying 

bedrock) aquifer discharges to the Mississippi River west of the site.

This pathway may result in contaminant loading to the river. 
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Contaminants discharging to the river would be subject to dilut ion 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, 

assumi ng complete mixing (see calculations in Volume II). S1 nce e 

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 ~~_~_./ 

A relatively extensive data base describing ground water quality on 

and off the NIROP site presently exists. Each monitoring well reveals 

ground water quality at a discrete point in the overall 3-dimensiona1 

flow system. Similarly, each round of data represents conditions at a 

specific point in time. 

Based on available data, health risks can be evaluated at many 

different points in space and time. A valid public health evaluation 

should use that data which is representative of conditions under which 

there may be public exposure. At present, there is minimal human 

exposure because ground water on-site and downgradient is not being 

consumed. 

Because there is a wide range of contaminant concentrations in 

ground water, there is a corresponding range of potential health risks. 

If risk is calculated at a location or time where an observed --
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constituent concentration is high, then the corresponding risk from that 

constituent is high. If risk is calculated where the observed 

concentration is low, the risk is low. In ei ther case, there is no 

on where (and when) the exposure occurs, the risk will vary. 

For this reason, the notion of an "average" or typical level of 

risk across the site is not meaningful. The only concept of "averaging" 

that is appropriate is that at any point of exposure there may be an 

average observable concentration. Risk at that specific location could 

then be calculated based on exposure to that average concentration. 

The strategy for the public health evaluation, therefore, should be 

to calculate risk at different points of interest where exposure might 

occur. The maximum risk at these points is that associated wt th the 

highest observed concentrations. Lower risks are entirely possible and 

probable as the exposure concentrations decrease. 

For this evaluation, at each area of interest, risk has been 

expressed based on the following: 

1. The highest mean observed concentration for a monitoring well 
within that area. 

2. The lowest mean observed concentration for a monitoring well 
within that area. 

These values represent a range of risk which may be encountered if there 

is an exposure (consumption) to ground water in each area. 

7.4 Public Health Evaluation of Existing Conditions 

7.4.1 Metbod of Evaluation 

This evaluation is a preliminary assessment of the public health 

impacts based only on available ground water monitoring data and is not 
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intended to be a comprehensive risk assessment. The method for 

evaluating the health risk for contaminants identified on-site has been 

adapted from the _~periund Public Health Evaluation Manual, draft - ~~ -CP 
edition, December 18, 1985, prepared for the USEPA 

/~~ J..- .. 
bY(~CA_ 

Worksheets 5-2, 6-1, 7-1, 7-2, and 7-3 from this document were used to 

calculate intake ratios for noncarcinogenlc substances and to estimate 

risk for carcinogens. Copies of the computation worksheets are 

contained in Volume II of this report. 

The evaluation is based on five potential receptor areas or 

locations as follow: 

1. Background (off-site and upgradient). 

2. On-site contaminant source areas. 

3. At t~e property line downgradient of the source areas. 

4. Off-site between the property line and the Mississippi River. 

5. Minneapolis water supply intake, on the Mississippi River. 

The network of existing monitoring wells has been divided so that 

each well is assigned to one of the first four areas above based on its 

location. This grouping is contained in Table 7-1. tUthin each area, 

the highest and lowest mean concentrations in any monitoring well were 

selected for evaluation. These concentrations' are listed in Table 7-2. 

Although this method provides a fairly realistic estimate of health 

risks, it may be conservative for some parameters which have been 

observed infrequently and whose occurrence is probably not 

environmentally significant. 

The risk level for TCE "7as calculated for the Minneapolis water 

supply intake by "diluting" the observed 'off-site concentrations 
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TABLE 7-1 

MONITORING WELL DESIGNATIONS BY LOCATION 

Well 
Designation Number A roximate Location 

1. Background 12-S Off-Site, NW of pits/trenches 
(Off-site 13-S Off-Site, N of pits/trenches 
upgradient) 14-S Off-Site, N of pits/trenches 

15-S Off-Site, NE of pits/trenches 
16-S Off-Site, NE of pits/trenches 

2. On-site Sources 1-S E of pits/trenches 
1-D E of pits/trenches 
I-PC Eof pits/trenches 
2-S E of pits/trenches • 2-D E of pitsltrenches 
2-PC S of pits/trenches 
3-S S of pits/trenches 
5-D N of pits/trenches 
7-S N of pits/trenches 
8-S S of pits/trenches 
FMC-33 S of pits/trenches 
3-D E side of plant 
3-PC E side of plant 
4-S E side of plant 
9-S E side of plant 
10-S Adjacent toPre-19B3 TCE tank 

3. Downgradient at 4-D SW Corner of plant 
Property Line 4-PC SW Corner of plant 

5-8 SW Corner of plant 

e 6-8 SW Corner of plant 
6-D SW Corner of plant 
l1-S 8W Corner of plant 

4. Off-Site 7-D W of property line 
(Downgradient) 8-D SW of property line 

9-D S of property line 
17-8 W of property line 
18-8 S of property line 
19-5 S of property line 
20-S On FMC property 
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Parameter MCL 

Arsenic (A9) I DtBsolved u 0.050 
Barium (nn>. Dissolved* 1.0 
Cadmium (Cd), Dissolved ** 0.01 
Chromium (Cr). Oissolvedu 0.050 
Copper (CII). Olssolved .. NA 
Lead (Pb), OlsRo1ved *it 0.050 
Manganese (Hn), otasolved u NA 
Hetcury (Hg), Dlaso1ved ** 0.002 
tHekel (Nt). OlBsolved ** NA 
Selenium (Se), Dissolved* 0.01 
Silver (A8), Dbsolved .. 0.050 
Zinc (Zn). Oissolved u NA 

PCB 1242 NA 
PCB 1248 NA 
PC8 1254 NA 
FeB 1260 NA 

1,1,1 trichloroethane 0.20 P 
1,1 dichloroethane NA 
1,1 dichloroethylene 0.007 P 
Benzene 0.005 P 

Bis (2 ethylhexyl) phthalate NA 
Chloroform 0.10 
1,2 dichloroethylene NA 
Kthylbenzene NA 
Hethylene chloride NA 
Tet rnchloroethylene NA 
Tolllrne NA 
Trichloroethylene 0.005 P 

• • 
TABLE 7-2 

SUMMARY OF GROUND WATER CHEMICAL ANALYSES AND CALCULATED VALUES AT MINNEAPOLIS WATER SUPPLY INTAKE 
(all units mgt!) 

HigheB:aCkgrL~::"t On-SIte Sources Pro2ertx Line off-Site 
Highest Lowest Highest Lowest Highe9t~e8t 

Mean Mean Mean Mean Mean Mean Mean Mean 
HCLe Value* Value Value Value Value Value Value ' Value 

0.050 P 0.014 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
0.136 0.064 0.165 0.034 0.106 0.061 0.111 0.032 

0.005 p 0.0021 0.0008 0.0009 < 0.0001 0.0009 < 0.0001 0.0024 0.002 
0.12 P 0.002 < 0.001 0.005 0.001 0.002 < 0.001 0.003 0.002 
1.3 P 0.006 0.002 0.009 < 0.001 0.009 < 0.001 0.004 0.002 
0.020 P 0.005 0.001 0.005 < 0.001 0.003 < 0.001 0.011 0.002 
NA 1.960 0.876 1.94 0.002 0.593 0.003 0.920 0.034 
0.003 P < 0.004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 
NA 0.037 < 0.001 0.072 < 0.001 0.043 < 0.001 0.072 < 0.001 
0.045 P 0.008 < 0.005 0.01,9 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
NA 0.003 < 0.001 0.005 < 0.001 < 0.001 ( 0.001 0.002 ( 0.001 
NA 3.81 1.84 4.42 < 0.030 0.909 0.086 4.71 1.03 

o P 0.00011 0.00010 0.00011 0.00009 0.00015 0.00008 0.00010 0.00010 
a 0.00010 0.00009 0.00017 0.00009 0.00010 0.00008 0.00010 0.00010 
a P 0.00023 0.00010 0.00029 0.00009 0.00011 0.00008 0.00010 0.00010 
a p 0.00010 0.00009 0.00010 0.00009 0.00018 0.00008 0.00010 0.00010 

0.20 0.0025 0.0025 0.2667 0.0025 0.0616 0.0025 0.0056 0.0025 
NA 0.0025 0.0025 0.051,0 0.0025 0.0065 0.0025 0.0025 0.0025 
0.007 0.0025 0.0025 0.0038 0.0025 0.0038 0.0025 0.0025 0.0025 
a 0.0025 0.0025 0.0072 0.0025 0.0050 0.0025 0.0045 0.0025 
NA NA NA 0.0379 0.0013 0.0564 0.0008 NA NA 
NA 0.0025 0.0025 0.0038 0.0025 0.0038 0.0025 0.0025 0.0025 
0.07 P 0.0025 0.0025 0.3400 0.0025 0.2490 0.0025 2..51 0.0025 
0.68 P 0.0025 0.0025 0.0655 0.002S 0.0038 0.0025 0.0025 0.0025 
NA 0.0056. 0.0025 6.8408 0.0025 0.0772 0.0025 0.0025 0.0025 
a p 0.0025 0.0025 0.1833 0.0025 0.0554 0.0025 0.0025 0.001.5 
2.0 p 0.0025 0.0025 0.0061 0.0025 0.0072 0.0025 0.005~ 0.0025 
0 0.133 0.0025 7.9167 0.0025 1.3321 0.0033 8.2000 0.0025 

Minnesota Water Intake 
Average Cll. Iculated Calculated 
of All at 100r. at 10% 
Means Dilution Dilution 

0.0025 BO BO 
0.073 BD 0.001 
0.001 BO BO 
0.002 BO BO 
0.003 BO BD 
0.004 BO BO 
0.717 0.001 0.013 
0.0002 SO BO 
0.022 SD BO 
0.0025 BD BD 
0.001 BU BD 
2.73 0.005 0.049 

0.0001 BD BO 
0.0001 BO SO 
0.0001 BD BO 
0.0001 BO BO 

0.003 BO BD 
0.0025 80 BO 
0.0025 DO DO 
0.003 DD liD 
NA NA NA 
0.0025 80 BO 
0.437 BO O.OOB 
0.0025 BO BO 
0.0025 Bf) DO 
0.002S III) no 
0.003 BU 811 
1.85 0.003 0.033 

* Hean values may be les9 than detection limits because concentrations reported At le9R th"n detection limits were incorporated into the mean at 0.5 of the detection limit concentration. 
*'" Only one round of samples (November 1986) \/'ere analyzed for dlssolved tnorganics. Data presented here are the highest and lowest observed conceotrations on that date. 
P Proposed Hlldmum Contaminant Level Goal. 

NA Not Ava11able. 
BD Value not calculated because "off-:s1te IIverage" is already at or bela\/' detection limit.!!!. calculated value itself 18 well below detection limit. 
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(average mean value) by the two factors 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, not 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 • 

7.4.2 Deviations and Assumptions 

The 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 

was not considered necessary to select indicator chemicals through the 

ranking process outlined in the SUl'~_~~_~~ __ ~~b~~s:_Hea1th "!y_~~~a_~!~E:. 

Manual. 

It is also assumed that the only source of TCE from the site to the 

river is via ground water discharge. Other discharges, such as 

stormwater, are assumed to be minor. 

7.4.3 Oomputations 

The calculation of risk is based on the numerlcal technique 

descri bed in the _~~P~E~~~~ __ .R~~!_i~ .. ~.~a).!~ _ .~~~~~~~!~~_ }~.t~.!l.~~!.' For non

carcinogens, the observed concentrations (mg/l) were multiplied by 

USEPA's human intake factors (I/kg/day) to determine the estimated daily 
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intake level (mg/kg/day). The estimated daily intake was then divided 

by USEPA '8 acceptable daily intake. These results are contained in 

Table 7-3. 

For carcinogens, the estimated daily intake (EDI) was calculated as 

above. The ED! was then multiplied by US EPA 's carcinogenic potency 

factor to determine actual risk levels. Since the relationship between 

risk and observed concentration is linear, it can be plotted as a 

straight line on log-log paper. For each observed carcinogen, this is 

illustrated in Figure 7-1. 

7.4.4. Interpretation of Results 

Non-carcinogenic Health Effects. There is concern about potential 

health effects when the estimated human intake exceeds the established 

acceptable intake level (i.e., when the ratio of estimated actual intake 

to acceptable intake exceeds unity). Thus) as can be seen from Table· 

7-3, there is cause for concern over non-carcinogenic health effects at 

background, on-site and off-site locations for barium. 

Barium levels approach the Maximum Contaminant Level (MCL) 

(drinking water standard), but do not exceed it. Manganese is the only 

metal which exceeds a published MCL (that being in an on-site source 

well) • 

Several non-carcinogenic organic compounds exceed published MCL' s 

or Maximum Contaminant Level Goals (MCLG's). Methylene chloride is the 

only organic compound which exceeds an intake ratio of 1. 

For manganese and methylene chloride the potential effects should _ 

be qualified by whether the observed concentrations are environmentally 

significant. This is discussed in Chapter 5. 
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• • TAu.ui 7-3 

RATIO OF ESTIMATED HUMAN INTAKE TO ESTABLISHED ACCEPTABLE INTAKE LEVELS* 
(for non-carcinogens) 

Backgrcund On-8ite Sources Area Pro~rty ~ Off-Site 
lH.ghest lcwest Highest lowest Highest l£'Mest Highest~t 
~ Mean ~ ~ Mean Mean Mean Mean 
Well Well Well Well Well Well Well Well 

Minnesota. Water Intake 

100 % 1at 
Dilution Diluticn 

C ~--,) (5) - - - - - - - - - -
:--- . (C) 13.6 6.4 16.5 3..4 10.6 6.1 11.1 3.2 BD 0.1 

-...J 
I --

Cadmium (5) 0.21 0.00 0.09 0.005 0.09 0.005 0.24 0.2 BD BD 
(C) 0.21 0.08 0.09 0.005 0.00 0.005 0.24 0.2 BD BD 

O:lromium (S) 0.<XXXXl4 O.OOXX)l 0.00Xl1 0.00'XX)2 0.<XXXXl4 O.OO(XX)1 O.CXXXX)) 0.00XX>4 BD BD 
(C) 0.CXXX>4 0.00Xl1 0.0001 O.oo:xJ2 0.CXXXl4 0.00001 O.lXXXXi 0.CXXX)4 BD BD 

Q)pper (5) 0.0047 0.00157 0.00705 0.00039 0.00705 0.00319 0.00313 0.00157 BD BD 
(C) 0.0047 0.00157 0.00705 0.00039 0.00705 0.00319 0.00313 0.00157 BD BD 

~ (8) - - - - - - - - - -
(C) 0.104 0.0207 0.104 0.104 0.())2 0.0104 0.228 0.041 BD BD 

Mmganese (8) 0.107 0.0479 0.1()) 0.0001 0.0325 O.OX)l 0.0503 0.0019 0.00X>5 0.00071 
(C) 0.258 0.115 0.256 0.0003 0.0782 0.0004 0.121 0.0045 0.00013 0.0017 

Mercury (8) 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 BD BD 
(C) 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 BD BD 

Nickel (8) 0.0536 0.0007 0.104 0.0007 0.())23 0.0007 0.0029 0.0007 BD BD 
(C) 0.0107 0.0001 0.0208 0.0001 0.0125 0.0001 0.(XX)6 0.00015 BD BD 

Selenium (S) 0.0725 0.0227 0.444 0.0227 0.0227 0.0227 0.0227 0.0227 BD BD 
(C) 0.0773 0.0242 0.474 0.0241 0.0241 0.0241 0.0241 0.0241 BD BD 

Silver (8) - - - - - - - - - -
(C) - - - - - - - - - -

Zinc (5) 0.526 0.254 0.610 0.0021 0.125 0.0119 0.651 0.142 0.0007 0.007 
(C) 0.526 0.254 0.610 0.0021 0.125 0.0119 0.651 0.142 0.0007 0.007 

12.)4.01 n~:RPI::';naU'tvl J. .. 
* Ratio is too estimated human intake divided by too acceptable intake (values greater than 1 represent a health concern) 

- = Not Evaluated, "acceptable intake" values rot available 
(5) == Subchronic Exposure Risk. 
(C) = Olronic Exposure Risk 
BD :: Not ca1cu1ated because coocentration 1in11d be \ell below analytical detection limit 
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Paraueter 

1,1,1 tri- (S) 
chloroethane (C) 

1,1 dichloroe- (8) 
ethane (C) 

1,1 dichloro- (8) 
ethene (C) 

BiB (2 ethyl- (8) 
~l)phthalate(C) 

Cis, 1,2 (8) 
dichloroethene (C) 

Ethylbenzene (8) 
(C) 

,," ,--""~",. ""--.. 
, "Methylene ':(8) 

Chloride (C) 
--' 

Toluene (8) 
(C) 

• • 
TABLE 7-3 (Cant 'd) 

RATIO OF ESrIMATIID HLMAN INrAKE 'ID ESTABUSHED AO:EPrABl.E IN1'Al<E I..EVELS* 
(for ron-carcinogens) 

Backgroord On-Site Sources Area Property IJ..re Off-Site 
Highest l.oiest Highest lo.r23t Highest lowest Highest~ 
~ Mean Mean Mean Mean Mean Mean Mean 
Q.ill Well Q.ill Q.ill Well Well Well Well 

- - - - - - - -
0.00J2 0.00CXl1 0.0014 0.(0)14 0.0033 0.00J14 0.0003 0.00014 

0.0C0J9 0.00CXXJ6 0.0013 0.0XX)6 0.00016 0.CXXX>6 O.CXXX>6 0.00CXl6 
0.<XXl9 0.00))6 0.013 O.COOl 0.0016 0.0006 0.00J6 0.0006 

- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
0.0001 0.000Cl08 0.0002 0.<XXXXl8 0.00011 0.00Xl8 0.(0»8 0.CXXX)8 
O.(X)l 0.(00)8 0.002 0.CXXD8 0.0011 0.(008 0.00)8 0.(008 

- - - - - - -
0.032 0.0002 /4~O 0.0015 0.044 0.0015 0.0015 0.0015 -
0.0004 0.00CXl2 0.0004 0.(0)2 0.0005 0.0002 O.COOl 0.00CXl2 
0.0006 0.00003 0.0007 0.0003 0.0007 0.0003 0.00J6 0.00CXl3 

Minnesota Water Intake ' 

100 % 1m: 
Dilutim Diluticn 

- -
ID ID 

BD BO 
BD BD 

- -- -
- -
- -
- -- -
BD ID 
BD BO 

- -
ID m 
BD BD 
BD BD 
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Six of the contaminants measured in the 

ground water samples are known or potential carcinogens with established 

carcinogenic potency factors. In evaluating carcinogenic risks, the 

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. 

Figure 7-1 illustrates carcinogenic risk levels for 6 carcinogens. 

The figure plots concentration versus risk for each of the six 

carcinogens on a logarithmic scale. The relationship is linear, which 

means that if the concentration is doubled, so does the risk. This Is 

an especially important point because the ground water data reveal that 

the observed concentrations vary by up to several orders of magnitude 

over relativel.y short horizontal or vertical distances across and around 

the site. This makes it difficult to describe the "real" risk posed by 

ground water at the site. 

Figure 7-1 also points out that for several carcinogens even the 

analytical detection limit exceeds the USEPA acceptable risk level of 

10- 6• 1 Mean values c oae to or below the detection limit which are 

calculated with "not detected" values are therefore of questionable 

validity. In general, the most valid calculations are those which do 

not include values below the detection limit. 

Figure 7-2 plots specific TCE data points at several locations. 

This illustrates that there is a carcinogenic risk at on-site and off-

site wells in excess of state and federal guidelines. The calculations 

for risk at the Minneapolis water supply intake are generally in the -

range of acceptable levels, depending on the dilution assumption used. 
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7.5 Modeling of Contaminant Movement and Evaluation of Potential Puture 
Conditions 

The movement of dissolved constituents in ground water is governed 

by various physical and chemical processes. The principal mechanism is 

simply the mass transport of the chemical by ground water flow. 

Contaminants are transported in the direction of, and at a velocity 

related to, that for ground water flow. As contaminants are transported 

via this advective process, they are also dispersed (or spread out) by 

physical and chemical means in directions which are parallel and 

transverse to ground water flow lines. This spreading results in the 

typical "plume" of contamination. The shape and extent of the plume is 

further defined by attenuative processes such as adsorption and 

degradation. 

The magnitude and extent of downgradient concentrations is also 

dependent on the strength and size of the source of contamination. To 

make meaningful predictions of future conditions, it is also necessary 

to know when the source originated, and whether it is continuous or 

instantaneous. 

Unfortunately, none of these source variables can be accurately 

defined with available information. For calculations such as these, the 

predicted downgradient concentrations are highly sensitive to the source 

size. Therefore, without precise source information, the predictions 

can vary by orders of magnitude. 

On-site Soil as a Potential Source of TCE in ,the Ground Water 

TCE which is contained in unsaturated soils may provide a source of 

TCE in the ground water. For example, near Pit 113 the soils data 

indicate an average residual TeE concentration of approximately 110 
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ppm. If it is assumed that this so11 is providing an ongoing TCE 

source, the soils concentration can be converted to an equivalent 

aqueous concentration using a simple partition coefficient model (see 

Volume It). This concentration would represent TCE which may be leached 

to the water table and then subjected to the transport processes 

described above. This leachate concentration is estimated to be 410 

mg/l. As dilution and dispersion occur, this concentration would be 

reduced to lower levels at downgradient locations. 

This calculated TCE concentration is much higher than shallow 

ground water concentrations immediately downgradient of the pits and 

trenches area, however. Concentrations on the order of 1 mgll and 

higher have been seen. This suggests that either substantial dilution 

of leachate from the soils is occurring, or that leachate generation is 

not widespread. 

The Potential for the Existence of Unknown, On-going Sources 

It is conceivable that a past release or spill of TCE may provide a 

continuing source of ground water contamination. TCE has a specific 

gravity greater than that for ,water (1.49 vs 1.0), and thus undiluted 

TCE which reaches the water table may "sink" through the aquifer. TCE 

which becomes entrapped in soil pores or which settles at the top of a 

less permeable layer may dissolve slowly over a long period of time. At 

such a source, TCE could be measured at concentrations up to the 

solubility limit (1,000 mgll at 20 0 e). Depending on the size and extent 

of the source, concentrations would decrease at downgradient locations. 

Such a source may also be difficult to identify since it could be

located at depth within the aquifer and fairly limited in extent. 
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From the existing data, it is difficult to determine whether a 

continuous source of TCE exists. For example, in shallow and deep wells 

adjacent to the pits and trenches, there has been a marked decrease in 

TCE concentrations over a two-year period. From October 1983 to June 

1985, concentrations dropped from 28 mg/l to 0.62 mg/l in well 3-S and 

from 37 mg/l to 2.6 in well FMC-33. The November 1986 data show TCE 

concentrations of 0.88 mg/l and 1.3 mg/l at these wells, respectively. 

These trends seem to reflect a dissipating source which may have reached 

steady-state. Similar trends may arise at downgradient locations and at 

other potential 'source locations due to natural flushing mechanisms. 

This situation, in turn, would result in decreasing public health risks 

even in the absence of remedial action. It is not possible to predict 

the time required to reach acceptable risk levels through natural 

removal mechanisms with the existing information. 

Modeling of Possible Future Conditions 

The existing data do not provide sufficient detail to accurately 

determine TCE source concentrations or predict future conditions. 

Therefore, a simple computer model was used to calculate theoretical 

downgradient TCE concentrations based on a hypothetical and conservative 

ongoing source. The model was based on the numerical techniques for 

solving the dispersion-convection equation described by Domenico and 

Robbins (1985). This equation, and the corresponding numerical 

solution, consider dispersive and convective (advective) transport from 

a three-dimensional source. The source can be defined as instantaneous 

or continuous, and can be at the specified surface of the water table o~· 

at any location across the thickness of the aquifer. It can also be 
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specified as continuous in the vertical dimension. Since the model does 

not consider any contaminant removal mechanisms, it will yield conserv-

atively high concentrations downgradient of the source. Based on best 

available information, estimates for required parameter inputs are 

listed in Table 7-4. Where site-specific data were not available, 

estimates were used. 

Several scenarios were investigated. The first scenario used the 

assumption that a large trench (200 feet long), aligned perpendicular to 

a flowline, was continuously generating leachate which was contaminated 

with TCE at 1,000 mg/l (roughly the solubility limit). This leachate 

was introduced at the surface of the water table and then subjected to 

advection and dispersion in three dimensions. The results are 

summarized below. 

TCE (mg/l) DOWNGRADIENT OF A HYPOTHETICAL TRENCH 
(STEADY-STATE CONDITION) 

Distance Downgradlent, m 

Depth, m 0 100 540 720 
(Source) (Property Line) (River) 

0 1000 8 2 1 

30 0 0 2 1 

The results of this simulation indicate that a large continuous 

source of TCE could result in concentrations of roughly 2 mg/l at the 

NIROP property line. This is not inconsistent with measured values at 

downgradient wells. Further, little additional reduction is achieved 

before recharge to the river. At downgradient locations, concentrations 

are uniform across the thickness of the aquifer. 
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TABLE 7-4 

CONTAMINANT TRANSPORT MODEL INPUT PARAMETERS 

Parameter Units Value Used Justification 

Seepage Velocity, V m/yr 167 Calculated based 
on typical water 
table gradient 
(see Volume II) 

Longitudinal Dispersivity, L m 50 Typical value, 
sand and gravel 
aquifers 
(Anderson, 1984) 

Transverse Dispersiyity, y m 5 cx-y = O.1C(L.. 
(Typical 
relationship) 

Transverse Dispersivity, z m 5 O\a = O.~ 
(Typical L. 
relationship) 

Dispersion Coefficient, Dx m2/yr 8350 Dx = 0(", .v 

Dispersion Coefficient, Dy m2/yr 835 Dy =CXy.V 

Dispersion Coefficient, Dz m2/yr 835 Dz "'Q(J,'V 
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Simulations over varying time periods indicate that steady-state 

conditions are achieved 5 to 10 years after the continuous source is 

introduced to the system. It follows, then, that at least this amount 

of time would be required to purge the system after the source is 

removed. 

The numerical solution is linear with respect to the initial source 

concentration. Thus, if the source concentration is reduced by an order 

of magnitude, all downgradient concentrations would be reduced 

correspondingly. 

The second scenario assumes that there is a uniform vertical column 

(10 feet wide) of TCE entrapped across the thickness of the aquifer at a 

location corresponding to the original pits and trenches. This source 

is assumed to be continuously releasing TCE at 1,000 mg/l. The results 

are given below. 

TCE (mg/l) DOWNGRADIENT OF PRODUCT ENTRAPPED IN WATER COLUMN 
(STEADY-STATE CONDITION) 

Depth 

Uniform 

o 
(Source) 

1000 

100 

38 

Distance Downgradient, m 

540 
(Property Line) 

16 

720 
(River) 

14 

These results are somewhat higher than those observed at 

corresponding monitoring locations. If it is assumed that the source is 

entrapped over a relatively discrete thickness, such as the top 0.5 m of 

the water table, similar model calculations show that concentrations 

drop off to 1 mg/l within 50 m. Thus it may be difficult to even see 

the effects of numerous small sources. This, however, may be the 

scenario which most closely represents actual conditions. 
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Evaluation of Possible Future Effects 

These modeling exercises provide at least a qualitative insight to 

the possible future effects of the No-Action Alternative. These can 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-c,Qncentrations. 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 concentr8'tions 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. 

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. 
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8. IDENTIFICATION OF REHEDlAL TECHNOLOGIES 

8.1 Introduction 

8.1.1 Purpose of Remedial Action 

The purpose of evaluating remedial actions in the feasibility study 

portion of the RIfFS process under CERCLA is to identify a cost-

effective and technically justifiable remedial alternative that protects 

the health and well-being of potential receptors in the area of the 

site. Prior to final selection of a remedial alternative, a remedial 

investigation is conducted to identify potential constituents of concern 

and the pathways by which these constituents may come in contact with 

potential receptors. 

For the purpose of this Interim Report, the remedial investigation 

consisted of compiling existing information developed by the U.S. Army 

Corps of Engineers. These data were used as a basis for defining the 

current situation and for developing preliminary remedial action 

alternatives. This was done to focus subsequent investigative steps, 

providing the data necessary for the evaluation of the alternatives. 

As previously identified, the potential constituents of concern may 

be grouped into metals, PCBs, and organics. Specific compounds under 

each of these groupings have been detected in the soils and ground water 

at the site. The following is a summary of the major findings from the 

investigations conducted at the NIROP site: 

Metals Ground water samples from earlier NIROP 
investigations were not filtered in the field prior to 
analysis. Only the November 1986 round of samples was 
filtered in the field. In the November 1986 round, selenium 
was analyzed for the first time and was detected in one sample 
above the MCL. In addition, in previous rounds many metals 
were detected at approximately equal concentrations in samples~ 
of ground water taken from locations both up- and downgradient 
of the site. Based on these facts, metals do not appear to be 
a contaminant of concern and will not be addressed in the 
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technology evaluation. screening, or alternative development 
sections. 

PCBs - PCBs were detected in the ground water and solI samples 
at the site. However, concentrations detected were very low, 
showed no consistent detection pattern at a specific well or 
location, and generally consisted of different Aroclors. 
Thus, it was concluded that PCB's do not represent an on-site 
source of environmental contamination and technologies will 
therefore not be developed to specifically address PCBs. 

Organics - A number of organic compounds have been detected in 
the so11s and ground water at the site; however, the primary 
constituent of concern for this analysis will be TCE. This is 
based on the following reasons: 

Many of the organics (tetrachloroethene - PCE, 1,1 
dichloroethane, 1,1,1 trichloroethane, 1,2-
dichloroethane) showed the same general distribution 
pattern as TCE but were detected at much lower 
concentrations. 

Ethylbenzene was not detected in the most recent 
monitoring round. 

Many of the organics detected (toluene, phthalates) are 
commonly found as a sampling or laboratory contaminant. 

Other organics (chloroform) showed decreased 
. concentrations or showed no consistent pattern or trends. 

In summary, the balance of the organic compound s, when detected, 

were detected at insignificant concentrations or demonstrated no spatial 

or temporal patterns indicative of on-site contamination. 

Previous sections of this report have identified the potential 

pathways for TCE to come in contact with receptors. Ground water has 

been deSignated the primary pathway for the following reasons: 

Surface water - Much of the contamination documented to date 
is below ground level and does not come in contact with 
surface water. Much of the site is covered by buildings and 
pavement which drain to storm sewers; however, little data 
exist to date on the quality of the storm water runoff from 
the site. 
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Air - The majority of constituents detected have been found 
below ground, thus limiting their potential migration through 
the atmosphere. In addition, RMT personnel used an HNU 
volatile organic photo ionizer during a recent site visit and 
found no significant atmospheric concentrations of VOCe. 

Soils - The contaminants of concern are such that, instead of 
moving through soils, the contaminants will move with the 
ground water. In addition, contaminated soils generally exist 
below ground surface, thus removing erosion as a pathway. 
Thus, contact with constituent-laden soils has been removed 
from further consideration. 

Direct Contact - The majority of constituents detected have 
been found below the ground, and a high level of security is 
in force at the site; therefore, the constituents of concern 
are inaccessible for direct contact. 

Based upon "the above summary, TCE and its associated organic 

compounds are the major contaminants, and the ground water is the main 

pathway for the contaminants to move off site. Thus, only technologies 

and alternatives that contain, remove, treat, or dispose of TCE-

contaminated ground water and subsurface source areas in soils will be 

discussed. 

8.1.2 Objeetives of Remedial Action 

The feasibility study under CERCLA is designed to identify and 

evaluate technologies and alternatives which could be developed for 

source control and on-site or off-site remedial action. The major 

objective of a feasibility study is to determine which technologies are 

appropriate as remedial actions, using a cost-effective approach 

consistent with the objectives and goals of CERCLA. The National 

Contingency Plan (NCP) requires the "assessment of each alternative in 

terms of the extent to which it is expected to effectively mitigate and 

minimize damage to, and provide adequate protection of, public health,-

welfare, and the environment" - 40 CFR 300.68(i)(2)(d). 
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The RIfFS process carried out under CERCLA is divided into 15 

separate and distinct tasks. The FS port ion is broken into tasks 8 

through 15 as follows: 

No. 8 - Description of Proposed Response 
No. 9 - Preliminary Remedial Technologies (Identify and Screen) 
No. 10 - Development of Alternatives 
No. 11 - Initial Screening of Alternatives 
No. 12 - Evaluation of Alternatives 
No. 13 - Preliminary Report 
No. 14 - Final Report 
No. 15 - Additional Requirements 

The scope of the work contained within this section of the Interim 

Report is limited to the performance of tasks No. 8 and 9 and a 

preliminary performance of task No. 10. The performance of these tasks 

is limited to the use of data previously collected by firms other than 

RMT. The only data collected to date by RMT includes ground water 

levels, the November 1986 round of analytical results, and HNU data. 

In this section of the Interim Report, potential remedial 

technologies will be identified that could possibly be used at the 

site. These technologies wlll then be screened to eliminate those which 

do not warrant further consideration. The selected technologies will be 

combined to form remedial alternatives to effectively mitigate contam-

ination at the site. In conjunction with determining remedial actions, 

an adequate level of site remediation to address the applicable 

remediation criteria must be developed. 

At the present time, there is no written nationwide policy on 

cleanup levels for actions under CERCLA. The Superfund Amendments and 

Reauthorization Act of 1986 (SARA) does, however, place heavy emphasis 

on remedial actions that are permanent. Historically, individual USEPA 

regional offices have made determinations on the level of remediation on 

a case-by-case basis. 
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On November 13, 1985, the USEPA proposed a Maximum Contaminant 

Level for TCE in drinking water of 5.0 micrograms per liter (parts per 

billion - ppb). In addition, in the November 28, 1980, Federal 

Register, the USEPA promulgated the level of TCE which (through 

ingestion of contaminated water and contaminated aquatic organisms) may 

result in incremental increases of cancer over a person's lifetime. The 

corresponding criteria for the 10-6 cancer risk is 2.7 ppb. 

8.1.3 General 

The first . step in the feasibility study process is the 

identification of remedial technologies appropriate to the desired 

remedial response actions. For the NIROP site, the following five broad 

response actions have been identified: 

1. No action - (see Section 7). 

2. Containment of wastes and contaminated media. 

For the most part, this includes isolating and containing TCE
contaminated materials to prevent continued migration through 
the environment. This action also includes limiting the flow 
of ground water through highly contaminated areas and 
controlling ground water which has already been contaminated. 

3. Removal of wastes and contaminated media. 

For waste materials and contaminated soils and ground water, 
removal may be necessary prior to either treatment or 
disposal. 

4. Treatment of wastes and contaminated media. 

Some form of treatment of wastes and contaminated so11s and 
ground water, either on-site, off-site, or in situ, may be 
undertaken prior to disposal, or concurrently with 
containment. 
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5. Disposal of so11s and/or 'ground water. 

Certain wastes or contaminated media may be disposed directly 
without prior treatment. Depending on the nature and degree 
of hazard of the material, on-site or off-site disposal 
options may be possible. 

Figure 8-1 illustrates the variety of remedial technologies 

available for the containment, removal, treatment, and disposal of TCE-

contaminated materials. This flowchart also points out the 

interdependence and sequential nature of applying remedial technologies 

to site cleanup. Each of these alternative technologies is discussed 

below. A preliminary screening of alternatives is addressed in 

Chapter 9. The following is a discussion of specific technologies as 

illustrated in Figure 8-1. 

8.2 Contain.ent Technologies 

Containment can be used in conjunction with other remedial actions 

or as a means of site stabilization. The containment action may address 

contaminated soils as well as contaminated ground water downgradient of 

the waste source. In either case, it is essential to incorporate a well 

designed post-closure monitoring program with the containment action. 

8.2.1 Cap In Place 

The purpose of site capping is threefold: 1) to eliminate surface 

transport of contaminants through erosion processes; 2) to eliminate the 

potential for direct contact with waste material; and 3) to minimize the 

introduction of precipitation and thereby the leaching of contaminants 

from buried waste materials. Capping is frequently employed as a final 

method of site stabilization for a variety of waste materials, 
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particularly when removal is impractical because of cost or the type of 

contaminan t. Capping does not eliminate the risk associated with a 

waste but rather reduces the risk of exposure to it. 

Concrete PaveJle1lt. This technology involves grading the site to 

provide contouring for effective surface water runoff, and placement of 

a granular base course followed by placement of a concrete slab. The 

slab would provide a durable surface which would permit selective future 

surface use of the site for storage or parking. The concrete slab has 

excellent weathering characteristics and excellent water repellency. 

Asphalt Pavement. This technology involves surface contouring for 

effective water runoff and placement of a granular base course and an 

asphal tic surface course. This surface is specifically designed to 

reduce infiltration and is similar to highway paving asphalt except that 

the percentages of mineral filler and asphalt cement are increased, 

providing an excellent water repellent surface. 

In-situ Soil Ad.txtures. This technology involves surface grading 

followed by addition and mixing into the soil of either a liquid asphalt 

to create soil asphalt, or cement and water to create soil cement. The 

mixing depth in either case is generally 6 to 12 inches, resulting in 

physical soil properties (strength, water repellency) greater than the 

natural soil. 

Sprayed-on Caps. This technology involves grading the area for 

effective surface water runoff, compaction and rolling of the area to 

obtain a smooth surface, and application of a sprayed surface membrane. 

The membrane material generally used is an asphalt or a rubber and/or 

plastic latex. The finished membrane generally has a thickness oL 

approximately 1/4 inch. 
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,SOil Caps. This technology involves base preparation of regrading 

and recompaction followed by placement and compaction of clay to achieve 

a hydraulic conductivity of less than 1 x 10-7 cm/sec to a -general depth 

of 2 feet. A sand blanket is then placed on top of this compacted clay, 

followed by a layer of fill material which is then covered by topsoil 

for revegetation. The clay layer provides a low permeability barrier 

which minimizes infiltration of surface waters. The sand blanket 

provides a drainage layer above the clay to intercept and drain the 

infiltrated surface water. The layer of fill materials serves to 

protect the clay layer from frost penetration and surface erosion. 

Revegetation helps to reduce surface erosion and minimize ground water 

recharge by evapotranspiration of infiltrated precipitation. 

§ynthetlc Keabranes. This technology involves regrading the site, 

followed by placement of a synthetic liner sandwiched between two sand 

blankets. A layer of fill material to be revegetated is then placed on 

top of this. The bottom sand blanket provides a cushion for the 

synthetic membrane, which is usually a flexible polymeric material. The 

sand blanket, above the membrane provides a drainage layer for 

infiltrated surface water. The fill material protects the membrane from 

surficial activities, while the revegetation provides erosion control. 

CollpOslte Covers. This technology involves placement of. a clay 

layer of less than 1 x 10-7 hydraulic conductivity. A synthetic 

membrane sandwiched between two sand blankets is then placed on top of 

the clay. Then, fill material to be revegetated is placed on top of the 

sand blanket. This technology provides two low permeability liners to 

minimize infiltration, as well as sand blankets to cushion the synthetic .. 

membrane and serve as a drainage layer. 
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8.2.2 Ground Vater Containment 

Subsurface barriers are used to isolate and contain waste deposits, 

redirect ground water flow around contaminated areas, and contain plumes 

of contaminated ground water. To control the ground water head within 

or upgrad!ent of such a barrier, pumping wells or subsurface drains are 

frequently used. In order to effectively control contaminant migration 

within the ground water regime, a perimeter barrier wall must be keyed 

into a confining layer of low permeability at its base, extend upward to 

an elevation above the ground water level, and completely encompass the 

contaminated area. Hydraulic containment does not address the actual 

removal of contaminants. 

Slurry Valls. This technology involves excavating a trench to the 

depth of the confining base layer while adding a slurry into the excava

tion. The slurry generally consists of a bentonite/water mixture. The 

slurry holds the excavation open while creating a low permeability cake 

on the sidewalls of the trench. The wall is usually completed by 

backfilling with a soil/bentonite mixture. The effectiveness of slurry 

walls depends on the control of proper excavation procedures and proper 

proportioning and placement of the select backfill material. In 

addition to soU-bentonite mixtures, cement-bentonite mixtures have been 

used or a synthetic membrane may be placed in the trench in a "U" 

configuration by filling it with a highly permeable sand material. With 

the 'synthetic membrane installation, observation wells may then be 

placed within the permeable sand material to detect infiltration and to 

determine the integrity of the synthetic membrane. 
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,Sheet Piles. This technology involves driving sheet piles, with 

the flanges back-to-back, around the perimeter of the area to be 

contained. The piles are driven until the tips reach and penetrate an 

underlyJ.ng . low "permeability layer. 

Injected Screens. This technology is similar to the sheet piles 

except that the piles are subsequently extracted one at a time and the 

resultant void filled with a grout injected under pressure. 

Grout CUrtains. This technology involves drilling holes along the 

perimeter of the area to be contained until an underlying low permeabil

ity layer is reached. The drill is then extracted and a grout is 

injected under pressure through the drill holes. The drill holes are 

spaced along a line at distances such that the cemented zone of each 

grout hole overlaps the preceding zone. 

8.3 Re.oval Technologies 

8.3.1 Soils 

Excavation. This technology involves the excavation of 

contaminated materials from an identified area followed by disposal or 

treatment of the contaminated material. The purpose of the excavation 

is to physically remove the source of contaminants available for future 

migration. This technology is therefore viable and effective in 

minimizing future ground water contamination, assuming that all 

significant sources of contaminants are located. 

1254.01 139:RPT:frid0407d 8-11 



8.3.2 Grouad Vater 

Pu!plng VeIls. Pumping wells installed within a contaminant plume 

can be used to recover contaminated ground water for treatment and/or 

disposal. This technology can also be used to control hydraulic 

gradients in the vicinity of the site, limiting the off-site migration 

of contaminants or reducing flow through the areas of subsurface 

contamination. These wells are frequently used in conjunction with 

subsurface barriers to physically and hydraulically isolate waste 

areas. The spacing and sizing of pumping wells are determined by the 

extent of the plume to be controlled and by aquifer properties. 

Subsurface Drains. This technology serves the same general purpose 

of pumping wells - to remove contaminated ground water from below a 

site. Subsurface drains are generally limited to shallow depths and 

thus may serve as a substitute for pumping wells in shallow aquifer 

conditions. Subsurface drains normally include a drain pipe or gravel 

bed, protective filter media to prevent clogging by fine particulate 

matter, manholes or wet wells for the collection of ground water, and 

pumping facilities to remove the accumulated water. Drains are 

typically situated transverse to the direction of ground water flow and 

may be placed downgradient to collect contaminated water or upgradient 

to keep uncontaminated ground water from coming in contact with 

contaminated areas. 
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8.4 . Treat_nt Technologies 

8.4.1 Ground Vater 

Most remedial technologies discussed in the previous sections 

require extraction of ground water to be effective. The extracted 

ground water often requires some form of treatment prior to disposal. 

Many forms of ground water treatment exist. The following discussion 

has been limited to those technologies deemed applicable to the 

treatment of VOC-contaminated ground water. 

Biological Treat.ent. This technology requires sufficient organic 

matter to sustain biological activity. This technology is frequently 

used in the treatment of industrial and municipal wastewaters. 

Treatment plants interviewed by the USEPA as part of the development of 

effluent guidelines for the organic chemical, plastic and synthetic 

fibers industries demonstrated the use of biological treatment (notably 

activated sludge) in the treatment of organics including TCE (Federal 

Register January 14, 1986, p. 1720). 

Carbon Adsorption. This technology involves placing extracted 

ground water through a bed of activated carbon chosen to be suitable for 

the removal of the organic contaminant in question. This technology has 

been extensively developed and proven suitable for the removal of a wide 

range of organic substances. Carbon adsorption has been shown to 

provide a high level of contaminant removal and is capable of producing 

water that is of drinking water quality. Carbon adsorption systems are 

closed and therefore (unlike other treatment systems) have a low 

potential for emissions of VOCs to the atmosphere. 
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Stripping. This technology uses equipment to mix large volumes of 

air with a contaminated water source. This mixing promotes the transfer 

of volatile organics into the air, thus removing them from the liquid 

stream. The system generally consists of a packed column in which water 

is pumped into the top of the column and is allowed to cascade down over 

loosely packed media while air is pumped upward through the column. The 

efficiency of the air stripping process is mainly dependent on the air

to-water ratio, the contact time and temperature provided in the tower, 

and the physical and chemical properties of the constituent of 

interest. Air stripping may also be used in conjunction with carbon 

adsorption, where the carbon adsorption process is used to further 

remove contaminants from the ground water or the air stream exiting the 

stripping unit. 

8.4.2 Soils Treatment 

In contrast to treatment of contaminated ground water, the source 

of the contaminants (contaminated soils) could be removed and treated, 

thereby removing a source of contamination • 

Incineration. Incineration technology can provide thermal 

destruction of many organic chemicals, including TCE. Soil residue 

could be left as fill material or, depending on leaching char;acter

istics, may require landfilling. Off-site commercial incinerators are 

available for the destruction of solid, liquid, and pump able wastes. 

On-site incineration of small volumes of contaminated soils has also 

been conducted. These units are typically trailer-mounted, allowing for 

setup at a waste site and minimizing off-site transportation costs. 
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lixation/Solidification. Fixation/solidification refers to the 

incorporation of the contaminated media into a nonleachable solid 

mass. This is accomplished by increasing the structural integrity of 

the soil or by otherwise encapsulating the waste. The specific method 

is dependent on the characteristics of the soil and the contaminant of 

concern. Methods may include cement or pozzolanic solidification, 

sorbant addition, thermoplastic techniques, or silicate stabilization. 

Air Stripping. Soils that have been contaminated with volatile 

organic compounds can be treated by excavating the soils and spreading 

them in thin lifts to volatilize the organics. The so11s are spread 

over an impermeable base to minimize the potential for migration of· 

contaminants into the subsoil. Following volatilization, the soils can 

be capped with a relatively impermeable cover and final disposal 

accomplished. 

8.4.3 In-situ Treatment 

Stripping=Ground Water. Similar in concept to the more 

conventional process of air stripping, the technology of in-situ 

stripping has been developed on a very preliminary conceptual level. 

This technology involves completing hollow-stemmed wells down to the 

"' confining layer, followed by blowing air ot' oxygen through the well 

screen at the top of the well. Such wells would be completed in a line 

transverse to the direction of ground water flow. The air emanating 

from the bottom of the wells is supposed to strip volatile chemicals 

from the ground water. This generally leads to the requirement of 
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extraction wells to remove the air above the saturated zone as it 

bubbles toward the surface. 

Stripping-Soils. A recently developed technology which has been 

successful in some applications is the in-situ stripping of unsaturated 

soils. This process involves completing air extraction wells down to 

the water table. Horizontal extractor arms may then be placed on the 

end of the well or wells to improve collection efficiencies. A vacuum 

is then placed on the welles), drawing the VOe-laden air to the surface 

for treatment or disposal. This alternative has the advantage of 

removing the contaminant from the site. In discussions with RMT, a 

vendor of this technology has indicated that air concentrations of VOCs 

below those requiring a discharge permit can be achieved. 

Biological Treat.eat. In-situ biological treatment has been found 

effective in some instances involving t;he remediation of ground water 

contamination resulting from oil or gasoline spills. Degradation of VOC 

compounds by natural soil microbes may also occur. However, this pro

cess apparently proceeds at a very slow rate. Theoretical considera

tions suggest that the rate of degradation of chlorinated organics in 

ground water may be enhanced by providing naturally occurring microbes 

with both nutrients and oxygen, either or both of which may be rate 

limiting. 

8.5 Disposal Technologies 

8.5.1 Soils 

Land disposal of both hazardous and nonhazardous wastes is a proven 

technology that has been used for many years. Design, construction and-
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opera don of regulatory agency-approved sites is commonplace. However, 

any proposed use of the land disposal technology for site remediation 

would be affected by the USEPA's recent "land ban" on solvent-containing 

wastes. In the January 14, 1986, Federal Register, the USEPA proposed 

to ban waste containing more than 2 ppm solvents from land disposal 

effective November 8, 1986 (commonly referred to as the "land ban"). 

The EPA also proposed in the same Federal Register a 2-year national 

variance from that restriction for solvent-contaminated soils. This 

variance now applies to November 8, 1988, at which time all solvent

contaminated soils'with total solvent levels above 2 ppm will be banned 

from land disposal. Any proposed use of land disposal technologies 

would also be subject to SARA. As previously mentioned, SARA placed 

heavy emphasis on seeking solutions that treat and/or destroy the 

contaminant of interest, thereby providing a "permanent" solution. 

Off-Site Facility. Excavation of contaminated material would be 

performed by a backhoe or other mechanical means. Excavated material 

would be transported by licensed hazardous waste haulers to an off-site 

hazardous waste landfill approved by the USEPA. Imported fill material 

would be required to backfill the excavated areas. The excavation and 

disposal technology results in a minimal long-term disturbance to the 

site and permits full future use of the site. Long-term management of 

the contaminated material would become the responsibility of a third 

party; however, the liability associated with the material remains that 

of the generator. This option would also be subject to the above-

mentioned "land ban." 
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On-Site Facility. This technology would involve the construction 

of a landfill at. the NIROP site. This landfill would have to meet RCRA 

land disposal requirements consisting of a base, cap and sidewalls 

constructed of low permeability clay with a second internal synthetic 

liner to further contain contaminants. This option would also be 

subject to the above-mentioned "land ban." 

8.5.2 Ground Water 

Discharge to Surface Water. This alternative is applicable to both 

treated and untreated ground water, provided that both the quality and 

quantity meets the allowable discharge requirements for fresh water as 

regulated under federal or state standards. The quantity of the ground 

water that would be allowed to be discharged would depend on the 

capacity of the discharge system and the receiving water bodies. 

Sampling of the ground water to be discharged would be required to 

identify its quality and to identify whether or not it meets the 

allowable discharge requirements. 

Discharge to POTW. The alternative of discharging to a Publicly 

OWned Treatment Works (POTW) is applicable to both treated and untreated 

water provided that the quality and quantity of the water meet the 

allowable requirements of the local regulatory agency and other 

applicable standards (e.g., Clean Water Act, SARA). The quantity 

allowed would likely depend on the capacity of the discharge system and 

the POTW. Sampling and analysis of the ground water to be discharged 

would be required to identify its quality. 
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Disposal at a RCRA-Peraitted facility. This alternative is 

applicable to both treated and untreated ground water. Waste ground 

water would be transported to a RCRA-permitted treatment andror disposal 

facility that is approved to accept waste ground water of the quality 

and quantity of the ground water to be disposed. 

Reinjection. This alternative is applicable only to treated ground 

water, as reinjection of untreated ground water would not be a means of 

disposal but rather a recirculation system. The reinjection of treated 

ground water may serve as a means of hydraulic control in limiting the 

further migration of a contaminant plume, as well as providing flushing 

of residual contaminant from the system. Recovery and injection wells 

can be sized and spaced based on aquifer properties for effective 

containment. This option would also depend upon regulatory approval of 

a reinjection system. 

Deep Well Injection. This technology may be applicable to both 

treated and untreated ground water and would involve the construction of 

a well into an isolated nonpotable deep aquifer, thereby protecting 

potential receptors using other aquifers • 

1254.01 139:RPT:frid0407d 8-19 



9. SCB.EEHING or B.EKEDIAL TECHHOLOGIES 

As discussed in the EPA Guidance on Feasibility Studies under 

CERCLA (USEPA, June 1985), a part of Task No.9, Preliminary Remedial 

Technologies, is a screening of the applicable technologies. The 

technologies to be eliminated are those that may prove extremely 

difficult to implement, those that may not achieve the remedial 

objective in a reasonable time, or those that may rely upon unproven 

technology. In order to screen the remedial technologies developed in 

Section 8, the criteria that are generally applied to the selected 

alternatives will be applied in a general fashion to the previously 

identified technologies. 

40 CFR Part 300.68(h) lists three factors to be used in screening 

alternatives: cost, acceptable engineering practice, and effects of the 

alternative. The cost criteria is to discuss the capital cost (CC) and 

operation and maintenance (O&M) cost for installing or implementing the 

technology. A technology that far exceeds (e. g., by an order of 

magnitude) the costs of other technologies and that does not provide 

substantially greater public health or environmental benefit may be 

excluded from further consideration. 

Technologies must also be screened for engineering acceptability 

for the location and conditions of the site. The engineering 

feasibility of applying the technology to the situation at hand should 

be considered. Unproven or uncertain technologies should be eliminated 

from further consideration. 

The effects of the potential remedial alternative are to be 

evaluated in two ways: (1) whether the alternative itself or its __ 
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implementation has any adverse environmental effect; and (2) whether the 

alternative is likely to achieve adequate control by effectively 

mitigat~ng and minimizing the threat of harm to public health and 

welfare, or the environment. 

To facilitate the screening of the alternative technologies 

discussed in Section 8, a matrix has been developed using the three 

screening criteria. This is presented in Table 9-1. Technologies which 

pass this initial screening will then be developed into alternatives (on 

a preliminary basis) in Section 10. In this way, clearly infeasible or 

inappropriate technologies will be eliminated before alternatives are 

developed. 
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10. PR.ELIHINARY DEVELOPKENT OF R.EKEDIAL ALTERNATIVES 

Section 8 identified potential remedial technologies for the NIROP 

site. These technologies were then screened in Section 9 to limit 

further consideration to only the technologies most likely to be used. 

The technologies identified in Table 9-1 as worthy of combination into 

remedial alternatives include: 

GROUPING 

A. Containment 

B. Removal 

C. Treatment 

D. Disposal 

TECHNOLOGY 

Capping with concrete or asphalt 
pavement 

Excavation of contaminated so11s or 
removal of ground water via pumping 
wells 

Ground water treatment via air 
stripping or carbon adsorption or 
using the two in sequence and soils 
decontamination via in-situ air 
stripping 

Disposal of ground water via aquifer 
recharge or discharge to a POTW or 
surface water; disposal of soils 
either on- or off-site 

From these technologies, 8 remedial alternatives have been 

developed. In addition to the 8 alternatives developed from the list of 

applicable technologies (those identified which would minimize the 

source of the environmental hazard), 2 other alternatives have been 

developed to protect the potential receptors. The 10 alternatives are 

as follows: 

Alternative 

A -
B -
C -
D -

Description 

Cap Site 
Pumping and Disposal of Ground Water 
Cap Site, Pumping and Disposal of Ground Water 
Cap Site, Pumping, Treatment, and Disposal of 
Ground Water 
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E - Pumping, Treatment and Disposal of Ground Water 
F - Soils Treatment Using In-situ Air Stripping 
G - Excavation and Disposal of Contaminated Soils 
H - Excavation and Treatment of Soils 
I - Ground Water Treatment at the Ranney Wellhead 
J - Movement of the Ranney Well Field 

The following is a brief discussion of each alternative and its 

advantages, disadvantages, and/or limitations. 

Alternative A - Cap Site 

This alternative would consist of capping the, contaminated area 

(into which precipitation infiltrates, thus providing contaminated 

• ground water) with concrete or an asphalt pavement. Only those areas 

not presently covered by the NIROP building and/or employee parking lot 

would be capped. This rather inexpensive alternative would reduce 

infiltration into the site, possibly limiting the amount of TCE leached 

into the ground water. This alternative does not address potential 

underground sources of TCE such as previously contaminated soils and/or 

leaking tanks and associated piping. While this alternative does not 

deal with already contaminated ground water, it does allow full use of 

the site in the future. While this technology can be accomplished using 

conventional equipment and techniques, and does provide protection from 

direct exposure to contaminants, capping of the site does not reduce the 

toxicity or persistence of contaminants, nor does it remove contaminants 

from the site. 
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Alternative B - Puaping and Disposal of Ground Water 

Removal of ground water via pumping wells followed by disposal to 

surface water or a POTW may be technically feasible. Ground water would 

most likely be removed through use of large diameter pumping wells 

placed downgradient of the NIROP site in an area of known TeE 

migration. The series of extraction wells would then pump to a central 

collection line with subsequent disposal of the contaminated ground 

water via discharge to a PON or surface water, if applicable. The 

optimum location of the extraction wells can only be determined after 

in-field pumping well tests have more fully characterized the hydraulic 

properties of the aquifer. In addition, testing will be required to 

more accurately characterize the quality and quantity of ground water to 

be removed. 

The technology of ground water removal via pumping provides for 

recovery of the contaminated water, as well as gradient control to limit 

migration of contaminated ground water. Removal of contaminated ground 

water also has the advantage of "decontaminating" site soils (e.g., 

desorbing contaminants from the soil particles), thereby potentially 

avoiding soil remediation measures. Recent developments have indicated 

that even dilute sources of organic compounds or small quantities of 

concentrated organic compounds can lead to other source areas within an 

aquifer (e.g., small pools on top of confining layers), thus requiring 

extended periods of ground water removal to lower ground water 

concentrations to acceptable levels. 
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Alternative C - Cap Site with Pumping and Disposal of Ground Water 

This alternative is a combination of Alternatives A and B. A 

combination of these two alternatives is advantageous because site 

capping leads to a reduction in infiltration, thus potentially reducing 

the amount of ground water to be removed via pumping. Additional 

pumping tests and analysis of ground water are required to more fully 

characterize the ground water to analyze the feasibility of the disposal 

options for untreated ground water. 

Alternative D - Cap Site with Pumping, Treat.ent, and Disposal of 
Ground Water 

This alternative combines the advantages of alternatives A 

through C with the addition of ground water treatment. Ground water 

removed from the site would be treated via air stripping p carbon 

adsorption, or air stripping followed by polishing with carbon 

adsorption. Field trials would be necessary to accurately analyze the 

achievable quality of the treated effluent. This information would be 

required to fully analyze the disposal options including aquifer 

recharge, discharge to nearby surface waters (i.e., Mississippi River), 

or discharge to a POTW. When different treatment options are being 

analyzed, the release of VOCs to the a tmosphere will also need to be 

analyzed. Data such as the long-term allowable ground water VOC 

concentration (I.e., "cleanup level"), specific air stripper or carbon 

column removal efficiencies, and pending regulatory air discharge levels 

will need to be determined. 
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Alternative E - Pumping, Treatment, and Disposal of Ground Water 

With the removal of the capping technology from Alternative D, the 

cost of capping must be balanced against the increase in infiltration 

and potential leaching of contaminants. This specific alternative has 

the advantage over Alternative D of not disrupting storage yard 

operations while the capping portion of Alternative D is in progress. 

Alternative F - Soils Treatment Using In-Situ Air Stripping 

This alternative involves removal of volatile organic contaminants 

from unsaturated'soils using an air extraction well system. This 

alternative requires the identification of areas with contaminated 

unsaturated soils. Specific well construction requirements, air 

extraction rates, and time for implementation would need to be 

determined using field test/pilot-scale tests. This alternative may 

also require some form of ground water remediation for the previously 

contaminated ground water. The use of dewatering wells to lower the 

water level (thus allowing fuller use of the soil remediation in-situ 

air stripping) would need to be evaluated using pumping tests. 

Alternative G - Excavation and Disposal of Contaminated Soils 

This alternative requires the identification of contaminant source 

areas. Only those source areas, accessible to excavation (I.e., not the 

areas below the plant building) may be practically dealt with via this 

option. Diffuse source areas or sources in deep saturated soUs may 

severely limit the feasibility of this alternative by increasing the 

cost to prohibitive levels. This alternative will not deal with_ 
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existing contaminated ground water and/or residual Uquids from the 

dewatering of previously saturated alluvium. The technology of land 

disposal of waste materials is well developed. Design, construction and 

operation of land disposal facilities is commonplace. However, recent 

USEPA regulations restricting and/or banning the land disposal of 

solvent-contaminated wastes and soils in addition to the de-emphasis on 

land disposal with SARA (discussed in Section 8.5.1) may limit the 

fe~sibility of this alternative. 

Alternative H - Excavation and Treatment of So11s 

This alternative would consist of removal of contaminated soils via 

excavation, followed by treatment using "natural" air stripping (L e. , 

volitalization) of the TeE. This alternative would require the 

identification of soils contaminated with TeE. These areas would need 

to be in an accessible location. This alternative would not deal with 

the previously contaminated ground water or the liquids resulting from 

dewatering of the saturated materials. Treatment could consist of 

placing windrows of soil on an impervious surface (concrete or asphalt 

paved parking lot) and "turning" them on a regular basis until the TeE 

concentration has been lowered to a level allowing disposal or placement 

as fill. Field studies would need to be done to determine if the 

volatilized TeE. released by this method exceeds applicable state or 

federal air quality standards. 
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Alternative I - Ground Water Treatment at the Ranney Wellhead 

This alternative would make use of air stripping, carbon 

adsorption, or air stripping followed by carbon adsorption to treat 

ground water removed from the site. This treatment system would be 

coupled to the City of Minneapolis' proposed Ranney well system. This 

proposed auxiliary water supply system consists of a series of large 

diameter extraction wells most likely finished in the alluvial deposits 

with horizontal feeder arms attached to the end of the extraction 

well. The proposed location of the wells is such that they would 

capture ground water flow from the NIROP site prior to discharge into 

the Mississippi River. The water collected by the Ranney wells would 

then be air stripped and polished using carbon adsorption prior to 

distribution to Minneapolis area water users. This alternative has the 

advantage of treating only the water actually intended for distribu

tion. Prior to development of the Ranney well field, pumping tests 

would need to be done to more fully define pump capture areas and ground 

water quantities to be treated. Ground water samples would also need to 

be analyzed to determine their quality and the potential variation over 

time of the TCE contamination. 

Alternative J - Kovement of the Ranney Well Field 

This alternative would consist of moving the proposed Ranney well 

field to an area of uncontaminated ground water. Preliminary data, 

developed by firms other than RMT, indicate that such an area may be 

available further north on the shoreline of the Mississippi River near 

Fridley Well No. 13, or further east of the NIROP facility, upgradien~ 
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of the site. This alternative would not deal with the existing ground 

water flowing into the river, which is then drawn upon by the 

waterworks. This alternative would also require in-depth analysis of 

aquifer conditions in the alternate area proposed for the location of 

the Ranney well field, including quantities of uncontaminated ground 

water available for removal. 
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12~ TERMINOLOGY 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. 

ENVIRONHENTAL LAWS: 

RCRA 

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 distinct 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, in 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 1s 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 Response, 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. 

Subtitle I of the Act is a new program created by HSWA to regulate 

petroleum products and hazardous substances (as defined under CERCLA) 

stored in tanks underground. It is designed as a regulatory program 
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that may be delegated to states. Under this program, the EPA must 

establish regulations laying out performance standards for new tanks as 

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: 

HSWA 

Clean Air Act 

Clean Water Act 

Safe Drinking Water Act 

Toxic Substances Control Act 

Comprehensive Environmental Response, Compensation, and 
Liability Act 

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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CERCLA 

The Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA), 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. CERCLA 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 CERCLA 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). The HRS 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 soil. 

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 wi th 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 wastes. 

Corrective action. 
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Imminent hazards. 

Disposal 

When wastes from a CERCLA 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 waste 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 meet RCRA 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 CERCLA. 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. 

Imminent 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 

release of a hazardous substance. The authority under RCRA is 

essentially the same, except that in RCRA's imminent hazard provision, 

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 

community "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 
(!RARs)" 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. 

OTHER TERMINOLOGY: 

MCL = J:.1:aximum contaminant level which (per 40 CFR 141. 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 141. 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 = (per the Merch Index, 10th edition, item number 
6067) Petroleum spirits. In the U.S.A. same as Ugroinj in the 
U. K. a volatile hydrocarbon mixture having a flash point below 
O°C. 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 
directed to establish air quality standards and make 
recommendations on solid waste disposal and land use. In 1969, the 
legislature increased the Agency's water pollution control 
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authority, more fully described the Agency's air pollution 
standards and permit authority, and gave it the power to adopt 
standards and regulations for the collection, transportation, and 
disposal of solid waste. Over the years, additional responsibil
ities have been added, such as noise pollution and toxic and 
hazardous waste regulation. 

PCBs (Aroclors) = Polychlorinated biphenyls (trade name under which 
they were marketed by Monsanto was Aroclor). 

The term polychlorinated biphenyls (PCBs) 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 products 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 (Le., 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 
the user t except those resulting from corrosion of piping and 
plumbing caused by water quality, are excluded from this 
definition. 
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Stoddard Solvent = (per the Merch Index, 10th Edition, item number 
8676) White spirits. A petroleum distillate. Liquid. 
Distillation range: Not less than 50 percent at 350°F, dry end 
point not above 410°F. Flash point 100-1l0°F. Inso1 in water. 
Miscible with abs alcohol, benzene, ether, chloroform, carbon 
tetrachloride, carbon disulfide, and oils except castor oil. 

Use: In dry cleaning, as solvent. 

Petroleum distillates contain ~ chlorinated solvents. 

3. The property line. 

4. Off-site (between the site and the Mississippi River). 

5. The Minneapolis municipal water supply intake situated 
downgradient of the site on the Mississippi River • 

To assess the potential for, and the risks associated with, future 

conditions which may be more severe than those observed to date, analyt-

ical and numerical techniques were used to model potential contaminant 

movement at the site. These calculations were limited by uncertainty 

over exact source conditions and hydrogeological parameters. They 

should be considered only an approximate representation rather than an 

exact reproduction of conditions. 
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APPENDIX A 

CHRONOLOGICAL SUMKARY OF CONSTITUENTS DETECTED IN AT. 
LEAST ONE SAMPLE ¥ROll NIROP WATER. CllEKlCAL ANALYSES 
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Apr·gl : ~C' 1254 I ( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0'OQ02 I ( 0.0002 I (0.0002 (0.0002 (0.0002 I ( 0.0002 I 
Apr 81 : m \nO I ( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0,0002 I (0.0007 (0,0001 (0.0002 I ( 0.0002 I 
Apr·Q4 I Si!vrr, 101" I ( 0.001 I ( 0.001 I ( 0.001 I (0.001 (0.001 I ( 0.001 I ( 0.001 I ( 0.001 I (0.001 0.001 I ( 0.001 I 
Apr ·94 I hlmhlortlhfnt I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 ( 0.010 I ( 0.010' O.OIJ I ( 0.010 1 ( 0.010 ( 0.010 I ( 0.010 I 
Apr-BI: roc 9.1' 2.71 9.9 I 15 7.11 1.0 I 15.21 1.11 U 9.11 1.01 
Apr ·01 I IDlurn. I ( 0,010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I (0.010 0.010 I ( 0.010 I 
Apr-al I Irans 1,2'Dithlorotth,n, I ( 0.010 I ( 0.010 I ( 0.0101 ( 0.010 I ( 0.010 I ( 0.010 I 0.016 I ( 0.010 I (0.010 0.010 I ( 0.010 I 

( .... , not .tlflltd uli09 dflttllon 1I.1t sholOlll P Innl pr, .. nl bul hID. dflotU •• Ullt,1S lunl in,uffithnl ... pl. "9' I 

I ( 0.010 I 
'( 0.010 1 
I ( 0.010 I 
I( 0.0051 
I ( 0.010 I 
I 0.014 I 
I 0.00111 
I ( 0.010 I 
I 0.006 I 
I ( 0.010 I 
I 0.011 I 
I ( 0.010' 

0.008 I 
I 

( 0.0001 I 
( 0.010 I 

0.018 I 
( 0.0002 I 
(0.00021 
(0.00021 
{ 0.OOQ2 I 
( 0.001 I 
( 0.010 I 

13.5 I 
0.010 I 
0.010 I 

1 0.0711 
I ( 0.010 I 
I ( 0.010 
I 
I P 0.010 
I 
I 0.0062 
I( 0.010 
I 0.010 
I 
I 0.092 
I( 0.010 
I 0.142 
I 6.S41 
I I 
I ( 0.010 1 
I I 
I ( 0.0001 I 
I ( 0.0001 I 
1(0.00011 
I ( 0.0001 I 
1 ( 0.001 I 
1'0.0101 
I 21.61 
I ( 0.010 I 
I 0.011 I 
I I .• 
I 1.31 
I 0.098 
I ( 0.010 
I ( 0.010 
I( 0.00, 
I( 0.010 
I 0.22 
I 0.001/ 

( 0.010 
0.021 
o.n 

0.023 
0.010 
0.022 

0.0008 
( 0.010 I 

0.018 I 
( 0.0002 I 
( 0.0002 I 
(0.00021 
(0.00021 
( 0.001 1 

0.042 I 
Il.21 

0.010 I 
0.15 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

'1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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D.b IP" .. ele, I 1-5 I 1-0 I !-PC I 2-S I 2-0 I He I 3-S I 1-1 I HC I HI... I HC I 5-S I 5-1 I 6-S I 6-1 -................. ~ ............ " ........................................... -........ -............... -..... -.. ..... -- ............................................ --_ .. __ ....... _ .......... _ ............... .... "".......................................... .. .................. -------.. -_ .................................................. -....................... -.... ---......... -.... _------_ ......... _ ........................................ ... 
AWOl I 1,lthlDIDflh,nt I ( 0.010 I ( 0.010 I ( 0.010 I 0.068 I ( 0.010 I 0.014 
Ap,el I line. 10hl 0.41 I 2.15 I o.m I 0.155 I 0.972 I 1.41 
Otl 01 I 1,I.HrichlorOflhln. I ( 0.010 I ( 0.010 I ( 0.010 I P 0.010 I ( 0.010 I ( 0.010 
od-Ol I I,I-Olchioratlhn. I ( 0.010 I ( 0.010: ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
Oct 91 I I.I-Oichlomlhm I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
Del 91 I Amm. I.hl I I I I I 
Ocl-91 I 8mf.' I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I I 0.010 I ( 0.010 
Del -84 I Bhtl.lhvlh •• yllPhlhlhl.1 0.002 I ( 0.002 I ( 0.012 I ( 0.002 I 0.003 I 0.005 
Olt 911 t.dllul.lolIl I I I I I I 
01 I 01 I thlo,olo,. I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
.Del-811 Ch,o.lUI.lolll I I I I I 
Ocl·84 I Cil 1.2-DichIDro.lh.n. I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I 0.014 

5.0 I o.m 0.081 1 ( 
0.54 I 1.68 1.43 I 

0.010 I (0.010 0.010 I P 
0.010 I (0.010 0.010 I ( 
0.010 I (0.010 0.010 I ( 

I I 
0.010 I (0.010 0.010 I ( 
0.008 1 0.004 O.OOB I 

I I 

0.010 I ( 
1.141 

0.010 I ( 
0.010 I ( 
0.010 I ( 

I 
0.0/0 I ( 
0.003 I 

0.010 I 
3.15 / 

0.010 I 
0.010 
0.010 

0.010 
0.001 

( 0.010 I (0.010 0.010 I ( 0.010 I ( 0.010 
I I I 

0.094 I ( 0.010 I' 0.010 I ( 0.010 ( 0.010 
I I I Oel-BI I Copp.,. lohl I I I I I I 

011-81 I Uhylhnn.. I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I < 0.010 P 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
0.063 I 0.011 I 0.035 / 0.058 

0.010 
0.032 
o.m 

Ocl-al : tnd. 10111 I 0.091 I 0.0111 0.090 I 0.119 I 0.014 I 0.029 I 
OelOI I ",n9Inm, 10111 3.68 0.095 I 0.775 I I.B9 I 0.368 I 0.283 I 
Ocl-III "mur,. '0101 I I I I I 
Ocl-al I ".Ihvltnt Chlorld. 0.010 0.062 I ( 0.010 I 0.029 I P 0.010 I 0.20 : 
011-81 I "Ichl. lohl I I I I 
Ocl-BI I reI 1212 0.0005 0.0002 I 0.0001 I ( 0.0002 I ( 0.0002 I O.OOO~ 
ocl-81 : ret 121B (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
Ocl-Ol I PCI 12S1 (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
Otl-OI I PCB 1260 (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
Orl-BI I SiI .... lohl I I I I 
Del-BI : hlmhlmlh.n. ( 0.010 ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
ocl-BI : IDe I I I I 
Dcl al I 'olu.ot 0.010 0.010 I P 0.010 I ( 0.010 I ( 0.010 I P 0.010 
0,1-9I I 1"01 1.2-Dlchloroflh.n. 0.010 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
01t-81 I IrllhlG,ooth.n. (0.010 0.010 I ( 0.010 I 0.061 I' 0.010 t 0.021 
Otl-SII li.t. 10111 1.68 '.15 I 1.111 ,3.111 0.1&9 I o.m 
Jln8s I I,I.I-I,ilhloro.lh... 0.005 0.005 I ( 0.005 I P 0.005 I ( 0.005 I ( 0.005 
J.n-aS I 1,I-DilhIDrD.lhm 0.005 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 

2.12 I 0.100 I 0.109 I O.UO 
I I 1 

D.13 I' 0.010 I 0.012 I 0.014 0.44 
I t I 

( 0.0002 I 0.0002 I 0.0001 I 0.0002 (0.0002 
( 0.0002 I ( 0.0002 I •• 0002 I (0.0002 (0.0002 
( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 
( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0011 

I I I 
0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 

I I I I 
P 0.010 I ( 0.010 ( 0.010 I P 0.010 I P 0.010 

0.081 I ( •• 010 ( 0.010 I ( 0.010 I ( 0.010 
I.S I o.olS , 0.010 I ( 0.010 I ( '.010 

3.391 o.m 0.425 I 6.201 0.9'5 
0.005 (0.00$ 0.005 I ( 0.005 I ( 0.005 I 
0,005 (0.005 0.005 I ( 0.005 I ( 0.005 I 

J,n-85 I 1.I-OllhID'O.lhtn. 0.005 ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 (0.005 0.005 I ( 0.005"1 ( 0.005 I 
Jlo-85 I Arllft1C. 10111 I I I I I I 
Jln-8S I 8lftlfn. I P 0_005 I' 0.005 P 0.005 I P 0.005 / ( 0.005 I 0.023 I P 0.005 
Jan·OS I Bi,n.lhvlhuyllPhlhlhltl (0.00001 I (0.00001 0.00007 I (0.00001 I (0.00001 I (0.00001 I (0.00001 
J~.-95 I CId.lul. Iotll 1 I I 1 I I 
Jin-as I Chla,olOrl I ( 0.005 I (0.005 0.005 I ( 0.005 1 ( 0.005 I ( 0.005 I ( 0.005 
JI.-85 ICh'Dliu. 10111 I I I 1 1 
Jln-85 iCII 1,2-lith!orotlh.n. I I I 
J.n-85 I Copper. lohl I I I I 
J1n-85 I flhvlbtnt.ne I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005: ( 0.005 ( 0.005 
Jln-US I lold. IDhl I O.on I o.on 0.058 I 0.081 I O.DlO· 0.011 0.OJ5 
Jln-8SI"inqaRm,TDhl 1.161 0.061 0.1051 1.401 0.311 o.m 1.12 
JI.-051"mu,y.1011i I 1 I I 

I I I 
, 0.005 , 0.005 I 0.0061 I P '.005 I 
(0.00001 (0.00001 I (0.00001 I (0.00001 I 

I I I 
( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I 

I I I I 
I I I I 
I I I I 

O.OOS I ( 0.005 I ( 0.005 I ( 0.005 I 
0.024 I 0.015 I 0.020 I 0.018 I 
0.08B I 0.102 I o.m I 0.162 I 

I t I / 
lin·8S : ",lhyleR' Chlorld. 0.10 / 0.11 I P 0.005 I P 0.005 I 0.81 0.012 0.0067 (0.0005 I 0.0065 I 0.065 I P 0.0005 I 
J.n-05I Nillel.lolal I I I 
J •• -85 I PC8 1m I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
Jln-BS I ret 1118 I ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
Jin-OS : Pte 1251 I ( 0.0002 I 0.0005 I 0.0003 / 0.0011 / 0.0002 
Jln-8S I Pet 1260 I ( 0.0002 t ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
J.n-85I Silm.lolal I I I I I 

(0.0002 (0.0002 
(0.0002 (0.0002 

0.0005 0.0001 
( 0.0002 I ( 0.0002 

I 
Jln-n I htrachlorolh,., I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 
Jan-OS I IOC I I_ I I I 

/ / I I 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 

0.0003 I 0.0003 I 0.0001 I ( 0.0002 I 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 

I I 1 I 
( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 

I I I I 

(oP ... nnl d./p,l.d",inQ del.dI1ll11i.tt ,hoon, P "'.'pnu.\ hul hi •• d.lrc\ion IhllllS IU .. 1.luflltlrftl,"plt Pl9.2 

I ( 0.010 I 
I 0.151 
I ( 0.010 
110.010 
I ( 0.010 
I 
I ( 0.010 
/ 0.011 
I 
I ( 0.010 
I 

( 0.010 

0.010 I 
0.0\11 
2.311 

I 
0.0291 

I 
0.0001 I 

( 0.0002 I 
(0.00021 
( 0.0002 I 

I 
0.010 I 

I 
0.010 1 
0.010 I 
0.010 I 
0.111 I 
0.005 I 
0.005 I 

( 0.0051 
I 

0.0059 I 
(0.000011 

I 
( 0.005 t 

I 
I 
/ 

( 0.005 I 
0.022 I 
].861 

I 
0.011 I 

I 
( 0.0002 I 
(0.00021 

0.0002 / 
( 0.0002 I 

I 
( 0.005 I 

I 

0.941 
I.lli 

0.069 I 
0.0101 
0.010 / 

I 
( 0.010 I 

0.0051 
I 

0.010 I 
I 

0.011/ 
I 

( 0.010 I 
I 0.2211 
I 2.311 
I I 
I 0.010 I 

I 
I - 0.0002 I 
1(0.00021 
1(0.00021 
1(0.00021 
I I 
I 0.0311 
I I 
I ( 0.010 I 
I 0.171 
I 0.13 I 
I 26.61 
I( 0.0051 
I ( 0.005 I 
I ( 0.005 I 
I I 
I 0.010 I 
1(0.000011 
I / 
I I 0.005 I 
I I 
I I 
I I 
I ( 0.005 I 
I 0.0231 
I 1.4&1 
I I 
I 0.026 I 
I I 
1(0.00021 
1(0.00021 
I ( 0.0002 I 
1(0.00021 
I I 
I ( 0.005 I 
I I 
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Dal.lh,mler : H I 1-0 I I-PC I 2-5 I 2-D I HC I H ,3-D ,HC '1-5 'I-D ,He I S-S ,5-0 I 6-5 I 6-0 I 1-5 
-.. -------.--~ .. -- .. ~ ... -- ...... -.... -- ... -"' ................ ---------.--.. -.. -....................... -....................... __ ... _-------.................................................................... -... _---"' ................................................. -.................... _------..... -----_ ....... _-- ... --------_ .. _------... --... - ........... -.................... __ .... .. 
Jan-O~ I lolum I P o.oo~, o.om I 0.011 I' 0.005 I P 0.005 I 0.020 I P 0.005 I 0.0012' 0.011 I ( 0.005 I 0.0061 I I ( 0.005 I '( 0.005' I 
Jan 95 I I,m 1.2-0iehlomlhrn' I ( 0.005 I ( 0.005: ( 0.005: ( 0.005 I ( 0.005, ( 0.005 I 0.17 ,( 0.005 I ( 0.005' ( 0.005 I ( 0.005 I ,( 0.005 I I ( 0.005 I I I 
J.n ,05 I ',lthlo,o.lhm t ( 0.005 I ( 0.005, t ( 0.005 I o.oM I P 0.005 I 0.011 I 0.6, I Mn I' 0.005 I ( O.OOS I ( 0.005 I I ( 0.005 I I ( O.OOS I I , 
Jln'05 I linc, lohl I 0.516 I 9,1~ I 1.02 I 0.692 I 4.01 I 0.713 I 1.'0 I till 0.696 I 1.31 I I." I I 0.'" I I 2.07 I I I 
Ju.-95: 1,l.Hlichlomlhlnf I ( 0.005 I ( 0.005 I ( 0.005 I 0.0058 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 0.013' ( 0.005 I ( 0.005 I 
Jun'05 1 1,I·Olehlo,orlh.n. : ( 0.005 I ( 0.005 I ( O.OOS I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOS I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( o.on I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005' 
Jun 95 I t.IOiehloroethen. I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 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 I 
Jun-85I Ar\,nlt. lolfl I I I I I I I I I , I I I I I I 
Jun'9S : 8fn1fnr I ( O.Oo~ I ( 0.005 I ( 0.005 I ( 0.005: ( 0.005 I ( 0.005 I ( 0.005 I ( o.m I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005: ( 0.005 I 
JuQB5 I 8h(2,thythPlyllPhthilahl ( 0.005 I ( 0.005 I (0.00001 I 0.0038 I 0.0032 I (0.00001 I 0.0016 I 0.0049 I 0.0013 I 0.0041 I O.OOlO 1 0.0059 I 0.0026 I 0.0036 I 0.000&2 I 0.0010 I o.oom I 
JunD5 I Cad.iul. 10111 I I I I I I I I I I I 1 I I I , I I 
JunOS I thloro'ort I 0.0011 I 0.0026 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005: ( 0.005 I ( 0.005 I ( 0.005' ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
Jun85 1 Chloliul,lolol I I I I' t I I I I , I , I I I 
Jun-95 ICi. 1,2-0iehiolo,lh.n. I I I I I I I I I I I I I I I I 
J~n'85 1 CDPpPt. lolal I I I I I I I I I , I I I I I I 
Jun-B5 I Elhylb,nm. I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 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' ( 0.005 I ( 0.005 I ( 0.005 I 
Jun-95 I ltld. lolal 0.010 I 0.051 I 0.018 I o.m I 0.023 I 0.039 : 0.01& I 0.015 I 0.011 I o.oal I 0.029 I 0.026 I 0.022 I 0.166 I 0.294 I O.on I 0.009 I 
JUI, BS I ".ng.nm, 10111 I 1.15 I 0.0&5 I 0.814 I 6.90 I o.m I 0.139 I 3.16 I 0.091 t 0.139 I J.BI I 0.09J I 0.124 I 1.09 I 0.312 I 1.28 I 0,3&1 I 21.50 I 
Jun-D5: "fltury, 10111 I , I I I I " I I I I , I , I , 
Jun.B5 I "fth~lfn. Chloridr I ( 0.005 I ( 0.005 I 0.16 I 0.0051 I ( 0.005 I ( 0.005 I 0.015 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 t 0.0" I ( 0.005 I ( 0.00$ t ( O.ODS I ( O.OOS I ( 0.005 I 
Jun-95INillfl.I.tol I t I I 1 I , I I I I I I I I I 
Jun-BS I ~U 1212 I ( 0.0002 I ( 0.0001 I (0.0001 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.001l I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 
l~n-95 \ m me I ( 0.0002 I ( 0.0001 I \ 0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 , ( 0.0002 I ('0.0002 I ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002 1 
Jun-BS I PCB 1151 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 1 ( 0.0002 1 ( 0.0002 , ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 : ( 0.0002 I ( 0.0002 I 
Jun 95 I PCB 1260 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0001 : ( 0.0002 , ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0001 I ( 0.0002 I ( 0.0001 I ( 0.0002 I ( 0.0001 I ( 0.0001 I 
Jun'05: Silo.,. 10101 I I I I I I I I I I I I I I I I , 
Jun.85 : 1.lmhlorfth,n. 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 I ( 0.005 I ( 0,005 I ( 0.005 I <. 0.005 I ( 0.005' 0.045' ( 0.005 I ( 0.005 I 
Jlln-85 I IDe I , I I I I I 
Jun.BS I lolu.n. I ( 0.005 I ( 0.00$ I (0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 0,0065 I ( 0.005 I ( 0.005 I 0.014 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 
Jun.95 I IrlnS 1,2-0iehiDmthm I ( 0.005 I ( 0.005 I (0.005 0.005 I ( 0.005 I ( o.m I 0.097 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.O~ I < 0.005 I 0.091 I ( 0.0051 ( 0.005 
Jun.BS I I,iehlomlhent I ( 0.005 I ( 0.005 I (0.005 0~069 I 0.005 0.00B7 I 0.62 I 0.014 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I (0.005 0.62 I O.OO! I 0.15 
Ju"~85 I lint, 10101 I 0.256' 2.51 I o.m 1.51 I 1.11 0.113 : 1.31 I 1.58, 0.136 I l.ll I 0.112 I l.lI I 0.'" I &.01 3.1l I 2.30 I 1.16 
J.n-9~ I 1,I,Hrichlororlhan. I 1 I I I ' I I , I I I I' I I 0.0065 
J,n-86/I,l-Dlehlo,oelhm I , I' I , I " ,I( 0.005 
JII,.B~ 1 1.!-OleMorDrlhene I I I I I I I ,I 1 I ( 0.005 
J.n-81 I Amnie, lolal I I I I I I I I 
Jon 06 I Btmne I I I I I I I I 
J.n81 I 9i,/1rlhylh •• yIlPhthll.1t1 I I , I I I I 
JlnO!1 CI •• lu •• lolIl I I I I I I " 
J.n,96Ithlorolort I I I ,I 
J.n·91 I throliu,. lohl , I I 
Jan'8!ltlll,Hlehloroelhm I I I 
J,n'86 ItOppfl, lohl I , 
Jln ~BI I E1h~lbtnnnf , I 
J,.·96 Ilud, lotat I I 
,J.nal / "ang.nn., lohl I I 
J,n'86I "mury. 10101 I I 
J,n-96I ".lhvlln,ChIOlld. I I 
Jln'86 I Nhhl. lold I I 
Jan 96 \ ~[e 1112 I I 
J.n86IPU1718 I I 
JanB!IICB1251 I I 
Jan-96iml160 I I 
J."81 1 SII""10101 I I 

( mn. nnl "\Peted u11n9 de\tetion Ihit shoon; P '''n, pnsfnl hi hlo. delection IhHI IS .nns inlulliehnl 11I9lt "9,1 

I( 0.005 
I 
I 
I ( 0.005 
I 
I I 
I I 
I ( 0.005 I 
I 0.107 I 
I 9.101 
I t 
I ( 0.005 I 
I I 
I ( 0.0002 I 
I ( 0.0002 I 
I ( 0.0002 I 
I ( 0.0002 I 
I I 

21-Apr-87 
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Chronoloqll.1 SUlOarv of CDnsilito"" O.h,h~ in at Lfut One Suph Frol NIROP Ground VaIn Chutul Analvln IIQIII 

• 
1251.01 

I I-S I 1-0 I I-PC I 2-S I 2-D I He I 3-S I J-D I HC I 4-5 I 4-1 I HC I 5-S I 5-1 I 6-S I 6-0 I 'oS 
~r""'''''_''''''~_~ __ ''''~''~''~''''_~ __ ''_W''~'''''''''''''''''''''''''''''''''''''''''''''' .... - ....... ------------------ ............. - ......................... -----........... - .... -- ----.. -_ ..... --_ .. __ ....... ............................... _--... ---.. ---_ .. _-----------... ----------_ ..... ...................... "' ......................... "' ............. -.... 
J •• -Db: I.lruhlorethene I I I( 0.0051 

J.n-Db: IOC I I. I 

Jon-Dbllolu.n. I I I( 0.005 I 

J.n-Db I triM 1.2-Dllhforo.thrn.1 I I I( 0.0051 

J.n-Bbllri,hlor •• !",., I I I I 0.134: 

Jat,"Db I Ii.t. lohl I I I I 3.251 

Apr-B6: I,I,I-In,hlllro.lh.n. I I 0.005 I( 0.0051 I 
Apr-Bb: Iot·Dlchioro.lh, •• I I 0.005 I( 0.005 I I 

APr-06:t.I-DithlQroett,m I I 0.005 I( 0.0051 I 

Apr-Db: A".nic, lohl I I I I 

Apr-a6: B,nun, I I 0.005 0.005 I 

Apr-B6: BisI2.!hVlhrovIlPhlh.hhl I I I 

Apr-Db : C.~.luI. lotal I I I I 
Apr-B6Iehlo •• fo,. I I I 0.0051 ( 0.0051 

Ap.·Bbl Ch,o.lo •• lohl : I I I I 
Ap,-06:Cill,2-Dlthlo,orlhfnf I I I I 

Apr-Bb I [opPf', lohl I I I I 
Ap.-961£lhylbenlfn. I I ( 0.005 I ( 0.005 I 
Ap,-B6 I lfId. lola I I I I 0.061 I O.UlI 

Ap.-Bb I ".n9,n ... , lohl I I I O.IlB I 0.503 I 

~p,-ab: "mu.,. lohl I I I I I 
Ap.-BbI IItlhlhn,Chlo,id, I I I( 0.005 I ( 0.0051 

Ap,-8b I "Itl.l. lohl I I I I I I 

Ap,-Bb I P£81212 I I I I ( 0.0002 I ( 0.0002 I 

Apl-BbIPt81218 I I I I ( 0.0002 I (0.00021 

Ap,-BbiPUm4 I I I 1(0.00021 (0.00021 

Ap.-Bb 1m 1260 I I I I ( 0.0002 I (0.00021 

Apr-Db I Silm, lola I I I I I I I 
Apr·Bbll.lmhlonthtn. I 1 I I( 0.005 I 0.0051 

I\p,-9bIIDC I I I I I I I 
Apr-Bbllolu'h' I I I I I( 0.005 I 0.005 I 
Ap,-8b I IrlO5 1,2-0I(hloro.lhen, I I I I I I( 0.005 I ( 0.005 I 
Apr -Bb I Ir"hloralth.", I I I I I I( 0.0051 0.00611 
Apr-9bl/i.l,lo,,1 I I I I I I I I I 4.02 5.511 
"0.·96 I I,I,I-Irlchloro.thant I( 0.005 I ( 0.00' I ( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 o.ml ( 0.005 0.0051 ( 0.005 0,005 I ( O.0051( 0.005 0.13 0.005 I 0.0051 
NDy·Bb I 1,I'Oi<hlorotlhant I( O.OOSI( 0.005 I ( 0.005 I ( 0,005 0.005 0.OO51( 0,005 0.0051 ( 0.005 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 0.019 0.005 I ( 0.005 
"0.-96 I 1,I-DhhIDrD,lh.n. I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 0.005 I ( 0.005 O,OOSI( O,OOS 0.005 I ( D.0051( 0.00$ 0.005 O.0051( 0.005 
No,-Dbl/-8ullndn. I( 0.010 1 ( 0.010 I ( 0.010 I ( 0.010 0.010 0.010 ( 0.010 0.010 ( 0.010 0.010 I ( 0.010 0.010 I ( 0.010 I ( 0.010 0.010 0.010 I ( 0.010 
"oY~86 1 Alhlinih I ml 2lI1 2341 569 268 8.5 181 m 239 2121 25B 2331 1971 lB] m 2601 m 
No.·8b I Anenlt. DIsI, I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ' ( 0.005 ( 0.005 I ( 0.005 ( 0.005 0.005 I ( 0.005 O.OOSI( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 

"ov·B6IAnrnlc,lo!d I I I 1 I ( O.OOSI I I I I 
"01"8~ I t.,lul, Om 0.0801 0.010 I 0.1191 0.1051 o.m 0.051 0.165 I 0.074 0.034 0.058 I 0.099 0.093 I 0.0&1 I O.OBO 0.011 un 0.060 
NO;'96 I 81.lu., lohl I I I I O.OBol I I I 
Nov 06 I PlnUh. I( 0.005 I ( 0.005 I ( 0.0051( 0.0051 ( b.005 ( 0.005 0.005 I ( 0.005 0.005 0.005 1 ( 0.005 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005 0.005 
No,-96 I Dhl2.lhVlh!IVlIPhthilaltl I I I I I I I 1 
N.,-D6 I C.d.lue, Dill. 1(0.00011 0.00011 0.0000 I O.Oml(O.OOOI 0.0005 O.OOOll 0.0004 0.0005 0.0006 I 0.0002 0.0005 I 0.0009 I ( 0.0001 0.0004 ( 0.0001 0.0009 
Modb : h~IIUI, lolal I I I I I 0.00141 I I I I 
Nov-B6 I C~IClU', OilS. I 101 1 86.01 BI.51 169 I 110 21.1 1511 '" 110 I &1.91 n,] 90.4 I 1861 1111 145 102 216 
NDd6 I t.lliuI, IDtd I I I I I In I 1 I I I I I 
"oy-86Ithfo,ld. 19.51 ]0.91 59.11 !.SI 41.1 59.1 UI 22.6 11.71 '.71 12.6 I 15.61 50.0 I l.21 n.7 n.5 IB.ll 
No.-9bI thlnrolnre I( O.OOSI( 0.005 : ( 0.005 1 ( O.OOSI( 0,005 0.005 ( O.OOSI( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 1 ( 0.005 , ( O.OOSI( 0.005 e.o05 ( O.OOSI 
No,-86 I throilul. Din. I 0,005 I 0.M2 I 0.0021 0.00] I 0.001 0.001 0.0031 0.0011 0.002 I 0.002 I 0.001 , ( 0.0011 0.002 1 0.002 I ( 0.001 0.001 0.0021 
No,-96 I ChloliUl. IDIiI I I I I 0.009' I I I I 1 I I I 
NwB61 Ch 1,2-0i'hlomthm I( 0.0051< 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 0.29 1 ( 0.005 I ( 0,005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 0.58 0.005 0.0051 

( lunl nol d~ltt!td UlinQ dt!ttlion Ihll IhOIHlI P Iunl ,n,enl bul hlol dd.ttlon "1111 IS •• Ins Insullicient lIeplt Plg,4 21-Apr-BI 
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Ch,onoI09,,,I SUIII" 01 Con$ililurnh DtIPel" In al lent On. S .. pl, f,o. HIROP &round hlRr thulul AnalystS hQ/1I 1254.01 

D~I. : Po" •• lrr I 1·$ : 1·0 I HC I ',9 I 2-D I Ht I H I 3-D I HC I 4'$ I H I HC I s-s I,.. I ~-9 I 6-0 I 1-S 
.. ~ ~ .. ~ ______ ....................... .0- ___ ~ ~_w ~ ........................ _ ............................ _ ........... _ ........... _ .................................. --- --_................ ... ...... - ...... _ .. _ ...................... - ........ - .... -- --.. .. .......... ------ .. - ...................... -------..................... --.... ------- - ................... -- --_ ..... - .. __ ................... --- _ .... .. 

Hov'96: [o,p.r. ~iu. 
Hov·96 I [opper, 10111 
Wov'86: Hhylb,nl.n, 
"ov·86 Ilud. Din. 
"0,·96 : l .. d. 10111 

0.0011( 
I I 
I ( O.OOS I ( 
:( 0.0011( 

0.001 I 0.005 I o.oon I ( 0.001 I 0.003 
I I I I 

0.005 I ( 0.005 I < 0.005 I ( O.OO~: ( 0.005 
0.001 I 0.002 I 0.001 I ( 0.001: 0.003 

I I I 
I 20.2 I 38.8 I 45.0 I 38.6 I 51.6 : 10.1 

1.011 0.090 I 0.016 I 0.198: 0.391 I 0.002 
I I I I 

0.003 I 0.006 I 0.001 0.009 I ( 0.001 I 0.002 I 0.001 I ( 0.001 I ( 0.001 I 0.009 I 0.001 : 
0.0241 I I I I I I I I I 

( 0.005 I ( O.OOS I ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
0.001 I ( 0.001 I 0.001 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I 0.002 I 0.0031 0.002 
0.111 I I I I I I I I I 
30.1 I U.5 I ".9 21.5 I 48.' I 15.9 I U.S I 61.4 I 39.4 I 41.61 21.3 
1.04 I 0.07& I 0.052 0.005 I 0.362 I 0.'10 I 0.593 I 0.100 I 0.5&1 I O.JlO I 1.01 
1.561 I I I I I I 

Na"Bb : ",."ulo" Diss. 
N.d6: ",QQ.nu •• OIlS. 
Mov·96: ",n9"'5', lotal 
Nodb: "mury, Din. 
No.·96: "'''U'I, TDhi 
Nov'96 I ".Ihy" •• Chlorid. 
No,-96: Nlchl. Din. 
NO"86I Mithl, 10101 
MO"96 I NiI,. .. ·Nllroqrn 
"oY'86:PC817l2 
Nod61PU md 

I ( 0.0004 I ( 0.0001 I ( 0.000' I ( O.OOD! I ( 0.0001 I ( 0.000' ( 0,0004 I ( 0,0004 I ( 0,0004 ( 0.0004 I ( 0.0004 I ( 0.0004 I ( 0.0004 I ( 0.0004 I ( 0.0004 : (0.0004 (0.0004 
I I I I I (0.00041 I 

0.013 I ( O.OOS I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 
0.009 I 0.003 I ( 0.001 I 0.005 I 0.002 I 0.001 ( 0.001 I 0.004 I ( 

I I I I 
I I 0.209 I 1.311 I O.IM 
I I I I I 
I I I I I 

Hov-06 I PCl 1254 I I I I 
Vo.·B6 I PC8 17b0 I I I 

3.921 2.20 I 3.28 I 3.69 I 2.61 3b.B : HO"96 I Pohnio,. Din. 
Hov'B6: S.lfOIOI. Din. 
M.d6: S.IPnlut, lohl 
"odb : 511..,. Din. 
Hov'96 : 9ih". 10101 
"0.·06:50'1.I,Di". 
Nod6 : Sulh!n 
Hod6:lellllhloltlhe •• 
No,·B6:IOC 

: ( 0.005 I ( 
I 

0.005 : 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 
I I I( 

0.001 I 0.002: ( 0.001 : ( 0.001 ( 0.001 I ( 
I 

14.JI 
11.5 I 

: ( 0.005 I ( 

HOY'B6:1oIum I( 
Ho.-96: 1,aftS I,2·0Ichlololtbnt I ( 
Hoy·86I TrlthlorOllhtn. I( 
"."86: l,lehl%ltuD'oaelh ••• I( 
Hov-06I linc. Om. I 
Nov·96 I lint, lohl I 

I 
0.005 I ( 
O.OOSI! 
0.005 I ( 
O.OoSI( 
0.1ll I 

I 

I I I I 
5.95 I 12.9 I 5.99 I 6.06 3'.0 I 
1291 96.01 56.11 184 \l01 

0.005 : ( 0.005 I ( 0.005: (0.005 ( 0.005 I ( 
: I I I 

0.005 I ( 0.005 I ( 0.005 I ( O.OOS: ( 0.005 I ( 
L~:( L~I( L~I( o.o~I( U~: 
o.on I ( 0,005 I 0.065.1 0.0092 I 0.0053 I 
0,005 I ( 0.005 I ( 0.005 I ( 0.005 I 0.0011: ( 
1.25 I 0.069 I 0.851 I 0.660: ( 0.030 I 

I I I I I 

0.018 I I 
1.111 I 

I I 
I I 
I I 
I I 

3.85 I 2.10 I 
0.005 I ( 0.005 I ( 
0.005 I I 
0.001 I ( 0.001 I ( 
0.001 I I 
1.831 4.811 
91.01 20JI 

0.005 t < 0.005 I ( 
I I 

0.005 I ( 0.005 I ( 
0.29 I ( 0,005 I ( 
0.89 I 0.012 I ( 

0.005 I ( 0.005 I ( 
O.IlI I 0.812 I 
1.521 I 

0.005 ( 
0.001 I 

I 
0.060 I 

I 
I 
I 
I 

2.62 I 
0.00' I ( 

I 
0.001 I ( 

I 
50681 
3041 

0.1.105 I ( 
I 

0.005 I ( 
0.005 I ( 
0.00' I 
0.005 I ( 
O.ml 

I 

( mn, nDI delt!bd using d.IHllon lill\ .hD~nl , ouns pnml but btta. d!hdlon lIoitl IS oflns insufficient ,,"pl. Pig' 5 

I I I I I I 
0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005; (0.005 (0.005 
0.009 I ( 0.001 I 0.014 I 0.012 I ( 0,001 I 0.025 I 0.0Il 0.072 

I I I I I I 
6.56 I I 0.106 I 2.U I I I 0.036 1.29 

I I I I I 
I I I I I ; 
I I I I I I 
I I I I I I 

tnl LUI L~I t~1 ~~I tOOl ~~ L831 
0.005 I ( 0.005 I ( 0.005 I ( o.m I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I 

I I I I I I 
0.00\ I (0.001 (0.001; ( 0.001 I 0.001 I ( 0.001 I ( 0.001 ( 0.0011. 

I I I I I 
11.5 I U.5 10.2 I 18.0 I 1.51 I 26.0 I 15.0 I 
45.2 I 14' 85.9 I 192 I "4 I 172 I 176 I 

0.005 I (0.005 0.005 I ( 0.005 I ( 0.005 I 0.20 I ( 0.005 I ( 
I I I I I I 

0.005 I (0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 
0.005 : (0.005 O.O~ I ( 0.005 I ( 0.005 I 0.'8 I ( 0.005 I ( 

I 
6.771 
1481 

0.005 I 
I 

0.005 I 
0.0051 

0.019 I (0.005 0.005 I ( 0.005 I ( 0.005 I 1.8: 0.011 I O. U : 
0.005 I (0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 1 
O.m I 0.492 0.OB6 I 0.601 I 0.681 I 0.901 I o.m I 1.05 I 

I I I I I I I I 

2Hpr'81 
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D.h : Por.uler : 1.D : 8-S : 9-D : 9-9 I 9-D I 10-S I II-S I 12-S I U-9 I 1.-5 I 15·5 I 16-5 I 17-5 1 la-s I I9-S I 20-5 
_w ~ ~. ~ _ w ~. ~ ... ~ ~ * M W _ ....... ~ .. _ • .0 _____ .. ~ __ ~ ...... ~ ____ ................. _ .... _"" ___ .... _ .. _ ...... ___________ .. _--...... ---- ................. - ........ - ... - ............... ----.................................. ------...................... ------....................... ------............................. -----........ "" ............ ---- .. _ ............................... -

011-31: I,I.I-I,jchlnro.lh.n. 
Oc181: 1.I-Dllhlo,o.lhrnr 
Orl '~l : I.I-Duhloro.lhent 
0<1 U I A,unil, Iohl 
O<l"OJ I ionlellt 
Oel-Bl I 81117.lhvlhflyIlPMh.hl.1 
Ocl-8l: [,d.lot. 10101 
Ott"Bl : [hl.,.'o" 
Otl"OII[hlo.lo •• I.tal 
Octal: til 1.2-Dlchlo, •• lh •• , 
Ocl"03:CI,pp.r.lolil 
Ott-Ol I £ihvlb.nnne 
Otl Bl I t .. d. 101.1 
Otl Bl I ".nqln.u,lohl 
Oct 83 I "muIV. I.hl 
Oct 8l I M,lhv)pn. Chloride 
OtHl: Hilltl.lohl 
Otl-81: pea 1m 
Ocl 8l 1 PCl 1240 
OdBl11"C81m 
Ocl-8llPumo 
Ocl-03: Slim. 10111 
gct 831 hlmhlonlhtn. 
DcIBl: rot 
Oc\·Blllolum 
Otl 9! I It'"' t.2-0Ichlomlhm I 
Od a1: II/chioro.the.. I 
Ott"B3: /lnc, 10111 
Apr"BIII,I,I-lrlchloro.lhln' 
Apr-BII 1.I-OlChiolopth ... 
ApI 01 : I.I-G/chloro,th.n. 
Apr-alI Amnil,Iohl 
ADI-Bt lePhlfht 
Ap,-II: 8hI7.lhylh,;y\lPhth.III.: 
Apr-B41 [jdolul.lolol I 
Apl-B4IChlo,o'o,. I 
Apr-BI: Chraliul. lohl I 
Ap,"SIIClIJ,Hirhlo,o,th.n, 1 
Apr-B4 I CD,pH. lold I 
Apr-8II EIh/lb,nlt.' 
Apr-at: tud.lohl 
Apr-a4 :"lnganm,lohl 
Apr·B4 I "!ltur" lohl 
Apl"Bt I lIflhlltn, Chlolid. 
~pr-94 : Michl, 10hl 
Aprel : PCB 1112 
Apr 01 IPCall1B 
Apl-04IP[8l25t 
AOIOI I PCI mo 
Ap,-el: SII,.r, lohl 
Apr-84 I hltlChlo,rlh,., 
Ap,"D4 : IDC 
Apr 94 : lol".ne 
Ap,·al I lrlnll,2-0i,hlo,oelh.n. I 

I 
I 
I 
I 

", 
I 
I 
I 
I 
I 
I 
: 

( mnl not d.ltchd Ul1n9 d'itclion 1i.1I ShONh, P ttlnl plmnl but hID. d.hclion IhHI IS .. ins Insullltitnt ,,"pl. PI" 6 

I 
1 
I 
1 
I 
I 
1 
I 
I 
I , 
I 
I 

I" 

1< 0.0101 
I 0.0211 
'( 0.010 I 
I 
I 0.0101 
1 I 
I O.OOU I 
I( 0.0101 
I 0.003 1 
I 1 

0.000 1 

0.111 
0.0\4 1 

I 0.9511 
I 1 
I( 0.0101 
I I 
1(0.00011 
I ( 0.0001 I 
I ( 0.0001 1 
I ( 0.0001 I 
: ( 0.050 I 
I 0.0241 
I UI 
1 ( 0.010 I 
I 0_12: 
I 31.01 
I 4.091 
I ( 0.010 I 
I 0.0111 
I ( 0.010 I 
I( 0.0051 
I ( 0.010 I 
I 0.0191 
I 0.0051: 
I ( 0.010 I 
I 0.001 I 
I 0.096 I 
1 0.0321 
I 0.0631 
I 0.0511 
I I 
I 0.0012 I 
I ( 0.010 I 
I 0,001 t 
t ( 0.0002 I 
I ( 0.0002 I 
1(0.00021 
1(0.00021 
I( 0.0011 
I( 0.0101 

4.51 
I ( 0_010 1 
I 0.0961 

21-Apr·" 
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Chronolnqlul S ... .,y 01 Consililulnlt Pthctrd in .t lml On. Sup" frol MIROP &round hit' thuiul An.lym '1,111 12~UI 

Oal.IPumler I 1-0 I B-5 I 8-0 I 9-9 I 9-D I 10-S I 11-5 I 12-5 I 13-9 I 11-5 I 15-9 1 16-5 I u-s I 18-5 1 IH I 20-$ FKC-31 I 
----_ .. _--_ .. __ ............... --_ ............... "" .. --...... ------------_ ....... -_ ..... --.. -..................... -................... ----------_ .......... ,., ... ., .............................................................................. --... -----_ ................................................... ---------------------_ .. __ .. _ .......... -............................................... .. 
ADr-OI : 'richlorooth.n. I I 2.'1 

Apr-gl I lint, 10101 I I 2.95 I 

OtlOI I I,I,I-!/Ith!oro.lhan. 1 I( 0.010 I 

Otl-OIII,IDlthiara.lhm 1 I , 0.010 1 

Otl-8111.l-Dlchlo,oelhm 1 I( 0.010 1 

Otl-94 I Armit, 'olal I, I I 

Otl-811 hmnl I I( 0.0101 

Otl-04IBill?lhvlht.yIlPhlhllll.1 1 I O.on I 

Otl-81 I C ... IIII, lohl I 1 I I 

Od-84 I [Moralo,. I I I( 0.010 I 

Otl-BI I th,o.i ••• 101" I I I I 
Otl-Oll til 1.2-0I[hlomlhnl 1 I 0.23 1 

Otl-91ICo,pfI,IollI I 1 1 

0[1-01 I Uhylb.n,m 1 0.099 1 

Otl'BI I Iud. Iold I 0.030 I 
0[1-011 ",oq.onl, 10111 1 0.4141 

0(1-94 I "mury, 10101 I I 
Od-Ol I "1IhvltnICMoIU, I 0.121 

0(1-04 I Nichl. lohl I I 

Od-81IPUI212 I (0.00021 

Ocl-9!IPUlllO I ( 0.0007 I 

0[1-84 I PC9I?51 I ( 0.0002 I 

Oel-81 I PC8 1160 I ( 0.0002 I 

Oet'84 I 5ilv ... lohl I I 

Od 94 11,lmhlarflh,", I ( 0.010 I 

Oc\-94I IOC I I 
Otl-Ol I lolum I I P 0.010 I 

Ocl-B4 IIran9 1.2-0ithloroelhm I I 0.231 

Ocl84 I Imhloro.lhm I I 1.'1 
Del-all Itoe. lohl I I 1.561 
Jao-BSII,I.I-Irichlamlhm I I ( O.OO~ I 

JahB~ II.HicMolorth,., I I 0.011 I 

J.n B~ I I.I-Clehio,oelhen' , I ( 0.005 I 

Jln-8~IAm.I[, 10111 I 1 I 
J.,,-9510 .. lfot I I 0.0069 I 

Jln-8~ I 8hl~flhVlhr'yIlPhlhlhl I (0.00001 I 

J.n-95I C,d.ill'. 10111 I I 

Jln-85I Chlo,ofon I 0.005 I 

J.n-85 I Chr .. iul. lohl I I 

J.0-85I Cit 1.7-0iehlora.lhoe I I 

J.n'85 I Co,prr, Iota I I I 

J •• '95 I Elhylblnzm I I( 0.005 I 
J •• -BS I tr,d. 10111 I 0.0211 

)00,85 I "Ioqlhn •• lolil I 0.539 I 

J,o-85 I "mu".lohl I I 
JI.-85 : ~rlhollftt Chloride I 0.0381 

J .. ·95: Michl. Iota I I I 

J,n-95IPUlm I I ( 0.0002 I 
J.0-8~ I m 1118 I 1(0.00021 
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( 0.001 I 0.001 I 0.032 I 0.00' I 0.00& I o.m I 0.031 1 ( 0.001 I 0.005 
o.m 1 I 1 I I I I 0.039 I 

0.022 1.92 I 0.221 I 0.205 I 0.803 I 6.05 I 2.09 I 11.0 I 0.029 I 0.110 

4.511 
0.005 I 

I 
0.001 : ( 

I 
11.0 I 
2121 

I I I I I 
I I I I I 
I I I I I 
I 1 I I I 

5.191 3,52 3.671 3.91 3.&71 J.061 1.921 4.nl 
0.019 I ( 0.005 ( 0.005 I (0.005 0.00$ I ( 0.005 I 0.009 I ( 0.005 I ( 
0.016 I I 1 I ( 0.005 I 
0.001 I 0.002 0.001 I (0.001 0.001 0.001 I ( 0.001 I ( 0.001 I 
0.001 I I I ( 0.001 I 
29.2 I 19.5 16.5 I 1.41 11.1 6.50 I 5.77 I 10.& I 
9\.71 189 m I 163 St..' 2111 1641 1181 

0.005 I 0.12 I ( 0.005 ( 0.005 I (0.005 0.005 0.005 I ( 0.005 I ( 0.005 I ( 
I I I I I 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 (0.005 0.005 I ( 0.005 I ( 0.005 I ( 
0.049 I 0.11 I 0.029 I 0.016 I 0.022 I (0.005 0.005 I ( 0.005 I ( 0.005 I ( 
10.1 I 1.9 I 0.&5 I 0.21 I O.on I (0.005 0.005 I ( 0.005 I 0.0071 I 

0.005 I ( Oi005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 1 ( 0.005 I ( 0.005 I ( 
1.01 I 0.194 I 1.01 I 0.135 I 0.246 I S.81 S.03 I 1.25 I 1.8' I 

I 3.151 I I I I I I 25.41 

3.291 
0.0051! 

I 
0.001 I ( 

I 
'.141 
59.$1 

0.005 I ( 

0.005 I ( 
0.005 I 
0.11 I 

0.005 I ( 
7.871 

I 

( mn. nol dfltCltd ulinq delfllion IIliI ,hownl P mns prmnt but btl.w d,t_ctlon Ihill IS um Inlulfldenl "Ipl, Pa9- 10 

0.001 ( 0.001 ( 0.001 

2.02 

us til 
0.005 ( o.on 

0.001 

16.' 
3331 

0.005 I ( 
I 

0.005 I ( 
0.027 I 
0.091 I 
0.005 I ( 
2.211 

I 

0.002 

8.18 
m 

0.005 

0.005 
O.ll 
1.51 

0.005 

'.11 

2.11 

I 
2.221 

( 0.005 I ( 
I 

0.002 I ( 
I 

41.11 
26.81 

0.005 I! 
I 

O.0051( 
0.0051( 
0.098 I ( 

( O.OOSI! 
S.79 I 

I 

0.4141 0.020 

2.22 t16 
0.005 ( 0.005 

0.001 ! 0.001 

9.45 
72.4 

0.005 I ( 
I 

0.005 I ( 
0.0051 
0.0051 
0.0051e 
1.10 I 

I 

7.\9 
121 

0.005 

0.005 : 
0.1\ I 
1.11 

0.0051 
0.52£ I 

I 
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ChtonolDqltal SII."" D' COD"llIurnh Dththd In at L,nl On. Supl. FrOI "IROP G,,,,,nd Wah, Chniul Analym 119/11 

011-81: 1,I,I-l,lchlomlhln. 
Orl-83 \ I,I-Oilhloroplh .. , 
Ocl-91: I,I-Dlthloroe\he •• 
Dcl 83 I A,~enjc, 1.101 
Ocl-91 I 8.."., 

I 8h_1 I RinBIk! I Rinll" I Irp81111 1,,8\121 IrpBIIl I 11 p8\l 4 1 Oupl I I Dupl2 I Oupl3 I 

Ot1-93: BisI2.lhllh,lvIlPhlhlhl.: 
Ocl-91: Cad.iUI, IDhl 
Otl-a3I thloro'D,. 
Oct-91: [h'O'IUI, lola I 
Ocl-91ICi.1,2-0ichI0,o,lh,n. 
Del al : t~po.', 10101 
Ocl-93IElhylb.n,'.' 
Otl-91 I Iud. lolal 
Ocl-U : "onq •• "r, '01" 
OcI-91I "mu".lohl 
Oel-Bl : ",Ihlltn. Chlorid. 
Oct-9ll Michl, lolal 
011-83 : ~U 1212 
ocl-n I feB 1218 
OIl -93 : PCI 12~1 
Oc\-n:Pte 1260 
Ocl-al: 511, ... 10111 
Ocl-B3: hl'IChlo,.lh, •• 
0,1-01: lOt 
Del-UlI lol •• n. 
Del Bl : Irln~ I.Z-0IChlo,n.lh ••• : 
Ocl-83: IrleMoro.lhrn. 
Ocl91 I linc, 10111 
AprSI:I,I.I-I,lchloroelhm 
Apr-BII I.I-Oichloro,lh ... 
Apr-84: 1,I-Ouhlo,o,lhen. 
Apr-all A,smu, lohl 
AD,-84 I Bin ... ' 
Ap,-OllliIl2.lhvlh •• yIlPhlh.hhl 
Apr-94 I hd.iu •• I.hl 
Ap,-91 I CMarohn 
AwBI tthrniuI, lolal 
~p, -94 I til I.Hlthiarotlhent 
Apr-gIl to,PH.lohl 
Apr B4 Imvlbtnlfn. 
Ap,-B4 thad.lollt 
Ap,-94I ",nq •• ts,.Iolai 
Ap,-Oll"lftur,.Io\a1 
Apt-n , ""hlltn. ChI.rid. 
Apr-94 I Nlct.l, lola I 
Apr-gltPCl1142 
AWel I PCB \218 
Ap,-ellmtm 
Ap,-alIPUmO 
Ap,-81ISi\m,I.hl 
AD,-81; hlruhlar.lhn. 
Apr-gIl lOr 
Ap,a"Iolu.n. 
Apr-g41 I,antl,HilMar •• thn, I 

( tunS nol d.l.llrd usinq dehttlon Iilil sholll1l P lunl p,mnl ... hlo. deletllaft Ihlll IS mns inluflld.nl IIIpl, Pl9' II 

• 
1251.01 

21-Apr-S7 



• • 
[hroholoq,,,1 SUlUrv 01 CDnsililu.nl! D.I.chd In at lud 011. Snair Fru NIAOP Ground Viler ChPliul Analy, .. 119111 1254.01 

O~I. I P.,~.'lpr I 8hnl I Ai.BIII I RinRIIl I ',pRill I Tr, Bml IrpRIIl I ',p8I14 I Dopl I I Du,1 2 I Oupl 3 I 

Apr-H!: l,iehl.,o.lh.n, I 
~pr 81 ; hnc, lolal I I 
Otl-a!II,I.llrichloroe\hinr I( 0.0101 
OclOIII,Hirhloroplhln! I( 0.010 I 
Dtl-BlII.J.Dllhiofo.lhpn. I( 0.0101 
Orl-Ol I Amnie, 10111 I I 
OtIO! IPm,n. I( 0.010 : 
Orl81 I Plsl1.thvlhnvIlPhlhdil.1 I 
Oct-B41 tldtillt. loUI I I 
OeI91:thlorolor. I( 0.010 I 
Ocl-B! I ChIDliu •• loUI I 
OctBIICisl.2-0irhloro.lhm I( 0.010 I 
Oct 81: [apPII. IDhl I I 
Ocl B! I Elhvlb.nnn, I( 0.010 I 
OclBI I Iud. lolal I I 
Od'B! I Hu,.nn" lohl 
011-91: "mury. lohl I 
Oel-B! I ".Ihvlnr Chlo,id, P 0.010 I 
Orl-811 MichL '0111 I 
Oel-B! IPUIl42 I 
Drl-B! : p[8 1119 
Oel-041 Pet 1254 I 
Orl-B! I pct 1160 I 
OIl BII 511",. lohl I 
oc\-nl:I,lmhlor.lhm ( 0.010 I - I 
Oel-BI I IDe I 
Oct 01 Ilolum ( 0.010 I 
OdHI I I'lns 1.2-0iehlo,0.lhrn, ( 0.010 I 
OctOlllrichlbra.lhm ( 0.010 I 
Otl I! : line. fohl I I 
Jln-B51l,I,HrlchloroelhlnP I( 0.005 I 
Jio-9SII.I-Oilhloroplhlnt I( 0.005 I 
31n-8S i I.I-Dichloro.thvnp I( 0.005 I 
Jin-aS: ArlPhiC. lold I I 
Jan-IS I I.nun, I( 0.005 I 
Jan-RS I lu17f1hvlhmHPhthlhhl I 
Jan-SSI tldei.e,lolll I I 
Jan-85 I [hlanla,. I( 0.005 I 
Jin-BS I thrnilul. lalll I I 
Jan-05 I tis 1.2·DI(hloratlhtnt I 
Jan-B5ICoPPfI,lola\ I 
Jan-aS 1 tthylbtnnn. I( 0.005 I 
Jan-85 I Iud, 10111 I I 
Jan-8SI IInqin.n. IDhl I I 
Jln-051I1mury.lalll I 
Jln-9S I !I.thv"n. Chlarid, I P 0.005 I 
Jln-ISI Nilbl.lolll 1 1 
Jln-15 I PCI 1212 1 I 
Jln-IS I PtI 1248 I 
Jan-85I PCI125! I I 
Jln-US I Pta 1260 I I 
Jan-B5 1 51 .. ". 10111 I I 
Jan-8SI hlmhl."lh.n, I( 0.005 I 
J.n-051IDC I I 

.: Iml_not !,hrt,d ulinq d,l.rllon IIlit ,hnont P IUnl prmftl '.1 b.lo. drhellon 111111 IS mnl inluflltl.nl mph PI"I? 21-Apr-S1 



r • • 
Ch,onolo~tClI SlImry 01 CDnsllllulnh Dthcltd in allllsi On. Suplt frOI MIROf' GrlHlnd hit' Chulul Analysts flqlll 

: Blank I Alnllll: AinBIU 1 Irp8lU 1 I" 81121 Irp81U 1 Irp81U 1 Gupl I I ,",1 2 I Dupl 1 I 

Jan-BS: '01111 •• I( O.OO~ : I 
J.o-95 I lms 1.2-0ichlomlhlo,:( 0.005 I I 
Jln-aSt Irlrhlorolthm I( 0.005 I I 
J,o-95: IInr. IDhl I I 
Jun-B511.t.t-IrirhlofOflhm I I 
Jun-85 : I.t-Dilhloroelha •• I I 
Juo-B511.1·Olthlo'D.U,.n. I I 
Jun-95IA/lfnlc,lol" I I 
JunBSI Stn,,", I I 
Ju.85 I BItI?lhylh."IIPhlhlhltl I I 
Ju.85 1 tldl,ul.IDIaI I I 
Jun 95 I rhlnrD'O'. I I 
Juo-9S:[hrDllul,lolil I 
Jun-8Sltul.2-0ichiomlhrn. I I 
Jun-95ICoPW,Iolli I 
Jun-95:Uhylbtnl,n. I 
Juo-oS: lfld.lohl I 
Jun-OS I "'n~ln.", 10111 I 
Jun-95 I "mury, lolal I 
Jun-85: ".Ihvltn. [MorU. I 
Juo-85\ "Hili. loIai I 
Jun-851 Ptl 1142 I 
Juo-BS\PCI\2IB I 
Jun-9S I PCI 1m I 
Jun-OS: Pta 1260 I 
Juo-95I SO,fr. lohl I 
JunOSII.I'lthlo,.lhtne I 
Jun-9S: IOC I 
Jun-IS: lol,,"u I 
Jun-8511/1ns 1,?-DleMo,o,thtnt I I 
Jun-B511rIthl.'.tlh.n, I r 
Jun 951 hne, tohl I I 
J,n86: 1.1.l-lrirhlomlhlht I 
Jln-D6II,I·Olehioro.thlnt I 
Jln-96: I,I-Dichlomth.nt I 
J.n·86IAmnl[.lohl I 
Jan-abI8.mn. I 
Jln-8' I tl,'2.thylh"VIlPhlhlhttl I 
Jln-86 IC".m. lohl 1 I 
J..-8blChionlori I 
Jan-B6ICh, .. IuI.lolal I 
Jln-" I ell 1.1-Dithlofotlh,nt I 
Jln-B61 toppfr.lnhl I 
J,n-96:£lhylbfnm. I 
Jln-a, I had.lohl I 
J.n-Bbl"anqmlf,lohl I 
J,n-86I ~mu". lohl I 
IIn-B61 ".Ihyhn, [hID,id. I 
Jan-Bbl Michl. 10111 I 
Jan-B6lPtllm I 
J,n-8b:mI2lB I 
Jin-Bb I ~U 1254 I 
Jln-86lfU 1760 I 
J.n-86 1 $i"'"10111 I 

I .em nol d.t,chd ulinn d.l!cllon IIliI ~ho.nt P mnl ,rmnl but h.la. del.tllon IIlill I~ mnl in!uHid.nt ",ph h9' 13 21-Ap,-87 
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thronoloqilll Sumr. 01 C ••• IUIu •• I, O.'felt. In at hnl Oft. Satpl. r,ol HIRflP Ground hit. Ch,tlul A.IIY~fI 11911l 1254.01 

Do .. ~ ." .. ,h, : llanl I AlnllU I AIom21 I,pBIIII I"IIUI "pmll l,pBIU r O1Ipll I fIu,I' I Dupll I 
.. ~ .......... _ ~ __ ~ "' .. ~ ~ ~ M __ .... ~_ ......... __ ~ ............. ___ ............ ___ ............. __ ................. __ .............. oo __ .... "' ......... 00_ ............ ___ ............... - __ ............. ___ .. __ .... - ... __ .......... _oo __ ....... .. --.... ----oo 
Jan-86 I 1,lruhlo!flh,.' I I 
Jan-8611OC I I I 
J.n-86: Inlu,o, I I I 
Jan-96 I lra.s 1,2-0ieh\or •• lhu. I I I I I 
lIo-86: IrHhloro.lh,n, I I I I I 
Jan-86Ih.c, lbhl I I I I I 
Apr-S6 I 1,I,I-lricMfI/'ulhlo. :( 0.0051 I I I 
Apr-8bl',I·Oichioro.lha •• I( 0.0051 I • 1 
A,r-8bl'.1-8Ichloloelh.nt I( 0,0051 I I I 
Apr-S6 I Armie, hhl I I I I 
Apr-!6I e •• tfnf I( 0.0051 I I I 
Ap,-S61'hI2.lhylhuvllPhlhahhl I I • I 
A,,-961C1dllul,lolll I I I 1 • I 
A,,-86 I thl 0' 01 nfl I( 0.0051 1 I I I 
Apr-86ICh'Ollut.lohl I I 1 I I 
Alr-8bI tu',1-Dichloro.lh ••• I 1 I I I 
Apr-86l topp", lohl I I I I I 
Apr-86 I Hhylunr ••• I( 0.0051 1 I • I 
A,,-86Iltad,loh. lIS 1 I I • I 
Apr-ShIM,ft,.n ••• ,lo'" lIS I I I I I 
Apr-B61"mury, '0111 I I 1 I I 
Apr-8bIMtlh11.n.thlorld, 0.0131 I , I I I 
Apr·86 I Kiehl. loUI I I I I I 
Apr-86 I PC. 1lf7 115 I I I I I I 
Apr-86 I,tl llIe liS I I I I I I 
Ap,-9b I PUll54 liS I I I I I 
Ap,-8~ I Pel mo liS I I I I I 
Apr·S6ISilm,IQI.1 1 I I I I t 
Apr-abl','ruhlortlh.n. I( 0.0051 I t I I 
Apr-86 I lot I I I I I I 
Ap,-861IDlu,n, I( 0.0051 I I I 1 
Apr-ObI T,an, I,1-0i,hloro,lh ••• Ie 0.0051 I I I I I I 
Aor·861Irlehhwotlh,., Ie 0.0051 I I I I I r I 
Apr-S61Iiftc,'DIaI liS I I I I I I I I I 
Moy·a61I,I,I-1,lthloro,lhant Ie G.OO51( O.OOSI! 0.005 I ( 0.005 I ( 0.005 1 ( O.DOSI( 0.0051 O.OUI( o.oOSI 
Mov-8bll,l-Dlchio,o,lhm I( MOSIC O.OOSI( D.OOSI( 0.0051( O.OOSI( D.OOSI! 0.0051 0.025 I ( 0.005 I 
Moy-S6I 1,I·Olchiarotlh.n. I( G.OOSI( 0.0051 ( O.GOSI( G.OOSI( O.OOSI( O.OOSI( O.OOSI( MOSI( 0.0051 
Ikw-D61 '-BubIDn. I! 0.0101 ( O.OIOI! O.OIGI( O.OIGI( 0.0101 ( 0.010 I ( 0.010 I ( MIOI! 0.010 I 
"0.·861 Alhllnl/y I( UI( S.OI! 5,0 I , I I ml 4311 416\ 
Mo,-86 I Ane.it, Din. I! G.OO51( 0.005 I e 0.005 , , , I( 0.OO51( 0.0051 O.OU I 
Mn.-86IArunlt,lollI Ie a.oosi (O.ODSOI ( 0.0051 I I '( 0.0051 0.0061 O.oU I 
Nov·84 1."lu', Din I( 0.0101 ( O.OIOI( 0.0101 I I I 0.1521 0.1151 0.147 I 
"0,-96 I 1i,luI, lohl I( UIOI( 0.0101 ( 0.0101 I I I 0.'" I 0.5141 0.1601 
Mo,-S61 e •• nn. 1< O.OOSI( a.OOSI( O.MSI( O.OOS 1 ( 0.0051 ( 0.0051 ( 0.0051< 0.0051! 0.0051 
Moy-86 I Bhlt.lhylhP,vllPhlhahlfl I 1 I I I 1 I I I I 
Mov-86ICalljul.Oiu. I I 0.000. I (0.00011 0.00021 1 I I O.OOOSI 0.001)' • O.OOOBI 
Mo.-86: h6'luI, I.hl I I 6.000" 0.00031 0.00051 I I I 0.00101 0.00lt I 0.01'91 
Mo.-B6; taltiul. Oln. I( 0.1001 ( 0.1001 ( 0.1001 I I I 1511 I2BI 1511 
"o~-86 I hlclul, lolal I( 0.11 I( 0.1 I I I 1 lUI aUI 3801 
Mov-BbI Chl.,id. I( I.OI( I.OI( 1.01 I I I 4.&1 15.31 15.11 
Mov-86 I [hlo,o'.rI I( O.OOSI! O.OOSI( 0.005 I ( 0,0051 ( 0.0051! O.OOSI( O.OOSI( 0.005 I ( 0.005 I 
Mnv-D6:Chro.lu',Di,.. I 0.0011 0.00'1 0.002 I I , I 0.0021 0.002 I 0.0021 
MOY'B6lthrnllul,1011l 1 0.00'1 0.001' 0.0011 I I I 0,0091 O.ns I 0.0091 
"0,-861 th I,/--oichlnrnelhfn. I C 0.005 I e 0.005 I ( 0.005 I ( O.OOSI( O.OOSI( 0.0051 0.191 0.34 I ( 0.0051 

, "'" '" ..... , 1",~1t,·" lili! shown: , l~aOI or."nl bul blow de'Hlian Ihill IS fIIan, 101llJlie;'01 salph hg.14 2Hpr-ar 



• 
th,onol.,lul Sumr, 01 Couililu.nh O,lfclrd In &I lmt lin. Sup It F,o. MIAOP 6,oond VII" CbPllul Anll,m 1.,1\1 

Dah I Parmi" I 8hnl I Ri"BlU I A/nBll2 I frp!lll I I" 81121 IrpBIU I f,pllU I Dopl I I 00,1 2 I Dupl 3 I 

Nov·SbICopPft.DiS5. 
"D,·96 I [opper. lotal 
No,··96IE1h,lbtnnne 
Nov 86 Ilfld. Om. 
"odbllud.lolal 
Mo,·86 I Hiqn .. i •• , Din. 
ND,'86 I ".09In'5 •• Diss. 
"o,-S6 : "'nqlne~,. Tohl 
Mo,-86 I Muc.". DIS •• 
No, 96 I ""cory. lold 
"0..0& : "elhyhn. thlorid, 
H.,-Bh I Nichl. Oiss. 
Nod6 : Michl. lohl 
Mo,-96 I Nltrll.-NitrDtJ.n 
NDdb lfUl742 
Mod6 : PCB Il'B 
Hod' I PCI 115' 
Mo,-BbIPtBt160. 
No, 06 I hlmlu •• Oiu. 
Mo,·96I S.I,.iu •• DI". 
Nod61 Slltni.l.lohl 
"0,·86ISlIm.Oil\. 
NDdb: Sil",. lohl 
"",·86 I Sodlu •• Din. 
"0,-96: Sulhhs 
1/o,-B6 : I,r,,,hlor.lh ... 
Noy·96 : IOC 
No,·86 : loluen. 
No,-96: Irm 1.2-0ichlorD.lhen, I 
Noy·96 I I,ichlo'D.lh,n, I 
"0,-8611rithlD,ofluorol.thl.' I 
No,·86 I IInc. Din. I 
Ho,·86: hnt. I.hl I 

I 0.003: 0.009 
I 0.005 I 0.001 
I ( 0.005: ( 0.005 

0.001 I ( 0.001 
I 0.009 I ( 0.001 
I ( 0.010 I ( 0.100 
I ( 0.030 I ( 0.030 
I ( MID I ( 0.010 
I ( 0.0001 I ( 0.0004 
I ( 0.000' I ( 0.0001 
I ( 0.005 I ( 0.005 
I ( 0.001 I 0.001 
I 0.017 I 0.001 
I 0.021 I I 
I 

0.002 I 
0.0071 
0.005 I ( 
0.002 I 
0.007 I 

( 0.100 I 
( 0.030 I 
( 0.030 I 
(0.00041 
( 0.0004 I 
( 0.005 I ( 
( 0.001 I 

0.0101 
0.023 I 

I I I 
I I I 
I I I I 
I ( 0.100 I ( 0.100 I ( 0.100 I 
I ( 0.005 ( 0.005 I ( 0.005 I 
I ( 0.005 (O.O~O I ( O.OOS / 
I (0.001 (0.001 I ( 0.001 I 
I( 0.001 ( 0.0011( 0.0011 
I ( 0.100 ( 0.100 I ( 0.100 I 
I (10 •. 0 1.0 I ( 10.0/ 
I (0.005 O.OO~ I ( 0.005 I f 
I I I 
I (0.005 0.005 I ( 0.005 I ( 
I ( 0.005 ( 0.005 I (, 0.005 I ( 
I ( 0.005, ( 0.005 I ( 0.005 I ( 
I ( 0.005 I ( 0.005 I ( 0.005 I ( 
I ( 0.010 I ( 0.010 I ( 0.030 I 
I ( 0.010 I ( 0.01 I ( 0.030 I 

I 
I 

0.005 I ( 
I 
I 
I 
I 
I 
I 
I 

0.0051( 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

0.005 I ( 
I 

0.005 I ( 
O.OOSI( 
0.005 I ( 
0.005 I ( 

I 
I 

I 
I 

0.005 I ( 

I 
0.005 I ( 

0.005 I ( 
I 

0.005 I ( 
0.005 I ( 
0.0051 ( 
0.0051 ( 

I 0.002 I 0.004 / 0.002 I 
I 0.019 I 0./81 I 0.04& / 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
I o.on I O.OOS / 0.003 I 
I o.on I 0.019 I o.ola I 
I 29.5 I 32.8 I 51.' I 
/ 1.021 0.017 I 1.991 
I 1.55 I 1.1l I 2.49 \ 
\ ( 0.0001 I ( 0.0004 I ( 0.0001 I 
I ( 0.000' \ ( 0.0004 I ( 0.0004 I 

0.005 \ ( 0.005 I ( 0.005 I ( 0.005 I 
I ( 0.00\ I ( 0.001 I ( 0.001 I 
I o.m / •. 155 I 0.033 I 
\ 1.161 3.n I 0.0291 
I I I 
I I I I 
I I I I 
I I I I 
I 3,15 I 5.49 I '.92 I 
I ( 0.005 I 0.051 I ( 0.005 \ 
I ( 0.005 I 0.035 1 ( 0.005 I 
I ( 0.001 \ ( 0.001 I ( 0.001 / 
/ 0.003 I ( 0.001 I ( 0.001 I 
I 6.211 25.1 I 10.6 I 
I 96,5 \ 41.0 \ 319 I 

0.005 I ( 0.005 / 0.14 I ( 0.005 I 
\ I I I 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
0.005 I 0.19 I 0.14 I ( 0.005 I 
0.005 I 0.60 I 1.5 I 0.009 I 
0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 

1 0.'" I 0.112 I \.8& I 
I 1.411 1.19 I 20.7 I 

- .HD!. n.1 ~plprl~d umQ dfhtllQ. lilil sho •• : P '0.n5 presenl but bpi •• deletlion litll: IS Inns Insulli,/t.1 ... ,It Paqt t5 

• 
\254.0\ 
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APPENDU B 

ALPHABETICAL SUMMARY OF CONSTITUENTS DETECTED IN AT 
LEAST ONE SAMPLE FROM NIROP GROUND VATER ANALYSES 



• • 
Aiot,ab.litll Sum" of ConlililUpnts D,hehd in II Lusl On. Suph Frol NIROP Ground Wahr (huiut A.olym 119111 

I 1-5 I H I He I 2-S I 2-D I 2-PC I 3-S I 3-D I HC I H t 4-D I HC I 5-S I 5-a I 6-5 I 6-a I 7-5 
_ ~ •••• * ~. * ~ ~ ~ 4 * •• ~ * ww_ .. w~ __ .... __ .. _. _____ .. ___ .. ______________ .... _________ .. _________ -----... ---- .. ----- .... --- .... --_....... .. ................................................. ""............... .. ..................... -.................................................................. .................. .. .......................................... .. 

Orl-Olll.l.l-T,iehlo,otlhl •• 
Apral: J,I,I-Irtthlo,otlh.n. 
Oel-Ol: 1,1.1-'rlthiOlo.lhln, 
J.n-OS: I.I.I-Iriehloro.th.n. 
JunBS: 1.1.llrlehlorlflhlnf 
Jan-96:1.I.Htleb!.,o.lhln. 
Apr B6 I 1,I.Hrlchlorotthan. 
H.,-0611,1.I-Irict,lororlh.n. 
DcIBI:I.I-OlChloro.lhm 
~pr-BIII,I-OichIDro.lhm 

OtI9': I.I-Dichlero.lhm 
JanOS: I.I-Dilhlororlhant 
JunOS: I,I-Dichlor.rlhan, 
Jan-0611.IOieMaraflh.n. 
Ap,-0611.I-Dithloro.th ... 
Noy-0611,I-Dlehi.rorlhm 
OelB111.l-Oichlomthm 
Ap,OIII,IOilhlo,ofthen. 
OeI0411.I-Dich!nro.lhrn. 
Jan-8SII.Hlthlorofthrn' 
Jun851,.t-Diehlo,0.thPRf 
Jan0611.1-OicMoro.lhm 
Apr-0611.I-OhMo,0.lh.n. 
Na.-B6 I I,I-Oiehlororth.nf 
Mow-BI12-Buhnon. 
Hod6: AIUII"ltY 
Nov·ObIAmnir.0I55. 

I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
I ( 0,010 I ( 0.010 I ( 0.010 I P 0.010 
I( O.OOSI( 0.0051( 0.0051' 0.005 
I( O.OOSI( O.OOSI( o.ml 0.00S8 
I I 
I 
110.005 
I ( 0.010 
I ( 0.010 
I ( 0.010 
I( 0.005 
I( 0,005 

I 
I ( 0.005 
I ( 0.010 
I ( 0.010 
I ( 0.010 ( 
I ( 0.005 I I 
I ( 0.005 I ( 
I I 
I I 
I ( 0.005 I ( 
I ( 0.010 I ( 
I ml 
I( 0.0051 ( 
I I 

I 
0.005 I ( 
0.0101 ( 
0.010 I ( 
0.010 I ( 
0.005 I ( 
0.005 I ( 

I 
0.005 I ( 
0.010 ( 
0.010 ( 
0.010 ( 
0.005 ( 
0.005 ( 

0.005 
D.OIO 

211 
0.005 

I 
0.005 ( 
0.010 ( 
0.010 ( 
0.010 ( 
0.005 ( 
0.005 ( 

0.005 
0.010 
0.010 
0.010 
0.005 
0.005 

0.005 
0.010 

231 
0.005 

0.005 
0.010 
0.010 
0.010 
0.005 
0.005 

0.005 
0.010 
0.010 
0.010 
0.005 
0.005 

0.005 
0.010 

569 
0.005 

0.010 I ( 
0.010 I ( 
0.010 I ( 
O.OOSI( 
0.005 I ( 

I 
I 

0.005 I ( 
0.01011 
0.010 I ( 
0.010 I ( 
0.005 I I 
0.005 I ( 

I 
I 

0.005 I I 
0.010 I ( 
0.0101( 
0.01011 
0.005 I ( 
0.005 I ( 

o.oOSl1 
O.OIOI( 

2&91 
( 0.005 I ( 

I Oct 9! I Ar .. nie, Tolol 
Apr-OIl Alltnie. 10111 
Orl-Ol: Ar"nie. 10111 

I 0.000 ( 0.005 ( 0.005 ( 0.005 ( 
I 

0.005 I ( 
I 

Ja~O~ I .rllnie, lohl I I 
J"n-O~ I Arltnie, 10111 I I 
Jon 06 I ArlrnlC. lahl I I 
Apt-Db I Ar ... I!, lolal I I 
"".·ObIArmic,lohl I I 
"o..ob I 9arlu •• Diu I 0.080 0.040 I o.m 0.105 0.075 
No.-86 I "nul. Inl~1 I I 
Ocl-81 I B.mn. I' 0.010 0.022 I 0.011 
Apt-Of I 8,mn, I (0.010 0.010 I ( 0.010 
Del -94 I hhlrnt I (0.010 0.010 I ( 0.010 
J.n·aS : 8omn. I P 0.005 P 0.005 I P 0_005 

0.010 : ( 0.010 
0.010 I ( 0.010 
0.010 I ( 0.010 
0.0051 ( 0.005 
0.005 I ( 0,005 

I 
I 

0.005 I ( 0.005 
0.010 I 0.017 

0.010 I ( 
0.010 I ( 
0.010 I ( 
0.005 I ( 
0.0051 ( 

I 
1 

0.010 I ( 
0.010 I ( 
0.010 I , 
O.OOSI( 
O.OOSI( 

I 

0.010 
0.010 
0.010 
0.005 
0.005 

0.010 I ( 
0.010 I 
0.010 I 
0.005 I 
O.OOS I ( 

I 
I 

0.005 I ( 
0.010 I I 

0.0101 0,026 
0.010 I ( 0.010 
0.005 I ( 0.005 
O.OGS' ( 0.005 

0.005 I ( 
0.010 1 ( 
0.010 I ( 
0.010 I ( 
O.OOSI( 
0.00$ I ( 

I 
0.005 I ( 
0.010 ( 
0.010 ( 
0.010 ( 
0.005 ( 
0.005 ( 

0.005 
0.010 
0.010 
0.010 
0.005 
0.005 

( 0,010 I 
0.0101 
0.005 I 
0.005 I ( 

0.005 
0.010 
0.010 
0.010 
0.005 
0.005 

I I 
I I 

0.005 O.OOS I (0.005 0.005 I ( 
0.010 ( 0.010 1 (0.010 0.010 I ( 

( 0.010 I ( 0.010 I (0.010 0.010 I ( 
0.010 '( 0.010 I (0.010 0.010 I ( 
0.005 I ( 0.005 I (0.005 0.005 I ( 
0.005 I ( 0.005 I (0.005 0.005 , ( 

I 1 I 
I I I 

0.005 0.005 I ( 0.005 I (0.005 0.005 : ( 
0.010 0.010 I ( 0.010 I (0.010 0.010 I ( 

8.5 4BII 3021 m 2421 
0.005 ( 0.005 I ( 0.005 I (0.005 0.005 I ( 

I I I 

I 
I 

D.0051( 
0.010 I ( 
0.010 I 
0.010 I 
0.005 I 
0.005 I ( 

I 
I 

0.005 I I 
0.010 ( 

258 
0.005 

o.o~ ( ~0051( ~005 ( 0.0~1( 0.0~1( ~005 

I I I 
I I I 
I I I 
I I I 
I 1 I 

: ( 0.005 I I I 
0.051 I 0.lb5 I o.m 0.034 I o.ose I 0.099 

I 0.099 I I 1 
0.010 I P 0.010 I' 0.010 0,014 I ( 0.010 I P 0.010 
0.010 I ( 0.010 I (0.010 0.014 I I 0.010 I ( 0,010 
0,010 '( 0.010 I (0.010 0.010 I ( 0.010' ( 0.010 
0.023 P 0.005 I P 0.005 0.005 I 0.0061 I P 0_005 

Jun 85 I Btnunt I ( 0.005 I ( 0.005 I ( 0.005 

0.010 
0.010 
0.010 
0.005 
0.005 

0.010 
0.010 
0.010 
0.005 
0.005 ( 0.005 ( 0.005 I (0.005 0.005 I ( 0.005 I ( 0.005 I ( 

J.n-8b I B.nan. I I I I I I I 
Apr-9blOrntrnt I I I I I I I 
No, 86 I Btom. I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.005 ( 0.005 ( 0.005 1 ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 1 ( 
Del a! l8Isf2HhYlhr.yIIPhlhlhl.1 I I I 
Apt-B4 I 81!12t1hylhuvllPhlhlhl.1 0.018 I ( 0.010 I ( 0.010 I 0.094 I 0.001 0.010 
Dct-Ol : Bi"2rlhylht.ymhthlhlrl 0.002 I ( 0.002 I ( 0.017 I ( 0.002 I 0.003 0.005 
Jon-OS: 8i,(2tlhylhfIVllfhthahhl (0.00001 I (0.00001 I 0.00007 I (0.00001 I (0.00001 (0.00001 
Jun-BS : tis(lrlhylhflyllPhlhllilrl ( 0.005 I ( 0.005 I (0.00001 I 0.0018 I 0.0032 (0.00001 
J.n·96 I Bil12.lhylhfIVlIPhlhlhhl I I I I I 
Apr-Ob Ituf2.lhylh"yllPhlhIIlUI I I I I I 
Now-Bb I B(,(l.thvlh.,yIlPhlhahh! I I I I I 

I I 1 I I 
0.14 I 0-058 I 0.025 I 0.018 I 0.073 I 

0.008 I 0.004 I 0.009 I o.on I 0.001 I 
(0.00001 I (0.00001 I <0.00001 I (0.00001 I (0.00001 I 

0.0036 I 0.0049 I D.oOlS I 0.0047 I 0.0030 I 
I I I I I 
I I I I I 
I I I I I 

Mov·96 I t,d ... l. Om. I (0.0001 I 0.0004 I 0.0008 I O.OOOb I (0.0001 I 0.0005 I 0.0003 I 0.0001 I 0.0005 I 0.000& I 0.0002 I 

,. 100M ,o1 d,l.d.d "~Inq d,hction I"it ~hoNnl P mAl , .... nl but btloN drlrclion Ii.ill IS I"n. In5ulIl(itnl ... pl. Paq, I 

0.027 I 
0.098 I 
0.069 I 

0.010 I ( 
I( 
I( 
I( 

0.010 I 
0,010 I 
0.010 1 
0.005 I ( 0.005 I 

0.005 ( 0.0051 ( 0.005 
I 
I( 0.005 

0.005 
0.010 

0.005 I ( 0.005 
0.010 I 

0.005 

0.010 I 
0.0101 
0.005 I 
0.0051 ( 

I 
I( 

0.005 ( 0.005 1 ( 
0.010 ( 0.010 I 

( 0.0101 
I ( 0.010 I 
I ( 0.0051 

0.005 I ( 0.005 I ( 
I I 
I I( 

0.005 I I 0.005 I ( 
0.010 I ( 0.010 I ( 

2331 1911 
0.005 I ( 0.005 I ( 

I 1 
I ( 0.005 I 
I I 
I I 
I I 
I I 
1 I 
I I 

0.093 I o.obl I 
I I 

0.010 I ( 0.010 1 
I ( 0.010 I 
I ( 0.010 I 
I 0.00591 

p 
( 

0.005 ( 
I 

0.0051 
0.005 I 

I( 

I( 
I( 
I( 

0.005 I ( 
I 

0.0051 
0.005 I ( 
0.010 I ( 
ml 

0.005 I ( , 

0.090 

I( 
I 
I 
1 
I 
I 
I 

0.005 I ( 0.005 I ( 0.005 
I I 
I I ( 0.005 

0.01l ( 0.0051( 0.0051 
I 0.00651 

0.0051 
0.13 

0.010 
0.010 

0,005 I 0.0051 I 
I 
I 

0.010 1 
0.0051 I 
0.005 ( 0.0051( 0.0051 

I( 0,0051 
0.0051 I 

0.019 0.0051( 0.0051 
0.010 I I 
0_010 I 
0.010 I 
0.005 I 
o.m (0.0051( 

( 

0.005 
0.005 0.005 
G.OIO 0.010 

m 260 

0.005 I 
0.005 I 

I 
0,005 I 
0.010 , 

5131 
0.005 ( 0.005 ( 0.005 I 

0.005 
I 

o.on 
I 

0.092 I O.ObO 
I 

0.010 I 
0.010 I 
0.010 I I 
0.010 I I 
0.005 ( 0.005 I ( 0.005 I 

I( 0.0051 
0.0051 I 

0.005 I ( 0.005 I ( 0.005 ( 0.005 
I I 

0.005 I ( 0.005 I 
1 I 

I 0.016 I 0.22 I I 
I 0.011 1 0.0051 I I 
I (0.00001 I (0.000011 I I 

0.0059 I 0.002& I 0.00]6 0.0<10&2 I 0.0030 I 0.00091 : 
I I I I I 
I 1 I I I 
I I I I I 

0.0005 I 0.0009 I ( 0.0001 0.0001 I ( 0.0001 I 0.0008 I 
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Alphabptatal SUliary of [onsltilupnh O.hd.d In .1 ltnl Ont S .. pl. rru "IRO!' 6~ound Viler Chp.lul AnllYlts I.,fll 1251.01 

0.1t I Para.el.r I I-S I I-a 1 I-PC 11-5 I 2-0 I HC I H I SoD I HC I 4-S I H I 4-PC IH I 5-a 16-S I 6-0 1-S 
~ ~ . ___ ~'" ~ ~. ~ .. ~ ~ ~ ~ ~ ~ ..... _______ .... ~~ ...... ~_ ............ ~ .... __ ~ .. ~_~ __ ~_w_ .................................................... _ .. __ .. _____ .. ~ __ .. w .... -..................... "' .. -................................ --~----- .. -...... ...... ~ ............. -.. ------~- ------------------...... ~ .. "' .. -.................. -.. -........ ----~- ................ 
Oel-Bl I C.d.lut, 10UI I 0,0095 I O.OObll 0.00241 O.oon I O,OOll I 0.00\4 0,0016 I a.OOll I O,OOIS I 0.0019 0.0029 I 0,0014 0.0068 I I 0.00621 I 

Ap,-e41[.dlltll,lolil 0.00161 O.OOlll 0,00111 0.0011 I 0.0014 I 0,0012 0.00101 0.0044 I 0.0092 I 0.0021 0.0015 I 0.0017 I I 0.00111 I 

OtlOI ICad.IUI. 10101 I I I I I I I I I I I I 

J.n-95ICad.IIII,Iolal I I I I I I I I I I I 

Jun-95ltadlJUl,lolal I I I I I I I I I I I I 

Jan-B6: Cadllul, lohl I I I I I I I I I I I I 

~pr-96 I tad.lul, 10111 I I I I I , I I I I I I I I 

Noy 96: tldllUI, lohl I I I I I I 0.0014 I I I I I I I I 

Nov 96: t.Itlul. 0115. I lOll 86.0 I 81,' I 1691 110 I 21.1 151 I 115 I 110 64.9 99.3 I 90.' IB6I 1171 1451 102 I 2161 

Nov 86 : [llull., 10111 I I I I I I 1691 I I I I I I , 
Hoy·B6 : Chlorldt I 19.5 I lO.9 : 58.11 '.51 41.71 59.1 4.81 22.61 11.7 4.21 12.61 75.61 SO.O I 3.7 37.11 17.51 18.11 

Orl 9l 1 thlo,o'ot. I( 0.010 I ( 0,010 I ( 0.010 I P 0.010 I ( 0.010 I P 0_010 I ( 0,010 I ( 0.010 I P 0.010 0.0.0 I ( 0.010 I ( 0.010 I ( 0.010 I 0.0101 I I 

Ap,alIChloto'o,. I( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 : ( 0.010 1 ( 0.010 I ( 0.010 I ( '.010 0.010 I ( 0.010 I I( 0.010 I 0.010 I , I 

Oct-OIl eMo,o'on I( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 1 ( 0.0101 ( 0.010 I ( 0.010 I ( 0.010 0.010 I ( 0.010 I I( 0.010 I 0.010 I I I 

J.n-95I thlo,o'orl I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O,OOSI( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I I( 0.005 I 0.005 I I I 

JUG-85I eMo,o'o" I 0_0011 I 0.0026 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOSI( 0.005 I ( 0.005 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.0051 

Jln·B6:Chlu,o'o,. I 1 I I I I I I I I I I( 0.005 I 

Apr-96I Chlor%rt I I I I I I I I I I I( 0.005 I( 0.005 1 I 

Nod6 I [Moto'oll I ( 0.005 1 ( 0.005 I ( 0.005 1 ( 0.005 I ( 0.005 O.OOSI( 0.0051 ( 0.005 I ( 0.005 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.0051( 0.0051 

Moy-96ICh,01Iul.Diss. 1 0.0051 0.0021 0.002 I 0.003 I 0.001 0.002: 0.0031 0.001 0.002 0.002 O.OOt I ( 0.0011 0.0021 0.007 ( 0.0011( 0.0011 0,0011 

Orl-83 I th,.llul. 10101 0.0l11 0.001 : 0.011 I 0.057 I 0.001 0.0011 0.020 I 0.008 0.0011 0.01S 0.005 I 0.00l I 0.013 I 0.04. I I I 

Apr·a. I [hroilul. 101.1 0.0111 0.001 I 0.0111 0.029 I 0.005 0.0061 0.0111 0.025 0.019 I 0.009 0.009 I 1 0.0061 0.0211 I I 

OtHIIChtoliu •• lohl I I , I I I I I I I 

J.n-9S I throeiu., loti I I I I I I I I I I 

JuA-OS I ChIDllul, lohl I I I I I I I I I 

Jin-a! I t~rollu., lolil I I I I I I I I I I 

Apr-86I Chrollul,lotll I 1 I I I I I 1 I I 

Nov·96IChro.lul,IolIl I I 0.009 I I I I I I I I 

Oel-83IChl.2-0lchiomlhm I I I I I 1 I I I I I I I 

Apr-91Iti.I.2-0ichlomlhene I( 0.010'1 ( 0.010 1 ( 0.010 I ( '0.010 I ( 0.010 I ( 0.010 I 0.01£ I ( 0.010 ( 0.010 I ( 0.010 0.010 I 0.010 I I 0.15 I I I 

OtI94ICill,HlcMoro.th.n. I( 0.010 I ( 0.010 ( 0.010 ( 0.010 I ( 0.010 I 0.0241 0.081 I ( 0.010 P 0.0101( 0.010 ( 0.010 I 0.010 I I 0.0171 I I 

J.n-B, I til 1.2-0ichlo,oflh.nf I I I I I I I I I I I 

Jun-9SI Cill.2-DichiDrotlhm I I I I I I I I I I I 1 

Jin-96 I til 1.2-0lchlorotlh.n, I I I I I I I I I I I 

Ap,-96 ICiI l.2-0ichlo,o.thm I I I I I I I I I I I 

"~v-86 I til 1,2-0i,hloroelh.ne I( 0.005 I ( 0.005 ( 0.005 ( 0.005 0.005:( 0.M5 I 0.19 I ( 0.00' I ( 0.005 1 ( 0.005 0.005 I ( 0.005 ( 0.005 I ( 0.0051 0.59 ( 0.0051 ( 0.0051 

Hod! I Copp.t, Dils. 1 0.0011( 0.001 0.005 O.OOB 0.0011 0.0031 0.0031 0.006 I 0.001 I 0.009 0.001 I 0.002 0.0011( 0.001 I ( 0.001 0.0091 0.0031 

Oct·Oll COPPII, 10111 I 0.054 I 0.010 0.001 0.214 0.0111 0.012 I 0.094 I 0.017 I 0.011 I 0.021 O.OUI( 0.001 0.0401 I 0.082 

Apr-BI ItopPtt, lot II I 0.0191 0.056 0.011 0.060 0.0291 0.019: 0.0261 0.053 I 0.0311 0.041 0.056 I 0.018 I I 0.023 

Ocl-9' I Copp.r, 10111 I I I I I I I I I I 

hn-a51 Copp.r, lohl I I 1 I I I 1 I I I 

Jun-85I Copp." lohl I I I I 1 I 1 I 1 

J.n-B6: topper. 10111 I I I I I I I I 

Apr-S61 topptt, 10111 I I I I I I I I 

"0,-86 I [opp.r. 10 .. 1 I I I I 0.0141 I I I I I I 

DtI·91IElhvlb.nlPne I( 0.010 I ( 0.010 ; ( 0.010 I ( 0.010 I ( 0.010 I ( 0.0101 0.0311( 0.010 I ( 0.010 I ( 0.010 0.010 I ( 0.010 I ( 0.010 I I( 0.010 

Ap,-91 : Elhvlbfnm. I( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I 0.029 I ( 0.010 I ( 0.010 I ( 0.010 0.010 I I( 0.010 I I( 0.010 I 

Otl91Iflh,lb.nteh' I( 0.010 I ( 0.010 I ( 0.010 1 ( 0.010 I ( 0.0101( 0.010 I P 0.010 1 ( 0.010 I ( 0.010 I ( 0.010 0.010 I I( 0.010 I I( 0.010 I 

Jln85 I Eth,lbrnmf I( 0.0051( o.ml( O.OOSI( 0.005 I ( 0.005 I ( O.OOSI( O.OO~ I ( 0.005 I ( 0.005 I ( 0.005 0.005 I I( 0.005 I I( 0.005 I 

Jun85I£1hylb.nrrn. Ie 0.005 I ( 0.0051( 0.0051( 0.0051( 0.005 I ( 0.0051( 0.065 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOS I ( 0.005 1 ( 0.005 0.005 

Jln96111hylbtnzm I I I I I I I I I I I I I I I 0,005 

Apr·Db I tlh,lb'~lfhf I I I I I I I I I I I I( 0.005 I I( 0.005 

Noy-B6I mvlbrnzm I( 0.005 I ( 0.005 : ( 0.005 I ( 0.005 I ( 0.0051 ( O.OOSI( 0.0051 ( 0.005 I. ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOS I ( 0.005 I ( 0.0051( D.0051( 0.005 ( 0.005 

"0,96 : lu~. Din. I( 0.0011( 0.001 I 0.0021 0.001 I ( 0.001 I 0.0031 O.OOl I ( 0.001 I 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I 0.0021 0.001 0.002 

.: m.$ 001 ~'I~thd ",lnQ d!\ecllon 11111 shown; P Ifln\ prmAt but brio. del.dlon lI.iI; IS Iun\ insuflichnl ,,"pl. "9,2 2Hpr-87 



• 
Alph.btttcil S •• ury 0' Consihlurnh D.hebd in.t hasl Dnr Supl. Frol MIROI' Ground Wlhr thellcal A •• ty." 11,111 1254.01 

OIl! : hru.hr I 1-5 I 1-0 I I·PC I 2-S I 2-D I Ht : S-S I 3-D I HC I 4-S I H I !-PC I 5-S I $-D I 6-S I 6-0 I 1-5 
_~ ~ ~ w .... ~~~ __ ~ ~ .. ~ w ~ __ ~ ___ ........ -- .. --_ .......... - -'" .... - ....... -- .... -----.... --" ...... --... ,. .... -------.......................... - -_ .......... -_ ........... ------................... "' ............................................................... - .. ---- .. "' .................... - ............ --.. - ... - .................... - ...... ----- ................. - ......... -------- .. .. 

Oct ·8J I lud, 101.1 
Apr Bl II .. d, 'Dial 
Del 81 : Iud, 101.1 
J.n O~ : Iud, lotal 
Jun-OS Il.ud. lohl 
J,n-B6: tOld, lohl 
Apr 06 I Iud, lotal 
H~,-06 : l .. d, lohl 
Hodb : H"ntSlul, Biss. 
Hov-I' I ",ng,n.s., Diss. 
Del 031 "Ing.nnt.lohl 
Apr-Sl: hn, •• r5.,lntal 
Ocl-91IH,"g,.tlf,lolil 
J,.-R51 ",nglnn" 'nhl 
Jun O~ I H,ng,n.n, lohl 
J,n-9b : ",n"n'I', 'Dill 
Apr-R61 ",nglnnt, 10111 
"0.96IH'.g,n.Sf,'o'" 
Nov-96I Hmury,Oiss. 
Otl-OlI Hmury,Iohl 
Apr-BII""tury,Iolil 
Ocl-Ol I "mury, 10hl 
J.n-95IHmury.lohl 
Jun'8~ I Hmury, 101.1 
J.n'BLlftrrcur"lolal 
~pr-O& I ftmur" lolal 
Nov-86IMPrCurt. 1ohl 
Ott -93 I "plh~"n. Chlorid. 
Apr -94 I H~lhvl ... Chloride 
Dtt·BI I ",thyltn, thlQrid. 
Jln 95 I fttlhvhn.Clttorid, 
Jun-OSI ",Ihyltn.thlorid. 
Jln96Ift.lhvl, •• thtorid, 
Apr·Db : ".thyltn, Chloride 
NDV-06I Itflh.lmthlorid. 
NDy-06 I Nlthl, DISI. 

Ocl-U I Nnhl, Iolal 
Apr ,94 INltl.l. Iolal 
Ocl'OII Mlrhl, 10111 
Jln-OS: MHhl. hilI 
Jun-85I Nithl. 10111 
J.n-R61 Michl, lohl 
Apr-Ol I Mlchl,lolll 
Mod6 I MIChl, lotal 
Nov-B6 : Niluh·Nilroge. 
Otl all PU 1112 
Apr911Pulm 
Otl84 I PCb 1712 
h.-B5IPt81Z12 
Jun-B~ I Pte 1212 
J,n-86 I Ptlllll 
Apr861PCBml 
M~v'86 I Pte 1m 
Ort-93:PtBI1IO 

0.035 I o.m I (0.001 o.m I 0,025 0.0031 
0.011 I 0.019 I 0.110 0.018 I 0.007 0.015 I 
0.091 I 0.013 I O.OVO 0.\19 I 0.011 0.029 I 
0.011 I 0.011 I 0.059 0.083 I 0.030 0.011 I 
0.010 I 0.0~4 I o.ola 0.291 I 0.021 o.m I 

I I I 
I I I 
I I I 

20.2 I 38.8 : '5.0 18.6 I 51.6 10.7 I 
1.01 I 0.090 I 0.046 0.199 I o.m 0.002 I 
1.99 I 0.151 I 0.001 6.58 I 0.091 0.021 I 

I I I I 
],68 I 0.095 I o.m I 1.89 I 0.368 0.293 I 
1.76 I 0.0641 0.1051 1.'0 I O.!III 0.341 I 
I.I~ I 0.0651 o.ell I 6.90 I 0.516 I o.m I 

I I I I I I 
I I I I I I 

0.081 I 
0.010 I 
0.0631 
0.015 I 
0.016 I 

1 
I 

0.1111 
10.11 
1.011 
1.181 

I 
2.12 
1.72 
1.16 

I I I I I I 1.56 

0.025 I 0.001 I 0.021 I 0.013 I 0.007 I 
0.011 I 0.016 I 0.019 \ 0.041 I I 
0.018 I O.on I 0.05B I 0.032 I \ 
0.014 I o.m I 0.020 I 0.018 I I 
0.045 I 0.011 \ 0.084 I 0.029 I 0.026 I 

I I I I I 
I I I I I 
I I I I I 

41.5 I 51.9 I 21.S 1 40.4 I 45.9 I 
0.016 I 0.0~2 I 0.005 I 0.367 \ 0.210 I 
0.015 I 0.016 I 0.416 \ 0.093 0.395 I 

\ I I I 
0.100 I 0.109 I O.m \ 0.231 \ 
0.0991 0.1021 0.323 I 0.362 I 
0.081 I 0.11' \ 1.8\ \ 0.09$ 0.124 I 

I I I I 
I I I 1 
I I 1 I 

0.0181 
0.0081 
0.0/71 
0.022 I 
0.0221 

I 
I 
I 

11.51 
O.SUI 
2.111 

I 
2.311 
3.86 
4.09 

I 
I 
I 
I 

0.1661 
I 

0.06\ 

61.1 
0.100 

0.1I2 

0.1l8 

0.112 I 
0.022 I 
0.2211 
0.0231 
0.7911 

3V.I 
0.561 
6.51 

2.11 
1.46 
4.28 

I 

I 
I 

0.01' I 
I 

0.1lJ1 

I 
I 
I 
I 

0.009 I 
0_1071 

I . ; 
17.61 21.31 

O.l!O I 1.01 I 
I I 
I I 
I I 
I I 

0.361 I 27.30 I 
I '.301 

0.5031 I 
I I 

I < 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 ( 0.0004 I ( 0.0004 I ( 0.0004 I (0.0004 (0.0001 I (0.0004 (0.0004 I ( 0.0001 10.0001 I ( 0.0001 I 

I I I I I I I I I 
I ( 0.0001 I ( 0.0001 I ( 0.0001 I (0.001$ (0.0001 I 0.0009 o.om (0.000' (0.0004 1 0.0007 I 0.0001 I ( 0.0004 I 0.0009 
I I I I I 1 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 1 I I I I 

I P 0.010 I P 
0.010 I ( 
0.0101 
0.10 I 

( 0.005 I! 
I 
I 

0.01l I ( 
0.00' I 

I 
0.021 I 

I I 
0.010 I ( 0.010 I 11.0 0.011 I 
0.010 I 0.022 I (0.010 0.010 I 
0.062 I ( 0.010 I 0.029 P 0.010 I 
0.11 I P 0.005 I P 0.005 0.91 I 

0.005 I 0.16 I 0.0051 ( 0.005 ( 
I 

I I 

( 0.0001 I I I I I 
6.0 0.010 0.030 0.011 I 0.00 I ( 0.010 I P 0.010 0.010 I I ( 

0.021 0.064 0.010 0.11 I ( 0.010 I 0.013 I 0.010 I I ( 
0.20 0.1l 0.010 0.012 I 0.011 I 0.44 I 0.029 I I 

0.012 0.0061 I ( 0.0005 0.00&5 I 0.065 I P 0.0005 I 0.011 I I 
0.005 I 0.025' ( 0.005 1 ( 0.005 I ( 0.005 I ( 0.005 I 0.019 0.005 I ( 0.005 I ( 

I I I I I I I I 
I I I I I I I ( 0.005 I 

0.005 I ( 0.005 I ( 
0.001110.0011 

0.005 ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( O.OOS I ( 0.005 I (0.005 0.005 I ( 0.005 I ( 
0.005 I 0.002 0.001 I ( 0.001 I 0.001 ( 0.001 I 0.009 I ( 0.001 I 0.011 0.012 I ( 0.001 I 

I I I I I I I I I 
0.03 I o.ooa I 0.101 I 0.05S 0.005 I 0.022 I 0.01 o.ola I 0.011 I 0.00& I 0.018 I I 

I I I I I I 1 I 
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 0.018 I I I I I I 

I I I 0.209 I 1.31 I I 0.160 I 1.11 I 0.060 I 6.56 I I 0.106 I 2.66 I I 

I 
I 
I 
I 
I 

0.010 I 
0.0101 
0.0101 
0.0261 
0.005 I I 

I 
I( 

0.005 I ( 
0.025 I 

I 
0.018 I 

I 
I 
I 
1 

I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I (0.0001 (0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I I ( 0.0001 
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 1 ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I I ( 0.0002 I I ( O.OGOl 
I 0.0005 I 0.0001 I 0.0003 I ( 0.0002 I ( 0.0002 I 0.0005 I ( 0.0002 I 0.0002 I 0.000] I 0.0002 1 ( 0.0002 I I 0.000' I I 0.0002 

0.005 

0.005 

I I 
I I 
I 
I 

0.005 
0.005 

O.OOS ( 0.005 
0.012 0.0411 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0.0361 3.291 
I I 
I I 
I I 

I ( 0.0002 I ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 1 ( o.ooot I ( 0.0002 I I ( 0.0002 I I ( 0.0002 
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0,0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
I 'I I I I I I I I I I I I I 

I 
(0.00021(0.00021 

I ( 0.0002 I 
I I 1 I I I I I I I I ( 0.0002 I (0.00021 I 
I I I I I I I I I I I I I I I I 
I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.000\ I ( 0.0001 I I I 0.0001 I I 
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O.I.IParaorlpr : J-S 1 1-0 I HC I 2-S : 2-D 1 HC : H I 3-D I HC I 4-S I 4-D I He I '·5 1 5-D I &-S I 6-D I 7-S 
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Apr-OIIPCBIIIO 
Dtl-B4IPCBI1IB 
Jon-B5 I PCB 111B 
Jun'BS,IPCtI2IB 
J.nBI I PUIIIB 
Apr'O&lrUI213 
No..o&IPC81l48 
OII·BlIPCDI251 
Apr-BI I PCB 1m 
OIl-BlinD 1151 
J,.-05I PCBIlS4 
Jun-85 I PCD 1254 
Jln-BII Pce\2S1 
Apr-B& I PCB 1251 
Hoy-a6 I Pte 1251 
Od91IPC81160 
Apr-BI I PCB 1260 
Dtl81lPC81160 
J.n-9'1 m 1160 
Jon 85 I pce 1260 
Jln-Db I PCB 126~ 
AD' B6 I pU 1260 
H •• 81 IPCI 1260 
No.-a6IPolmiul.Din. 
MD..u~ \ Sehnin. 9h\. 
Nov-91 I Spltnlu •• 10111 
Noy-86 I Silver. Din. 
Otl-83 I Silver. 10111 
Apr-Ol I SiI •• ,. IDhl 
Dtt-BI ISilvt"lold 
J •• -95 I Silv.,. lolJl 
Jun-OSI Silver. 10111 
Jln-81: 5.1"" lohl 
Apr·D6lSilvPI,lolil 
"~v-O& : Silm. 10111 
Hov-O& I Sodiu •• Dil5. 
Hod6' 50lhh5 
OcIO! I.lmhlor,lhm 
Ap,-ol I.lrlt'lor.lh •• , 
Otl·OI I.I",hlor.lh~h' 

J,n-85I,Imhlortlh.n, 
Ju.-8S I.lrltt.lor,lh,n, 
J,n-96 Itlrichlo"Ihfn. 
Apr-O& Irlrlchlo,.lh.n, 
Nov'S6 'elrachlorolho •• 
Od-Rl toc 
AwOl roc 
Od·OI.IOC 
J •• OSIIOC 
JO"S~ I lOt 
J •• -DIIIDC 
Ap,-ob: IOC 
Ho.-86 I IOC 
Otl·Olllolum 

I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 0.0001 I ( 0.0002 I ( 0.0002 I I ( 0.0002 I I ( 0.0002 I 
I ( 0.0002 I ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 0.0002 I ( 0.0002 I ( 0.0002 I I ( 0.0002 I I ( 0.0002 I 
: ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( O.ooot I ( 0.0002 I I ( 0.0002 I I ( 0.0002 I I I 
: ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 1 ( 0.0002 I I 0.0002 I I 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 

I 1 I I I I I I 
I I I 1 I I I 
I I I I I I I 

I ( 0.0015 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I I 0.0001 I ( 0.0001 1 ( 0.0001 I I 0.0001 I I 0.0001 
I ( 0.0002 : ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
\ ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( o.a002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 1 I 0.0002 
: ( 0.0002 I 0.0005 I 0.0003 I 0.0011 I 0.0002 I 0.0005 1 0.0001 I 0.0001 I O.OOOS I 0.0004 
I ( 0.0002 I ( 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( G.O002 

I I I I I I 
I I I I I I 

I I I I I I I I I 
I ( 0_0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I I 0.0001 I I 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 
I ( 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
I ( 0.0002 I ( 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I 10.0002 I ( 0.0002 : ( 0.0002 I ( 0.0002 I ( 0.0002 
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I I 0.0002 
I ( 0.0002 : I 0.0002 I ( 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I I 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 

I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

I I I I I I ( 0.0002 I 
I I I I 0.0002 I I ( 0.0002 I I 
I I I I I I I 

( 0.0001 I ( 0.0001 I ( 0.0001 I I ( 0.0601 I I I 
( 0.0002 I I ( 0.0002 I I ( 0.0002 I I 
( 0.0002 I I ( 0.0002 I I I 0.0002 1 1 
I 0.0002 I I 0.0002 I I ( 0.0002 I I I 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I I 0.0002 I 

I I I I I 1(0.00021 
I I I ( 0.0002 I I ( 0.0002 I I 
I I 1 I I I I 

( 0.0001 I ( 0.0001 1 ( 0.0001 I I ( 0.0001 I I 
10.0002 I I ( 0.0002 I I ( 0.0002 I I 
I 0.0011 I I 10.0002 I I I 0.0002 I I 
10.0002 I I 10.0002 I I ( 0.0002 I 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I I 0.0002 

I I I I I ( 0.0002 
I I I 1(0.00021 (o.om I 
1 I I I I I 

3.92 I 2.20 I S.28 I 1.69 I 2.61 I 16.8 I 3.85 I 2.20 I 2.&2 I 2.79 I 2.41 I loS2 I 4,67 I 2.74 I 1.00 2.l4 I 1.83 
: ( O.OO~ I ( o.oo~ I ( O.OOS I ( 0.001 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I I o.a05 I ( 0.005 (0.005 I ( 0.005 I ( 0.005 I (0.005 0.005 I ( 0.005 

0.0051 
I ( 0.001 I I 
:< 0.001 II 

I 
I 

I 
I 
I 

11.11 
17.51 

I ( 0.010: ( 
I ( 0.010 I ( 
I ( 0.010 I ( 
I ( 0.005 I ( 
: ( 0.005 I ( 

I 
I 

I( 0.0051 ( 
22.BI 
9.11 

I 
I 

I 
I 

·IP 0.0101 

I I I I( 0.0051 I I I I I I 
0.003 I 0.002 1 ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 1 ( 0.001 I ( 0.001 I ( 0.001 0.001 (0.001 I ( 0.001 I 0.00] I (0.001 0.001 ( 0.001 
0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 
0.001 I I 0.001 I I 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I 0.001 

0.001 (0.001 I ( 0.001 I ( 0.001 
0.001 I I 0.001 1 I 0.001 

I I I I 1 I I 

1 
I 
1 
I 

5.95 I 
1291 

0.010 I P 
0.010 I ( 
0.010 I ( 
O.OO~ I ( 
0.005 I ( 

I 
I 

0.005 I ( 
617.0 I 

2.11 
I 
1 

12.91 
96.01 

0.010 : ( 
0.010 I I 
G.OIOII 
O.OOSI( 
0.005:( 

I 

0.005 1 ( 
51.81 
9.91 

I 

I I I I I 

I 
I 
I 

5.991 
56.11 

0.010 I ( 
O.OIOI( 
0.010 I ( 
MOSII 
O.OOSI( 

I 
I 

0.005 I I 
57.0 I 

IS I 
1 

I 

6.061 
181\ 

0.010 I I 
0.01011 
0.0101( 
0.005 I ( 
0.005 I ( 

I 

0.005 I ( 
4.81 
1.11 

I 
I 

I 
I 
I 

31.0 I 
130 I 

0.010 I 
0.010 I 
UIO I P 
0.005 I ( 
O.OOSI( 

I 
I 

0.005 I ( 

0.0011 
1.831 
91.01 

0.011 I ( 
O.OUII 
0.0101 ( 
O.OOSI( 

1 I 
I I 
I I 
I I 

4.911 5068 
lOS I SOl 

0.010 I ( 0.010 
0.010 1 ( 0.010 
0.010 I ( UIO 
0.005 I I 0.005 

0.005 I ( 0.005 I I 0.005 
I 
I 

0.005 I ( 0.005 I ( 0.005 
15.91 16.11 3.51 U 
1.01 15.1 I 1.11 3.2 

I I 
I I 

II.S Il.S 
15.2 118 

0.010 ( 0.010 
0.010 ( 0.010 
0.010 'I 0.010 I 
O.OOS 1 ( G.OOS I 
0.005 I ( 0.005 I ( 

I I 
I I 

0.005 I ( 0.005 I ( 
10.1 I 30.7 I 
9.11 1.01 

I I 
I I 

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 

0.012 I ( 0.010 I P 0.010 I ( 0.010 I ( 0.010 I I 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I , 0.010 I ( 

I I 
1 I 
I I 
I I 
I I 
I I 

10.2 I IB.O I 3.51 
95.9 I 192 I 184 

0.010 I ( 0.010 I 
I ( 0.010 I 
I( 0.9101 
I ( O.OO~ I 

0.005 I ( 0.005 I ( 
I I 
I II 

0.005 I ( 0.005 I ( 
2.31 649.01 

I 1S.51 
I I 
I I 
I I 
I I 
I I 
I I 

0.010 I ( 0.010 I 

I 
I( 

0.0051 
I 

0.005 I 
0.005 I 

I 
I 
I 
I 
I 
I 
I 
I 
I( 

26.0 I 
1721 

0.010 I 
0.042 I 
0-038 I 
0.005 I 
0-015 I I 

I 
I( 

0.20 I ( 
21.61 
13.21 

I 
I 
I 
I 
I 
I 

0.010 I 

15.0 
176 

\ 
I 

G.0051( 
II 

0.005 \ 
0.005 I ( 

I 
I 
I 
I 
I 
I 
I· 
I 
I 

&.111 
1481 

I 
I 
I 
1 

0.005 I 
0.0051 

I 
0.0051 
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AD,-9C 1 '0111 •• ' 
OrHIII.lufO. 
J.n-851 lolu.n. 
Jun·951 lolll.n. 
lIn-061Io1uen. 

I ( 0.010 I ( 0.010 I ( 
I ( 0.010 I P 0.010 I P 
I P 0.005 I o.om I 
I ( 0.005 I ( 0.005 I ( 

I I 
~p, -86 I lolufOP I 
No,-Obllolu... I( 
OcI9,: Ir,nl 1.2·Olthlnro.lh.nfl ( 
Apr-a4: Ir ••• 1.2 Dichlo,n.lh, •• I ( 
01l-8111,,, •• 1.2-Di,hlo,o.lhfn,'( 
J •• -95 I It'n! 1.2-Di,hloro.lhtn. I ( 
Jun-85 I Ilins 1.2-Di,hl.,o.lh.n.;( 
J .. ·96 I I'IM 1.2-0ichl.ro.lhrn. I 
Apr-86 1 1',n5 1.2-0ichlo,o.lhfn. I 
Nov-U6:Inn.I.2-Dlth!o,o,th ••• I( 
OCI -83 I l,i,hID,orlh,n. I ( 
Apr-al I IrichIDlDflhr.. I( 
Ocl-81Ilri,hlomlhm II 
Jan-85;IrirUoro.lhm I( 
Ju.B5I I,lchlo'D,lh,n. I( 

I 
0.0051( 
D.OIOI( 
0.010 I ( 
0.0101( 
0.005 I ( 
0.005 I ( 

I 
I 

0.005 I ( 
0.010 ( 
0.010 ( 
0.010 ( 
0.005 ( 
0.005 ( 

Jln-86;IlIIhl.,.tlhtnt 
Apr-8611tilhlo,o,th.n. 
Nov-S6I I,ichlo,o.lhrn, 
MovM: I,ithloroll"o,ollth .. , 
Mn"861 1m. Dtn. 

I( 0.005 
I ( 0.005 

Od Bllllnl, 1.101 
Ap,-ftl: lint, lotal 
0<1-84 I lioe. lolal 
ho-851Iiu.loUI 
Jun-95: lint. 10101 
Jan-Bb: Im.lohl 
AprS6 IlInc. lotal 
M.,-861Im.lotal 

I 0.1ll 
I 1.12 

0." 
1.69 

0.~16 

0.2561 
I 
I 
I 

0.005 I ( 
0.010 I ( 
0.010;( 
0.0101 ( 
O.OOSI( 
O.OOSI( 

I 
: 

0.005 : ( 
0.010 I ( 
0.010 I ( 
0.010 I ( 
0.005 I ( 
0.0051 ( 

I 
I 

0.005 ; ( 
0.005 I ( 
1.25 I 
7.051 ( 
2.451 
1./51 
9.251 
2.51 : 

I 
I 
I 

0.010 I ( 
0.010 I ( 
0.011 I , 
O.OOSI( 

I 
I 

0.005 I ( 
0.010 I ( 
0.010 I ( 
0.010 I ( 
0.005 I ( 
0.005 I ( 

I 
I 

0.0051( 
0.0101 
0.010 I 
0.010 I 
0.0051 
0.005 I 

I 
I 

0.005 I 
0.005 I ( 
0.069 I 
0.051 

UBI I 
1.311 
1.021 

0.231: 
I 
I 
I 

0.010 I ( 
0.010 I P 
0.020 I P 

0.0101( 
0.0101 ( 
0.0051' 
0.0051 ( 

I 

0.010 
0.010 
O.OOS 
0.005 ( 0.005 I ( 

I 
I 

0.005 I ( 
0.010 I ( 
0.010 I ( 
0.0101 ( 
O.OOSI( 
0.005 I ( 

I 
D.0051( 
0.1l1( 

0.0681 ( 
0.061 : P 
0.060 I P 
0.M9 I 

I 
I 

0.005 ( 
0.010 ( 
0.010 ( 
0.010 ( 
0.005 I < 
O.OOSI( 

I 
I 

0.005 I ( 
0.010 I 
0.010 I 
0.010 I 
0.0051 
O.OOS I 

I 

I 
0.005 I ( 
0.0101 
0.010 I 
0.0101 
O.OOSI 
0.0051 

I 

0.005 I 
0.062 I 
0.014 I 
0.024 I 
0.011 ; 

0.0091 I 

0.065 I 0.0092 
0.005 I ( 0.005 
0.851 I 0.660 

0.005] I 
0.0071 I ( 

( O.OlOI 
3.981 1.91 

0.7551 0.912 
3.111 0.169 

0.6811 4.07 
3.:171 1.11 

I 
I 
I 

( 0,05 I 
1.11 I 

o.ml 
0.2131 
O.fIli 

0.010 I ( 0.010 I ( 0.010 I ( 
0.010 I ( 0.010 I ( 0.010 I P 
0.005 I 0.0072 I 0.011 I ( 
0.005 I ( O.OOS 1 0.0065 I ( 

I I I 
I I I 

0.005 I ( 0.005 I ( 0.005 I ( 
0.075 1 ( 0.010 I ( 0.010 I ( 
0.076 I ( 0.010 I ( 0.010 I ( 
0.091 I ( 0.010 I ( 0.010 I ( 
0.11 I ( 0.005 I ( 0.005 I ( 

0.097 I ( 0.005 I ( 0.005 I ( 
I I I 
1 I I 

0.29 I ( 0.005 I ( 0.005 I ( 
28.0 I P 0.010 I 0.081 I P 
5.0 I 0.021 I 0.081 I ( 
1.3 1 0.01l I' 0.010 I ( 

O.U I 0.017 I' 0.00$ I ( 
0.62 I 0.011 I ( 0.005 I ( 

I I I 
I I I 

0.8B I 0.012 I ( 0.005 I 
O.OOS I ( 0.005 I ( 0,005 I ( 
0.1lI1 0.8121 o.m I 
3.61 I S.26 I ( 0.051 
0.51 I 7.68 I I.n I 
3.19 I o.m I 0.125 I 
1.10 I 2.13 I 0.686 I 
1.37 I 4.58 I 0.1]6 I 

I I I 
1 I I 

1.521 I I 
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0.010 I ( MID 
0.010 I P 0.010 
0.005 I 0.0061 
0.005 I ( 0.005 

I 
I 

I( 
I( 
I( 

O.Olll( 
I 
I 

0.005 I ( 
0-010 I ( 

I( 
I( 
I( 

0,005 I ( 0.005 
0.010 I ( 0.010 
0.010 I ( 0.010 
MID I ( 0.010 
0.005 I ( 0.005 
0.005 I ( O.OOS ( O.MS I ( 

I 
I 

0.005 I ( 
0,010 I ( 
0.010 I ( 
0.010 : ( 
0,005 I ( 
0.005 I ( 

I 
I 

0.019 I ( 
0.005 I ( 
o.m 1 
1.691 
1,141 
UO: 
1.111 
3.731 

I 
I 

0.005 I ( 
0-010 I ( 
0.010 I 
0.010 I 
0.005 I 
0.005 1 ( 

I 
I 

D.OOSI( 
0.005 I ( 
0.1921 
2.07 I ( 
1.1l1 

0.995 I 
1.111 

0.162 I 
I 
I 
1 

1 
0.005 I ( 
0.010 I ( 

I( 
I( 
I( 

0.0051 ( 
I 
I 

O.OOS I ( 
0.0051 ( 
0.096 I 
0.051 

I 
I 
I 

1,141 
I 
I 
I 

0.010 I 
0.0101 
0.005 I 
0.005 I ( 

I 
I( 

0.005 I ( 
0.010 I 
0.0101 
0,010 I 
0.005 I 
0.005 1 ( 

I 
I( 

O.OOSI( 
0.010 I 
0.0101 
0.010 I 
0.005 I 
0.005 I ( 

I 
I( 

0.005 I ( 
0.005 I ( 
0.6011 
0.106 I 
0.157 I 
0.1811 
0.654 I 
0.119 I 

I 
I 
I 

I( 
I( 
I( 

0.005 I ( 
I 

0.005 I 
0.0051( 

0.0101 
O.Oto I 
0.0051 
0.005 I ( 

I 
I( 

0.005 I ( 
0.011 I 
0.15 I 
0,171 

( 0.0051 
0.005 0.093 I ( 

0,005 I( 
0.005 0.58 I ( 

1.81 
0.911 
0.93 I 

( 0.0051 
0.005 I 0.62 

I 
0.0051 
0.005 I 3.8 
0.005 I ( 0.005 
0.687 I 0.909 

I 1.]7 
I I.ll 
I 26,6 
I 2.07 

6,021 3.13 
I 

to2 I 
I 

I 
I 
1 

0.005 0.0051 
0.005 I 

0,005 I 
0.005 ( 0,005 I 

I 
I 
I 
I 

0.005 0.0051 
O.OOSI 

0.005 I 
0.005 ( 0.005 I 

I I 
I 

I I 
I 1 

0.006 I 0.15 I 
I 0.\31 I 

0.00671 I 
0.011: 0.13 I 
0.005 I ( 0.005 I 
0.8231 1.051 

I I 
I 1 
I ; 
I I 

2.S0 I 1.16 I 
I 3.251 

5.57 I I 
I I 
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Dah : P.ua.eh, I 7-0 I 9-S I 8-0 : 9-S I H I 10-5 I II-S I I2-S I IH I II-S I 15-5 I I6-S I 17-5 I 18-5 I I9-S I 20-5 F"C-33 I 
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0[\-811I,I,I'IIIthIDlorlhan, I I I I I I I I I I( 0.010 I 

~pr 81 I ',I,'-I!I[hlo,oplhln. I I I I I I I I I It 0,0101 

Otl-81 I I, I, 1-" Ithln'nplh~n' I I I I I I I I I I( 0.0101 

J.n-DSII,I,I-Ilithlo,oplhd.' I I I I I I I I I , I /( 0.0051 

Jur,8SII,I,I,/,lthloro,than, 0.039 I 0.391 I( 0,005 I ( 0,0051 I I I , I , I( 0.0051 

Ja.,R611,I,I,lrlrhlo,o.lhl", 1 0.291 I( 0.005 I ( 0.0051 I I I I I , , , 
Apr-0611,1,l-!mlolbro.lhant 1< 0.005' It 0,0051 I( 0.005 I I( 0.005 O.OOS I ( 0,005 I ( 0.005 I ( 0.005 I ( 0.0051 ( 0.005 I ( 0.005 0.005 I I 

No,-9611,1,1-lrlrhlo,oolh.n. I( 0.005 0.011 I < 0.005 I 0.121 0.0086 ( 0.005 ( O.OOSI( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( o,OOSI( 0.005 ( 0.005 0.0051 ( 0.005 I 

Oel-81 I 1,I-Ol!ioIororlhlnt I 1 I I I I I I I 0.0271 

Apr-8111,IDl!hI0IDfthaht I I I I I I I 0,0111 

Od-8! I 1.1 ~Oitblorn.lhon. I I I I I I I P 0.010 I 

J.n-QSII,I-Oilhlolorthm I I I I I I I 0.0111 

Jun-9SII.I-Oitblorottbm ( 0.005 I 0.066 I 0.005 0.005 I 1 I 1 1 I 1 O.oon I 

J.n·8611,I-Dlchloroflhant I I 0.061 I 0,005 0.005 I 1 I I I I I I 

Ap,-861',I-Oilhlomlhlnt I( 0.005 I( 0.005 I I( 0.005 I( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0,005 I ( 0.005 0.005 ( 0.0051 I 

No.-96 I 1,I-Ouhlo'Delblnt I( 0,005 0.0071 I ( 0,005 I 0.035 I ( 0,005 ( 0.005 0.005 I ( 0.005 I ( 0.00$ I ( 0.005 I ( 0.OO51( 0.005 I ( D.OOSI( 0.005 0.005 ( 0.005 I 0.00131 

od-BlII,I-DHMorn.lhm I I I I I I I I( 0.010 I 

Ap,-91;1,I·Oi,hlo'D.lh.n. I I I 1 I I I I I( 0.010 I 

/ltt-84 I 1,IOichioro.lh.n. I I I I I I 1 1 I I I I( 0.0101 

Jln-OS I I,I-Dirbloroflbtn. I I I I I 1 I I I I I I( 0,005 I 

Jun-S511,lOitblnmlhm I( 0.005 I I 0,0092 I I( 0.005 I ( 0,005 I I I I I I I I I( 0.0051 

Jan·961I,I-Oi,blolo.lhfnt I 0.0056 I I( 0.005 I ( 0.005 I I 1 1 I I I I I I 

Apr-8611,I-Oilblo,o.lhfnr I( 0,005 ' I( 0.0051 I( 0,005 I I I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0,005 0.005 ( O.OOSI( 0.00$ I I 

".,-861 1,1 Duhl Of netbtnt I( 0.005 ( O.OOS ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOSI( O.OOS I ( 0.005 1 ( 0.005 1 ( 0.005 1 ( 0,005 1 ( 0.005 0,005 ( 0.005 1 ( 0.005 I ( 0,0051 

"0,06 I 2-8u',,00, II 0,010 ( 0.010 ( 0,0101( 0.010 I ( 0,010 I ( 0.0101 ( 0.0101 ( 0,010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 0.010 ( 0.0101 ( 0.0101( 0.010 I 

Nov86 I Alhlinih IDl 469 1611 4361 3621 lUI 1261 4111 S141 lUI 4111 3951 451 302 2611 ItO I SOli 

"0.-06 I Arllnlc, Dil~, I( 0.005 ( O.OOS ( 0.005 I ( 0.005 I ( O.OOSI( 0.005 I ( 0,005 1 < 0.005 I ( o.D05 I ( 0.0051 Ultl( 0.005 I ( 0.00$ 0.005 0.005 I ( 0.005 ( 0.005 I 

O(t-8IIAmnic,Iohl I I I I I I 1 I 

Apr-B4 I A'lfnlt, 10111 I I I I I I 0.0051 

DtI 94 I A, .. nil, 101.1 I I I I I I 
J.n-8SI A'I,nic, 10111 I I • 

I I I I 

Jun 8S I ArlOnil, lohl I I I I 1 I I 
J.n-86I ArnAll, 10101 I I I I I I I 
Ap,-86IA,mlt,lotal 1 I I I 1 I I I I 
"0,-86 I Anfnit, 10111 0.023 I I I I I I 0.045 I I r I 
Mo,-86I Bnl ••• 01S< 0,111 0.012 0.0901 0.1091 O.Obl I 0.0191 0.1061 0.061 I 0.093 I o.on 0,136 I 0.068 I 0.0501 0.095 0.032 0.055 0.12BI 

NOI·861 hliul, lohl o.m I I I I 0.112 I I I 

0,1-01 I Bm.n. I I I I I I 1 1 0.010 I 

Apr-84 I Brnnn. I I I I I I I ( 0.0101 

Otl-8\ I Burtn, I I 1 I I I I ( 0.0101 

Jln'8SI BtnlPn. I I I I I 1 I I 0.00691 

Jun-aS I B.nz.n. ( 0.005 I( 0.005 I I( 0.005 I ( 0.005 I I I I 1 ( 0.0051 

JI.-86I 9m,n. I I( 0,005 I I( O.OOSI( 0.0051 I I I I 

Apr-8~ I Benltn. I( 0.005 I 0.0051 I I 0.005 1 I I( 0.005 0.005 I ( 0.005 0.005 I ( 0.005 ( 0.005 0.00$ I ( 0.005 0,005 

"0,-0618.nlto. I( D.ODSI( 0.005 ( 0,005 I ( 0.005 I ( 0,005 I ( 0,D051( 0,005 I ( 0.005 O,OOSI( 0.005 ( 0.005 I ( 0.005 0_0065 ( 0.005 I ( 0.005 0.005 ( 0.0051 

O,t·91IBII12.lhylhf.ymhlhlhl.1 I I I I I I I I I I I 

Ap,84 I BiI12.lhylhtIVlIl1ilh.hhl I I I I I I I I 0.0191 

Otl·81 I Bisll.lhylhflyllPhlhhltl I I I I I I I 1 I O.OUI 
J •• -05I 8hl2.lbylhuyllPhlblllltl I I I I I I I I (0.00001 I 

Jun-851Inll.lbylhfl/llfhlh.hhl : (0.00001 : : (0.00001 I I 0.00033 I 0.000801 I I I I' I I 1(0,000011 

Jon-A6 1 8uI2t1h1lhmIlPhlhlhltl I I I I I 1 I 1 1 1 1 I I 
Apr·96 I 8i~12.thylhf.yllFblhllllrl I I I 1 I 1 I I I I 
Mo,-96: 8iI12.lhylhf,yIIPhlhahhl I I I 1 I I I I I I I I I 
Mov'96 I Cld,iUl. Din, 0.0002 I 0,0009 I 0.000) I 0.0006 I 0,0001 I 0.0006 I ( 0.0001 I 0.0010 I 0,0011 1 0.0021 I 0.0009 I 0,0010 0.0006 0,00" I 0.0024 I 0.00091 0.00041 
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O.h IParliPter I 1-1 I 8-S : 8-0 I 9-S I H I 10-S I IH I (2-6 , Il-S I 14-S I IS-S I 16-5 I 17-5 I 18-5 I 19-$ I 20-S I F1INJ I 
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Orl-OlICldli •• ,lolll I I I I , 0.0013 

~p,-81 I CdllUI, lold I , I I I 0.0051 

OclBIIC.dliul.lolil I I I I I I I 

Jan-B~ I C.dll.I, I.hl I I I I I I I 

Jun-05ICldliul. 'Dill I , I I I I I 

Jan-Db I CI~.i •• , 'ohl I I I I I I I I 

ApIB6: C.dll.l. lolal I I I I I I I I I I 

No,-P6It.dol"I.lo"l I I 0.00141 1 1 1 I I 0.0191 I I I 1 

"6' B~: hi (lUI. Oill. III 134: III 1 Ull 1221 III I 1591 Inl 1511 1901 m 1081 \10 1571 U.O I 66.01 201 

N.,-86 I Caltiul. lolal I 1511 I I 1 I I I 207 I I I I 

No,-06 I Chlondr 3tO 5.91 47.71 15.21 12.9: l6.61 13.21 '5.71 1l.71 58.8 I 15.0 4061 25,6 26.61 51.61 15.31 12.9 

Otl-93:Chlorolofl I I I I I I I I I( 0.010 I 

ADr-81IChloroloro I I I I I 1 1 I I I( 0.010 I 

Del 01 I thlo,olo'l I I I I I I I I I I I I I( 0.010 I 

Jan-95IChlo,oforl I I I I I I I I I I I I I( 0.005 I 

Jun-95 I Chi 0101011 I I( 0.005 1 I( 0.005 I I( 0.605 I ( 0.005 I I I I I I I I I( O.OO!I 

Jan-B6lthlorolorl I I I I( 0.005 I I( 0.0051 ( 0,005 I I I I I I I I I I 

AwS6lChlorolo .. I( 0.0051 I( 0.005 : I( 0.005 I 0.005 I ( 0.005 I ( O.OO! I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( D.D051( 0.005 I I 

MOj-86 : CMo,olo,. I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.0051 ( 0.005 I ( 0.005 I ( 0.O051( 0.005 I 

Mov-96 I throliu •• Ohl. I 0.0021 0.001 I 0.002 I 0.001 I 0.002 0.0031 0.001 0.001 ( 0.001 I ( 0.001 : 0.002 I 0.001 I 0.0011 0.002 0.002 0.001 I 0.0011 

0<1-831 Ch,oliut, Toll I I I I I I I I 0.0031 

Apr-BI I th,oliUl, Tohl I I I I I 0.00' 
Ot1-91 I Ch,ooiul. lohl I I I I 

Jan-05 IChroli.l. 10111 I I I I I 
Jun-SS I thlollul.Tolal I I I I I 

J.n-D6IChlOli.I.TDIII I I I I 

Ap,'R61 Chr •• IUI,lotil I I I I 

NovBblCh,oliu •• lolIl 0.267 1 I 0.011 I I 

OrI9lICill.l-0ithl.ro.lhenf I I I I 

Apral I C" 1.2-0iehiororth.nr I I I I o.m 
Oel-91 I th 1.2-0iehlo,o.lhrnt I I 1 I 0.21 

Jan-85Itill.'-Dithlorotlhm I I I I I 
Jun-8SI ClI 1.2-0iehlo,o.lhen. I I I I I I 

Jln9bltill.'-Dithloro.lhm I I I I I I I I I 

Apr96ICIII.2-0ithiororlhm I I I 1 I I I I I I 1 
Nov 86 ICiI I,l-Oichlomlhm I( 0.005 0.141 0.018 I D.1I 0.028 I 0.0361 0.022 I ( 0.005 ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I 0.0211 o.n ( 0.005 ( 0.0051 0.11 

No, 86 I Co,.t,. 0111. I 0.001 O.OOl I 0.0021 0.005 0.0021 0.0051 0.002 I 0.002 0.006 I 0.002 I 0.002 I 0.001 I 0.0011 0.00! 0.004 0.004 I 0-002 

Oll-8! I Copptr,lohl I I I I I I I I I I I 0.008 

Apr-el I COPPfl', 10111 I I I I I I I I o.m 
Oel-04 I toPPtI, lohl I I I I I 

Jln-U5ICopprr.lolal I I I I I 
Jun-S5ICopprr, 10111 I I I I I 
Jln-S61 Coppt,.lohl I I I I I I I 

Apr-96 I COpptr, 101.1 I I I I I I- I 

"0.06: Copp." lohl 0.371 I I I 0.099 I I I I 

UIH3l£1hvlbenzen. I I I I I I 0.211 

Ap,-al:mdbrnme I I I I o.on: 
Ott 811 (\hylblnune I I I I 1 0.099 I 

Jan-BSI Ethvlbrnllnl I I I I I I I( 0.0051 

Jun-85I Ethvlbfmne I( 0.005 I I( 0.005 :e 0.005 I ( 0.005 I I I I I 0.0161 

Jln-H6l£1hvlbtr,lInr I I :1 0.005 :( 0.005:( 0.0051 1 I I I I I 
Ap,-S6I£1hvlbtOlln. I( 0.005 1 :( 0.D05 I 0.005 I I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 0.0051 ( 0.005 I I 

"n.-961Ithvlbtnant I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( O.OOSI( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.005 O.OO51( O.0051( 0_0051 

HOI 96 I lud. Oi". I 0.002 I ( 0.001 I 0.0021 0.003 0.011 I 0.&051 ( 0.001 I 0.001 I 0.005 I 0.001 I 0.003 0.0031 0.0051 0.004 0.0091 0.001: 0.&031 
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Oal,IParu.lpr ; 1-0 I a-s I e-o I 9-5 I '-D I \O-S 1 II-S I 12-5 I 11-9 I 14-9 1 Is.! I 16-5 I \1-9 1 II-S I 19-5 1 20-5 f"t-lS I 
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Otl-Uil •• d.lolal I I I I I I I I I 0.014 1 

~w9111ud.lol" I 1 I I 1 1 I 1 1 o.m I 

OltB4tlud.101a1 1 1 I I 1 I 1 1 1 1 0.030 I 

Jw8S I I"d. 10111 I 1 1 I 1 1 I I I 1 1 0.021 I 

JUh-OSllPld.lotal 0.15\ 1 0_05l1 0.1091 0.0611 I I I I I I 1 0.010 I 

J,n'Ob: Iud. lohl I I 0.035 1 I 0.010 I 0.030 1 I I I I I 1 1 I 

ADr-06 I I .. d. lohl 0.031 1 0.1121 I 0.061 I I I O.l'& I o.on I 0.101 I 0.051 I O.on 0.0&0 I 0.1201 0.091 1 0.152 I 

No,-06 I ltd, 101,1 I 0.171 I I I I I I I 0.1141 1 I I I 

Nov'06 I "'90ni." Disi. 52.41 31.0 I 54.91 33.01 49.21 SO.OI 50.11 n.11 36.'1 33.11 53.41 29.0 5\.9 I 54.11 IB.OI 11.2 53.4 1 

"0.·86 I ",o,.nlst, OilS. 0.101 I 1.941 0.100 1 0.026 1 0.142 I LSOI 0.003 I 1.201 1.50 I 0.876 I 1.9& 1.0\ 0.108 I 0.920 I 0.0311 O.OOB 1.001 

od·ol I Ungao.sf.lolal I I I I I I I I I I I I I 0.957 I 

Apr·el I ",n9'''''' 10111 I I I I I I I I I I 

Otl-94 I ",n,.n'51, lohl I I I I I I I I I I I I / 0.411/ 

Jao-05 I "'h9Io.n, lohl I I I I I I I I I I I I I I I 0.5391 

JUh·9$1 ",09.nn •• lolll I 11.11 I 2.01 I I B.74 I 5.001 I I I I I I I I 0.84 I 

J'h-86 I "'.q,n,u, lohl I I 1.301 I 9.59 I 2.231 I I I I I I I I I 

Apr-a6 I "",Ihru. lohl 0.695 I D.OBS I I 0.521 I I I 10.71 l.a9 I 0.531 I 2.12 1.641 1.461 l.l91 0.6221 1.711 I 

Hoy-Sb I ".oq.n, .. , lohl I I I 2.5\ I I I I I I 2.46 I I I I I I 
Mo.-abl Hmory. Oin. I ( 0.0004 I ( 0.0004 I ( 0.0004 / ( 0.0004 / ( 0.000\ I ( 0.0004 I ( 0.0004 I ( 0.000' I ( 0.0004 I ( 0.0001 I ( 0.0004 ( 0.000\ ( 0.0001 I ( 0.0001 I ( 0.000' ( 0.0001 I ( 0.0004 I . 

Oll-n I "m«rv, I~hl I I I I I I I I I I 

Apr'O! I Hmury, lohl I I I I I I I I I 0.0012 I 

Otl-94 I "mur" lold I I I I I I 

J.o-tr.i i ""Iur" I.ld I I I I I I 

Jun-851"mur"lohl, I I I I I I 

Jln·9b I ",reu". 10111 I I I I I I 

Apr-Sbl "mury, lohl I I I I I I I I I 

"o.·Ob I "mury, 10111 I I ( 0.0004 I I I I ( 0.0004 I I I 

otl-ill ",thyhh' thlorid. I I I I I I I I I I( 0.010 I 

Apr·gl I llflh,ltn. Chloride I I I I I I I I I I( 0.010 I 

oll-O'ln,lhy" •• CIIlnridt I I I I I I I I 0.121 

J,n-85 I ".lh,It., Chlorld. I I I I I I I I I 0.038 I 

Jun'B5I "rthvlfo.Chlotid. I I( 0.005 I ( 0.005 I I( 0.0051 ( 0.0051 I I I I I 0.016 I 

J.o-ObI H.lh.ltn.Chlorid. I I ( 0.005 I I( O.OOS I ( 0.0051 I I I I I I 

Apr·o6111tIhvl tnf Chlorld. I( 0.005 I I( 0.0051 I( 0.005 I I( 0.005 ( 0.005 I ( 0.005 I 0.0056 I ( 0.005 0.005 I ( 0.005 I ( 0.005 ( 0.005 I I 

No.-96I H'lhyhnr [hloridr I( 0.00"( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOSI( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.0051 ( O.OOS I ( 0.005 I ( 0.0051 

"0..e61 Nlchl, Oin. I( 0.001 I 0.054 I ( D.OOII( 0.0011 0.0011 0.017 I 0.0041 0.00& UU I O.Olll( 0.001 I 0.005 O.OOll( 0.001 I ( 0.0011 0.004 I ( 0.0011 

otlSll NHhl, lohl I I \ I I I I I I I I I I I 

~p'·B4 I Nichl, lohl I I I I I I I I I I 0.0031 

otl·e\ i Nllhl, lolal I \ I I I I I I I I I I 

J.n-05 I "Ichl, lohl I I I I I I \ I I I I 

Jun'O~ I Nllhl. tolll I I I I I I I I I I 

ho·86IMlc"I,Iolai I I I I I I I I I I I I 

Apr-S6 I Millel.lolal I I I I I I I I I I I I 

"Dy·96 I Nitl.l, 10111 I I O.m I I I I I I 0.0191 1 I I 

"ov-O& I NiH,It-Nitro"o 0.031 U'I 0.022 I 1.971 0.221 I 0.2051 0.001 I 6.OS I '-091 17.0 I 0.028 I 0.110 I 2.02 I 0.016 I 2.74 0.1341 0.020/ 

0"-93 I P[81142 I I I I 1 I \ I 1 I I I ( 0.0001 I 

Apt-84 I PCB 1m 1 I I I I I I I I I I I ( 0.0002 I 

01101 I PtB 1212 I I 1 I I I I I I I 1(0.00021 

Jan-aS: PCDI242 I I I I I I I 1 I I I 1 I I ( 0.0002 I 

Juo-OSI PC9 1m ( 0.0001 I I ( 0.0001 I 1(0.0007\ (0.00011 I I I I I I I 1(0.00071 

J.n-0&IP[81212 1(0.00021 r ( 0.0001 I (0.0002 I I I I I I I I I I 
AprB61PC81212 I ( 0.0002 1 ( 0.0002 I I ( 0.0002 I I ( 0.0007 I Brohn I ( 0.0002 I ( 0.0002 I ( 0.0001 I ( 0.0002 I ( 0.0002 I ( 0.0002 ( 0.0002 I I 

"~v 86 : PeR /717 I I I 1 I I I I I I I I 

Ocl·83 I PC9 1240 I I I I I I I I I I ( 0.0001 I 

I, .... 1001 d,ltclpd ulinQ dfl.cllon Ihll 5hD~nl P IUns p,mnl bul bloN drhtllo~ lilli, IS mDS losulfltltnt slipl. "9f 8 21-Ap,-SI 
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Alphlb!llul SUlm1 01 C •• lilltu.nh D.I.lhd in IIl.nt On. Snplt F'aI MIROP G,ound V.h, thuiul A.,lytU 119/11 1251.01 

; 1-0 I 9-S : 8-0 I 9-S I 9-D I 10-S I II-S I 12-$ I \3-9 I II-S I 15-S I 16-9 I 11-5 I 18-S I IH I 20-5 I m-33 I 
~ ~ ~ ~. w ••• ~ ~ ••• ¥ ....... -- - --- - .... ------- -_ .... _ .. --- .... - ................ __ ............ --- .......... --....... --- ............. ---.... - ........... ----..................... - ........................ --.......................................... - ...... ----............. - .. ---- ................. -----..... - ....... - ..... ---............. - .. - .. ---............... ---.............. ----

Aor-04iPt91148 
Oct-BI I ~n 1m 
J.nB~ I PCB IlIB 
Jun-95 I ~c9 \lI8 
JihablPCIIlIB 
Apr-Bbl'-CamO 
"odblmlllS 
011-a3 1 P[9 1m 
Aor-81 1 ~u 1m 
011-84 I ~t8 12S1 
Jan-8SIPUI7SI 
Jun-95IPU 1151 
J.nablPUml 
Apr 96 IPt8 1251 
".dbIPUIlS! 
Oil -9l I pca 1260 
AwBlIPtBIl60 
0<1-81 : pClIlbO 
J.0951mmO 
Jun 851 PCI 1U0 
Jln-8blmmO 
Apr-06 : PCB 1760 
No..o6 I PCI 1260 
No.-B6Ifotmlul.Din. 
N.v-86I S.hfti.l. Diu. 
".,-a61 S.lthi.l, 10101 
No,-S6I Slim, Disl. 
Oll-83 I SlIm, 10101 
Apr-9415I1m,lohl 
011-9': SlIm, 'ohl 
J~n 85 I 9i1m, 10101 
Jun-aS I 9Ih .. , 10101 
Jln-Q~ I Slim, 10111 
Ap,-06 I gllm, 10101 
.~db I 5Ih." lohl 
NO"96I 90dtul,OisJ. 
Nov-96 I Sulh/II 
011-83 I ItlmMorrlhtnf 
Ap"B4I Itlfl(hlonlhfoe 
011-81 I IflracMonlh!nr 
Jan-BSlltlmhlllltlhrnf 
Jun-Q51Iel,achlortlbrn, 
Jln-86I hlrllhlonlh,.t 
Apr-abll.lrllhlor.lh ••• 
"ov-86 I hlrllhtoreth ••• 
Ott'8l110C 
AwOlt IOC 
DII 84 I IOC 
Iln·05110£ 
J"n-85 I tot 
Jan 06 I roc 
A.r-961IOC 
"ov-86110C 
Uri '83 I 101" ••• 

I I I I ( 0.0002 
I I I 1(0.0002 

I I I I I 1(0_0002 

I I ( 0.0001 I I ( 0.0002 I I ( 0.0002 I ( 0.0002 I I I I ( 0.0002 
I I ( 0.0002 I 1 ( 0.0002 1 ( 0.0002 1 I I I 1 I I I I I I 

1(0.0002: : < 0.0002: I (0.0001: I (0.00021 Brohn I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 

I I I I I I I I I I I I I I I I 

I I I I I I I I I I I : I I ( 0.0001 
I I I I I I I I I I 1(0.0002 

I : I I I I I ( 0.0002 
I I I I I I I I ( 0.0002 

I ( 0.0002 I I ( 0.0002 I I ( 0.0007 t ( 0.0002 I I I I I 1(0.0002 
I : 1(0.00021 :(0.00021(0.0002 I I I I I I I I 

I ( 0.0002 I : ( 0.0002 I I ( 0.0002 I ( 0.0002 I ',ok •• I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 1 ( 0.0002 I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I ( 0.0001 I 

I I I I I I 1 I I I I ( 0.0002 I 

I I I I I I I I 1(0.00021 
I I I I I I I I I I ( 0.0002 I 
I ( 0.0007 I I ( 0.0002 I I ( 0.0002 I ( 0.0002 I I I I I I I ( 0.0002 I 

I I I I ( 0.0002 I I ( 0.0002 : ( 0.0002 I I I I I I I I I I 
I ( 0.0001 I I ( 0.0002 I I < 0.0002 I I ( 0.0002 I B'Dlin I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I I 
I I I I I I I I 
I 4.15 I l.1I1 4.51 I 5.49 I l.52 lUll 1.911 J.611 
I < 0.005 I ( 0.005 I ( 0.005: 0.019 I ( 0.005 I ( O.OOS I ( 0.005 I ( 0.005 I ( 
I I I 0.01& I I I I 
I ( 0.001 I 0.002 I ( 0.001 I ( 0.001 I 0.002 I ( 0.001 I ( 0.001 I 0.001 I ( 
I I I I I 

I 

I 
'.36 

251 

I ( 0.005 
I ( 0.005 
I 
I 
I 
I 
I 

U91 
IBll 

0.046 : 

11.01 
2121 

I ( 0.005 
0.046 I ( 0.M5 

I I I 
I 
I 
I 
I 
I 

0.001 I 
28.21 
9\.11 

I 
1 
I 
I 

0.22 I 
0.211 

I 
I 
I 

19.5I 
1891 

I ( 0.005 

I I 
I I 
I I 
I I 
I I 

I I I 
16.~ : 7." I 17.1 I 
2241 ml 56.41 

I 
I 

0.005 : ( 
0.0051( 

I I 
I I 
I I 
I I 

0.005 I 
0.005 I 

II 

I 

0.'2 I ( 0.005 ( 0,005 I ( 
I 

0.005 I ( 
I 

I 
0.005 I ( 
0.005 I ( 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I I I I I I I I I 
!.O61 1.921 '.9213.2811.8512.1112.2212.221 3.l61 

0.005 I 0.008 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005: ( 0.005 I 
I I( 0.0051 , I I I I 

0.001 I ( 0.001 I ( 0.001 I O.OOs I ( 0.001 I 0.002 I 0.002 I ( 0.001 I ( 0.001 I 
I I I I I I I I( 0.0501 
I I I I I I I I ( 0.001 I 
I I I I I I I 1 
I I I I I I I I 
I I I I I I I I t 
I I I I I I I I I 
I I I I I I I I I 
t I ( 0.001 I I I I I I I 

6.50 I 5.77 I 10.61 1.14 I 16.8 t 8.111 11.11 9.45 I 7.19 I 
218 I 16! I 3\8 I 59.S I m I m I 26.8 I 72,4 I 321 I 

I I I I I I I I 0.0211 
I I I I I I I I ( 0.010 I 
I I I I I I I I( 0.0101 
I I I I I I I P 0.005 I 
I I I I I I I I 0.00S3 I 
I I I I I I I I I 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I I 
0.005 1 ( 0.005 I ( 0.605 I ( 0.005 I ( 0.005. ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 

I I I I I I UI 
I I I I I '-51 
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 I I I I 
I I I I( 0.0101 

< 1.10\ nol jphll.d ulha d.hclion Ihll thD.OI , Itln, punnl but hlo. detrltlDn 11.11\ IS lOIns 'nsulficfut III,h "9' t 21-Apr-81 



Ir- • • 
Alphlb.llul SlIlury of tonsilit.rnh D.hehd 1ft II hul On. Sup" Fro. "IRIM' Bround V.h, Chulnl AnolylU 119111 1254.01 

0.1. :Parmter I 1-0 8-S 0-0 I 9-S I 10-5 II-S 12-5 Il-S 11-5 15-5 I 16-5 11-9 I ID-S 19-5 I 20-5 I F1U:-ll I 

Apr-B! I fol"~n. I I I I I I I I 0.010 I 

Oel-Oliiolum 1 I I I I I I I I P 0.010 I 

lin 95 t tnlu.nt I I I I I I I I I I I I I II 0.00'.\1 

Jun-85:Iolu.n. I( 0.005 : I( '0.0051 I( O.OOSI( 0.005 I I I I I I I I I( 0.005 I 

1on-06: I.I".n. I I I( 0.0051 I( 0.005 I ( 0.0051 I I I I I I I I I 

Apr-Ob: lolu.n. I( 0.005 I I( 0.0051 1 0.0082 I I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.0051 ( 0.005 I I 

"0,06: I.lu.n. I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOSI( 0.005 I ( O.OOSI( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.0051 

Ocl BlI Iflns 1.2-0lchlo,o.lhu.: I 1 I I I I I I I I 0.121 

Apt-BI: I',nI1.2-Dithlo,o.thrn.I I 1 I I I I I I I I 0.0961 

o,l-al I I,mI.2-0i,hlorDflhon.1 I I I I I I I I I I 0.211 

J.n95:llInsl.2-Dithlo,o.th.n.1 I I I I I I I I I I 0.101 

Jun-0511"nll.z.oi,hlo,o.thtntl I 0.19 I I 0.50 I 0.015 I 0.016 I I I I I I I I I 0.111 

Jln-96 I Irani 1.2-0ithlomlhen. I I I I 0.51 I 0.012 I 0.0341 I I I I I I I 1 
Apr-U6ilunst.2-Dj,h1Q,oflheul( 0.005 I I 0.039 I 1 0.013 I I( 0.005 I ( O.OOS I ( 0.005 I ( 0.005 1 ( 0.005 I 0.044 I 4.7 ( 0.005 I ( 0.0051 I 

N.,-96'iransl.2-Dlth\n.o.lh.,,1( 0.005 I 0.241 0.0101 0.34 0.020 0.036 I 0.02l1( 0.005 I ( O.OOSI( 0.005 I ( 0.005 I ( 0.005 I 0.027 I 0.3S ( 0.005 I ( 0.0051 0.111 

Ocl-U: l,ithloro,lh,n, I I I I I I I I I I I I 37.0 I 

Apr-84I Iriehloro.lhtn. I I I I I I I I I I I I 2.91 
Otl-Olll,ithlo, •• lhrn. I I I I I I I I I I I I I I.ll 

J,n-851Iruhloro.lhen. I I I I I I I I I I 2.11 

Jun-95 I l,lthlororth.n. I 1.0 I I 3.2 O.IS 0.035 1 I I I I I I I I 2.61 

J.n-a6.I,ichloroPlhrnr I I I '.2 0.1l4 0.044 I I I I I I I I I I 
Ap,-8611,lthloro.lhtnf 

.( 
0.005 I I 5.7 : 0.25 I 0.005 I ( 0.005 I ( 0.005 I 0.017 I 0.096 I 0.19 I 2.91 0.0421( o.ml I 

N • ..a611,I,h!oro.lh,nt I( 0.005 I 9.21 10.11 1.8 0.65 • 0.21 0.012 0.005 I ( 0.005 I ( 0.005 I 0.00111 0.111 0.091 I 1.531 O.OBBI( 0.005 I I.lI 

Nod6Ilrlchlorol\uoro"lhon. I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 ( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( o.on I ( 0.005 I ( o.on I ( 0.005 I ( O.OOSI( 0.0051 

Mo,-a61Iinc.Diss. 1.2l1 4.121 1.031 0.181 1.01 I 0.135 0.216 SoBII 1.01 I 1.25' 1.811 2.111 2.21 I '.111 1.7BI 1.101 0.5261 

Oct-n i 110" 10101 I I I I I I I I 1 I I 4.09 I 

Ap,-ellliot.loUI I I I I I I I I I I I I I 2.951 

Oct 91 I hnc. lohl I I I I I I I I I I I I I 1.561 

hh 05: hne. lolal I I I I I 1 I I I I I I I I D.9191 
Jun-USI lint. lohl I 1.81 : I .1.10 I I l.lB. 1.171 I I 1 I I I 1 I I 0.7301 

lln-8& I Ihl.Iolal I I I.OSI I 2UI 1.011 I I I I I I I I I I 

Apr-Db: line, I.hl 10.' I ".901 I 4.111 I I 6.111 6.1l1 17.61 17.5 I 6.111 4.5& I 9.08 I l.211 1.251 I 

Mo,-Db I linc. lohl 1.151 1 1 I I -I 25.11 I I I I 
::::<:i::==t::=='II'#:::t:-::::=:::::=::::::::r:::::!I;::!:t!::l!:.:t!:S:U::S:'IIltSI.=S:tw=:::!t!::lI:e:!:t!:':%lt:=='U::::::::In:w.===.#::s:t::::===:==::::::s1I' ......... :IC'1:.I:I ••• :n •••• c:s .. =::::t:'S'I::::n::r;:;:J::t:::.:z .. 1::J2lt::r:: .... I::~IIr::I.:Z •• S.:l .. =.I:: ••• I ••• I:t.t;.~.=.=:I •••• cc ••• a::I:IlIn::=== ••• 
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Alphlb,l1cll SUlurv 01 Consilitu.nt. O.hchd in II t .. d On. hlpl. F,ol NIROP 6round Wlh, ChPliul An.lysri I.q'" 1251.01 

0.1. : PtI,uphr I Blink I RlnBIIII RinBll21 I,petll: Irp 8IUI I,p81U I 1,,81111 Dupll I 0.,12 I Du,Il I 
---- ... --- ... -_ ....... _---_ ............... -............ -................ ----_ ....................... ----_ .................. -.... ----_ ................ "' .... -.... _ ........ _ .......... _ .... _ ......... -..................... ---_ ........................ ---
OctOlll,l,H'lIhlorDflh.n. I I I I 
~p'·8' I 1,I,H'ichioro!/hln. I : I I I I I 
D[f.DIII,I.I-I,ichlor •• lh.nt I( 0.0101 I I I I I 
Joo85 1 1,1,II,ichioro.lh.n. I( 0.0051 I I I I I 
Jur,·BSII,I.I·lmhlo,o.lh.nt I I I I I I I I 
Jon·0611,1.1-I,ichloro.lh.n. I I I 1 I I 1 
Apr·Bbll,I.l-irlthioroelh.n, l( 0.00'1 I I I I I I 
".db 1 I,I,I-lruhioroelhn. I( 0.005 : ( 0.005 : ( 0.005 I ( 0.005 I ( D.OOSI( 0.005 I ( 0.005 I 0.093 I ( 0-005 I 
0<l8l: I.t-O"hlor •• lhaht I I I I I I I I 
Ap,·QIII,I·OIlh!Olo.lhn. I I I I I I I I 
Dtl811t.I·Oi,h1omlhm I( 0.010 I I I I I I I 
J.o·0511,I·Ollhlolo.lhm I( 0.0051 I I I I I 
Jun-B511.I-Dllh\ol.elh ... I I I I I I I 
J,n-Bbll.!-OHhlorD.lhln. I I I I I I I 
Aor-BbII.I-DichIOlo.lhm I( 0.005 I I I I I I 
M.,-8bll.I·Ollhioro.lhlnt I I( 0.005 I ( O.OOS : ( 0.005 : ( 0.005 I ( 0.005 1 ( 0.005 I ( 0.005 I 0.025 I ( 0.005 I 

OclSlll.l-Oithiolotlhm I I I I I I I 

Apr·9111.1-0Ilhioru.lhene I I I 1 I I I I 
Otl-SIII.I-Dllhlolo.lhm I( 0.010 I I I I I I I 
Jon-B51I.I-Di[hlaro.lhtn. I( 0.005 I I I I I I 
JunBS I J. I ~Dilhlolo.lhtn. I I I I I I 
Jan 86 I I,ID\chlolollh.n. I I I I I I 
Apr·0611.I-D\[h/o,o.lh.n. I( 0.005 I I I I I I 
No,·Bbll,I .. OI(hlolo.lhent I I( 0.005 0.005 I ( 0.005 0.005 I ( 0.005 I ( 0.0051( 0.005 I ( 0.005 I ( 0.005 I 

M.d' I 2-8l1hoonf I I( 0.010 0.0101 ( 0.010 0.010 I ( 0.010 : ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I 

No,-86: A1hllnllv I Ie 5.0 5.0 I ( 5.0 I I 4911 4311 4761 

No,-86 I ArUnH. Din. I I( 0.005 ( 0.005 I ( 0.005 I I( 0.0051 ( 0.005 0.011 I 
0[1·81 I Arllnl!, 10111 I I I 1 I I I 
Apr 811 Arunl!, lolal I I I I I I 
OIISI:Atlthlt.lolli I I I I I I 
J .. -85: Arunic, lohl I I I I I I 
Jun·851 Arnni[, I.hl I I I I I I 
Jan-06IArllnlt.tol" I I I I I 
A,r-Bb I Amoie, toll I I I I I 
Mo,-8bIAmnlt.lohl Ie 0.005 1 ( 0.0050 I ( 0.005 I I( 0.005 I 0.006 un I 
ND.-86 I hrl •• , Diu I( 0.010 : ( 0.010 : ( 0.010 I 0.152 I 0.115 0.141 I 
No,-86 I h,i.I, lohl I( 0.010 I ( 0.010: ( 0.010 1 0.19' I D.511 0.160 I 

011-81 I "ollnt I I I I I I 
Apr ·81 : B.hltn. I I I I I I 
Ocl·84 18.nnn. f( 0.010 I 1 I I I I 
Jln-95I 8.mn. I( 0.005 I I I I I I 

Jun-eSI'.nlfnt I I I I I I 

J10-8bI B.nltnl I I I I I I 
Au,-DbIB.nI.n, I( 0.005 I I 1 I I I I I 
M.,-RbI B.mn. : I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 : < 0.005 I ( 0.005 I ( G.0051( 0.005 I 
Del-8l I Bhl2.lhvlhfiyllPhlhlhltl I I I I I I I 1 
Ap,91 I IIll2t1hvlhnvllPhlhlllltl I I I I I I I 
0«1·94 I 8hl2.lhylhflVIlPhlhhhl 1 I I I I I 
Jln-aS I Billl,lh,lhe.yllPhlhlhltl I I I I I 
Jun 95: 81.f2.lh,lh .. ylJ~hlhlhhl I I I I I I 
Jln·8b; Bi.12.lhvlhtljllPhlhllaltl I I I I I I 
~,,-8b Ililll.lhylh •• yIlPhlhaht.: I I I I I I I 
M.,-86 I Bil!?oIhylh •• ,IIPhlhohltl I I I I I I I 
M.y-96 I tldllul, Din. I .1 0.0001 : ( 0.0001 I 0.0002 I 1 0.00011 0.0001 I 0.0008 1 

.' .PIn' not ~tttflp~ IIIinQ dtltctiDn lilll shoonl , .'In, pr,mt but blow d'lrtllon Ihitt IS Iunl iMUffl[ifnl lupl. "9,11 21-ftp,-!1 
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• • 
"'~h'Hlical ;.11",01 [on'llIlueob •• !fet.d In II Lfnl On. Sllpll frol MIAill' Sround V~ltr [huinl AnllVIfI '1,/11 I2SU\ 

Oil. I Plrmh, I Blink I Ainlill I RlnBIU: I,p8ll11 trplll21 Irp81U I trplilt I Dopll I hpl 2 I Dupl 3 I 
.. -.. ~- .... ---------- ..... --- .. -...... -.. -........... ---.. -............ "" ........ -..... __ ._-_ ... ---- ........ -.. -.................. --- .... -................... -........... _ ...... -.. _-................................... -.. -................ -.............. 
Ocl-Bll Cadilul. lohl I I I I I 
Apr-Ol:C/dll.I,IDI,. I I I I I I I 
OII-BIIC,dliul.lolol I I ,- I I I I 
hn-OS i Cadlilll, 10101 I I I I I I I 
Jun-8S I Cdliul. lohl I I I I I I I 
Jan-86 I Cadlill', '0101 I I I I I I I 
11,,-86 I Cadliul, 'ohl I I I I ( I I 
Nov-06 I Cadliu., 1.111 I I 0.0002 I O.OOOl I 0.0005 I I 0.0010 I O.OOlt I 0.0159 
Nov-96 I Call1ul, ~iu. 1 It 0.100 I ( 0.100( 0.100 1 I 1571 128 I 157 

No.-86I hlelul, 'ohl I I( 0.1 I I( 0.1 I I I7SI 86.5 I 190 
MD,-B6 I tMarUt I It 1.0 I ( 1.0 I I 1.01 I 4.61 15.ll 15.1 
0[1-8! I [hl.,.I.1I 1 I I I 1 I 
Apr-Ollthlnr.'.,. I I I I I I 
Oct-BIIChI.ro'.ro I( 0.010 I I I I 

Jan-OS I Chi ••• ' ... II 0.005 I I I I 
Jun-OS : Chlaro'oll I I 1 I I I 
Jlh-B6IChlorolo .. I I 1 I I I I I 
Apr-BL I [hI ••• lotl II 0.005 I I I I I I I 
No.-B6 I thlDr.'m I It 0.005 I ( D.OOSI( 0.005 I ( O.0051( 0.005 ( O.OOSI( O.O~I ( 0.005 O.OOS I 
lov-S6 I [hr.l,uI. Din. I 0.001 I 0.002 I O.OO~ I I I 0.0021 0.002 0.0011 
Oct-n: Ch •• llu., '.UI I I I I I I I I 
Apr-a, : Chr.al.I, lold I I I I I I I I 
0,1-81 I [hlQli.l. '.hl I I I I I I 
J~h-95 I Chr.llu •• tolal I I I I I I 
Jun-IIS: thrnll.l. 10111 I I I I I I I 
Jan-B6 Ithr.li.l. 10111 I I I I I I I 
Apr-B~ : [hrulUl, '.101 I I I I I I I I 
NDv-96Ithrollul.loUI I I 0.001 I 0.001 I 0.002 I I 0.009 0.123 I 0.009 I 
Oct-B3 I Cil 1.2-Di[hlor.olhlne I I I- I I I I I 
Ap.-U I th 1,2-0i,h/o'.tlhent I I I I I I I 
Oel-BI I CII I,2-Dhhlornflhm I( 0.010 I I I I I I 
Jln-IIS I tilI.2-01Ihloro.lhn. : I I I I I I 
Juo-85 I Cit I.HIIM.lDoth.ne I I I I I I I 
Jlo-96 I C"I,7-Dich!o,o.thhf : I I I I I I 
Ap,-86IClll.2-0lch!olDflb.no t I I I I I 
Mo.-96 I til 1,2-Dithlorotthm I I( 0.005 I ( O_OOS I t 0.005 ( 0.005 I ( 0.005 I ( 0.005 I 0.19 0.34 I ( 0.005 I 
Mo.-06 : Coppn, Diu. I O.OOS I 0.009 I 0.002 I I I I 0.0021 0.00' 0.002 I 
0(1-831 Copptr, 'olal I I I I I I I I I 
Apr-91It.'W,Iolil I I I I : I I I 
Oet-B' I Copp." lohl I I I I I I I 1 I 
Jan-OS: CoPP". lOhl I I I I I I I I I 
Jun-8S : [opp", lotd I 1 I I I I I I 

Iln-86I Copptt, '0'" I I I I I I I 
ApIB6 : toppf!. 10111 I I I I I I 
Hov-86 Itn".r, , ... , 0.0051 0.0011 0.007 I I I I 0.019 I 0.18\ O.OUI 
O[I-8l : lIb,lh,n .. n, I I I I I I I 
Apr-O'llIhvlblnm. I I I I I 
Od-91: £thylbfol.n. 1< 0.010 I I I I I 
J.n-9SiUh.lhfhlPh' I( 0.005 I I I I I 
Jun-D5l £lh,lhhun. I I I I I 
Jln-8bIUhylb.nm. I I I I I I I 
Apt·S6Im,lbtnltn. 1< 0.005 I I I I I I I 
Mo.-8b: Uhlbtnm. I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OOSI( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
No."Oblltld •• ilS. 0.002 I ( 0.0011 0.002 I I I 0.003 I 0.00) I O.ODS I 

( lOIn, nol hll,hd usinq d,htli .. ""it .ho .. , , lun, pnllnl hi '11.0 dellell •• 11.11/ IS lunl inluflicltftt Ulpll h,112 21-Apr-8' 



• • 
Alphabrlic.1 Slimry of ton!itiluf.h B.,,<I.d in IIlt.sl On. SliP It Fral NIMP G,ound bh, [hralnl AnI\yn. l.glIl 1251.01 

Oah IPu ••• let I Blink I Rinllli I RinBIUI T,pel .. 1 T,,8\111 l,pRlll1 IrpBI.'I Gupll I OupJ2 I Bupl! I 
~~~ ~ ~~ ~~ ~ ~ ~ ~ ~ ~ ~- ...... -........ ~ .... ,.-.... ,.- ......... _------_ .... __ ............. ,. .......................... ---------_.. .. .......... -............. -... -.. ------------_ ............................... "' ........................... -------
Ott-93I Ltld. lohl I I I 
Apr-04llud,Ialal I I I 
Otl·94 I Iud. lalal I I I 
Jln-85 I Iud, lold I I I 
Jun-05 I h.d. lolal I I I 
Jln·86: [tld,lohl I' I I I I I 
Apr-Ob: Ltld.lolal lIS I I I I I 
"0.-861 L.ad, lohl I 0.009 : ( 0.001 I 0.007 O.on I 0.049 I 0.048 I 
NDy·B6:hgntSiua.OiSI. 0.010 I ( 0.1001 ( 0.100 29.5 I 32.81 52.4 I 
Nov'86I "an9.nts., Din. I 0.010 I ( 0.010 I ( 0.010 1.07 I 0.021 I 1.99' 
Otl-B3: "anQ.nn., 1.laI I I I I I 
Apr·B4 I ",ng.nts., loUl I I I I I 
Otl 94 I ".nq.nrs •• lohl I I I I I 
),n-95 I bnq,n ... , 10111 I I I I I 
Jun-a~ I "'hqlnflf, 10111 I I I I I 
)an·96 I "anq,n.", lolal I I I I I 
Ap, B61 ",nqame.lolal liS I I I 
Noy-86 I N.ngantlf, lolal I ( 0.010 ( 0.0301< 0.0]4 I 1.55 I I.ISI 2.49 

"ov-a6 1 ""cuty. Oils. I (0.0004 ( 0.0004 I ( 0.0004 I ( 0.0004 1 ( 0.0004 I ( 0.0004 
Ot:1-911 "mu'l, 10111 I I I I 
Apt-BI:"mur,.Iohl I I I I 

Ocl-Ol I ""IU'Y, lold I 1 I I 
J.n-05 : "lttur,. I~tll I I I I 
J~.-8~ i ""tU,y, '0101 I I I 
J.n-86I "mUll, Told I I 1 I 
Ap"96I "mory, 10111 I I I I 1 1 I 
Noy·06:"ltCut"lotli I I ( 0.0004 I ( 0.0001 I ( 0.0004 I ( 0.0004 I ( 0.0004 I ( 0.0004 I 
0,1-8l I ""hlltnt ChlD,ilt I I I I I I I 
Apt 01 i Ntlhyhnethloride I I I I I I I 
Otl-84 : ",Ihylene thlP,id. I P 0.010 I 1 I 1 I 
J.n,95: ".thyhnethlorldf I P 0.005 I I I I 1 
Ju.'95 I ",lhylrn,Chlorid, I I 1 I 
J.n 86: "elhYltn. Chloride I I 1 I 
Apr-9b1 n.lhylen.Chlorldt I O.Olll I I 
Hoy-06 I "rlhvh.e thlotide I I( 0.005 : ( 0.005 I ( 0.005 I ( 0.005 < 0.0051 ( 0.005 0.005 1 ( 0.005 0.005 I 
Noy-06 1 Nllhl, Om. I I( 0.001 I 0.001 I ( 0.0011 0.001 I ( 0.001 0.001 I 
Otl-Bl I Nllh'. 10111 I I I I I I I 
Apr'BI I Niel,l, loul : I I I I I 
0,1,04 I Milbl, 10101 1 I I 1 I 
J •• ·95 I Nhhl, 10111 I I I I 1 I 
Jun 85 I Milhl. 10111 I 1 I I I I 
Jon·86I NI,hl,lollI 1 I I I I I 
Ap"06INIIItI,Iolai I I I I I I 
No,·96 1 Nltbl, 10111 I 0.011 1 0.003 I 0.010 I 0.0351 0.155 I o.on I 

"odb I Nit,,\r-Nil'09.n I 0.0211 I 0.02l I 1.161 3.83 I 0.028 I 
Otl·OJI Pel 1142 I I I I 1 

AwBI I PUIlI1 I 1 I 1 I 
OtlBIIPrBI1I1 I I I I 
hnBS 1 PCB 1241 I I 1 I 
Joo-B5:PU 1742 I I I I I 
)Ineb lPUI242 1 I 1 1 
AW96 I PUI142 liS 1 I I 
NDy-96 :m1212 I I 1 I 
otl·83 1 PC& 1749 I I I 

( a .. nl nol drlubd, ullng dfhtlion 11111 ~ho.nl P mns prfsent bul hlo. d.hcllon Ihill IS Iunl inl.fllcllO! lIaplt Plg'lS 21-Apr-.' 
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Alohabellcal S,,"ar. of COMIIII •• nts Deltchd i. II hn' On. Supl.FrOi "IRQI' Ground Wal .. Chuiul AndY'fll.,1II 1254.01 

Oah :P"lIple, : 8l1nk I Rln8lU: RinDIU I ',p8lttl ",1U21 "pBIU I ',pllBI Oupl I I 011,12 I Dopl3 I 
...... "'~ ~-~ ~~ ~ ~ ~ ..... ~ ~ .. --~ ..... _-----_ .. -_ .......................................................... _ .. -... -.... ------------_ ..... __ ............ --_ ... -................................................................................... 
Apr-B': PC! 1719 I I 
O[H': f'e~ 1149 I I 
Ju,-8S: mille I I 
J.n-8~: Hi 1110 I I I 
J'h-B6ImIll8 I I I 
Apr-8b:mI718 liS I I 
Mo.-D61m1l49 I I 
Od-8llmI15' I I 
Apd' :mllS' I I 
1k1-81:mI251 I I 
J.n'9~ I PC! 115. I I 
Jun-85 : Pel 115' I I I 
Jar,-Rb I PCB Il~4 I I I 
Apr-861m IlSI : IS I I I 
No.-86Imml I I I 
IkI-BlI PUIIIO I I I 
Apr-e4: PC! 12£0 I I I I 
1k1-B4lmmO I I I I I 

hn85 I Ptl 1160 I I I I I I 
Jun-85 IPU Il60 I I I I I I 
Jan-861'PUI1M I I I I I I 
Apr-86lmmO liS I I I I I I 
Moy-86 I PCB 1260 I I I I I I I I 
Noy-86 I hIIlSI,,_, Diss. I( 0.100 : ( 0.100 I ( 0.100 I I 3 . .,1 5." I I.UI 
Mo.-86 I Sflf~iu. Din. I( U05 I ( 0.005 I ( 0.0051 I( 0.005 I t.o51 I ( 0.005 I 
Noy-86 I S .... iUl. 10111 I( 0.005 I ( 0.0050 I ( 0.005 I I( 0.005 I 0.015 ( 0.005 1 
Moy-86:Silm.Din. I( 0.001 I ( 0.001 I ( 0.001 I( 0.001 I ( 0.001 ( 0.0011 
Ikl-U I Sf".,. lohl I I I I I I 
Ap,-91: Slim, lohl I I I I I 
Ocl-84: Slh.t. lohl I I I I I 

J.~-85: 91"", lohl I I I I I 
Juo-B5: $Ihrr, 'old I I 1 I I 
J.~-a6 : 511 • ." lohl I I I I I 
Ap,B6: 511.", IDhl I I I 1 I I 
MD,-86: 5Ih". lohl I( 0.001 I ( O.OOll( 0.001 I 0.0011 ( 0.001 MOIl 
Mo.-96: 5"1"., Din. I( 0.100 : ( O.IOOI( 0.100 I 6.211 1'.1 10.61 
Mo,-8&: Sulfaln I( 10.0 I ( 1.0 1 ( 10.0 I I 96.5 I 41.0 3\91 
Dcl-BlI I,lrnhlor.lhrn. I I I I I I 
Apr-81 I ,.lral~lurtlhrnt I I I I I I 
0,1·94 I hlmhloltlhtnt I( 0.010 I I I I I I 
h.-85 I hlrnM",mm 1< 0.005 I I I I I 
Jun-BS I 1.lracMor.lh ••• I I I I I I I I 
Jln-06lhlmMrnlhm I I I I I I I I I 
Ap,·B&lhtrathlor.lhm I( 0.005 I I I I I I I I 
Moy-86 I ltlmhlonlhen. I I( 0.005 I ( O.OOS I ( 0.005 I ( 0.005 I ( O.OOS : ( 0.005 I ( 0.00' I 0." I ( 0.005 
Ocl-83 I IDe I I I I I I I I I I 
Apr-BII IDe I I I I I I 
Ocl-81 I IOC I I I I I 
J.n-85: lilt I 1 I I I 
Jun-USIIOC I I I I I 
Jln-8! : loe I I I I 
Apr-8!: IDe I I I 
Mo,-86 : loe I I I 
0[1-8l1l.I",", I I I 

( mn~ nol dplpchd usinq dllp[lion 1i.1I shu""l P um p"5.nl hi hI •• dIlution Ihill IS IUn! in!ullldtni !upl' Pl9t14 21-Ap,-B1 
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AlphabPlml S""',y of Consilitu.nll D,I.<I.d In at l,nl On. h.ph fro. .IROP G.ound N.It. [hOlt .. 1 AnllYln 1.,111 1254.01 

Dih : P ..... h. I Bhn. I Rlnlill I Rin81UI I. pili I I ",11121 I.plllll l.p81111 Oupll I fupl2 I Oupl 3 I 
~ ~ ~~ ~ . ---. _ .. _. --- ... ----- .... -_ ..... ------- -- -------_ .... _----- ------ ............... ----_ ........................ --.. -_ .......................... ----_ ........................... --_ ................................. ---_ .. 
~p, 01 : InltlPn. I I I I I I 
Del 01 I lol"fn. I( 0.010 I I I I I I 
Jln-OStIDI".n' I( 0.0051 I I I I 1 
Jun-OSI 1.I"pn. , I I I 1 , 
l,n'Obll.l"rn. I I I I I I 
~p, 0' : lolu.n. I( 0.005 I I I I I I I 
No,-Db I 1.I"tn. I !( 0.005 : ( 0.005 I ( 0.005 ! ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
OcIUII,.nsl,l-Dichloro.lhtn.' I I I I I I I 
Ap.-Blltrlntl.Hi,hlOfo,lh.n.: I I I I I 1 I 
Dcl-91llrln!l,l-Glchlaro.lh.nrl( 0.0101 I I I I 
JonB51It.nsl.HichiototlhmIC 0.0051 I I I I I 

Jon-OS I Itlnl 1.2-0Ilhlor •• lh,", : I I , 
Jln-B6 I I,IIIlI,2-Dlch\oro.lhm I I I I I I 
Apr-B&II,lnll.2-0i,hI.rD.lht.tIC 0.0051 , I I I I I I 
Mov-8&"'ln,I.2-Dlthl., •• lhml I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 0.19 0.31 ( 0.005 I 
Ocl-aJ I I,IIh1o,orlh.nr I I I I I I I I I 
Ap"BIII,lchlOfDtlh.nt I I I I I I I I 

Otl-glI 1,IchiorDtlhfn, I( 0.010 I I I I I I I 
J10-85I 1,ltMOfotlhm I( 0.005 I I I I I I 
Jon-aS: lrichlOfOtlh.nt I I I I I I I 
J~n-Bb I l,hhIOfD.\h.n. I I I I I I 
~p,-eL I I,I,hloto.lh.n. I( 0.005 I I I I I I I 
"ov-96 : Irl,hlorn.'h,n, I I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 0.60 I 1.5 I 0.009' 
No"IL I hlch\orol1uo,olflhu I I( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0_005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.0051 
N."Rb I 'Ia,. DIll. I I( 0.010 I ( 0.030 I ( 0.030 I I I 1 0.129 I o.m I 1.86 I 
Ocl'Ullm.lohl I I I I I I I I I I 
Apr-BII hnt, 10111 I I I I I I I 
Oct Blliinc. 10101 I I I I I I I 
JIO 951 hnc, lohl I I I I I I I I I 
JunB51 /i.t, 10111 I I I I I I I I I I 
J.n,96: IIftc. lohl I I I I I I I I I I 
Apr 86 I hnc, 10111 liS 1 I I I I I I I I 
No,-96 I hnt. Inhl I( 0.010 I ( 0.03 I ( O.OlO I I I 1.13 I 1 • .,1 20.1 I 

:t::::I1'=!::::::::::I~=:l:::~:lZ::===::::I:t:=::::;:r=:==.: ••• t= •• 2.:t=:U·=lt:r=-#:::#==::==:J~=:r::.:'l=.#:t.=I:===::t::::Iz::::;:=::=='1::'l:':::===2:S====1fi!:f:Il •• t:::I" •• :n:lCl:'I';:.,: •••••• *::IIitill:c::;;-.;:;:;:::. 

"" .. , t.-",,·-t '1',~ drt>r""n li.1I shown: P mM .,eml bul beloN delftll". ,jIU; IS mnl inlufllchnl niPI. Plq, 15 21-Apr-81 
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APPENDIX C 

MAXIKOM AND MEAN CONCENTRATIONS DETECTED IN 
NIROP GROUND WATER ANALYSES 



• • 
"'''.UI IOd nun Con"nt"t,o"S DI CO",tlt •• nll O,het" In MIROP G,ound W.I •• A .. hsn Ilqlll 1254.01 

ht ... te. : I-S 11-0 II-Pt 12-5 12-0 12-Pt 13-5 13-0 I lope I 4-S 14-0 I 4-PC I ~·s IH 16-5 16-0 I 7-S 17-D 11-$ 
"' ...... -- ... _ ..... -................. _-_ .... -.... -.. -- .......................................................... -.... __ ........................................................................... -.... -................ "' .............................................. -........................................... ---_ .................. _-------_ ................. -......................................................... --...................... 

· · · · · · · · · · · · • · Count \. \1 \. \. ,. I' 2' 'I •• '1 •• o. ,. O. ,. O' 0' O. O. 

AHeMe.lotil "UltU': 0.0080 • 0.0025 • 0.0025' 0.00151 0.0025' 0.0025' 0.00251 0.0025 1 o.om. 0.0025 I 0.0025 I NA 1 0.0025 1 MA I 0.0025 • IIA' NA 1 IIA' !IA' 

" ... O.MOO. 0.0025 • 0.0025 I 0.0025. 0.00251 0.0025 • 0.0025' 0.0025' 0.0025 • o.oon. 0.0025 • NA. 0.0025 • NA. 0.0025. KA' MA. NA. IlAI 

· · I 
I I I · I · · · · · · · · 1 1 · · · · · • · · • · · · · [ounl 1 2' 2' 2' 2' 2' 2' l' 2' 2' 2' 2' I' 2' O. 2' O. O' o. O. 

Cadllul.lolol '''vllttll 0.00051 0.0061 I 0.M24 • 0.0041 • 0.0011' 0,0012 I 0.M16 • 0.0014' 0.0092 • 0.002\ I 0,0029 I 0.00\41 0.0068 I NAI 0.0062. IlAI NA' IlAI NA I 

"un I 0.0051' 0.0041' 0.0011 I 0.001/ I 0,002l I 0,0023' O.Mlll 0.0019. 0.005]1 0,0020. 0,0022 I 0,0014. 0.001l I HA' 0,0040 • NA. NA • MAl NAI 

· I I · I I I I · I · I · I I · · • • • • • • · · · toun\ 2' 21 2' 2' 2' 2t 31 21 2' II 2t \. 2' O. 2' 01 O. o. o. 
th'Dliul.lohl "nllll' ~ 0.0310 • 0,0040 • 0.0110. 0.0510 • 0.0050 • 0.0070 • 0.0200. 0.0256' 0.0190 I UUO 1 0.0080 • 0.0010 I O.OIlO I MA I 0.0400 e NAI MAl 111\. NA' 

"Uft O.0240e 0.0015e 0.0125 , 0.04l0' 0.M4S' 0,0065' 0.01l1' 0,01A5 • 0.0110 • 0,0110 • 0,0065 • 0.00'0' 0.0095 , NA. o.om, NA. NA' NA' NA' 

· , 

· · I I · • , · · · I · , · · tD.nt I 2' 2' 2' 2' 2' 7' 3' 2. , . ,. 2' I' 2' O. 2. O. o e O. O. 

[opprr.lol.1 
""'"." I 

0.0540' 0.0560. O.OllO' 0.2\401 0.0290 • o.ono· 0.OB40' O,mD' uno • 0.0110' 0.05&0 • 0.0005' 0.0400 • MA • 0.0820 I NAI MA' MA' !IA' 
"un I 0.0165 • o,ono e 0.0125" D.1lI0' 0,015~ • o.om. 0.0441' 0.0lS0' o.om. 0.0340 • o.mO' 0.0005' 0,0290 • IIA' o.om. NAI MA' NA' MA' 

· · · · · · · · • · , , · I · · · · · · • I • I · [ou.1 I S. S' 5 • S. 51 5 I ,. S. 5. 5 • 5 • 2 I 5 I 2' 5 • 2. 2' I' I. 

Lp,d.lohl "a.ilul ~ 0.0910 I 0.0540 • 0.1100 , O.llIOI 0.0300 • 0.0390' 0.1710' 0.0170' 0,0160 • 0.0840. 0.0440 • 0.02601 0.0226' 0.1660' 0.2940 I o.mo. 0.1010 I 0,0340 • 0,1540 • 

nun o.oml 0.0328 • 0.0613. o.lm. 0.0198 I 0.0194 I 0,0647 • D.om· 0.0716 • 0,0404 • 0.0212 • 0.0140' 0,0114 • 0.1135' 0.1404 • 0.0145 • 0.0580' 0,0340 , 0.1540 , 

· · · · , · · I · · · · I · • • · · · · · • 
Count 4. 4. 4. 4. 4' 4' 5. 4. 4. 4e 4' ,. 41 ,. 4. 2. 2' ,. I. 

".nq,"Psf.lohl "1Id_lIl I 3,6900' 0.1510. 0.'110' 6,9000' 0.5160 I o.mo. 3.1600' 0.1000' 0.1390' 1,8100 • o.mo I 0.4140' 4.0900 • 0,1120' 6.5400 • 0,5610127.5600' o.mo .11.8000. 
nun I 2.1456' 0.0940' O.SHIl· 4.'925' o.mo. 0.21401 2.0680 • 0,09£0' 0.1065 • 0.1448 , 0.1948 1 0,4045 • 1.2500 • 0.2150' um. 0.41201 U.4000 I 0,6950.\1.8000' 

· , , 

· , I · I · · , • · · I · · · · · toun! I. •• I' ,. I' •• 2' \1 \1 I' I' O. I. O. I. O. O. O. O. 

"mory, hill nulloa \ UO~, • 0.0001 • 0,0001 , 0.0001 , 0.0001 , 0.0008. 0,0011 • 0.0001' U002 , 0.000' , 0.0004 • NAI 0,0001 • fIA. 0.0008 , IIA. NA' MA' IIA' ",,. O.MOl' 0.0002 • 0.0001 • 0.0008' 0,0001 , 0,0008 • 0.0009 • 0.0002' 0,(00) • 0.0001. 0,0004 • MA. 0,0002 • NAI 0.0008 • NA' NA' MA' MA' 

Hall 'h.!.'",,," 1",I,,,,",.d lor cn",liIutnhtohieh •• rtnol dfl;chd. P,o.1 71·Apr91 



• • 
"U"U' 106 "ur, Conttntr.hD ••• 1 Conslltu!." D.\tchd in HIROP Ground Wlh. AnllyslI 1'9'11 \251.01 

~a, ... h, 

Nul.l. l.lal 

SHy." lotil 

IInt.lohl 

: \·5 \ \·0 : HC 12-5 12·D I HC 13-5 13-0 I He \ HI'" \ He I '-S I $-I 1 H I H 11-5 \ H 18-S 

, 
• • •• • I I • I • 

CDunl II \. II \1 II \1 2' I' \1 II II 
"mlu, I 0.0110 I 0.0300 I 0.0080 I 0.1070 I 0.05l0' O.OOSO' 0.0220' 0.0100 I 0.0480' 0.0110' 0.0060 I 
"un 0.0210. 0.0300' 0.0080' 0.1010' 0.0530 I 0.0050' 0.0200' 0.0100 I 0.0480 I 0.0170' 0.0060 I 

. . 
O. I • 

MA' 0.0180' 
NA I 0.0180 I 

. 
fl. • 

• I", I , , I I • 

Count 2 I 2' 7' 2' 2 I 2. 3 • 2 I 2' 2' 2' I I 2 , 
""iI •• : 0.0005 I 0.0005' 0.0005 I 0.0005 I 0.0005 I 0.0005 I 0.0010' 0.0005 I 0.0005' 0.0010 I 0.0005' 0.0005 I 0.0005' 
"ran 0.0005 I 0.0005' 0.0005 I 0.0005' 0.0005 I 0.0005 I 0.0007' 0.0005' 0.0005' 0.0008 I 0.0005' 0.0005' 0.0005 I 

. , 
0' I' 

NA' 0.0180 I 

NA' 0.0100. 

. , , 
I I 

O' 2 • 
NA' 0.000" 
NA' 0.0005. 

I "" 

I 

D· 
NAt 
NA • 

, 
O. 

MAl 
MAl 

, 
01 

MA. 
MA • 

I 

O. 
MAl 
NA. 

I 

01 
MA I 

NA. 

I 

01 
MAl 
MA I 

O. 
MA I 

MA. 

I 

01 
MAl 
lUI' 

I' • ., "..., I I • 
Count 1 5 I 5 • 5 • 5 • 5 I 5 I 6 • 5 • 5 • 5 • 5 • 2 • 5 • 2 • 5 • 2 • 2 • I • I • 
"I.ito.: 1.6000. '.2500' 1.3100' 3.9000 I 4.0700' 1.1100 I ].6400' 7.6000 I 1.4300' '.2000' 1.!lOO' 1.3(00' 0.1010' 6.0200' 76.6000' 5.S700 I l.:lSOO' 10.4000' 1.8100' 
""" 0.8026' 5.2080 I 0.5946 I 2.4254' 1.9192 I 0.5100. 1.9110. 3.7718' 0.5101' 2.8110, 1.5591' 0.6925 I 0.1834. 5.0200 I '.1600. 3.9350' 2.mO. to.4000' I.BIOO' 

Hall tho d~lt(tinn hilt ." hl.d to, cons\it.fob .hhh .rr. not deltchd. 21-Apr-81 



tonstltu'nlsMdtdNo,-96 

No,-86 I 2-9."00.' 
Nov-a61 Alhllnll, 
Mo.·06 I Antftlt. Bin. 
W.,·86 I "'\.1. Bin 
Mo.·B6".,lul.lol.1 
Mo.·16 IC ... I ••• Din. 
Moy·D6 I ClitiUl, Din. 
No,-B6 I hltl ••• lohl 
MOr-86: CMlJI'id' 
No,-96 I [~,o.Iu •• Dill. 
Nov·Bb Ito"". 0 .... 
.ov·86 I Iud, I.", 
No,·D6 I ".,.11101. lin. 
No"86 I M,"qlflnf, Din. 
Nov-861 "mu,y, lin. 
No.-D~ I Milhl. Diss. 
••• -06 I MiI,ott-WllIog." 
No.-86 I '.hulu •• Din. 
WII.·R6 is.IHi.I.Dlu. 
M.,-86 I S.luI ••• 10111 
No.-86 ISH..,. DI~'. 
Nov'R6 I Sod! ••• II ••• 
Nov-86 I 501hl,, 
Mo.-86 I Irlthlorollooroulhiu 
Mo.-86 t lioc. Din. 

• 
Nllillli .nd Nun Conu.tuUon, of Condilo •• b O.hud In MIlOI' lit",",. MalIII' ... IVIII 11<1'" 

I III.' I Ri.lIll, RIdlU I I"IIU I Ir, IIUI "pllll I ',plilt I "pi I I au,1 2 I aupl S 

I ( 0.010 I ( 0.010 I ( 0.010 I ( 
I ( S.O I ( 5.DI ( U I 
t ( 0.005 I ( 0.005 I ( 0.005 I 
I ( 0.010 I ( 0.010 I ( 0.01. 1 
I ( 0.010 t ( 0.010 I ( 0.010 I 
I 0.0001 t ( 0.0001 I 0.0002 I 
I ( 0.100 I ( 0.100 I ( 0.100 I 
I ( 0.1 I I ( 0.1 I 
I ( 1.0 I ( 1.0 I ( 1.0 t 
I UOI I 0.002 I 0.002 I 
I 0.003 I 0.009 I 0.002 t 
I 0.001 I ( 0.001 I 0.002 I 
1« '.010 I ( 0.100 I ( G.l00 I 
I ( 0.0]0 t ( 0.0]0 I < 0.0]0 I 
I ( 0.0001 I ( 0.0004 I ( 0.0004 I 
I ( 0.001: 0.001 I ( 0.001 I 
I 0.021 I I o.oZ3 I 
I ( '.100 I ( 0.100 I ( 0.100 I 
I ( 0.005' ( 0.005' ( 0.005 I 
'( 0.005' ( 0.0050 I ( 0.005 I 
I ( 0.001' ( 0.001 I ( 0.001 I 
I ( 0.100' ( 0.100 I ( 0.100 I 
: ( 10.0 I ( •• 0 I ( 10.0' 
I ( 0.005 I ( 0.005' ( 0.005 I ( 
I ( O.OlD I ( 0.030 I ( 0.0]0' 

0.010 I ( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.005 I ( 
I 

0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.01. I 
I I I .. ' ml "'I 
I '( '.005 I ( t,005 I 0.013 I 
I I 0.1$2 I 0.\15 I 0.111 I 
I I 0.\91 I o.m I 0.160 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.005 I ( 
I 

, O.OOOS I 0.0004 I 0.0008' 
I 151 I 12. I 151 I 
I 1731 8UI 390, 
, 1.61 15.l1 15.11 
, 0.002 I 0.002 I 0.002 I 
I 0.002 I 0.004 I 0.002 I 
I 0.00] I O.OOJ I O.OOS I 
I 29.5 32.' , 52.' 
I 1.02 0.0211 1.91 
I ('.0004 (0.0004 I ( •• 0004 
'( 0.001 (0.001 I ( 0.001 
I 1.16 USI 0.028 
I 3.8S 5.19 I 4.92 
I ('.005 0.051 I ( O.oOS 
I (O.OOS '.015 I ( 0.005 
I (0.001 0.001 I ( 0.001 
I '.27 25.1 I 10.' 
I 96.5 0.0 Ill' 

0.005 I ( 0.005 ( 0.00' I ( 0.005 
I 0.129 0.112 I 1.86 

Paq, l 

• 

ZI-A,r·17 



• • 
"uhul Ind NUn Conc.nl,.lion, 01 Cooltitu.nh O.I.cltd in MIRIlI' Ground M.I.,. A.dystS '19111 12:14.01 

p.,u.le, I 8·0 19-5 19-0 IIO'S 111-$ 111-5 113-5 I 14-S 115-5 I t&-l I 11-5 I 18-5 IIH I 20-8 IFIIC-33 I 
~ .... ~.~~ ..... ----_ .. _-------------_ .................... --------........ -.. -....................................... -... -.................. -................................................................................. -...... _ ......... _ .. _-------------_ .. _------... -.. -.. -----.................................... 

· I 

I . . . . . I • I I · I I 

Counl 01 II 01 01 Of 01 01 01 I' 01 01 01 01 01 tl 

Amnit.lolll h"luII MA' 0.0210 I MA I HA I MI I MI I NAI NA I 0.0450 I MA I MA I NA I MAt MAl 0.0025 I 

"un MAl 0.0230 I MA I MAl MAl MA' HA' HA I 0.0450 I HA' MA I HA' HA' MA I 0.0025 I 

I I I · I I I I I I I I . I . I I · • 
Counl 01 II 01 01 O· 01 01 Of .1 O. 01 O· 01 O. 21 

rl~.luI. Toltl "nila. NAI 0.00311 HA I HA I HAl MAl HA I MAl 0.0194 I HAl HA I WI I HA I HI' 0.0051 I 

Nun MI' 0.0031 • NAI NAI NA I MAl NAI NA' 0.01911 MA I MA I MI I .A I HA I O.oon I 

· . I · I I · I 

I I I I I . • I • • · I 

C .. nt I 01 tl 01 01 01 O. O. o. I' 0 1 01 O' O' O' 21 

Chroliul,Iohl MIIIIUI I HA' 0.2670 I MA. NAI NAI • At MAl N" 0.0110 • HI I HI I HA' N .. W. I 0.0040 • 

"un I HAl D.mOI MAl IA I HH MI' HI' MAt 0.01101 MAl HA I HA I NI I H •• 0.0015' 

1 
1 
1 
I I I 

I · I . , . I , I · · • 
Counl 1 0' I' O. O' O· 01 01 O· I. O' O' O. O. •• 2' 

Copptr.lohl ""iIUI I NAI uno I MAl MAl NAI HI I HA. MAt 0.0990 I MAl I .. HI' HI I HI I 0.0320 • 

lIun I II I 0.3170 I .AI "A I IA' NAI NA' IA' 0.0090 I MI' HA' IA' 1ft I MAl 0.0200 I 

I 

I I I I I I 
I I I I I • I I t t I I t 

CMl~1 I II 3 I I. 21 '1 II II II , I I' II II II II 'I 
L!.d. T.hl Mni.u. t 0.1120 I 0.11401 0.0610 I 0.1090 I o.mo. o.mol 0.0330 I 0.1010. 0.1140 I Uno' 0.0&00 I 0.1200 I 0.0970 I 0.1'20' 0.0510 I 

"u~ 0.1120 I 0.0817 I 0.0£10 I 0.0145 • 0.0465 • 0.36601 o.oml 0.1010 I 0.1110 • 0.0130 I 0.0600 I 0.1200 • 0.0970 I 0.1520 I o.oml 

I 
I I I I 

· I • I I I . t · • I t • 
Counl II ]1 II 2t 21 II II I' ,. I' II II II II 41 

N.09·nu •• lolIl N"it •• 1 uno I 2.$100 , o.mol '.5900. 5.0000' 10.1000 I 1.89001 0.53101 2.46001 1.&400 I •• UOO I 1.38001 o.mol 1.7100 • 0.9570 • 

Nun I 0.8010' 1.91001 0.5210' uno. UI50.IO.1OOO. l.nOOI •• mol 2.1900. l.lIM I I,IMO I 1.1000 t U2201 1.1100 I US1S' 

I 
I 
I 
1 I · I I I I I I . I I I I , I I I 

Count 01 II O. o· O. 01 01 01 II O. 0' 01 O. 01 I' 
"erury.lolIl "nilull I.' 0.0002' ... MA' MA I .AI MAl I .. 0.0001 • HH H~ I MA I II. III 0.00121 

Nun I ... 0.0002 • 1ft I MAl M" IA I MA I MA. e.ooo~ 1 1ft • 1ft I MA I N •• I •• '.0012 I 

Rill thl d.hrllon 11.11 NIl u!d 'or (OIIItHuIl\h ""lth If" 101 •• hchd. Pl91S 21·.,,·11 



•• • 
"""UI ond "un ConnntrollaM 01 Con"lIutnll D.hchd in HIROP Ground Mil" An.lvses 119111 

hr ... ltr 

SiI .... lohl 

linc.lolil 

: 8-D I 9'S I H I 10-5 I 11-5 I 12-5 I U-S I IH I 15-B I 16-5 I I1·S I 18-9 I I9-S 120-S I FIIC-33 I 

Count 
"iJt:UUI ~ 

"un 

Count 
"u,luII 
Hu. 

. . . . 
O. \I o. 0 I 

NA I o.mo. NA I NA, 
NA. n.mol NAI NA. 

• I 

I I • 

O. I I 0 • 0 I 
NA' 0.0010 I NA' NA. 
NA' 0.0010' NAI MAl 

I 

O· 
NA. 
MA' 

I 

O. 
NAI 
MAl 

O. 
NA. 
NA , 

01 
MAl 
MA I 

01 
MAl 
NA. 

. 
01 

MA. 
HAl 

I 

• I 

O. ,. 
NA·0.01901 
NA. 0.0390 I 

I 

o I I I 

NA' O.OOO~' 
NA' 0.0005 I 

I . , 

I 

O. 
MA I 
NAI 

O. 
MA I 

HA I 

I 

01 
NA I 

NAI 

01 
NA I 

NA I 

01 
NA I 

MA. 

I 

01 
NAI 
NA I 

01 
NA. 
NA I 

I 

01 
MAl 
HAl 

O. I I 

MA I 0.0030 I 

NA I 0.0030 I 

I 

I I 

01 '1 
Mft' 0.0250' 
NAIO.OI28' 

•• I.' I I' I I I 
Counl I' 3' I' 2. ,. I' I. II 21 II II II II II 5' 
N .... u. I 1409000' 1.1500 I 4.4100' 29.9000. 1.4100 I 6.1100' 6.1300 111.&000 I 25.4000' 6.11001 4.S600 1 9.00001 S.2100' 4.2500' '.0900 I "up I 14.9000 I 1.'6611 4,4l00' 15.5900. 1.2400' 6.11001 6.\lOO. 11.6000 I 21.4500 I '.1100 I 4.56001 9.09001 '.2100. '.25001 2.0m. 

Moll th. d.ltltiOn 1i .. 1 '" u~.d for (on.lllufIlli which •• t. nol d.lf!hd. PIg.' 

1254.01 

2Hpr-81 



• • 
""11,,1 Ind "Pin ['nConlullon, 0' CDn.lilu,nl.O,h<ltd in NIRDP6roundht,r Ilq/ll 1254.01 

P.ruehr 1 1-5 11-0 I HC 12-S 1 2-D 12-pe IH :3-0 IHC 1,,9 14-0 tHe IN tH 16-5 16-0 11-5 11-0 
~~~~"~~~"~ff~4~~~"~~~ ___ "'_"."""~~~.""""·""_"""""""""""''' ....... --- ......... ------.. - .. - ................................. - .. --------- ...................... - ................. --..... ------ ................... -- ......... - ........ - ...... - ..... -----......... -- ...... - ................................ ------------,.--.......... -- .......... - .............. 

· · · · · · · , I . I I I · · · · I · , I 

COllnl I ,. 6' ,. ,I , . ,. 61 ,. 61 ,. i. ,. •• 1. 6. }. II 7' 
1,I.t-lrtrhlor •• lh.n, "~u.u. I 0.0050' 0.0050 • 0.0050 • 0.0059 • 0.00501 0.0050 • 0.0050 • 0.0050' 0.0050 , 0.0050 I 0.0050 • 0.0050 , 0.0050' 0.0025 I 0.1300 I 0.0025 I 0.0065. 0.0025' 

""n 0.0039' 0.0039 I 0.00lQ • O.OOU' 0.00391 0.0030. 0.0038 • 0.003B I 0.0039 • 0.00!8 I 0.0038 , O.oon • 0.003B' 0.0025 • 0.0616. 0.0025 • 0.0011 I 0.0025 • 

, · · · · · · · · · · · I · · · · · · • 
[ounl •• ,. 6' 6' .. •• •• • • •• 6' •• 11 61 ,. ,. 3' 1. 2. 

1.I·D,ehl.IDtlhln, "mlull 0.0050' 0.0050' 0.0050' 0.0050 I 0.0050' 0.0050 I 0.0260 • O.OOZOI 0.0050 • 0.00501 0.0050 • 0.0050 • 0.0050 I 0.0025. 0.0\901 0.0025' 0.0025 • 0.0025' 

"Un I O.OOlBI 0.00l9 • 0.0039' 0.00l8' 0.00181 0.00l8 • 0.0093 • 0.0038' 0.00l8 I 0.OOl8 I 0.00l9 I O.OOll • O.OOlB' 0.0025 I 0.0065 • 0.0025. 0.0025. 0.0025 I 

· · I · I · · , · · · • . · • , · • · · · • · · [ounl I 6' 6. ,. 6' ,. 6' 6' " 6' 6' 6' I. 6. ,. 6. 3. 3. 2. 

I.t-Oi(hloro.throt ""hull 0.0050' 0.0050' 0.0050. 0.0050 • 0.0050 • 0.0050 • 0.0050 • 0.0050 • 0.0050 • 0.0050 • 0.0050 • 0.0050 • 0.0050' 0.0025 • 0.0050' 0.0025 • 0.0025 • 0.0025 I 

"Pin I 0.0038 • 0.00l8' 0.0038' 0.0038 • O.OOlB' 0.0019 • 0.0038 • 0.0018. 0.00191 0.0019 I o.om. o.om. 0.0018. 0.0025 I 0.OOl8 • 0.0025 1 0.0025 • 0.0025 I 

· · · · • · · · · · · · · · · I 

Co.hl 61 6' 6' 6' 6' 6' 61 6. 6' •• 6' " 
,. 1. 6' 3. 1. 2' 

bl!nl.n. ",nitu.1 0.0050' uno 1 0.02101 0.0050 • 0.0050 • 0.0230' 0.0050' 0.0050 • 0.0140. 0.00" , 0.0050 • 0.0050 I 0.0059. 0.0025. 0.0100 • 0.0025 • 0.0025 , 0.0025. 

"un I 0.0019' 0.00&6' 0.0064 • 0.0018' 0.0018' 0.0072' 0.b010 • 0.0019' Mote. 0.0041 • 0.00l9' 0.0033 • 0.0043' 0.0025 • 0.0050 • 0.0025 • 0.0025. 0.0025 , 

· · · · · · · · · · · · · · · , · Count •• ,. I' , . 4' •• I' 4' 
" 

I' 4. II ., I. 4. I. I. O. 

8ill2.lhvlhtIYIIPhlhlllh"',loul: 0.0180' 0.0050 • 0.00&0 • 0.0940 • o.oelo, 0.0100 , 0.1100' 0.0580' 0.0110 • O.OIBO' o.ono I O.om. 0.0160! 0.0036 • 0.2200. 0.0010' 0.00091 NA I 

"un I o.om' 0.0011 • 0.0019 • 0.0212' o.om. 0.00B9' o.om· 0.0161' 0.0081 • 0.0064 • 0.0200' 0.0059 • 0.0014 • 0.0036. 0.0564 • 0.0030 • 0.0009. MA. 

I · , 
, · · · · · · 1 I 1 , · · · 1 , I I · [ounl ,. 6 • 6' 6' 6' ,. 6' ,. ,. •• , . 31 , . 3. 6 • '1 3. 2. 

[hlorolol. ""ilu.' 0.0050' 0.0050' 0.0050 I 0.0050 • 0.0050. 0.0050 • 0.0050 , 0.0050 I 0.0050 • 0.0050 • 0.0050 I 0.0050 • 0.0050 1 0.0025 I 0.0050 • 0.00251 0.00251 0.0025 I 

"un 0.0016 • 0.0019' 0.0038' 0.0038 • 0.0010' O.OOlB' 0.0038 • 0.0018 , 0.0038 • 0.00191 0.0038 • O.oon , O.OOlB 1 0.0025. 0.00l8 , 0.0025. 0.00251 0.0025 • 

, 

· · · · t · · · · t I • • 1 · • I · • , · , • · CDunl I 3' 3' 3' l' 3 • 3' 3' 31 31 31 l. I' 1. I. 3, I. •• •• 
CuI.2·0IChiDfollh,ne ftaMi.ul : 0.00501 0.0050 • 0.0050 • 0.0050 I 0.0050 • 0.0240. 0.2900' O.OO~O • 0.0050 • 0.0050 • 0.0050' 0.0025 I 0.0050 • 0.0025. 0.5800 • 0.0025 t 0.0025 t 0.0025' 

nun 0.M42' 0.0042 • 0.0042' 0.0042 • 0.0012 • 0.0105' 0.1500 • 0.0012 • 0,00421 0.0042 I 0.0042. 0.002S' 0.00121 0.0025. o.mo. 0.00251 0.0025 I 0.0025 , 

HIIf Ihl d.ttclton 11111 NU usod lor condit.f.i, Mhlth .Ir, not 'elltltd. hOt I 21-~r-ll 



• • 
h,il.1 aod "un ~onctnl"hoo~ of tOMtit •• nh D.lfthd i~ NIROP GrOllnd Wah' Ilg/lI 

£Ihvlb.nlfn. 

: ,-S I 1-0 r He r 2-5 I 2-D I He I H I 3-0 I He I 4-1 I ,-, I HC r 5-9 I H I "g I '-0 I 1-' I 1-1 

Count I 
"aulu.: 
H •• n 

" , 
6' 6. ,. 61 

0.0050' 0.0050' 0.0050' 0.0050' 
0.00)9' 0.0038, 0.0038. 0.0038' 

· · · I ,. 
O.OO~o • 
0.0038. 

. 
I I 

I "I' I , I • I , • 

6. ,. " .' " 6' ]1 " ], " ]. If ZI 
0.0050' 0.0310' 0.0050' 0.0050' 0.0050 I 0.0050' 0.0050' 0.0050' 0.002~' 0.0050' 0.0025' 0.0025' 0.002$' 
0.0018' 0.01ll' 0.0019' 0.0038' 0;0031' 0.0018 I 0.0033' 0.0018 I 0.0025' 0.0038' 0.0025' 0.0015' 0.0025' 

, , 
., ..,' I I , , • • , I , I 

C •• nl I 6. 6' , • 6' 6 I 6' 6 I 6 • 6, 6 I , • 1 • 6' ,. 6 • l' " 2 • 
"am.l: 0.1000' 0.1100' 0.1600'41.0000' D.nOO' 6.0000' 0.1300' 0.0100' 0.1100' 0.8000 I 0.4400' 0.0190' 0.0290' 0.0025' 0.0700' 0.0025' 0.0025' 0.0075' 
".an 0.0551' D.Om, 0.0320. 6.8108' 0.1415 I 1.0191' 0.0391 I 0.007S' 0.0241 I o.lm I 0.0772 I 0.0088' 0.0092 I 0.0025' 0.0195' O.002~' O.OO~' 0.0025' 

Im.OI 

"all the dtltrtloo lillt .I~ uu! for loo5tltu.nh Nhirh otr. not d.tultd. Pml 2Hpr·ar' 



• • 
""11"" iod "t.n [one,ol".,o.\ 01 Coo!lilurnU Orhcl.d In "IROP firound Malo, I.qll) 1251.01 

PIr .. ~If/ 10-S 18-0 19-5 IH 110.5 1 II-S 112-S 113-S 111-9 I IS-S I 1.-5 111-5 1 18-5 1 "-5 I 20-9 I fftC-33 I 
~ ~ ~ ~ ~ .. ~ ~ .... ~ .. _~~. ~ ...... ~ ~ .. '" ~ .... M ~~ .. _~ .. MM"_" ........... ___ .... ________ "._ .......... ___ .. __ ....... __ .. ___ ...... _ ................. __ ..... _ ................. _ ........ - ................................ - .. - .......................... -_ ..................... --_ ...... --...... --................. ----.............. ---- ...... --.... 

· · · · I 

· I · · · I I I · · I · I · Counl 21 2. 31 7' 31 31 7' 71 2 • ,. 2. 2. 2' 2' 2' ,. 
I.I.I-Inchloro.lh,nr "HIIUI: O,Ol~O • 0.0025. 0.3900' 0.0086' o.oml 0,0025 I 0.00251 0.0025' 0.0025 • 0.0025 I 0.0025 • 0.0025. 0.0025' 0.00251 0.0025. 0.0050-

!!tI. 0.0205' 0.0025. 0.2661 • 0.0056. 0.00251 0.0025 I 0.0025 I 0.0625 I 0.0025' 0.00251 0.0025 I 0.0025 I 0,0025 I 0,0025. 0.0025. 0.0038 , 

· I · · · I · I .. · · · I · I I · · . 
[ount I 2- 2- 3. 7' 31 3 I 71 2' 2f 2 • 21 2. 2' 2. 2. ,. 

1.I-Oichlaro,lhm "a'Ulull O.oon I 0.0025' 0.06&0 I 0.0025 I 0.0025' 0.0025. 0.0025 _ 0.0025. 0.00751 M02" o.om. 0.0025. 0.0025 • 0,0025. 0.0025 • 0.0210 • 

lIun 0.0019 , 0,0025 • 0.0540 • 0.0025 • 0,0025' 0,0025 • 0.0025 • 0.0025. O.oon I 0.0025 I o.om. 0.0025. o.oml 0.0025. 0.0015 I 0.01111 

I 

· I . • I · · · I I I I · I I I I I I I I , 
tDunt 1 2. 2. 31 71 31 31 21 2' 2. 2 I ,. 21 2' 2 I 21 " 1.I-Oi(hlorOlth.n. " ... IU' : 0.002S I 0.0025 , 0.0092 , 0.0025 • 0.0025. 0.0025. 0.0025 • 0.0025 I 0.00251 0.0025 I 0.0025. 0.0025 , 0.0025 I 0.00251 0.0025 • 0.0050 • 

nun I 0.0025 • 0.0015. 0.005B' o.om. 0.0025. 0.00251 0.0025. 0.0025 I 0.0025. 0.0025. 0.0025. 0.0025 , 0.0025. 0.0025 I 0.0025 • 0.0018 , 

-· , , 
I · · . · · I 1 I · · 1 , I • 1 

Count 21 ,. S. 'I S, SI 21 2' 'I 2. 2- ,. 21 2. 2. •• 
Oon, ••• "axllUII 0.00251 0.0052. 0.0025' 0,0050 I 0.0025. 0.0025. 0.0025 - 0.0025' 0.00251 0.0025 I 0.0025 I 0.00651 0.0025 I 0.0025 , 0.0025 I 0.0100 , 

"" .. 0.00151 0.0039' 0.0025. 0.00l9' 0.0025 • 0.0025 I 0.00251 0.0025. 0.0075' 0.0025 , 0.0025 I 0.0045 • 0.0025 • 0.0025 , 0.0025 I 0.0051 -

. · . · I · , · I I I I 1 , I I I I I 
[ount II 01 I. O. II II 01 O. 01 O. 0' 01 D. 01 01 41 

Bis/hlhllhu.IIPhlhalllf I!UlOul I 0,0000' HI I 0.0000 I HAl 0.00011 O.ooOB' MA. HA. HAl NA I NA. HA I HAl MA. MA I 0.0190' 
lIun 0.00001 HA. 0.0000 • MA. 0.0001, 0.0009, HAl HAl HA' MAl WAf MAl MA. HA. MA' 0.0230 • 

· " 

· I , 
, I · , · · · · , I · · I · I · tounl 1 21 ,. 1- 21 31 1. ,. 2. 2' 2 , 'I 2. " '1 2, 

" [hlorofo .. n'H.UI: 0.0025 I 0.0025 , 0.0025. 0.0025 I 0.0015 I 0.0025' 0.0025 I 0.0025 • o.Om. 0.0015' 0.0015 I 0.0015 I 0.00151 0.0025 • 0.0025 • 0.0050 I 
ilIOn I 0.0025' 0.00151 0.0025' 0.0025 I 0.0025. 0,0025 • 0.0025 I 0.0025' 0.0025. 0.002S' 0.0025 I 0.0025 I 0.0025 I 0.0025 I 0.0025 I 0.0038 I 

I · · , 
-

I 'I , I · · , 

· · · , , · , · I · , I · · I I 

[ounl I. II I. II II II II I' I. II II .' I. II II 31 
eu 1.2-Dllhlor.tlhfnt "~tllU' : 0.7100 I 0.0400. 0.1400. 0.0290 I 0.01&0 I 0.0220. 0.0025' 0.0025' 0.0025 I 0.0025' 0.0025. 0.0270. 0.3300 • 0.002$1 0.002$ • 0.2100. 

nun 0.2100 I 0.0190 I 0.3400 , 0.0200 • 0.03&0, 0.0220' 0.0025. 0.0025. 0.0025 I 0.0025 I 0.0025' 0.01/0 , 0.3300 I 0.0025 I 0.0025' 0.1153 I 

H.1f Ihr d~I"lInn litH MIS uled Inr [l)ndllulnh Mhlch .,,' Rot detechd. PIOr1 2\-Apr-11 



• • 
" .. ilul ",d "Plh [Mronl"lI.n, DI COl1~lilu.nh Dththd In NIROr Ground Viltr '.qlll 

hrnehr I 8-S I 8-0 I 9-S : 9-0 : 10-9 I II-S I 11-5 I 13-5 I 11-9 I 15-S I \6-S I 1'-S I IB-5 I 19-5 I 20-5 I moll I 

Nplhrhn. t~ID,id. 

• • I • • 

I • I I , , , 

CDunl 2 I 2 I 3' 2. 3' 3 I 2 I 2 I 2' 2 
" .. iIUI I 0.0025 I 0.0025' 0.0025' 0.M25' 0.0025' 0.0025' 0.0025 I 0.0025' 0.0925 I 0.0025 
H". 0.0015' 0.0015' 0.0025' 0.0025. 0.0015' 0.0025' 0.0025' 0.0025' 0.0025 I 0.0025 

• • I 

• • •• • I 

CDunl 2. 2f 3t ,. 31 )I 2. 2t 2t 2 
Hnilul I 0.0025. 0.0025 1 0.0025 I 0.0025' 0.0025' 0.0025' 0.0025 I 0.0025' o.om I 0.0056 
"un 0.0025 1 D.om 1 0.0025 1 0.0025 I 0.0025' 0.0015' 0.0015 I o.om. 0.0025' 0.0011 

HIli tH rt,trr!lnh lilit -15 UI.d '0' tQft~tllutnh .hlch •• " not dd.thd. 

, 
• I 
, 1 , , I I 

2 , 7' 7' 2' 2 • , • 
0.0025 I 0.0025 I 0.002$ I 0.0025' 0.0025 1 0.2100' 
0.0025 1 0.0025' 0.0025 t 0.0025 1 0.0025' 0.0655 1 

, I , , I 

2t 2t 2 I 2' 2' ,. 
0.0025' 0.0025' o.om' 0.0025' 0.0025 I 0.1200 I 

0.0025' 0.0025' 0.0025' 0.0025 I 0.0025' 0.0311 I 

1254.01 

21-Apr-81 



• • 
Kml.1 •• d " ... CO.Clnt'~tIM5 01 Conslilurnh D.tlChd io NIROP Ilround ~.ht An~ly!h 1.,111 1254.01 

r,,..pto, 

PCBI14l 

PCBI21B 

PCB 12~4 

PCIIl60 

: H i 1-0 : I-PC : 2-5 : 2-0 I He 1 H i ]-0 I He I,-S I... I HC 15-S I s-t I 'oS , H 11-9 11-0 18-5 

I 

I 

Counl 5 I 5 I 5 I 5 • 5 , 5 I 5 • 5 I 5 • 5 , , I 2 • 5 , 2 , 5 • 2 , 2 • I , I f 

"""UI 0.00050' 0.00020 f 0.00030 , 0.00010 I 0.00010 1 0.00050 1 0.00010 • 0.00020 1 0.00030 I 0.00020 , 0.00010 1 0.00010 , 0.00040 10.00010 1 0.00020 I 0.00010 • 0.00010 • 0.00010 I 0.00010 , 
nm 0.00011 • 0.00011 I 0.00013 I 0.00009 , 0.00009 , 0.00017 , 0.00009 I 0.00011 I O.ooon , 0.00011 , 0.00009 I 0.00009 , 0.00015 f 0.00010 , 0.00011 1 0.00010 , 0.00010 , 0.00010 1 0.00010 I 

, , 
f 

[ouol i 5 1 5 , 5 I 5 I 5 , 5 1 5 1 5 I , 1 , , 5 , , 1 5 I 2 I , • 2 f 2 f I , I f 

""i.uI i 0.00010 f 0.00010 , 0.00010 • 0.00010 , 0.00010 I 0.00010 f 0.00010 I 0.00010 • 0.00010 , 0.00010 • 0.00010 , 0.00010 , 0.00010 f 0.00010 • 0.00010 , 0.00010 , 0.00010 • 0.00010 , 0.00010 , 
K,lo : 0.00009 , 0.00009 , 0.00009 • 0.00009 f 0.00009 1 0.00009 , 0.00009 I 0.00009 , 0.00011 I 0.00009 , 0.00009 , 0.00008 I 0.00009 I O.OOoto I 0.00009 • 0.00010 • 0.00010 I 0.00010 I 0.00010 I 

, 
I 

I 
Count I 5 I 5 I 5 , $ , 5 • 5 , S I 5 • 5 • 5 I 5 I 2 , 5 • 2 , 5 , 2 I 7 f I , I I 

h.il.f i 0.00015 I 0.00050 • 0.00030 • 0.00110 • 0.00020 , 0.00050 , 0.00010 , 0.00030 , O.OOOlO , 0.000'0 • 0.00010 , 0.00010 • 0.00020 , 0.00010 • 0.00010 • 0.00010 f 0.00010 1 0.00010 I 0.00010 , 
"un i 0.00023 I 0.00011 I o.ooon • 0.00029 f 0.00011 I 0.00011 I 0.00011 I 0.00013 , O.OOOIl I 0.00015 f 0.00009 , 0.00008 • 0.00011 I 0.00010 I 0.00009 I 0.00010 I 0.00010 I 0.00010 I 0.00010 • 

I 

I 

Couot 5 I , I 5 I , , , • 5 , 5 I 5 • 5 1 , f , • 2 • 5 I 2 • , • 2 , 2 f I I I I 

h.i.1I1 I 0.00010 1 0.00010 , 0.00010 I 0.00010 • 0.00010 , 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00055 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 , 0.00010 I 0.00010 I 
"un I 0.00009 I 0.00009 , 0.00009 • 0.00009 I 0.00009 I 0.00009 , 0.00009 I 0.00009 1 0.00009 • 0.00009 , 0.00011 f 0.00008 , 0.00009 , 0.00010 , UOOO' , 0.00010 • 0.00010 • 0.00010 , 0.00010 I 

H.II th. d."·rll"" 10." ••• ,) •• d In' rnn,Ulu •• h .hi!h ort,nol d,hd,d. 2Hp,·81 



• • 
"" .. ," .04: .0 Conteot.d,DOS of CDnstltuenh Oel.lhd in NIROP G.ound hlr. Anllysil Ilqlll 

hra.~tf' : 8·0 I"S IH IIO'S III·S 111-5 lIB 114-5 115·S II6'S II1·9 118·S II9-S 120-S IF"C·3l I 

PtBI24B 

PC8lm 

PC91260 

. 
Count I' 2' I' ,. 2' I' "w .... I 0.00010' 0.00010' 0.00010' 0.00010' 0.00010' 0.00010. 
H .. o 0.00010' 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 

· · • 
Count I'" I. 2' 2. " 
h.imIO.OOOIOIO.OOOIO'O.OOOIO'O.OOOIO'O.OOOIO.O.OOOIO' "un 0.00010 • 0.00010 1 0.00010 • 0.00010 • 0.00010 • 0.00010 • 

. 
• 

Count I' 2' I. 21 '1 II 
" .. iIUI I 0.00010 I 0.00010 • 0.00010 • 0.00010 • 0.00010 I 0.00010 I 

"un 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 I 

I 

Couol 11'1 II 2' 2' I' 
"lihul I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 • "m I 0.00010' 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 

H.II Ih' d.htliDn lillt Mal uud I.r tonslllutnh ohich orr' .Dt dththd. 

. 
I 

01 It II It I' I' " I' ,. 
NA • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 I 0.00010 • 0.00010 • 
NA. 0.00010' 0.00010'0.00010'0.00010 10.00010'0.00010'0.000 10'0.000091 

I 

01 II II ,. ,. I. ,. ,. 'I 
NA. 0.00010 I 0.00010 • 0.000'0 • 0.00010 • 0.00010 , 0.00010 • 0.00010 • 0.00010 I 

HA • 0.00010 • 0.00010 1 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00009 • 

I . 
O. ,. I. II II ,. ,. '1 ,. 

MA , 0.00010 , 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • '.00010 • 0.00010 • 
MA • 0.00010 , 0.00010 , 0.00010 • 0.00010 • 0.00010 • 0.00010 • '.00010 • 0.00009 • 

. 
O. 'I I' , • I' •• I' It ,. 

HA • 0.00010 , 0.00010 , 0.00010 • 0.00010 • 0.00010 • 0.00010 I 0.00010 , 0.00010 • 
NA t 0.00010 • 0.00010 , 0.00010 • 0.00010 • 0.00010 , 0.00010 • 0.00010 I 0.00009 • 

1251.01 

'21-Apr-81 



• • 
Hml" •• nd Hun toneo.trlllon. 0' [on,tilu.nh D.lrchd in "'ROP lirl)lJnd W.ltr '.q/ll 1254.01 

ht ••• I.r II'S : 1·0 II'PC :l-S 12-0 :He 13-5 I 3-D 1 HC I 4'S 14-8 : Ht I 5-S I 5-0 16-5 16-' IH 17-0 18-5 
... --- ------~---------- ... -----.. -........................................................ -.... -....... --_ ................................. --...................................... _------_ ........ ,." .... ,. ............... _ ........................ -...... "' .......... -.... _------_ ................. -.. -......................... -- ..... "' ......... -.. ---------- .... "'-................... -.................... 

· · 
- · · -

I I 

- - -
I · · I , · · Counl 6. 61 61 61 61 6' 6' 6 • 6' 61 6' 3' 6' S. 6' J. S. ,. 'I 

I.IFlchlorelh.nf "" \lUI I 0.0050' 0.0050' 0.0050 • O.OO~I 0.0050' 0.0050 • 0.0110 • 0.0050 • O.OO~ • O.OO~ I 0.0050 • 0.0050 • 0.0050 I 0.00251 0.2000 I 0.0025' 0.0025' 0.0025' 0.0460 I 
HUn 0.0038' 0.0038 I 0.0019' 0.0039. 0.0019 • 0.00381 0.001\ • 0.0038 • 0.0018. 0.0039 • 0.0039 • 0.0033' 0.0039 • 0.0025 I 0.0554 • 0.0025. 0.00251 0.0025' 0.04601 

I I · · . . · . · I I , · • • • . I . · · , I • · Counl I 2_ ,. 21 I. 21 2' 21 ,- 7t 2. 21 I' ,. O. 2' O. 01 01 01 
10C ",.huI: 22.80. m.oo. 51.90 • 57.00 I 7.101 IUD' 16.10 I !.~. 6.60' 10.10 • S0.70, 2.l0' 619.00' Q. 21.&0' QI MAl QI MAl 

M"n IUS. 321.351 30.0S' 57.00. 6.10' 9.IS· 15.65 • 2.60. tvO' 9.60' IUS' 2.30 • m.2,1 NA. 20.40 • NA_ IA' NA' 1ft I 

I · I · · I 

I I I · - -
I 

- · -
I 

- -
I · I . 

- -Count 6_ 6- 61 6_ 61 61 ,. ,. 61 61 6- 31 61 31 6- 3' 3- 2- 2. 
101u'Af MuilUI I O.OO~. 0.0120' 0.0110. 0.0050 • 0.00501 0.0200' 0.0050' 0.0012 I 0.0110 I 0.00501 0.0061 • 0.0110. 0.0050. 0.0025. 0.0050 • 0.0025 • O.OO~ • 0.0025 , 0.0075' 

"un 0.0038. 0.0061- 0.0052 I 0.0018 • 0.0018 • 0.0061' 0.0038 I 0.0045 • 0.0063 • 0.0038 , 0.0014 • 0.0072 • 0.0018 I 0.0025' 0.0018 • 0.0025' 0.0025' 0.0025. 0.0025 I 

I · · · · · · I · I · I . I . . • I I I I · tounl I 6' ,. 'I 61 61 6' ,. 61 'I 61 61 3. 6 • Sf ,. 3. 31 21 21 
I .... 1.2-0Irhlororth .. ,K"IIUI I 0.0050. 0.0050 • 0.0050 I 0.0050 I 0.0050 • 0.0050' 0.2900' O.OO~. 0.0050 • 0.0050 • 0.0050 • 0.0050 • O.OO~ I 0.0025 • 0.5800 I 0.0025 • 0.00251 0.00251 0.2100' 

"un I 0.0018 I 0.0019. 0.00l8 • 0.0039- 0,0018 - 0.0038 I 0.1110- O.OOIB' 0.00lB1 O.OOIB • 0.0038 • 0.0033 I 0.0018 I 0.00251 O.I12B' 0.0025. 0.0025' 0.0025 I 0.21~ • 
I 

· · I I 

- · · I I . 
- · -

I I I I I I · - • I 
CDunl I A. 61 ,. 6' ,. 6' 6. 61 61 6' 6' 31 'I ]. ,. ]. ]. 2. 2-

Ir"hlDrotlhtnr Hhll"" I 0.0050 • 0.0050' 0.00501 0.1300 I 0.0092' 0.0620'29.00001 0.0230' 0.0810 • 0.0190 • 0.0050' 0.0050' 0.0050 • 0.00251 UOOO' 0.0110' 0.15001 0.0025. 9.20001 
"un I 0.0019. 0.00l9 • 0.0019' o.om· O.OOSSI 0.02091 6.011" 0.0110 - 0.0291' 0.006$ I 0.0039 , 0.0033 • 0.00181 0.0025' t.mll 0.0019 • o.mo. 0.0025. 606000-

I 
::lIfI'lII •••••••••••• : • .11 •• '.1 ••• :.f ....................... , ••••• I'l ••••••••• , ..................... :r •• ::.II •• :t ••• s ................................................................................................................ , ••••••• 

Halllh.d.hriion lillt m und lor [onltilurnh which'frenol drl!clrd. 2Hpr-81 



• • 
" .... U. ",d "~ah C~r,(pnlr.hnns of Conililuents o.htlrd In NIROP Ground Wdn Ilg/lI 1251.01 

P., .. ~lp, : 9-0 19-5 IH : 10-S III-S 112-5 113-5 114-S IIH II6'S 117·5 I 19·5 I 19-9 120'S IFIIC-33 I 
~. ~ _ ~~. _. ~ _ * __ ~ ______ •• ____ .. ~_ ...... _ .. " ............ "' ...... _ ......... _ ......... ff .. _ .. ____ .... __ .... _ ...... _ ...... _ .... _ ................ _-...... -_ .................... - -- ............... - .......... - ............ - ........................... __ ......... _'" ........................................................ _ .. __ ....... _--

· · . · · . · · · . 
CDunl 2. J' 2' 3. 3' 2. ,. 2' 21 ,. 2' 2' 'I 2' ,. 

hlrnhl~rtlh.nf ",UiIUI' 0.0015 • o.noo, 0.0025' U0151 0.0025 , 0.0015 • 0.00251 o.oml 0.0015 • 0.0015 • 0.0015 • 0.0025 • 0.0025 • 0.0025 • 0.07\0' 

" .. n 0.0625 • o.lm. 0.0025' 0.0025' 0.0025 • 0.0025. 0.0075' 0.0025 • 0.0025 I 0.0025. 0.0025 • 0.0025 I 0.0025 I 0.00251 0.0074. 

· · , · · I · I , , , I I I · I I 

CDunl O. 01 01 O. O· O. D. D· O. 01 O. 01 O. O. 2' 
IOC Muilull NAI NA I NA' NAI MAl NAI NA' NA' NA I MA I MAl NAI NA' NAI 4.50 I 

"un NAI NAI NA' NA 1 NA' NA' NA. NA' NA I HAl NA' MA • HA I HA I US I 

· I 

I I . t · I I I . 
Count 21 31 2' 3' 3' 2' 2' 21 21 ,. 21 2 • 2' 21 ,. 

lolu.n. n"lt .. I 0.0015 I 0.0025 I 6.0092' 0.0025 I 0.0025 I 0.0025 • 0.0025' 0.00251 0.00251 0.0025 • 0.0025 • 0.0025 • 0.0025 • o.oml O.ODSOI 

",an 0.0025. 0.0025' 0.0054 I 0.0025 I 0.0025 I 0.0015 • 0.00251 0.002$1 0.0025 I o.oml 0.0025 I 0.0025 • 0.0025 • 0.0025 I 0.0038 t 

I I . . I I · I I • I · . I I • • . · I 

Counl H P l' l' ! • ,. ,. 21 ,. ,1 2' ,. 2' 2' , . 
',"ns 1.2·DI,hlo, •• lhtn. """U. I 0.0180 • O.Stoo, 0.0180 • 0.0160 • 0.0360 I 0.0025 • O.002~ • 0.00251 0.0025 • 0.0025 • 0.0110 • '.10001 0.0025. 0.0025 • 0.2100. 

Nun I o.om. 0.1500. 0.0205' 0.0210 I 0.0301 • 0.0015 I 0.0025 I 0.0025' 0.0025' 0.0025. 0.0355 • 2.5150 • o.om. 0.0025' 0.12171 

. · I . · · I I I . . I · . · · Counl 2' 3' 2' 3' 3' 2' 2' 2' 2' 2' 2' 2' 21 2' 'I 

Iri,hiorotlhtof "',hu.1 10.1000' '.2000' o.mo' 0.7100' 0.0110. 0.0025 I 0.0025' 0.0025 • 0.0170 • 0.11001 0.1900. 2.9000 • 0.0880 • 0.0025111.0000' 

"fin 8.2000. 3.0661. 0.4500 • 0.16411 0.0310 • 0.0025 • 0.0025' 0.00251 0.0121 • o.mo. 0.1Il51 2.21501 0.06'0' o.om. 7.91611 

:=::::::=::::I:::::::_,t::I:nt2':1':1:::::::=:::::;::::::::r:r:r:r::I::I:r::c:ss:e:rtSS:iI:::::tI.:t::==::::=*==!lt::t:::======::=::!CIl!l!!::::::::=::::=:I:::;.\l:;-===::::,tll't:1t:u.:;ur=lI=S'J.t:a:r:nJ:all::I:lIz:=&r:c:== •• =It::l::r:S:lI.!ls:r:.:e:.:.S:ls •• :rJill ••• : •••• 

H.II Ih. d~I'lhon Ililt Mn usfd lor tonstitufnh .hlch Mfrf nol ddtcltd. 21·A,,·11 



• 

• 

APPENDU D 

CONSTITUENTS ADDED NOVEMBER 1986 



• • 
Condltu.nh Added NoY-B6 

Muil.' ~nd Mfln [o.c •• I"h~.\ 01 rill., .. " Drhud 1ft NIROP Ground Yahr Antlylll 1.,111 

hIP IPa/lieh. I 1-. I 1-9 I B-D I '-9 I 9-D I lO-S I II-S I \2-9 I I3-S I \4-S I IH I 16-5 I 11-5 I 18-5 I 19-5 I 20-5 I FNC-33 I 
......... " ... -.. -.~-" ........ -....... --................ ---................... ---....................... --_ ...... --.... _----_ ...... -_ ... ---_ .................... -_ .................... --_ ..................... --..................... --_ ............................................... ---_ ................... -_ .................. ----.................... --_ ...................... --_ ................ -_ ............ .. 
No,-B.: 2-8uhfton, 
No.-86 I Alhllhllv 
Ho,·3. I ;)rlfnle. Dl5s. 
M",'86 I 8Mlu" 01 .. 
", ... a6 I hnD •• lohl 
N&,Bblt.d.IUI.Oiss. 
No, Bo I hlml. Din. 
NOI-9bl hili.', I.ld 
No,-ab:CMond, 
MD"BoI Chrallol.Du5. 
No,·9b I Copper. DIu. 
Nov-96 I ltld. Din. 
Nod61 "a,nuIDI. Din. 
Hoy-B6: ""n9Io,,', Dill. 
No,-Bbl NertDII. Ou •• 
NodbINlchl.Om. 
"o.-Bb I Nltrde HII.09tO 
Ho,-86 I POIIS5IUI. D1S5. 
Ho,-I.; 5.hnu •• Dl5s. 
No,-16 I Sehniul. IoU I 
N • ..ab I SilYer.lul. 
Mo,-B6 I Sodl.', 0115. 
No,-B6: 5.111111 
Hoy-8~ I IrtchloroHuorolflhanr 
No.-9b: Iht. 015', 

Im.nl 

I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I < 0.010 1 ( 0.010 I 
l03 I m I 761 I 436 I 3&2 I m I 12& I m I 374 I 30S I 471 I 395 I 459 I 301 I m I 1'10 I 504 I 

I ( 0.005 I ( 0.005: ( 0.005 I ( 0.005 I ( 0.005 1 ( 0.005 I ( 0.005 1 ( 0.005 I ( 0.005 I ( 0.005 I 0 •• 14 1 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.00' I ( 0.005 I 
0.111 I 0.012 1 0.090 I 0.109 1 0.061 I 0.079 I 0.106 I 0.0&1 I 0.093 I 0.0931 0.136 I O.O~I I 0.050 I 0.0" I 0.032 I 0.0551 0.1281 

I I I 0.986 I 1 I 1 1 I I 0.172 I I I I I I 1 
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