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1.0 GROUNDWATER MONITORING PLAN

1.1 INTRODUCTION

This plan has been prepared to implement a groundwater monitoring program for Solid Waste

Management Units (SWMUs)of concern at the Portsmouth Naval Shipyard (NSY Portsmouth) and thereby

assess facility-wide water quality. For the NSY Portsmouth, a RCRA monitoring program with modified

analyses is proposed for several reasons. First, the RCRA Facilities Investigation (RFI) Report and

addenda addressing regulatory comments (McLaren Hart 1992) indicate that contamination has already

migrated from several SWMUs. Additionally, the future status of the NSY Portsmouth is uncertain.

Although currently operating under a RCRA permit issued by the Environmental Protection Agency (EPA)

in March of 1989, the NSY Portsmouth was proposed for the National Priorities List (NPL) on June 23,

1993. Finally, the current RCRA permit specifies that a Corrective Measures Study (CMS) be conducted

by the Navy as part of an effort to achieve Media Protection Standards, which are currently being

. developed. As a result, source and groundwater remediation may be occurring in the next several years

which would impact the groundwater monitoring program. The approach, then, is to determine the SWMUs

continuing impact on the quality of groundwater in the aquifer and its impact on State waters.

1.2 APPROACH

Typically, a RCRA groundwater monitoring plan for a surface impoundment, landfill or land treatment

facility serves two purposes: (1) Detect contaminants migrating from the SWMU, and/or (2) ensure

compliance with contaminant-specific concentration limits. To serve these purposes, a baseline condition
MA:,e. Meu.:-.J- c=: .. ~o~"C'c. G-.Jl~ l:.."~

is established based on EPA Primary Drinking Water Standards, as well as indicator parameters for

groundwater quality (chloride, iron, manganese, phenols, sodium, and sulfate) and indicator parameters

for groundwater contamination (pH, specific conductance, total organic carbon [TOC], and total organic

halogen [TOX)). Typically, upgradient and downgradient monitoring wells are installed and

sampled/analyzed according to a schedule established in the plan (at least semiannually for a detection

monitoring program. Replicate sampling is required for the indicator parameters to allow statistical

interpretation. After baseline conditions are established, future sampling and analysis focuses on indicator

parameters only; if and when a statistically significant deviation occurs, compliance' monitoring begins

. (focusing on an expanded suite of analytical parameters), and corrective action may be warranted.

1-1
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Two monitoring events (first event, second event) to establish baseline conditions, followed by semi-annual

sampling is planned for the NSY Portsmouth. There are 55 existing monitoring wells installed as part of

an initial RFI conducted in 1991 (McClaren Hart 1992). An additional 17 monitoring wells will be installed

in early 1994 as part of the RFI Data Gap investigation (Halliburton NUS 1994). The subject long-term

groundwater monitoring program considers all these monitoring wells, as necessary. Note that one round

of analysis is already planned for the RFI Data Gap investigation (Halliburton NUS 1994). This RFI Data

Gap analytical data will satisfy some of the long-term groundwater monitoring program requirements,

resulting in a reduced number of facility wells to be addressed by the subject long-term groundwater

monitoring program to establish baseline conditions (first event). The following groundwater monitoring

approach is proposed for the NSY Portsmouth:

(1) Establish baseline conditions for all 55 existing monitoring wells installed as part of the initial RFI

and an additional 17 monitoring wells to be installed during the RFI Data Gap investigation

planned for spring of 1994. Conduct two rounds of sampling - three months apart for the existing

RFI wells. For the new RFI Data Gap wells, one round of sampling is included with the RFI Data

Gap investigation, so only one additional round of sampling is required for these monitoring wells.

All monitoring wells will be analyzed for full TCl organicslTAl inorganics which is consistent with

the analytical methods used for the RFI and proposed for the RFI Data Gap investigation. Also,

indicator parameters are included but without replicate sampling since the sampling/analysis

program includes full TCl organicslTAl inorganics, resulting in less reliance on indicator

parameters.

(2) Conduct subsequent groundwater monitoring for selected monitoring wells.

Two background wells for the facility will be selected for SUbsequent monitoring following

establishment of background conditions.

At the DRMO (SWMU #$), where groundwater flow direction is known, two upgradient

wells and five shallow and two bedrock wells located at the downgradient DRMO

perimeter will be monitored. No further downgradient wells can be installed since this

SWMU borders the Piscataqua River.

1-2
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At the JILF Landfill (SWMU #8), where groundwater flow direction appears to be in several

directions, perimeter wells will be monitored. Nineteen shallow and eight bedrock wells

will be monitored.

The Mercury Burial Sites (SWMU #9) are located within the JILF Landfill and therefore can

be included with the landfill, creating a RCRA Corrective Action Management Unit

(CAMU). Therefore, monitoring will be in accordance with the JILF Landfill perimeter

monitoring program. Of note, additional sampling and analysis is being conducted for

Mercury Burial ~ite II as part of the RFI Data Gap investigation. The inclusion of SWMU

#9 within the JILF Landfill for groundwater monitoring does not preclude remediation,
,. \

activities specific to SWMU #9.

The Former Waste Oil Tanks (SWMU #11) also are located within the JILF Landfill and

therefore can be considered part of a larger RCRA CAMU. Therefore, monitoring will be

in accordance with the JILF perimeter monitoring program. Of note, additional sampling

and analysis is being conducted for SWMU # 11 as part of the RFI Data Gap

investigation. The inclusion of SWMU #11 within the JILF Landfill for groundwater

monitoring does not preclude remediation activities specific to SWMU #11.

At the Fuel Oil Spillage Area (SWMU #27), all six existing shallow wells will be monitored.

No, additional investigation of the Fuel Oil Spillage Area is occurring .as part of the RFI

Data Gap investigation.

, Groundwater samples will be analyzed for full TCL organicslTAL inorganics which is consistent with the

analytical methods used for the RFI and proposed for the RFI Data Gap investigation. Also, indicator

parameters are included but without replicate sampling since full TCL organicslTAL inorganics analysis

is planned, resulting in less reliance on indicator parameters. Sampling/analysis will be conducted on a

semi-annual basis. '

'(3) Revise the monitoring program on a yearly basis, as necessary. Currently, monitoring is planned

to continue throJlghout the active life of the facility, and for disposal facilities, during the post

closure care period and until final closure of the facility or until approval is given by the Regional

Administrator to suspend monitoring activities based on an absence of groundwater impacts and

1-3
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a likelihood of no future impacts. If site remediation occurs, selected wells will be monitored prior

to, during, and following remediation. It is the intent of the Navy to conduct sampling and analyses

only as necessary. Therefore, after the baseline conditions are established, analytes which are

not expected and not detected will be deleted from the analytical program for subsequent years.

Similarly, different analytical methods ma'y be requested.

Water levels for both existing RFI monitoring wells and proposed RFI Data Gap wells will first be

measured facility wide, as part of the RFI Data Gap investigation (Halliburton NUS 1994). For the

second event to establish baseline conditions, and for all subsequent sampling, water-level

measurements will occur for only those wells being sampled and analyzed at the time. Both high

tide and low tide measurements will take place.

1-4
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2.1 GEOLOGY/HYDROGEOLOGY

2.0 BACKGROUND INFORMATION

DRAFT

Physiography2.1.2

2.1.1 Site Location and Description

Situated within the town of Kittery, Maine, the Portsmouth Naval Shipyard (NSY Portsmouth) is composed

of four islands located in the Piscataqua River. The Piscataqua River is a tidal estuary which forms the

southern boundary between New Hampshire and Maine.

The NSY Portsmouth is located on Seavey Island in the Piscataqua River immediately south of the town

of Kittery, Maine. The location of the shipyard is shown in Figure 2-2. The shipyard is built on an area

comprising Dennet's, Seavey, Jamaica, and Clark's Islands, as well as man-made-Iand between these

islands. ApprOXimate elevations on-site range from sea level to a maximum of sixty feet above MSL.

Two-thirds of the site is high-density industrial area containing 376 buildings, while the remaining areas

are flat-lying to gently sloping grass-covered fields. Minor wooded areas exist on the east side of Jamaica

Island.

As the workload at the shipyard expanded, fill material was used to create man-made-Iand adjacent to the

original islands. Today the shipyard is composed of 376 buildings on 278 acres of continuous land surface

that extends between three of the original four islands. Much of the shipyard is built on fill overlying former

tidal flats as shown in Figure 2-1.

The shipyard is engaged in the conversion, overhaul, and repair of submarines for the U.S. Navy. The

. shipyard has a long history dating back to 1690 when the first warship launched in North America, the

Falkland, was built. The shipyard was first established as a government facility in 1800. The shipyard

served as a repair and building facility for ships during the Civil War. The first government-built submarine

was designed and built at the shipyard during World War I and a large number of submarines w~re

designed and constructed at the yard from 1917 to the present. The shipyard has continued servicing

submarines to this day.
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Additional surface water information can be found in the RCRA Facilities Investigation Report

(McLaren/Hart 1992).

Seavey Island is located in the mouth of the Great Bay Estuary, commonly referred to as the Portsmouth

Harbor. The harbor's main channel is approximately 75 feet deep (mean low water) and the back channel

is approximately 20 feet deep (mean low water) in the vicinity of Seavey Island (NOAA Chart, 1988).
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Surface Water

Geology and Stratigraphy

2.1.3

The islands composing the NSY Portsmouth are formed on bedrock highs with thin veneers of glacial till,

recent alluvium, and/or fill materials. Bedrock consists of tectonically deformed Middle Ordovician volcanic

rocks and highly fractured, metamorphosed sandstones, shales, and siltstone of Silurian age belonging

to the Kittery Formation (Hussey, 1985). Metamorphism has destroyed original interparticle porosity in the

sedimentary rocks. Therefore, groundwater flow is controlled by fractures.

The Piscataqua River hydrology is not characteristic of traditional inland fluvial hydrology. Figure 2-1

shows the Piscataqua River, Little Bay and Great Bay, and the seven converging rivers that form the Great

B~y Estuary.

The shoreline in the Portsmouth area is described as an embayed coast produced by partial submergence

of a f1uvially eroded land mass (Strahler, 1971). This type of shoreline is closely associated with the

drowned river valley type estuary. The Great Bay Estuary would be classed as a drowned river valley in

a geomorphological classification (Duxbury, 1971). Valleys show some degree of straightening and

deepening by ice; hilltops are blunted by ice erosion; and deposits of till block smaller valleys in the Maine

version.

The bedrock of this area has undergone at least three periods of deformation; the Taconic Orogeny (440

million years before present(mybp)), Acadian (360 mybp), and the Appalachian (260 mybp)), resulting in

multiple rock cleavages, planes of foliation, faults of various ages and types, and varied fold orientations

and geometries. The resulting bedrock fracture pattern therefore is highly complex.

. 2.1.4
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Kittery's potable water supply originates from surface reservoirs located in the vicinity of York, Maine. The

shipyard is not currently using groundwater on-site.

Additional geologic information can be found in the RCRA Facilities Investigation Report (McLaren/Hart,

1992).

Topography

Hydrogeology

2.1.6

2.1.5

Detailed topographic maps of the DRMO (SWMU #6) and JILF Landfill (SWMU #8) can be found in the

RCRA Facility Investigation Report (McLaren/Hart 1992). The DRMO is currently undergoing interim

remediation measures in the form of a liner and gravel cap; the DRMO has been graded flat as part of this

operation.

Groundwater is encountered within both the unconsolidated materials and bedrock at the facility. In

general, the unconsolidated materials appear to be moderately to highly permeable. Bedrock permeability

is expected to generally be less than that of the unconsolidated materials.

Groundwater levels at the NSY Portsmouth are shallow and likely controlled by the bedrock surface

topography and by the thickness of glacial till and fill material overlying bedrock or former tidal flat areas.

Groundwater flow directions on-site vary considerably depending on the thickness and composition of

overburden, bedrock-overburden contact-surface dip, and tidal influence, but overall are from interior

portions of the facility toward the island coastline. Recharge to groundwater is derived from local

precipitation and tidal effects, and possible deep-seated recharge from further inland areas.

Additional information can be found in the RCRA Facility Investigation Report (McLaren/Hart 1992).

Hydrogeology is not currently fully understood and is being further investigated as part of the RFI Data

Gap investigation scheduled for spring of 1994.
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3.0 GROUNDWATER MONITORING SYSTEM

3.1 MONITORING WELL LOCATION

The location of all existing and new/proposed wells can be found on the enclosed Figure 3-1. Additional

information about the location of existing RFI monitoring wells can be found in Sections 4.0 and 5.0 of the

RCRA Facility Investigation Report (McLaren/Hart 1992). Additional information about the location of RFI

Data Gap wells can be found in the RFI Data Gap Work Plan (Halliburton NUS 1994)'.

3.2 MONITORING WELL INSTALLATION AND CONSTRUCTION

3.2.1 RFI Data Gap Monitoring Wells

The 17 proposed RFI Data Gap monitoring wells (both overburden and bedrock) will" be constructed of

2-inch-diameter PVC well screen and casing. The well screens (20 slot by 10 to 15 feet long) will be

installed across the desired monitoring/fracture zone interval, then a sand pack will be installed around and

to approximately 2 feet above the screen. A bentonite seal will then be installed immediately above the

sand and the remaining borehole annulus will be backfilled with cement-bentonite grout, to ground surface.

Table 3-1 summarizes RFI Data Gap monitoring well installation and construction.

Steel protective casings (4-inch minimum diameter) equipped with locking caps will be installed around

most RFI Data Gap monitoring wells. These casings are to be cemented a minimum of 3 feet into the

ground and have at least one drain hole positioned approximately 0.5 feet above the ground surface. A

0.5-foot thick concrete apron measuring 2 feet by 2 feet is to be constructed equally portioned around the

casing of each well. Remaining RFI Data Gap monitoring wells are to be completed as flush-mounted

installations. At flush-mount~d installations the well riser pipe is to be cut off immediately below surface

. grade and provided with a locking, paCker-type cap. A steel flush-mounted proteCtive casing is to be

cemented in place over the riser pipe. The protective casing will be installed flush with the ground surface.

Flush-mounted covers will identify the location. as a "Monitoring Well". All protective casings will be

secured with Master locks and keyed alike.
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TABLE 3-'
RFI DATA GAP PROPOSED MONITORING WEll INSTAllATION AND CONSTRUCTION DETAilS

NSY PORTSMOUTH, KITTERY, MAINE

DRAFT
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~

Well 10 Number Riser Screen
(a,b)

Material Diameter Type Material length Diameter Slot Size

MW-08 PVC 2" Slotted PVC 10-15' 2" 0.020"

MW-09 PVC 2" Slotted PVC 10-15' 2" 0.020"

MW-10 PVC 2" Slotted PVC 10-15' 2" 0.020"

01-01 B PVC 2" Slotted PVC 10-15' 2" 0.020"

DI-010B PVC 2" Slotted PVC 10-15' 2" 0.020"

FA-01 PVC 2" Slotted PVC 10-15' 2" 0.020"

FA-01B PVC 2" Slotted PVC 10-15' 2" 0.020"

FA-01D8 PVC 2" Slotted PVC 10-15' 2" 0.020"

SI-01 B . PVC 2" . Slotted PVC 10-15' . 2" 0.020"

SI-010B PVC 2" Slotted PVC 10-15' 2" 0.020"

OW-07B PVC 2" Slotted PVC 10-15' 2" 0.020"

JW:130B PVC 2" Slotted PVC 10-15' 2" 0.020"

WOT-01 PVC 2" Slotted PVC 10-15' 2" 0.020"

WOT-02 PVC 2" Slotted PVC 10-15' 2" 0.020"

WOT-03 PVC 2" Slotted PVC 10-15' 2" 0.020"

WOT-04 PVC 2" Slotted PVC 10-15' 2" 0.020"

WOT-05 PVC 2" Slotted PVC. 10-15' 2" 0.020"

(a) Wells designated as "B" are shallow bedrock wells and are to be installed approximately 20 t025 feet into bedrock.
Wells designated as "DB" are deep bedrock wells and are to be installed approximately 80 to 100 feet into bedrock.
All other monitoring well installations are shallow overburden wells and are to be installed to approximately 10 feet below the water table.

MW = Mercury Burial Site II area' wells.
SI = Seavey Island area wells.
WOT = Waste Oil Tank area wells

01 = Oennet's Island area wells.
OW = DRMO area wells.

FA = Fill Area wells.
JW == JllF area wells.

..
(b)
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3.3 DECONTAMINATION

3-3

These decontamination operations will consist of washing the equipment using a high-pressure steam

wash. All decontamination activities will take place at a location determined during mobilization.

If, in the future, nondedicated sampling equipment is used for collecting groundwater samples, the

equipment will be decontaminated both prior to beginning field sampling and between samples, The

following decontamination steps will be taken:

DRAFT

Sampling Equipment

Major Equipment

RFI Monitoring Wells3.2.2

. Potable water rinse

Alconox or Liquinox detergent wash

Potable water rinse

Nitric acid rinse

A summary of the installation and construction of the 55 existing monitoring wells is shown in Table 3-2.

Additional information on existing well installation and construction can be found in Section 5.0 (and

Appendix IV) of the RCRA Facility Investigation Report (McLaren/Hart 1992).

3.3.1

All downhole drilling equipment (if any new wells are installed in the future) and sampling tools shall be

steam cleaned prior to beginning work, between well borings, any time the drilling rig leaves the site prior

· to completing a boring, .and at the completion of the drilling program. In addition, well casing and screens

shall be steam cleaned prior to being installed into the borings.

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and

sampling activities. This equipment includes drilling rigs, downhole tools, augers, well casing and screens

(if any new wells are installed in the future); and all sampling equipment Since dedicated disposable

· bailer will be used at each well location, no decontamination water will be generated.

· 3.3.2
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TABLE 3-2
RFI MONITORING WELL INSTALLATION AND CONSTRUCTION DETAILS

NSY PORTSMOUTH, KITIERY, MAINE

DRAFT
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w
1.

WelllD Number Riser Screen Elevation (b)
(a)

Material Dia. Type Material Length Dia. Slot Size Ground Top of Riser Top of Bottom of
Screen Screen

DW-1 PVC 2" Slotted PVC 5' 2" 0.010" 109.42 111.44 102.42 97.42

DW-1B Teflon 2" Slotted Teflon 5' 2" 0.010" 109.53 111.36 92.53 87.53

DW-2 PVC 2" Slotted PVC 5' 2" 0.010" 108.84 108.34 98.34 93.34

DW-2B Teflon 2" Slotted Teflon 5' 2" 0.010" 109.93 111.77 88.93 83.93

DW-3 PVC 2" Slotted PVC 10' 2" 0.010" 108.48 110.69 98.48 88.48

DW-4 PVC 2" Slotted PVC 5' 2" 0.010" 110.16 109.69 100.16 95.96

DW-5 PVC 2" Slotted PVC 5' 2" 0.010" 109.09 111.14 102.09 97.09

DW-6 PVC 2" Slotted PVC 7' 2" 0.010" 100.17 112.06 102.1} 95.17

DW-7 PVC 2" Slotted PVC 10' 2" 0.010" 109.93 111.52 99.93 89.93

DW-7B Teflon 2" Slotted Teflon 5' 2" 0.010" 110.41 112.33 82.41 77.41

DW-8 Teflon 2" Slotted Teflon 10' 2" 0.010" 107.38 109.86 97.38 87.38

DW-88 Teflon 2" Slotted . Teflon 5' 2" 0.010" 107.39 109.03 58.69 53.69

DW-9 . Teflon 2" Slotted Teflon 10' 2" 0.010" 108.42 110.14 98.42 88.42

DW-10B· Teflon 2" Slotted Teflon 5' 2" 0.010" 111.62 . 112.83 98.62 93.62

FW-1 Teflon 2" Slotted Teflon' 5' 2" 0.010" . . .. ..
FW-2 Teflon 2" Slotted Teflon 5' 2" 0.010" . .. .. ..
FW-3 Teflon 2" Slotted Teflon 5' 2" 0.010" .. .. .. ..
FW-4 Teflon 2" Slotted Teflon 5' 2" 0.010" .. .. .. ..
FW-5 Teflon 2" Slotted Teflon 5' 2" 0.010" . .. .. .. ..
FW-6 Teflon 2" Slotted Teflon 10' 2" 0.010" .. .. .; ..
JW-3 Teflon 2" Slotted Teflon 10' 2" 0.010" 108.46 110.09 103.09 93.09

- ... - - -. - - - - .. :- - .. - - -_ ...
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TABLE 3-2 (CONT.)
RFI MONITORING WELL INSTALLATION AND CONSTRUCTION DETAILS
PORTSMOUTH NSY, KITIERY, MAINE

DRAFT

W
I

(1'1

Well ID Number Riser Screen Elevation (b)
(a)

Material Dia. Type Material Length Dia. Slot Size Ground Top of Riser Top of Bottom of
Screen Screen

JW-4 Teflon 2" Slotted Teflon 5' 2" 0.010" 106.13 105.80 98.80 93.80

JW-5 Teflon 2" Slotted Teflon 5' 2" 0.010" 106.96 106.74 96.96 91.96

JW-6 Teflon 2" Slotted Teflon 10' 2" 0.010" 108.31 107.78 97.28 87.28

JW-7 ~ Teflon 2" Slotted Teflon 5' 2" 0.010" 107.14 108.94 100.34 95.34

JW-7B Teflon 2" Slotted Teflon 5' 2" 0.010" 107.32 108.87 89.32 84.32

JW-8 Teflon 2" Slotted Teflon 5' 2" 0.010" 111.06 112.73 102.06 97.06

JW-8B Teflon 2" Slotted Teflon 5' 2" 0.010" 111.12 114.00 91.12 86.12

JW-9 Teflon 2" Slotted Teflon 8' 2" 0.010" 104.5' 106' 97.5' 89.5'

JW-9B Teflon 2" Slotted Teflon 10' 2" 0.010" 105' 106.5' 80.5' 70.5'

JW-10 Teflon 2" Slotted Teflon 5' 2" 0.010" 106.5' 108.5' 99.5' 94.5'

JW-12S Teflon 2" Slotted Teflon 5' 2" 0.010" 109' 11 l' 102' . 97'

JW·12D Teflon 2" Slotted Teflon 5' 2" 0.010" 109' 11 l' 92" 87'

JW-12B Teflon 2" Slotted Teflon 5' 2" 0.010" 109' 11 l' 75' 70'

JW-13S Teflon 2" Slotted Teflon 5' 2" 0.010" 110' 112' 102' 97'

JW·13D Teflon 2" Slotted Teflon 5' 2" 0.010" 110' 112' 96' 91'

JW-13B . Teflon 2" Slotted Teflon 5' 2" 0.010" 110' 112' 79' 74'

JW-14 Teflon 2" Slotted Teflon 5' 2" 0.010" 106' 108' '- 93' 88'

JW-14B Teflon 2" Slotted Teflon .5' 2" 0.010" 106' 108' 83' 78'

JW·15 Teflon 2" Slotted Teflon 5' 2" 0.010" 107.5' 107' 100.5" 95.5'

JW-15B Teflon 2" Sl,otted Teflon 5' 2" 0.010" 107.5' 107' 86.5' 81.5'

JW-16 Teflon 2" Slotted Teflon 5' 2" 0.010" 107' 106.5' 102.5' 97.5'

JW-16B Teflon 2" Slotted Teflon 5' 2" 0.010" 107' 106.5' 93.5' 88.5'

JW-17B Teflon 2" Slotted Teflon 5' 2" 0.010" '107.5' 107' 86' 81'



TABLE 3-2 (CONT.)
RFI MONITORING WELL INSTALLATION AND CONSTRUCTION DETAILS
PORTSMOUTH NSY, KITIERY, MAINE

DRAFT
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Well ID Number Riser Screen Elevation (b)
(a)

Material Dia. Type Material Length Dia. Slot Size Ground Top of Riser Top of Bottom of
Screen Screen

JW-18 Teflon 2" Slotted Teflon 5' 2" 0.010" 107' 106.5' 100' 95'

JW-18B Teflon 2" Slotted Teflon 5' 2" 0.010" . . . .
JW-19 Teflon 2" Slotted Teflon 10' 2" 0.010" 111.5' 113' 100' 90'

JW-19B Teflon 2" Slotted Teflon 5' 2" 0.010" 111.5' 111 44.5" 39.5'

MW-2 PVC 2" Slotted PVC 10' 2" 0.010" 115.98 118.15 106.33 96.33

MW-3 PVC 2" Slotted PVC 10' 2" 0.010" 116.41 116.14 106.80 96.80

MW-4 PVC and 2" Slotted Teflon 10' 2" 0.010" 111.45 113.08 102.53 92.53
Teflon

MW-5 PVC 2" Slotted Teflon 10' 2" 0.010" 111.57 113.45 101.31 91.31

MW-6 Teflon 2" Slotted Teflon 5' 2" 0.010" 116.50 116.17 95.83 90.83

MW-7 Teflon 2" Slotted Teflon 5' 2" 0.010" 111.66 113.86 93.79 88.79

Information not available.

Elevations interpolated from (McLaren/Hart, 1992) Well Cross Section diagrams.

(a) MW = Mercury Burial Site II area wells.
SI =Seavey Island area wells.
WOT = Waste Oil Tank area wells.

01 = Oennet's Island area wells.
OW ORMO area wells.

FA = Fill Area wells.
JW = JILF area wells.

(b) Elevation 100.00' Mean High Tide NSY Portsmouth system is equal to 3.804' USGS system.

- - - -, - - - - - - .. 1- - - - - - .. -.,:
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Analyte-free water rinse

Methanol rinse

Analyte-free water rinse

Air dry

3.4 WELL DEVELOPMENT

For any new wells, the monitoring wells will be. developed no sooner than 24 hours after installation to

remove fines from the area around the monitored interval of the well. Wells will be developed by use of

a small submersible pump. Wells will be developed until the water is visibly clear of sediment or until

approved by the field representative. Additionally, development will proceed until the variation between

turbidity meter readings is less than 10 percent; however, development will not exceed two hours per well.

Other development methods may be used with permission by Halliburton NUS.

. 3.5 AQUIFER TESTING

Insitu hydraulic conductivity testing (slug tests) has been performed in all existing monitoring wells. Slug

testing will be performed on the new RFI Data Gap wells after they have been developed and the water

levels have returned to static. Pressure .transducers and data loggers will be used for data collection to

obtain sufficiently accurate field data.

The following minimum information will be collected for each well during the performance of aquifer tests:

Well number/depth/screened interval/ inside diameter of screen/ diameter

of sand pack

Static water level

Method of inducing water level change

Time/recovery data

Total time of test

Data generated during the tests will be documented on the appropriate data sheets and analyzed, using

the most appropriate evaluation technique for the existing hydrogeologic conditions. Data generated during

the slug tests will be recorded on the appropriate forms.

3-7
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3.6 SURVEYING

All monitoring well locations have been surveyed. Existing survey monuments from the previous RFI

surveying event will be utilized as reference points for the RFI Data Gap monitoring well locations.

Monitoring well horizontal locations are surveyed to the nearest 0.10 foot. Vertical elevations are

referenced to the 1929 North American Datum. Monitoring well elevations are surveyed to the nearest

0.01 foot at the measuring point where the uncapped riser pipe is notched. Ground surface elevations at

the well locations are surveyed to the nearest 0.10 foot.

3.7 RESIDUE MANAGEMENT

Two types of potentially contaminated residues are expected to be generated during the groundwater

monitoring program, namely Personal Protective Equipment (PPE) and purge water. Based on the

activities and types of contaminants present, none of these residues are expected to represent a significant

risk to human health or the environment if properly managed. Planned management of each of these

residues is provided below.

PPE - Halliburton NUS will place PPE in the trash receptacles at the facility.

Purge Water - Disposal of purge water is the responsibility of NSY Portsmouth. It is recommended that

. purge water be containerized in large plastic/polyethylene tanks staged near

the industrial treatment plant. Groundwater generated during monitoring well sampling will be

containerized and stored until analytical results are received.

If analytical results indicate that purge water concentrations for any constituent in the container

exceed MCLs but are less than RCRA hazardous waste concentrations, the' contents could be

discharged to the on-base industrial wastewater treatment plant.

If analytical results indicate .that purge water concentrations for any constituent exceed. RCRA

TCLP criteria, then treatment at an offsite treatment facility is warranted.

3-8
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If, in the future. a dedicated groundwater treatment system is installed for treatment of

groundwater, any purge water produced would preferentially be discharged to the front end of the

groundwater treatment system.
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4.0 SAMPLING AND ANALYSIS

4.1 EXISTING DATA

4.1.1 Available Groundwater Monitoring Data

Available groundwater monitoring data is included in Section 5.0 (and Appendix IX) of the RCRA Facilities

Investigation Report (McLaren/Hart 1992). The following summarizes the known nature and extent of

contamination:

DRMO (SWMU #6)

Elevated concentrations of metals were consistently detected in groundwater samples from the DRMO

wells. For the most part, metals were detected primarily in the unfiltered groundwater samples but not in

the filtered samples, indicating that the metals were in the particulate, rather than the dissolved, form.

Pesticides and PCBs were detected at the DRMO, but not consistently.

Volatile organic compounds (VOCs) and semi-volatile compounds were detected at relatively low levels

at the DRMO. Bis(2-ethylhexyl)phthalate was the typical and many times only semi-volatile compound

detected. Petroleum products were also detected at several locations. Herbicides were not detected in

any DRMO groundwater samples.

Jamaica Island Landfill (SWMU #8)

Elevated levels of VOCs and semi-volatiles are present in several JILF Landfill monitoring wells.

. Additional investigation of organics in JILF groundwater is included in the RFI Data Gap Work Plan

(Halliburton NUS 1993). Additionally, elevated groundwater ~oncentrations of metals have been detected.

For the most part, metals were detected primarily in the unfiltered groundwater samples but not in the

filtered samples, indicating that the metals were in the particulate, rather than the dissolved, form.

Petroleum product encountered has been attributed to the former waste oil storage tanks (SWMU #11),

located within the JILF Landfill; additional investigation is included in the RFI Data Gap Work Plan

(Halliburton NUS 1994).
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Semi-volatiles, pesticides, PCBs, and cyanide were not detected..

Fuel Oil Spillage Area (SWMU #27)
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Available Groundwater Level Data4.1.2

Trichloroethene (TCE), detected at one well, is the only vac that exceeds regulatory standards. Fuel oil

and lube oil was detected and identified in a different well. Additionally, elevated groundwater

concentrations of metals have been detected. For the most part, metals were detected in the unfiltered

groundwater samples, indicating that the metals were in the particulate, rather than the dissolved, form.

Pesticides and PCBs were not consistently detected in the groundwater samples. Herbicides were not

detected in any Mercury Burial site groundwater samples.

vacs and semi-volatiles detected in wells located near Mercury Burial Site II are associated with

petroleum. It is possible that a former gas station upgradient 'of this area is the source area or the

contamination could be a result of contaminated fill. Additional investigation of groundwater in this. area

is included in the RFI Data Gap Work Plan (Halliburton NUS 1994). Additionally, elevated groundwater

concentrations of metals have been detected. For the most part, metals were detected in the unfiltered

groundwater samples, indicating that the metals were in the particulate, rather than the dissolved, form.

The Phase IV groundwater sample from MW-6 was the only sample to contain concentrations of mercury

equalling or exceeding the proposed Federal Action Level and NPDWR.

Mercury Burial Sites (SWMU #9)

Pesticides and PCBs were detected generally in low concentrations. Herbicides were not detected in any

JILF groundwater samples.

. Refer to Section 4.0 and Appendix VIII of the RCRA Facility Investigation Report (McLaren/Hart 1992).

Note that groundwater levels at numerous wells are impacted by tidal variations.
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4.2 SELECTION" OF MONITORING WELLS FOR SAMPLING AND ANALYSIS

4.2.1 Baseline Groundwater Monitoring • First Two Events Sampling

Source area contamination will be addressed in the upcoming Corrective Measures Study. Media

Protection Standards for soil will be the basis of Corrective .Measures.

DRAFT

Source Contamination

SUbsequent Groundwater Monitoring

Two shallow background wells will be monitored. Selection of these wells will be

determined upon completion of the baseline conditions monitoring.

4.1.3

4.2.2

Refer to Table 4-1 for a summary of specific parameters of concern to be sampled to establish baseline

conditions. Table 4-1 also includes analytical methods, containers, preservation, and. holding times for

each parameter. Tables 4-2 and 4-3 present the anticipated number of samples, including QNQC

samples for establishing baseline conditions for the first and second event sampling event, respectively.

Baseline conditions will be established for all 55 existing monitoring wells installed as part of the RFI and

an additional 17 monitoring wells to be installed during the RFI Data Gap investigation planned for the

spring of 1994. Two rounds of sampling will be conducted - three months apart for the existing RFI wells.

For the new RFI Data Gap wells, one round of sampling is included with the RFI Data Gap investigation,

so only one additional round of sampling is required for these monitoring wells. Analysis consists of full

TCl organicslTAl inorganics which is consistent with the analytical methods used for the RFI and

proposed for the RFI Data Gap investigation. Also indicator parameters will be analyzed; however

replicate sampling will not be conducted, since sampling/analysis includes full TCl organics/TAL

inorganics, resulting in less reliance on indicator parameters.

Following establishment of baseline groundwater monitoring conditions, subsequent groundwater

monitoring will be conducted for selected monitoring wells, as follows:
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TABLE 4-1
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES.

NSY PORTSMOUTH, KITTERY, MAINE

Method Parameter Container Material Sample Preservation Holding
Volume Time (a)

GROUNDWATER

ClP OlM01.8 TCl Volatiles Glass, Teflon-lined (2)40 ml 4 C; 4 drops 14 days
septa HCI, pH < 2

ClP OlM01.8 TCl Semi-volatiles Glass, Teflon-lined 2,500 ml Cool, 4 C Extract 7 days;
septum I Analyze 40

days

ClP IlM02.1 TAL Metals (Total) Plastic, glass 1 liter 4 C; HN03 to pH 6 months
< 2 Hg- 28 days

ClP IlM02.1 TAL Metals (Dissolved) Plastic, glass 1 liter 4 C; HN03 to 6 months
pH < 2 Hg- 28 days

EPA 415.1 Total Organic Carbon (TOC) Polyethylene 500 ml H2S04 to pH < 2 28 days
SW 9020 Total Organic Halogen (TOX)

EPA 325.3 Chloride Polyethylene 1 liter Cool, 4 C 28 days
EPA 375.3 Sulfate
EPA 150.1 pH
EPA 120.1 Specific Conductance

EPA 200.7 Iron Polyethylene 1 liter HN03 to pH<2 6 months
Manganese Cool, 4 C
Sodium

EPA 420.1 Phenols Amber glass 1 liter H2S04 to pH < 2 28 days
Cool,4C

(a) Holding times are measured from time of collection.

Note: Additionally Oxidation Reduction Potential (ORP) will be measured in the field.
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TABLE 4-2

GROUNDWATER MONITORING ANALYTICAL PROGRAM
BASELINE CONDITIONS - FIRST EVENT
NSY PORTSMOUTH, KITTERY, MAINE

DRAFT
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Media Analysis Method No. Trip Rinsate Field Duplicate(4) Total
Samples Blank(l) Blank(2

) Blank(3) Samples

TCL volatiles CLP OLM01.8 55 11 - - 6 72

TCL semi-volatiles CLP OLM01.8 55 - - - 6 61

TAL metalslS) (Total) CLP ILM02.1 55 - - - 6 61

Groundwater TAL metals(6) (Dissolved) CLP ILM02.1 55 - - - 6 61

Total organic carbon (TOC) EPA 415.1 55 - - - 6 61

Total organic halogen (TOX) SW9020 55 - - - 6 . 61

Chloride EPA 325.3 55 - - - 6 61

Sulfate EPA 375.3 55 - - - 6 61

pH EPA 150.1 55 - - - 6 61

Specific Conductance EPA 120.1 55 - - - 6 61

Iron EPA 200.7 55 - - - 6 61

Manganese EPA 200.7 55 - - - 6 61

Sodium EPA 200.7 55 - - - 6 61

Phenols EPA 420.1 55 - - - 6 61

(1) Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling site and retumed to the laboratory with the volatile organic (VOA)
samples. One trip blank per each cooler containing volatile organics.

(2) Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field
decontamination procedure. Obtained at a frequency of 1/day/media/analysis. Number of samples reflects the number of actual laboratory analyses performed. Only
samples from every other day will be analyzed.

(3) Field Blank - Samples 'consisting of the source water used in (1) steam cleaning and/or (2) decontamination. Obtained at a frequency of 1/evenUmedia~

(4) Duplicates - A single sample split into two portions during a single act of sampling. Assess the overall precision of the sampling and analysis program. Obtained at a
frequency of 10 percent of the number of samples. .

(5) Total Metals - For the determination of total metals the sample is not filtered before acidification.
(6) Dissolved Metals - For the determination of dissolved metals the sample is filtered to 0.45#1 before acidification.

Note: Additionally, Oxidation Reduction Potential (ORP) will be measured in the field.
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GROUNDWATER MONITORING ANALYTICAL PROGRAM

BASELINE CONDITIONS - SECOND EVENT
NSY PORTSMOUTH, KITTERY, MAINE

DRAFT
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Media Analysis Method No. Trip Rinsate Field Duplicate(4) Total
Samples Blank(l} Blank(2) Blank(3) Samples

TCl volatiles CLP OLM01.8 72 14 - - 8 94

TCL semi-volatiles CLP OLM01.8 72 - - - 8 80

TAL metals(S) (Total) CLP ILM02.1 72 - - - 8 80

Groundwater TAL metals(6) (Dissolved) CLP ILM02.1 72 - - - 8 80

Total organic carbon (TOC) EPA 415.1 " 72 - - - 8 80

Total organic halogen (TOX) SW9020 72 - - - 8 80

Chloride EPA 325.3 72 - - - 8 80

Sulfate EPA 375.3 72 - - - 8 80

pH EPA 150.1 72 - - - 8 80

Specific Conductance EPA 120.1 72 - " - 8 80

Iron EPA 200.7 72 - - - 8 80

Manganese EPA 200.7 72 - - - 8 80

Sodium EPA 200.7 72 - - - 8 80

Phenols EPA 420.1" 72 - - - 8 80

(1) Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling site and retumed to the laboratory with the volatile organic (VOA)
samples. One trip blank per each cooler containing VOAs.

(2) Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field
decontamination procedure. Obtained at a frequency of 1/day/media/analysis. Number of samples reflects the number of actual laboratory analyses performed. Only
samples from every other day will be analyzed.

(3) Field Blank - Samples consisting of the 'source water used in (1) steam cleaning and/or (2) decontamination. Obtained at a frequency of 1/eventlmedia.
(4) Duplicates - A single sample split into two portions during a single act of sampling. Assess the overall precision of the sampling and analysis program. Obtained at a

frequency of 10 percent of the number of samples.
(5) Total Metals - For the determination of total metals the sample is not filte"red before acidification.
(6) Dissolved Metals - For the determination of dissolved metals the sample is filtered to 0.45p before acidification.

Note: Additionally, Oxidation Reduction Potential (ORP) will be measured in the field.
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At the DRMO (SWMU #6), where groundwater flow direction is certain, two upgradient

wells and five shallow/two bedrock wells located at the DRMO perimeter will be monitored.

True downgradient wells cannot be installed since this SWMU borders the Piscataqua

River. The nine wells to be monitored include DW-4, DW-10B, DW-6,

DW-8/DW-8B, DW-2, DW-9, and DW-7/DW-7B. Figure 3-1 presents the monitoring well

locations.

At the JllF (SWMU #8), where groundwater flow direction appears to be in several

directions, perimeter wells will be monitored. Eighteen shallow/seven bedrock wells will

be monitored. The 25 wells to be monitored include JW-6, JW-17B,

JW-15/JW-15B, JW-5, JW-4, JW-3, JW-14/JW-14B, MW-4, MW-7, JW-13S/JW-13B, JW

12S/JW-12B, JW-10, JW-9/JW-9B, MW-8, MW-6, MW-10, JW-8/JW-8B, and JW7/JW-7B.

Figure 3-1 presents monitoring well locations.

The Mercury Burial Sites (SWMU #9) are located within the JllF landfill and so can be

considered a RCRA Corrective Action Management Unit (CAMU). Therefore, monitoring

will be in accordance with the JllF perimeter monitoring program. Of note, additional

sampling and analysis is being conducted for Mercury Burial Site II as part of the RFI Data

Gap investigation.

The Former Waste Oil Tanks (SWMU #11) also are located within the JllF landfill and

so can be considered a RCRA CAMU. Therefore, monitoring will be in accordance with

the JllF perimeter monitoring program. Of note, additional sampling and analysis is being

conducted for SWMU #11 as part of the RFI Data Gap investigation.

At the Fuel Oil Spillage Area (SWMU #27), all six existing wells will be monitored,

, including FW-1, FW-2, FW-3, FW-4, FW-5, and FW-6.

Samples will be analyzed for full TCl organicslTAl inorganics which is consistent with the analytical

methods used for the RFI and proposed for the RFI Data Gap investigation. Data will be reviewed and

a revised analytical suite will be proposed if appropriate. Also, indicator parameters will be included;

however, no replicate sampling will be conducted. Sampling/analysis will occur on a semi-annual basis.

4-7



DRAFT

Refer to Table 4-1 for a summary of specific parameters of concern to be sampled. Table 4-1 also

includes analytical methods, containers, preservation, and holding times for each parameter. Table 4-4

presents the anticipated number of samples for groundwater sampling/analysis, following the establishment

of baseline conditions. Table 4-4 assumes that no analyses will be deleted from the program following

establishment of baseline conditions.

4-8

'I:,

I
I
\1,
,;
I
1\
II,
I
I
I
I;
I
I
1,1

I
I,
,I'



- .. .. '.. .. .. .. IIIIiit I!!II) ...
,_...,

~_ .,J' .. ... __ "1IIiJ II&t' .. - ..
TABLE 4-4

GROUNDWATER MONITORING ANALYTICAL PROGRAM
SUBSEQUENT MONITORING
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Media Analysis Method No. Trip Rinsate Field Duplicate(41 Total
Samples Blank(1) Blank(21 Blank(3) Samples

TCL volatiles CLP OLM01.8 42 8 - - 5 55

TCL semi-volatiles CLP OLM01.8 42 - - - 5 47

TAL metals(5
) (fotal) CLP ILM02.1 42 - - - 5 47

Groundwater TAL metals(6
) (Dissolved) CLP ILM02.1 42 - - - 5 47

Total organic carbon (fOC) EPA 415.1 42 - - - 5 47

Total organic halogen (fOX) SW9020 42 - . - - 5 47

Chloride EPA 325.3 42 - - - 5 47

Sulfate EPA 375.3 42 - , - - 5 47

pH EPA 150.1 42 - - - 5 47

Specific Conductance EPA 120.1 42 - - - 5 47

Iron EPA 200.7 42 - - - 5 47

Manganese EPA 200.7 42 - - - 5 47

Sodium EPA 200.7 42 - - - 5 47

Phenols EPA 420.1 42 - - .- 5 47

(1) Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling site and returned to the laboratory with the volatile organic C'JOA)
samples. One trip blank per each cooler containing VOAs.

(2) Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field
decontamination procedure. Obtained at a frequency of lIday/media/analysis. Number of samples reflects the number of actual laboratory analyses performed. Only
samples from every other day will be analyzed.

(3) Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) decontamination. Obtained at a frequency of 1/eventlmedia.
(4) Duplicates - A single sample split into two portions during a single act of sampling. Assess the overall precision of the sampling and analysis program. Obtained at a

frequency of 10 percent of the number of samples.
(5) Total Metals - For the determination of total metals the sample is not filtered before acidification.
(6) Dissolved Metals - For the determination of dissolved metals the sample is filtered to 0.45p before acidification.

Note: Additionally, Oxidation Reduction Potential (ORP) will be measured in the field.
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4.3 SAMPLING AND ANALYSIS PROCEDURES

Prior to sampling of a given monitoring well, a brief onsite inspection will be conducted, consisting of the

following elements:
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Inspection of Existing Monitoring Wells

Water-Level Measurement

4.3.1

Condition of the protective casing

Condition of the cement seal surrounding the protective casing

Presence of any standing water around the protective casing

Physical characteristics and composition of the inner casing or riser

Presence of grout between the riser and outer casing, and the presence of drain holes in the outer

casing

Presence of dedicated sampling equipment

Determination of static water level

Determination of total depth of well, including a check to determine if well is obstructed

Well security evaluation

Comparisons will be made between original and sampling date conditions to determine if significant

changes have occurred which may indicate well damage. A record of all field observations will be

recorded in a field log book.

4.3.2

Two comprehensive rounds of water level measurements will be conducted for each event to provide semi

annual information regarding groundwater flow patterns and flow gradients across the NSY Portsmouth

facility. Note that for the establishment of baseline conditions (first event), this' activity has been

Refer to the RFI Data Gap Work Plan QAPP and HASP for supplemental information concerning sample

collection and analysis (Halliburton NUS 1994). Also, refer to Appendix C of the Groundwater Monitoring

. Plan for the Analytical Laboratory NEESA Quality Assurance Manual for PACE New England, Inc.. PACE

New England has been selected to perform the analytical services for the RFI Data Gap activity and long

term groundwater monitoring.
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Purging/sampling of wells located near the island shoreline will be performed during low tide, to minimize

the potential for samples to be affected by surface water influx.

. Purge water will be containerized, labelled, and properly disposed of by NSY Portsmouth personnel. Refer

to Section 3.7 of this groundwater monitoring plan concerning residue management.

Well Purging4.3.3

completely addressed for all facility monitoring wells under the RFI Data Gap investigation (Halliburton

NUS 1994) planned for spring of 1994. Water levels will be obtained from all monitored wells; one round

during mean high tide and one round during mean low tide. Each set of water level measurements will

be obtained within an 2-hour period, and no sooner than 24 hours after a significant precipitation event,

to minimize the precipitation effects, on the data sets.

Measurements will be taken with an M-Scope (electrical water-level indicator) using the top of the inner

well casing as the reference point for determining depths to water. This well casing shall be notched and

marked so that the same point will be referenced for all measurements. Water level measurements will

be recorded to the nearest 0.01 foot in the field logbook and on a groundwater level measurement form,

attached in Appendix A. Section 5.0 of SOP-GH-2.5 (refer to Appendix B) provides a description of Water

Level Measurement procedures.

Prior to obtaining samples, water levels will be measured and the wells will be purged using a dedicated

bailer or a 2-inch submersible pump. Three to six well volumes will. be purged. If the wells are purged

dry with less than three volumes removed, the water in the well will be allowed to recover at least

70 percent, then a sample will be collected. In the event that recovery is slow, samples will be collected

within 24 hours of purging. Field measurements of pH, temperature, and specific conductance will be

taken after each well volume is purged. Stabilization of the above parameters is ~efined as follows:

temperature ± 1.0·C, pH ± 0.1 units, specific conductance ± 5 percent. If these parameters do not

. stabilize after 3 volumes, up to 6 volumes maximum will be removed. Section 5.0 of SOP-SA-1.1 and

SOP-SF-1.1, attached in Appendix B, provide a description of Groundwater Sample Acquisition.
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The alpha-numeric coding to be used in the sample system is explained in the diagram and the

subsequent definitions:

Teflon bailers with dedicated polyethylene rope as bailing line will be used for sample collection. The

sample will be poured directly from the bailer into the appropriate sample bottles for analysis. Samples

to be analyzed for volatile constituents shall be taken first and immediately sealed in a container so that

no head space exists.

Each sample collected will be assigned a unique sample tracking number. The sample tracking number,

will consist of a two-segment, alpha-numeric code that identifies the sample medium and location, and

, sample round identifier (in the case of groundwater samples). Any other pertinent information regarding

sample identification will be recorded in the field log books.

Sample Identification System
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(AANN)

(Medium & Round Identifier)

(AANN)

(Location)

Alpha

Numeric

= Jamaica Island Landfill

= Mercury Burial Site 1

= Mercury Burial Site 2

= Dennets Island

= Seavey Island

= Fill Area

= DRMO Facility

= Waste Oil Tanks

4-12

Sampling of Wells

(AAAA[N])

(Site 10)

Character Type:

A =
N =

Site 10:

JILF

MBS1

MBS2

01

SI

FA

ORMO

WOT

4.3.4

4.3.5
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Sample Location:

Groundwater sample =Monitoring well number

Medium:

GW = Groundwater from monitoring well

Sample Round Identifier:

For all samples = sampling round

Baseline Conditions, first event, Round 7

Baseline Conditions, second event, Round 8

Subsequent Sampling, Round 9, 10, etc.

. For example, a groundwater sample collected from monitoring well 130B at Jamaica Island Landfill during

establishment of second event baseline conditions would be designated as: JILF-130B-GW07-8

Field quality control (QC) samples are described in Section 4.3.8. They will be designated using a

different coding system. The QC code will consist of a two-segment, alpha-numeric code that identifies

the sample medium (for duplicates only), QC type, and date. The same sample medium codes will be

'used as for the standard environmental samples (GW, SW, SO, and SO). The QC types are identified as:

FB =Field Blanks

RB =' Rinsate Blanks

TB =Trip Blanks

FO =Field Duplicates

Matrix Spike and Matrix Spike Duplicate (MS/MSO) samples will be designated on the field documentation

forms and sample labels. MS/MSOS are collected at a frequency of 1 per 20 samples per matrix and

double or triple volumes of sample are required.

For example, a duplicate of a groundwater sample obtained on February 3, 1994 would be designated as:

. GWFO-020394

The sampling time recorded on the chain-of-custody form for duplicate and matrix spike/matrix spike

duplicate samples will be 00:00 so that the samples are "blind" to the laboratory. Notes detailing the

4-13
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Field Custody

Sample logs or other records will be signed and dated.
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Sample Handling

Chain-ot-Custody

The FTL is responsible for the care and custody of the samples collected until they are

delivered to the analyzing laboratory or entrusted to a carrier.

sample number, time, date, and type will be recorded in the field log book.

Chain-of-custody sample forms will be completed to the fullest extent possible prior to

sample shipment. They will include the following information: project name, sample

number, time collected, source of sample and location, description of sample location,

matrix, type of sample, grab or composite designation, preservative, and name of sampler

(see attached form).

Sample handling includes the field related considerations connected with the selection of sample

containers, preservatives, allowable holding times, and analyses requested_ Table 4-1 provides a

summary of all sample handling considerations. Section 5.0 of ·SOP-SF-1.2, attached in Appendix B,

provides a description of Sample Preservation Requirements.

Integrity of the samples collected during the site investigation will be the responsibility of identified persons

from the time they are collected until they, or their derived data, are incorporated into the final report.

Stringent chain-of-custody procedures will be followed to document sample possession.

4.3.6

4.3.7

Sample custody procedures are designed to provide documentation of preparation, handling, storage, and

- shipping of all samples collected. An example of the chain-of-custody form, which will be used during this

investigation, is included in Appendix A. A copy of the procedure is included in Appendix B.
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These forms will be filled out in a legible manner, using waterproof ink, and will be signed

by the sampler. Similar information will be provided on the sample label which will be

securely attached to the sample bottle. The label will also include the general analyses

to be conducted. In addition, sampling forms will be used to document collection,

filtration, and preparation procedures. Copies of all forms used during field activities are

provided in Appendix A.

Transfer of Custody and Shipment

The following procedures will be used when transferring custody of samples:

Samples will be accompanied by a chain-of-custody record, When tra,nsferring samples,

the individuals relinquishing and receiving them will sign, date, and note the time of the

chain-of-custody record. This record documents the sample custody transfer from the

sampler to the laboratory, often through another person or agency (common carrier),

Upon arrival at the laboratory; internal sample custody procedures will be followed,

Prior to shipment to the laboratory for analysis, samples will be properly packaged,

Individual custody records will accompany each shipment. Shipping containers w.ill then

be sealed for shipment to the laboratory. The methods of shipment, courier name, and

other pertinent information, will be entered in the remarks section of the custody record,

All shipments will be accompanied by the chain-of-custody record identifying the contents,

The original record will accompany the shipment; and a copy will be retained by the field

sampler.

Proper documentation will be maintained for shipments by common carrier.

Sample Shipment Procedures

The following procedures will be followed when shipping samples for laboratory analysis:

Samples requiring cooling to 4DC will be promptly chilled with ice or Blue Ice and will be
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packaged in an insulated cooler for transport to the laboratory. Ic~ will be sealed in

containers to prevent leakage of water. Samples will not be frozen.

Only shipping containers that meet all applicable state and Federal standards for safe

shipment will be used.

Shipping containers will be sealed with nylon strapping tape, custody seals will be signed,

dated, and affixed, in a manner that will allow the receiver to quickly identify any

tampering that may have occurred during transport to the laboratory.

The field chain-of-custody document will be placed inside the shipping container in a

sealed plastic envelope.

Shipment will be made by a public courier. After samples have been taken, they will be

sent to the laboratory within 24 hours.

Field Documentation Responsibilities

It will be the responsibility of the FTL to secure all documents produced in the field (e.g., sampling logs,

calibration forms) at the end of each work day. A copy of all forms used during field activities are included

in Appendix A. Copies of all field logbooks will be sent to NORTHDIV monthly, to the

attention of Rich Fini.

The possession of all records will be documented; however, only the project FTL or designee may remove

field data from the site for reduction and evaluation.

Laboratory Sample Custody

To ensure the integrity of a sample from collection through analysis, it is necessary to have an accurate,

written record that traces the possession and handling of the sample. This documentation is referred to

as the sample chain-ot-custody.

4-16
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The sample is in view of an authorized person after being in his/her possession.

The sample is in a secure area, restricted to authorized personnel only.

Quality Control Samples4.3.8

Field Blanks

A sample is under custody if

The sample is in the physical possession of an authorized person.

The sample is placed in a secure area by an authorized person after being in his/her

possession.

Sample custody during collection and shipping is discussed in Section 5.3 of Halliburton NUS SOP SA-6.1,

attached in Appendix B. Laboratory sample custody is discussed in the following sections.

When samples are received, the shipping manifest is signed and dated to acknowledge sample receipt.

· The sample custodian must examine the shipping containers and verify that the correct number of

containers was received. The shipping containers are then opened and the enclosed sample paperwork

is removed. Samples are removed from the shipping containers and the bottle condition must be noted.

The information on the chain-of-custody, the airbill, the containers, and the laboratory request is reviewed

to note any discrepancies.

Field blanks are not anticipated for the long-term monitoring program unless new monitoring wells are

installed or non-dedicated bailers are used for sampling. Field blanks are obtained by sampling the

water(s) used in decontamination during the field investigation activities. Samples consist of the source

water used in: (1) steam cleaning of large equipment and (2) analyte-free water used for decontamination

of sampling equipment. Field blanks will be used to confirm the effectiveness of decontamination

· procedures, and to determine if the analyte-free water or the potable water (used for steam cleaning) may

· All samples received by the laboratory must be stored at 4°C until analysis.. Laboratory holding times are

specified by the contract and are presented in Table 4-1.
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be contributing to sample contamination. Field blanks will be collected for each type of water used for

decontamination and will be submitted at a frequency of one per sampling event. Field blanks will be

obtained during the early days of the sampling activities.

Rinsate Blanks

Equipment rinsate blanks are not anticipated for the long-term monitoring program unless new monitoring

wells are installed or non-dedicated bailers are used for sampling. Equipment rinsate blanks are obtained

under representative field conditions by running analyte-free water through sample collection equipment

(bailer, split-spoon, corer, etc.) after decontamination and placing it in the appropriate sample containers

for analysis. Equipment blanks will be used to assess the effectiveness of decontamination procedures.

Equipment blanks will be collected for each type of non-dedicated sampling equipment used and will be

submitted at a frequency of one per day per media. Equipment blanks, however, will only be analyzed

every other day unless positive detections are recorded in the prior rinsate blank. For dedicated or

precleaned equipment, rinsate blanks will be collected and analyzed at a frequency of one per lot for a

specific equipment type. It will be the responsibility of the FTL to communicate to the laboratory whether

an equipment blank is, or is not, to be analyzed as stated above.

Field Duplicates

Field duplicates are two samples collected: (1) independently at a sampling location in the case of

. groundwater or surface water, or (2) a single sample split into two portions in the case of soil or sediment.

Duplicates are obtained during a single act of sampling and are used to assess the overall precision of

the sampling and analysis program. Ten percent of all samples for each media shall be field duplicates.

Duplicates shall be analyzed for the same parameters in the laboratory and will be labeled so as to make

the identity of the duplicate unknown to the laboratory.
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Trip Blanks

Trip blanks are samples which originate from analyte-free water taken from the laboratory to the sampling

site and returned to the laboratory with the volatile organic analysis samples. (such as Tel volatiles). One

trip blank will be collected per each cooler containing volatile organics. Trip blanks are only analyzed for

the volatile constituents that are being shipped in a given cooler.

4-19
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5.0 PREPARATION, EVALUATION, AND RESPONSE FOR GROUNDWATER MONITORING

5.1 DATA VALIDATION

Although no formal data validation will be conducted, limited analytical data evaluation will be conducted

to ensure that only true data points are considered for decision-making purposes. Limited data validation

will consist of the following:

Analytical holding time compliance review

Gross calibration deficiency review to determine if gross false negatives potentially exist

Evaluation of laboratory and field blank contamination

In the performance of limited data evaluation, only informal deliverables consisting of data evaluator's

notes to file are generated; that is, no detailed memoranda comparable with full-scale data validation are

generated.

5.2 PROCEDURES FOR DETERMINING SIGNIFICANT INCREASES FOR MONITORED

CONTAMINANTS AND INDICATOR PARAMETERS

Compliance criteria will be in accordance with the Media Protection Standards, which are currently under

development and review. In the future, if there is an exceedence, the NSY Portsmouth may resample

. within one month and repeat the analysis for those compounds that exceed the criteria, to confirm the

elevated concentration.

Upon evaluation of the analytical data, statistical evaluation will be utilized if determined to be necessary.

Variance among samples will be performed using tolerance levels based on the normal distribution. With

this method, a tolerance interval is established for the background well(s) for each monitored constituent

. of concern. Sample analyses from downgradient wells are then compared to the established tolerance .

interval, with those values falling above the upper limit of the tolerance interval being considered

statistically significant evidence of contamination. A coverage of the tolerance interval of 95% will be used,

with tolerance coefficient of 95%. This combination results in a 95% certainty that the results from a well
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unaffected by the unit operations will not exceed the upper 95% tolerance limit. The procedure for

applying this statistical method to the monitoring data is as follows:

(1) Calculate the mean (M) and standard d~viation (SD) of the background data set, for each

monitored constituent.

(2) Calculate the upper tolerance limit (TL) as follows: TL=M+ (SD)(K), where K is the one sided

tolerance factor found in Table 5, Appendix B of EPA's "Guidance Document for Statistical

Analysis of Groundwater Monitoring Data at RCRA Facilities" (EPA/530SW89-026).

(3) Compare the data from the downgradient wells to the tolerance limit for each 'constituent.

Until baseline conditions are established, background ranges of values for monitored constituents have

not been established yet. Tolerance limits will be determined after the collection of four rounds of water

quality data from the monitoring wells.

The results of each sampling round, along with the applicable data evaluation information, will be

forwarded to the appropriate EPA and MEDEP personnel for evaluation. The sampling data for each well

will be provided in a table format, with the tolerance limit also presented for each constituent (where

statistical evaluation is warranted) for comparative purposes. Downgradient well samples that exhibit

statistically significant increases in monitored constituents will be identified and the constituent exceedence

levels identified. A project file and computer database will also be kept by the NSY Portsmouth with all

of the groundwater monitoring 'data and statistical evaluations.

5.3 PROCEDURES FOR ANNUAL DETERMINATION OF AQUIFER FLOW RATE AND DIRECTION

All monitoring wells have been or will be measured for hydraulic conductivity via rising-head or falling-head

slug tests, Water levels will be measured twice during each sampling round (to represent high tide and

low tide conditions) to determine groundwater flow directions and assess seasonal fluctuations in the water

'" table. Overall average groundwater flow directions and gradients will be established 'during the RFI Data

Gap investigation. Additionally, based on semi-annual water level elevations, potentiometric surface or

"groundwater maps will be prepared on an annual basis.

5-2
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5.4 CORRECTIVE ACTION

A Corrective Measures Study (CMS) is planned to address any corrective action to alleviate existing

contamination problems, If future sampling results reveal evidence of significant contaminant increases

in any of the monitored wells, the regulatory authorities will be notified in writing as to:

(1) Identification and concentrations of contaminants of concern

(2) Any proposed changes to the groundwater monitoring system at the facility

(3) Any proposed additions or changes to the monitoring frequency, sampling and analysis procedures

or methods

(4) Notice of intent to seek an alternate concentration limit

(5) Within 180 days submit all data necessary to justify an alternate concentration limit and submit an

engineering feasibility plan for a corrective action program

(6) If applicable, demonstrate that a source other than a regulated unit caused the contamination or

that the detection is an artifact caused by an error in sampling, analysis or natural variation in the

groundwater. In any case, the Navy will continue to monitor in accordance with the established

monitoring program,

If the number, location, or depth of monitoring wells needs to be modified or evaluation of analytical data

. is required (e,g" risk assessment calculations), the necessary modifications will be made to bring the

groundwater monitoring system into compliance with this requirement If vertical migration of contaminants

is suspected to be a problem, existing deep bedrock monitoring wells OW-70B at the ORMO and JW-130,

JW-130B, and JW-120 will be added to the monitoring program,

If warranted in the future, analytes which are not expected and not detected will be deleted from the

. analytical program, upon written request by the Navy and approval by the regulatory authorities, Similarly,

written request and approval will be obtained in the future prior to sWitching to other analytical methods

which are less expensive, yet include the primary contaminants of concern, One particUlar modification
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that could be considered following completion of the base-line monitoring may be the replacement of TAL

metals with the less expensive list of the eight RCRA metals list.
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6.0 RECORDKEEPING

6.1 RECORDKEEPING

Records to be maintained throughout the site closure include 'boring logs, well construction logs, well

purging/sampling forms, groundwater sample forms, chain-of-custody forms, laboratory analysis results,

and static water level records, These records will be maintained by the NSY Portsmouth, at the

Department of Natural Resources and Environmental Affairs,

Field personnel will use bound logbooks for the maintenance of all field records pertaining to well drilling

and installation (if additional wells are required in the future) and sampling activities. These records will

be maintained onsite and will document all visual observations, calculations and equipment adjustments.

Every entry will be dated, and the time for each entry will be noted. The logbooks are controlled

documents that will be properly maintained and retained as part of the project files.

Field notes will be maintained in the following manner:

Entries into the field notebook will be legibly written in indelible ink.

A new page will be used at the beginning of each day's activities. This page will identify the date,

time, location, onsite personnel, and observed weather conditions.

Sketches or maps will be included to identify well, sample and/or photograph locations. Maps

should include a north arrow and scale.

Information for water-level measurements will include a well number, date, time, and weather

conditions at the time.

Upon sample completion, notes will include date, time, sample locations, and sample 10 numbers.

None of the documents are to be destroyed or thrown away, even if they are illegible or contain

inaccuracies.
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6.2 DATA MANAGEMENT AND REPORTING

Groundwater monitoring reports will be presented in the following format:

The following information will be reported to the EPA. and the Maine Department of Environmental

Protection (MEDEP):

Appropriate data sheets will be used by the laboratory to record analysis data. Records of the

groundwater analytical data will be kept in a computer database. A project file will also be kept which will

include a copy of the groundwater monitoring data.
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6-2

Introduction

1.1 Purpose

1.2 Project Organization and Responsibilities

1.3 Scope of Work

Groundwater Sampling Procedures

2.1 .Sample Locations and Analytical Methods

. 2.2 Sample Collection Procedures

2.3 Water Level Measurement

During the first two sampling events when baseline conditions are being established, and for

subsequent sampling/analysis events, concentrations of the analytical parameters for each well

will be reported within 30 days after receiving analytical results. In addition, any parameters that

exceed the established Media Protection Standards will be identified. The data will be presented

in tabular form and for each analyte the detection limit will also be presented.'

DRAFT

If applicable, the Navy will request in writing that certain analytes be deleted from subsequent

sampling/analysis events.

Groundwater contour maps will be produced from each round of water level measurements and

submitted to the regulatory agencies on an annual basis. Water levels will be measured twice

during each sampling round (to represent high tide and low tide conditions) to determine

groundwater flow directions and assess seasonal fluctuations in the water table.
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3.0

4.0

Appendix A

Appendix B

Appendix C

Appendix D-

Results and Data Evaluation

3.1 Analytical Results

3.1.1 Analytical Results

3.1.2 Statistical Evaluations

3.2 Groundwater Flow Directions

3.2.1 Current Groundwater Flow Directions

3.2.2 Comparison with Previous Results

Recommendations

Chain of Custody Forms

Raw Analytical Data

Summary of Limited Data Validation

Statistical Calculations
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7.0 SCHEDULE

Two baseline conditions monitoring events followed by semi-annual sampling is planned. The RFI Data

Gap monitoring well installation is scheduled to occur in spring of 1994. Upon installation, the wells will

be sampled in accordance with the RFI Data Gap planning documents (Halliburton NUS 1994). The

existing RFI monitoring wells will be sampled in or about the same time in accordance with the

requirements of the subject groundwater monitoring plan. In combination, this will comprise the

establishment of baseline conditions - first event sampling event. For the establishment of baseline

conditions -second event sampling event, both RFI and RFI Data Gap wells will be sampled/analyzed

concurrently in accordance with the subject groundwater monitoring plan. Following establishment of

baseline conditions, two quarters will elapse, then subsequent sampling/analyses will take place in

accordance with the subject groundwater monitoring plan.
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APPENDIX B

STANDARD OPERATING PROCEDURES (SOPS)

Hydrogeology

GH-2.5, Section 5.0: Water Level Measurement/Contour Mapping

Sampling

SA-1.1, Section 5.0: Groundwater Sample Acquisition

. SA-6. 1, Section 5.0: Sample Identification and Chain-of-Custody

SA-6.2, Section 5.0: Sampling Packaging and Shipping

SA-6.3, Section 5.0: Site Logbook

. Support Field Methods

SF-1.1, Section 5.0: On-Site Water Quality Testing

SF-1.2, Section 5.0: Sample Preservation

SF-2.3, Section 5.0: Decontamination of Chemical Sampling and ~ield Analytical Equipment

DRAFT



Cascading water within a borehole or steel well casings can cause false readings with some types of
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil
layers and true depth to groundwater if required.

In measuring groundwater levels, there shall be a clearly-established reference point of known
elevation, which is normally identified by a mark on the upper edge of the inner well casing. The
reference point shall be noted in the field notebook. To be useful, the reference point should be tied
in with an established USGS benchmark or other properly surveyed elevation datum. An arbitrary
datum could be used for an isolated group of wells if necessary.

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the
geologist's field notebook or on the Groundwater Level Measurement Sheet (Attachment A), along
with the date and time of the reading. The total depth of ' . ~ well shall be measured and recorded. if
not already known. Weather changes that occur over tho; ;Jeriod of time during which water levels
are being taken, such as precipitation and bariometric pressure changes, should be noted.

Groundwater level measurements can be made in monitoring wells, private or public water wells,
piezometers, open boreholes, or test pits (after stabilization)., Groundwater measurements should
generally not be made in boreholes with drilling rods or auger flights present. If groundwater
sampling activities are to occur, groundwater level measurements shall take place prior to well
evacuation or sampling.
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Water level readings shall be taken regularly, as reauired by the site hydrogeologist. Monitoring
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction
with a tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder
installed in the adjacent water body); the frequency of such readings shall be established by the site
hydrogeologist. All water revel m'easurements at a site used to develop a groundwater contour map
shall be made in the shortest practical time to minimize affects due weather changes, and at least
during the same day.

5.2 WATER LEVEL MEASURING TECHNIQUES

There are several methods for determining standing or changing water levels in boreholes and
monitoring wells. Certain methods have particular advantages and disadvantages depending upon
well conditions. A general description of these methods is presented, along with a listing of various
advantages and disadvantages of each technique. An effective technique shall be selected for the
particular site conditions by the onsite hydrogeologist.

In most instances, preparation of accurate potentiometric surface requires that static water level
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual
accessible wells, the Chalked Tape or Electrical Water Level Indicator methods have been found best,
and thus are the most often utilized. Other, less precise methods, such as the Popper or Bell Sound or
Bailer Line methods, may be appropriate for developing preliminary estimates of hydraulic
conditions. When a large number of (or continuous) readings are required. time-eonsuming
individual readings are not usually feasible. In such cases. it is best to use the Float Recorder or
Pressure Transducer methods. When conditions in the well limit readings (i.e., turbulence ire :he



1. Check operation of recording equipment above ground. Prior to opening the well, don
personal protective equipment as required.

water surface or limited access through small diameter tubing), less precise, but appropriate, methods
such as the Air Line or Capillary Tubing methods can be used.

Water levels can be measured by several different techniques, but the same steps shall be followed in
each case. The proper sequence is as follows: ~'.
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5.2.1 Methods

"

2. Record all information specified below in the geologist's field notebook or on the
Groundwater Level Measurement Sheet.·

a. Well number.
b. Record water level to the nearest 0.01 foot (0.3 em). Water levels shall be taken from

the surveyed reference mark on the top edge of the inner well casing.
c. Record the time and day of the measurement.

Water level measuring devices with permanently marked intervals shall be used when possible. If
water level measuring devices marked by metal or plastic bands clamped at intervals along the
measuring line are used, the spacing and accuracy of these bands shall be checked frequently as they
may loosen and slide up or down the line, resulting in inaccurate reference points (see Section 5.2.3).

5.2.2 Water Level Measuring Devices

Chalked Steel Tape

The water level is measured by chalking a weighted steel tape and lowering it a known distance (to
any convenient whole foot mark) into the well or borehole. The water level is determined by
subtracting the wetted chalked mark from the total length lowered into the hole.

The tape shall be withdrawn quickly from the well because water has a tendency to rise up the chalk
due to capillary action. A water finding paste may be used in place of chalk. The paste is spread on
the tape the same way as the chalk, and turns red upon contacting water.

Disadvantages to this method include the following: depths are limited by the inconvenience of
using heavier weights to properly tension longer tape lengths; ineffective if borehole/well wall is wet
or inflow is occurring above the static water level; chalking the tape is time consuming; difficult to
use during periods of precipitation.

Electric Water Level Indicators

These devices consist of a spool of small-diameter cable and a weighted probe attached to the end.
When the probe comes in contact with the water, an electrical circuit is closed and a meter, light,
and/or buzzer attachea to the spool wi!! signal the contact.

There are a number of commercial electric sounders available, none of which is entirely reliable under
all conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on
the water; groundwater with high specific conductance, water cascading into the well, steel well
casing, or a turbulent water surface in the well, measuring with an electric sounder may be difficult.
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Air Line
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A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and
lowered into the well. A "plopping" or "popping" sound is made when the weight strikes the surface
of the water. An accurate reading can be determined by lifting and lowering the weight in short
strokes. and reading the tape when the weight strikes the water. This method is not sufficiently
accurate'to obtain water levels to 0.01 feet. and thus is more appropriate for obtaining only
approximate water levels quickly.

Popper or Bell Sounder

For accurate readings, the probe shall be lowered slowly into the well. The electric tape is marked at
the measuring point where contact with the water surface was indicated. The distance from the mark
~o the nearest tape band is measured using an engineer's folding ruler or steel tape and added to the
band reading to obtain the depth to water. If band is not a permanent marking band. spacing shall
be checked periodically as described in Section 5.2.3.

A float or an electromechanically actuated' water-seeking probe may be used to detect vertical
changes of the water surface in the hole. A paper-covered recording chart drum is rotated by the up
and down motion of the float via a pulley and reduction gear mechanism. while a clock drive moves a
recording pen horizontally across the chart. To ensure continuous records. the recorder shall be
inspected. maintained. and adjusted periodically. This type of device is useful for continuously
measuring pe'riodic water level fluctuations. such as tidal fluctuations or influences of pumping wells.

Float Recorder

The disadvantages to this method include the need for an air supply' and lower level of accuracy
(unless a very accurate air pressure gauge is used, this method cannot be used to obtain water level
readings to the nearest 0.01 ft).

Capillary Tubing

In small diameter piezometer tubing. water levels are determined by using a capillary tube. Colored
or clear water is placed in a small "u" -shaped loop in one end of the tube (the rest of the tube

, contains air). The other end of the capillary tube is lowered down the piezometer :'_oing until the
water in the loop 'moves, indicating that the water level has been reached. The point is then
measured from the bottom of the capillary tube or recorded if the capillary tube is calibrated. This is
the best method for very small' diameter tubing monitoring systems such as Barcad and other
multilevel samples. Unless the capillary tube is calibrated. two· people may be required to measure
the length of caoillary tubing used to reach the groundwater. Since the piezometer ~'Jbing and
capillary tubing usually are somewhat coiled when installed, it is difficult to accuratelY measure
absolute water level elevations using this method. However. the method is useful in accurately
measuring differences or changes in water levels (i.e., during pumping tests).

. An air line is especially useful in pumped wells where water turbulence may preclude the use of other
devices. A small-diameter weighted tube of known length is installed from the surface to a depth

, below the lowest water level expected. Compressed air (from a compressor. bottled air. or air pump)
is used to purge thewater from the tube, until air begins to escape the lower end of the tube, and is
seen (or heard) to be bubbling up through the water in the well. The pressure needed to purge the
water from the air line multiplied by 2.307 (feet of water for 1 psi) equals the length in feet of
submerged air line. The depth to water below the center of the pressure gauge can be calculated by
subtracting the length of air line below the water surface from the total length of the air line.
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Bailer Line Method

5.2.3 Data Recording
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Pressure Transducer

Borehole Geophysics

Approximate water levels can be determined during geophysical logging of the borehole (although
this is not the primary purpose for geophysical logging and such logging is not cost-effective if used
only for this purpose). Several logging techniques will indicate water level. Commonly-used logs
which will indicate saturated/unsaturated conditions include the spontaneous potential (SP) log and
the neutron log.

Water levels can be measured during a bailing test of a well by marking and measuring the bailer line
from the bottom of the bailer (where water is first encountered) to the point even with the top of the
well casing. This is a useful technique during bailing tests (particularly if recovery is rapid) if the bailer
is heard hitting the water. However, it is not recommended for measuring static water levels because
it is not usually as accurate as some of the other methods described above.

All groundwater level measurement devices must be cleaned before and after each use to prevent
cross contamination of wells.

5.2.4 Specific Quality Control Procedures for Water level Measuring Devices

Some devices used to measure groundwater levels may need to be calibrated. These devices shall be
calibrated to 0.01 foot accuracy periodically. A water level indicator calibration sheet shali be
completed each time the measuring device is checked. A water level indicator calibration form is
shown in Attachment A. The" actual reading" column on the sheet is the actual length of the interval
from the end of the indicator to the appropriate marked depth interval. In many cases, these
measurements are different b cause the water lev I m asuring device is connected to the end of the
measuring tape or line, and may extend beyond "0" feet on the measuring line.

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and
. therefore the water elevation above the transducer. The transducer is wired into a recorder at the

surface to record changes in water level with time. The recorder digitizes the information and can
provide a printout or transfer the information to a computer for evaluation (using a well
drawdown/recovery model). The pressure transducer should be initially calibrated with another
water level measurement technique to ensure accuracy. This technique is very useful for hydraulic
conductivity testing in highly permeable material where repeated, accurate water level
measurements are required in a very short period of time. A sensitive transducer element is required
to measure water levels to 0.01 foot accuracy.

Water level measurements, time, data, and weather conditions shall be recorded in the geologist's
field notebook. or on the Groundwater Level Measurement Sheet. All water level measurements shall
be measured from a known reference point. The reference point is generally a marked point on the
upper edge of the inner well casing that has been surveyed for an elevation. The exact reference

. point shall be marked with permanent ink on the casing since the top of the casing may not be
entirely level. It is important to note changes in weather conditions because changes in the
barometric pressure may affect the water level within the well.

Subject



5.4 HEALTH AND SAFETY CONSIDERATIONS

5.3.3 Determination of Groundwater·Flow Direction

5.3.2 Construction of Equipotential lines
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5.3 POTENTIOMETRIC SURFACE MAPPING

5.3.1 Selection of Wells

WATeR LEVEL MEASUREMENT/
CONTOUR MAPPING

At least three wells must be used to provide an estimation of the direction of groundwater flo,;v, and
many more wells will be needed to provide an accurate contour map. Generally, shallow systems
require more wells than deep systems for accurate contour mapping.

Plot the water elevations in the chosen wells on a site map. Other hydrogeologic features associated
with the zone of interest·· such as seeps, wetlands, and surface-water bodies •• should also be plotted
along with their elevations.

Before mapping, review the recorded water lev'els and monitoring-weil construction data, site
geoiogy and topographic setting to ascertain that the wells are completed in the same hydrogeologic
unit and to determine if strong vertical hydraulic gradients may be present. Such conditions will be
manifested by a pronounced correlation between well depth and water level, or by a difference in
water level between two wells located near each other but set to different depths or having different
screen lengths. Professional judgment of the hydrogeologist is important in this decision. If vertical
gradients are'significant, the data to be used must be limited vertically, and only wells finished in a
chosen vertical zone of the hydrogeologic unit can be used.

All wells used to prepare a flow net in a plan or map view should represent the same hydrogeologic
unit, be it aquifer or aquitard. All water level measurements used shall be cOllected on the same day.

The data should then be contoured, using mathematically valid and generally accepted techniques.
Linear interpolation is most commonly used, as it is the simplest technique. However, quadratic
interoolation or any technique of trend-surface analysis or data smoothing is acceptable. Computer
generated contour maps may be useful for large data sets. Contour lines shall be drawn as smooth,
continuous lines which never cross one another,

Inspect the contour map, noting known features, such as pumping wells and site topography. The
contour lines must be adjusted in accordance with these, utilizing the professional judgment of the
hydrogeologist. Closed contours should be avoided unless a known sink exists. Groundwater
mounding is common under landfills and lagoons; if the data imply this, the feature must show in the
contour plot.

Flow lines shall be drawn so that they are perpendicular to equipotential lines. Flowlines will begin
at high head elevations and end at low head elevations. Closed highs willbe the source of additional
flow lines. Closed depressions will be the termination of some flow lines. Care must be used in areas
with significant vertical gradients to avoid erroneous conclusions concerning gradients and flow
directic'is.

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air
space inside the weil pipe. The release of this air when the well is initially opened is a Heaith/Safety
hazard which must be considered. , Initial monitoring of the well headspace and breathing zone
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concentrations using a PID (HNU) or FID (OVA) and combustible gas meters shall be performed to
determine required levels of protection.

Freeze. R. A. and J. A. Cherry, 1979. Groundwater. Prentice-Hall, Englewood Cliffs, New Jersey,

604 pp.

Cedergren, H. R., 1977. Seepage. Drainage and Flow Nets (2nd edition). John Wiley a~d Sons,

New York.

7.0 ATIACHMENTS

Attachment A - Groundwater Level Measurer"" :'leet
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WATER LEVEL MEASUREMENTI
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Attachment B- Water Level Indicator Calibration Sheet.

I
I
I
I
I·
I
t,
i,
I



5.3 CALCULAnONS OF WELL VOLUME

• DKontamination solutions - Distilled water. Alconox, methanol, acetone.

05/04190Effectlve Oate
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where:

V ~

T a

r s

0.163 =

• calculate number of linear feet OT static; wdter (tu~i UC~U-I \,Ii :c,-,'if~' ,;,: 'ne:: ~i~. i7.;~U~ ~~~

depth to sutic water level).

• Measure and record static water level (depth below ground level or top of casing reference

point).

• calculate one static well volume in gallons (V • O~163Tr2l.

• Determine depth of well (if not known from past records) by sounding using a clean.

decontaminat.a wllgntec tage measure.

• Determine well or casing diameter.

• f.!l!!- Plastic. graduated.

• Other Ympling equipment ... Baile" and monofilament line with tripod-pulley ass-moly (if

necessary). Baile" snail be used to obtain samples for volatile organics from snaHow and

deep groundwater wells.

• Determine tne minimum amount to be evacuated before sampling.

Static volume of well in gallons.

Thickness of water table in the well measured in feet, Le.• linear ie t of statiC

water•
. Inside radius of well casing in inches.

A. constant conve"ion factor which compensates for the conve"ion of the

casing radius from Inches to feet. the conve"ion of cubic feet to gallons, and

pi. .

• Obtain all available information on well construction (location, casing, screens, etc.).

GROUNDWATER SAMPLE ACQUISITION

Ideally, samole withdrawal. ~uipment .shall be completely inert, economical. easily cI an.a.·

sterilized. and reused. able to operate at remote sites in the abMnce of power sources. and caDaDle of

delivering variable rates for well flushing and sample collection.

To insure that the proper volume of water has been removecl from the well prior to sampling it is fim

necessary to know the volume of standing water'in the well pipe. This volume can be eaSIly

calculated by the follOWing method. calculations shall be entered in the field logbook and on the

field data form (Attachment A):
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5.4 EVACUAnON OF STAnCWATER (PURGING)

5.4.1 Generll

The amount of flushing a well shall receive prior to sample collection wiil deeend on tne Intent of tne
monitoring program and the hydrogeologic conditions. Programs to determine overall ouallty OT
water resources may require long pumpit:lg penods to obtain a sampll that is reoresentatlve of a
large volume of that aauifer. The pumeed voluml may bl specified prior to sampling 50 tnat tne
samele can be a compoSitl of a known voluml of thl aquiflr. Altlmatlly tne well can be eumo 0

until the earametlrs sucn as temperature. electrical conductance. and pH have stabilized. QnSlle
measuremenu of these parameten shall bl recorded on the field data form.

For defining a contaminant plume. a reeresentative sampll of only a small volume of the aQuder IS

reauired•. Thesl circunistances require that tnl well be pumped enougn to remove tne stagnant
water but not enough to induce significant groundwater flow from otner areas. Generally three to
five well volumes are considerlG effective for purging a w..l.

II.
I
~01

I
II

The site nydroglOlogist. geochemist and risk assessment penonnel shall define tne objectives of tne I
grounawater sampling program In the Work Plan. and prOVIde appropnatl criteria and gUIdance to. \ )
tne sampling penonnel on the croper methods ano volumes of well purgIng. . :

5.4.2 Evacuation Devices

Advantages of baillrs includl:

Bailin are the simolest evacuation devices used and nave many advantages. They generally consist f
a lengtn of pipi with a 51alld bottom (bUCKet-type bailer~ or. as is more useful and fav red. wltn a
ball check-valve at tt1e bottom. An inert line is used to lower tt1e bailer and retneve the sample.

•
~

'I
I../
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I
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I
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I
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• Few limitations on sizi and matlrials usld for baillrs.
• No external power sourci needld.
• Bailers are inlxpensive. and can be dedicated and hung in a well to reduci tne chances of

cros5-<omamination.
• There is minimal outgassing of volatile organics while the sampll is in the bail r.
• Bailers are relatively lasy to decontaminatl.

5.4.~.1

The following discussion is limited to those devices commonly used at naurdous waste sites.
Anachment B provides guidance on the proper evacuation device to use for given ,amoling
situations. Note that all of these techniques involve. equipment wnich is portable and readily
available.

LimItations on the use of'baile" include the following:

• It is timl consuming to removi stagnant water using a bailer.
• TranSfer of sampll may cause aeration. .
• Use f baii.rs is phY'ically demanding. especially in warm tlmperatures at protecti

.abov. Livil O.
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GROUNOWATER SAMPLE ACQUISITION

1.0 PURPOSE

Site Hydrogeoloqist or Geochemist· resl)onsible for selecting and detailing the specific groundwater
saml)ling tecnniques and equipment to be used. documenting thew in the Proj@ct Operations Plan
(POP), and properly briefing the site saml)ling personnel.

3.0 GLOSSARY

Site Geologist· The Site Geologist is primarily responsible for the proper acquisiti n of the
grounC'Nater samples. When appropriate. such responsibilities maybe I)erformed by other Qualified
personn<!1 (engineers, field technicians).

Site Manaaer- The Site Managci l; i":i~i,i;;':. fwi iCYiwni.,g ui. _ii1~lin9 ~ioceclu..es used by the
field crew and for performing in-field spot checks for proper sampling procedures.

4.0 RESPONSIBIUnES

Th@ purpose of this proc@dur@ is to provide g@n@ral .r@f@r@nc@ Information on, t~@ sampling of
grounDwater w@lIs. Th@ methods an~ eQulI:,m@nt descrtb@(l are for tM@ collection OT water samples
from the saturated zone of th@ subsUrface.

5.0 PROCEDURES

S.1 GENERAL

2.0 SCOPE

This procedure provides information on proper sampling equipment and technIQues for grounDwater
sampling. R@view of the information contained herein will facilitate planning of the field samoling
effort by describing standard sampling techniques. The techniques described shall be followeD
whenever applicabl@, noting that sltMpecific conditions or proj@ct-speclfic plans may reoulte
adjustme-nts ,n m@thodology.

To be, useful and accurate, a groundwater sample must be representative of the I)articular zone of the
water being sampled. The I)hysical. chemical, and bacteriological integrity of. the sample must be
malntaJne<3 from the time of sampling to the ti"me of testing in order to keep any changes in water
Quality parameten to a minimum.

Methoas for withdrawing sam~les from com~leted wells inclUde the use of pumps. compressed alt,
bailers, and various types of samciers. The primary considerations in obtaining a representative
sample of the groundwater are to 'avold collection of stagnant (standing) water in the well and to
aVOId phYSical or chemical alteration of the water due to sampling techniques. In a non-pumctng
well, there will be little or no vertICal mixing of water In the well pipe or casing. and stratification WIll

occur. The well water in the screenea section will mix with the groundwater due to normal flow
.patterns. but the well water above the sere n d s ction will remain is lated and bee me stagnant,
To safeguard against collecting non-representative stagnant water in a sample. the foil wing
a~proacnsnail be followed ~rior to sample acquisition:
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5.2 SAMPUNG. MONITORING. AND EVACUAnON EQUIPMENT

Sample containe" shall conform 'HI th EPA regulations for. the appropriate contaminanu.
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Sample packaging and Shipping eguipment - Coole" for sample Shipping and cooling,
chemica' preservatives, appropnate packing containe" and filler. ice, labels and chaln-of
custody documems.

'c

Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags;
appropri~te keys (for locked wetls): engin.." rule; water-tev.. indicatr; wher
applicable, speafic-conduetivity meter.

•

•

3. For high-yieiding monitoring w.lIs which cannot be evacuated to dryn.ss. there IS no
absolute safeguard' against contaminating the sample With stagnant water. One of th
follOWing tec:hniClues shall b. used to minimize this possibility:

2. For wells that can be purged to dryness with the sampling equipment being used. the w.1I
shall be evacuatea and allowed to recover prior to sample acauisltlon. If the recovery rate
is fairly rapid. evacuation of more than one volume of water IS preferred.

1, All monitoring wells shall be ourge(j prior to obtaining a samole. Evacuation f three to
five volumes IS recommenaed for a representative sample. In a nlgh-Yleialng grounawater
formation and w"ere there is no stagnant water in the weil above the sere ned section.
evacuation prior to sample Withdrawal is not as cntlcat.

• The inlet tine of the sampling pump (or the subme"ible pump iuelf) shall be placed n ar
the bottom of the screened section, and approximately one casing volume of water shall
be pumped from the weft at a rate equal to the weU's recovery rate.

• A subme"ible pump. intake line ofa suriace pump or bailer shall be placed just bel w.the
water suriace wnen removing the stagnant water and lowered as the water level
decreases. Three to five volumes of water shall be removed to prOVide reasonaal
assurance that all stagnant water has been evacuated. Once thIS is accomplished a bailer
may be used to collect the sample for chemical analysis.

G~OUNOWATeR SAMPLE ACQUISITION

The follOWing equipmem shall be on hand when sampling ground water wells:

Stratification of contaminants may exist in the aCluifer formation, both in terms of a concentration
gradienu due to mixing and dispenlon processes in a homogen\';Ous layer, and in layen of vanable
permeaoility into which a greater or lesser amount of the contaminant plume has flowed. ExcesSive
pumoing can dilute or increase the contaminant concentrations in the recovered samole compareG to
what is represemative of the integrated water column at that point. and thus result In the collection
!,If • I\vl-i-,-;;~ii"ntatiVQ semple.

SwClIKt

• ~mm . ., t
- Shal.low-wet' pumps-Cemrifugal, pit~.r, suction, or. peristaltic pumps with droplines. /~-:

aer-hft apparatus (compressor and tubing) where .ppllcable. \~

• O. p.wetl pum~ubmersibl pump and e'eeuical power generating unit. or air-11ft
app.,m,wn....pplicabl . ;1
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:I.YISlonSAMPLE IDENTIFICATION
AND CHAIN·OF-CUSTODY

4.0 RESPONSIBlUTlES

• <•. " -,.' ' ...

:;eld SamDle~ - Respon~ible for initiating the Chain-ot-Custody Record and maintaining custody of
samples until they are relinquished to another custodian, to the shil:ll:ler. or to the common camero

~emedial Investigation Leader - Responsible tor determining that chain-of-custody procedures have
oeen met cy tne samI:lIesnll:lper ana anaiyticallaboratory.

::eld Oceratlan~ Leader - Rflponslble for determ,ning !nat chain-at-cuStody crocedures are
,mOlementecl up to ana Incluaing release to the shq:lper.

The term "chaln-ot-custody" rete~ to procedures which ensure that evidence presented in a court of
law is what It is rel:lrflented to be. The chaln-of-custody I:lrocedures track the eVidence from the t,me
ana place it is fim obtained to the courtroom and, secondly, I:lrovide security for the ev,dence as it is
moved and/or1'asses from the custody of one individual to another.

Chain-of-custody I:lrocedures, recordkeeoing, and documentation are an iml:lortant part of the
management control of samples. Regulatory agencies must be able to provide the chain of
possession and custody of any saml:lles that art offered for evide~ce, or that form the basis of
analytical test results introduced as evidence. Written procedures must be available and followed
whenever evidence samplfl are collected, transferred, stored, analyzed, or destroyed.

Th~ :":'1~~e= ef ic:~f.::t:e~ ~~ ! ~!~~I~ d!~~ds en the 'tyl:le of measurement or analy~s

oerlormed. When in~itu measuremenu are maae, the data are recorded directly in bound I gbooks
or otner field data records, With IdentIfying Information.

5.2.1 Sampte Labet
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Samples. ather than in-situ measurements, are removed and transported from the sample location to
a laboratory or other location for analV'is. aefore removal, however, a sample is often diVIded into
portions. def)ending upon the analyses to be performed. Each portion is preserved in accordance
wltn the Sampling Plan. Each samote conta,ner is identified by a sample label (se. Attachment B).
Sample labets are provided by the PMO. The informatIon recorded on the saml:lte label includes:

• Project: EPA Work Assignment Number (can be obtained from the Sampling Plan).

• Station Location: The unique saml:lle number identifying this sample (can b obtain d
from the Sampling Plan). ,

• Oatl: A six-digit number indicating the day, month, and year ot sample collectIon;
e.g., 12121/85.

• Time: A f ur-digit number indicating the 24-n ur tim f collection (for Ixample: 09541\
9:54 a.m., and 1629 is4:29 p.m.).

Medium: Water, s ii, sediment, sludge, waste, etc.
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• Concentration: The expected concentration (i.e., low, mecium, high).

• Sample Type: Grab or compOSite.

• Sampled By: Printed name of the sampler.

Traffic Repon Number: Number obtained from the traffic repon labels.

Remartcs: Any pertinem additional information.

•
o'

• <:ase Number: Case number assigned by the Sample Management Office.

• 0 Preservation: Type of preservation added and ~H levels.

• Analysis: VOA, SNAs, PCBs, pesticides, metals. cyanide, other.

,

,I
o Using JUSt the work ass;gnment number of the sample labet maintains the anonymity of sites. This tl
may be necesSary. even to the extent of greventing the laboratory perlorming anll~1S fr m knowing 0 v

the identity of the SIte (e.g., If the laboratory is part of an organization that has perlormed previ us ~

work on the site). II:
5.2.2 Sampleldemffieation Tag

A Sample Identification Tag (Attachmem F) must also be used for Qmpl~ collected for CLP (Contract
Laboratory Program) anaiY1is. The Sample Identification Tag is a w· ". waterproof pa~r label.
accroxlmately 3·by-6 inches. With a reinforced eyeiet, and stnrq or W' ~r anacnment to th neck
of the sample bonte. The SamOle Tag is a controlled document. and I. ~vicied by the reqional EPA
office. FollOWing sample an~lysis, the Sample Tag is retained by the la. nory as eVidence of samOI
receipt and analY1is.

The follOWing information is recorded on the tag:

• Project Code: Work Ass;gnment Number. 0

• Station Number: The middle portion of the Station Location Number, (betw
hyphens).

n th

• Mort'ttVo.ylYear: Same as Oate on Sample Label.

•
•

Time: Same IS Time on Sample Label.

Designate - Camp/Grab: Composite or grab sample.

(

•
•

Station Location: Same as Station Location on Sample Label.

Samplers: Sam' as Sampled By on Sample labeL

• Preservative: Yes r N •

• Analyses: Check appropriate b x(es).
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5.3.1 Field Custody Procedures
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SAMPLE IOENTIFlCATION
AND CHAIN-OF-CUSTOO"

• Samples are collected as described in the site-specific Sampling Plan. Care must be taken to
record preCisely the sample location and to ensure that the sample numoer n the label
matches the sample log shHt and O1ain-of-CustodY Record exaetty.

• Sample labels shall be completed for each sample. using waterproof ink unless pr hlbited
by weather conditions. e.g., a logbook notation would e.olain that a pencil was used to fill
out the sample label beuuse a ballpoint pen would not function in freezing w ath r.

• The person undertaking the actual sampling in the field is resoonsible for the care and
custOdy of the samples collected until they are property transferred or dispatChed.

• Lab Sample Number: For laboratory use only.

• When photographs are taken of tne sampiing as part of the Clecumentation or cedur • the
name of the photographer. date. time. site location. and site description are ent rea
sfoQuentlally in the sIte logbook as photos are taken. Once develooed. the photograpnlc
prints shall be serially numbered. corresoonding to the logbook descnptions.

ihe tag IS then tied around the neck of the samoie bottle.

If the sample is to be solit. it is aliauoted into similar sample containers. IdentIcal information IS

completed on the label anached to each split.

• Rem.rks: Same as Remarks on Sample Label (make sure tne Case Number and Traffic
Report numoe" are recoraed).

• Enter header information (project number, samplers. and project name - project name can
b obtained from the Sampling Plan).

5.3.2 Trann!! of Custody and Shipment

alank. duplicate. or field soike samples shall am be identified as such on the label, as trH!y may
compromise the Quality control function. Sample blanks. duplicates. spikes. and splits are aefinea In
?rocedure SA-6.6.

Samples are accompanied by a Chain-of-CustOdy Record Form. Chain~f-Custody Record Forms used
in EPA Regions I-IV are shown in Attachments A through D. The aopropriate form shall b obtain d
from the EPA R.eglonal Office. When transfernng the possession of samples. the individuals
relinQuishing and receiving will sign, dat., and note the tIme on the Record. This Record documents
sample custody transfer from the sampler. often through another person, to the analyst In tne
laboratory. The Chain~f-Cu5tody Record is filled out as follows:

After colleetton. seoaratlon. identification. and preservation. the samole is maintain d unaer
chain-of-custOdy procedures until it is in the custody of the analytical laboratory and has been stored
or disposeG of.

I,
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,I Sign, date, and ent rthetim under "RelinQuished by· entiy.
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• Complete other carrier-required shippinC} papen.

The custody record is completed usinC} black waterproof ink. Any corrections are made by drawing a
line through and initiating and dating the change, then emering the correct information. Erasures
are not permittea.

•

•
•

•
•

•

•

•

•

•

•

Enter sution number (the station number is the middle portion of the statl n location'
number, between the hyphens).

ChfCk comoosate or grab sample.

Enter station location number (the same numeer as the station location on tne tag and
label).

Enter the total number of contai ners per station number and the type of each bottle,

Enter either the inorganic traffic report number, the organic traffic report number, or tn
SAS number for each station number in the remarks column.

Enter the tag number from the bottom of the sample identification tag in the remarKS
column for each station location.

Make sure that the person receiying the sample signs the "Receiyed by· entry, or enter the
name of the carrier (e.g., U~. Federal beress) under "Recelyed by.· Receiying laborat ry .
will sign "Received for l.aboratory by· on the lower line and enter the oate and time.

Enter the bill-of·lading or Federal Express airbill num~runder "Remarks.· in the bottom
right comer, if appropriate.

PI ace the original (top, signed copy) of the Chain-of-Custody Record Form in th
appropriate sample shipping package. Retain the pink copy with field records.

Sign and date the custody seal. a 1- by 3-inch white paper la~1 with black letterIng and an
adhesiye backing. Attachment G is an example of a custody Hal. The custody seal is part of
tne cnaln-ot-custody process and is used to preyent tamperinC} with samples after they hav
bNn cott~ed in the field. Custody wals are pnmded by ZPMO on an as-needed basis.

Place the Hal aaoss the shippinC} container opening so that it would be broken ,f .the
container is o~ned.
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Common carriers will usually nat accePt responsibility for handling Chain-of-Custody Rec rd Forms;
this necesSitates packinC} the record in the sample container (enclosed with other documentation in a
plastic zip-lock bag). As long as custody forms are Haled inside the sample container and th custOdy
seals are intact. commeraal carrie" are not required to sign off on the custody form.

If Hm by mail, the ~ckage will be registered with retum receiPt requested. If sent by common
carrier or air freight. pro~rdocumentati n must b maintained.

The lab ratory reprewntatiye who accepU the incoming sampi shipmem signs and dates the
Chain-of-Custody Record, completing the sample tramfer process.· It is then th laboratory's
resoomlbility to maintain imemal logbooks and custody records through ut sample preparatl nand
analYSIS.
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Whenever samples are spiit with a private party or government agency, a ,secarate Recelot for

Samples Record Form IS crepared for those samples ~nd marked to indicate wltn wnom the samples

are oeing split. The person relinQuishing the samples to the party or agency snail reQuire the

signature of a representative of the appropriate party acknowledging receIpt of the sampies. If a

reoresentative is unavailable or refuses to sign, this is noted, in the ·Recelved by· space. When

acprocriate. as in the case where the reoresentative is unavailable, the custody record shall contain a

statement tnat the samples were deliverec:t to the designated location at the designated time. This

form must be completed and a copy given to the owner, operator, or agent-in-cnarge ev n I f the

oHer for split samples is aeclined. The orIginal is retained by the Field OperatIons Leaaer.

6.0 REFERENCES

U.S. EPA, 1984. User's Guide to the Contract Laboratory Program, Office of Emergency and Remedial

R~DOnse, Washington, D.C.

7.0 ArrAOfMENTS

Attachment A - Chain-of-Custody Record Form for use in Region I

Attachment B - Chain-of.custody R«ord Form for UM in RegIon II

Attacnment C - Chain-of-Custody Record Form for use in RegIon III

AttaChment D - Chain-ot-Custody Record Form for use in Region IV

Attachment e - Sample Labet

Attachment F - Samote Identification Tag

AttaChment G - Chain-ot-Custody Seal

'-----'--_......._----------.-_.. -
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SAMPLE PACKAGING AND SHIPPING

• Oetermine appropriate procedures for transporution of Ymples. 11 tnere IS any doubt. a
sample shall be comrdered nazardous and shiPped accordingly.

F'itld 0o,rations Llld., or Team Sampling Llldtr • responSible for dttermlning tnat samples are
property packaged and sniPped.

4.0 RESPONSIIIUnES

• Protect tne "e.lth .nd s.ffty of labor.tory penonnel receiving the ymples. SpeCial
precautions Ire uMd at laboratories wl'len ymples otl'ler than environmental s.mples ar.
received.

RtportaOlt Quantity (RQ) • A parentnetlcal note of tn. form -CRO·10001454)- following an tnt~ In

~n. OOT l'1azardoul Materi.ls taOI. (49CFR 112.101) Indicates tn. rtportabl. Quantity of .rlt
substanct ,1'1 pounds and kilograms. If a spill of tnat amount or more of tn. suostanct occurs aUring
transit or storage, a rtoort must be filed wltn DOT according to ~d 71. 15·1 5 concernIng naza~ous

materials ,ncid.nu reDoru. If tne matenal spilled is a nazardous wast., a r.port must alwa~ be fllea.
regardless of me amount, and must include a copy of the manifest. If tn. RO notation aDPun. It

must be snown .ith.r immediately before or after tn. prooer sniPping name on tne snIpPing paptr
(or manifest). Most snipping paoen and manifestS will nave a column designated -I-4M- whlcn may
be usea for tnis purpose.

5.' INTRODUcnON

S.mples collected for snipment from I site shall be classified as either tnvironmental or hazardOUS
mattrlal (or waste) Ymples. In gtn"a!; tnvironmental ymples are collected off",ite (f r txampi@
from strums, ponds, or wells) and are not eXJM(ted to be grossty contaminated with nlg" lev Is f
hazaraous mat.rials. On",it. Ymples (for example, soil, wat.r, and materials from drums or bulk
storage tanks, obviously contaminated ponds, lagoons, pools, and I.achates from nazardous waste
Sites) are conSld.re(i hazardous. A distinction must be madt between tn. two tyPti of samples In
oro"to:

5.2 ENVIRONMENTAL SAMPUS

5.2.1 Ptckntna

EnVironmental Ymples m.y be packaged follOWing 'the procedures outlined in Secti n 5.4 1 r
samples cllSSlfied as -f1ammaoleliquldS- or -flammaole solids. - Requlremenu for marking, latMilng,
and sn'PPlng ~pen do not apply.

EnVironmental Ymples may also be packed Without being placed inside met.l cans as reqUired for
flammable liqUids or solids. . '
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5.2.4 Tr.nsporution
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~Iace ~m,,'e container, prol'erly Identlfi.cl ,nd wltn a se,led lid, In a polyetnyl "e oag.

ana seal the b.g.

~Iace sample in a fiberboard container or metal "icnlc cooler whlc" l'Ias bHn lined Wltl'l a

large polyethylene bag. -

j)ack with enough noncombustible, abiortMnt. cushioning mate,.als to minimIze tl'le
ponibility.of the comainer breaking.

Seal or claw ouulde container.

Martdng ~tMlin9

•

•

•

•
•

SAMPLE PACKAGING AND SHIPPING

5.2.2

Sample conuine" must have a completed sample identification tag and the outside container must
be maric.cl -Environmental Sample. - The appropriate side of the contaIner must be marked -ThIs
end UP- and ,rrows "laced a""ropnately. No DOT marking or labeling are required.

5.2.3 Shippin9 p'"a
No OOT shi"ping "'"." are required. However, the appropriate chain-of-eustoGY forms must be
included WIth the Shipment.

There are no OOT restnctlons on mode of transportation.

5.3 OmRMINA'nON OF SHIPPING Q.AS5IRCAnON FOR HAZARDOUS MATERJAL SAMPLES

Samples not determined to be environmental sam"les. or samples known or e."ected t contain
l'Iazardous matenals. must be considered hazardous material samples and transported acc rding to
the requlrtmems listed below...

5.3.1 Known SYbstInC!1

If tht subsUnee in the sam"le .is known or can be Identified. package. marK. label and shi" according
to the specific instructions for that matenal (if it is listed) in the OOT Hazardous Matenals Table.
49 CFR 172.101.

Unz and Company have "ublished the following ste", to help in locating a proper shIppIng name
from tne Hazardous Materials Table. 49 CFR 172.101.

,. Look first for the chemical or technical name of the material. for example. ethyl alconOI.
Note that many chemic,ls have more th,n one technic,l name. for e.ample,
percnloroetnylene (not listed in 172.101) is also called tetrachloroethylene (listed 172.101).
It may be useful t consult a chemist frail possible technical names a material can have. If
y ur material is not Iistea by its technical name then. . . . . . .
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SAMPLE PACKAGING AND SHIPPING

5. You will "'ave to go the the general Murd dass for a proper ship"ing name. For example.
Flammable Wquid, n.o.s, or Oxidizer, n.o.s.

2. Look fOr the chemical family name. For eumole, pentyl af~:~")OI fls not IIstecl ouft ~~e
cnemical family name is: alcohol, n.o.S. (not otherwise SpeCI Iwv. I tne c"emlcal amlly
name is not lined then .

3. LOOK for a generic name pased on end use. For exam"le, Paint. n.O;s or FireworKS. n.O.S. :f
a gene,.c name based on end use is nat listed then. . . . . . .. .

4. Look for I generic family name based on end use, for example, drugs, n.O.S. or cosmetics.
n.o.s. Finally, if your material is nat lined by a generic family name but y u susoect or
know the material is haurdous beCause it mHU the definition of one or more nnaraous
c1asMS, then .

For any hazardous material shipment, utilize the shipping checklist (Attachment C) as a guideline to
ensure tJ'\at all ympl..handling requirements are satisfied.

If a radioactive mate,.al is eliminated, the samole is considered to contain - Poison A-materials
(Attacnment B), the next classification on the lin. DOT defines -Poison A-as extremely dang r us
pOisonous gases or liqUids of such a nature that a very small amount of gas, or vapor of the liQUidS,
mixed With air is dangerous to life. Most Poison A materials are gDeS or compressed gases and w uld
not oe found in drum·type conuinen. LiQUid Poison A would be found only in closed conUlne";
nowever.all samples uken from clOMd drums do not have to be shipped as Poison A. which pr 'lId"
for a ·wont case- situation. Bawd upon information available, a judgment must be made whether a
~mpje from a clowa comainer is a PoiIOn A..

If ~oisonA is elimiNted ft a shipmem category, the next two classifications are -flammable- or
-nonflammabte- gases. Since few gft Ymples are collected. -flammable liquid- would be the n xt
apolicabte category. With the efimination of radiOKtive material, Poison A, flammable 9as, and
nonflammable 9& the ymple can be classified as flammable liQuid (or solid) and shiOPed
accordingly.' TheM procedures would also suffice for shipping any other Ym"tes classified bel w
flammab.leliQuids in the OOT dassification uble (An.chmemA). For Ymples conuining unitn wn
materials, cat~ories listed below flammable liQuidS/solids on Attachment A are generally not used
because shOWing that theM materials are not flammable liquids (or solids) requires flashpolnt tUtlng,

. wl'lIch may be impractical and possibly dangerous at a site. Thus, unless the sample is known t

conSist of materials lined as leu hauraous than flammable liquid (or solid) on Anachmem A. It IS
conSidered a flammable liquid (or solid) ana shipped as such.

5.3.2 Unknown SubsUnc"

For samoles of hazardous substances· of unknown coment, select the a""ro"nate transoortatl n
.' category according.to the DOT Haurdous Materials Oassificauon (Attachment A), a ",.onty system f
trans"orutl~n cat~ories.

The correct shi""ing classification for an unknown sample is selected through a "recess of
elimination, utiliZing AttachmemA. Unless known or demonstrated otnerwise (through the use of
radiation survey insvumenu), the sample is considered radioactive and appropriate snipping
regulations for - radi~ctive material- followed.
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Not oth.rwi" specified (n.o.s) is not used if the fl,mmabl. liquid (or solid) is id.ntified. Then th
n,me at the specific mat.ri,l is listed before the category (for example, Ac.ton., Flammabl. L.iauld).
followed by its Ippropriat. UN number found in the DOT Hazardous Mlterials Uble (49 CFR 172. to 1).

2

SA-6.2

Proper shipping nam•.
UN or NA number.
Proper IlbetCs).
AddressM and MnCl.r.

PACKAGING AND SHIPPING OF SAMP\.ES CLASSIFIED AS FLAMMABLE UQUID (OR SOUD)

•. ~~torynam.,nd address.

•

••••

M.rkingtlfbtlina

5. Pllc. one or more metal cans (or singl. 1-gallo" bottJ.) into I wong outside contaIner.
such IS a metal picnic cooler or , DOT.."proved fiberboard box. Surround cans wltn
noncombustibl., 'bsorbent cushioning mat.ri.ls for stability during transp rot. Mark
contllner IS indicated in Paragra,," 2 of Section 5.4.2.

2. Place III information on outside mi""ing conuiner as on can (or bont.), specifically:

SAMPle PACKAGING AND SHIPPING

5.•

5.•.1

5.•.2

------------r----_r.----~\I
1\c"I"Der =.c;.

6 o· . ~

e~ectIW. w.c. I
05/04190 -
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ADOlytng the word -flammable- to a Ym"le does not imoly that It is In fact flammaOi T~. w ro
prescrtbes the class of "ackaging according to DOT regulatlom. '. I

;. CDllect Ym"le in the "rescribed conuiner w1th a nonmetallic. Teflon-lIn.d scr,w caD. To

"r.v.nt I.,kag., fill CDntainer no more than 90 oerc.nt full. I
2. Com"lete sam"l. label and sam"l. identification tag and attach securely to samOI.'_

conuiner.

3. Se.1 container and olac. in 2-mil thICk (or thicker) Ooly~hyt.ne bag, on. sam"l' per oag. 1\
POSItion Ym"le identification ug so tnat It Cln be r.ad through bag. S••I bag.

4. Pl,ce sealed bag imide metal can .nd cushion it with enough noncom~ustibl" absorbent \11
mat.rial (for exam"le, vermiculit. or diatomaceous .arth) betwHn the bottom and slaes
of the can and ba9 to prevent bre.kag. Ind aDsorD l.aUg., Pick on. bag oer Cln. Use I
cUI'S, taoe, or other !'OSitive melns to hold can lid securety, tightly and !'frmanently. Mant _.. 1

cln IS indiclted in Plragra"h 1 of Section 5.4.2. below.

t
\1

,. Use Ibbrev1ltiom only wh.re sl'«lfi~. Plat. th. following information. eIther hand- il\
print.a or in latMt form, on the metal can (or 1-gallon bome):

\1
I
~~'

I

Ii

"Ii,

"I'PfIC. the fotlowing libets on the outside ship,,;ng comain.,: -Clrvo Airuan Only- and
-Fl,mmlbl. liquid- (or -Flammable Sotid-). -O.ng.rous Wh.n·W~· libel shall be used If ,-'
the ~id has not been ,xposed t I w.t .n"'r nm nt. -liberlt ry Simples· and -·THIS \
SIDE Up· r -THIS END UP· mall ~so be mlrked n the tOP f the ouUid' c nUln.r, and
upward-pointing IrTOWI shill be "llCed n III four sides of the conuiner.

~~------~------t\033.901
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I -Flammable Liquid, n.o.s. UN199r or -Flammable Solid, n.o.S. UN1325.·

05/04190

SA-6.2

2

)

1. Us. abbreviations only wnere sDeClfied. Comolete tne camer-orovlded bill of lading ana
SIgn certification statement (if camer does not provide. use stanaara Inaustry form, s@.
Attacnment 0). Provlae the follOWing information In the oraer listed (on. form may c.
used for more tnan one exterior container).

SAMPLE PACKAGING ANO SHIPPING

5.••3 Shipping Pipers
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I -Limited Quantity- (or -Ltd. Qty. e).

I -~'90 Aircraft Only.-

I Nft welgnt (wt) or net volume (vol), just tMfore or just after "Flammable Liauid. n..5.

or "Flammable Solid, n.o.s.,- by item, if more tnan one metll can IS inSIde an exterl r
contliner.

I -~boratory Simples- (if appliclble).

2. 'nclude Chaln-of-Custody Record, property executed in ouuide container.

3. "Limited Quantity- of -Flammable Liquid, n.o.s. - is limited to one pint per inner C main r.
For -Flammable Solid, n.o.s.," net weight of inner container plus sample snail not @xc@ed
one pound; total pickage weight shall not exceed 25 pounds.

5.4.4 Transportation

1. Transoort unknown hazardous substance Qmples classified as fllmmable liQuids by rent~

or common carner truck, railroad, or expretl ovemight package services. 00 n t tramport
by Iny paSMnger-earTylng air transport system, even if they nave clrgO-Qnly aircraft. DOT
rltgulatiom permit regular Ilrtine cargo-only aircraft, but difficulties WIth most sugCJest
avoiciing them. ImtNci, ship Dy airtine carriers that only carry cargo.

2. For transoort by govemment-owned venicle, including aircraft. DOT regulations do not
apply. Howe¥er, procedures described above, with the exception of execut! n of the Dill f
lading with certification, shall still tM used.

6.0 REFERENCES

U.S.Dtpartment of Transporution, 1983. Hazardous Mattrial' RecJulations, 49 CRF 171·177.

NUS Standard Operating Procedure SA-6.1 • Simple Identification and Chain-af-Custody

NUS Standard Operating Procedure SA-1.2 • Sample Preservation

NUS Standard Operating Procedure SF·l.S - Compatibility Testing



3.0 .GLOSSARY

·4.0 RESPONSIIIUTIES
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Arrival/departure of site visitors
Arrival/departure of equipment
Sample pickup (chain-of-eustody form numbers, camer, time)

Sampling activitifllsample logsheet numbers

Start or completion of boreholeitrenchlmonitoring well installation or sampling activities

Health and Safety issuft .

•
•
•
•••

SITE LOGBOOK

SA-6.3

1.0 PURPOSE

This procedure describes the I:'rocess for keeping a site logbook.

2.0 SCOPE

The site logbook becomes part of the permanent site file maintained in the RI contract r's office.

Because information contained in the site logbOok may be admitted as evidence in cost ree very r

other legal proceedings, it is critical that this document be property maintained.

5.0 PROCEDURES

The site logbOok is A controlled document which records all major on-site activitift during a Remedial

Investigation/Feasibility Study. Ata minimum, the following activities/events shall be rKorOed ,n tne

site logoool(:

The site logbook is initiated at the start of the first on-site activity (e.g., initial reconnaissance surv y).

Entries are made for every day that on-site activities take place which involve RVFS contractor

personnel. One currem site logbook is maintained per site..

• ProJect Name
• NUS Pr jlCt Number

RVFS Contractor and Site Manager's Nam
Sequential Book Numoer

5.1 GENERAL

The cover of each sit. logbook contains the following informati n:

The site logbOok is issued by the Rt!9ional Manager (or his designee) to the Site Manager for th

duration of the project. The Site Manager releases the site logbook to the Field Oper.ti m Leader or

other person responsible for the direction of on-site activities (e.g., Reconnaissance Survey Team

Leader, Sampling Te.m Le.der). It is the responsibility of this person (or his designee) to keep the site

logbook currem while in his possession, and return it to the Site Manager or tum it over t another

field team. Followtng the completion of all fieldwork, the site logboOk is retumed to the Site

Manager for inclusion in the permanent site fillS.

Site Logboo!: • Th. 109~k is 3 ~IJ~~ ~"~~"",,Ir wi," t't\"wcutiv.l~ numbered pages that cann t be

. removed. Upon entry of data, the logbook requires signature by the responsible Site I ader (see

SectIon 5.1).

I~

,I
....:..-

I
I,

i

I
!

,I
'11

.1
I
I
I,
II'
,I,
II·
\1
I
'I'v

I:
/1



SITE LOGBOOK
SA-6.3
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•
...

~ ....._---_--r._----
• Start Date
• End Date

Daily entries into th. logbook may contain a vari.ty of information. At ~he beginning of eacn aay tn
following Information must be recorded:

• Date
• S~rttime
• Weather
• All field personnel pr~nt
• Any vis.ito,", present

During the day, a summary of all sitt activities and leve' of personal protection shall be recoratd In
the logboek. The information need not duplicate that r.corded in other fi.ld· noteD ks (•.g.•
sample logbook. Sit. Geologist's not.book, Health and Safety Officer's notebook~ .tc.), but snail
summanzi the cont.ntS of these othlr not.boo~and refer to the page locations in thfte notlDOoks
for detailed information. 'An .xampl. of a sit. logbook page is shown in Attachment A.

The sampl. logshMt for each sample collected (1M Procedure ~-6.6) must be referenced.. If
measurementS are made at any location, the measuremenu and equipment used must lither be
recorded in the site logbook or refirenci must be made to the notebook and page number(s) on
which they are r.corded (see Attachment A).

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the
data shall be cr~sed out with a lingle strike mark, and initialed and dated. At the c mpletion of
entries by any individual, the logbook must be signed. It must also be s.igned by the Field Operations
Leaa.r or r"pons.ible sitel.ader at the end of each day.

5.2 . PHOTOGRAPHS

When movies, slidft, or photographs are tak.n of a s.ite or any monitoring ·Iocation. th y ar
numbered to corrftpond to logbook entries. The name of the photographer, date. tim , Sit.
location. site description, and weather conditions are .nt.red in the logbook as the photographS are
taken. A serift .ntry may be used for rapid-Hquence photograpm. The photographer is n t
reqUired to record the aperture settings and shutter speeds for photographs tak.n within the normal
automatic Ixposure range. However, specia. lenses. films, filters. and other imag...nhancemlnt
techniQUes must be noted in the logbook. If possible, such techniQUes shall be aVOided, since they can
adverwly affect ttw .missibility of photograph' a, evidence. ChaifM)f-eustody procedurM degend
upon the subject. matter, type of film, and the processing it requires. Film used for aenal
photography, confidential information, or criminal investigation require chain-of·custody
procedures. Adequate logbook notation and receiptS may be used to account for routine film
proc"Slng. OnceproclSSlCi, the stides of photographic printS shall be serially numbered and label d
according to the logbook descriptions.

6.0 REFERENCES

No';e.

7.0 ATTAOfMENTS

Attachment A • Typical Sitel.o9book Entry
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Field Operations Leader

9. Exoress carrier picked up samoles (see Sample Logbook, pages 42 through 45) at 17:50 hours.
Site activities terminatea at 18:22 hours. All personnel ofuite, gate locked.

4 Of 4
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EPA

EHK'tl". O.te

DATE:

2

DRILLER

Drilling activities at well resumes. Rig geojogist was
See Geologist's Notebook, No.1, page 29-30, for deuilso~~f-a~r~llTlil~n~g~a~et~l-vl--ty-.-"'5~a--m::":p~le
No. 123-21-54 collected; see sample logbook, Pige42. Drilling activities completed at 11 :50
and a 4 inch stainless stHI well installed. S.. Geologist's Notebook, No.1, page 31, and w II
construction details for well-----

Well :rilled. Rig geologist was . 5 e
Geologist!s Noteoook, No.2, page -~fo~r~a~eta~I'T'ls:--o~f~a~n~lT""hn~g~~aet~lv""lt~l~es~.-"'S~ample
numoers 123-22·51. 123-22-52. and 123-22-53 collectea; SN sample 10gOOOk, pages 43, 44.
and 45.

START TIME:

NUS

ATTACHMENT A
TYPtCAL SITE LOGBOOK ENTRY

SITE LOGBOOK
SA~.3

SITE LEADER:
PERSONNEL:

WEATHER~ aear, WF, 2·5 mph wind from SE

ACTIVITIES:
,. Steam jenney and fire hoses were set up.

2.

3. Drilling rig No.2 steam-cleaned at decontamination pit. Then set up at location of
weil ------

6.' EPA remedial proj~manger arrives on-site at 14: 2S hours.

7. Large dump truck arrives at 14:45 and is steam-<Ieaned. Backhoe and dump truck set uo over
test oit-------

S. Well was developed. Seven 5~allon drums were filled in the flushing stage. Tn
well was tnen pumped using the pitcher pump for 1hour. At the end of the h ur, water
pumped from well was -sand free.·

8. Test pit, dug with cuttings placed in dump truck. Rig geologist was
. See Geologist's Notebook, No.1, page 32, for details f test

-p.....t-a-a-.-v.-tl-es-.-tr-"est-p-.-t-su-oseq--u-ently filled. No samplM taken for chemical anal~is. Due to
shallow groundwater table. fillit:lg in of test pit resulted in a very soft and wet area. A
mound was deyeloped and the area roped off.

,4.
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5. '.3 EquiP!!!!!!'I

5.'.2 Principle! 01 Equipment Operation

.1 or 16
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SF.' 1

2
ONSITE WATER QUALITY TESTING

5.0 GUIDEUNES

5. , MEASUREMENT OF pH

5. '.1 General

• pH indicater paper. such as Hydrion r Alkacid. t ever the pH rang. 2 through 12.

• Buffer solutions f pH 4, 7 and , O. or ther buff~nwhic;, brack~the expected pH range.

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity r basicity of

tne solUtion with the indicator compound on the paper. Depending on the indicat rand th pH

range of interest. a vari.ty of differen· :c;)lon can be uied. Typk.1 il'idic.tCii .iot "u~ ;:::: c:' :;:::.

or both. PrOcess chemistry and m~ec:ular transformations leading to the color change are variable

ana camelex.

Measurement of pH is one of the most important and frequently used tlStS in w.ter chemistry.

Practically every phase of water supply and wastewater trea~ent such as acid·basen utralizatl n,

water softening, and corrosion control, is pH dependent. Likew1M, the pH of leachate can be

correlated with other chemical analyses to determine the probable source of contamination. It IS

therefore important that reasonably accurate pH measuremenu be taken.

Measuremenu of pH can' also be used to check the quality and corrosivity of soil and s lid,waste

samoles. , However, these samples must be immersed in water prior to analysis, and specIfic

techniques are not described.

• Combination electrode with polymer body to fit the above meter' (altemately a pH

electrode and a reference electrode can be used if the pH m~er is equipped with suitaol

electrode inpuu.

Use of a gH meter relies on the same principle as other ion-specific electrodes. Measurement reli' son

establishment of a potential difference across a glass or other type of membrane in response to

hyarOCJen ion concentration across that membrane. The membrane is conductive to ionic SpeCies and.

in comoination with a standard or reference electrode. a potential difference pr portional to

nyarogen ion concentration can be generated and measured. .

The following equipment is.needed for taking pH measurements:

• Accumet 1SO portable pH meter, or eQuivalent.

Two methods are given for pH measurement: the pH m~er and pH indicator gaper. The indicat r

,paper is used when only a rough estimate of the pH is requiNd. and the pH meter wh n a m r

accurate measurement is nMded. The response of a pH m~., can be affected to a slight deeJr.. by

high levels of colloidal or suspended solids. but the effect is usually small and generally of littJe

significance. Consequently, specific methOCls to overcome this interference are not described. The

response of pH paper is unaffected by solution interferences from color. turbidity, coli idal r

susoenaed materials unless extremely high levels capable of coating or masking the paper are

encountered. In such cases, use of a pH meter is recommended.
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ONSITE WATER QUALITY TESTING
2 05/04190

5.1.4

1.

Measurement Technioues for Field Determination of pH

pH Meter

The follOWIng procedure is used for measuring pH with a ,pH meter (Standarclzatlon IS

according to manufacturers instructions):

a. The instrumem and batteries shall be checked and calibrated prior to initiation f the field
effort.

b. The accuracy of the buffer solutions used for field and laboratory calibration shall be
checked. Buffer solutions nHG to be changed often due to degradation upon exposure to
,the atmosphere.

c. Immerse the tip of the electrodes in water ovemight. If this is not possible due to field
conditions, immerse the electrode tip in water for at le.st an hour before use. The
eleCtrode tip may be immersed in a rubber or-plastic sack containing buffer soluti n for
field transport or storage. This is not appHcable for all electrodes as some must be stored
dry.

d. Make sure all electrolyte solutions within the elecuode(s) are at their proper lev Is and that
no air bubbles are prewM within the eleetrode(s).

e. Immerse the electrod-<s) in a pH-7 buffer solution.

f. Adjust the temperature compensator to the proper temperature (on models WIth
automatic temperature adjustment. immen. the temperature probe into the buffer
solution). Altemately, th" buffer sotution may be immersed in the sample and all wed to
reach temperature eQuilibrium ~fOte wquiptil."'t ulibratior.. It is best to malnuin buffer
solution at or near expected sample temper.ture before calibration.

g. Adjust the pH meter to read 7.0.

h. Remove the electrod-<s) from the buffer and rinse well with demineralized water.
Immerse the electrode(s) in p~ or to buffer solution (depending on the expected pH f
the sample) and adjust the siope control to reaa the appropriate pH. For best resulU, the
standardization and "ope adjustmenu shall be repeated at least once.

I. lmmerw the eleetrod-<s) in the unknown solution, slowly stirring the probe until the gH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues t drift.
the sample temperature may not be stable, a chemical reaction (e.g., degassing) may be
taking ,place in the sample, or the meter or electrode may be malfunctioning. ThiS must be
clearly noted in the logbook.

J. Read and record the pH of the solution, after adjusti"9 the temper.ture compensat r to
the sample temperature. pH shall be recorded to the nearest 0.1 pH unit. Also record the
sample temperature.

k. Rime th etectrod-<s) with deionized wat r.
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The Qmple used for I'M measurement shall never be saved for subseouent conductIvity or
chemical analysis. All aM electrodes leak small auantities of electrolytes (e.g., sOOlum or
potassium chloride) into the solution. Preciplution of saturated electrolyte solution, fsaeclally
at cotder temoeratures, or in cold water, may result, in slow electrode resoonse. Any VIsual
observation of conditions which may interfere with I'M measurement. such as oily materIalS, or
turbidity, shall be noted. ~ .

2. pH Pager'

Use of I'M pager is very simple and requires no sample preparation, standardization, etc. gPO;
paper is available in several ranges, including wid..,ange (indicating apprOXImately aH 1
to 12), mid·range (approximately I'M 0 to 6. 6to 9, 8to 14) and narrow-range (many avallaole.
with ranges as narrow as l.S I'M uniu). The appropriate range of I'M paper shall be selected. If
the pH is unknown the Investigation shall start with wide-range paper.

5.2 MEASUREMENT OF SPECJRC CONDUCTANa

5.2.1 Genenlt

, Conduetance provides a measure of dissolved ionic species in water and can be used to identify the
direction and txttnt of migration of contaminants in groundwater or surface water. It can also be
lJsed as a measure of subsurface biodegradation or to indicate altemate sources of groundwater
contamination.

Conductivity is a numerical exoression of the ability of a water sample to carry an electric current.
ihis value depends on the total concentratIon of the ionized substances dissolved in th water and
the temperature at which the measurement is made. The mobility of each of the varl us dinolv d
inn~: thlm val_"t'~,and tn_ir actual ilnd relative concentrations affect conductivity.

'It is imoortant to obtain a specific conductance measurement soon after taking a sample, Since
temgeratur. changes, precipitation reactions, and absorption of carbon dioxide from the air all aHect
the specific conduetance.

5.2.2 Principles af Equipment Operation

An aaueous sytttm containing ions will conduct an electric current. In a direct-current field, the
pOSitive Ions migrate toward the negative electrode, wnile the negatively charged ions mIgrate
toward the positi~electrode. Man inorganic aCids, bases .nd salu (such as hydrochloric aCid, sodium
carDOnate, or sodium chloride, respectJvely) are relatIvely good conducton. Conven 1'1, organiC
compounds such as sucrose or benzene, which do not disassociate in aQueous solution, conduct a
current very poorly, if 11 all.

A. conduetance cell and a Wheatstone 8ridge (for the measurement of potential difference) may be
used for measurement of eleetncal resIstance. The ratio of current applied to voltage across the cell
may also be used as a measure of conduetance. The core element of the apparatus is the conductiVity
cell containing the solution of interest. Depending on ionic strength' f the aQUeous solution to be
tested. a potential diHerence is d veloped across the cell wnich can be c nvened directly or indirectly
(depending on instrUment type) t a measurement of specific conducunce.
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5.2.3 Equipmern

The followingl!Quipment is needed for taking sPecific conductance measurements:

• YSI Model 33 portable conductivity, meter, or equivalent
• Probe for above meter

A variety of conductivity meters are available which may also be used to monitor salinity and
temperatures. Probe types and cabl. lengths vary, so l!Quipment may be obtained t meet t".
Specl fi c requi rement of the sampi ing program,

5~4 Menurem.nt Techniques for Specific Co"dUctll"g

The stePt involved in taking specific conductance measurements are listed betow (standardization IS

3ccording to manufacturers insuuC'tiom):

• Check batteries and calibrate instrument before going into the field.

• Calibrate the instrument daily when used. Potassium chloride solutions with a specific
conductance closest to the values expected in the field shall be used. Attachment A may be
used for guidance.

• Rinse the cell with one or more portions of the sample to be. tested or with deionized
water,

• Immerse the electrode in the sample and measure the conductivity. Adjust the
temperature setting to the sample temperature.

• Read and record the results in a fi'!ld 1~!)CX)kor S!~~!~!~ !~~!.

If the specific conductance measurements become erratic. or inspection shows that any platinum
black has flaked off the electrode, replatinization of the electrode is necessary. See the
manufacturer's innructiom for details.

Note that specific conductance is occasionally reported at temperatures other than ambient.

5.3 MEASUREMENT OF TEMPERATURE

5.3., Ge"!!It

In combination with other parameters, temperature can be a useful indicator of the likelihood f
biological action in a w.ter sample. It can also be used to trace the flow direction of contaminated
groundwater. Temperature measurements shall be taken in-iitu, or as quickly as possible in the field.
Collected water samples may rapidly equilibrate with the temperature of their surroundings.

5.3.% Equipmern

T mperature m asurements may be taken with alcohol-toluene, mercury filled r dial.type
thermometers. In addition, various meten such as specific conductance r dissolved xvgen met ".
which have temperature m HUrement capabilities, may also be used. Using such instrumentation
along with suitable probes and cables, irHitu measurements f tempe,.ture at great depths can be
performed.

...._----------------------_..

I
'I
I
It
,I
I
I
I
·1
J
I
·1
,I,

t
I
I



5.4.1 General

5.4.2 Principles cf Equipment Operation

80T '6

05/041902

SF·'"
ONSITE WATER QUALITY TESTING

:f a thermometer is used on' a collected water sample:

5.3.3 M..surement Techniquet for Wlter Temper8t\lrt

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRAnON

• Immerw the thermometer in the sample until tem~rature equilibrium is obtained
(1.3 mInutes). To avoid the possibility of comamination, tne thermometer snail not De
inserted into samplft which will undergo subsequent chemical anal~is.

• Record values in a field logbook or sample log sheet.

If a temperature meter or probe is to be used, the instrument shall be calibrated according to
"!1anufacturer'srecommendations with an approved thermometer before eacn measurement or
;roup of-cl-oseiy spaced measuremenu.

Oissolved oxygen probes are relativ ly fr.. of interferences. InterferencM that can occur are
reactions with xidizing galft (such as chlorine) or with gasft such as hyorogen sulfide which are not

:lissolved oxygen (00) levels in natural water and 'Wastewater depend on the ph~ical, chemical and
biOChemical activities in the water body. Converwly, the growth of many aquatic organisms as well "
the rate of corrosivity, are dependent on the dissolved oxygen concentrltion. Thus, analysis for
dissolved oxygen is a key test in water pollution and waste treatment process contr I. If at all
oossible, 00 measurements shall be taken in~itu, since concentration may show a large change in a
snort tIme if the sample is not adequately preHrved.

:lissolved oxygen pro~ are normally electrochemical cells that have two solid metal electrodes f
different nobility immerwd in an electrOlyte. The electrolyte is retained by an oxygen-~rmeabl

membrane. The meul of hign-n nobility (the catheae) is positioned at the membrane. When a
SUitable potential exists betwHn the two metals, reduction of oxygen to hydroxide ion (OM) occurs at
tne cathode surface. An electrical current is developed that is directty proportional to the rate of
arrival of oxygen molecules at the cathode.

Since the current produced in the probe is directly prooortional to the rate of arrival of oxygen at the
cathode. it is important that a fresh supply of sample alwa~ be in contact with the membrane.
Otherwise, tht oxygen in the aqueous layer along the membrane is quickly depleted and false I w
readings are obtained. It is therefore necessary to stir the sample (or the probe) c nnantly to
maintain fresn solution near the membrane Interface. Stirring, however, shall not be so vig rous that
additional oxygen is introdUCed through the air-water interface It the ymple surfac•• To av id thIS
cossibility, some pro~ are equipped with stirrers to agitate the soluti n near the probe, but to lea"
tne surface of the solution undistUrbed.

ihe method monitoring discussed herein is limited to the use of dissolved oxygen meters only,
Chemical methods of analysis (i.e.• Winkler methods) are available. but require more equipment and
greater sample manipulation. Furthermore, 00 meters, using a membrane electrode. are suitable for
MIghty polluted waters. because the probe is completely submersible, and are free from interf rence
caused by color, tUrbidity, colloidal material or sus~;'dedmatter.
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easily dloolariz-ef from the indicating electrod.. If th. gaseous interference IS suspected. it shall be
noted In the fi.,d log book and checked jf possibl.. TemJ)eratur. variatIons can also caus
interf.renc. because "roDeS .xhibit temj:)erature sensitivity. Automatic temperature com"ensatlon lsi
normally "rovlded by the manufacturer.

Ij

I
I

YSI Mod., 56 dissolved oxygen monitor or equival.nt.
Oissolved oxyg.nIt.mperature probe for above monitor.
Sufficient cabl. to allow the probe to contact the sampl•.

Equipm.nt

•••

5.4.3

The following equipment is needed to measure dissolved oxyg.n conctntration:

5.4.4 Me.sur.ment Techniques for Dissolved Oxya.n Determination

Probes differ as to s"eafia of use. Follow the manufactur.r's insuUctions to obtain an accurate .'
reading. The following g.n.ral steps shall be used to m••sure the dissolved oxyg.n conctntratJ n: II.

•

•

Th. equi"mem shall be calibrated and have iu batt.ries check-ef in th.'aboratory befor 'I
going to the fi.,d.

Th. probe shall be conditioned in a wat.r sample for as long. period as practical before I
use in the field. Long periods of dry norag. followed by short periods ofuse in the field
may result in inaccurat. readings.

Th. instrument shall be calibrated in the field before .Ich measur.m.nt or group of I
.closely spaced measuremenu by placing the probe in a w.ter sample of known dissolved .'
oxyg.n concentration (i.••• d.t.rmined by Winkler method) or in a freshly air-saturated
water sample of known t.mper.tur.. Oissolved oxyg.n v.'ues for air-saturated wat.r can 'I
ca det.rmined by consulting a table lh'tjng o~g.n ~iubili\ia a,,. lunc;uun oi Ufmpe,a1.ure
and salinity (SIt Attachm.nt B).

ImmeI'M the "robe in the sampl.. B. sur. to provide for sufficient flow "ast the I
mtmbr.n•••ith.r by stirring the sampl•• or placing.th. probe in a flowing stream. Probes
without stirr.rs placed in w.,li can be moved up and down.

Record the dissolved oxyg.n cont.nt and t.mperature of the sample in a field logbook r I
samp'.'og sheet.

I

•

•

•

• Recalibm. the probe wh.n the membrane is replaced. or as needed. Follow the
manufactur.r's instructions.

Not. that in~tu pl.cem.nt of the probe is preferabl•• since sample handling is not involved. This I
how.v.r. may not alw.ys be practical. B. sur. to record wheth.r tn. liquid was analyzed in-iitu. or if .
a sampl. was tak.n.

Special care shall be taken during sample collection to avoid turbul.nce which can I.ad to incrtased I
oxyg.n solubilization and positive test int.rf.r.nces.

I
I
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5.S MEASUREMENT OF OXIDATlON-REDUcnON POTENnAL

• Thoroughly rinse the electrode with demin.ralized wat.r.

The oxidation-reduction ~tential (ORP) provides a measure of the tendence of organic or inorganic

com~unds to exist in an oxidized statl. The technique tnerefore provides eVi~ence of the liKelihood

of anaerobic degradation of biodegradable organia or the ratio of activities of OXidized to r.auced

species in tne sample.

S.5~2 Principles of Equipment Operation

When an inert meul electrocle, such as platinum, is immetYd in a solution, a potential is devei oeO

at that elKtrode depending on the ions present in the solution. If a r.ference electrode is placed In

tne same solution, an ORP electrode pair is established. This electl'ocle J)lir aliows the pot.ntial

difference between the two electrodes to be measured and will be dependent on the concentration

of th. Ions in solution. By this measur.ment. th. ability to oxidize or reduce species in solution may

be determined. Supplemental measuremenu, such as dissolved oxygen, may be correlat.a with ORP

to provide a knowledge of the quality of the soiution, water, or wastewater.

5.5.3 Equipm.nt

The f 1I0wing equipment is nHded for measuring the oxidation-~ue:tionpotential of a solution:

• A.ccumet 1SO ~ruble pH met.r or equivalent, with a millivolt scale.

• . Platinum elKtrode to fit above pH meter.

• Reference ~iectrode such as a calomel, silver-silv.r chloride, or equival.nt.

• A.fter the assembly has been checked. for slnsitivity, wash the .Iectrodes with three

chlngft of water or by mi.", of a fl wing stream f w.ter from a wash bottle. Plac. th

sample in a clean glass blaker r sample 'cup and insert the electrodes. Set temperature

• Verify the sensitivity of the electrodes by noting the change in millivolt reading when th

pH of the test solution i~ altered. The ORP will increase wh.n the pH of the test soluti n

decrelses and the ORP will decrease if the test solution pH is increased. Place the sampl in

a clean glass beaker and agitate the sampl.. Insert the electrodes and note the ORP drocs

sharply when the caustic is added, the electrocles are sensitive and operating propeny. If

the ORP increases sharply when the caustic is added, the polarity is reversed and must be

corrected in accordance with the manufacturer's instructions. If the ORP does not r8pond

as above when the caustic is added, the electrodft shall be cl.aned and thl abov

proctdurlrlpeated.

5.5.4 M.asurem.nt Techniques for Oxidation-Reduction Potential

The f 1I0wing procedure is used for meMuring oxidation-reduction potential:

• The equipment shall be calibrated and have its batteries checked before going to the field.

• Check that th. platinum probe is clean and that the platinum bond or tip is unoxidized. If

dirty, ~Iish with emery ~per or, if necessary, elean the electrode using aqua regia, nitric

acid, or chromic acid, in accordance with manufacturer's inSU'uetions.
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compensator thr~ughout the measurement penod. Read ~e millivolt p tentl,l of tn@
solution, allowing sufficient time for the system to stab,hu and reach temoeratur@ 'I'
@Quilibrium. Measure succMsive portions of the sample untIl reaaings on two successlv@
portIons differ by no more tnan 10 mV. A system tnlt is very slow to stabilize progeNy will
nat Yield a meaningful ORP. Record all results in a field logbook. including ORP (to nearest
10 mV), sample temperature and pH at the time of me.sureme~ I

I
I
I

SPEOFIC JON EUCTRODE MEASUREMENTS

Gener.1

Principles of Equipment Opemon

5.6

5.6.1

Use of specific ion el«trodes can be beneficial in the field for determining the presenc. ana
concemration of dissolved inorganic SpecIes which may be associated with contaminant plumes or
I@achat•.. Thus, electrodes can be used for rapid screening of water quality and determination of
w,ter migration J)lthways.

This procedure provides generic information for specific ion electrOdes comm nly used in
groundwater quality monitoring programs and describes the essential elemenu 'f a field
investigation program. Analytical methods using some specific ion electrodes have n t been \1
aoorovea by' the USEPA. In addition. calibration procedures and solutions, interler nees. and
conditions and requirements for use for various el«trodes vary greatly. Consequently. review f
manufacturer's liter.ture is mandatory prior to use.

All specific ion electrode measuremenu involve the use of a refe,..nce electrode, a pH meter. and a
soe<ific ion el«trode (SIE). When the SIE and the reference el«trode are immersed in a soluti n of
the ion to be measured. a potential difference is developed~..n the two electr'OGes. This
potential can be measured by a pH meter and related to the concentration of the ion of interest
~nrougn tne use of standard sotutions and calibration curves.

5.6.2

Several different types of SIEs are in use: glass. solid-state. liquid-liquid membrane, and gaHensing.
All of the electrodes function using an ion exchange proc", as the potential determining mechanism.
Glass electrodes are used for pH measurement. The glass in the tip of the electrode actually acts as a
semi-permeable membrane to allow solution. Solid-state electrodes replace the glass membrane With
an ionically-conducting membrane. (but act in essentially the same manner) while liquld-liquid
membrane electrodes have an organic liquid ion exchanger contained in the pores of a hydrophobic
membrane. Maimenance of the conducting im.rlace. in combination with a referenct electrode,
alloW1 completion of the electrial circuit and subsequent measurement of the potential difference.
Gas-sensing eltcU'OGes ha". a membrane that permits the J)lssage of gas only, thus all wing for the
measurement of gas concentration. Regardlessofthe mechanism involved in the electrode. man SIEs
are easy to use under field conditions. The sensitivity and applicable concentration range f r van us
membranes and electrodes will vary.
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• If the pM meter does not read out dirKtly, plot millivolU versus concentrati n for the
standards and then determine sample concentration.
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Measurement Techniques for Inorganic 10M Usina Specific Ion Electrodes

ONSITE WATER QUAUTY TESTING

• Immerse the electrode in the sample. Allow the reading to stabilize and record th resuiu
in a site logbook. Stir the sampl~ at th~ ~m~ 'o!~l! ..,. ,.,- ttan""''''. Air bubbl" near the
membrane shaUbe avoided, since this may cause interference in millivolt readings.

• Standardize the electrode according to the manufacturer's instructions, including
necessary chemical additions for ionic strength adjustment. etc. Standard SOluti ns

,normally differ by factors of ten in concentration. Constant stirring is needed f r accurate
reaeiings.

Different types of electrodes are' used in slightly different ways and are applicable for diff~rent

concentration ranges. Following the manufacturer's instrUctions, the general steps given bel w are
usually followed:

• Immerse the electrode in water for a suitable period of time prior to sample analysjs.

• A I:)M meter with a millivolt scale, or equivalent.
• The specific ion electrode for the parameter to be measured. A partial list of ions which can

be measured includes cyanide. sulfide. ammonia. lead. fluoride and chlonae.
• A suitable reference electrode to go with the above 51E.

Soecific electrodes for other ions have also bHndeveloped, but are not widely use<i f r fi Id
InvestIgation efforts at this time. Note that of the specific electrodes referenced above. nly flu rrae
ana ammonia have analytical methods a!'provea by the U.S. EPA.

U.S. EPA, 1979. Methods for Chemical Anal'Dis of Water and Wast!!. EPA.60014-79-020.

U.S. Geological Survey, 1984. National Handbook of Resommended Methods 'for Water Data
Acquisition, O1apter 5: Chemical and PhYSical Quality of Water and Sediment. U.S. Department ot
the Intenor, Renon, Virginia.

Amencan Public Me.lth Association, 1980. Standard MethodS for the Examination of Water and
Wastewater. 15th Edition, APHA, Washington, D.C.

(NOTE: Each SIE has substances which interfere with prooer me.surement. These may be eliminated
uSing I:)retreatment metnods as detailed by the manufacturer. It is important to know if interferences
are or~enuo that suspect readings may be noted as SUCh.)
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SAMPLE PRESERVATION

1.0 PURPOSE

HCI - Hydrochloric Acid
H2S04- Sulfuric Acid
HNO~ - Nitric Acid
NaOH - Sodium Hydroxide

2.0 SCOPE

Normality (N) - Concentration of a solution expresed as equivalent per liter, an equivalent being the
amount of a substance containing one gram-atom of replaceabl' hydrogen or iu equival nt. Thus. a
one molar solution of HO. containing one gram-atom of H. is • one-normal.· while a ne molar
solution of H2S04 comaining two gram-atoms of H. is -two-normal.·

This procedure describes the appropriate containers to be used for samples depending on tne
analyses to be periormed. and the steps necessary to preserve the sample wi'len snIpped omlte for
chemical analysis. .

Different ty~ of chemicals reaet differentJy with sample containers made of various materials. For
example. trace metals adsorb more strongly to glass than to plastic. while many organic chemicals
may dissolve various types of plastic containers. It is therefore critical to select the correct conta~ner In
order to maintain the qual ity of the sample prior to analysis. .

Many water and soil samples are unstable. and therefore require preservation when the time interval
between field coliection and laboratory analysis is long enough to produce change in either tn
concentration or the physical condition of the constituent(s) requiring analysis. While complete and
irreversible pr",rvation of samples is not possible. pr~rvation does retard the chemIcal and
biological changes that inevitably take place after the samPle is collected.

Preservation techniques are usually limited to pH control. chemial addition(s) and refrigerati nI
freezing. Their purpose is to (1) retard biological activity, (2) rwtard hydrolysis of chemical'
com~undslcomplexes.(3) reduce constituent volatility, and (4) reduce adso'l)tion effecu.

5.1' SAMPlE CONTAINERS

Field Operatio", LetdU· retains overall responsibility for the proper norage and preservati n of
samples. During the actual collection of samples. the sampling technician(s) will be dirKtly
responsible for the bottling, preservation. labeling, and custody of the sample they collKt until
r,leased to another party for storage or transport to the .nalyticallaboratory.

F r most samples and analytical parameters either glass or plastic contain,rs are satisfaet ry. In
general, if the analyte(s) to be determined is organic in nature, the c ntainer shall be made of glass.
If the analyteCs) is inorganic. then the container shall be plastic. Since container specification will
depend n the analyte and sample matrix typ" (as indicated in Attachment A) duplicate Slmpl s
shall be tak n when both organic and in rganic analyses are required. C rnainers shall be kept In thf!

. 5.0 PRoaOURES
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dark (to minimize biological or pnotooxidatiONIpnotol~isbre~kdown of constituent) untIl tn 'f reaen
the an~IVtieal laboratory. The sample contaIner snail allow approximately 5-10 gerc.nt air space
(-ullage-) to allow for expansion/vaporizatIon if the sample is heated during transport (1 liter of
water at 4°C expands by t 5 ml if neated to t 3O-FI5~C), nowever, head s~c. for volatile organIc
analyses shall be omitted.

For CLP laboratories, contain.rs will be obtained through the ell' Sample Management Office. For
Resoonsibl. party actions or non-CLP laboratones, the laboratory shall provide contaln.rs that nav
bHn cleaned according to U.S. EPA procedures. Suffici.nt lead time shall be allowed. SnipPIng
containers for samples, consisting of sturdy ice chests, are provided by the laboratory of the remedial
investigationcontractor._

Once opened, the container must be used at onCI for storagl of a particular sampll. Unused but
opened containers art to be consid.red contaminated anet must be discarded; because of the
potential for introduction of contamination, they cannot be rtdosed and saved for later use.
Likewise, any unused contain.rs which appear contaminated upon recliPt. or which art fund to
hayeloose caps or missing Teflo~ liner (if required for thl comainlr) shall be discarded.

General sample container and sample volume requiremems are lined in Attachment A. Specific
contaIner requirtmenu art listed in Attachment B.

5.2 PRESERVAnON TEOfNIQUES

The preservation techniques to be used for various analyles are lined in Attachmenu A and B.
Reagenu required for sampl. preservation will either be added to the sample containers by the
laDaratory prior to their Shipment to thl Field or added in thl Filld. In glneral, aqueous samples of
low concentration organia (or soil samples of low or medium concentration organia) are cooled to
4°C. Medium concentration aqueous samples and high haurd organia sampll are not preserved.
Low conclnuation aC4UQ:)w. ~:r.l=l;: fc: ~~..:!: ::-e .:::~:~~ '.N!th !"'t~01, whil. medium concentrati n
and high hazard aqueous mltal samples Irt not prtMrved. Low or medium concentration s il
samples for metals are cooled to 4°C whil. high haurd samples art not PrtMrved.

The following subsections describe the procedures for p,..paring and adding ch.mical preservativii.
Attachments A and B indicat. the specific analyles which require these preservatives.

5.2.1 Addition of Acid (H,So.. HQ. or HNo,) or Ia"

Addition of the following acids or bases may be specified for samgl. prlHrvation; thew reag.nts
shall be analytical reagent (AR) grad. and shall be diluted to the rlQUlrld concentration with d ubi..
distJlleQ, deionized water in th.laboratory, before Field sampling comm.nces:

'----------------------
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Concentration Normality
Amount for

Acid Base Acidificati n-

HC 1:1dilution of concentrated HC 6N 5·10 ml

H25O, 1: 1dilution of concentrated H25O, 1aN 20Smi

HNO] Undiluted concentrated HHO] 16N 2·Sml

NaOH 400 grams solid NaOH in 870 ml water 10N 2m'"

SAMPLE PRESERVATION

• Amount of acid to add (at the specified strength) per liter of water to reduce the sam~le

pH to less than 2, aSsuming that the water is initially at ~H 7, and is poony buffered and
dOes not contain particulate matter.

•• To raise pH of 1 liter of water to 12.

The approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 ( r raise
the ~H to 12) are shown in the iast column of the above table. Th.. votumes are only approximate:
if the water is more alkaline, contains inorganic or organic buffers, or contains suspended ~artictes,

more acid may be rl<1uired. The final pH must be checked using narrow-range pH paper.

• Fill sample bottle to within 5-10 ml of final desired volume and add about 112 of estimated·
acid or base rl<1uired, stir gently and check ~H with medium range pH paper (pH ().6 or
pH 7.5-14, respectively). .

Sample acidification or baM addition shall proceed as follows:

• Check initial pH of sample with wide range (0-14) pH paper.

• Add acid or base a few drops at a time while stirring gently. Check for final pH using
narrow rlnge (0-2.5 or 11·13, respectively) pH paper; when desired pH is reached, cap
sample bottl. and sell.

Never dip ~H paper into the sample; apply a drop of sample to the ~H ~aper using the
stirring rod.

Samples for sulfide analysis must be preserved by addition f '4 drops (0.2 ml) f 2N zinc acetate
soluti n per 100 ml sample. The sample pH is then raisec:l to 9 using NaOH. The 2N zinc acetate
solution is made by dissolving 220 g of zinc acetate in 870 ml of distilled water t make 1 littr of
5 lution. .

Pr@-Slmple prewrvation is required if oxidizing agenu such as chlorin" Ife sUSJ)lCted to be present.
To test for oxidizing .gems. place I drop of the sample on Kleft.reh paper; a blue color indicatft the
need for treatment. Add ascorbic acid to the sam~le, a few cryuals at a time. until a drop f sample
produces no color on the KHtirch paDlr. Then add an additional 0.6 g of ascorbic acid for each liter
of sample volume. Add NaOH solution to raise ~H to greater than 12 as described in 5.2.1. If
oxidizing agems are notsu~ed,add NaOH as directed.

SwOlect
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5.2.. ......Notion of O,o,n;< Somel.. eo....;n;n9 R..idu,1 Chlo"n. '.

Some organic samples containing residual chlorine must be treateG to remove this chlorine upon" ;
collection (S" AnachmentA). Test tn. samples for residual chlorin~ using EPA metnoas 330.~ or
330.5 (Field Test Kits are IvaHabl. for this purpose). If residual chlorin. is present, add 0.008% sodium I

"thiosulfat. (80 mg per IIt.r of sampl.).

5.2.5 Field Filtration . I
Wh.n the objectiv. is to d.t.rmin. concentration of dis~ved inorganic constltuenu In a water
system, the sampl. must be filtered tnrough a non-m~tallic 0.45 micr.on m.mbrane filter im~ediatety I
after collection. A filtration syst.m is recommended If large quantities of samples must b. filtered In
the field. ·Th. filtration syst.m shall consist of a BUChner funn.l inserted into a single-hole ruober
stopper, sizeG to form a seal wh.n inserted into the top of a vacuum filt.r flask eQuipped With a
singl. sid. arm. Heavy-wall Tygon tubing shall be attached to the singl. sid. arm of the vacuum filter 'I
flask and the suction port of a vacuum pump. Th. st.m of th. Buchner funn.1 shall extend below tM ". .
i.vet of the sid. arm of the vacuum filttr flask to prlYlnt any solv.nt from .nt.ring the tubing
leading to th.• vacuum pump. B.fore filtration, tn. filt.r paper,. which shall be of a size to lay flat n I
the funnet plat., shall be wl'tteG with the solv.m in order to • seal- it to th. funn.1. SI wly pour th
solv.m into the funnel and monitor the amount of ~v.nt .m.ring th. vacuum filt.r flask. Wh.n
the rat. of sojv.nt .nt.ring tn. flask is reduced to int.rmitt.nt dripping and the added aliqu t of"1
solvent in the funnel has passed through the filter, the usect filter paper shall be replaced with n w I

filter paper. If the so!vtnt comains a high perc.mag. of suspended solids, a coarwr-sized
nonmetallic membrane filter may be used prior to usage of th, 0.45 micron membrane filter. This
- prefiltering- st.p may be nlCnsary to .xpedit. the filtration procedure. Discard the first 20 to 50 ml I
of filtrate from ••ch sampl. to rinse the filter and filtration apparatus to minimize the risk of altering
the composition of the samples by the filt.ring operation. For analysis of dissolved metals. the filtrate,
is collKted in a suitabl. bottt. (see Section 5.1) and is immediat.ly acidified to pH 2.0 or less with I
nitric acid whose purity is consist.m with the m.asur.ment to be mad.. Inorganic ani nlC
constitu.nu m.y be d.t.rmined using a portion of the filtrate that has nat btln acidified;

Samples used for determini~g temperatur., dissolved oxyg.n, Eh, and pH should not be filter d. 00 I
not use vacuum filt.nng pnor to det.rmining carbon.t. and biCirDonat. concentration bleaus It
removlS dissolved carbon dioxide and exposes the sampl. to tne atmosph.r.. Pressure filtrati n can
be done using water pressure from th.w.lI. If gas pressure is requirtci, use an inert gas such as argon I
or nltTog.n. .

00 no~ filter sam~.. for anal~s of volatil. organic compounds. If samples are to be filtered for""1
analyzing other d._v. organic constitu.nts, use a glau-fiber or mttal-membran. filter and collect
the samples in a suitabt. container (s" Section 5.1). Because most organic analyses require .xtraction
of th••ntire sampl., .do nat discard any of it-After filt.ring, the m.mbran. containing tn I
suspended fraction.can be sealed in a glass container and analyzed ~rat.lyas soon as practicable.'
Total recover.bt. InorganiC COnstltu.nts may be det.rmined using a second, unfiltered sampi
collKted at the sam. tim. as the sampl. for dissolved constltu.nts.
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SCOPE

OECONTAMINATION
OF CHEMICAL SAMPLING AND
FIELO ANAL'(TICAL EQUIPMENT

1.0 PURPOSE

2.0

This procedure addrenes chemi,cal sampling and field analytical eouipment only, and should be
consulted when equipment decontamInation procedures are being developed as pan of pro,ect
specific plans.

5.0 PROCEDURES

5.1.1 Baile,., and Bailing Line

Field Operatio", Leader - responsible for ensuring that decontamination procedures for all chemical
sampling and tiel(2 analytical equipment are programmed prior to the actual field eff rt and that
personnel required to accomplish the task have been briefed and trained to execute the task.

4.0 RESPONSIBIUnES

The purpose of these procedures is to provide a general methodology, protocol. and refere.net
information on the pro~r decontamination procedures to be us«ion cnemlcal samohng and field
analytical equipment.

Site Manager. responsible for ensuring that pro;ect-specific plans and the implementati n of field
investigations are In compliance with these guidelines.

The potential for crou-eontamination between sampling poinu via the use of common bailer, or IU

attached line, is high unless strict procedures for decontamination are followed. It is preferable, f r
the aforementioned relson, to dedicate an individual bailer and iu line to each sample pOint.
although this does not eliminate the need for decontamination of dedicated baile": For
non-dedicated sampling equipment, the following conditions andlor decontaminati n procedures
should be f IIowed.

This procedure incorporates only those aspectS of decontamination not addressed in other
procedures. Specifically it incorporates thOM items involved in decontamination of chemical
sampling and field aNlytical equipment.

In order to assure that chemical analysis resuiu are reflective of the actual concentrati ns pres nt at
sampling locations, chemical sampling and field analysis equipment must be pro~rly

decontaminated prior to the field effort. during the sampHng program (i.e., bftN..n sample p intI)
and at the conclusion of the sampling program. This will minimize the potential for cron-
contamination betw...n sample poinu and the transfer of contamination offsite. .
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Before the initial sampling and aher each succeeding sampling point. the ball r must be
decontaminated. The following steJ)S should be followed if sampling for organic contaminants:

• Potable water rinse
• Alconox or LiQuinox detergent wash
• Scrubbing of the line and bailer with a scrub brush may ~ reQUired if the sampl POint If

heavily contaminated with heavy or extremely viscous compoundS
• Potable wat..r rinM
• Rinse wi~h 10 percent nitric acid solution-
• Deionized water rinM
• Acetone or methanol rinM
• Hexane rinM-·
• Distilled/Oeionized wat,r rinse
• Air dry

If sampling for organics only. th' nitric acid. acetone. methanol. and hexan, rinses may be omitted.
Contract~pecificrequirements may permit altemative procedures.

Braided nylon or polypropylene lines may ~ used with a bailer. however. the same line must n t
come in contact with ttle sample medium. otherWiM. the Ii". must be disarded in an appr 'led
rKeotacle and replaced. Prior to UM. the bailer should be wrapped in aluminum foil or I' Iyethylene
sheeting.

5.1.2 Sampling Pumps

Most sampling pumJ)S are normally low volume (less than 2 gpm) pumps. ThlM include peristaltic.
diaonragm. air-lih. pitcher and bladder pumps, to name a few. If thlM pumps are used for sampling
from more than one sampling poim. they must be decontaminated.

The procedures to be used for decontamination of sampling pumps· compare to those used for a
bailer excePt the 10 percent nitric acid solution is omitted. Each of the liquid factiom is t be pumped
througn the system. The amoum of pumping is dependem upon th' siu of the pump and the lengtn
of the Intake and diKharge hoses. Certain typeS of pumps are unacceptable for sampling purp~.

An additional problem is introduced wnen the pump refies on absorption of water via an inlet or
outlet nose. For organic sampling, this hose should be Teflon. Other types of hoses leacn organics
into t"e water being sampled (especially the phthalate fltln) or adsorb organics from tne sampled
water. For all other sampling. the hose should be Viton. polyethylene. or polyvinyl chlOride (in order
of preference). Whenever possible. dedicated hOMS snould be used.

Due t the leaching ability f nitric acid. on stainless It.... this Itep is to be mined if I stainless
nNj sampling device is being used and metals analysis is required with detKti n limits less than
aopr limltely 50 Ppb; or the sampling equipmem is dedicated.

•• If sampling for pesticides. PCBs, or fuels.
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DECONTAMINATION
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FIELD ANALYTICAL EQUIPMENT

Water lev.1 indicaton that com. into contact with groundWat.r must be decontaminated using the
following steps:

5.2.1 Water Lewllndiqtqa

5.2 FIELD ANALmCAL EQUIPMENT

5.1.3 Filteri09 Eauipment

!'art of the Qmpling plan may incorporate the filtering of groundwater samples. and subseQuent
creservation. This should occur as soon aft.r sample retrieval as pouIble; preferably In the field as
soon as the Qmpl. is obtained. To this end. thr.. ~sic filtration systems are most comm nly used
the in-linediSPOSabl. Teflon filter. the inert gas over-pressure filtration system, and the vacuum
filtration system.

• Ri nse with potable water
• Rinse with deioniZed water
• Acetone or methanol rinse
• Rime with deionized water

For the in-lin. filter, decontamination is not required sinc. the filt.r cartridge is disposable. how v r.
the cartridge must be disposed of in an approved rKe~d. and the'intake and diSCharge lines must
still be decontaminated.

For the over-pressure and the vacuum filtration systems. the portions of the apgaratus which com. in
contact with the sampl. must be decontaminated as outlined in the paragraphs describing the
decontamination of ~ileR. (Note: Varieties of both of these syst.ms com. equipped fromth.
manufacturer with TeflorHined surfaces for those that would com. ~nto contact with the Qmpl•.
These filtration systems are preterred when dKontamination procedures must be .mployed.)

Water lev" indicaton that do not com. in contact with the groundwater but may enc unter
incidental contact during insaUation or retrihal need only und.rgo the fim and last steps stated
abov•. ' ,

Probes••.g.• pH or specific ion electrodes, geophySical probfl. or thermom~enwhich would com in
direct contact w;tn the sampl., will be decontaminated using the procedures specified above unless
manufacturer's inswctiom indicate otherwise; in thew cases. the methods of decontamination must
be ctearly described in the FSAP. Probes that contact a volume of groundwater not used for
laboratory analyses can be rinsed with deionized water. For probes which make no direct contact.
e.g.• OVA equipment, the probe w;1I be WIped with clean ~per-tow"s or cloth w.tted with alcohol.

6.0 REFERENCES

7.0 RECORDS
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1.2 QA Policy and Objectives of the Program .

PACE NE is committed to quality as priority number one. PACE NE's quality assurance
policy is based on the definition of quality as conformance to requirements; and further,

. on the premise that the requirements are governed. by Company policies and standard

The latest revision of each section of the Manual is the applicable rule. Therefore,
revisions will be announced to all laboratory personnel. An uncontrolled copy of the
Manual is offered to clients and regulatory agencies as the definitive quality assurance
program used at PACE NE.

This manual details the quality assurance program in effect in the PACE NE Analytical
Chemistry Laboratory. It is meant to be a teaching tool and source of information for
laboratory personnel. The Manual is divided .into logical sections, each dealing with a
different phase of laboratory operation, yet all sections overlap and function together to
form a complete quality assurance program. The Manual is based on Good Laboratory
Practices, common sense, and industry-accepted standard analytical practices.

Doc. No. QAM..()()4
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Revision No. 0

Date: 10/93
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The Manual must. be read and understood by all labo~tory personnel as part of their
training program. The Manual should also be referred to regularly as a source of
information. A system of continuous updating is built into the Manual to allow it to
change as laboratory conditions change or as new regulations are promulgated. This
manual is a controlled document, which means that its identity, development,
distribution, and status must be known and traceable at all times. All PACE NE
permanent laboratory personnel will be assigned a controlled copy.

Whenever a technician or analyst is in doubt as to proper procedures in. a specific
circumstance, the Manual should be consulted. Omissions or errors should be
immediately reported to the Quality Assurance Officer, for corrective action. IT IS
THE RESPONSffiILITY OF EACH LABORATORY ·WORKER TO ENSURE
THAT THE PROVISIONS OF THIS MANUAL ARE FOLLOWED. Disagreement
with specific requirements or knowledge of changes causing deviation from the
procedures should be discussed with the immediate supervisor before further work is
completed. Laboratory personnel are encouraged to comment on the Manual and make
recommendations for more effiCient procedures.

1.0 INTRODUCTION

PACE NEW ENGLAND, INCORPORATED
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1.1 Purpose and Scope
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1.3.1 QA Manual

1.3.2 Standard Operating Procedures Manuals

1.3 Quality Assurance Documents

This manual describes the set of policies and principles which guide day-to-day
operations. Specific protocols are included by reference and are contained in a series of
volumes cited in Section 8.0 of this document.
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All procedures related to sample collection, storage, preparation, analysis,
disposal, data validation, data reporting and employee training and safety shall be
contained in written Standard Operating Procedures Manuals (SOP's). Each SOP
shall contain the elements outlined in PACE NE SOP QA-553, Preparation of
SOP's. All sections shall be structured in a step-wise manner using numbered
sections. All record-keeping requirements shall be described at each step in the
SOP. Examples of forms used shall be included as tables or figures and
referenced within the text. Preparation of SOP's shall be the responsibility of
each Group Supervisor. SOP's shall be assigned a number from the Inventory
List for SOP's maintained by the Quality Assurance Department. This number

This document describes management policies related to operation of the
. analytical laboratories. It provides overall guidance regarding acceptable

practices and discusses. each element of the Quality Assurance Program. It
functions as the Project QA Manual where no other Quality Assurance Project
Plan, Statement of Work or other contractually mandated project plan has been
specified. Adherence to the practices described in this manual is required of all
employees. This manual may be revised and/or superseded only with the written
authority of the PACE NE Regional Director. Copies of this manual are
controlled and distribution is administered by the QA Officer.

operating procedures. This commitment recognizes the need for data to be
representative of the environmental conditions under consideration, and for data to be
generated within a system of functions that that is designed to meet applicable regulatory
compliance criteria. To this end, PACE NE has developed a company-wide Quality
Assurance (QA) Plan and maintains an ongoing QA Program. Our Quality Assurance
Program contains provisions for establishing, maintaining and executing protocols which
lead to results of known, appropriate and a~ptable quality; documentation of these
activities is an integral part of the QA program. No other concern will be permitted to
interfere with the quality of data PACE NE provides to clients.
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1.3.4 Document Control, Distribution and Revision

1.3.3 Project QA Manuals

Project QA Manuals shall be implemented as required. These shall include such
, .

documents as Quality Assurance Project Plans (QAPP's). For those projects
which require specific QA/QC criteria, a QAPP which has been approved by a
regulatory agency, usually the EPA, is provided to PACE NE by the client.

In order that this document achieve the goals outlined in Section 1.2, it is
necessary that 'each PACE NE laboratory employee be familiar with the current
provisions of this document. It is also necessary that this document represent a

, consensus among PACE ~ Management and operational personnel as to the
quality level desired and the means to that end.
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Each time a revision is made to this manual" it must also be approved. The
Quality Assurance Officer must approve each revision. If the revision constitutes
a complete rewrite of the document, then review and approval by the Quality
Assurance Officer, the Laboratory Technical Directors, and the Regional Director
becomes necessary. The appropriate approval process will be decided in each
case by the Quality Assurance Offi~r.

shall become part of the document control number when the SOP is accepted for
implementation by PACE NE management. SOP's shall be reviewed and
approved by the Group Supervisor (and Lab Manager for all'SOP's related to
analytical prO:Cedures) and the QA Officer, and submitted by the' QA Department
to the Technical Directors and the Regional Director for approval prior to
implementation.

Prior to its publication as a controlled document, this manual must be approved
by the Quality Assurance Officer, the Laboratory Technical Directors, and the
Regional Director. To obtain such approval, the document proceeds through an
iterative process of review and revision, involving the affected managers and their
designated representatives. The signature page at the beginning of the manual
represents acceptance.

.. :- .
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Comparability:

1.4

Accuracy:

Aliquot:

Analyte:

Batch:

Blank:

Blind Sample:

Calibration:

Completeness:

Continuing
Calibration:

Control Chart:
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Terms and Definitions

The degree of agreement between a measured value and the true or
expected value.

.A measured portion of a sample taken for analysis.

The specific entity an analysis seeks to determine.

A grouping of samples of similar matrix which are prepared and analyzed
together with the same method and the same lots of reagents within the
same time frame. A sample may be analyzed in a different analytical
batch than the one with which it was prepared.

A blank is an artificial sample designed to detect and/or monitor the
contribution of analyte and non-analyte contamination, instrumental
background and sample processing to the measurement system.

A sample submitted for analysis whose composition is known to the
submitter but unknown to the analyst.

The process of establishing the relationship between instrument response
and known, traceable quantities of analytes of interest.

Comparability. is a qualitative parameter expressing the confidence with
which one data set can be compared to another. Comparable data are
produced through the use of standardized procedures and techniques.

Measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under correct
normal conditions.

The process of analyzing standards periodically to verify the maintenance
of calibration of the analytical system.

A graphical plot of test results with respect to time or sequence of
measurement, together with limits within which they are expected to lie
when the system is in a state of statistical control.
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Control Limit:

Detection
Limit:

Dry Weight:

Duplicate
Analysis:

Duplicate
Sample:

Equipment
Blank:

Field Blank:

Field Sample:

Holding Time:,
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A range within which specified measurement results must fall to signify
compliance. Control limits may be mandatory, requiring corrective action
if exceeded, or advisory, requiring that nonconforming data be flagged.

The minimum concentration of a substance that can be measured and
reported with 99 % confidenCe that the analyte concentration is greater
than zero. '

The weight of a sample based on percent solids. 'The weight after drying
in an oven.

,A second measurement made on the same sample extract or digestion to
assist in the evaluation of precision of analysis.

A second aliquot of the same sample that is treated the same as the
original sample in order to determine the precision of the method.

Special type of field blank used primarily as a check on equipment
decontamination procedures. Laboratory deionized water is passed over
sampling equipment after decontamination.

A quality control sample used to assess the contamination effects on
accuracy ~ue' to the combined activities of sampling and analysis.
Typically, it is composed of a reagent and analyte free matrix (deionized
water) provided by the laboratory.

A portion of material received QY the laboratory to be analyzed, that is
contained in single or multiple containers and identified by a unique field
ID number.

The elapsed time expressed in days from the date of sample collection by
the field personnel until the date of its processing/analysis. For the
Contract Laboratory Program, holding times start at the Verified Time of
Sample Receipt by the laboratory. Holding time requirements are dictated
by the method or QAPjP. .
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Homogeneity:"

Instrument
Detection Limit:

Initial
Calibration:

Internal
Standards:
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LABUX:
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The degree to which a property or substance is evenly distributed
throughout a material.

The minimum concentration of a substance that can be measured and
reported with 99% confidence that the analyte concentration is greater
than zero. The instrument detection limit is generally more sensitive than
the method detection limit.

The process of analyzing standards, prepared at specified concentrations,
to define the quantitative response, linearity and dynamic range of the
instrument to the analytes of interest. Initial calibration is performed
whenever the results of a continuing calibration do not conform to the re
quirements of the method in use or at a frequency specified in the method.

Analytes added to every standard, blank, matrix spike, matrix spike
duplicate, and sample at a known concentration, prior to analysis for the
purpose of adjusting the response factor used in quantitating target
analytes. Internal standards are used as the basis for quantitation of the
target compounds, and are generally applicable to organic analyses.

A control sample of known composition spiked with known
concentration of analytes of interest. Aqueous and solid laboratory control
samples are analyzed using the same preparation, reagents, and analytical
methods employed for field samples received.

The Hewlett-Packard A900 based Laboratory Information Management
System. It is used to collect data from instrumentation and preparation
laboratories for later combination into final reports. Data is collected a
number of ways including direct ports from instrument computers,
interactive manual entry direct to the database using HP provided
procedures, importing data from spreadsheets, and importing batch data
entered manually. Data is combined, calculated, and formatted either by
HP provided or custom reporters and stored in directories where it can be
printed initially for manager review and ·later as part of a final report.
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Hewlett-Packafds' A900 ~ased 3350a Laboratory Automation System. Its
function is to collect, calculate, and present chromatographic data." The
system allows the operator to calibrate for, identify and quantitate the

. data. Requantitation is possible without reinjection of the sample.
Typically the data provided to the analyst by the LAS is entered into
LABUX for combination with data from the preparation laboratory to
generate a final report. Alternatively, the preparation information can be
entered into the analysis sequence on the LAS to generate results corrected
for preparation volumes, dilutions, and dry weights.
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Matrix:

Matrix Spike:

Matrix Spike
Duplicate:

Method Blank:

Method
Detection
Limit:

Performance
Audit or
Evaluation:
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A quantity, of bulk material of similar composition processed or
manufactured at the same time.

The predominant material of which the sample to be analyzed IS

composed.

Aliquot of sample' fortified (spiked) with known quantities of specified
compounds' and subjected to the entire procedure in order to indicate the
appropriateness of the method for the matrix by measuring recovery.

A second aliquot of the sample that is treated the same as the original
matrix spike sample. The relative percent difference between the matrix
spike and matrix spike duplicate is calculated and used to assess analytical
precision.

An analytical control consisting of all reagents, internal standards and
surrogate standards, that is carried through the entire analytical procedure.
The"method blank is used to define the level of laboratory background
contamination in the associated sample liatch.

Method Detection Limits may be determine4 using replicate spike samples
The detection limit is calculated using the appropriate student's t
parameter times the standard deviation of a series of spiked samples.

A process to evaluate the proficiency of an analyst or laboratory by
evaluation of the results obtained on known test materials.



PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Quality Assurance Manual

Precision:

Protocol:

OAPP:

Quality
Assurance:

Quality
Control:

Replicate
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Reporting
Limit:

Rounding
Rules:
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The measurement of agreement of a set of replicate results among
themselves without any prior information as to the true result. Precision
is assessed by means of duplicate/replicate sample analysis.

. A stated plan that clearly defines the objectives, methods and procedures
for accomplishing a task.

.A Quality Assurance Project Plan or QAPP is a project specific document
that describes the policies, organization, objectives, functional activities,
and specific QA and QC activities designed to achieve the data quality
goals of a specific project.

A system of policies and procedures whose purpose is to ensure, confirm
and document that the product or service rendered fulfills the requirements
of PACE NE and its client. Quality Assurance includes quality planning,
quality control, quality assessment (auditing), quality reporting and
corrective action.

A system of checks and corrective measures, integrated with the activities
that directly generate the product or serVice, that serves to monitor and
adjust the process to maintain conformance to predetermined
requirements.

A second, separate sample collected at the same time, from the same
place, for the same analysis, as the original sample in order to determine
overall precision.

The level at which method, permit, regulatory and client specific
objectives are met. The reporting limit may never be lower than the
statistically determined MDL, but may be higher based on any of the
above considerations. Reporting limits are corrected for sample amounts,
including the dry weight of solids, unless otherwise specified.

If the figure following those to be retained is less than 5, the figure is
dropped, and the retained figures are kept unchanged. As an example,
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Sensitivity:

Split Sample:

Standard:

Standard Blank:

Standard
Operating
Procedure:

Surrogates:
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11.443 is rounded off to 11~44. If the figure following those to be re
tained is greater than 5, the figure is dropped, and the last retained figure
is raised by 1. As an example, 11.446 is rounded off to 11.45. If the
figure following those to be retained is 5, and if there are no figures other
than zeros beyond the five, the figure 5.is dropped, and the last-place

,figure retained is increased by one if it is an odd number or it is kept
unchanged if an even number. As an example, 11.435 is rounded off to
11.44, while 11.425 is rounded off to 11.42. If a series of multiple
operations is to be performed (add, subtract, divide, multiply), all figures
are carried through the calculations. Then the final answer is rounded to
the proper number of significant figures.

Capability of methodology or instrumentation to discriminate between
samples having differing concentrations or containing differing amounts
of an analyte.

A portion or subsample of a total sample obtained in such a manner that
is not believed to differ significantly from other portions of the same
sample.

A substance or material the properties of which are believed to be known
with sufficient accuracy to permit its use to evaluate the same property in
a sample.

An analytical control sample consisting of the same solvent/reagent matrix
used to prepare the calibration standards without the analytes. It is used
to construct the calibration curve by establishing instrument background.

A procedure adopted for repetitive use when performing specific
measurement or sampling operation. It may be an industry accepted
standard method or one developed by the user.

When employed, these are compounds added to every blank, sample, ma
trix spike, matrix spike duplicate, and standard prior to any processing or
preparation; used to evaluate analytical efficiency by measuring recovery.
Surrogate compounds are not expected to be detected in environmental
media, but are similar to the analytes of interest. Surrogates are generally
utilized for organic analyses.
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An on-site inspection or assessment of a laboratories' quality control
- .

,system.

The ability to trace the source and accuracy of a material (Le. standard)
to a recognized primary reference source such as the National Institute of

,'Standards and Technology (NIST) or USEPA. Also, the ability to
independently reconstruct and review all aspects of the measurement
system through available laboratory notebooks and documentation and
reach the same results.

This blank is used to detect sample contamination from the container and
preservative during transport and storage of the sample. A cleaned sample
container is filled with laboratory pure water; any preservative used in the
sample is added; and then the blank is stored, shipped, and analyzed with
its group of samples.

The process by which a sample, measurement, method, or piece of data
is deemed useful for a specified purpose.

The limits (typically 2 standard deviations either side of the mean) shown
on a control chart within which, most results are expected to lie (within a
95 % probability) while the system remain's in a state of statistical control.
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It is important for efficient laboratory operation that all laboratory employees understand the
operational structure, specific areas of responsibility and lines of authority within the
organization.

The organizational structure of the analytical chemistry laboratory is provided in Figure 2-1.
Under the direction of the laboratory technical directors, the technical staff of the laboratory is
organized into the following functional groups:

Each group is headed by a Group Supervisor who is responsible for operations on a daily basis.
Environmental chemists, analysts, laboratory technicians and laboratory assistants report to the
Group Supervisors. See Appendix A for resumes of all technical staff employed as of this
revision date.

It is equally important for laboratory personnel to understand that the structures of the Quality
Organization may be separate from other laboratory operations but that the quality function is
totally integrated into every aspect of laboratory operation. All laboratory personnel are
responsible for knowing and following proper methods and standard operating procedures;
recording quality control information required by those procedures in the proper location; and
suspending analyses when quality control criteria are not met. .
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2.0 QA ORGANIZATION AND PERSONNEL
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Sample Management (Receipt and Log-in)
Sample' Preparation - Organic
Sample Preparation -: Metals
Wet Chemistry
Metals Analysis
GC Analysis
GC/MS Volatiles Analysis
GC/MS Semivolatiles Analysis
Reporting
Project Management (Client Services)

2.1 Laboratory Organization

It is the individual responsibility of each analyst and technician to perform their assigned
tasks according to the applicable SOPs, QA Project Plans, Study Protocols, and Work
Plans. This includes responsibility for performing quality control analyses as specified
in the method SOP and for entering the QC data in the appropriate method control file
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system. The analyst shall report out-of-control results to the Group Supervisor.

The Quality Assurance Department, under the direction of the Quality Assurance Officer,
shall be responsible for conducting systems audits and inspections for compliance with
this manual, SOP's and QA Project Plans or other project-specific protocols, maintaining
the archives, maintaining historical files of all QA documents, reviewing QC charts,
documenting findings and corrective actions, and reporting findings to management. The
Quality Assurance Officer shall report directly to the Regional Director of PACE NE.

The PACE NE Regional Director shall designate Laboratory Manager(s)/Technical
Director(s) and replace if necessary. The PACE NE Regional Director shall assure that
there is a Quality Assurance Department, that personnel and other resources are
adequate, that personnel have been informed of their responsibilities, that deficiencies are
reported to Laboratory Managers and that corrective actions are taken and documented.
Any significant changes to written SOP's shall be authorized in writing by the Regional
Director of PACE NE.

Group Superyisors shall assure that analysts and t~hnicians are instructed in the
requirements of the PACE NE Laboratory QA Manual, study-specific QA Project Plans,
SOPs, Protocols, and Work Plans for the analytical method or other procedure. Group
Supervisors shall review sample QC data at frequent intervals designed to assure that QC
analyses are being performed at the required frequency, that data are documented in the
method control file system and that established corrective action procedures for
out-of-control situations are followed and the results documented. It is the responsibility
of the Group Supervisor to assure that data have been validated and reported to the
Laboratory Manager. Group Supervisors shall report to Laboratory Managers.
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Laboratory Managers shall be the Technical Directors and shall take overall responsibility
for technical conduct, evaluation and reporting of all analytical tasks associated with each
study. Laboratory Managers assure that approved procedures are documented and
followed, that all data are recorded and verified and that all deviations from approved
procedures are documented. Laboratory Managers shall assure that Group Supervisors
are instructed in the requirements of the PACE NE Laboratory QA Manual,
study-specific QA Project Plans, SOPs, Protocols, and Work Plans. Laboratory
Managers approve standards for QC control limits for methods and work with Group
Supervisors to bring out-of-control methods back to within established acceptance limits.
Laboratory Managers shall report to the Regional Director.
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.Temporary employees receive the saine orientation as permanent staff with the exception
of the human resources orientation.

Training is a process used to .. assist laboratory personnel in their professional
development. .The training techniques utilized include:

• on-the-job training
• lectures'
• programmed learning
• conferences and seminars
• short courses
• specialized training by instrument manufacturers
• participation in check-sample or proficiency sample programs.

Group Supervisors shall be responsible for providing documentation of training and
proficiency for each employee under their supervision. The Training Documentation File
indicates what procedures (SOPs) a technician is capable of performing either solo or

,only with supervision. The flIes shall also include logbook pages and sample reports
indicating performance of passing QC samples. The Group Supervisor is responsible for
keeping training documentation updated and current. The QA department shall maintain
a flIe for each technical employee. In addition to the training documentation, these files
shall include acurrent CV and proofs of education such as college transcripts or

.certificates from continuing education coursework or specialized training.
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Each new permanent employee receives a four part orientation: a: human resources
orientation, a safety department orientation, a quality assurance department orientation,
and a supervisory orientation. The human resources orientation involves matters of
immediate personal concern such as benefits, salary, and company policies. The safety
department orientation' is an in':'depth examination of the PACE NE Chemical Hygiene
Plan and safety ,program, which are consistent with the requirements of OSHA's Hazard
Communication Program .(29 CFR 1910.12(0). The Quality Assurance orientation
provides the new employee with information on the PACE NE QA program through a
brief introduction to the QA manual and SOPs, acceptable recordkeeping practices, and
the .individual,s responsibility. The, new employee's group supervisor provides the
employee with a basic understanding of the role of the laboratory within the structure of
PACE, Inc. and the basic elements' of that individual's position within the laboratory.
The training of a new employee concentrates on his/her scientific background and work
experience to provide the employee with a level of competence so that the individual will
be able to function within the defined responsibilities of his/her position ASAP.

2.2 Training and Orientation

"U,-..
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APPENDIX A

Resumes For PACE NE TeChnical Staff '
Employed As Of This Revision Date
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Experience

Education

Publications

DEBORAH F. MCGRATH
Regional Director
PACE New EnglLlnd, Inc.

As Regional Director, Ms. McGrath is responsible for the overall
management ofPACE New England which includes the oversight
and coordination of Laboratory and Field Operations, Quality
Assurance, Support Systems, Administrative, and Sales/Marketing'
departments. In addition, she serves as liaison for PACE HE on
behalf of both clients and other laboratories within the PACE
network.

Prior to joining PACE HE in 1993, Ms. McGrath served as Vice
President and Division Manager ofNET Inc., COmbridge Division,
in Bedford, MA (formerly Cambridge Analytical Associates, Inc.),
from 1989-1993 where her responsibilities included oversight ofthe
technical operations and business development ofthe division. She
was Vice President of Environmental Services for one year and
Director of Analytical Services for two while employed by
Cambridge Analytical Associates, Inc. from 1986-1989.

Ms. McGrath served in the position ofManager ofthe Laboratory
Analysis Department and Inorganic Section while employed by
GCA Technology Division, Bedford, MA from 1981-1986.

Previous to her management positions, Ms. McGrath held the
position of analytical chemist at Kennecott Copper Ledgemont
Laboratory, Lexington, MA.

B.S. Chemistry, Simmons College, Boston, MA 1971

Ms. McGrath is the authorlco-author of over 15 publications on
methods development and comparison studies, waste oil and biota
analysis, combustion assessments t:md waste minimization.
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STEPHANIE BECK
'., . Quality Assurance Officer

Pace New England. Inc.

Ms. Beck is responsible for quality assurance activities at Pace
New England, Inc. She is responsible for auditor training and
Quality Assurance training for new employees. She perfonns
internal inspections of PACE NE labs and is responsible for the
implementation ofquality prog'rams at Pace NE, Inc. She reviews
data for internal and regulatory compliance. Ms. Beck prepares
Quality Assurance Project Plans. She reviews SOPs. Ms. Beck
reports to Deborah McGrath, Regional Director.

Prior to joining PACE NE, INC. Ms. Beck worked in the same
capacity for Resource Analysts, Inc. which was acquired by PACE
NE, INC. in June 1992. Ms. Beck came to PACE NE, INC. with
over 4 years laboratory experience performing inorganic chemistry
analysis. Ms. Beck !las over 2 years experience in the Quality
Assurance department (1990 - present) performing the duties to
assure management thatfacilities, equipment, personnel, methods,
practices, records, and controls are adequate and in conformance
with regulations. She has over 2 years experience reviewing
Aquatic Tox. studies and Organic and Inorganic Chemistry data
for FIFRA, TSCA, OECD, and FDA compliance as a GLP auditor.
She has experience reviewing CLP data packages.

QA Officer, PACE NE, INC., Inc., Hampton, NH 5/92 - Pres

QA Auditor, Resource Analysts, Inc., Hampton, NH 4/90 -5/92

B.S., Environmental Economics, University of New Hampshire,
1988

Environmental and !Vatural Resource Law, 1992 U. of N.H.
Durham, NH
Introduction to Computer Validation SQA Annual Meeting 1991,
Kansas City, MO
Intro. and Advanced WordPerfect 1991 OMC, Portsmouth NH
Producing Results with Others, 1991 Millipore, Bedford MA
SQA Basic Training GLP SQA Annual Meeting Oct 1990,
Orlando FL
Lotus 123, 1990 Millipore, Bedford MA



Experience

Education

ConJinuing Ethlcation

RICHARD L. WElLMAN
Inorganic LaboraJory Director.
New England Regional Office

As Inorganic LaboraJory Manager, Mr. Wellman manages the
groups providing wet chemistry, metals prep and metals analysis.
He reports to Ms. McGraJh, Regional Director.

Prior to joining PACE, Mr. Wellman worked in similar capacities
for Resource Analysts, Inc. which was acquired by PACE in June
1992. Mr. Wellmanjoined RAJ in 2/88 and worked as the GCLab
Director until 1/91 when his responsibilities changed to managing
the Metals Labs and the Reporting/Data Review and Lab DaJa
Services Departments.

-Mr. Wellman has extensive experience in the analytical chemistry
field as a Consultant and Chemist. Mr. Wellman has over thirteen
years ofexperience in Gas ChromaJography, High Pressure Liquid
Chromatography, Infrared Spectrophotometry, UV- VIS
Spectrophotometry, GPC, and NMR.

Consultant, -Medical & Scientific Enterprises, Sudbury, MA
Summer 1986

Consultant, Acadia Management, Boston, MA Summer 1986

Systems Specialist, DuPont/NEN Products, Boston, MA
1984 -1985

Group Leader Analytical Chemistry, DuPont/NEN Products,
Boston, MA 1978 - 1984

M.B.A., Business Administration, Boston University, Boston, MA,
1987

B.S., Chemistry, Union College, 1975

"Environmental Data Requirements", conference, April 25, 1989

"HP RTE System Managers Course", May 22-26, 1989"

"Newest Analytical Methods and Techniques". Hewlett Packard
Video Teleconference. April 19. 1990
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siEV1fN F. RHODE
argfiiucs LaboTr1lO1] Director
New Englimd Regional (}jfit%

. ,;

Mr. Rhode manages the Organics Fxtractions" GC and GC/MS
organics laboratories through four laboratory group supervisors.
He and .his staff conduct standard EPA analyses as well as

,non-routine GC/MS approaches to special analyticalproblems. Mr.
Rhode is Project Manager for PACE HE, Inc.'s CLP contract
work. He is responsible for workflow and technical review and
approval of all data generated by the GC and GC/MS organics
laboratories. Mr. Rhode repons to Deborah McGrath, Regional
Director.

Prior to joining PACE HE, Inc., Mr. Rhode workedfor four years
for National Environmental Testing, Inc. (NEI') managing the CLP
GC and organic preparation laboratories. He had two years
experience working as a GCMS analyst for Cambridge Analytical
Associates using EPA methods and CLP protocol. His experience
includes the programming of HPIOOO data systems to automate
data analysis and also includes.managem(!nt pfRTE-6 and RTE-6A
series data systems. ," ,,

Mr. Rhode was a teachingfellow at Boston University Department
of Chemistry for four years. There he organized and taught
laboratory and discussion sectionsfor graduate and undergraduate

, courses in instrumental analysis, qualitative analysis and general
chemistry.

Ph.D. candidate, Chemistry, Boston University

M.S., Chemistry, University ofNew Hampshire, 1983

B.S., magna cum laude, Marine Science/Biology/Chemistry,
University ofTampa, FL, 1980



Erperience

Education

Continuing Education

ELlZABEl'H A. DUPERE
Voliztila Group Supervisor
Pace New England. Inc.

Ms. Dupere is responsible for the supervision. of the GCIMS
Volatile Organics Labora/ory. As a Supervisor-in-Training, she
repons to .Mr. Rhode, Organics Labora/ory Manager, who
maintains the ultimate responsibility for work perfonned by the
Volatiles Lab.

Prior to joining PACE NE, INC. Ms. pupere worked as an analyst
for Resource Analysts, Inc. which was acquired by PACE NE,
INC. in June 1992. She joined RAJ in 1987 as a technician in the
Wet Lab. She became a GC opera/or in 1988 and in 1990 became
a GCIMS opera/or. Ms. Dupere cu"ently has approximately two
and a half years experience in vola/ile organics analysis. While
employed in the organics lahora/ory, Ms. Dupere has received
approximately two years·' training in gas chromatography. She has
experience in the use of detectors, .including Hall and ECD, as
well as FID, FPD, and NPD. As a Labora/ory TechniCian in the
wet lab, she has also received 10 months training in wet chemistry
techniques.

B.S~~ ·Biochemistry, University ofNew Hampshire, 1987

"Use of Widebore Columns", By Restek, Inc., Boston, MA,
December, 1989

"Mass Spectral Interpretation", By Bill Rounds, University ofNew
Hampshire, spring, 1990 .

"Air Analysis Symposium" By Telanar, Inc., Lexington, MA. May
1991.

"GCIMS Troubleshooting", seminar, Hewlett Packard, Burlington,
MA, Spring 1992
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UANEHAIL
Semi-Volatiles Group Supervisor

0,,00' New Engliuul Regional Office

Ms. Hall is responsible for the supervision of the Semi-volatiles
laboratory, analysis ofenvironmental samples 1Jy GC and GC/MS,
performance and doci.iinentation ofall specified QC measures and
instrument maintenance and troubleshooting~ Ms. Hall repons to
Mr. RhOde, Organics Laboratory Manager.

Prior to.joining PACE HE, INC., Ms. Hall worked in the same
capacity for Resource Analysts, Inc. which was acquired by PACE
HE, INC. in June 1992. Ms. Hall joined RAI in 1989 and worked
as an Analytical Chemist until 1191 when she became Supervisor
of the Semivolatiles lab. °

Ms. Hall has over 3 years experience, prior to RAI, in the
environmental field. As a Research Assistant/Technician for the
University of Maine, Ms. Hall was responsible for analyses of
microbial" processes in marine sediments utiliZing Gt, HPLC,
UVIVIS Spectroscopy and M. While employed as a Cheniist 11,
GCIMS Operatorfor the State ofMaine, Ms. Hall was responsible
for timely VOA and SVO analyses, adherence to QC procedures
and accurate repon generation utilizing HP 5996 and 5970.

Candidate for Doctor of Philosophy degree, Loyola University of
Chicago, 1980 - 1984

M. S., Chemistry, Nonhwestem University, 1980

B.S., Chemistry, Massachusetts Institute of Technology, 1979

"GCIMS Operator 1" by Jim Stacy, Hewlim Packard, April, 1989

"Aquarius Software" by Jim StacylPamKelly, Hewlett Packard,
May, 1989

"Mass Spectra/Interpretation", by Bill Rounds, University ofNew
Hampshire, Spring, 1990

"Capillary Chromatography" by Neil Mosesman/David Shelow,
Restek, November, 1990



Experience

Education

Continuing· Education

PErERLEMAY
GC OpuaJorlGroup Supt!rvisor
R0ditzti01l Sofety 0jJic0
New FAgland Regio1llll 0jJice

Mr. Lemay is responsible for the analysis of PCB's, Pesticides,
PNA's, PHC's, DIsolvents, and Herbicides andfor the supervision
of three GC analysts. He reports to Mr. Rhode, Organics
Laboratory Manager: .

Prior to joining PACE, Mr. Lemay worked in the s~ capacity
for Resource Analysts, Inc. which was acquired by PACE in June
1992. Mr. Lemay joined RAJ in 1987. While employed at RAJ,
Mr. Lemay acquired three and a half year's experience on the
following GC's: HP 5890, HP 5880, HP 5840,· Tracon and waters
dimension GC using thefollowing detectors: ECD, ELCD, NPD,
FID, FPD with either packed or capillary columns.

Mr. Lemay served as a chemistfor Burgess Analytical Laboratory,
Nonh Adams, MA from 1985 to 1987. His duties included
perfonning chemical analyses on a variety ofmaterials, sample
preparation, operation of instruments, evaluating and reporting
results, and training new employees.

Medical Laboratory Specialist, United States Air Force. 1977
1981

B.A., Chemistry, University ofMaine, Orono, ME 1985

Intro to GCIMS - Hewlett Packard, 1988

Occupational and Environmental Radiation Protection. Harvard
School of Public Health. Aug 1991
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PAUL'RMn• '4:>-

organics Ertroaions LtJb Supervisor
New Englond RegiolUll 0jJia

Mr. Raiti is responsible for the supervision ofa staffoftechnicians
performing sample preparation for ABN, PCB, PHC, PNA,
pesticide and other organic methods. The Organics Prep lAb is
also responsible for the oil and grease and phenol methods which
Mr. Raiti oversees. As part of the organics sample preparation
process, Mr. Raiti also performs and directs the operation oftwo
GPC/HPLC units for sample clean-up. As supervisor, Mr. Raiti
monitors all holding times and schedules daily workflow to ensure
timeliness ofall extract preparation. He is also responsible for the
training of technicians to meet all PACE specific' and general
method requirements for data quality. As a supervisor-in-training,
Mr. Raiti reports to Mr. Rhode, Organics Laboratory Manager,
who.has the ultimate responsibility for the Extractions Lab.

Prior to becoming the lab supervisor, Mr. Raiti had over two years
experience as a Senior Technician in the Organics Prep Lab. He
was hired as a Senior Tech by Resource Analysts, Inc. in 8/90 and
continued to work in the same capacity after RAJ was acquired by
PACE in June 1992. Mr. Raiti is fully qualified in all organics
sample preparation procedures performed at PACE.

B.S., Plant Science, University ofNew Hampshire, 1989

A.S., Horticulture, Essex Agricultural and Technical Institute,
1987

"Laws in Natural Resource alut Environment", University ofNH,
Spring 1991

"Wetland Resource Management", University ofNH, Fall 1991

"Analytical Chemistry", University ofMassachusetts, 1992



Experience

Education

Cofllinuing Education

aIFFORD CHASE
Metals InstrumenI Group Supervisor
New England Regional Office

Mr. Chase presently supervises the metals instrument laboratory,
and provides operation for the instrumental analyses of metals.
Mr. Chase r~porrs to Mr. Wellman, the Inorganics Laboratory
Manager.

Prior to joining PACE, Mr. Chase supervised the organic
extraction laboratory for Reso~rce Analysts, Inc. which was
acquired by PACE in June 1992. Mr. Chase joined RAI in 1988
and worked as an analyst until 1990 when he became Organics
Extractions Group Supervisor. Mr. Chase has over three years of
supervisory experience and a strong background in
instrumentation. He is experienced in the analysis ofenvironmental
samples and has 6 months training on the Extrel ELQ-400 GC/MS,
the HP 5880 and HP 5840 GC/FID, an4 the HP 5890/5970
GC/MSD.

During afive year tenure at the University ofNew Hampshire, Mr.
Chase was responsible for analyses, operator training, repair and
maintenance ofJEOL FX90Q FTNMR, Instrumentation Laboratory
Model 951 AA and a Varian Cary 219 UV/V/S.

B.S. Chemistry, University ofNew Hampshire, 1986

. "Mass Spectral Interpretation", University of New Hampshire,
April/May 1988

"Aquarius GC/MS Data System Training Seminar", Hewlett
Packard Co., Andover, MA, September 13-14, 1988

"Management Lead Skills Training", Millipore Corp., Bedford,
MA, July 17, 24, 31, Aug. 7, 1990

"uv Detector Service Training", Waters Chromatography
Division, MILL/PORE Corp., Marlborough, MA, April 20-21,
1992 .

I'
II
fl
:;

I
~I
"

II
I
\1,

\1
il
I
\~

I
II

I,
,I
I
'i,<.)



I,
II
I
I
,I"
~Ii

,11

,Ii
~I(

.1\

,I
I
I
I;
I
:1,

I·".
\11

f

Experience

Education

Continuing Education
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TIlERESA I. HENNESSEY
Wet OIemistry,Group Supervisor
.New &gltind'Regional Office

Ms. Hennessey is responsible for managing and overseeing all Wet
Lab workflow, analyses, spreadsheet review, raw data review, data
handling and tracking, report generation, review and timely
completeness. Ms. Hennessey supervises a staff of 7 - 8
technicians and is responsible for scheduling work hours, vacation
and bi-annual performance and salary reviews. Ms. Hennessey
reports to Mr. WeIIman, Inorganics Laboratory Manager.

Prior to joining PACE, Ms. Hennessey worked in the same
capacity for Resource Analysts, Inc. which was acquired by PACE
in June 1992. While employed at RAI, Ms. Hennessey gained over
six year's experience on' the pH meter, Specific Conductance
Meter, Zero Headspace Extractors, High Pressure Filtration
System, Spectronic 20, Flashpoinr. Apparatus, Top Loading
Balances, Analytical Balance and Btu. Ms. 'Heruiessey has
experience in the proper preparation 'of itimjiie digests for trace
metal analysis, including the digestion of tissues, solids, w~es,

oils, plastics and polymers as weII as the usual soils and water
samples. Ms. Hennessey supervised the Metals Digests Lab for
two and a halfyears with a staffof3. For one year, she managed
both the Wet Lab and Metals Digests Lab with a staff of 11-12.
She has one year's experience in reviewing final Wet Lab data and
reports and one year's experience in the use ofLotus Qua/tro.

B.S., Environmental Conservation/Resource Economics, UNH
1984

"General Chemistry" University ofNew Hampshire, Spring, 1987

"Leadership Skills for Women" March~ 1988

"Introduction to Lotus", MiIIipore Corp., Bedford, ~, Nov. 1990

"Quantatative Analysis", University ofNew Hampshire 1992

"Organic Chemistry", University ofNew Hampshire 1992



Experience

Education

KATHLEEN LtWSON
lAboTtIIOry TechnicUzn
New Englond RegiolUl1 Office

As Lead Technicianfor the Metals Prep Laboratory, Ms. Lawson
is reponsiblefor digestion ofsamples by EPA methods 3010, 3020,
7060, 3050 (HNOJJ, 3050 (HCL) andjiltering ofsamples for ICP
and furnace analysis, fluoride distillation, calibration of: hoods,
pipettes, extractors, and pH meters.' Her Metals Prep
responsibilities also include TCLP,' EPTOX, and California ~E. T.
She is responsible for the wet chemistry tests: Specific
conductance, Total Phosphorus, Alkalinity, and BOD. Ms.
Lawson reports to Mr. Rick Wellman, Metals Prep Lab Manager.

Prior to joining PACE, Ms. Lawson worked in the same capacity
for Resource Analysts, Inc. which was acquired by PACE in June
1992. Ms. Lawson joined RAJ in February 1991.

Ms. Lawson was a Cardiac Technician at Sisters of Charity
Hospital, Buffalo, NY where she gained 8 years ofexperience in
EKG, Holter monitoring and record keeping in an 800 bed
hospital. .

H.S. Diploma, Mt. Mercy Academy, Buffalo NY
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CIii#$TINE PAQUE11E STElZER
Senibr DOla ValilklJor/Reponer
New England Regional Office

Ms. Stelzer is primarily responsible for the review, validOlion, and
reponing of organics data as it penains to special projects.
SpeCial projects include those under USEPA CLP protocol, state
or government agenCy protocols, or unique PACE/client contracts.
Pan of her job involves reviewing Statements of Work, Quality
Assurance Plans, and Bid Requests to identify special analytical,
QC, or reporting requirements. Findings are communicated to
Sales and Analytical staff to help ensure appropriate bidding and
compliant analyses. Ms. Stelzer subsequently reviews organics
data generated for these jobs to eTlSure accuracy and scientific
defensibility. .Ms. Stelzer is responsible for generating special
forms and diskettes as required to complete the data package. She
is the Project Manager/Data Reponing and Delivery Officer for
the EPA CLP Organics Contract 68D20026. Ms. Stelzer repons
to Mr. Rhode, Organics Laboratory Manager.

Prior to jOining PACE, Mrs. Stelzer worked in the same capacity
for Resource Analysts, Inc. which was acquired by PACE in June
1992. Ms. Stelzer joined RAI in 1987. She has worked as a
Technician and Analyst in the Volatile Organics and Semivolatiles
Lab. She has experience in GC/MS analysis using both packed and
capillary columns under USEPA methods 624,8240,524.1,501.3,
625, 8270 and 1988 CLP protocol. She is also experienced with
gas chromatographs equipped with FID, PID, and Hall ELCD
detectors for methods including 601, 8010, 602, 8020. Ms. Stelzer
has thorough familiarity with the HP RTE software used for
GC/MS data acquisition and reponing and is proficient in using
HP LAS and LIMS data systems. She has a thorough understanding
of USEPA CLP requirements for volatiles, semivolatiles, and
pesticide/PCB's under 1988 and 1991 protocols.

Laboratory Technician, Environmental Testing Lab, Chicopee, MA.
1986 -1987

Research Assistant, Elms College, Chicopee, MA. 1985 - 1986

Laboratory Assistant, Chemical Specialties, Springfield, MA. 1984

B.A., Chemistry and Biology, Elms College, Chicopee, MA,
..Magna cum laude 1986



Continuing Education

Publications

CHRISTINE STELZER, continued

"Systems Maintenance and Wastewater Treatment" Springfield
Technical Community College, Springfield, MA, 1/19-5/29, 1987

Hewlett Packard RTE-6 Operator School by Hewlett Packard, New
Orleans, LA, September 14-18, 1987

"Statistics" Springfield Tech. Comm. College, Springfield, MA, '87

"Custom Reponing", Hewlett Packard class by Hewlett Packard,
1988

Mass Spectral Interpretation Course University ofNew Hampshire,
April 23 - May 18, 1988

Career Track Communication Skills Workshop August 17, 1988

Capillary Chromatography Seminar Restek, 12111/89

"Train the Trainer", seminar by Maggie Dean, RAI, 4/92

Wright, M.L., and S.T. lorey, Y.M. Myers, M.L. Fieldstad, C.M.
Paquette, and M.B. Clark, 1988. Influence of Photoperiod,
Daylength, and Feeding Schedule on Tadpole Growth and
Development. Development Growth and Differentiation, 30,
315-323.

Wright, M.L. et ai, 1988. Effect of Changing the Light/Dark
Schedule, the Time of Onset of the Light or Dark Period, or the
Daylength, on Rhythms of Epidennal Cell Proliferation.
Chronobiology International, 5, 317-330.

Wright, M.L.·and L.S. Blanchard, S.T. lorey, C.A. Basso, Y.M..
Myers and C.M. Paquette, 1990. Metamorphic Rate as a Function
ofthe Light/Dark Cycle in Rana pipiens Larvae. Compo Biochem.
Physiol., 96A, 215-220.
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KERRr HUNTER
DaIQ'Validalor
l!ew Engltmd Regional Office
. .:'~.

Ms. H.unter is responsible for the review, validation and reporting
of organics data .(specifically pesticide/PCB packages) as it
pertains to work conducted under specific protocols such as
USEPA CLP protocol, state or government agency protocols or
unique PACElclient contracts. Ms. Hunter is responsible for the
generation of specific fonns and diskette deliverabies required to
complete a data package. Ms. Hunter reports to Mr. Rhode,
Organics Laboratory Manager and Technical Director.

Prior to her position as a Data Validator, Ms.' Hunter worked in
the Reporting Department where she. was responsible for the
generation of commercial reports for organic and inorganic
analyses. Prior to joining PACE NE, Inc., Ms. Hunter worked in ,
the same capacity for Resource Analysts, Inc. (RAI) which was
acquired by PACE NE, Inc. in June 1992. Ms. Hunter joined RAI
in 1986 and worked as a GC operator until 1990 when she ,became
an analyst for the Product Registration Group (PRL) of RAJ. In
this capacity she was responsible for method validation and
analysis ofsamples in support ofGLP aquatic toxicology studies.
In 1991, she was promoted to Senior Analyst for the PRL. Ms.
Hunter has more than four years experience on the HP 5880, HP
5840, HP 5890 Capillary ECD, and the Tracor Hall, 5890 Hall,
NPD, TCD, FID, LAS and EPA software, and HPLC experience
using the Waters 490, 470, and 430 detectors.

B.S., Biology, University ofNew Hampshire, 1985

Laboratory Health and Safety - 1986

Fundamentals ofLC - Hewlett Packard - 9/90

Radiation Safety Training course - Dr. George Chabot, Univ. of
Lowell - 3/91

Waters service training for 420 and 470 detectors - Millipore
Corp. -,4/91 .



Erperience

Education

Continuing Education

DAVID BUCK
Computer Systems Manager
Pace New England, Inc.

Mr. Buck is responsible for performing daily, weekly and monthly
housekeeping duties on the PACE Network, LAS, and LABUX
computer systems. He designs and implements new procedures for
data entry and reporting. Mr. Buck is responsible for computer
networks and their security. Mr. Buck reports to Ms. Deborah
McGrath, Regional Director.

Prior to joining PACE NE, INC. Mr. Buck worked in the same
capacity for Resource Analysts, Inc. which was acquired by PACE
NE, INC. in June 1992. He joined RAJ in 1988 and has had more
than four years experience as a Computer Systems Manager and
six years training on Hewlett Packard 1000 computers,
RTE-A/RTE-6/RTE-IVB. Mr. Buck has converted order tracking
systems to database systems and centralized collection ofelectronic
test data.

Computer Analyst, Sprague Electric, Sanford, ME 1987 - 1988

Computer Analyst, Fairchild Semiconductor, South Portland, ME
1985 - 1987

M.B.A., Business Administration, Nasson College, 1987

B.S., Mathematics, University ofMaine, 1982

nSecond Annual LIMS Conference n, June, 1988

nLABSAM System Manager Coursen, January, 1989

nNovell System Manager n, February 1991

nUnix Basics I and Ir, December 1991

nUnix System Manager n, January 1992
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JAMES CU1TER
Senior Teclulical Specialist
New England Regional Office

Mr. Cutter is responsible for technical suppon for all analytical
chemistry. This includes instrument operator supervision and
training, instrument trouble shooting and maintenance, method
development, and analysis of samples. He is responsible for
analyses by various methodologies including but not limited to
HPLC, Ge, and GC/MS. Mr. Cutter repons to Mr. Rhode,
Organics Laboratory Director.

Prior to joining PACE, Mr. Cutter worked in a similar capacity
for Resource Analysts, Inc. which was acquired by PACE in June
1992. Mr. Cutter joined Envirosystems, Inc., a division ofRAI in
10/91 as Product Registration Chemistry Manager. In 3/92 he

, became Senior Technical Specialist.

Mr. Cutter has more than sixteen years ofexperience in the areas
of environmental and life science analysis and methods
development using HPLC, Ge, GC/MS, NMR, MS.

Senior Scientist, ENSECO Inc., Cambridge" MA 10/88 - 10/91

Chromatography Group Leader, ESA Labs, Inc., Bedford, MA
10/86 -10/90

Chromatography Section Manager, Cambridge Analytical Assoc.,
Boston, MA 4/86 - 10/86

Chemist II, DuPonr/NEN Products, Boston, MA 4/78 - 4/86

Chemist, ESA, Inc., Boston, MA 10/75 - 10/77

B.S., Chemistry, University ofMassachusetts, Amherst, MA 1974

.Waters Assoc. training courses in HPLC methods development and
maintenance

Axiom Labs iraining in asbestos analysis (PLM and PCM)



Erperience

Education

KATHLEEN HUDSON
Project MQ1I/lgement/Sample MQ1I/lgement Supervisor
New England Regional Office

Ms. Hudson is responsible for the management of the Sales and
Marketing programs and Client Service Department at PACE New
England, Inc. Her duties include the development and
implementation ofmarketing strategies andprograms, preparation
and maintenance ofsales forecasts, and supervision of the sales
force. The Client Services/Project Management staff also repon
to Ms. Hudson. Ms. Hudson repons to Ms. McGrath, Regional
Director.

Prior to joining PACE NE, INC., Ms. Hudson worked in the same
capacity for Resource Analysts, Inc. which was acquired by PACE
NE, INC. in June 1992. Ms. Hudson has over seven years of
experience in the service industry. She has experience in the
environmental, engineering and, banking industries.

6/92 - Pres Marketing Manager

8/89 - 6/92 Dir. of Client Svcs., Resource Analysts, Inc.,
Hampton, N.H.

1189- 8/9 Client Services Representative, R.A.I. Hampton, N.H.

1986 - 1987 Commercial Lender, Granite State National Bank,
Rochester, N.H.

1985 - 1986 Officer's Assistant/Analyst, Bank of Vermont,
Brattleboro, Vt.

B.S. Management Science, Keene State College, Keene, N.H.,
1983

M.B.A. New Hampshire College (In Process)
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STUAKl' BRONSON
Senior Project Manager

.New England Regional Office

Mr. Bronson serves as a Project Manager for clients who
specialize in large scale. complex and on-going site work. He
reviews Quality Assurance Project Plans for completeness.
applicability and conformance to established protocols. QAPP
information is condensed for Laboratory Project Alert Forms.
Negotiates project specifications with clients. insures specifications
are met by the lab and delivered to the client in the required'time
frame. Fields questions from a diverse clientele to detennine
testing needs; issues advice and answers technical questions about

.the lab. data, methodologies. protocols and procedures. He also
maintains communication channels with the Sales Dept. and the
Laboratory Staffand serves as the USEPA-CLP contact person for
the lab. He gives tours of the Sample Management Dept. to
visitors and auditors. Mr. Bronson reports to Ms. Hudson,
Project Management/Sample Management Supervisor.

Prior to joining PACE, Mr. Bronson worked as Director ofSample
Management for Resource Analysts, Inc. which was acquired by
PACE NE, INC. in June 1992. Mr. Bronson joined RAI in 1990.

Mr. Bronson worked at Laucks Testing Laboratory in Seattle,
Washington for four years prior to RAI in the capacity ofanalyst
and manager.

B.A. Ecology and Evolutionary Biology, University· of Arizona,
Tucson, Arizona, 1985.

Coursework towards M.S. in Limnology, University ofWashington,
Seattle, Washington, 9/89 - 5/90.

Customer Service Seminar. Dun and Bradstreet, held at Nashua,
New Hampshire, May 1991



Experience

Education

GRETCHEN FRANZHElM
Project Manager
New England Regional Office

Ms. 'Franzheim currently serves as a Project Manager for clients
specializing in large-scale, protocol-specific projects. She reviews
Requests For Proposal (RFPs) and Quality Assurance Project
Plans (QAPPs)forcompleteness, applicability and confonnance to
establishedprotocols..She is responsible for communicating special
project requirements to laboratory staff to ensure adherence to
protocol or specific client project requirements. Ms. Franzheim
serves as primary PACE NE contact with designated clients and is
responsible for managing analytical projects from onset to
completion. In addition, she fields questions from a diverse
clientele to determine testing needs and to answer technical
questions regarding protocol, methods, reponing and procedures.
Ms. Franzheim reports to Ms. Hudson, Project
Management/Sample Management Supervisor.

Previous to her position as a Project Manager, Ms. Franzheim
functioned as a Senior Data Reviewer, Ms. Franzheim was
responsible for the review of Inorganic CLP data and also served
as a backup Organics CLP data reviewer. She is experienced in
the review ofenvironmental data for a wide variety ofOrganic and
Inorganic Methods and Protocols including USEPA SAS (Special
Analytical Services) projects, NJ ECRA, NYASP, NEESA, and
HAZWRAP.

Prior to joining PACE, Ms. Franzheim worked for Resource
Analysts, Inc. which was acquired by PACE in June 1992. She
joined RAI in 1987 and served in the capacity of Data Review
Supervisor until June 1992. Her responsibilities included the
tracldng ofsamples and documents through the analytical process
while under contract to EPA. She supervised the assembly, review
and validation ofdata for Organics CLP case packages, as well as
handling the responsibility oftraining staffto perform these duties.

Ms. Franzheim has extensive experience in the chemistry field
within a variety of areas. Ms. Franzheim gained experience in
data review and quality assurance at Aquatec, Inc. and a Chemist
'at Ladd Research Industries, Inc. From 1977 to 1982, she taught
chemistry, biology, physics, and mathematics in public schools.

B.S., Chemistry, St. Lawrence University, 1975

M.S. Candidaie, Environmental Studies, U. MASS, Lowell, MA
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Continuing Education

'.:;

GRETCHEN FRANZllEIM, continued
.t..

"Seminar on CLP Organics", Technical Management Consulting,
January, 1988

"Mass Spectral Interpretation", University of New Hampshire,
Durham, NH, April - May, 1988

"In Search of Excellence", seminar by Tom Peters, October 18,
1988

"CLP/SuperfundAutomatedAnalyticalData Management Caucus",
June 28-30, 1989

"Superfund Data Management Caucus", Raleigh, NC, June 12-13,
1990

"Sixth Annual Waste Testing and Quality Assurance Symposium",
Washington, D.C., July 16-20,1990

"Ward CLP Training Class", Ward Scientific, Ltd., Burlington,
MA, Aug. 7-8, 1990

"Law ofNatural Resources and Environment", University. ofNew
Hampshire, Durham, NH, Spring 1991

"Industrial Pretreatment Pollution Prevention", by New England
Interstate Environmental Training Center, Westford, MA, February
12, 1992.

"Environmental Law Update 1992", sponsored by Sheehan Phinney
Bass + Green Professional AssociqJion, Nashua, NH, April 9,
1992.

"Environmental Chemistry Laboratory", University of
Massachusetts, Lowell, MA, Fall 1992.



Erperience

Education

Continuing Education

LTlLTAN PEPIN
Project Manager
New England Regional Office

Ms. Pepin is responsible for project managementfrom initiation to
completion. Ms. Pepin is the point ofclient contact for projects,
priorities, preliminary data, bottle orders and price quotes for
commercial work. Ms. Pepin also serves as liaison for Network
projects that New England Regional Office is involved with. Ms.
Pepin reports to Ms. Hudson, Project Management/Sample
Management Supervisor.

Prior to joining PACE, Ms. Pepin worked in sample management
for Resource Analysts, Inc. which was acquired by PACE in June
1992. Ms. Pepin joined RAJ in 8/90 and worked in Sample
Management where she was responsible for the receiving,
handling, storage, and distribution of incoming samples. Her
duties also included client contact, data entry, maintenance of
sample storage area security, and sample separation for proper
disposal.

Ms. Pepin has significant previous experience in the health care
industry and has pursued an e1ucation in data processing.

Data Processing Certificate, Hesser College, Portsmouth, NH
1989

Nursing Assistant Certificate, State ofNH 1985

nExceptional Customer Service n, Seminar, Dun & Bradstreet,
Portland, ME May 1991
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.Experience

Education

Continuing Education

MICHAEL K. CAMPBElL
Sample MilIIllgement Technician
Poa New England, Inc.

Mr..Campbell is responsible for maintenance of internal custody
ofsamples, preservation ofsamples, scheduling sample analysis,
sample storage, bottle orders, resolving client difficulties, writing
SOP's, and documentation of client and sample related
infonnation. Mr. Campbell assists in coordinating projects within
Sample Management that require special client protocol such as
UP, NEESA, ECRA, and NPDES. He also assists in the
supervision of department employees. During periods of high
sample volume, Mr. Campbell has assisted in perfonning cenain
inorganic analyses. Mr. Campbell repons to Ms. Hudson, Sample.
Management Supervisor.

Prior to joining PACE NE,INC. Mr. Campbell worked in the same
capacity for Resource Analysts, Inc. which was acquired by PACE
NE, INC. in June 1992. Mr. Campbell joined RAI in 1990 and

. worked as Lab Safety Assistant until 1991. His responsibilities as
Safety Assistant included managing lab chemical inventories,
MSDSs, and hazardous waste shipping manifests. He assisted in
implementing the Chemical Hygiene Plan and laboratory safety
practices.

Mr. Campbell has experience in customer service, civil
engineering, and consumer electronics as well as academic
training in the sciences.

B.G.S., Planetary Geology, University of Iowa, 1986

Schoolteacher Cenijication, State ~fMaine, Spring 1987.

Intro. to Surveying (20 hours), UNH DCE, Fall, 1988.

"Hazardous Waste Management in NH", Seminar, BIA/NHDES,
March 19, 1992

Excellent Customer Service seminar, Dun & Bradstreet Business
Education Services, May 13., 1991

Standard First Aid and Adult CPR Cer,nfication, October 15, 1990

"New Hampshire Safety Council Conference & Exhibition", 4/90



Objectives of the quality program are:

• to provide quality reference documentation for each project.

• t6 promptly identify variances and implement corrective actions;

• to provide procedures for implementing project-specific quality plans;
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3.0 OBJECTIVES
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TITLE: NEESA Laboratory QualitY Assurance Manuai

,• to maintain readily identifiable and retrievable records that provide documentary
evidence of the quality of activities performed;

• to define responsibility and authority for developing and implementing quality
plans;

• to provide a quality organization independent of the pressures of project
performance with the responsibility and authority for auditing and recommending
corrective action;

• to perform regularly scheduled audits and thereby document an objective
evaluation of quality-related practices;

• to provide. a quality organization with clear paths of communication with
management;

PACE NE is committed to the philosophy that quality operations result from quality planning,
design, and work performance by skilled operational personnel. PACE NE's policy is to
perform its varied types of technical work in accordance with standard quality assurance
practices such as Good Laboratory Practices (GLP) and the EPA Contract Laboratory Program
(CLP). PACE NE has a Quality Assurance Officer responsible for 'maintenance of standard
operating procedures, laboratory audits, performance evaluations, federal and state certifications
and quality assurance documentation.

Each laboratory worker is responsible for checking standard, operating procedures when
necessary; following these procedures during routine analyses; recording quality control
information required by those procedures in the proper location, and taking appropriate
corrective' action including suspending analyses when quality control criteria are not met.
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The laboratory goal for completeness is 95 % where:

x 100 = % complete
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USEPA guidance is followed for sample preservation and field preservation is checked
upon sample receipt in the laboratory. Refer to PACE NE SOP QA-400, Sample
Receiving and Identification, current revision.

Representativeness is the extent to which reported analytical results truly depict the
chemistry of the sampled environment. Representativeness is a qualitative objective
which is optimized through proper selection of holding times and procedures, through
proper sample preservation, and through prompt extraction and analysis. Refer to Table
6.1.

n : number of samples recieved for analysis

D : number of samples analyzed that met the Data Quality Objectives

• minimizing sample loss and breakage
• performing sufficient QC samples to document control
• documenting all aspects of the analytical system

Sample holding times follow EPA recommendations. In cases where no formal
recommendation has been made, the holding time for that analyte in a different matrix
or a similar analyte in a similar matrix is applied.

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual

Quality Assurance objectives for measurement data can be expressed in terms of completeness,
representativeness, accuracy, precision, comparability and traceability.

3.1 Completeness

Completeness is a measure of the amount of valid data obtained from a measurement
system compared to the amount that was expected. The QA objective for completeness
is to maximize the number of valid results. .This can be attained by:

3.2 Representativeness

3.3 Accuracy and Precision



3.4 Comparability

Accuracy and precision data are optimized through the use of analytical procedures that
minimize biases through the use of standard procedures, through the meticulous
calibration of analytical equipment and by implementing corrective action whenever
measured accuracy and precision exceed pre-established limits.

Traceability is the extent to which results can be substantiated by hard-copy
documentation. Traceability documentation exists in two forms: that which links final
numerical results to authoritative measurement standards, and that which explicitly
describes the history of each sample from collection to analysis. Refer to Sections 6 and
10 for more specifics on PACE NE procedures.

Comparability is the extent to which comparisons among different measurements of the
same quantity or quality will yield valid conclusions. Comparability is a qualitative
objective that will be attained by utilizing standard techniques for sample analysis and by
reporting analytical data in appropriate units. Comparability between PACE NE
analytical results and those obtained by other researchers will be ensured through the use
of EPA, ASTM, and other recognized methods.

3.5 Traceability
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Accuracy and precision are assessed through the analysis of Laboratory Control Check
Samples. Laboratory generated QC samples, such as method blanks and Laboratory
Control Spike/Spike Duplicate Samples are used to assess the accuracy and precision of
measurements due to laboratory activities. QC Samples, such as surrogate spikes and
matrix spike/matrix spike duplicates are used to monitor the effects of the sample matrix
on precision and accuracy. QC Check Samples such as field blanks, field duplicates and
trip blanks are used to assess the accuracy and precision of both sampling and laboratory
activities. Accuracy and precision goals for the laboratory are based on laboratory
historical data, specific method requirements and the requirements of each specific
project. A more detailed discussion of these goals is provided in Section 11.

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual
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A laboratory staff member shall be designated as Safety Manager by the Regional
Director. The Safety Manager prepares and maintains safety-related SOP's, conducts
safety and occupational health orientation, training and review sessions as required, and
maintains up to date familiarity with safety and occupational health issues pertinent to the
laboratory.

Sample receiving areas and laboratories shall be equipped with suitable hoods,
respirators, protective clothing and eye wear, gloves, barrier creams and other measures
to prevent or minimize staff contact with hazardous substances. Safety equipment such
as eyewash stations, drench showers, spill adsorbents and neutralizers, fire extinguishers,
first aid materials, and breathing oxygen shall be available.

As a matter of policy, PACE NE shall not accept known initiator explosives, known
dioxin-contaminated materials or unusual biohazard materials. PACE NE shall accept
only those radioactive materials for which the isotope and emissions are clearly
identified, and are in compliance with the terms and conditions of any and all applicable
license(s). PACE NE shall accept nitroaromatics and nitroamines providing that the
client makes provisions for disposal of samples with a positive explosive identification.

The Safety Manager prepares and maintains educational programs as required to comply
with state and federal "right to know" legislation.

r

The Safety Manager or his designee shall conduct an orientation session with each new
staff member to familiarize him/her with routine and emergency safety procedures and
equipment. Generally, the first one to three days shall be devoted primarily to health and
safety concerns. Eye protection and a lab coat shall be issued to the employee. A
respirator will be issued, as required, after respiratory protection training. Refer to
PACE NE NE SOP QA-607, Respiratory Protection. A tour of the laboratory shall be
conducted. During the tour, needs for eye, skin, and respiratory protection shall be
discussed as well as the use of safety glasses, face shields, goggles, partial and full-face
respirators, ventilated work areas, fume hoods, gloves, barrier creams, and Tyvek
coveralls. The location of eye wash stations, drench showers, fire extinguishers, and
first aid equipment shall be shown to the employee and their use shall be described or
demonstrated. Fire and spill notification, emergency procedures, and evacuation stations
shall be taught during this session. Refer to PACE NE NE SOP QA-602, Employee
Training Safety Tours. The orientation concludes with an introduction to potential
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4.0 STANDARD PRACTICES

4.1 Laboratory Safety
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4.2 Training

4.3 Security and Confidentiality

Training shall be conducted for each individual on each procedure that he or she is to
perform.

Laboratory Manager(s) shall be responsible for staff training programs, which may be
administered by the Laboratory Managers and Group Supervisors.
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Three tiers of security shall be maintained within all PACE NE, Inc. facilities with the
purpose of controlling external influences on samples, analytical processes, and data.
This helps assure the completeness, representativeness, accuracy, and precision of
analytical results..

Records of attendance at professional development seminars, conferences, courses and
the like shall be kept by the Quality Assurance Department in individual training files
maintained for all technical staff. Refer to PACE NE SOPQA-556, Training Files.

Training Documentation Forms and written records of training activities shall be
generated and maintained by the Laboratory Managers or Group Supervisors.

chemical hazards and the Material Safety Data Sheets (MSDS). MSDS shall be made
av~ilable for review.
Employees shall be responsible for their own safety. Laboratory Managers and Group
Supervisors may require that certain levels ofprotective equipment be worn when in their
judgement it is appropriate. Failure 'of an employee to wear required protective
equipment will result in immediate disciplinary action.

No individual shall conduct any analysis, experimental procedure or other professional
function without continuous direct supervision until training in that procedure has been
completed and the individual's ability to produce acceptable results has been documented.

. The first tier of security maintained shall be controlled access to laboratory buildings.
Exterior doors to laboratory buildings shall remain either locked or continuously
monitored by a PACE NE, Inc. staff member. Keyless door-lock combinations shall be
changed every time an employee terminates employment at PACE NE. Posted signs
shall direct visitors to the reception office and mark all other areas as off limits to
unauthorized personnel. All visitors to the facilities must sign the Visitors' Logbook
maintained by the receptionist. All visitors shall be accompanied by a staff member
during the duration of their stay on the premises. The staff member shall escort the

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual



4.4 Traceability of Standards, Instrumentation; and Data

Since standard solutions used for analytical method calibration affect all data derived
from the method, the importance of quality and traceability shall be paramount.

visitor back to the reception area at the end of their visit where they shall sign out in the
Visitor's Logbook. Prior to departure of the last staff member at the close of each day,
all windows shall be locked and all doors checked and locked by the last staff member.

Laboratory staff may order only materials of certified purity from reputable suppliers.
Records of reference material purchased shall be maintained by the appropriate
department.
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The final tier of security shall be comprised of specific secure areas· for sample, data and
client report storage which shall be lockable within the facilities, and to which access
shall be limited to specific individuals or their designees. Security of sample storage
areas shall be the responsibility of the Sample Manager. Refer to PACE NE SOP QA
401, Sample Storage. Security of samples and data during analysis and data reduction
shall be the responsibility of Group Supervisors and Laboratory Managers. Security of
client report archives shall be the responsibility of the Quality Assurance Officer. Refer
to PACE NE SOP QA-550, Data Archives. These secure areas will be locked whenever
these individuals or their designees are not present in the facility.

The second security level shall be within the facility and may be designated as required
by the Laboratory Managers in consultation with the Regional Director. Individual
Laboratory Managers or Group Supervisors may close specific areas under their
responsibility to entry by unauthorized persons. A list of authorized persons shall be
prepared and signed by the Regional Director. "Closed Areas" shall be designated by
prominent postings at all points of access.

Designated laboratory. sample storage locations are designed to limit access to authorized
personnel only, and provisions for lock and key access shall. be provided. No samples
are to be removed without authorization, which consists of having a worklist requesting
analysis on an aliquot and without filling out the associated chain-of-custody records.

Standard business practices ofconfidentiality shall apply to all documents and information
regarding client analyses. Specific protocols· for handling confidential documents are
described in PACE NE SOP QA-557. Additional protocols for intemal"identification of
samples and data by number only shall be implemented as required under
contract-specific Quality Assurance Project Plans.

PACE NEW ENGLAND, INCORPORATED
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Instrumentation used shall be as prescribed in the SOP for the analytical method.

All diluted working standards not consumed during an analytical session shall be labelled
fully, including the serial reference number of any stock standard used in its preparation.

If assayed materials are unavailable, the material of highest purity available shall be
obtained and assayed in-house before use. .

Reference material containers shall be identified with the standard serial reference
number and dated upon receipt.
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All standards containers shall be labelled with, at minimum (as on small glass ampules),
the standard serial reference number; when possible, the name, concentration, date of
preparation and expiration date of the stock standard.

date of preparation
analyst's initials
source of reference material
amounts used
final volume
serial reference number and expiration date of the stock standard used
expiration date of the working standard made

Bound laboratory notebooks shall be used by analysts and technicians to record
preparation of working standards from identified reference material. The following
information shall be recorded:

PACENE strives to purchase only the highest quality materials. To that end, reference
materials shall be NIST traceable, EPA certified (CRADA), or American Association for
Laboratory Accreditation certified whenever possible.

All instruments used to collect samples, generate sample results and/or reduce data shall
be designated by a unique alphanumeric identifier. This instrument identifier shall appear
on the instrument, in the analysts' notebooks, instrument logbooks and/or
computer-generated hardcopy for all sample analyses.

Preventive maintenance shall be provided for all instruments and equipmentas specified
by the manufacturer, or as established by the Laboratory Manager (or Group Supervisor),
whichever is more frequent. Preventive maintenance shall be conducted in order to
assure timely, accurate and reproducible analytical processes in a safe laboratory or field
environment.

PACE NEW ENGLAND, INCORPORATED
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The preparation sheet shall be filed with the Laboratory Control Sheet in the Laboratory
Project File.

The Laboratory Control Sheet issued to laboratory departments shall be used to initiate
a laboratory data file for the project.

All maintenance activities shall be recorded in either the instrument run log or a separate
logbook unique to the instrument. '

All data relevant to the calculations should, where possible, be entered' onto the
instrument header including sample weight or volume, final volume, dilution, and spike

, level. '

Doc; No. QAM-Q04

Section No. 4.0
Revision No. 0

Date: 10/93
Page 5 of 7

Sample identification numbers
Date of preparation
Method reference
Analyst's initials
Preparation weights and/or volumes
Relevant blank
Spike and surrogate data including the serial reference number and
the instrumental analysis to be performed on each extract.

All data generated in and/or reported from the laboratory shall include referenqe to the
person(s) who performed the analysis, the date of analysis, the method used, the
identification of the instrument and the acceptability of the results in the context of the
~~~. '

All data pertinent to sample preparation shall be recorded by the laboratory staff in bound
notebooks with numbered pages, on preprinted bench sheet forms and/or in LABUX.
Ifbench sheets are used, the originai forms will be retained in a 3 ring binder and a true
copy will be forwarded to the reporting group for inclusion with the archived report
package. During the sample preparation process, a preparation sheet shall be prepared
for the project by the preparation specialist. It shall contain the following information:

At the time of sample analysis, the laboratory identification number, amount injected or
otherwise analyzed, any dilution of the original sample and/or extract and other relevant
sample data shall be entered into either an analyst's notebook or instrument logbook, or
if possible into the instrument header.

,.,t·
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Standards shall be stored separately from samples and extracted samples.

Transfers of samples in and out of storage shall be recorded in Internal Custody Records
maintained by the Sample Manager.

Where commercial computer software is used for data generation within PACE NE, the
software producer is responsible for validation of their system.

Cross-referencing of Laboratory Control Numbers and Client Sample ID's shall. be
implemented in Sample Management documents as described in PACE NE SOP QA-400,
Sample Receiving and Identification.
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Each sample, defined as a unit of matrix enclosed by a single container, shall be assigned
a Laboratory Control Number by the Sample Management staff member who receives
the sample. Provisions to identify field replicates and additional sample volume shall be
incorporated into this procedure as described in PACE NE SOP QA-400, Sample
Receiving and Identification.

All employees shall be responsible for the cleanliness and order of their work areas. The
Laboratory Manager(s) shall routinely tour the facilities noting major and minor
infractions. These shall be brought to the attention of the respective group supervisors
who formulate and institute corrective action through their staff.

All areas of theJaboratory in which ~mples are received, stored, processed,' or analyzed
shall be kept in a condition that minimizes the risk of samples becoming lost or
accidentally destroyed, contaminated, degraded, misidentified, improperly handled or
otherwise compromised. The following practices shall be followed to assure that data
reported represent results on the sample as submitted to the facility. ".

Sample analyses shall be identified by Laboratory Control Number in analysts' notebooks
or instrument logbooks, which shall consist of bound laboratory notebooks with
prenumbered pages or on pre-printed benchsheets.

Computerized systems for data generation designed in house shall be validated prior to
implementation and shall contain provisions for password access and additional security
measures as required.

4.5 Accountability

PACE NEW ENGLAND, INCORPORATED
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4.7 Data Validation

4.8 Documentation

No written reports shall be issued which have not undergone the data validation process.

The Quality Assurance Office shall keep written inventories ofquality-related documents.
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Laboratory Managers shall assure that samples are scheduled for analysis in compliance
with the analytical request as issued by the Sample Manager in the form of a Laboratory
Control Sheet(s).

Departures from SOP's need management approval prior to implementation and shall be
recorded in the raw data and on an SOP Deviation Form obtained from the QA
Department (Figure 12-1). A copy of the form should be filed with the associated report
file.

Samples shall' be analyzed and experimental procedures conducted following written
Standard Operating Procedures (SOP's) which have been approved in writing by
management. Where PACE NE SOPs differ from EPA or Standard Methods, these
differences will be noted in the SOP. Refer to'Section 8.0, Analytical Procedures.
Substantial changes to established procedures shall be authorized in writing by
management via an SOP revision process as described in PACE NE SOP QA-553,
Preparation of SOP's.

A written Worklist System approved by the Technical Director shall be used to assign
work to preparatory and instrumentation lab staff members.

Samples shall be analyzed within holding times as specified in Table 6.1, unless a more
restrictive holding time is prescribed under a contract-specific QA Project Plan.

Each department shall have written procedures for data validation which incorporate the
'quality assurance goals of traceability, accountability completeness, precision and
accuracy.

All information related to the quality assurance practices outlined in this manual shall be
contained in records. ' This shall include, but not be limited to, standard operating

,procedures, study protocols, results of instrument calibrations, analysis ofquality control
samples, analysis of samples, sample custody and disposal, preparation of standards,
corrective action reports, audits and inspections.

PACE NEW ENGLAND,INCORPORATED
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4.6 Sample Analysis
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5.2.2 Solvent Lot Checks

5.2.1 Refrigerator/Freezer Temperature Logs

5.2 Laboratory Equipment

All solvents and gases used shall be chosen to assure compliance with specific method
and SOP requirements.
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Refrigerators and freezers are checked every weekday to ensure that they are
operating properly and within established temperature ranges. All information is
recorded on monthly data sheets taped to the door of each unit. Routine
maintenance such as defrosting is performed as needed. Refer to PACE NE SOPs
QA-800 and QA-801. Responsibility for performing the checks is assigned within
the laboratory section where the units are located. The QA Department is
responsible for ascertaining that checks have been performed and that necessary
corrective actions have been instituted' when needed. The QA Department is
responsible for maintaining all historical temperature logsheets.

Materials are dated upon receipt in the laboratory. Solvents are checked for purity
before use (Section 5.2.2, Solvent Lot Checks). Filters are placed on gas lines supplying
instruments as an extra precaution:

Chemical reagents, solvents, gases, and standards, supplied by reputable chemical
suppliers, are' used in the laboratory. All chemical reagents used for analyses shall be
at least"Analytical Reagent Grade". Individual method references may indicate specific
reagent requirements.

Solvents are checked for trace contaminants on a lot-by-lot basis. When a new lot·
is opened, the chromatogram for the blank associated with the first samples
extracted using this new lot is checked' for any contamination. All information
relevant to the check is recorded and maintained in a Solvent Check File.
Responsibility for performing the checks and maintaining the records is assigned
to the Extractions Laboratory Group Supervisor.

5.0 MATERIALS AND APPARATUS

PACE NEW ENGLAND, INCORPORATED
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5:1 Reagents, Solvents and Gases
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5.6 Instruments

5.4 Glassware Cleaning

5.5 Sample Preservation and Storage

Each laboratory maintains its own set of glassware, completely independent from the
other laboratories. Cleaning of glassware is performed in each preparation laboratory'
to ensure that the glassware remains within each laboratory.
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All glassware used in the laboratory is maintained in good condition, cleaned, properly
stored, and separated according to its specific laboratory application. Cracked,
excessively chipped or otherwise defective glassware is either discarded or repaired.
PACE NE's analytical laboratory purchases the majority of glassware from recognized
commercial laboratory glassware suppliers such as Fisher Scientific and Baxter. All
volumetric glassware utilized is class "A" certified.

Laboratory glassware is scrupulously cleaned prior to use. Different cleaning procedures
exist for different types of analyses and glassware. Refer to PACE NE SOP QA-802
(inorganics), QA-805 (metals preparation), and QA-804 (general organics).

Samples are preserved according to the EPA's recommendations (refer to Table 6.1)
unless otherwise instructed, and stored to minimize sample contamination. To keep
samples of differing levels of contamination separate, samples are segregated when high
levels of contamination are known to be present. The laboratory must rely upon
information supplied by the sampling team to document any known hazards. If there are,
samples that are suspected of having contaminants at high levels, they are unpacked in
a hood. For Log-In procedures and supporting documentation, see Section 6 and PACE
NE SOPs QA-400 and QA-401.

Laboratory instrumentation used shall be as specified in the protocol for the analytical
method. Table 5-1 is a listing of major analytical instrumentation present in this
laboratory.

A holding blank comprised of 01 water is placed into the volatiles storage refrigerators
in the sample Receiving Area to monitor the potential of cross contamination. The
holding blank is created daily for volatiles and analyzed whenever the associated jobs are
analyzed.
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5.3 Glassware



Preventive maintenance is performed for each instrument by analysts and technicians on
an ongoing basis and the activities documented in a bound instrument maintenance
logbook or in the analysts runlogs. .

,. .
Corrective maintenance shall be provided as required for all instruments and equipment
and documented in appropriate logbooks. Factory replacement parts, trained service
technicians and first quality materials shall be used whenever available. It is PACE NE's
policy to conduct repairs at the lowest level of complexity necessary and to obtain parts
directly from primary manufacturers whenever possible. The purpose of this policy is

. to maintIDn efficiency, economy and reliability of quality maintenance..
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ANALYTICAL INSTRUMENTATION

GC/MS & GC SYSTEMS:

TABLKS-l
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TITLE: .NEESA Laboratory Quality Assurance Manual

I
I
,I
I,

I
'I
,I

I
I
I
I
I'
I
I
I
I
,I
I,

I

Doc. No. QAM-<>04
Section No. 5.0
Revision No~) 0

Date: 10/93
Page 4 of6

DESCRIPrION

Revised 2/92

HP 5970 on RTE A900 HP-looo
HP 5970 on RTE A900 HP-looo
HP 5970 on RTE 600 HP-looo
Extrel, ELQ 400 on Digital PDP-ll
HP 5890
HP 5880
HP 5890
HP 5890
HP 5840, HP 5890
HP 5880 dual channel
Tracor 540
HP 5890
HP 5890
Waters Dimension 1
Waters Dimension 1
HP 7673A
Tekmar ALS 2016
Telcmar ALS
Tekmar LSC 2000
Tekmar LSC 2
Tekmar 4000/4200
Century ATD
HP 7672A
Varian 8050
Dynatech 'PTA-30

Waters Assoc. 48 position 712 WISP
Waters Assoc. 510
Waters Assoc. 431
Waters Assoc. 420
Waters Assoc. 680
Waters Assoc. 410
Waters Assoc. 490E
Waters Assoc. 441
Waters Assoc. 590

2
2
2
1
2
1
1
1
2
1
1
2
1
1
1
9
1
5
2
5
1
1
2
1
2

6
5
1
1
3
1
2
1
1

QTY.ITEM

GCIMS/DS
GC/MSIDS
GC/MSIDS
GC/MSIDS
GC/(2ECD)
GC(2ECD)
GC(FID, FPD)
GC(NPD, ECD)
GC(FID, ECD)
GC(FID, TCD)
GC(pID, HECD)
GC(HECD,ELCD)
GC(FID)
GC(NPD-FID)
GC(Hall-PID)
Auto Sampler
Auto Sampler
Auto Sampler
Purge & Trap
Purge & Trap
Dynamic Headspace Concentrator
Thermal Desorber
Auto Sampler
Auto Sampler
Auto Sampler

HPLC SYSTEMS:

LC System-Auto Sampler
LC System-Chromatography Pumps
LC System-Conductivity Detector
LC System-Fluorescence Detector
LC System-Pump Controller
LC System-RI Detector
LC System-UV Spectrophotometer
LC System-UV Spectrophotometer
LC System-Chromatography Pump



TABLE 5·1· CONTINUED

ANALYTICAL INSTRUMENTATION

HPLC SYSTEMS - CONTINUED:
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DESCRIPfION

ISCO - "Foxy"
Waters Assoc.
Waters Assoc.
Waters Assoc. Auto. Valve Station
Dionex 2000i
LDC Spectromonitor IT
Waters Assoc. 470
Waters Assoc. 484
Waters Assoc. 600E
Waters Assoc. TCM

Revised 2/92

HP 3350 on RTE A900 HP-IOOO
HP on RTE A900 HP-IOOO
HP 35401
HP 7970B
HP 7974
HP B&W/Color/150 Terminals
NEC, CompuAdd & Compaq
Finnigan Formaster
Telecations

Thermo Jarrell Ash ICAP 61
. Leeman Labs Plasma Spectrophotometer

Hitachi Z9000 Zeeman (4 channel)
Varian Spectra AA 20AA
Perkin-Elmer 5100 Zeeman Furnace
Perkin-Elmer 3100
Varian VGA-76
Varian PS-56
Perkin-Elmer AS90
Perkin-Elmer AS60170
Perkin Elmer HGA 600
Perkin-Elmer FIAS 200

1
1
1
1
1
1
1.
1
1
1
1
1

1
1
1
2
2

22
85

ITEM

ICP
ICP
AA Spectrophotometer
AA Spectrophotometer
AA Spectrophotometer
AA Spectrophotometer
Vapor Generation Accessory
Auto Sampler
Auto Sampler
Auto Sampler
Furnace Atomizer
Mercury/Hydride System

LC System-Fraction Collector 1
LC System-Fraction Collector 1
Post Column Derivatization System 1
LC System-WAVS 1
Ion Chromatograph 1
LC System-UV Detector 1
LC System-Scanning Fluorescence Detector 2
LC System-Tunable Absorbance Detector 2
LC System Controller & Pump 1
LC System Temperature Control Module 1

METALS INSTRUMENTATION:

DATA MANAGEMENT EOUIPMENT:

Lab Automation System (LAS)
Lab Information System (LABSAM)
Tape Backup System (LABSAM, LAS)
Tape Data Archival (GCIMS)
Tape Data Archival (GC/MS)
LASILABSAM Terminals
Personal Computers
Organic CLP Software
Inorganic CLP Software
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TABLE5·1·CONT~D

OTHER INSTRUMENTATION:
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DESCRWfION

Revised 2/92

Lachat QuickChem AE
Perkin Elmer 1420
Astro 2001
Dohrman
LKB Wallac 1214 Rackbeta
Bausch & Lomb Spectronic 601
Milton Roy 301
Mettler AE200
Mettler H31AR
American Sci. Prod. SP182
American Sci. Prod. Z3000
American Sci. Prod. Z410
Mettler PJ400
AND EK-1200A
Beckman 43
Beckman 11
Jenco Electronics 6071
YSI Scientific Model 32
Associated Design Model 3740-12-BRE

1
1
1
1
1
1
2
2
1
1
1
1
1
1
1
1
1
1
4

Autoanalyrer
IR Spectrophotometer
Total Organic Carbon Analyrer
Total Organic Halide Analyrer
Liquid Scintillation Counter
UV-Vis Spectrophotometer
Visable Spectrophotometer
Analytical Balance
Analytical Balance
Analytical Balance
Top-loading Balance
Top-loading Balance
Top-Loading Balance
Top-Loading Balance
pH Meter
pH Meter
pH Meter
Conductivity Meter
Rotary Extractors

ITEM



4. It is in a secure area.

• Project location

• Client project name

• Field sample number/identification
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6.0 SAMPLE CUSTODY

• Sample type

• Date and time sampled

3. It was in your possession and then you locked or sealed it up to prevent
tampering, or

Samples may be physical evidence and should be handled according to certain procedural
safeguards. Field personnel or Client representatives complete a Chain-of-Custody Form

. -

for all samples. Samples are received by the laboratory accompanied by these forms.

1. It is in your actual possession, or

The National Enforcement Investigations Center (NEIC) of EPA defmes evidence of
custody in the following manI1er:

2. It is in your view, after being in your physical possession, or

The sampler should provide the following information:

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Quality Assurance Manual

Chain-of-Custody encompasses three major elements: field sampling, laboratory analysis and
fmal data ftle. A Chain-of-Custody (COC) document may be the means in some types of legal
proceedings by which evidence of custody of samples from time of receipt to completion of
analysis is proved in the courts. PACE NE has implemented standard operating procedures to
ensure that sample custody objectives of traceability and responsibility are achieved for every
project. This section covers quality related activities from the receipt of samples at the laboratory
through the issuance of final analytical data and the storage of data in its final data file.

6.1 Chain-of-Custody
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The record is filled out completely and legibly. Errors are corrected by drawing a single
line through and initialing and dating the error. The error is also "error coded" to explain
the reason for the correction (refer to Table 9-1). The correct information is then
recorded with indelible ink. All transfers of samples except to and from commercial
couriers must be recorded on the Chain:-of-Custody via the "relinquished" and "received
by" sections. All information except signatures may be printed.

When samples are received into the laboratory (refer to Section 6.3), Sample
Management Personnel sign the Chain-of-Custody, verify their integrity as they are
unpacked and explicitly state in the receipt records whether the Chain-of-Custody seal
is intact, whether the sample is received intact or broken, and whether the sample is
appropriately identified. This information is documented .on the Sample Receipt
Condition Report (SRCR) and the client is contacted if any discrepencies or problems are
found. If the integrity requirements are met or when any discrepancies are resolved, the
sample is assigned a laboratory identification number, the sample is stored in the
appropriate refrigerator and the pertinent information is entered into the Laboratory
Information Management System (LIMS). Once samples are in the laboratory, an
Internal Custody Record is generated to track the transport and status of each sample
within the laboratory. After sample log-in, a project file is started by the Sample
Management Group Supervisor which includes the Chain-of-Custody record, and all
sample receipt documentation. Further detail on internal laboratory custody procedures
.is provided in subsequent subsections.
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• Preservative

• Analysis requested

• Sampler signature

• Signature of person relinquishing samples

• Date and time relinquished

• Sampler remarks

• Custody Seal Number
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6.2.1 Sample Containers

VOA vials (40 mL) are purchased pre-cleaned from Industrial Glassware.

Sample kit requests are received by the laboratory personnel (generally the Sample
Manager) from a Project Manager or sampling team members via telephone request,
memo, or facsimile.

Sample bottles for all analyses other than VOA are purchased from Fisher
Scientific. All glass and plasticware is purchased in lots of about 15.-50 cases per
size and type of bottle.
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In general, sampling kits comprise the following:

• Sampling containers
• Preservatives (upon request) and appropriate MSDSs
• Chain-of-Custody forms
• Custody Seals (upon request)
• Sample labels
• Packing Material
• Shipping containers
• Ice Packs

An internal lot number is assigned to each batch of bottles purchased so that each
batch may be tracked and tested for cleanliness. One or two bottles per batch per
type of analysis is taken at random and tested. PACE NE tests its glassware for
cyanide, 23 metals, acid/base/neutrals, pesticides, PCBs, and volatile organics as
follows:

Based upon the specific request, the Sample Manager or Project Manager determines the
appropriate containers, preservatives and the necessary volume/quantity to specify for the
analysis. This information is outlined in Tables 6-1. Refer to PACE NE SOP QA-402,
Bottle Orders and QA-403.

PACE NEW ENGLAND, INCORP9RATED
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6.2 Sampling Kits
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Table 6-1

Sampling and Preservation Requirements
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The following elements can be analyzed by ICP: AI, Ag, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mo, Mn, Si, Sr, Sn, Na, Ni, Ph, Ti, V and Zn
in water, wastewater, and digested solids. As, Pb (water), Se, n and other metals normally analyzed by furnace may be determined by ICP but only with
reduced sensitivity and therefore higher detection limits. Hg is analyzed by cold vapor.

NOTE: If duplicates and spikes are required, triple the sample volume for water samples.

Parameter

Organics:
Drinking water GCIMS VOA
Wastewater GCIMS VOA
Purgeable Halocarbons
Aromatics
Acrolein, Acrylonitrile
TOX (Total Organic Halides)
Acids/Base Neutrals
Pesticides/PCB's
Carbamate Pesticides

Herbicides (SDWA)
Petroleum Hydrocarbons-GClFID
Petroleum Hydrocarbons-IR
Polynuclear Aromatics
Oil & Grease - Gravimetry
Oil & Grease - IR
NM2P
Total Phenolics
Dioxins

Metals:

Mercury
Arsenic & Selenium
Lead, Thallium, Antimony
All other metals (ICP metals)

plus Hardness

EPrOX
TCLP

EPA 524.1/524.2
EPA 624/SW846 8240
EPA 601lSW846 8010
EPA 602/SW846 8020
EPA 603/SW846 8030
subcontracted
EPA 625/SW846 8270
EPA 608/SW846 8080
EPA 531.1

SM 509A1SW846 8150
ASTM D-3328-78
EPA 418.1
EPA 610/SW846 8100
EPA 413.1
EPA 413.2
EPA 625/SW846 8270
EPA 420.3
subcontracted

. 245.1n470 (7471)
EPA 200nOOO Series
EPA 200nOOO Series ..
EPA 200.7/SW 6010
SM 314A1EPA 200.7

SW846 1310
Fed.Reg.Vol. 55
Nov. 24, 1992
Rules and Reg.

Required Volume
& Containers 3

3 x 40 ml Glasa vial
2 x 40 ml Glass vial
2 x 40 ml Glasa vial
2.x 40 ml Glass vial
2 x 40 ml Glass vial

250 ml Glass,amber
1000 ml/30 g Glass,amber
1000 ml130 g Glass
120 ml Glass

1000 ml/30 g Glass
1000 ml/30 g Glass
1009 ml/30 g Glasa
1000 ml130 g Glass,amber
1000 ml/30 g Glasa
1000 ml/30 g Glass
1000 ml/30 g Glasa
200 mlI30 g Glass,amber

1000 ml/l00 g Glass

50 ml/l0 g
50 ml/l0 g
50 ml/IO g
50 ml/l0 g
(Included)

250 grams
250 grams
(2 X 250 g containers
if VOAs are required)

Preservation 7

HCl; 4°C 2; No headspace
HCl; 4°C 2; No headspace
HCl: 4°C 2; No headspace
HCl; 4°C 2; No headspace
pH 4-5;4°C 2; No headspace
H:zS04; 4°C; No headspace

. 40C 2

NaOH,H:zS04,pH 5-9;40C 2

3.6 ml Monochloroacetic acid
buffer pH 3; Freeze

40C 2

H:zS04; 4°C
H:zS04; 4°C

40C 2

1+1 HCI; 4°C
1+1 HCI; 4°C

4°C
H:zS04; 4°C

40C 2

HN03
HN03
HN03
HN03
HN03

Holding
Time {in days)

14
14
14
14
14

7
7(14)/40
7(14)140

28
7(14)/40
7(14)/4O 6

28
7(14)/40
28
28
7(14)/40
28
7(14)/40

28
180
180
180
180

N/A
See Below
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TCLP PARAMETER FROM COLLECTION FROM TCLP EXTRACTION FROM PREP EXT'N
TO TCLP EXTRACTION TO PREPARATIVE EXT'N TO ANALYSIS

VOLATILES 14 N/A 14
SEMIVOLATILES 14 7 40
MERCURY 28 N/A 28
METALS EXCEPT MERCURY ISO N/A ISO
PESTslHERBs 14 7 40

I
I
I
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Table 6-1, continued

Sampling and Preservation Requirements

Required Volume
Parameter Method & Containers 3 Preservation 7 Holding Time

(in days)
InoIganics:

Acidity EPA 305.1 125 ml/2 g 4°C 14
Alkalinity EPA 310.1 125 ml/2 g 4°C 14
Asbestos subcontracted 1000 mI Glass 4°C
Bromide EPA 300.0 10 ml120 g 4°C 28
BOD EPA 405.1 250ml 4°C 2
BTU ASTM D240 5m1/2g 4°C N/A
Chloride EPA 300.0 or 325.1 10 ml120 g 4°C 28
Chlorine upon Combustion (oil) ASTM D 129-64/300.0 20g 4°C N/A
Chlorine, Residual APHA 45OQ.CLG 200 mI Field Test
COD EPA 410.4 50 mil 5 g H~04; 4°C 28

Coliform Bacteria subcontracted 125 mI sterile 40C 2 24(6) Hours S

Color EPA 110.2 100 mI 4°C 2
Conductance EPA 120.1 looml 4°C 28
Cyanide, Total EPA 335.2/SW 9010 1000 ml/25 g NaOH; 4°C I 14
Cyanide, Ammenable EPA 335.lISW 9010 1000 m1I25 g NaOH; 4°C I 14
F1ashpoint ASTM D 93-77 80 ml/80 g 4°C N/A
Fluoride EPA 340.1/340.2 100 mI (NPDES=500ml) Plastic 4°C 28
Fonnaldehyde NIOSH35oo mod 20 ml120 g 4°C N/A
Grain size (dry sieving) EPAlCE-81-1 loog N/A

Hexavalent Chromium SW846 7196 125 ml120 g 4°C 1
Ignitability SW846 1010 50 mll25 g 4°C N/A
MBAS (Surfactants) EPA 425.1 150 mI 4°C 2
Nitrogen - Ammonia EPA 350.1 or .3 200 ml/5 g H~04; 4°C 28

- Nitrate EPA 300.0 or 353.2 25 ml/20 g 4°C 2
- Nitrite EPA 300.0 or 354.1 25 ml/20 g 4°C 2

Nitrogen - Nitrate+nitrite EPA 353.2 25 ml120 g H~04; 4°C 28
-TKN EPA 351.3 200 mil 5 g H~04; 4°C 28
- TON (NH4 & TKN) EPA 350.3/351.3 250 mil 5 g H~04; 4°C 28

Ortho Phosphate-P EPA 365.1 or .3 100 mI 4°C 2
Particle size (wet digestion) EPAlCE-81-1 loog 4°C N/A
pH EPA 150.1 25m1 Field Test
Phosphorus, Total EPA 365.3 or .4 100 mil 5 g H~04; 4°C 28
Radiology - R, U, Alpha,Beta,Gamma subcontracted 3000 mI HN03; 4°C 180
Radon subcontracted 2x4OmI Glass 4°C 2
Reactivity- Sulfide Spot Test SM 427.3C 10 ml/10 g 4°C N/A
Reactivity- Cyanide Spot Test SM 4121 10 ml/10 g 4°C N/A
Reactivity- Releasable Cyanide SW 846,Sec.7.3.3.2 109 No Headspace, 4°C N/A

Reactivity- Releasable Sulfide SW 846,Sec.7.3.4.1 10 g No Headspace, 4°C N/A
Silicate, Reactive EPA 370.1 100 mil 2 g Plastic 4°C 28
Solids, Settleable EPA 160.5 1000 mI 4°C 2
Solids, Total (TS) EPA 160.3 100 ml 4 4°C 7

. Solids, Total Suspended (TSS) EPA 160.2. 100 ml 4 4°C 7
Solids, Total Dissolved (TDS) EPA 160.1 100 ml 4 4°C 7
Solids, Total Volatile (TVS) EPA 160.4 100 ml 4 4°C 7
Solids, Total Suspended Volatile EPA 160.4 or .2 100 ml 4 4°C 7
% Solids (% moisture) APHA2540G 30g 4°C N/A

Specific Gravity EPAICE 1981 30 mI 4°C . N/A
Sulfate EPA 300.0 or 375.2 10 ml120 g 4°C 28

.Sulfide EPA 376.2 250ml ZnAc;NAOH,pH>9; 4°C 7
. Sulfite EPA 377.1 100 mI Field Test

Tannins and Lignins APHA 5550B looml 4°C N/A

I
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Preservation7Parameter

Inorganics:

Table 6-1, continued

Sampling and Preservation Requirements

Required Volume
.& Containers3
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Holding Time
(in days)

I
I
I
I
I
I

TIC (fotal Inorganic Carbon)
TOe
Turbidity
Viscosity

EPA 415.1 mod
EPA 415.1
EPA 180.1
ASTM 0445

60 ml/2 g
60ml/2g
100 mI
300 mI

4°C
No Headspace H2S04; 4°C

4°C .
4°C

28
28
2

N/A I
References:

EPA = 40 CFR 136
SW846 = Test Methods for Evaluating Solid Waste Physical/Chemical Methods, US EPA SW846, 3n1 edition, 1986
SM = Standard Methods For The Examination of Water and Wastewater, 16th ed., 1985
APHA = Standard Methods For The Examination of Water and Wastewater, 17th ed., 1989
ASTM = American Society for Testing and Materials

I .006% ascorbic acid if residual chlorine is present.
:2 .008 % sodium thiosulfate if residual chlorine is present.
3 Plastic or glass jars are suitable unless otherwise indicated.
4 TSS, TDS and TSVS are performed on the same 100 mI sample. TS & TVS are performed on the same 100 mI sample.
S "Holding time is not to exceed six hours if the data is to be used in litigation. "
6 No holding time is published - these times are suggestedlborrowed from the ABN hold time.
7 Acid preservations (H~04' HN03, HCl) are adjusted to pH < 2, base preservations (NaOH) are adjusted to pH > 12 unless otherwise noted.

I
I
I
I
I
I
I
I
I
I
I
I



• rinse with 10% HCI (metals-grade HCI in ASTM deionized water)

Cleaning Procedure 1 (Extractable Organics)
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• wash glass bottles, teflon* liner and caps in hot tap water with laboratory
grade non-phosphate detergent
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Filla 500 mL poly bottle with 100 mL of 2% nitric acid solution
from the metals instrumentation room. Shake. Analyze for metals.

Fill a one liter plastic bottle with DI water and preserve with
NaOH. Analyze the water aCcording to normal laboratory
procedures.

rinse with tap water

Cyanide:

• place liners in lids and cap containers

• rinse three times with ASTM type 1 deionized water

• air dry or oven dry at 125 0 C

• rinse with hexane

VOA: Submit an empty 120 mL jar to the volatiles laboratory with instructions
to fill the jar. with VOA-free DI water. Let stand for 24 hours and
analyze under normal laboratory procedures.

ABNs, Pesticides, ,PCBs: Submit an empty 1 L glass jar· to the Organics
Extractions Laboratory for testing with instructions for special extraction
procedures to be employed as follows - Add 60 mL MeCL2, shake for 2 minutes,
KD to appropriate test volume and analyze under normal laboratory procedures.

• rinse with pesticide grade methylene chloride

•

Procedure 1 is used for amber and clear glass wide mouth jars, amber and clear
glass Boston round, and, amber and clear glass jugs.

I . . .

Ifany analyses indicate contamination, the affected lot is washed according to one
of the following protocols and a random sample is retested.

. Metals:

'.

.1
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• cool

• rinse with deionized water

Procedure 3 is used for HDPE modem round bottles and cubitainers.

• invert and air dry in contaminant-free environment

I
I
I
I
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• rinse with tap water

Cleaning Procedure 3 (Metals, Cyanide)

• rinse with 10% HN03 (metals-grade HN03 in ASTM deionized water)

• bake opened jars and lids in a 125°C oven for 30 minutes

• cap

• wash polyethylene bottles and caps in hot tap water with laboratory grade
non-phosphate detergent

• cap bottle

Procedure 2 is used for 40 ml glass vials, amber and clear, open and closed top,
and 8 oz. amber Boston round with septa top.

All preservatives are stored in 10 - 20 ml plastic squeeze bottles, contained within
250 ml plastic wide mouth jars which are appropriately labelled.

The appropriate number of labels and COC's are affixed to the ziplock plastic bag
that the sample is ,stored in.

.All glass containers are to be surrounded with packing material to prevent
damage.

6.2.2 Assembling Kits

Cleaning Procedure 2 (Purgeable Volatile Organics)
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• Holding times and preservatives

Refer to PACE NE SOP QA-400, Sample Receiving and Identification.

• Proper sample containers

• Discrepancies noted
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• Appropriate sample volume .

Sample kits are delivered to the sampling team via Federal Express, UPS,
courier; or personally picked up by the sampling team.

• Name of person if hand delivered

• Presence!Absence of COC forms and custody seals

All the above contents are to be placed inside a cooler with ice packs (if
requested) and secured for shipment using styrofoam (packing peanuts or other
appropriate packing materials).

• Condition of the custody seals, if present

Typically, samples are received by the laboratory during normal business hours (8:00 am
to 6:00 pm), Monday through Friday and 8:00 am to noon on Saturday.

Shipments for after hours and Sunday delivery are prearranged with laboratory personnel
to ensure that personnel will be available to sign the airbill, record the date and time of
sample receipt and to place the cooler in the sample management area under refrigeration
until the next business day.

Upon sample receipt, the coolers are inspected for the general condition of the Custody
Seal, if present. The coolers are then opened and each sample is inspected for damage.
The sample containers are removed from the packing material and identities are verified
against the Chain-of-Custody. All information regarding sample condition upon receipt
is documented o~ the Sample Receipt Condition Report (SRCR). The report documents:

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Quality Assurance Manual

6.3 Sample Receipt and Log-In·
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When

• Who removed the sample from storage

6.4 Initiation of Testing Program

All of this paper work is then used to log the samples into the PACE NE Laboratory
Information Management System (LIMS), a computerized management and tracking
system. The LIMS generates laboratory worklists of all samples in the system.
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There is a system for tracking the status and internal chain-of-custody of samples within
the laboratory once sample processing begins. The system documents the movement of
samples from sample receiving to sample preparation and back and also the movement
of processed sample extracts from sample preparation through analysis. The Internal
Custody Record is used by sample preparation personnel to locate samples in the sample
management storage areas. The transfer from storage to preparation is documented on
this sheet. It also serves to document:

Once samples are received and logged into the laboratory system, the Chain-of-Custody,
Sample Receipt Condition Report, and any memo or other documentation is placed into
a project file created by sample management. If a sample group is a priority or if
samples have a short holding time, sample management will immediately provide
notification to the appropriate laboratory personnel that samples have arrived and are
ready for processing or will deliver the samples directly to the lab. Otherwise, the LIMS
automatically produces a daily worklist for each laboratory section listing all samples in
the system which need to be processed, the type of quality control samples required, the
priority status, holding time and test(s) required.

The samples are logged into the laboratory system. Each sample group is assigned a
unique five digit laboratory number. This number is preprinted on the SRCR sheets.
A unique number is assigned to each sample in the group during the receiving process.
This Laboratory Number consists of the PACE NE Laboratory Number followed by a
numerical suffix serialized to account for the number of samples in a sample group. This
laboratory ID is also recorded on the Chain-of-Custody form.

. The Sample Receipt Condition Report is completed by signing and recording the date and
time. If there are any discrepancies or problems with the samples or documentation, the
sample custod~an immediately notifies the client or the appropriate PACE NE project
manager.
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• When and by whom the remainder of sample was returned to storage

6.6 Subcontracting Analytical Services

6.5 Sample Disposal
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• Which samples are associated with a Lab Number

• If the entire sample was entirely consumed

Every effort is made to perform chemical analyses for PACE NE clients within the
PACE NE laboratory. There are, however, instances where subcontracting of analytical
services is necessary. Currently, the following analyses are subcontracted:

'""1>-

After completion of sample analysis and submission of the analytical report, unused
portions of samples are retained by the laboratory for a minimum of 2 weeks. After 2
weeks, samples will be disposed of according to the nature of the samples. The
Hazardous Waste Manager receives a copy of the data report and uses that information
to select the ·appropriate waste steam for the samples. The samples are considered
hazardous waste and are handled by state and federally licensed hazardous waste disposal
firms.

The original Internal Custody Record is maintained by Sample Management until the
sample disposal date is recorded on it. After sample disposal, the Internal Custody
Record is forwarded to the QA department for archiving.

The second system for tracking samples is the LIMS generated worklist. The worklist
is generated every night and lists the status for .each sample batch/project and for each
analytical section. The worklist is. distributed to each laboratory section. When the
section personnel completes the particular task, they log into the LIMS and complete the
information for that batch of samples. .

Upon disposal of samples, a computer spreadsheet is maintained by the Hazardous Waste
Manager listing the sample number, inherent waste stream and date disposed. This data
file is updated on a weekly basis and is kept on file by the Hazardous Waste Manager
and Sample Management.
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• .Matrix

• PACE NE Laboratory Number

• Requested analysis

Special instructions (quick tum around, required detection limits, anything
unusual known about the samples or analytical procedure).
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• Bacteriological
• Asbestos
• Dioxins
• Radiological
• Total Organic Halides
• NPDES Tin (furnace method 282.1 and 282.2)

• Method (EPA or otherwise) of analysis

• Number and type of samples expected

• Project specific QA/QC requirements

• Deliverables required

• Applicable laboratory certification status

• Price per analysis

• Tum around time requirements

-
When subcontracting becomes necessary, a preliminary verbal communication with an
appropriate laboratory is undertaken. Work involving NEESA samples may be
subcontracted only to NEESA approved laboratories. Approval must be obtained from
the prime contractor before work may be sent out. The contact and preliminary
arrangements and terms of agreement are made between the PACE NE Project Manager
and the appropriate subcontract laboratory personnel (i.e., laboratory manager, customer
services contact, or the appropriate laboratory section manager). The specific terms of
the subcontract laboratory agreement should include (when applicable):

Chain-of-Custody forms must be generated for samples which require subcontracting to .
other laboratories. The sample management personnel repackage the samples for
shipment, create a transfer chain-of-custody form and record the following information:
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All subcontracted sample data reports are sent to the PACE NE Project Manager. The
Project Manager sends the report to the appropriate PACE NE laboratory manager for
review.

Any PACE NE work sent to other labs within the PACE; Inc. network is handled as
subcontracted work. All of the conditions and considerations noted in Section 6.6 above
apply.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

.
PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Quality Assurance Manuai

..• Signature in "Relinquished By"

Doc. No. QAM-Q04

Section No. 6.0
Revision No. 0

Date: 10/93
Page 13 of 13



7.1 Standards and Traceability

All instruments and equipment used in the laboratory must follow a well defined calibration
routine. Calibration' may be accomplished by laboratory personnel using certified reference
materials traceable to NIST or EPA certified materials or by external calibration agencies or
equipment manufacturers. The discussion presented here is general in nature because the
requirements for calibration are instrument (or equipment) and method specific. Details of
calibrations can be found in PACE NE Standard Operating Procedures, analytical methods; and
operations manuals.

If no expiration date has been assigned by the manufacturer, then an expiration date of
one year from the date of preparation (or the date first opened in the case of sealed
ampules) is reported unless degradation prior to this date is observed. To help determine
if a standard has degraded, one must note inconsistencies. For instance, very poor
recoveries from newly prepared quality control spikes or abnormally low instrument
response to a specific standard are indications of possible standard degradation.
However, for some standards, degradation is more easily noted. For instance, DDT
breaks down to form DDD and DDE. Here one can visually note, on a chromatogram,
the degradation of DDT by the increased concentrations of DDD and DDE. If

Analytical standards are prepared from pure compounds or are purchased prepared from
reputable vendors. They are used to prepare serial dilutions that are used as calibration
and spiking standards. Each laboratory section is responsible for the preparation, storage
and disposal of its standards. The preparation information is recorded into section
specific Standards Notebooks. The notebooks are where the preparer records all
information needed to maintain proper traceability.

Each standard is given an internal identification number. In some instances, particularly
with pre-mixed organic standards, the identification number is the solution lot number
followed by an PACE NE assigned letter. The preparation of all stock standards shall
be documented in a Standards Notebook which is used to record the date of preparation,
the analyst, the source of the reference material, amounts used, final volume, etc. and
the serial reference number of that stock solution. All standards shall be labelled with
the standard serial reference number (small glass ampules), and with the name,
concentration, date of preparation and expiration date of the stock standards. All diluted
working standards not consumed during an analytical session shall be labelled fully,
including the serial reference number of any stock standard used in its preparation.
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7.2 General Calibration Procedures

Before any set of non-CRADA standards can be utilized in a calibration curve they must
be verified by a secondary means:

Analysis of an EPA QC Check Sample, or
Analysis of an independently prepared check standard.

For analyses which are performed frequently and for which substantial calibration data
is available, a complete recalibration is not required each time an analysis is performed
providing that the following criterion is met: one calibration standard is analyzed at the
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degradation is observed before the default expiration date, it should be noted in the
Standard Notebook for that standard and the standard removed from service. Standards
can be held past assigned expiration dates only if it can be demonstrated, by using NIST
procedures and a standard from a separate source, that there has been no degradation.

Calibration standards are prepared from materials of the highest available purity. To
establish instrument calibration, working standards are prepared from more concentrated
working stock solutions. .All organic standards are refrigerated or frozen. Inorganic
standards are refrigerated as necessary. Data regarding' their preparation is recorded in
the each laboratory sections' Standards Notebook.

Calibration standards for each parameter are chosen to bracket the expected
concentrations of those parameters in the sample, and to operate within the linear
response range of the instrument. Samples that fall outside of the calibration range are
diluted until bracketed by the calibration standards. Calibration standards are prepared
typically at a minimum of three concentration levels, usually chosen at two times, three
to five times, and five to ten times the estimated method detection limit plus a calibration
blank, with the exception of most organic analyses which do not require a calibration
blank. Either an internal standard or external standard quantification technique can be
utilized.

Instrumental responses to calibration standards for each parameter are subjected to an
appropriate statistical testof fitness (least squares linear regression, quadratic equation,
or relative standard deviation of response factors) or as required by the method or QAPP.
The calibration must reflect an acceptable correlation of data points or linearity to be
acceptable. In cases where the calibration data are outside of these criteria, the analyst
must rerun the calibration standards (meeting the same criteria), changing instrumental
conditions as necessary.
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7.2.2 Thermometer

7.2.1 Analytical Balances

The accuracy of prepared standards is periodically checked by comparison with a
standard from an independent source.

Certain pieces of equipment such as balances, pH meters, and turbidity meters are
normally calibrated with NIST traceable standard reference material.
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Working thermometers are compared with the reference thermometers every 12
months. Each thermometer is tagged and individually numbered. In addition,
working thermometers are·visually inspected by laboratory personnel prior to use.

Certified, or reference, thermometers are maintained for checking calibration of
working thermometers. Reference thermometers are provided with NIST
traceability for initial calibration and are recertified every year with equipment
directly traceable to the NIST.

Calibration temperatures and acceptance criteria are based upon the working
range of the thermometer and the accuracy required for its use. Laboratory
thermometer inventory and calibration data is found in the thermometer logbook.

beginning of the analysis which may vary from the expected response (based on the
initial; most recent calibration curve) by no more than +25% or as specified by the
method, SOP or QAPP. If this criterion is not met, a complete recalibration is
necessary.

Every six months, calibration of the entire analytical range shall be checked by
a qualified service technician. The calibration of each balance is checked each
day of use using weights traceable to the National Institute of Standards and
Technology (NIST). Calibration weights are Class S or better and are recertified
every two years. If balances are calibrated by an external agency, verification

.of their weights shall be provided. All information pertaining to balance
maintenance and calibration is found in the individual balance logbook.

During the course of analysis, calibration standards are routinely analyzed to ensure that
the instrumental response has not changed. Again the criterion stipulated in each
method, or SOP for expected response is used by the analyst to determine whether the
instrument must be recalibrated or the instrument conditions further optimized.
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7.2.6 Oven Calibration

7.2.5 Titrimetric Methods

7.3 GC/MS Calibration Procedures

7.2.4 Spectrophotometer
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Internal standard response and retention time

Documentation of GC/MS mass calibration and abundance pattern

Documentation of GC/MS response factor stability

The meter is calibrated before use each day, and once after each four hours of
use using buffer solutions as required by PACE NE SOP QA-800, Use,
Calibration, and Maintenance of Equipment - Inorganics Lab.

During use, spectrophotometer performance is checked against CCVs and ICVs.
The instrument operating capability is also evaluated every six months .by an
outside service (QC Services).

Oven temperature is monitored prior to use and daily once in use by calibrated
thermometers.

Refrigerator temperature is monitored two times on a daily basis by calibrated
thermometers.

Reagents are standardized when newly prepared and every six months following.
If the stability of a solution is known to be less than six months it is checked
more frequently. Check standards are run with each batch of samples to
demonstrate the integrity of the reagents and that the technique employed has not
been comprimised over time. .

7.2.7 Refrigerator Calibration

All volatile and semivolatile analyses by GC/MS performed in support of NEESA shall
follow current CLP methodologies (EPA CLP SOW OLM01.8). The following
operations should be performed routinely in the laboratory: .

7.2.3 pH/Electrometer

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Quality Assurance Manual



Each GC/MS system used for the analysis of volatile organic compounds by EPA
methods must be tuned to meet method specific abundance criteria, typically for a 50 ng
injection of BFB. The criteria must be demonstrated every twelve (12) hours.
Documentation of the calibration should be provided in the form of a bar graph and a
mass 'listing. '

Each GC/MS system used for the analysis of semivolatile organic compounds by EPA
methods must be tuned to meet method specific abundance criteria for a 50 nanogram
(ng) injection of DFTPP. This criteria must be demonstrated every twelve (12) hours.
Documentation of the calibra~on must be provided in the form of a bar graph plot and
as a mass listing.

Prior to initiating data collection, it is necessary to establish that a given GC/MS meets
the standard mass spectral abundance criteria. This is accomplished through the analysis
of decafluorotriphenylphosphine (DFTPP) for base/neutral and acid (BNA) compounds
or p-bromofluorobenzene (BFB) for volatile compounds. The ion abundance criteria for
each calibration compound should be met before any samples, blanks, or standards can
be analyzed. '

Prior to the analysis of samples and after tuning criteria have been met, the GC/MS
system must be initially calibrated with a minimum of five concentrations of each
compound being analyzed to determine the linearity of response. USEPA criteria specify
both the concentration levels for initial calibration and 'the specific internal standard to
be used on a compound-by-compound basis for quantification. The response factor (RF)
for each compound at each concentration level is calculated using the following Equation
7.1:
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(7.1)

, I' . t ~ i_

Ax Cia
RF =_ *

A ia Cx

Aia = area of the characteristic ion for the specific internal standards.

Ax = area of the characteristic ion for the compound to be measured.

Cia = concentration of the internal standard (ng/ul).

where:
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7.4 Gas Chromatography Calibration Procedures

The %RSD for each individual CCC should be less than 25 % or as specified by the
method. This criteria must be met for the initial calibration to be valid.

Using the RF from the initial calibration, the percent relative standard deviation (%RSD)
for compounds identified as Calibration Check Compounds is calculated using Equation
7.2:

A calibration standard containing all compounds of interest as well as all required
surrogates, is performed each day of analysis. The RF data from the standards is
compared each day against the average RF from the initial calibration for a specific .
instrument. If the response to a calibration check standard differs from the initial
calibration by more than ±25% or as specified by the method, then investigation and
corrective action must be performed, including a complete recalibration if necessary.
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(7.2)s
%RSD = _x 100

x

mean of initial five response factors (per compound).

relative standard deviation
standard deviation of initial five response factors (per compound).

x=

RSD =
s=

where:

Calibration of a gas chromatograph (GC) for volatiles analyses is similar to GC/MS
calibration procedures. Initially, a five point calibration curve, consisting of all
compounds of interest at five different concentrations plus a calibration blank, is
established to defme the linear range of the instrument. The curve is determined to be
linear if the correlation coefficient is ~ 0.99. Linearity may also be determined using
response factors. Response factors are calculated for each compound at each
concentration level. These RF will be averaged to generate the mean daily RF for each
compound over the range of the standard curve. The mean response factor will be used
to calculate the sample concentration of the compound of interest. When sample
responses exceed the range of the standard curve, the sample will be diluted to fall within
the range of the standard curve and be reanalyzed. The results of the daily GC
standardization will be tabulated and filed with the corresponding sample analyses. Daily
full calibration is not necessary if a calibration check standard validates the initial

Cx = concentration of the compound to be measured (ng/ul)
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• Working standards are prepared by dilution of a stock standard solution, of the
metal of interest.

7.5 Calibration of Inductively Coupled Argon Plasma Spectrophotometer (ICP) and Atomic
Absorption Spectrophotometer (AAS)

The calibration is accomplished by entering the metal concentration equivalent to the
readout in absorbance units (or emission intensity) during analysis of the working
standards.

Once the instrument has been initially calibrated, the analysis of the working standards
is repeated during sample analysis to standardize instrument response during analysis and
to confirm the calibration settings. A typical analysis sequence is presented below.
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calibration curve. If the response to a calibration check standard differs from the initial
calibration by more than +15% for any analyte being quantitated or as specified by the
method, then investigation and corrective action will be performed, including complete
recalibration, if necessary.

The ICP and AAS are standardized for the metal of interest by the analysis of a set of
calibration. standards prepared by diluting a stock solution of known concentration.
Working standards are prepared by dilution of the stock s~dard. For the A.AS, the
concentration of the calibration standards is chosen so as to cOver the working range of
the instrument. For ICP, a standard is analyzed as a sample to determine the upper limit
of the calibration. Subsequently, all sample measurements are made within this working
range. Once the working standards are prepared, they are analyzed on the ICP or AAS
and the instrument response is calibrated to provide a direct readout in concentration.

Initial Calibration of a GC for semivolatile compound analyses (pesticides/herbicides)
typically involves a five point calibration curve, consisting of all compounds of interest

.at five different concentrations to define the working range. Using analyte peak height
or peak area, a quadratic curve is applied and extrapolated through the origin. A
correlation coefficient of the calibration data should be 0.99 or better for the calibration
to be used for quantitation. Continuing Calibration is checked every ten samples or 24
hours, whichever comes first after the initial calibration by analyzing mid-point
calibration standards. Each analyte of interest in the continuing calibration must be
within 15 % of the peak height observed in the initial calibration. For certain multi-peak
compounds, the average result for 5 peate heights must be within 15 % of the average of
the same.5 peak heights observed in the initial calibration.

",-!. -~'
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• The samples are analyzed for the metal of interest.

Written records of all calibrations shall be kept in the appropriate instrument logbook.

• Following completion of the sample analyses, the check standard is reanalyzed
to confirm calibration settings. If calibration settings are confirmed, the analysis
is completed. However, if the calibration settings are not confirmed, the problem
is corrected, and the analyses are repeated.

• During sample analysis, a check standard is analyzed to monitor instrument
stability. If the analysis indicates that instrument calibration has changed by more
than + 10% for Iep or more than +20% for AAS, the instrument is recalibrated
and the analysis is repeated.
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• A calibration curve within the working range of the instrument is established by
analysis of three to five working standards.

• An mdependent standard is analyzed to confirm the calibration settings. If the
calibration settings are not confirmed, the instrument is recalibrated.
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8.2 Method Validation

8.1 Analytical Methods

PACE NE will make every effort to disclose· to its clients any instances in which
modified methods are being used in the analysis of samples and shall obtain permission
from the appropriate prime contractor prior to using any modified methods for NEESA-
related work. .

When an established method is first used by the .laboratory or when the laboratory
develops a method, the laboratory establishes the validity of the method prior to applying
it to client samples. Method validity is established by meeting certain criteria for
precision and accuracy.

Doc. No. QAM..Q04

Section No. 8.0
Revision No. 0

Date: 10/93
Page 1 of 18

8.0 ANALYTICAL PROCEDURES
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Numerous sources of information are available to offer guidance in analytical methods.
Selection of the appropriate method is dependent upon data usage and the regulatory
requirements during the analysis. Table 8-1 describes the analytical references routinely
used by PACE NE Laboratories. PACE NE may modify existing methods based on the
following considerations: 1) in order to meet project specific objectives; 2) in order to
incorporate modifications or improvements in analytical technology; 3r in order to
comply with changing regulations and requirements; 4) in order to address unusual
matrices not covered in available methods.

PACE NE Laboratories are capable of analyzing the full range of environmental samples from
all media, including surface and groundwater, soil, sediment, tissue, and waste. Refer to Table
8-2 for a listing of specific PACE NE analytical capabilities. The methodologies generally
employed constitute the most recent guidance from agencies such as EPA, ASTM, USGS,
NIOSH and in certain instances, state regulatory agencies. In some situations, PACE NE
develops and _validates methodologies which are more applicable to a specific problem or
objective.

Analytical procedures are detailed descriptions of any and all processing, preparation and
analysis of samples in the laboratory. In some instances, data format, presentation and delivery
are also described.· All analytical procedures shall be conducted in strict adherence with written
Standard Operating Procedures manuals which have been reviewed and approved by the
Laboratory Manager(s)/Technical Director(s), the PACE NE QA Officer and the PACE NE
Regional Director. Documents from which SOPs are developed include the references listed in
Table 8-1. Additional SOPs may be adapted from other sources or generated in-house as project
needs require.
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8.3 Method Detection Limits (MDLs)

Method detection limit studies are performed for each method in use at least annually and
after any procedural or configurational change.

IT IS IMPERATIVE TO NOTE THAT METHOD DETECTION LIMITS LISTED IN
THE CITED METHODS ARE FOR GUIDANCE AND MAY NOT ALWAYS BE
ACHIEVABLE.

The laboratory calculates the detection limit as 3.143 times the standard deviation of
replicate measurements of the spiked samples. The reader is referred to 40 CFR Part
136, Appendix B for further discussion.
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When an analytical procedure does not detect a parameter of interest, it is important to
know what the lower limit of detection is for that particular method and sample matrix.
The laboratory endeavors to prevent matrix interferences from substantially reducing
analytical sensitivity, thereby raising the analytical detection limit. When matrix
interferences are present, various clean-up techniques may be employed to reduce or
eliminate them.

Method detection limits may be determined using replicate spiked laboratory water
samples. A minimum of seven aliquots of a sample spiked for the purpose are processed
through the entire analytical method. The concentration of the detection limit sample
should be between 2 and 5 times the anticipated detection limit.

Accuracy of the test method is established as the relative standard deviation of the
average measurement of each recovery sample (at a specific concentration). Design of
validation studies incorporates several recovery samples at each concentration level.
Thus, it is feasible to determine the test method accuracy at each concentration level, if
significant variances occur with concentration.

The design of the validation study will vary with the nature of the matrix, parameters and
requirements of the client. However, in all cases, the laboratory demonstrates that
adequate and reproducible recoveries are attainable. The precision of the test method is
measured as the relative standard deviation for a minimum of four (4) replicate analyses
of the lowest concentration recovery sample.

PACE NE may report results of analyses based on Reporting Limits which are the
method detection limits adjusted for practical limitations such as sample size, matrix
interferences and dilutions. Reporting Limits may never be lower than the statistically
determined MDL. .
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PACE NE makes the following commitments to its clients:

1) PACE NE will proactively attempt to identify and understand the regulatory
context of clients' needs.

2) PACE NE will strive to be expert in understanding and executing the
regulatory requirements for compliance.
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3) PACE NE will identify and disclose to clients instances of non-compliance in
a forthright fashion.

8.4.1 .Definition - Compliance is the proper execution of recognized, documented
procedures which are either approved or required. Adherence to these procedures
is required in order to provide data products acceptable to a regulatory body of
competent jurisdiction in a specific regulatory context. Compliance is separate
from, ..but not inconsistent with, technical scientific quality. PACE NE accepts
compliance as part of the PACE corporate definition of quality: "Quality is the
fulfillment of expectations and needs in all activities, demonstrated by the
satisfaction of those we serve." PACE NE understands that the expectations of
our clients commonly include the assumption that data and reports will satisfy a
regulatory purpose and will be found acceptable and compliant with regulatory
requirements for the performance of tests and generation of data.

8.4.2 Understanding the Regulatory Framework - Compliance is not likely to be
achieved in the absence of an understanding of the regulatory framework. PACE
NE will attempt to as~rtain, prior to beginning a project, what regulatory
jurisdiction (USEPA, NJDEPE, etc.) pertains to a project; within the regulatory
jurisdiction, what body of regulation is meant to be satisfied (RCRA, SDWA,
ECRA, 21E, etc.); and finally, within .this context, what protocols are

. required/expected (CLP, AFCEE, NEESA, ASP, etc.). PACE NE will work
with its clients to come to a mutual understanding of all requirements.

8.4.3 Commitment - Clients may, but often do not, fully understand their compliance
needs. Clients may sometimes fail to communicate their compliance requirements
to PACE NE. Nevertheless, PACE NE, Inc., in defining quality as in 8.4.1
above, has accepted much responsibility for compliance.
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8.4.5 Disclosure of Noncompliance - As stated previously, it is PACE NE policy to
disclose in a forthright man":er any detected noncompliance that may effect the
usability of data produced by PACE NE. It is not within our expertise to predict
the manner in which a specific regulator or regulatory body will interpret the
rules governing analysis; PACE NE is unable to guarantee compliance. It is
PACE NE policy that our responsibility begins with a bona fide and competent
attempt to evaluate potential compliance issues and ends with disclosure of any
findings that may be useful to our client in their making the final judgement.

8.4.4 Resolving Compliance Cantradictions and Hierarchies - It is a common
occurrence that multiple regulatory juristictions overlap in a specific case. This
'causes uncertainty or even contradictions to arise in a work plan. PACE NE will
make every effort to detect such inconsistencies, and will communicate them to
clients so that an informed decision can be made by the client regarding execution
of the project. Similarly, methods and protOcols will often be prescribed in a
scope of work or QAPP which either will not achieve stated or implied DQOs or
which are in conflict with the regulatory requirements. PACE NE will attempt
to detect these inconsistencies, and upon detection, disclose same to our client.
PACE NE voluntarily accepts a responsibility to provide advice to clients,
however, the primary responsibility for this issue remains with the client.
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• "Methods for Chemical Analysis ofWater and Wastes", EPA 600/4-79-020, 1979
Revised 1983, U.S. EPA.

• "Annual Book of ASTM Standards", Section 11: Water and Environmental
Technology, American Society for Testing and Materials, 1987.

. • "Standard Methods for the Examination of Water and Wastewater", 15th, 16th
and 17th editions, 1980, 1985, 1989. APHA-AWWA-WPCF.

• New York State Department of Environmental Conservation. Analytical Services
Protocol, September, 1989.
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TABLE 8-1

ANALYTICAL PROTOCOLS

• "Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods." SW
846. 3rd edition, 1986, and Update I, Office of Solid Waste and Emergency
Response, U.S. EPA.

• "Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the
Clean Water Act." Federal Register, 40 CFR Part 136, October 26, 1984.

-,.'

• U.S. EPA Contract Laboratory Program Statement ofWork for Organic Analysis,
SOW OLM01.8, 8/91.

• "NIOSH Manual of Analytical Methods", Third Edition, 1984, U.S. Department
of Health and Human Services, National Institute for Occupational Safety and
Health.

• "Annual Book of ASTM Standards", Section 4: Construction, Volume 04.04:
Soil and Rock; Building Stones, American Society for Testing and Materials,
1987.

• U.S. EPA Contract Laboratory Program Statement of Work for Inorganic
Analysis, SOW ILM03.0..

• "Methods for the Determination of Organic Compounds in Finished Drinking
Water and Raw Source Water", U.S. EPA, Environmental Monitoring and
Support Laboratory - Cincinnati (September 1986). .
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TABLE 8-2

PACE NE ANALYTICAL CAPABILITIES
ORGANIC ANALYSES .

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Quality Assurance Manual

Analyte

Volatile Organic Compounds

GC/MS

GC/MS + 15 Peaks*

CLP Volatiles Analysis and Deliverables

GC/MS Low Detection Limits

GC/MS Drinking Water Volatiles

GC/MS Drinking Water VOA (Extended List)

GC Drinking Water Halogenated Compounds

GC Drinking Water Aromatic Compounds

GC Drinking Water VOA(Combined 502.1 & 503.1)
Purgeable Halocarbons

Purgeable Aromatics

Combined Purgeables

Acrolein, Acrylonitrile

Non-halogenated Volatiles (Partial List)

Base NeutrallAcid Extractables (HSL)

Base NeutrallAcid Extractables + 25 Peaks*

Acid Extractables Only (HSL)

Acid Extractables Only + 10 Peaks*

Base Neutral Extractables Only (HSL)

Base Neutral Extractables Only + 15 Peaks*

eLP Semivolatiles Analysis and Deliverables

Polynuclear Aromatics (PNA) GC/MS

Polynuclear Aromatics (PNA) GC

624
624

3/91 SOW

624
524.1
524.2
502.1
503.1

.502.2
601

602
601 & 602

603
8015
625
625
625
625
625
625

3/91 SOW

625
610
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EPA Methods

8240
8240

3/91 SOW

8240
NA

NA

NA

NA

NA

8010
8020

8010 & 8020
8030
8015
8270
8270
8270
8270
8270
8270

3/91 SOW

8270
8100
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TABLE 8-2, continued

. ORGANIC ANALYSES (continued)

PACE NEW ENGLAND, INCORPORATED
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602 8020
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8140

8080

3/91 SOW

8080

EPA Methods

8150

ASTM

ASTM

614

608

3/91 SOW

608

Capillary

GC/FID

Modified 8015

Analyte

PCBs in oils

PCBs wipes/filters

Organophosphorus Pesticides

Organochlorine Pesticides & PCBs

CLP Organochlorine Pesticides & PCBs

Organochlorine Pesticides & PCBs (Tissue)

Petroleum Hydrocarbons, Extractables

(water/soil, tissues)

Petroleum Hydrocarbons, Purgeables

Compositing

Gasoline Hydrocarbons

BTEX(+MTBE)

"Chlorinated Phenoxy Herbicides
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TABLE 8-2, continued

WASTE CHARACTERIZATION

Analyte
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N/A

1010

8150

8080

6010

6010

6010

6010

6010

7470

6010

6010

1310/1330

9040/9045

EPA Methods

SW 846 7.3.3.2

SW 846 7.3.4.1

Metals in Extract

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

Extraction

Pesticides in Extract

Endrin

Lindane

Methoxychlor

Toxaphene

Herbicides in Extract

2,4-0

2,4,5-TP

pH

Releasable Cyanide

Releasable Sulfide

Releasable Cyanide & Sulfide

Water Reactivity

EP Toxicity

Corrosivity

Reactivity

Ignitability



Matrix spike for pesticides requires that single component pesticides be analyzed separately from

multicomponent pesticides (toxaphene). Therefore, two matrix spikes are required and are reflected in

the matrix spike analysis.

Samples containing free liquid that is not miscible with the TCLP extract require that both the free

liquid and the extract be analyzed separately and that the results be combined mathematically. An

additional charge is required for the analysis of the free liquid or of multiple phases. If a matrix spike

is required, only the TCLP extract is spiked.

Quality Assurance section of the method requires that a matrix spike be performed for each sample type.

, A determination as to whether a spike is needed must be made prior to submitting the sample. Matrix

spikes are made at five times the method detection limit or at the regulatory limit unless other levels

. are specified in advance.

TCLP ANALYSES
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8240

1311

1311

EPA Methods

TABLE 8-2, continued

benzene

carbon tetrachloride

chlorobenzene

chloroform

1,2-dichloroethane

1,l-dichloroethylene

methyl ethyl ketone

tetrachloroethylene

trichloroethylene

vinyl chloride

Analyte

PACE NEW ENGLAND, INCORPORATED
TITLE:, NEESA Quality Assurance Manual

Volatiles

Extraction for Volatiles (ZHE)

Extraction for Metals, Semivolatiles,

Pesticides & Herbicides
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TABLE 8-2, continued
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TCLP ANALYSES (continued)

Semi-Volatiles pyridine

m-cresol (3-methyl phenol)

o-eresol (2-methyl phenol)

. p-eresol (4-methyl phenol)

1,4-dichlorobenzene

2,4-dinitrotoluene

hexachloro-l,3-butadiene

hexachlorobenzene

hexachloroethane

nitrobenzene

pentachlorophenol

2,4,5-trichlorophenol

2,4,6-trichlorophenol

Analyte

Pesticides

Herbicides

Metals

chlordane

endrin

heptachlor

heptachlor epoxide

lindane

methoxychlor

toxaphene

2,4-dichlorophenoxyacetic acid

2,4-5-trichlorophenoxypropionic acid

As, Ba, Cd, Cr, Pb, Se, Ag

Hg

EPA Methods

8270

8080

8150

6010

7470
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,I TABLE 8-2, continued

METALS ANALYSES

II Analyte Required Digest EPA Methods

I Aluminum 3010/3050 200.7 or 6010
Antimony 3010/3050 200.7 or 6010
Antimony (furnace) 3010/3050 204.2 or 7041

I
Arsenic (furnace) 7060/3050 206.2 or 7060
Barium 3010/3050 200.7 or 6010
Beryllium 3010/3050 200."- or 6010

\1 Boron 3010/3050 200.7 or 601.0
Cadmium 3010/3050 200.7 or 6010, ,
Cadmium (furnace) 3020/3050 213.2 or 7131~ __ 'I

Calcium 3010/3050 200.7 or 6010

Ii Chromium 3010/3050 200.7 or 6010
Chromium (furnace) 3020/3050 218.2 or 7191
Cobalt 3010/3050 200.7 or 6010

I'
Copper 3010/3050 200.7 or 6010
Iron 3010/3050 200.7 or 6010
Lead . 3010/3050 200.7 or 6010
Lead (furnace) 3020/3050 239.2 or 7421- Magnesium 3010/3050 .200.7 or 6010

,~ \ Manganese 3010/3050 200.7 or 6010
;; Mercury (cold vapor) 747017471 245.1 or 747017471, Molybdenum 3010/3050 200.7 or 6010

Nickel 3010/3050 200.7 or 6010
Potassium 3010/3050 200.7 or 6010
Selenium (furnace) 7740/3050 270.2 or 7740

,Ii Silver 3010/3050 200.7 or 6010
Sodium 3010/3050 200.7 or 6010

,..' . Strontium 3010/3050 200.7 or 6010

II
Thallium (furnace) 3020/3050 279.1 or 7841
Tin 3010/3050 200.7 or 6010
Titanium 3010/3050 200.7 or 6010
Vanadium 3010/3050 200.7 or 6010

Ir Zinc 3010/3050 200.7 or 6010

Packages Available CLP Deliverables-23 Metals
~-~. 13 Priority Pollutant Metals,Ii 8 Safe Drinking Water Act Metals

23 HSL Metals-Commercial Deliverables

I Digestions
Water 3010,3020,7060,7740
SoillICP 3050

J
SoillGFAA 3050
Tissues/ICP 3050 Modified
Tissues/GFAA 3050 Modified
Mercury-water/soil 747017471II, Dissolution (Oils) 3040
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TABLE 8·2, continued

INORGANIC ANALYSES

Analyte

Acidity
Alkalinity
Bromide
Biochemical Oxygen Demand
Bicarbonate
Carbonate
Bicarbonate & Carbonate
Carbon - Total Inorganic (water)

- Total Organic (water)
- Total (soil)
• Total Organic (soil)

Cation Exchange Capacity (soil)
Chemical Oxygen Demand

Detection limit of 20 mg/L
Detection limit of 5 mg/L

Chloride
Chlorine, Total Residual
Coliform Bacteria - Total

- Fecal
Color
Chromium - Hexavalent
Cyanide - Total
Cyanide - Total & Ammenable
Cyanide, WAD
Density
Fluoride EPA 340.2
Formaldehyde
Hardness (Ca, Mg by calculation)

Calculation only
Halides, Total Organic (TOX) - Water

- Solids/Oils
Lime Equivalence
Nitrogen - Ammonia

- Nitrate plus Nitrite Nitrogen (combined)
- Nitrate
- Nitrite
- Total Kjeldahl
- Total Organic-Calculation Fee

(requires analysis of TKN & NH3)
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Methods

EPA 305.1
EPA 310.1
EPA 300.0
EPA 405.1

APHA 2320
APHA 2320
APHA 2320
EPA 415.1

EPA 415.1

EPA 9080

EPA 410.4
EPA 410.4/410.2

EPA 300.0 or 325.1
APHA 45OO-CLG.

APHA 9222B
APHA 9222D

EPA 110.2
SW846 7196
EPA 335.2
EPA 335.1

APHA 45OO-CNI.

NIOSH 3500
EPA 200.7 and SM 314 B

9020

AOAC 1.004-6
EPA 350.1 or 350.3

EPA 353.2
EPA 300.0 or 353.2
EPA 300.0 or 353.2
EPA 351.2 or 353.3
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PACE NEW ENGLAND, INCORPORATED
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TABLE 8-2, continued

INORGANIC ANALYSES (continued)

Analyte

Oil & Grease (Gravimetric or IR)
Oxidation Reduction Potential
Free Liquid Content (paint Filter Test)
Total Petroleum Hydrocarbon IR
pH
Phenols -' Total
Phosphorus - Total

- Ortho
Silicate - Reactive
Solids - Total

- Suspended
- Dissolved
- Volatile

- Suspended Volatile
- Settleable

Specific Conductance
Specific Gravity
Sulfate
Sulfide
Sulfite
Surfactants - MBAS
Tannins and Lignins (as tannic acid)
Turbidity

Sample Prep:
Compositing
Filtration
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Methods

EPA 413.1/413.2

. EPA 9095
EPA 418.1
EPA 150.1
EPA 420.3

EPA 365.3 or 365.4
EPA 365.1 or 365.3

EPA 370.1
EPA 160.3
EPA 160.2
EPA 160.1
EPA 160.4

EPA 160.2 or 160.4
EPA 160.5
EPA 120.1

EPA/COE 1981
EPA 300.0 or 375.2

EPA 376.2
EPA 377.1'
EPA 425.1

APHA 5550B
EPA 180.1

APHA 3030B



APPENDIX NINE ANALYSES
Appendix IX is derived from Appendix VIII Hazardous Constituents. These parameter lists are intended to apply to
groundwater monitoring at hazardous waste storage and disposal sites and are applied to uncontrolled site investigations and
remediations.

TABLE 8-2, continued

PACE NEW ENGLAND, INCORPORATED
TITLE:NEESA Quality Assurance Manual

Analyte

Volatile Organics
(extended list 19 Compounds)

Acrolein and Acrylonitrile

Acid and Base Neutrals
(extended list 48 Compounds)

Dioxins/2378 TCDDD

Pesticides and PCB's

Herbicides

Total Cyanide

Hydrogen Sulfide

pH

17 Metals
Arsenic
Antimony
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Mercury
Nickel
Lead

Selenium
Silver
Tin
Thallium
Vanadium
Zinc
Metals Digest

EPA Methods

8240

8030

3550/8270

8280

3540/8080

8150

9010

376.1

150.1

7060
6010
6010
6010
6010
6010
6010
6010
7470
6010
7421
7740
6010
6010
7841
6010
6010

3010,3020,7060,7470
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Part ~

Analyte

TABLE 8-2, continued
. '.

FORM 2C ANALYSES FOR NPDES PERMITS

Methods
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Biochemical Oxygen Demand
Chemical Oxygen Demand
Total Organic Carbon
Total Suspended Solids
Ammonia as Nitrogen
pH

Part B

Total Residual Chlorine
Color
Fecal Coliform
Fluoride
Nitrate
Nitrite
Total Organic Nitrogen
Oil and Grease
Total Phosphorus
Alpha
Beta
Radium
Sulfate
Sulfide
Sulfite
Surfactants
Aluminum
Barium
Boron
Cobalt
Iron
Magnesium
Molybdenum
Manganese
Tin
Titanium
Metals Digestion

. EPA 405.1
EPA 410.4
EPA 415.1
EPA 160.1

EPA 350.2/350.3 or 350.2/350.1
EPA 150.1

EPA 330.5
EAP 110.2

APHA 9222D
EAP 340.11340.2

EPA 353.2 or 300.0
. EPA 353.2 or 300.0

350.2/350.3/351.3 or 350.2/350.11351.2
EPA 413.1 or 413.2
EPA 365.1 or 365.4

EPA 300.0
EPA 376.1
EPA 377.1
EPA 425.1
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7 .
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

(3010)



FORM 2C ANALYSES FOR NPDES PERMITS (continued)
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TABLE 8-2, continued

Analyte

Part C

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead

Mercury
Nickel
Selenium
Silver
Thallium
Zinc
Total Cyanide
Total Phenols
Dioxin
Volatile Organic Compounds
Acid and Base Neutral Compounds

. Pesticides and PCB's
Metals Digestions
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Methods

EPA 200.7
EPA 206.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 239.2
EPA 245.1
EPA 200.7
EPA 270.2
EPA 200.7
EPA 279.1
EPA 200.7

EPA 335.2 or 335.3
EPA 420.3
EPA 8280
EPA 624
EPA 625
EPA 608

(3010,3020,7060)
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PACE New England has the capability to perform the foIlowing analyses upon request. Turnaround time is subject to
instrument availability and prices are quoted based on analyst and instrument time required and quantity of samples
submitted.
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TABLE 8-2, continued

NON-ROUTINE ANALYSES

Analysis

BTU
Chlorine (%)

Sulfur (%)
HalogenS
Viscosity
Flash point
API Gravity
Ash Content

pH
Free Liquids
% Moisture
% Sand, Silt, Clay
Sieve Analysis (6 fractions > 8mm to < 2mm)
Particle Size (19 fractions> 8mm to .02mm)
Diquat, Paraquat by HPLC
Carbamate Pesticides by HPLC
PNA by HPLC
Ethylene Glycol by HPLC
Nitrogen-Phosphorus Pesticides by GC
EDB & DBCP by GC
GC Direct Inject for Alcohols
Volatile Air Analysis in Tedlar Bags by GC or GCIMS

Calibrated Volatile Non-target Compounds by GC/MS
Method Development for any Organic Compounds by HPLC, GC/MS, or GC
Non-routine Furnace or ICP Metals
Bromide by Ion Chromatagraph
Formaldehyde by HPLC
Nitroaromatic Explosives by HPLC
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Methods

ASTM D 240
ASTM D 129-64
ASTM D 129-64

ASTM D 808
ASTM D 445

ASTM D 93-77
ASTM D 287

ASTM D 482-87
SW8469045
(Paint Filter)
APHA 2540G
EPA/CE-81-1
EPA/CE-81-1
EPA/CE-81-1

EPA 549
EPA 531
EPA 8310

EPA 507
EPA 504

-,
EPA 300.0
EPA 8315
EPA 8330



Representative Method Detection Limits
For Parameters and Methods Perfo~ed by PACE NE
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APPENDIX B
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'I,
,I' PACE,JNC.

'I'
I Metals Instrumentation Laboratory Method Detection Limits 3-93

ICP-3010 DETECT. TRUE ANALYSIS

I
ELEMENT REP.1 REP.2 REP.3 REP.4 REP.5 REP.6 REP.7 MEAN S.D. LIMIT VALUE DATE
ALUMINUM 135 130 130 134 136 140 151 136.6 6.72 21.1 100 01/11/93
ANTIMONY 33 27 22 29 32 30 29 28.9 3.36 10.5 40 01/18/93
ARSENIC 193 174 195 185 177 177 174 182.1 8.25 25.9 200 01/11/93

I BARIUM 2 1 1 3 1 1 1 1.4 0.73 2.3 1 01/18/93
BERYLLIUM 0.7 0.8 0.6 0.6 0.8 0.7 ,0.8 0.71 0.08 0.3 1 01/18/93
BORON 49 18 13 19 14 26 81 31.43 23.22 72.9 21 01/11/93

'I, CADMIUM 9 9 10 9 11 11 10 9.86 0.83 2.6 10 01/11/93
CALCIUM 126 128 136 209 139 174 138 150 28.2 88.7 51 01/11/93
CHROMI~ 25 24 25 26 26 24 23 24.7 1.03 3.2 21 01/11/93
COBALT 9 0 10 10 10 10 9 8.29 3.41 10.7 10 01/11/93

\1 COPPER 10 10 10 9 10 10 10 9.9 0.35 1.1 10 01/11/93
IRON 289 231 244 229 259 229 237 245.4 20.37 64.0 200 03/19/93
LEAD 106 94 101 99 102 ,106 105 101.9 4.05 12.7 100 01/11/93,MAGNESIUM 97 96 106 99 109 101, 109 102.4 5.12 16.1 101 01/11/93
MANGANESE 4 5 5 5 5 5 '5 4.9 0.35 1.1 5 01/11/93
NICKEL 50 52 55 57 50 53 48 52.1 2.90 9.1 51 01/11/93

I
POTASSIUM 1540 1640 1560 1620 1760 1640 1550 1616 70.9 222.7 1500 01/11/93
SELENIUM . 196 190 " 209 192 191 167 180 189.3 12.12 38.1 201 01/11/93
SILVER 1 1 2 1 1 1 2 1.3 0.45 1.4 4 01/18/93
SODIUM 100 68 80 81 93 110 224 108.0, 49.1 154.2 52 01/11/93

!I THALLIUM 149 201 186 175 170 173 166 174.3 15.0 47.2 199 01/11/93
TIN 64 57 62 57 60 58 60 59.7 2.43 7.6 50 01/11/93
VANADIUM 2 2 3 2 3 1 4 2.4 0.90 2.8 2 01/18/93I ZINC 29 29 34 37 34 34 30 32.4 2.87 9.0 21 01/11/93

\ MOLYBDENUM 87 101 113 104 114 102 101 103.1 8.34 26.2 100 03/23/93
STRONTIUM 98 95 99 94 99 90 97 96.0 3.02 9.5 100 03/23/93
TITANIUM 95 95 99 92 99 91 98 95.6 3.02 9.5 100 03/23/93

I GFAA-7060
ARSENIC 5.28 5.64 4.94 5.2 5.15 5.4 5.24 5.3 0.20 0.63 5 01/08/93

1\ SELENIUM 4.2 4.3 4.2 4.3 4.3 4.1 4 4.2 0.11 0.3 5 01/18/93

GFAA-3020
, -, LEAD 4.95 4.55 4.95 4.95 4.8 4.75 4.45 4.8 0.19 0.6 5 02/02/93

~I THALLIUM 4.33 2.68 4.99 4.4 3.94 3.58 3.73 4.0 0.68 2.1 5 01/15/93

CVAA-7470

I MERCURY 0.61 0.63 0.58 0.61 0.61 0.64 0.53 0.60 0.034 ' 0.11 0.5 01/08/93

'I All values are in ug/L (ppb).
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STD HDL SPIKE
DEV DrJIL"MEAN LEVEL

0.0014 0.004.0.043 0.04
0.1609 0.51 5.10 5.0
2.0617 6.47 75.76 75
1.1133 3.50 9.24 10
0.1604 0.50 1.79 1
0.0957 0.30 1.82 1
0.0127 0.04 0.52 0.5
0.0008 0.002 0.05 0.05
0.3402 1.07 - 4.67 5.58
0.3165 0.99 4.58 1.68
0.0248 0.08 0.49 . 0.5
0.0025 0.008 0.103 0.1
0.0066 0.021 0.259 0.20
0.0087 0.027 0.112 0.10
0.0031 0.010 0.146 0.10
0.0007 0.0023 0.0538 0.05
0.0076 0.02 0.43 0.4
0.1618 0.51 3.81 10
0.0021 0.006 0.048 0.05
0.2588 0.813 4.792 5.0
0.0309 0.10 1.09 1.0
0.4348 1.37 3.64 3.55
2.0860 6.55 37.29 32.96
1.6640 5.23 19.33 27.9
4.6547 14.62 60.76 56.8
0.0013 0.004 0.040 0.04
0.2566 0.81 1.45 2.0
0.0160 0.05 1.01 1.0
0.0034 0.01 0.04 0.05
0.0017 0.01 0.04 0.04

PACE NEIl ENGLAND, me.
MEI'HOD DETEx:TIOO LIMIT VERIFICATIOO STUDY

lIDRGANICS WEI' LAB PARAl£rERS
JAN. 93

CCNC. <:cNC. CCNC. CCNC. CCNC. CCNC. CCNC.
l£l'HOD rrq!L rrq/L rrq!L rrq!L rrq/L rrq/L rrq/L

335.3 0.0435 0.0460 0.0435 0.0430 0.0415 0.0425 0.0440
415.1 5.00 5.06 5.10 4.90 5.29 5.34 5.00

-410.1 75.76 78.28 75.76 73.23 73.23 75.76 78.28
410.1 10.10 9.40 9.90 9.50 9.70 6.80 9.30
300.0 2.04 1.77 1.96 1.60 1.63 1.76 1.79
300.0 1.97 1.78 1.88 1.67 1:79 1.80 1.88

P&CAM 125 0.54 0.52 0.53 0.51 0.52 0.51 0~54

365.2 0.045 0.046 0.046 0.047 0.047 0.046 0.047
310.0 4.4 4.9 5.3 4.3 4.6 4.5· 4.7
120.1 5.08 4.97 4.52 4.46 4.37 4.35 4.29
370.1 0.54 0.49 0.47 0.47 0.49 0.49 0.47
350.1 0.103 0.105 0.103 0.106 0.105 0.099 0.101
353.2 0.270 0.250 0.259 0.259 0.253 0.257 0.263
353.2 0.126 0.098 0.116 0.115 0.106 0.112 0.114
353.2 0.144 0.152 0.144 0.144 0.147 0.145 0.149
7196 0.0532 0.0532 0.0546 0.0546 0.0546 0.0532 0.0532

180.1 0.44 0.43 0.42 0.43 0.42 0.43 0.42
377.1 4.00 3.90 3.75 3.90 3.85 3.75 3.50
365.2 0.052 0.046 0.048 0.047 0.048 0.047 0.050

. 325.1 4.370 5.052 4.918 5.124 4.664 4.710 4.708
351.3 1.11 1.08 1.09 1.15 1.05· 1~08 1.09
376.1 4.18 3.35 3.05 4.00 4.04 3.53 3.31
160.1 40.2 38.5 35.2 34.7 37.1 39.2 36.1
160.2 ,20.8 21.3 18.4 18.8 18.4 16.8 20.8
160.3 66.0 65.3 59.2 56.2 54.2 64.6 59.8

WALKLEY BLACK 0.039 0.042 0.040 0.042 0.039 0.040 0.039
405.1 1.5 0.94 1.8 1.5 1.4 1.5 1.5

SM513 0.995 1.00 1.00 1.02 1.04 1.02 1.02
340.2 0.043 0.045 0.038 0.044 0.036 0.043 0.039

412H 0.0365 0.0395 0.0375 0.0375 0.0345 0.0350 0.0380

TEST

TOTAL CYANIDE
TOTAL ORGANIC CARIlCl{

cmo:CAL OXYGEN DEMAND HIGH
CHF11ICAL OXYGm DElWID LOW
SULFATE
BROMIDE
FORMALDEHYDE
ORTHO PHOSPHATE
ALKALINI'lY
SPEDFIC COODUCl'ANCE
SILICA
AMMCM.A
NITRITE + NITRATE
NITRATE
NITRITE
HEXAVALENr CHROOUM
TURBIDI'lY
SULFITE
'.lUI'AL PHOSPHORUS
CHlDRIDE
roI'AL KJEI1)AHL NITRcx;m
SULFIDE
roI'AL DISSOLVED SOLIDS
'.lUI'AL suspmnED SOLIDS
roI'AL SOLIDS
TOTAL ORGANIC <:AlUlOO (%)
BOD
TANNINS-LIGNINS
FIIDRIDE
lJAOCN



~." "

I,~ . PACE, INC.
MEIHOD DEm:TICN LIMIT vnuFICATICN S'lWY

I
. VOLATILE ORGANIC <nfPOONDS

MEIHOD 524.2 DiS WATmS
8/93

I >1>6760 >1>6765 >1>6764 >1>6763 >1>6755 >1>6759 >1>6756 X 3.14
<me. . cx:wc. cx:wc. <me. <::cH:. cx:wc. <::cH:. STD MDL

CCIiPOOND (1 ppb, exceptions noted) ug/L uglL ug/L ug/L uglL ug/L \lg/L DEV \lg/L MEANI CHlDRCm:mANE . -- --
0.76 0.8 0.9 0.95 1.03 ' 0.87 0.76 0.1016 0.32 0.87

, BRClDIEI'HANE 1.01 0.97 1.11 1.12 1.02 1.15 0.88 0.0959 0.30 1.04
- DICHlDRODIFlIDR<l1EI1IANE 1.04 1.08 1.37 1.25 1.12 1.24 0.99 0.1353 0.42 . 1.16

IICHlDROEIHANE 0.98 1.23 1.27 1.08 1.18 1.35 1.07 0.1292 0.41 1.17
VINYL CHWUDE . 1.19 1.3 1.41 1.35 1.26 1.26 1.05 0.1163 0.37 1.26
~CHWRIDE 0.77 0.62 0.45 0.59 0.76 . 0.59 0.98 0.1719 0.54 0.68

IACE:ItM (5 PPB) 7.07 7.39 6.26 7.31 7.59 7.29 5.86 0.6487 2.04 6.97
'__ CARBrn DISULFIDE 1.00 1 1.1 1.03 0.96 1.01 0.99 0.0439 0.14 1.01

TRICHlJJROFUX:JRa1E:rnllN 0.95 1.05 0.44 1.02 1.08 1.01 . 0.99 0.2219 o:io 0.93'11,1-DICHlJJROErHrnE 1.04 1.11. 1.2 1.09 1.08 1.09 1.12 0.0493 0.15 1.10
BRaoonDRct1EIHANE 0.97 1.09 1.06 1.01 1.43 1.05 1.01 0.1556 0.49 1.09

,-'l,l-DICHlJJROE:I'HANE 0.98 1.02 0.97 1 1.02 1.04 1.1 0.0434 0.14 1.02
.,.1, 2-DICHlJJROErHrnE (CIS) 1.04 1.02· 0.95 0.94 0.99 0.95 1.09 0.0559 0.18 1.00
,11, 2-DICHlJJROErHrnE (TRANS) 0.94 1.02 1.06 1 1.02 0.99 1.02 0.0368 . 0.12 1.01
" QlWROFaUi 1.01 1.01 0.98 0.96 0.96 1.01 1.04 0.0299 0.09 1.00

2-Bt1I'MlM: 5.33 5.66 5.46 5.45 6.73 5.79 6.78 0.6127 1.92 5.89

a= 1.00 1.02 1.04 1.01 1.01 1.02 1.06 0.0206 0.06 1.02
1.07 1.03 0.97 0.99 0.94 1.06 1.09 0.0561 0.18 1.02

.DIBRan1EI'HANE 1.08 1.02 1 0.92 1.08 1.03 1.1 0.0618 0.19 1.03
·-1· 2-DICHlJJROF:l'HANE 0.98 1.03 0.93 1.01 .1.12 1.05 1.11 0.0680 0.21 1.03I:2-DICHlJJROPROPANE 1.04 1.07 1.08 1.07 1.09 1.09 1.11 0.0219 0.07' 1.08

1,1, I-TRICHlJJROF:l'HANE 0.98 1.01 0.99 0.98 1.03 1.03 1.07 0.0330 0.10 1.01
CARBOO TE:I'RACHlJJRIDE 0.94 1.03 1.03 0.98 1.13 1 1.04 0.0593 0.19 1.02.ItROOODICHlJJRCX1E;llIANE 1.02 1 0.97 0.98 1.07 1.04 1.1 0.0476 0.15 1.03

_ ,2-DICHlJJROPROPANE 1.07 1.03 1 1.02 1.03 1.1 1.15 0.0528 0.17 1.06
1,1-DICHlJJROPROPmE 0.92 1.01 1.01 0.97 1.05 1 1.03 0.0426 0.13 1.00

~-1,3-DI~OPROPmE (.5 ppb) 0.98 0.94 0.96 0.91 0.98 1 0.99 ·0.0315 0.10 0.97
CHlJJROErHrnE 1.00 1.01 1.04 0.99 1.04 0.96 1.07 0.0369 0.12 1.02

1,1, 2-TRICHlJJROmIANE 0.95 0.96 0.96 0.93 0.97 0.97 1 0.0214 0.07 0.96
1,3-DICHlJJROPROPANE 0.96 . 0.97 0.92 0.96 0.99 0.91' '1.08 0.0560 0.18 0.97

I~S-l, 3-DIClD.DROPROPmE. (.6 ppb) 1.03 1.01 0.98 1.02 1.08 1.08 1.12 0.0489 0.15 1.05
A-MEI'lMr2-POOAl'lM (5 PPB) 4.46 4.45 4.35 4.47 4.89 4.66 5.65 0.4538 1.42 4.70 .
2-lIEltAtUlE (5 PPB) 4.86 4.75 4.56 4.43 5.22 4.95 6.02 0.5300 1.66 4.97

IITE:I'RACHwROErHrnE 0.99 0.91 0.91 0.87 0.91 0.91 0.99 0.0454 0.14 0.93
ClD.DROBmzmE 1.04 1.05 1.09 1.07 1 1.03 1.07 0.0300 0.09 1.05

, E:l'lNLBmzmE 1.13 1.04 1.09 1.03 1 1.11 1.08 0.0467 0.15 1.07
IBR<H:lBEmrnE 1.03 1.03 1.07 1.02 1.02 1.05 1.03 0.0181 0.06 1.04
\ lSOPROPYl1lmzmE 1.06 1.06 1.08 1.05· 1.03 1.08 1.06 0.0173 0.05 1.06
.. ' o-XYLrnE ' 1.01 1.02 1.07 1.03 1.02 1.06 1.08 0.0279 0.09 1.04·

M,P-XYLmES (2 PPB) 2.13 2.17 2.2 2.08 2.06 2.14 2.11 0.0489 0.15 2.13

l~mzmE 1.00 1.02 1.04 1.04 1.01 1.02 1.03 0.0150 0~05 1.02
1.06 1.05 1.14 1.09 1.03 1.08 1.09 0.0355 0.11 1.08

TERT-Btm'I.BmzmE 1.02 1.01 1.09 1.07 1.04 1.04 1.04 0.0276 0.09 1.0412-<:HWRCJrotJJFm 1.05 1.12 1.17 1.19 0.99 1.11 1.08 0.0689 0.22 1.10
4-<:HWR<mJUJmE 1.11 0.97 1.05 0.98 1.07 1 1.09 0.0555 0.17 1.04
SEX:-Btm'I.Bmzn~ . 1.08 . 1.09 1.15 . 1.13 1.04 1.12 1.09 0.0365 0.11 1.10

. DIBRaoonDRcmTHANE 1.07 1.02 0.99 1.03 1.04 1.03 1.14 0.0479 0.15 1.0511,2-DrBRaDF:l'HANE 1.13 1.01 1.08 1.1 1.13 1.15 1.14 0.0486 0.15 1.11
1,3-DIClD.DROBmzmE 1.07 1.02 L04 1.05 0.98 1.06 1.07 0.0324 0.10 1.04

_1,2-DICHlJJROB~ 1.08 1 1.01 1.05 1.01 1.06 1.07 0.0327 0.10 1.04,I



PACE, INC.
(continued) .

MF:IlKlD DEmrI'IOO LnnT VERIFICATIOO STUDY
VOlATILE ORGANIC a:rowNDs

MF:I'HOD 524.2 IX1S WATmS
8/93

>1>6760 >1>6765 >1>6764 >1>6763 >1>6755 >1>6759 >1>6756 X 3.14
twe. twe. twe. twe. twe. role. twe. STD MDL

CCliPOOND (l ppb, exceptions noted) . uglL uglL ug/L ug/L ug/L ug/L ug/L DEV ug/L MEAN
1,4-DICHLOROBENlENE 1.05 1.01 1.05 . 1.11 0.99 1.08 1.09 0.0431 0.14 1.05
P-lSOPROPYL'rollJmE 1.07 1.05 1.15 1.12 1.01 1.05 1.08 0.0469 0.15 1.08
1,3,5-~ 1.05 1.01 1.14 1.06 0.96 1.01 1.05 0.0560 0.18 1.04
BROOroRM 1.04 1.01 0.98 1.05 0.96 1.06 1.07 0.0420 0.13 1.02
1,1,1,2-TE'IRACHLOROEmANE 1.00 1.01 1.02 0.98 1.02 1.07 1.1 0.0418 0.13 1.03
1,1,2,2-TE'I'RACHLOROE:IliANE 1.15 1.07 1.02 L06 1.13 1.12 1.17 0.0541 0.17 1.10

. 1,2,3-TRICHLOROPROPANE 1.14 0.95 1.05 1 1.16 0.73 1.13 0.1507 0.47 1.02
f<1-BtrM£OOmE 1.08 1.06 1.16 1.11 0.99 1.03 1.03 0.0568 0.1~ 1.07
1,2,4-'IRIME'IlM13mzmE 1.03 1.06 1.12 1.05 0.94 1.02 1.05 0.0540 0.17 1.04
1,2,4-TRICHLOROBENZrnE 1.02 1.01 1.16 1.11 0.93 1.02 1.13 0.0814 0.26 1.05
1,2,3-TRICHLOROBENlENE 1.12 1.03 1.14 1.1 1.07 1.06 1.07 0.0378 0.12 1.08
NAPHTHALENE 1.08 0.89 1.11 1.1 0.95 1.03 1.12 0.0887 0.28 1.04
1,2-DIBRCH>-3-<:HlJJROPROPANE 0.68 0.83 0.92 0.87 1.27 1.24 0.69 0.2400 0.75 0.93
HEXACHLOROBtTrADImE 1.14 1.06 1.19 1.12 1.04 1.12 1.13 0.0503 0.16 1.11
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,,1 . PACE, lNC., .. ".

MEmOD m=rFrl'ICW LIMIT vmIFICATIOO S'1UDY

,I VOIATIIE ORGANIC cxliPaJNDS
mmo 524.2 GIS llATmS

. '4/93

I >G5034 >G5035 >G5036 >G5037 >G5038 >G5042 >G5043 X3.14
cmc. <me. <me. <me. cmc. cmc. cmc. STD MIlL

cct1PCUID (1 ppb, exceptioos noted) lYJlL uglL uglL uglL lYJlL uglL uglL mY uglL MEAN

~
= --

0.97 1.24 0.97 1.04 1.05 ' 1.10 1.10 0.0930 0.29 1.07
BR~ 1.14 1.54 1.39 1.31 1.45 1.30 1.42 0.1287 0.40 1.36

~
1.01 1.19 1.07 0.98 0.97 0.93 0.98 0.0869 0.27 1.02
0.59 0.64 0.67 0.62 0.62 0.60 0.54 0.0410 0.13 0.61
0.97 1.01 0.94 1.08 1.04 1.02 1.00 0.0456 0.14 1.01

,MEl'lMmE CHWRIDE 0.98 1.09 1.04 1.02 1.11 '1.16 1.09 0.0606 0.19 1.07
~ (5PPB) '4.78 5.57 4.80 5.52 4.93 5.03 5.58 0.3689 1.16 5.17
_ DISULFIDE, 0.99 0.97 0.97 1.03 0~89 1.78 0.94 0.3110 0.98 1.08

'IRICHWROFW::lRCl1EmIANE 0.95 1.08 1.07 1.02 0.98 1.01 1.03 0.0462 0.15 1.02tI-DlaDJJROI:IlIIm: 0.91 1.07 1.01 0.94 1.04 1.00 0.92 0.0619 0.19 0.98
CHJCHIDRCl'ImIANE 0.89 1.16 0.96 0.93 1.02 1.04 0.95 0.0898 0.28 0.99

, ,1-DICHlDROEl'HANE 0.94 1.12 1.04 0.85 0.99 0.99 0.97 0.0834 0.26 0.99
t=aDJJROI:IlIIm: (cis) 1.01 1.09 1.03 0.95 1.07 1.05 0.99 0.0482 0.15 1.03
, 2-DICHWROE:rHENE(trans) , 1.03 1.09 1.04 0.98 1.12 1.09 1.06 0.0467 0.15 1.06

0.91 , 1.02 1.04 0.96 1.05 1.02 0.99 0.0495 0.16 1.00
2-BtTI'AlUm (5 PPB) 6.21 7.01 5.54 4.79 5.74 4.67 4.00 1.0202 3.20 5.42

,1= 0.97 1.02 0.93 0.98 0.99 0.98 0.94 0.0304 0.10 0.97
0.94 0.98 1.02 0.89 0.99 1.00 0.97 0.0432 0.14 0.97

D~ 1.01 1.13 ,1.15 1.23 1.19 1.24 1.14 0.0774 0.24 1.16
, 2-DICHlDROEl'HANE 1.00 1.09 1.11 1.03 1.10 1.05 1.06 0.0399 0.13 1.06

2-DICHlDROPROPANE 1.01 1.06 0.98 0.91 0.98 0.92 0.89 0.0608 0.19 0.96
,1,1-TRICHUJROEl'HANE 0.99 1.07 0.96 0.97 0.98 1.02 0.96 0.0399 0.13 0.99

E~
0.96 1.00 1.01' 0.94 1.05 0.93 1.02 0.0446 0.14 0.99

OODICHWRaiEI'HANE 0.95 1.00 1.02 0.96 0.98 1.00 0.93 0.0320 0.10 0.98
_ ,2-DICHlDROPROPANE 0.91 1.22 0.96 0.97 1.07 0.95 0.99 0.1047 0.33 1.01
1,1-DICHWROPROPmE 0.92 1.09 0.94 0.89 0.94 0.90 0.94 0.0668 0.21 0.95
t~OPROPmE , 0.87 0.94 0.98 . 0.92 0.93 0.85 0.93 0.0439 0.14 0.92

0.91 0.92 1.01 0.96 1.01 0.93 0.95 0.0408 0.13 0.96
1,1,2-'IRICHWROEl'HANE 0.73 1.05 0.88 0.86 0.87 0.91 0.92 0.0948 0.30 0.89

IEDICIIUXlOPROPIlNE 0.93 1.14 1.01 1.00 0.97 1.05 0~85 0.0914 0.29 0.99
\ S-1,3-DICHWROPROPmE 0.91 1.10 0.88 0.92 1.01 0.95 0.95 0.0739 0.23 0.96
11F:I1Mr2-~ (5 PPB) 4.67 4.51 4.46 4.50 4.94 4.35 4.55 0.1899 0.60 4.57

2-HEXAtmE (5 PPB) 4.85 5.45 5.37 -5.08 4.56 4.66 4.74 0.3495 1.10 4.96

'~ 0.95 1.23 1.06 0.97 1.02 1.04 0.99 0.0934 0.29 1.04
0.99 1.02 1.00 0.95 1.06 0.99 1.04 0.0364 0.11 1.01

~ 0.98 0.93 1.04 0.97 0.97 0.98 0.99 0.0327 0.10 0.98

\~
0.99 1.03 0.95 1.02 1.07 0.97 1.03 0.0410 0.13 1.01
0.94 0.91 0.96 0.95 0.95 0.97 1.01 0.0305 0.10 0.96

o-X'ilmE 0.88 0.94 0.98 0.83 0.92 0.98 0.97 0.0567 0.18 0.93tr=::PP8l 2.12 2.27 2.21 2.04 2.05 2.20 2.32 0.1070 0.34 2.17
0.86 0.85 0.88 0.85 0.91 0.83 0.93 0.0359 0.11 0.87
1.00 0.93 0.98 0.98 0.99 0.99 1.02 0.0276 0.09 0.98

tert--Bt1l"iJJ3ENl 1.00 0.90 0.95 0.97 0.97 1.01 1.04 0.0454 0.14 0.98

'I=: 0.86 0.88 0.86 0.85 0.86 1.01 1.00 0.0704 0.22 0.90
0.93 0.90 0.99 0.97 0.72 0.84 0.96 0.0944 0.30 0.90

~Bt11'YImNlmE 1.05 0.94 1.02 1.00 1.04 1.02 1.11 0.0516 0.16 1.03

~
1.10 1.13 1.02 0.93 1.13. 1.02 1.07 0.0725 0.23 1.06

,2-DIBRCH:>EI'HANE 1.09 1.16 1.17 1.03 1.05 1.09 1.02 0.0596 0.19 1.09
,3-DICHWROBrnzmE 0.96 0.99 0.99 0.94 0.98 0.94 0.98 0.0219 0.07 0.97

I2-llI~ 1.00 1.08 0.98 1.05 1.02 0.98 1.05 0.0386 0.12 1.02
, 4-DICHIDROOmZENE 0.96 0.99 ," 0.95 0.94 0.98 0.94 0.98 0.0206 0.06 0.96



PACE, INC.
• (continued)

VtUTILE ~GANIC <mPOONDS
. KEImD 524.2 QiS WATmS

4/93

>G5034 >G5035 >G5036 >G5037 >G5038 >G5042 >G5043 X 3.14
cctlC. . CXH:. cctlC. cctlC. cctlC. cctlC. cctlC. STD MOL

CQiPOOND (1-ppb, exceptions noted) uglL uglL . uglL uglL uglL uglL 'WJIL m..v uglL MEAN
-- --

p-ISOPROPYL'l't>ll.JmE 0.94 0.91 1.02 0.96 0.99 1.01 1.10 0.0622 0.20 0.99
1,3,~ 1.08 0.97 1.03 1.02 0.97 1.02 1.08 0.0450 0.14 1.02
BR<K>FCEH 0.85 1.23 0.96 1.05 0.97 1.01 0.91 0.1215 0.38 1.00
1,1,1,2-'l'E"mACHLOROE'mANE 1.06 1.13 1.04 1.06 1.12 1.10 1.09 0.0336 0.11 1.09
1,1,2,2-'l'E"mAc::HI.!m0EmANE 1.04 1.20 1.19 1.03 0.97 1.11 1.13 0.0860 0.27 1.10
1,2,3-TRICHWROPROPANE ·1.12 1.74 1.04 1.32 1.46 1.40 1.04 0.2573 0.81 1.30
n--BtJ'I"iI.Bm 0.98 0.93 0.99 1.00 0.97 1.02 1.03 0.0334 0.10 . 0.99
1,2,4~ 1.00 0.93 1.03 1.01 0.97 0.89 1.08 0.0634 0.20 0.99
1,2,4-'IRI~ 1.01 1.03 1.05 1.07 1.06 1.03 1.15 0.0457 0.14 1.06
1,2,3-TRI~ 0.99 0.93 0.98 0.97 1.07 0.94 1.05 0.0526 0.17 0.99
NAPH'l'HAI...Em 0.94 1.05 0.99 0.99 1.00 0.94 0.96 0.0389 0.12 0.98
1,2,-DIBRCD:>-3~OPROPANE 0.68 1.09 0.60 0.81 0.85 0.73 0.99 0.1727 0.54 0.82
HEKACHU)R()BU'l!ENE 0.96 0.87 0.93 0.91 0.93 0.96 1.02 0.0469 0.15 0.94
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PACE New England. Inc. IMAlRIX OETEcnON LIMIT VERIFICATION STUDY

VOLATaEORG~CCOMPOUNDS

MElHOO 624 OMS WA1ERS -p~ t:::o~ ...... .
I1193

> 0384 >0384 >0385 >0385 >0385 >0385 >03854 X3.14 ICONC CONC CONC CONC CONC CONC CONC SID MOL
COMPOUND (10 ppb. exceptions noted ug/L ug/L ug/L ug/L ug/L ug/L ug/L OEY ug/L MEAN

---- --- -----

I---- -----
CHLOROMETHANE 8.40 10.18 10.98 10.89 10.00 11.56 10.84 1.0266 3.22 10.41
BROMOMETIIANE 9.15 9.67 10.92 10.37 9.96 11.07 10.46 0.6840 2.15 10.23
VINYL CHLORIDE 9.87 11.08 11.44 11.01 10.94 11.48 11.68 0.5969 1.87 11.07

ICHLOROElHANE 9.97 10.79 11.59 11.63 10.66 11.61 11.46 0.6426 2.02 11.10
METIIYLENE CHLORIDE 10.70 10.44 11.35 11.93 10.58 11.27 11.48 0.5463 .1.72 11.11
ACETONE 9.48 . 9.12 8.86 10.72 12.93 9.13 8.41 1.5531 4.88 9.81

ICARBON DISULFIDE 10.95 10.52 11.98 11.39 11.14 12.09 11.16 0.5580 1.75 11.32
TRICHLOROFLUOROMErnANE 10.01 10.59 11.60 10.50 10.71 11.58 11.01 0.5825 1.83 10.86
1,1-0ICHLOROETIlENE 11.18 10.81 11.05 . 10.31 10.40 11.27 10.20 0.4411 1.39 10.75

"TETRAHYDROFURAN 5.79 4.25 5.01 4.53 7.10 4.61 6.29 1.0554 3.31 5.37
l,l-0ICHLOROETHANE 9.77 10.31 11.29 10.50 10.30 10.39 10.10 0.4663 1.46 10.38
1,2-0ICHLOROETIlENE(total) (20pp 20.27 20.75 22.10 21.25 20.58 22.01 21.22 0.6969 2.19 21.17

ICHLOROFORM 9.79 10.17 11.26' 10.66 10.16 11.10 10.95 0.5545 1.74 10.58
2-BUTANONE 10.45 7.87 9.83 9.64 7.47 9.53 8.99 1.0811 3.39 9.11
1,2-0ICHLOROETIiANE 9.02 10.05 10.93 10.39 10.34 10.88 10.76 0.6640 2.08 10.34
MTBE 9.76 10.24 10.92 10.12 9.88 11.06 10.91 0.5399 1.70 10.41 I'l,l,l-TRICHLOROETHANE 9.59 10.20 10.37 9.66 9.55 10.26 9.53 0.3766 1.18 9.88
CARBON TETRACHLORIDE 9.68 10.63 10.42 9.91 9.72 10.65 9.61 0.4622 1.45 10.09
VINYLACETATE 9.70 10.23 11.14 9.75 10.50 11.97 10.87 0.8083 2.54 10.59 IBROMOOICHLOROMETHANE 9.79 10.26 10.12 10.15 9.90 10.90 9.81 0.3832 1.20 10.13
l,2-0ICHLOROPROPANE 9.14 9.95 10.25 9.74 9.78 10.44 9.50 0.4394 1.38 9.83
CIS-l,3-DICHLOROPROPENE (9.6 pp 8.70 9.51 9.83 9.48 9.45 10.17 9.47 0.4472 1.40 9.52 ITRICHLOROETIIENE 10.35 10.33 10.52 10.18 9.17 10.75 9.90 0.5148 1.62 10.17
OmROMOCHLOROMETHANE 9.43 10.25 10.37 9.89 10.05 10.93 10.37 0.4660 1.46 10.18
l,l,2-TRICHLOROErnANE 9.29 10.03 10.86 10.00 9.37 10.23 9.63 0.5449 1.71 9.92 I,BENZENE 10.11 10.10 10.57 10.19 10.02 10.73 10.00 0.2869 0.90 10.25
TRAN5-1,3-DICHLOROPROPENE (1 9.82 10.42 10.67 10.36 9.84 10.82 10.30 0.3797 1.19 10.32
2-CHLOROETHYLVINYLETHER 8.02 8.97 10.07 9.50 8.40 10.25 8.98 0.8243 2.59 9.17 I'BROMOFORM 9.73 10.39 10.50 9.17 10.10 10.75 9.76 0.5433 1.71 10.06 .
4-METHYL-2-PENTANONE 10.46 9.98 10.61 9.98 11.42 11.00 9.81 0.5942 1.87 10.47
2-HEXANONE 10.15 8.55 8.19 9.65 8.47 8.75 8.56 0.7158 2.25 8.90 ITETRACHLOROETIlENE 9.43 9.37 ,10.46 9.92 9.16 10.42 9.76 0.5110 1.60 9.79
1,1,2,2-TE1RACHLOROETHANE 10.03 10.27 10.96 9.95 10.31 10.72 10.29 0.3610 1.13 10.36
TOLUENE 9.53 9.73 10.27 9.98 9.78 10.54 9.94 0.3423 1.07 9.97

ICHLOROBENZENE 9.26 10.01 10.33 9.95 9.48 10.27 9.60 0.4061 1.28 9.84
ETHYLBENZENE 9.30 9.91 10.48 9.89 9.71 10.34 9.64 0.4070 1.28 9.90
STYRENE 8.95 9.51 10.38 9.59 9.64 9.80 9.79 0.4256 1.34 9.67 ,IXYLENE 9.26 10.22 10.14 10.13 9.64 10.13 10.15 0.3619 1.14 9.95
XYLENE (total) 18.53 19.32 21.23 19.64 19.94 21.47 19.55 1.0503 3.30 . 19.95
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PACE New England, Inc.

I
METHOD DETECflON LIMIT VERIFICATION STUDY

VOLATaE ORGAmC COMPOUNDS
METIlOD 624 GMS WATERS

I
1193

>G370 >G370 >G370 >G370 >G370 >G370 >G3709 X3.14

:otOUND (5 ppb, exceptions noted)
CONC CONC CONC CONC CONC CONC CONC SID MOL
ug/L . ug/L ug/L ug/L ug/L ug,tL ug/L DEV ug/L MEAN

---- === --------- -----
:HLOROMETHANE 3.58 .3.73 3.66 3.41 3.39 3.93 3.59 0.1866 0.59 3.61

:Rri.0METHANE 3.36 3.14 3.15 3.17 3.40 3.30 3.39 0.1166 0.37 3.27
'I CHLORIDE 3.40 4.15 3.80 3.45 3,16 3.84 3.52 . 0.3318 1.04 3.62
:HLOROETHANE 3.04 3.42 2.91 3.23 3.21 3.43 3.10' 0.1921 0.60 3.19
~ENE CHLORIDE 3.50 3.22 3.08 3.81 3.90 3.46 3.78 0.3114 0.98 3.54
I.C ONE 3.91 2.57 3.72 4.85 3.75 3.86 3.87 0.6639 2.08 3.79
:ARBON DISULFIDE 3.82 3.56 3.47 3.78 3.43 3.64 3.53 0.1498 0.47 3.60
R~LOROFLUOROMETHANE 3.49 3.33 3.32 3.32 3.34 3.53 3.37 0.0873 0.27 3.39
,I CHLOROETI-IENE 3.51 3.55 3.37 3.52 3.59 3.35 3.56 0.0946 0.30 3.49
ElRAHYDROFURAN 3.79 3.39 3.62 4.59 3.77 3.51 3.57 0.3967 . 1.25 3.75
,IICHLOROETHANE 3.44 3.48 3.31 3.47 3.51 3.68 3.48 0.1092 0.34 3.48
,2 CHLOROElHENE(cis) 3.38 3.29 3.22 3.19 3.39 3.33 3.24 0.0786 0.25 3.29
.,2-DICHLOROElHENE(trans) 3.39 3.27 3.28 3.54 3.42 3.26 3.35 0.1012 0.32 3.36
:HIROFORM 3.58 3.58 3.50 . 3.64 3.44 3.49 3.72 0.0962 0.30 3.56
:-B /\NONE 3.77 3.63 3.89 4.54 4.35 4.22 4.22 0.3311 1.04 4.09
ATBE 3.72 3.67. 3.56 3.87 3.79 3.56 3.60 0.1191 0.37 3.68
.,2:1iHLOROETHANE 3.65 3.41 3.42 3.37 3.37 3.43 3.34 0.1034 0.32 3.43
"I, ICHLOROETHANE 3.06 3.46 3.29 3.25 3.36 3.27 3.25 0.1219 0.38 3.28
:ARBON TETRACHLORIDE 3.44 3.74 3.45 3.51 . 3.53 3.72 3.38 0.1397 0.44 3.54

II~ACETATE 3.43 3.58 3.66 3.37 3.50 3.27 3.33 . 0.1397 0.44 3.45
3R I ODICHLOROMETHANE 3.44 3.43 3.50 3.53 3.61 3.44 3.46 0.0652 0.20 3.49
l,2-DICHLOROPROPANE 3.59 3.49 3.71 3.48 3.46 3.32 3.58 0.1229 0.39 3.52
:!"DICHLOROPROPENE (4.7 PP 3.19 3.53 3.60 3.15 3.33 3.16 3.10 0.1991 0.63 3.29
fR HLOROElHENE 3.28 3.56 3.67 3.55 3.45 3.60 3.46 0.1270 0.40 3.51
)1 OMOCHLOROMETHANE 3.44 3.57 3.52 3.57 3.77 3.54 3.61 0.1015 0.32 3.57

~1RICHLOROE1HANE 3.44' 3.57 3.33 3.71 3.68 3.48 3.67 0.1429 0.45 3.55
BE ENE 3.15 3.43 3.34 3.32 3.42 3.41 3.40 0.0986 0.31 3.35

S-l,3-DICHLOROPROPENE (5. 3.43 3.54 3.47 3.45 3.53 3.40 3.28 0.0879 0.28 3.44

2~EROETIiYLVINYLETIffiR 2.86 1.45 2.95 3.89 1.46 2.71 3.85 0.9930 3.12 2.74
B OFORM .3.32 3.60 3.53 3.51 3.68 3.47 3.61 0.1168 0.37 3.53
4- ' YL-2-PENTANONE 3.50 2.96 3.40 3.76 3.06 3.12 3.65 0.3088 0.97 3.35
2-HEXANONE 3.52 3.74 3.76 4.25 3.65 3.63 4.01 0.2521 0.79 3.79
~CHLOROETHENE 3.38 3.54 3.53 - 3.67 3.55 3.63 3.47 0.0963 0.30 3.54
1,1, ,2-TETRACHLOROETHANE 3.27 . 3.72 3.45 3.43 3.42 3.20 3.33 0.1673 0.53 3.40
TOLUENE 3.39 3.23 3.18 3.69 3.58 3.44 3.47 0.1806 0.57 3.43

~BENZENE 3.48 3.43 3.73 3.42 3.58. 3.73 3.73 0.1446 0.45 3.59
ENZENE 3.57 3.62 3.58 3.53 3.76 3.67 3.49 . 0.0905 0.28 3.60

STYRENE 3.20 3.31 3.48 3.47 3.33 3.44 3.31 0.1036 0.33 3.36

zr:(O) 3.56 3.61 3.51 3.69 3.40 3.86 3.36 0.1717 0.54 3.57
E (total) (10 PPB) 6.67 7.08 6.57 7.43 '7.20 7.09 6.85 0.3039 0.95 6.98
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PACE New England, Inc. IMETHOD DETECTION LIMIT VERIFICATION STUDY

VOLATILE ORGANIC COMPOUNDS
METHOD 8240 CMS LOW SOIL I\ 1/93

>~~>~~>~~>~~>~~>~~>~4~ X3.14 ICONC CONC CONC CONC CONC CONC CONC SID MDL
COMPOUND (5 ppb, exceptions noted) ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg DEV ug/L MEAN

---- === ===== ,I----
CHLOROMETHANE 4.20 4.74 4.15 4.45 4.38 4.93 5.21 0.3940 1.24 4.58
BROMOMETHANE 3.93 4.96 4.97 4.85 5.06 ' 5~26 5.27 0.4553 1.43 4.90
VINYL CHLORIDE 4.05 4.99 4.64 4.54 5.12 4.96 5.05 0.3815 1.20 4.76 ICHLOROETHANE 4.28 5.24 5.18 4.57 5.49 5.~ 5.53 0.4933 1.55 5.11
METHYLENE CHLORIDE 4.21 5.15 5.14 5.26 5.09 5.73 5.21 0.4527 1.42 5.11
ACETONE 3.18 4.36 2.87 3.20 5.20 4.15 5.27 0.9821 3.08 4.03 ICARBON DISULFIDE 4.57 3.43 4.74 3.72 3.46 3.73 4.05 0.5212 1.64 3.96
TRICHLOROFLUOROMETHANE 5.17 4.54 5.43 3.75 6.51 4.83 6.76 1.0668 -3.35 5.28
1,1-DICHLOROETHENE 4.94 5.31 5.55 5.13 5.87 5.70 5.67 0.3365 1.06 5.45

ITETRAHYDROFURAN 3.55 3.91 5.17 4.97 4.68 4.37 3.79 0.6209 1.95 4.35
1,1-DICHLOROETHANE 4.00 5.26 5.23 '5.14 5.62 5.66 5.85 0.6110 1.92 5.25
1,2·DICHLOROETHENE(total) (10 PP 8.36 10.25 10.40 10.02 10.29 10.72 11.13 0.8752 2.75 10.17 'ICHLOROFORM ' 3.69 5.09 5.01 5.00 5.11 5.53 5.34 0.5952 1.87 4.97
2-BUTANONE 3.53 3.89 5.36 5.03 4.52 4.19 3.90 0.6612 2.08 4.35
1,2-DICHLOROETHANE 3.49 5.28 5.04 4.93 5.07 6.04 5.35 0.7712 2.42 5.03 ,IMTBE 3.83 5.08 4.93 5.07 4.64 5.72 5.19 0.5813 1.83 4.92
1,1,1-TRICHLOROETHANE 4.00 5.03 4.34 4.73 5.24 5.32 5.35 0.5247 1.65 4.86
CARBON TETRACHLORIDE 4.03 4.95 4.39 4.29 4.72 5.02 4.94 0.3854 1.21 4.62

IVINYL ACETATE 5.04 5.15 5.55 5.33 5.12 3.73 5.13 0.5887 1.85 5.01
BROMODICHLOROMETHANE 3.92 5.31 5.27 4.89 5.01 5.64 5.23 0.5477 1.72 5.04
1,2-DICHLOROPROPANE 3.77 5.20 5.35 5.01 4.99 5.68 5.15 0.5996 1.88 5.02
CIS-1,3·DICHLOROPROPENE (4.7 PP 4.10 5.11 5.26 4.96 5.08 5.59 5.20 0.4606 1.45 5.04 ,I
TRICHLOROETHENE 4.27 4.98 4.75 4.38 4.70 5.49 4.87 0.4041 1.27 4.78
DIBROMOCHLOROMETHANE 4.40 5.24 5.17 4.85 4.72 5.47 5.05 0.3581 1.12 4.99
1,1,2-TRICHLOROETHANE 4.51 5.71 5.52 5.~ 5.51 6.09 5.62 0.~08 1.51 5.49 IBENZENE 4.03 '5.09 4.97 4.90 5.02 5.46 5.28 0.4549 1.43 4.96
TRANS-1,3·DICHLOROPROPENE (5. 4.01 5.61 '5.73 5.32 5.40 6.03 5.47 0.6437 2.02 5.37
2-CHLOROETHYLVINYLETHER 3.91 5.21 5.27 4.95 4.65 5.73 4.90 0.5704 1.79 4.95 ,IBROMOFORM 5.47 5.29 5.13 4.96 4.70 5.25 4.77 0.2836 0.89 5.08
4-METHYL-2-PENTANONE 4.23 4.99 5.44 5.21 4.95 5.59 4.26 0.5344 1.68 4.95
2-HEXANONE 4.87 4.16 5.29 5.05 4.91 5.50 3.80 0.6082 1.91 4.80 ITETRACHLOROETHENE 4.02 4.79 4.34 4.31 4.51 4.63 4.64 0.2592 0.81 4.46
1,1,2,2-TETRACHLOROETHANE 6.11 4.93 5.24 4.92 4.77 4.92 4.69 0.4845 1.52 5.08
TOLUENE 4.09 5.22 4.99 4.86 4.83 5.20 5.16 0.3938 1.24 4.91 ICHLOROBENZENE 3.99 5.22 5.04 4.80 4.76 5.24 5.02 0.4286 1.35 4.87
ETHYLBENZENE 3.84 5.21 4.88 4.91 5.06 5.37 5.19 0.5078 1.59 4.92
STYRENE 3.99 5.14 5.16 4.65 5.03 5.50 5.27 0.5003 1.57 4.96

IXYLENE 3.91 5.31 5.04 5.22 5.20 5.55 5.42 0.5466 1.72 5.09
XYLENE (total) (10 PPB) 7.94 10.83 10.31 10.23 10.36 11.01 11.12 1.0819 3.40 10.26

I
,I



. '\l;~ .

I
I

PACE New England, Inc.
METHOD DETECI10N LIMIT VERIFICATION STUDY

VOLATILE ORGANIC COMPOUNDS

I
METHOD8240DMSLOWSOIL - ~~U~

1/93

>D387 >D387 >D387 >D387 >D387 >D387 >D3876 X3.14l CONC CONC CONC CONC CONC CONC CONC STD MDL
MPOUND (10 p~b, exceptions noted ug/Kg ug/Kg ug/Kg ug/Kg, ug/Kg ug/Kg ug/Kg DEV ug/L MEAN

---- --- =====----
~OROMETIIANE 8.62 9.19 8.27 8.50 8.48 8.53 8.26 0.3122 0.98 8.55

OMOMETHANE 9.08 8.65 8.39 8.55 8.34 8.12 8.56 0.3005 0.94 8.53
VINYL CHLORIDE ,.--: 9.09 9.04 8.89 8.18 8.30 8.43 8.13 0.4146 1.30 8.58

COROETIIANE 8.14 7.84 7.89 8.12 7.07 7.87 7.81 0.3566 1.12 7.82
THYLENE CHLORIDE 8.66 8.54 8.27 8.42 8.23 7.86 8.39 0.2578 0.81 8.34

ACETONE 6.63 5.05 6.18 6.29 5.73 6.59 5.41 0.6032 1.89 5.98

~ON DISULFIDE " 8.45 8.99 7.67 8.17 8.55 8.16 8.50 0.4108 1.29 8.36
ICHLOROFLUOROMETHANE 9.25 9.53 7.97 8.36 8.68 8.93 8.94 0.5273 1.66 8.81

1,1-DICHLOROETHENE. 9.97 10.58 9.49 9.72 9.06 9.47 9.46 ,0.4845 1.52 9.68

IlRAHYDROFURAN 9.57 9.19 9.02 5.21 4.60 8.60 8.49 2.0255 6.36 7.81
. -DICHLOROETHANE 9.09 9.09 8.36 8.47 8.22 8.43 8.56 0.3487 1.09 8.60

,2-DICHLOROETHENE(total) (20 PP 17.71 17.62 15.69 16.33 15.63 15.85 16.38 0.8742 2.74 16.46

~ROFORM 9.25 9.40 9.17 9.07 8.93 8.83 8.80 0.2240 0.70 9:06
UTANONE ' 9.84 8.33 6.97 7.67 6.61 8.30 6.07 1.2724 4.00 7.68

-DICHLOROETHANE 9.71 9.76 9.34 9.30 9.54 9.10 9.00 0.2911 0.91 9.39

Ir 9.30 9.95 9.56 9.42 9.41 9.20 9.35 0.2447 0.77 9.46
,1-TRICHLOROETIIANE ' 9.70 10.25 9.62 10.11 9.09 8.97 9.23 0.4965 1.56 9.57

, BON lETRACHLORIDE 9.82 9.95 9.41 10.17 9.27 8.88 9.53 0.4397 1.38 9.58

EACETATE 10.22 11.25 9.73 9.65 9.32 9.75 9.26 0.6810 2.14 9.88
\ OMODIC~OMETHANE 10.21 10.39 10.02 10.29 9.56 9.51 9.55 0.3841 1.21 9.93

, ' -DICHLOR ROPANE 10.29 10.56 10.34 10.85 9.64 9.63 10.17 0.4506 1.41 10.21
CIS-1,3-DICHLOROPROPENE (9.6 PP 9.49 9.65 8.97 9.78 8.84 8.80 8.56 0.4763 1.50 9.16
tCHLOROETHENE ' 9.43 9.39 ' 9.13 10.06 8.91 8.52 9.10 0.4808 1.51 9.22

, ROMOCHLOROMETHANE 10.22 10.90 10.71 10.67 '10.31 9.42 9.76 0.5379 1.69 10.28
1,1,2·TRICHLOROETIIANE 10.16 11.14 10.39 10.88 9.90 9.81 10.03 0.5060 1.59 10.33
~ENE . 9.97 10.38 9.86 10.15 9.38 9.23 9.86 0.4059 1.27 9.83

S-1,3-DICHLOROPROPENE (1 10.80 10.86 10.36 10.98 10.42 10.00 10.00 0.4031 1.27 10.49
2-CHLOROETHYLVINYLETHER 10.57 11.35 7.44 10.78 10.59 10.62 10.81 1.2930 4.06 10.31
~OMOFORM 10.80 11.61 ' 10.60 10.55 10.09 9.73 10.70 0.5899 1.85 10.58

ETHYL-2-PENTANONE 12.84 . 11.61 10.56 10.15 9.75 11.29 9.46 1.1857 3.72 10.81
2-HEXANONE 11.69 10.40 8.42 9.29 7.77 10.47 7.86 1.4938 4.69 9.41
CCHLOROETHENE 10.15 10.24 9.90 10.11 9.42 9.71 9.77 0.2903 0.91 9.90
. ))-lETRACHLOROETHANE 12.30 11.87 11.42 10.81 10.30 10.96 9.97 0.8322 2.61 11.09
TOLUENE 10.06 10.21 10.04 10.08 9.93 9.63 10.07 0.1836 0.58 10.00

COROBENZENE 10.86 10.68 10.35 10.36 9.98 10.15 9.99 0.3353 1.05 10.34
YLBENZENE 10.73 10.47 10.67 10.56 9.91 9.44 10.12 0.4720 1.48 10.27

STYRENE 10.58 11.14 10.51 10.50 10.17 9.92 10.23 0.3885 1.22 10.44

~ENE ' 10.18 10.20 ·10.37 9.92 9.81 9.32 . 9.40 0.4047 1.27 9.89
I ENE (total) (20 PPB) 20.40 ' 21.28 ' 19.81 20.93 20.03 19.23 19.62 0.7299 2.29 20.19

I
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I
PACE NE\1 n~, mc IMmiOD DETEX:TIOO LIMIT VERITICATlOO S'IWY
VOLATILE ORGANIC CCliPOONDS

I~ISI'HOD 8240 DI1S MmABORE I.DW son..
3/93

>04708 >04707 >04702 >D4705 >04703 >04713 >04714 X 3.14 Icooc. cooc. cooc. cooc. CCX'lC. C<X'lC. CCX1C. STD HDL
COHPOOND (5 ppb, exceptions noted) ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg DEY ug/L HEAN

-- --
ICHLORC!1SI'HANE 3.95 3.7 5.31 3.95 4.73 3.47 3.58 0.6749 2.12 4.10

BROHOHETHANE 2.14 3.62 5.29 5.45 4.65 3.15· 4.55 1.2052 3.78 4.12
VTIrn.. CHWRIDE 3.67 2.57 4.45 2.15 3.9 3.54 4.07 0.8269 2.60 3.48
CHLOROE:rnANE 5.61 5.33 6.58 4.64 3.23 4.32 5.12 1.0577 3.32 4.98 IHSI'HYIDJE CHWRIDE 7.06 6.98 5.52 5.52 5.33 7.06 7.49 . 0.9207 2.89 6.42
ACEroNE 7.16 6.19 5.88 5.11 5.31 6.85 6.44 0.7587 2.38 6.13
CARBa~ DISULFIDE 8.88 6.69 5.35 5.25 3.87 6.04 7.09 1.5962 5.01 6.17

ITRICHLOROFLOOROl·!E'I'HANE 3.75 3.87 5.23 4.08 5.02 4.28 3.9 0.5887 1.85 4.30
1,1-DICHLOROETHENE 4.84 4.56 5.58 5.34 4.82 4.53 5.32 0.4137 1.30 5.00
1'EI'RAHYDROFURAN 14.35 11.07 17.11 11.23 10.22 12.15 6.11 3.4286 10.77 11.75

I1,1-DICHLOROEI'HANE 4.72 4.66 5.14 4.89 4.94 4.6 4.49 0.2243 0.70 4.78
1,2-DICHLOROEI'HENE(cis) 4.94 4.61 5.16 5.01 4.93 4.8 5 0.1747 0.55 4.92
1, 2-DICHlDROETHENE (trans) 4.72 4.52 4.32 5.6 5.24 5.49 5.62 0.5441 1.71 5.07
CHWROFOR!1 4.85 4.88 5.08 5.2 5.09 4.72 4.65 0.2050 0.64 4.92 I2-BUTANONE 6.74 5.87 4.81 4.14 4.19 5.82 5.15 0.9564 3.00 5.25
1,2-DICHLOROEI'HANE 4.95 5.13 5.02 4.93 4.86 4.58 4.78 0.1774 0.56 4.89
lITBE 5.82 5.43 4.97 5.26 5.06 5.4 5.47 0.2830 0.89 5.34

I1,1,1-TRICHLOROEI'lWJE 4.67 4.73 4.86 4.73 4.87 4.9 4.94 0.1028 0.32 4.81
CARBOO TE:I'RACHLORIDE . 4.89 4.92 4.84 4.76 4.96 4.82 5.17 0.1330 0.42 4.91
vnm. AOOATE 5.17 4.96 4.45 4.38 4.25 4.79 3.39 0.5851 1.84 4.48
BROIlODICHL()ROi1SI'HANE 4.96 4.91 4.91 5.08 4.92 5 . 4.89 0.0673 0.21 4.95 I1,2-DICHLOROPROPANE 4.88 5.16 4.96 4.87 4.94 5.27 4.58 0.2217 0.70 4.95
CIS-1,3-DICHlDROPROPENE (4.7 ppb) 4.75 5.03 4.81 5.21 5.07 4;66 4~38 0.2825 0.89 4.84
'IRICHLOROETIID~ 4.61 4.79 4.62 4.62 4.67 4.83 4.59 0.0955 0.30 4.68

".1DIBRCI1OCffiJ)ROI1E:rHANE 5.06 5.35 4.86 5.2 ·5 . 5.16 4.89 0.1755 0.55 5.07
1,1,2-TRICHLOROEI'HANE 5.08 5.44 5.09 4.83 5.23 4.99 5.08 0.1907 0.60 5.11
BFlmNE 4.96 4.94 4.75 4.92 4.85 4.7 5 0.1125 0.35 4.87

ITRANS-1,3-DICHWROPROPENE (5.3 ppb) 4.75 4.84 5.03 4.85 4.85 4.64 4.66 0.1336 0.42 4.80
2-<:HI.DROETHYLVTIffiEI'HER 5.96 5.19 4.81 4.89 4.92 4.31 4.92 0.4991 1.57 5.00
BROIlOFORM 5.59 5.82 4.54 5 4.93 5.51 4.87 0.4632 1.45 5.18
4-HSI'HYL-2-PEI'1I'ANC!1E 6.4 5.97 4.59 4.27 4.44 5.69· 5.36 0.8265 2.60 5.25 I2-HEXArmE 6.9 5.8 3.95 3.34 4.1 4.99 5.08 1.2127 3.81 4.88
TETRACHI.OROErHENE 4.63 5.05 4.84 4.82 4.89 4.72 5.7 0.3560 1.12 4.95
1,1,2,2-TETRACHWROEI'HANE 5.86 5.38 4.44 4.41 4.56 4.98 . 5.18 0.5427 1.70 4.97 I'IDIl.JENE 4.96 4.84 4.85 5.01 5.26 4.76 5.2 0.1884 0.59 4.98
CHlJ)ROBE1>JZEllE 4.97 5.09 4.98 5.1 5.03 4.7 5.31 0.1834 0.58 5.03
ETIM..SD1ZENE 5.15 4.65 5.54 5.1 4.99 4.52 4.99 0.3358 LOS 4.99
STIRll'1E 4.7 4.57 4.8 4.72 4.79 4.27 4.73 0.1855 0.58 4.65 IXYl.allJE (0) 5.09 4.86 5.05 4.88 4.6 4.8 4.93 0.1635 0.51 4.89
)"'YLEi~ (total) (10 ppb) 10.2 9.73 10.2 9.99 10.44 9.27 10.33 0.4051 1.27 10.02
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PACE New England, Inc. IMEI'HOD DgmnOO LIMIT vmrrICATIOO S'IUDY
VOlATILE ORGANIC CXliPOONDS

ME'I1iOD 8260 I!1S WW lrlATmS I1/93

>1>6909 >1>6910 >1>6911 >1>6912 >1>6913 >1>6914 >1>6916 X 3.14 Ic.c:NC. c.c:NC. cc.NC. <me. c.c:NC. c.c:NC. c.c:NC~ STD MDL
ca1FOOND (5 ppb, exceptions noted) uglL uglL uglL uglL ug/L , uglL. uglL DEV uglL MEAN

-- --
ICHlDROOETHANE 5.30 4.69 5.05 4.66 5.29 5.50 5.41 0.3393 1.07 5.13

BRm::>MEI'HANE 5.13 5.06 4.90 4.60 5.14 5.29 5.09 0.2221 0.70 5.03
VINYL CHlORIDE 5.05 4.91 4.74 4.54 5.09 5.34 5.13 0.2660 '0.84 4.97
CHlDROErHANE ' 5.15 4.82 5.19 4.72 5.35 5.26 5.32 0.2477 0.78 5.12 IMETHYLENE CHlORIDE 5.22 5.23 5.28 4.96 5.47 5.63 5.61 0.2410 0.76 5.34
Acrn::M 4.68 6.25 5.05 5.81 4.40 4.76 4.90 0.6643 2.09 5.12
CARBCW DISULFIDE 5.08 4.99 5.07 \ 4.70 5.44 5.39 5.42 0.2750 0.86 5.16 ,ITRICHWROFlIDROl1EmtANE 5.21 4.84 5.22 4.48 4.94 5.51 5.10 0.3290 1.03 5.04
1,1-DICHLOROrnIENE 5.04 5.05 4.97 4.81 5.19 5.23 5.17 0.1465 0.46 5.07
'I'EI'RAHYDROFURAN 6.02 6.54 6.51 6.36 6.61 5.73 5.03 0.5739 1.80 6.11
1,1-DICHlDROEI'HANE 5.11 5.01 5.02 4.84 5.34 5.34 5.31 0.1963 0.62 5.14 I1,2-DICHLOROE:mOO: (cis) 5.12 5.01 5.02 4.81 5.22 5.24 5.09 0.1460 0.46 5.07
1,2-DICHWROE:mOO:(trans) 5.07 4.88 4.94 4.74 5.30 5.38 5.21 0.2347 0.74 5.07
CHIDROFORM 5.20 5.18 5.02 4.85 5.40 5.45 5.31 0.2121 0.67 5.20 I2-BUrArmE 5.13 5.68 4.99 5.46 5.21 5.00 4.41 0.4026 1.26 5.13
1,2-DICHWROEI'HANE 5.22 5.51 5.08 5.27 5.43 5.42 5.19 0.1545 0.48 5.30
l'ITBE 5.11 5.46 5.01 5.12 5.20 5.11 4.84 0.1883 0.59 5.12 JI' 1,1,1-TRICHWROEI'HANE 4.98 5.04 5.14 4.99 5.08 5.20 5.18 0.0888 0.28 5.09
CARBCW TEI'RACHlORIDE 4.96 5.01 5.06 4.83 5.08 5.15 5.10 0.1064 0.33 5.03
VINYL ACEl'ATE 4.98 5.75 5.45 5.93 5.58 5.61 4.90 0.3843 1.21 5.46
BROl1ODICHWROl1EmtANE 5.10 5.34' 5.27 5.51 5.27 5.39 5.10 0.1492 0.47 5.28 I:1,2-DIcm.oROPROPANE 5.04 5.33 5.22 5.37 5.24 5.~ 5.19 0.1344 0.42 5.26
CIS-1,3-DICHWROPROPENE 5.05 5.23 5.10 5.29 5.16 5.16 ' 4.92 0.1217 0.38 5.13
TRICHWROE:mOO: 4.83 4.91 4.92 4.77 5.00 4.89 4.89 0.0723 0.23 4.89 IDIBROl1OClD.DROl1EmtANE 5.02 5.48 5.11 5.69 5.13 5.29 4.81 0.2949 0.93 5.22
1,1,2-TRICHLOROEI'HANE 4.98 5.5 5.10 5.60 5.18 5.14 4.86 0.2670 0.84 5.19
BrnzmE 4.97 5.08 5.07 5.05 5.21 5.29 5.09 0.1068 0.34 5.11

ITRANS-1,3-DICHWROPROPENE 5.10 5.44 5.26 5.61 5.18 5.19 4.80 0.2566 0.81 5.23
2-cHLOROrnfiLVINYLEI'HER 4.88 5.37 4.85 5.59 4.97 4.66 4.39 0.4079 1.28 4.96
BROl1OFORM 4.85 5.57 5.16 5.83 4.93 5.04 4.73 0.4011 1.26 5.16
4-MEmlYIr-2-PrnTANONE 4.78 5.52 4.91 5.75 4.96 4.82 4.48 0.4448 1.40 5.03 il2-HEXAl'l)NE 4.50 5.43 5.04 ' 5.58 4.94 4.57 4.30 0.4818 1.51 4.91
'J'gl'RACHlDROE:mOO: 4.85 4.74 4.88 4.69 4.91 4.83 4.93 0.0885 0.28 4.83
1,1,2,2-TEI'RACHlDROEI'HANE 4.78 .5.46 5.00 5.53 4.94 4.96 4.58 0.3449 1.08 5.04

ITOllJEM 4.74 4.77 4.88 4.77 4.98 5.02 5.05 0.1303 0.41 4.89
CHlDROBENZmE 4.59 4.82 4.68 4.82 4.89 4.91 4.83 0.1154 0.36 4.79
EI1IYLBrnzmE 4.84 4.86 4.88 4.83 5.03 5.08 5.03 0.1063 0.33 4.94
STYRrnE 4.75 5.02 4.89 5.00 5.00 4.85 4.82 0.1047 0.33 4.90 IXYLmE(O) 4.74 4.75 4.74 4.77 4.91 5.00 4.85 0.1013 0.32 4.82
XYLEm (total) 9.68 9.73 9.75 9.66 10.07 10.16 10.05 0.2124 0.67 9.87
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PACE New England, Inc.
METHOD DETECI10N LIMIT VERIFICATION STUDY

VOLATILE ORGANIC COMPOUNDS

:1 METHOD 8260 GMS LOW WATERS
1/93

. >G388 >G388 >G388 >G388 >G388 >G388 >G3886 X3.14I CONC CONC CONC CONC CONC CONC CONC SID MOL
MPOUND (5 ppb, exceptions noted) ug/L ug/L ug/L ug/L ug/L ug/L ug/L DEV ug/L MEAN

---- --- --------- -----
~ROMETHANE 4.82 4.53 4.57 4.49 4.74 4.50 4.75 0.1370 0.43 4.63

OMOMETHANE 5.05 4.95 4.58 4.84 4.73 4.72 4.92 0.1610 0.51 4.83
VINYL CHLORIDE 5.09 5.02 4.79 5.00 5.08 4.92 5.08 0.1093 0.34 5.00

~ROETHANE 4.99 4.60 4.71 4.90 4.89 4.63 4.99 0.1661 0.52 4.82
YLENE CHLORIDE 4.96 5.05 4.59 4.98 4.97 4.91 4.49 0.2176 0.68 4.85

ACETONE 5.95 5.13 5.20 7.41 6.07 6.05 5.31 0.7917 2.49 5.87
~BON DISULFIDE 4.82 4.47 4.49 4.61 4.72 4.45 4.67 0.1409 0.44 4.60

ICHLOROFLUOROMETHANE 5.03 4.81 4.56 4.77 4.83 4.66 4.81 0.1470 0.46 4.78
1,I-DICHLOROETHENE 5.25 4.94 4.88 5.06 5.27 5.15 5.05 0.1475 0.46 5.09

ITRAHYDROFURAN 5.13 5.05 3.96 6.34 4.91 4.53 5.06 . 0.7222 2.27 5.00
. -DICHLOROETHANE 5.17 4.88 4~86 4.94 4.93 4.81 5.03 0.1209 0.38 4.95
1,2-oiCHLOROETHENE(cis) 4.85 4.76 4.65 4.91 4.85 4.89 4.95 0.1018 0.32 4.84.
IDICHLOROETHENE(trans) 5.08 .4.70 4.88 4.73 4.98 4.87 5.01 0.1419 0.45 4.89

LOROFORM . 5.17 4.87 4.77 5.03 5.16 4.96 4.90 0.1494 0.47 4.98
2-BUTANONE 5.81 6.59 5.61 7.19 6.79 6.67 5.81 0.6041 1.90 6.35

~~CHLOROETHANE
4.90 4.75 4.78 4.92 5.36 4.94 4.78 0.2092 0.66 4.92
5.08 4.85 4.79 5.06 5.05 4.85 4.77 0.1362 . 0.43 4.92

1,1,1-TRICHLOROETHANE 5.01 4.93 4.68 4.81 4.94 4.95 4.86 0.1104 0.35 4.88 .

~N TETRACHLORIDE 5.01 4.84 4.55 4.83 4.94 4.75 4.82 0.1465 0.46 4.82 .
ACETATE 4.85 4.81 4.46 5.03 4.90 4.52 4.84 0.2065 0.65 4.77

BROMODICHLOROME~ 5.15 4.81 4.74 4.84 5.04 4.82 4.89 0.1448 0.45 4.90

IDICHLOROPROPANE 4.87 4.96 4.79 4.92 4.98 5.20 5.12 0.1415 0.44 .4.98
-l,3-DICHLOROPROPENE (4.5 PP 4.39 4.25 4.13 4.24 4.35 4.37 4.34 0.0931 0.29 4.30
ICHLOROETHENE 4.98 4.78 4.83 4.92 5.09 4.93 5.07 0.1148 0.36 4.94

~ROMOCHLOROMETHANE . 5.13 4.94 4.77 5.18 5.18 5.27 5.14 0.1720 0.54 5.09
,2-TRICHLOROETHANE 4.98 4.79 4.79 5.43 5.22 5.44 5.38 0.2911 0.91 5.15
NZENE 4.84 4.86 4.79 4.97 5.05 4.99 4.88 0.0934 0.29 4.91

ES-l,3-DICHLOROPROPENE (5. 5.44 5.30 4.99 5.26 5.52 5.26 5.20 0.1707 0.54 5.28
HLOROETHYLVINYLETHER 4.25 4.07 3.94 3.40 3.51 4.20 4.05 0.3331 1.05 3.92
OMOFORM 5.21 4.85 4.90 5.22. 5.7'3 5.31 5.09 0.2935 0.92 5.19

CHLOROBENZENE-dS 10.00 10.00 10.00 10.00 10.00 10.00 10.00 0.0000 0.00 10.00
~UENE-d8 . 24.91 24.50 25.24 23.92 24.97 24.41 23.80 0.5419 1.70 24.54

THYL-2-PENTANONE 4.89 4.67 4.30 4.40 4.56 4.72 4.27 0.2317 0.73 4.54
2-HEXANONE 4.38 4.42 4.45 4.27 4.83 4.47 4.55 0.1761 0.55 4.48
ITRACHLOROETHENE 5.11 4.94 5.24 4.98 5.30 5.26 5.25 0.1456 0.46 5.15
~2-TETRACHLOROETHANE 4.71 4.79 4.77 5.00 4.42 4.99 4.92 0.2017 0.63 4.80

TOLUENE 4.94 4.67 4.96 4.80 4.75 4.90 4.87 0.1061 0.33 4.84
I:!0ROBENZENE . 4.89 4.57 4.76· 4.66 4.88 4.93 4.75 0.1319 0.41 4.78

YLBENZENE 5.16 4.80 5.00 4.92 5.27 5.16 .4.92 0.1680 0.53 5.03
STYRENE 4.95 4.79 4.97 4.78 4.93 4.85 4.88 0.0758 0.24 4.88

~ENE(O) 4.99 4.76 . 5.05 4.92 5.08 5.06 4.95 0.1110 0.35 4.97
ENE (total) (10 PPB) 9.31 9.16 9.08 9.04 9.44 9.35 9.60 0.2024 0.64 9.28
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I·HOD 602 "
ECTION LIMIT STUDY ON iHE TRACOR GC

PACE, INC.

STA3IL~AX COLUI1N

iIt:~~~~_:~:~~~_.:~~--:~~~-~:~~~~~~--.--------------------------------
~ET

I POUNt Concentiation (ppb) AVG so LIM
==============================================:=======:===:=========

~iBE " ~.25 ~.22 2.34 2.04 2.39, 2.45 2.40 2.30 0.13 0.41

I ZENt 2.38 2.~2 2.45 2.352.46 2.51 2.39 2.42 0.05 0.16
UENE 2.12 2.06 2.17 Z.10 2.11 2.21 2.28" 2.15 0.07 0.22

_.-EENZ:~~ 2.12 2.16 2.11 2.07 2.20 1.98 2.10 2.11 0.06 0.20
?-XVLENE 2.43 2.47 2.38 2.37 2.52 ~.22 2.36 2.39 0.09 0.2~

I
YL~:lE 2.36 2.49 2.34 2.30 2.49 2.28 2.37 2.38 0.08 0.24
YL;NE 2.1~ 2.17 2.13 2.06 2.2~ 2.0~ .2.26 2.15 0.09 0.28
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PACE NEW D~, me.

Il'!ETHOD DEl'EC'I'Ia~ LIMIT VERIFICATICN snlDY
SE1~TILE ORGANIC ca1POONDSJ

fJfK ~1't3HMS 3/93 I~ ~d. 5"

X 3.14 I,
STD MDL

a'!POOI'ID {20 P.PB) >H9650 >H9651 >H9652 >H9653 >H9654 >H9655 >H9656 DEY' OO/L MEr.N

I(OO!L) (OO!L) (OO/L) (OO!L) (OO/L) (OO/L) (OO/L)' -- =,4-DICELORcmm:oo:-d4 40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0000 0.00 40.00
-NrI'ROSOD~IDlE 20.00 21.20 20.92 20.05 20.73 20.73 20.06 0.4853 1.52 20.53

I-FW:ROPHmJL 16.65 17.53 17.81 17.42 17.35 18.12 17.52 0.4531 1.42 17.49
HE1«JL-dS 17.40 17.95 18.58 17.39 17.94 18.29 17.86 0.4337 1.36 17.92
~0PHmJL-d4 17.48 18.16 18.50 17.99 18.04 18.81 18.44 0.4300 1.35 18.20
,2-DICHIDROBEllZmE-d4 17.40 . 18.13 18.09 17.40 11.53 18.77 18.10 0.5034 1.58 17.92 IiHrnOL 17.07 17.32 18.11 17.45 17.79 18.11 17.96 0.4112 1.29 17.69

r~m
17.50 17.86 19.02 18.27 18.12 18.13 18.32 0.4662 1.46 18.17

IS (2-eHIDROEI'HYL)El'1im 16.55 17.31 17.37 17.09 17.31 17.61 17.58 0.3594 1.13 17.26

I~dl.OROPHEN:L 17.42 18.04 18.32 17.91 17.98 18.22 18.20 0.2989 0.94 18.01
,3-DICHIDRCBENlENE 16.62 17.52 17.47 17.08 17.32 18.16 17.40 0.4666 1.47 17.37

.,4-DICHIDROBmZENE 16.49 17.76 17.61 17.35 17.42 18.40 18.05 0.6046 1.90 17.58

IiD~ AI£OHOL 22.97 22.72 23.74 23.51 22.69 21.61 21.53 0.8530 2.68 22.68
.,2-DICHLORCBENIDlE 16.71 17.54 17.44 17.08 17.35 17.77 17.69 0.3688 1.16 17.37
:-HETHYLPHElDL 17.72 18.62 19.19 17.96 18.07 18.12 18.53 0.4972 1.56 18.32
lIS (2-<:HI.OROISOPROPYL)El'H 18.34 19.37 19.70 19.09 19.04 19.22 19.30 0.4183 1.31 19.15 IH€I'HYLPHmL 17.35 17.85 18.22 17.82 18.01 18.22 17.77 0.3013 0.95 17.89
I-NITRQSO-DI-N-PROPYIRIDi 16.04 16.67 16.99 16.30 16.12 15.95 16.58 0.3809 1.20 16.38
iEXACHI.OROEI'HANE 13.12 14.21 14.00 14.12 14.51 15:.33 15.11 0.7384 2.32 14.34

IlAPH'I'HAImE-d8 40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0000 0.00 40.00
TITR.CBFlrzrnE 17.45 17.78 18.72 17.74 18.51 18.15 18.24 0.4523... 1.42 18.08
:SOPHCROOE 18.32 18.58 19.53 18.69 18.72 18.51 18.50 0.3924 1.23 18.69
TITR.OBnm1~-d5 17.43 17.79 18.47 17.87 18.13 18.13 17.57 0.3588 1.13 17.91 IH'ITI'ROPHErDL 19.06 19.34 20.20 19.34 19.80 19.81 18.92 0.4577 1.44 19.502,4-DJME"l1tYLPmX)l 14.99 16.14 17.09 15.92 16.09 16.83 . 15.08 0.7932 2.49 16.02
3FllZOIC ACID 2.27 1.53 2.56 2.22 2.24 3.25 2.01 0.5257 1.65 2.30 I3IS (2-anDR0Ern0XY)MF:I'lWJ 17.51 17.71 18.56 18.20 18.52 18.14 18.03 0.3883 1.22 18.102,4-DICHLOROPHENOL 19.06 19.76 20.61 19.57 19.85 20.20 19.20 0.5421 1.70 19.751,2,4-TRICHI.DROBEmEm: 17.98 18.67 19.04 19.08 19.06 19.39 18.68 0.4551 1.43 18.84

INAPh""l'H.'.IDJE 18.28 18.58 19.24 19.02 19.14 19.14 18.95 0.3498 1.10 18.91
4-an.oROANILIm: 18.84 19.05 19.94 19.36 20.08 18.84 19.37 0.4986 1.57 19.35HEXACHlDROBUrADmtE 17.84 18.61 19.02 18.82 19.03 19.13 18.55 0.4434 1.39 18.71
4-eHLORo-3,'1EJ'HYLPHm:JL 19.72 19.89 20.63 20.60 20.77 20.43 19.81 0.4420 1.39 20.26 I2-i'iETh'YI.NAPH'I'HALE 18.90 19.03 20.61 19.42 20.34 20.10 19.66 0.6536 2.05 19.72
ACDC\Pll'I'HrnE-dlO 40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0000 0.00 40.002,4,6-TRIBRC1'iJPHElliL 23.41 24.01 24.16 24.45 24.54 24.61 23.46 0.4955 1.56 24.09 I2-FWOROBIPHENiL 19.85 20.54 20.95 20.79 21.30 20.67 20.59 0.4445 1.40 20.67HEXACHLORClCYCl.OPOOADImE 4.54 5.89 6.55 6.87 6.14 7.69 7.59 1.0862 3.41 6.472,4,6-TRICHLOROPHrnOL 20.83 21.61 21.29 20.98 22.17 21.08 20.30 0.5950 1.87 21.18

I2,4,5-TRICHIDROPHENOL 20.21 20.69 19.74 20.19 21.39 20.65 20.22 0.5264 1.65 20.44
2-<:HLDROOAPHI'HALOO: 19.87 20.49 20.84 20.04 20.91 21.37 20.44 0.5200 1.63 20.572-NITROANILINE 19.45 19.53 20.38 19.95 20.51 19.96 20.20 0.4025 1.26 20.00
Dn~ 19.78 20.32 20.60 20.16 20.91 21.00 20.76 0.4401 1.38 20.50 IACENAPHTIIYLENE 20.01 20.64 21.38 20.57 21.49 21.05 20.20 0.5669 1.78 20.763-NlTROANILlNE . 19.54 19.91 20.63 19.80 20.96 20.65 19.75 0.5543 1.74 20.18AOltAPH'I'HOO: 19.19 19.54 20.51 19.78 20.55 20.20 19.67 0.5136 1.61 19.92

I2,4-Dn·lI'I'ROPHENQI, 8.00 8.34 8.95 10.14 10.53 8.97 9.50 0.9163 2.88 9.204-i'lITRCPHFln 17.56 17.90 17.98 17.88 16.97 17.75 17.49 0.3489 1.10 17.65DIBFllZOFlJRAN 18.76 19.33 19.81 18.84 19.58 19.70 19.19 0.4109 1.29 19.322,6-DD·lITRoroI..urnE 20.79 22.17 21.87 22.05 21.44 21.15 20.96 0.5492 1.72 21.49 -I2.4-DJlIITRarormE 19.62 19.56 19.89 20.02 20.31 19.97 19.90 0.2521 0.79 19.90



~\ -\!DvA1'l L-15 ()e.b~IL COUi\~LJfJOS - rrtv\S "3-'13
MeL"1tVO '='d&" . ~"l-rit'cJd

18.98 19.20 19.68 18.98 19.93 19~65 19.30 0.3705 1.16 19.39
19.22 19.73 20.34 20.18 20.56 20.10 20.11 0.4391 1.38 /;0.03
19.36 19.88 20.14 19.75 20.95 20.21 19.31 0.5636 1.77 19.94
20.42 20.48 21.03 19.63 20.68 20.37 20.61 0.4272 1.34 20.46
40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0000 0.00 40.00
12.42 , 13.37 14.08 15.17 14.93 13.89 14.98 1.0004 3.14 14.U
20.63 21.21 22.06 21.27 21.95 22.04 21.50 0.5320 1.67 21.52
22.56 22.99 22.85 22.69 23.64 23.U 22.84 0.3531 1.11 22.96
22.48 22.50 22.81 23.12 23.32 24.19 22.74 0.5991 1.88 23.02
21.95 21.59 23.20 22.60 22.94 23.01 22.40 0.5901 1.85 22.53
22.33 22.38 22.58 23.31 22.09 21.51 21.83 0.5765 1.81 22.29
19.87 20.58 20.87 20.56 21.15 21.03 20.58 0.4219 1.32 20.66,
19.47 . 20.10 20.62 20.73 20.88 20.65 20.48 0.4846 1.52 20.42
20.45 20.55 21.40 20.65 21.49 21.42 21.00 0.4479 1.41 20.99
20.58 20.33 21.00 21.14 21.15 21.U 20.91 0.3176 . 1.00 20.89
27.22 . 13.21 38.79 23.90 25.33 20.32 25.90 7.7256 24.26 24.95
40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0000 0.00 40.00
21.87 23.00 22.75 23.26 22.95 23.39 23.50 0.5478 1.72 22.96
20.39 21.12 21.48 21.67 21.39 21.29 21.99 0.5011 1.57 21.33
20.85 22.24 22'.33 22.49 22.19 22.41 22.34 0.5695 1.79 22.12
25.53 ' 26.45 27.46 27.46 26.78 27.88 27.37 0.8006 2.51 26.99
20.32 21.67 21.61 22.03 21.91 21.66 22.00 0.5899 1.85 21.60
20.07 20.93 20.84 21.06 20.93 21.04 20.97 0.3450 1.08 20.83
19.• 58 20.54 20.84 20.59 20.86 21.21 21.32 0.5747 1.80 20.71
40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0000 0.00 40.00
21.58 21.57 21.78 22.08 22.22 22.16 21.98 0.2689 0.84 21.91
21.24 19.27 18.31 19.57 22.04 21.35 19.06 1.4070 4.42 20.12
19.00 21.57 24.56 22.93 20.85 21.27 23.09 1.8060 5.67 21.90
19.92 19.44 20.19 20.31 20.33 20.36 20.38 0.3444 1.08 20.13
19.49 19.40 19.61 19.50 19.71 19.15 19.13 0.2193 0.69 19.43
20.30 19.94 20.10 20.12 20.33 20.10 19.73 0.2061 0.65 20.09
18.40 17.93 18.49 18.23 18.36 17.86 17.75 0.2947 0.93 18.15

PACE, INC.



DATA TILES:
(l) GlL09065
(2) G1L09066
(3) G1L09067
(4) G1L09068
(5'> GlI.Q9069
(6) G1.L09070
(7) G1L09071

'EDB
DBCP

PACE NEW mGIAND, OC.
~D DE:m:TIOO LIMIT VERIFICATIOO S'lUD'{

EDB/DPJ:P MEmOD 504
1/93

(1) .. (2) (3) (4) (5) (6) (7) X 3.14
WK:. WK:. calC. CCNC. CCNC. cooc. CCNC. STD IIDL
ug/L ug/L ug/L ug/L ug!L . ug/L ug/L DEV ug/L MEAN

.. -- --
0.0456 0.0497 0.0402 0.0504 0.0474 0.0414 0.0470 0.0039 0.0122 0.0460
0.04550.05390.0411 0.0502,0.0460 0.0391 0.0453 0.0050 0.0158 0.0459

FfEDB .

;1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
DATA FILES:

I Gl9G03728
, Gl9G03729

) G19G03730

I)G19G03731
)G19G03732
) G19G03733

(7) G19G03734

Lwm

~
2 4-D
ECHWROPHEIDL
2,4,5-T

r::
BENI'OZaf

ICLORAl~

I
I
I
I
I
I
I
I

.1.
I

PACE mY ENGLAND, INC•. '! :.

l1El'HODDETEX:I'IOO LlHIT VERIFICATIOO S'IUDY
HERBICIDES DRINKING \lAm MmiOD 515

4/93

(1) (2) (3) . (4) (5) (6) (7) X3.14
cooc. rolC. cmc. erne. erne. erne. erne. STD MOL
ug/L ug/L ug!L ug/L uq/L ug/L uq/L DEV uq!L MEAN

-- --
17.550817.9803 18.2884 16.7459 17.7101 16.5626 18.7284 0.7845 2.4634 17.652
1.7808. 1.8749 1.7673 1.6548 1.8381 1.6053 1.9399 0.1185 0.3722 1.780
6.0012 5.7705 5.5396 5.2617 5.2633 4.8595 6.0395 0.4344 1.3640 5.534
3.7465 3.5679 3.4506 3.3916 3.4014 3.1470 3.7603 0.2166 0.6801 3.495
1.9613 1.9323 1.8461 1.7117 1.6745 1.5690 2.8515 0.4282 .1.3446 .1.935
1.8515 1.8300 1.7402 1.6985- 1.7467 1.5767 1.8882 0.1062 0~3334 1.762
2.1140 1.9021 2.0930 1.8860 1.9280 1.9112 2.1726 0.1205 0.3783 2.001
2.1146 2.2287 2.3386 1.9298 2.1952 1.9165 2.3982 0.1866 0.5860 2.160

14.5637 13.3385 13.0567 11.0684 9.1685 9.1924 14.5307. 2.3285 7.3116 12.131
3.8099 3.8792 3.3789 3.1300 3.1672 3.2863 3.5825 0.3013 . 0.9459 3.462
1.8877 2.0006 1.9292 1.7277 1.9509 1.7889 2.1868 0.1493 0.4689 1.925

-



~.TA FILES:
* t;Cll
(1) GlL09755
(2) GlL09756
(3) GlL09757
(4) (;",.J.09759
(5) GlL09760
{Ei) GlL09761
{7' G1L09762

CtlIPCUND

;'l..P~-BHC

Grii'lHA-BHC
BEn-BHC
HE?TriCHI1>R
DELTA-BHC
ALDRnI
HEPTACHLOR EPOXIDE
GiJ'~'IA-eHLOFDANE

4,.4'-DDE
DIELDRIN
ENDRm
4,4'-DDD
E.,rrost.JI.nl~ n
4.4' -DI7l'
Ei-lDRm :..LDEHYDE
DiOOsmJ'AN SlrJ.JFATE
1-!E'IF.OXYCHLOR
ENDRm KETCNE
~JIX)SULF~N I *
;'.LPHA-anDRDkiIE *

PACE NE'J ENGLAND, INC.
11SI1iOD D-rnx:TICU L!l{I'l' VERIFICATIOO S'lUDY

PESTICIDES/PCBS }!EI'HOD 608
1/93

'.(1) (2) (3) (4)' (5) (6) (7) ,
CQ.'IC.' caK:. CCNC. CONC. CCtlc. calC. cooc.
ug/L ,> ug/L ug/L ug/L ug/L ug/L ug/L

0.0442' 0.0461 0.0467 0.0453 0.0431 0.0486 0.0436
0.0467 0.0482 0.0507 0.0485 0.0461 0.0513 0.0467 .
0.0494 0.0529 0.0525 0.0512 0.0501 0.0541 0.0499
0.0501 0.0526 0.0527 0.0528 0.0507 0.0555 0.0497
0.0400 0.0417 0.0600 0.0419 0.0391 0.0433 0.0403
0.0489 0.0515 0.0508 0.0511 0.0496 0.0543 0.0496
0.0521 0.0560 0.0554 0.0559 0.0535 0.0580 0.0530
0.0508 0.0522 0.0563 0.0551 0.0519 0.0573 0.0509
0.1111 0.1182 0.1119 0.1187 0.1112 0.1205 0.1123
0.1027 0.1102 0.1061 0.1110 0.1037 0.1131 0.1054
0.099S 0.1050 0.0937 0.0986 0.0882 0.0981 0.1010
0.0865 0.0917 0.1032 0.0901 0.0847 0.0890 0.0840
0.1031 0.1110 0.1124 0.1113 0.1043 0.1123 0.1058
0.0872 0.0919 0.1162 0.0921 0.0825 0.0913 0.0861
0.0997 0.1122 0.1177 0.1102 0.1058 0.1174 0.1086
0.0914 0.0967 0.1382 0.0961 0.0895 0.0971 0.0898
0.5046 0.5444 0.6096 0.5422 0.4932 0.5314 0.5101
0.0960 0.1063 0.1256 0.1102 0.1066 0.1110 0.0996
0.0473 0.0494 0.0497 0.0491 0.0464 0.0510 0.0468
0.0481 0.0513 0.0526 0.0512 0.0482 0.0527 0.0489

X 3.14
S'I'D MDL
DE'l ug/L MEAN

0.0019 0.0061 0.0454
0.0020 0.0064 0.0483
0.0018 0.0055 0.0514
0.0020 0.0063 0.0520
0.0073 0.0229 0.0438
0.0018 0.0056 0.0508
0.0021 0.0065 0.0548
0.0027 0.0034 0.0535
0.0041 0.0129 0.1148
0.0040 0.0125 0.1075
0.0054 0.0170 0.0978
0.0065 0.0204 0.0899
0.0040 0.0127 0.1086
0.0111 0.0347 0.0925
0.0064 0.0200 0.1102
0.0172 0.0541 0.0998
0.0387 0.1216 0.5336
0.0095 0.0299 0.1079
0.0017 0.0054 0.0485
0.0020 0.0063' 0.0504

rfc,.CcJiA

I
I
I,

I
I
I
I
I
I
I
I
I
I
,I

I
I
I
,I

I



I
I
I DATA FILES:

(l) Gl608011
(2) G1608012

I (3) G1608013
(4) G1608014
(5) G1608016

I
(6) G1608017
(7) G1608018

CCl1POmID

I CHlDRDANE
'IDXAPHEl~

'I
I
I
·1
I
I
I
I
:1
II
;1
il
II
!

PACE NE.V mGLAND, ~. ('
ME:rHOD DE'IK1'ICI'l LIMIT VDUFICATIOO S'IWY

PESTICIDES/PCBS MEnIOD 608 .
1/93

(1) (2) (3) (4) (5) (6) (7) X 3.14
cmc. CCX-JC. CCX-JC. CCl'lc. CCX-JC. CCX-JC. CCX-JC. STD MOL
ug/L uglL uglL uglL ug/L uglL uglL DE\' uglL llEAN

-- --
LBO 1.140 1.020 1.090 1.020 1.090 0.986 0.0596 0.1872 1.0680
1.080 1.100 0.942 0.825 0.965 0.985 0.918 0.0946 0.2970 0.9736



fC(3G-(,Cl A.~o..l

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



SP2765 SP2766 SP2767 SP2768 SP2769 SP2770 SP2771
erne. ca~. CONC. CONC. CONC. CONC. <me. STD

. ug/L uglL ug/L ug/L ug/L ug/L ug/L DEV

I
I
I
I
cImm
r 1232

,I

I
I
I
I
I
I
I
I
I
I
I
I

PACE NEW ENGLAND, INC. .
11EI'HOD DErEX:TIOO LIMIT VERITICATIOO S'IUDY

AROCWR 1232 .
6/93

t-I\6"1'1'tVO' ~B q ..

..

1.28· 1.18 1.53 1.42 1.28 1.16 1.28 0.13

X 3.14
MIlL
uglL MEAN
-- --

0.41 1.30



PACE NE'Il rnGLAND, INC.
MEI'HOD DETFcr!Cfi LlMIT vmIFICATICfi STUDY

AROCLOR 1254 m son.
MEDIUM SOLID El{'ffiACTICfi

4/93
DATA FILES:
(1) GlOM09278
(2) G10M09279
(3) Gl0l109280
(4) G10M09281
(5) Gl0l109282
(6) G1OM09283
(7) G10M09284 (1) (2) (3) (4) (5) (6)' (7) X 3.14

CCNC. CCl'lC. CCNC. <mc. CCNC. <me. CCNC. STD MOL
ce::t1RXlND ug/g . ug/g ug/g ug/g ug/g ug/g ug/g· DEY' ug/g MEAN

-- --
ARCIDR 1254 1.97 1.99 1.95 1.99 2.02 1.99 1.92 0.0326 0.1023 1.9757

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

DATA FILES:

I G6I·n.3337
G6Ml3338

(3) 000.3339

I G61U3340
G6M13341
G6lU3342

1::344

r 1254

I
I
I
I
I.
I
I
I
I
I
I
I.
I

PACE NEw mGLAND, INC.
ME"I'HOD DF:rEX:TIOO Ln·!IT VERIFICATIOO S'lUD'(

AROCWR 1254 IN OIL
4/93

(1) (2) (3) (4) (5) (6) (7) X 3.14
<me. <me•. CCNC•• <me. cooc. Cl:K:. cooc. STD . MOL
uq/g uq/g uq/g uq/g uq/g uq/g ug/g DEV uq/g MEAN

-- --
8.43 8.24 9.24 8.21 8.78 9.26 8.99 0.4493 1.4109 8.7357

.'~,

'-



DATA FILES:
(l) G9G13004
(2) G9G13oo5
(3) G9G13006
(4) G9G13OO7
':5) G9G13008
(6) G9G13oo9
(7) G9GDOlO

ro{POUND

DICHLORVOS
}!EYINPHOS
ErHOPROP
lro..ED/PHORATE
DIAZnJCi~/DU~

:::lISULFO'I'a~

RClJIID.
CHIDRPYRIFOS/HERPHOS
ME:I'HYL PARATHIaJ
TRlCHLORONATE
mrnrrCN
'roKlJrHICl'1
STIROPHOS·
BOLSTAR
IDlSUL.'l:'QTHIaJ
.AZD~HOSl1EmfYL

CCm:APHOS

PACE NEW ENGLAND, INC.
l1ETHOD DETEX:TICN LD·lIT VERIFICATICN S'IUDY

PESTICIDES/PCBS· MEmK>D 8140
1/93

(1) (2) (3) (4) (5) (6) (7)
CQ.~. ca~. calC. cooc. CCNC. caVC. ca~.

ug/L ug/L ug/L ug/L ug/L ug/L ug/L

6.03474.7354 5.1758 4.7671 4.9145 4.2948 4.8825
2.6326 2.0288 2.3125 2.1218 2.3538 1.9704 2.1659
3.1840 2.5656 2.7250 2.5710 2.7339 2.4029 2.5847
1.3494 0.8469 1.7460 1.8062 1.4885 0.3882 1.0601
2.9056 2.3340 2.4283 2.1035 2.4510 2.0723 2.1813
0.0818 0.0424 0.7947 1.0371 0.2464·0.0397 0.0554
2.8964 2.4158 2.4236 2.3013 2.4035 2.1624 2.2469
5.8751 4.7718 4.9066 4.5194 4.6372 4.2605 4.5424
2.8997.2.3657 2.3988 2.2600 2.3037 2.1135 2.2136
2.9725 2.4194 2.4812·2.2494 2.3366 2.1568 2.3134
1.3654 0.7726 1.9272 1.9540 1.5344 0.0645 1.1046
2.7336 2.1692 2.2445 2.2262 2.2025 1.9579 2.0855
2.9153 2.3701 2.4395 2~2319 2.3832 2.1048 2.2728

.... ,., . 1.2552 0.7169 1.8870 1.9283 1.5098 0.1015 0.9913
2.9933 2.4949 2.3760 2.1600 2.4053 2.1341 2.2741

. 2.7963·2.2596 2.3083 2.1705 2.3095 2.0364 2.1009
2.9304 2.4110 2.4313 2.2163 0.0726 2.0463 2.1998

X 3.14
STD MOL
DEV ug/L MEAN

-- --
0.5383 1.6903 4.9721
0.2265 0.7112 2.2255
0.2483 0.7795 2.6810
0.5104 1.6025 1.2408
0.2862 0.8987 2.3537
0.4137 1.2990 0.3282
0.2368 0.7436 2.4071
0.5211 1.6364 4.7876
0.2543 0.7985 2.3650
0.2664 0.3364 2.4185
0.6712 2.1075 1.2461
0.2426 0.7618 2.2313
0.2578 0.8096 2.3882
0.6564 2.0610 1.1986
0.2903 0.9115 2.4054
0.2490 0.7818 2.2i:31
0.9139 2.8695 2.0440

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

• FILES·
(. G19G03707
(2) G19G03708(I G19G03709
( G19G03710
( G19G03711
(6) G19G03712'I G19G03713

CCt-IPOOND

l:
~Irr, '"'ROPROP/MCPP .
2~
SlloVElC

~~
2,4'-DB

I
I
I
1
I
I
I
I
I
I
I

PACE NE\l ElIGLAND, me.· . •...
MmiOD DErEX:TIOO LIMIT VDUFICATIOO stUDY

HERBICIDES METHOD 8150
3/93 '

(1) (2) (3) (4) (5) (6) (7) X3.14
~. C<l'K:. <nJC. <nJC. C<l'K:. calC. <nl:. STD tIDL
uq/L uq/L uq/L uq/L uq/L uq/L uq/L DEV uq/L MEAN

-- '--
1.847 1.635 1.596 .1.740 1.492 1.910 2.362 0.2879 0.9041 1.797
2.174 2.032 . 2.196 2.282 2.285 2.132 2.107 0.0921 0.2892 2.172

72.900 89.100 93.800 92.100 93.700 89.900 80.100 7.9101 24.8376 87.371
195.132 186.224 191.310 192.531 200.517 173.562 177.919 9.5924 30.1203 188.171

1.973 1.838 1.964 2.053 2.057 1.900 1.840 0.0911 0.2862 1.947
1.936 1.757 1.894 1.975 1.965 1.856 1.813 0.0811 0.2546 1.885
2.274 2.087 2.481 2.480 2.640 2.239 2.345 0.1845 0.5792 2.363
1.422 0.909 0.846 1.057 1.327 1.017 0.820 0.2348 0.7372 1.057
2.021 1.932 1.969 2.063 2.025 . 1.824 2.035 0.0819 0.2570 1.981



PACE NEW ENGLAND, INC.
METHOD DETECTION UMIT VERIFICATION STUDY

VOL ORGANICS WET lAB PARAMETERS
MARCH 1993

CONC. CONC. CONC. CONC. CONC. CONC. CONC.
TEST METHOD mg/L mg/L mg/L mg/L mg/L mg/L mg/L

OIL AND GREASE WATER GRAV 7.3 7.900 7.4 7.300 8.9 8.4 8.9
OIL AND GREASE WATER IR 2.36 2.46 2.55 2.34 2.11 2.50 2.50

PHCWATER IR 2.34 2.16 2.36 2.19 2.28 2.29 2.40
PHENOL WATERS SPEC 10.40 7.53 7.18 6.82 7.18 7.53 5.39

STD
DEY

=====
0.7221
0.1502
0.0880
1.5000

MOL
ug/L

====
2.267

0.47
0.28
4.71

SPIKE
MEAN LEVEL

8.014
2.40
2.29
7.43

I
i

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I

PACE, INC.

METHOD 531.1
CARBAMATE PESTICIDES
DETECTION LIMIT STUDY

'~S""'I:-:UMENT: LC5
::L IN: NOVAPAK Ci8

(f.',LL CONCENTf':{HIONS A~:E II\! UG/L)

REPl REP2 REP3 REP4 REP5 REP6 REP7 5

. T~:UE·

D. L. .AVG CONC RPD
~=~:=========~=============================================~====~=====

3.26 2.S4 3.17
2.96 2.68 2.902. 9J.~·

,,:. It::
~a/,-'

2 .. 23
-::" ~-, r,_:,;: \_......:.

2.8,~

r:. c,t::"....:..\: ._....;

2. 7,~,

2u78
2a 6t.;·

"":'" ,"1::-
•...;.a: ...;.~

3.25 2ca81

3," (H) 2.42
-:; ~,,,, -, I C
,_, a ~,a;_ LI1 Cw

::.:69 2,,51
3a ()6"~ 2 ft 84

3. 13
3. {)2

2,.97
2.98

~ .. -,
..J II ... I

3 a L!·2
3~ 24·

3a(r9
3. CliO;
2.98
':';'. c)2
...,. .: t:'
"_' u , ...)

3.66
3n54

'_'. ~,3
t:. 27
3.65
3.32

().32
0.29
0.24
0.24
0.37

0.36

1.00

0.77
().77
:;. • :L:.:J
1.93
1. 13

3.16
3.01
2.98
2.97

.'::·.00
311 ()i

2.71

3.0
3.0
3. ()
3.0

3. ()
3. ()
3. ()

5.33
0.19

-0.48
-(lo 93

"! • J. 9
-~(~,.19

';i
V11-... 2.912,,19 3. 12 ";'11 87 ·3.14

-2la38
L!., 76

I
I
I
I
I
I
I

5/21/93

5/21/':;3·

.L.See) i 656
L5C01657
L.5C() 1. 66c)



9.1 Data Reduction

9.2 Data Validation

9.0 DATA REDUCTION, VALIDATION AND REPORTING

·0
All analytical data generated within the PACE NE Laboratories undergo a well-defined, well-
documented multi-tier review process before being reported to the client.

Doc. No. QAM-{)()4

Section No. 9.0
Revision No. 0

Date: 10/93
Page 1 of 4

When primary analytical data, otherwise known as "raw data", are manually generated,
the data are recorded either in bound Logbooks with prenumbered pages or on preprinted
forms. Entries are made in black ink and are initialled and dated by the individual who
makes the entry. It is acceptable to initial and date once for an entire page. Errors are
corrected by drawing a single line through the entry; this change is initialled and dated
by the individual who makes the change. The reason for the change is indicated either
by description or by error code (see Figure 9-1). Raw data may not be obscured in any
way. The use of white-out is prohibited on all raw data, including instrumental
hardcopy.

The analyst who completes the analysis assembles all relevant raw data and results
together with chromatograms, strip chart recordings, instrument settings and other
information essential to data interpretation. For data which are reduced by manual
calculations, the calculations are documented in a laboratory notebook or on an analyst's
worksheet. The results are transferred to a standard laboratory reporting form which has
been approved by the Group Supervisor and Lab Manager. Reporting forms include at
a minimum the sample identification number, the date analyzed, the result expressed per
unit volume, the method reference and the analyst's initials.

The analyst initiates the data validation process by reviewing and accepting the data. The
completed data package is then sent to the Group Supervisor. The Group Supervisor
provides a technical assessment of the data package and technical review for accuracy
according to methods employed and laboratory protocols. Group Supervisors also review
analyst generated calculations. .

For data which are reduced via computer, calculations are checked by the analyst (or
designee) assigned to this task at a frequency designed to assure that the data

.manipulations are valid. This data validation step is· documented by the analysts' initials
on the hardcopy of the raw data. The results are either manually transferred to a
standard reporting form or reported via computer generation of forms.

PACE NEW ENGLAND, INCORPORATED
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The standard commercial report to the client consists of the following sections:

9.3 Data Report

The Laboratory Manager/Technical Director may delegate the final review and signing
9f reports to the Regional Director, as necessary.

When accepted, the Laboratory Manager assembles the data with other data from the
sample set, drafts any narrative comments if required by the Quality Assurance Project
Plan, and forwards the report and the data package to the Reporting Department.
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The Laboratory Manger/Technical Director examines the report for method
appropriateness, detection limits and whether or not QC criteria were satisfied. Any.
deviations from the referenced methods are checked for documentation and validity, and
QC corrective actions are reviewed for successful resolution. The Laboratory
Manager/Technical Director signs the completed reports prior to their release.

All data segments pef1aining to a particular PACE NE Laboratory Number are channeled
to the Reporting Department for assembly into the final report format and generation of
the analytical narrative. All points mentioned during technical and QC review are
included in the narrative if it is deemed to impact the quality of the data.

The Reporting Department assembles and types the final report, checks for transcription
errors, and provides the final report to the Laboratory Manager/Technical Director for
final signature.

The Group Supervisor submits the validated data package, including the reporting forms
and the appropriate laboratory control sheets, to the Laboratory Manager who reviews
the package for QC requirements and completeness. ~f any errors are discovered, the
entire package shall be returned to the Group Supervisor for full reworking.

The fmal report is given to the Laboratory Manager/Technical Director for final review
and release. After verifying the report's completeness and accuracy, the Technical
Director signs the cover letter indicating acceptance of the report.

1) . the narrative
2) sample results
3) Chain-of-Custody forms
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9.4 Data Archive

A copy of the report is forwarded to the Hazardous Waste Manager for use in
characterizing,the samples for ultimate disposal.

One copy of the report remains with all the raw data which is stored in the data archives
under the control of the QA Department.

The Data Archivist has oversight responsibility for the data archive ensuring the
continued integrity of all documentation generated in support of laboratory analyses.
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The sample results are tabulated. PACE NE number, client identification, and data
analyzed are presented along with the observed concentrations for each parameter
analyzed and detection limits. '

Each data report which supports the analytical process for all samples received by the
laboratory is thoroughly reviewed for completeness and accuracy. After the technical
review it is routed to the Reporting Department for assembling the final report for
submission to the client. The report is approved, signed, and submitted.

The narrative briefly describes the condition of the samples upon receipt, sample holding
time performance, instrument calibration ,information, and the quality control results.
Any discrepancies discovered and matrix problems are also addressed in this section. '

The archive room is a secure storage area with limited access to non-authorized
personnel. Sign-out procedures are in place where every document removed from the
archive room must be electronically signed out by a member of the QA Department.
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TABLE 9-1.
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1 (or El)
2 (or E2) .
3 (or E3)
4 (or E4)
5 (or ES)
6 (or E6)
7 (or E7)
8 (or E8)
9 (or E9)

. 10 (or ElO)
11 (or Ell)
12 (or E12)

Error Codes

Misspelled
Mathematical Error
Wrong Entry
Transposition or Sequencing Error
Transcription Change (copy error)
Procedural Change
Wrong. Conclusion
Illegible Entry
Unnecessary Entry
Footnoted Explanation
Additional Comment
Instrumentation Error/Failure
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10.2 Sample Tracking _

,10.1 Standard Operating Procedures

Samples are tracked from the time they are received, through storage, preparation,
analysis, and final disposition. .

Standard Operating Procedures (SOPs) are written for specific procedures or operations.
Complex tasks of inspection, testing, calibration, monitoring, maintenance, data handling,
and quality control as well as methods utilized in the laboratory are specified and
documented by SOPs.
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All personnel are required to. follow these documents when a specific operation or
.method is being utilized. It .is the responsibility of the supervisor to make sure that
employees are aware of and follow the SOPs~ Any suggestions for additional SOPs or
changes to existing SOPs can be directed to the QA Department.

Proper sample identification' must be established during sample collection. This
information must be clearly and permanently written on a label and attached to the
sample. In addition, a Chain-of-Custody must be initiated with the appropriate
'information recorded., Samples should also be properly preserved and stored.

As a minimum requirement, each SOP must include a title, the purpose or applicability,
list of materials or references, and detailed procedures. SOPs are updated when
necessary. Each has an PACE NE reference number and revision data at the upper right
comer of each page. More detailed information regarding SOPs can be found in Section
12. '

-Sample Management Personnel verifies the samples' integrity as they are unpacked. The
pACE NE Project Manager andlor the Client are notified of samples that are broken or
have not been properly stored or preserved. The sample identification label must also
be checked against Chain-of-Custody identification. Any discrepancies must be verified

10.0 RECORDS MANAGEMENT

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality, Assurance Manual

Records are the means by which an organization documents its operations and activities. They
are,an integral part of the Quality Assurance program since they provide documented evidence
for program functionality and necessary information for performance evaluation and quality
assurance audits.
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10.3 .Standards

10.2.1 Chain-of-Custody

10.2.2 Internal Sample Custody Record

by the Client or sampler. All these checks and any discrepancies or changes must be
documented on the Sample Receiving documentation.
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The Internal Custody Record is created at the time of sample receipt and is a
mechanism for tracking samples from sample management to sample preparation
and' back. When laboratory personnel remove samples from sample storage, it
is recorded on the Internal Custody Record. Upon returning any remaining
sample, the individual records the date in the "Returned By" box for the
appropriate sample. The original Internal Custody Record is archived by the QA
department.

The Chain-of-Custody Form traces the possession of a sample from the time the
sample is obtained in the field through analysis in the laboratory. To initiate a
Chain-of-Custody, the field sampler must fill in the appropriate information:
Client or Project Name, Signature of Sampler, Sample Identification, Date and
Time Sampled, Type of Sample, and Analysis Requested. After the sample is
brought into the laboratory, sample breakage, preservation, and identification are
checked. Any inconsistencies are noted· in the sample management
documentation. For samples accepted into the laboratory, the Sample
Management Personnel record the assigned lab sample number for each sample
onto the Chain-of-Custody form, signs in the space marked "Received for
Laboratory" and records the date and time received.

The Sample Management Personnel assign each sample a sequential laboratory
identification number, which is written on the sample container and recorded onto the
Chain-of-Custody. Samples are properly stored in their respective storage refrigerators.

Upon receipt the Sample Management Personnel also initiates an Internal Custody Record
for the sample set. This sheet is used to document sample removal from and return to
sample storage. The final disposition of a sample is documented on the hazardous waste
disposal spreadsheet and on the internal sample custody record.

Standards preparation is documented at PACE NE in a Standards Logbook maintained
by each laboratory. These logbooks are where the preparer records all information
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10.4 Maintenance Logbooks

10.5 Data Report/Raw Data Package

needed to maintain proper traceability. More complete information regarding standards
is provided in Section 7.1.

A Data Report contains the results of analyses as presented to the Client. There is a
narrative describing the general condition of the samples and an overview of the
analyses. For more information see Section 9.3.
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Maintenance Logbooks are kept for each instrument. Each logbook is unique to its
instrument. In the logbook, an analyst records initial instrument setup, routine
preventive maintenance, and instrumental malfunctions, dates taken in and out of service,
and resolutions. Instrument logs not only describe the instrument's history, but can be
helpful when troubleshooting.

The Raw Data Package contains information needed to reconstruct how the analysis of
a batch of samples including QA/QC results data were derived. Information such as
inorganic or organic preparation, chromatograms or strip chart recording, and regression
analysis data are usually included.

..
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Method Blank "

Accuracy Measurements

11. I Accuracy and Precision Measurements

Laboratory Control Samples (LCS), consist of aiiquots of ideal matrices (water,
sand, etc.) spiked with analytes of interest. LCS's for methods with extensive lists of
analytes that may interfere with one another may include a limited number of
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The results of quality control samples created in the laboratory represent estimates of
accuracy and precision for the preparation and analysis steps of sample handling."
This section describes the quality control information provided by each of these
analytical measurements. Information on the procedures to follow in preparation of
the samples or spiking solutions is described for each method and matrix in the
respective method Standard Operating Procedure.

A method blank is a volume of deionized, distilled laboratory water for water
samples, or a purified solid matrix for soil/sediment samples, carried through the
entire analytical procedure. The volume or weight of the blank must be
approximately equal to the sample volume or weight processed. A method blank is
performed with each batch of samples or one with every 20 field samples whichever
is more frequent. Analysis of the blank verifies that method interferences caused by
contaminants in solvents, reagents, glassware, and other sample processing hardware
are known and minimized. Optimally, a method blank should contain no greater than
five times (5X) the method detection limit for common laboratory solvents and
phthalate esters; less than the detection limit for all other parameters unless otherwise
specified in the method or project QA plan. Results of method blank analyses are
maintained with other QC data in the respective laboratories. If requested by the
client, this data will be included in the report.

11.0 QUALITY CONTROL

PACE NEW ENGLAND, INCORPORATED
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A quality control program is a systematic process that controls the validity of analytical
results by measuring the accuracy and precision of each method and matrix, developing
expected control limits, using these limits to detect errors or out-of-control events, and
requiring corrective action techniques to prevent or minimize the recurrence of these events.
When laboratory established control limits are less stringent than method control limits, the
method control limits are used to detect errors or out-of-control events.
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Precision Measurements

A Laboratory duplicate is a laboratory control sample that has been homogenized
and split into two equal portions before the method sample preparation process. It
measures method precision associated with the preparation through analysis and is

Surrogates provide an estimate of bias based on recovery of similar compounds, but
not the compounds analyzed, for each sample, incorporating sample matrix effects and
field conditions. Surrogates are added to all samples analyzed by GC/MS and certain
GC analyses prior to sample preparation.

An Internal standard is an analyte that has the same characteristics as the surrogate,
but is added to each sample in a batch, just prior to analysis and is used for
quantitation. It corrects for bias or change in instrument performance from sample to
sample, incorporating matrix effects associated with the analysis process only.
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For tests that are performed .infrequently, an LCS and its duplicate shall be analyzed
at least monthly if the number of samples is less than 20. This monthly requirement
shall NOT apply to low-volume tests for which state certification is not sought, or for
tests expected to be performed solely as part of a special project, or for tests
involving study specific matrices other than water, soil, sludges and oils.

analytes, but the analytes included must be representative Of as many analytes as is
practical. In the case of metals analysis, all analytes of interest must be included.
Laboratory pure water is used to prepare most LCS's for methods for analysis of
water. Highly characterized solids, where available, are used for LCS's for methods
for analysis of solids. Where no such solid LCS is available, spiked laboratory pure
water or spiked reagent blanks may be substituted. LCS's provide an estimate of bias
based on recovery of the compounds from a clean, control matrix. They provide
evidence that the laboratory is performing the method within accepted guidelines
without potential non-matrix interferences. They are prepared in duplicate at a rate of
one set per twenty samples or one set per 14 days whichever is more frequent.

Matrix Spikes/Matrix Spike Duplicates are similar to the Laboratory Control
Sample except the analytes used for spiking are added to a second and third separate
aliquot from the same container of a selected few client samples in a batch of
analyses. When prepared and analyzed, MS/MSD's can also provide a measure of
overall precision. They incorporate sample matrix effects and field conditions.
MS/MSD's are routinely prepared at a frequency of 10% when adequate sample
volume is provided.
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11.2 Control Charts

%R = (SR I SA) * 100

11.2.1 Accuracy'

prepared and analyzed at a rate of one per batch or one per twenty samples whichever
is greater.
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. (SSR-SR)/SA x 100

SSR is the spiked sample recovery
SR is the original sample recovery
SA is the amount of spike added

where:

except for the matrix spike sample where the concentration present in the
original sample aliquot must also be factored in. For matrix spike samples;
the. percent recovery is calculated as:

For certain analytical programs (NEESA, AFCEE), accuracy charts are
maintained for Surrogate and Laboratory Control Sample recovery. Each
sample is identified by its PACE NE sample number. The true value (three
significant-figure expected value based on the amount spiked) is denoted as
SR. This amount is fixed for each method and matrix to be approximately
five to ten times the MDL. The experimental value (three-significant-figure
observed value) is denoted by SA and varies for each sample based on the
recovery of the amount spiked. From these two values the percent recovery
(%R) is calculated as:

A Sample duplicate is a sample that has been homogenized and split into two equal
portions before the method sample preparation process. It measures sample precision
associated with the preparation through analysis and is prepared and analyzed at a rate
of one per batch or one per twenty samples whichever is greater in the inorganic
laboratories. For organic analyses the MS/MSD fills this function.

Control charts are quality control tools which graphically display the QC parameters
over time. Accuracy (Figure 11-1) control charts are maintained for each method and
matrix. Each chart can be broken into three parts: sample identification, sample
response/calculation, and graphic representation (the plot).
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Control Limits

Warning Limits

Suspicious/Out-of-Control Events

When not mandated by the method, PACE NE adopts warning limits to be the
,mean ±2 standard deviations or a 95% confidence interval.
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• ,'the y-axis is the range of percent recoveries.

• 'the x-axis is the number of data points per page; and

The percent recovery is plotted onto the graph where:

Unless otherwise specified by the analytical method in use or by the project
QA plan, PACE NE uses the 99% confidence interval as the control limits,
which is defined as the mean ±3 standard deviations. Where interlaboratory
expected ranges have been determined, PACE NE's goal is for their control
limits to fall within these multi-laboratory expected ranges for that method.
When this does not happen, the method multi-laboratory expected ranges are
used.

Both upper and lower warning limits and upper and lower control limits are
established to aid in interpreting a suspicious or an out-of-control event.
Warning limits express a narrower confidence interval and are used to warn
the analyst or supervisor of possible system inconsistencies or failures, before'
an out-of-control event occurs. Control limits express the outer limits of
accepted method variability. Control limits and warning limits are updated. at
least yearly.

Both warning and control limits are determined and published at the end of
each year for each method and matrix based on the cumulative historic
performance. However, a running mean and standard deviation may be
calculated with each addition of 20 new data points to demonstrate short term
variability and is available to those interested.

11.2.2 Limits
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Trends

Outliers

Periodicity

Periodicity is a term used to describe a recurring pattern of change over equal
,intervals. This occurrence may be of any length or amplitude; thus, careful
observation of the control chart is necessary.

Doc. No. QAM..()()4

Section No. 11.0
Revision No. 0

Date: 10/93
Page 5 of 12

.. '
f,

There are two types of outliers: any particular point that falls outside the
control limits or three consecutive points that fall outside the warning limits.
A point that falls outside the control limits is classified as an out-of-control
event; three points that falls outside the warning limits is classified as a
suspicious event.

Plotting and connecting successive data points on control charts enables the
laboratory to detect many types of suspicious and out-of-control situations. An
event is considered suspicious if it falls within the control limits but is
statistically out-of-control. Suspicious and out-of-control events can be caught
by monitoring the following: outliers (suspicious and out-of-control), runs
(suspicious), trends (suspicious), and periodicity (suspicious). Both suspicious
and out-of-control events require investigation and corrective action by the
laboratory. '

A run is defined as a series of points that line up on one side of the central
line (the mean). Any run that has a length of eight points is indicative of a
potential abnormality in the process, a suspicious event. A run can suggest
several potential problems such as a leak in the system, elevated
contamination, or incorrect dilutions of standards. When a run is detected
investigation and corrective action will be initiated.

A trend is defined as a series of points that are mark~ by an unbroken rise or
fall. Any trend with a length of five points is classified as a suspicious event.
A trend may indicate a change in instrument sensitivity due to a dirty source
or injection port or standard degradation, to name a few.
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11.4 Utilization of Quality Control Data .

The purpose for preparing and analyzing quality control samples is to demonstrate,
through' the known entities, how accurate and precise the investigative sample data
are. Tables 11-1 and 11-2 summarize the quality control a~sessment criteria by
matrix for the most commonly used methods by this laboratory. Different criteria may
be, dictated by different methods or by project QA plans. '

Procedural changes, insufficient analyst training, an improperly prepared .stock
solution, or a new standard supplier are some of the things that may lead to a trend
being observed. Investigation will be initiated immediately when a trend is observed.
A record of the investigation and return to control will be documented on a corrective
action report. The reason behind a trend may not be readily discernable and
investigation may continue over a period of time. If the quality control data falls with
in the 99% confidence limits, data may be reported while investigation continues. If
data falls outside the 99% confidence interval, analysis must stop until the system is
brought back into control.
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TABLE 11-1
TYPICAL QUALITY CONTROL CRITERIA FOR ORGANIC ANALYSES

I

I

WATER

Volalib .
(OLMOI.8)' Method blank

Syl1=I Monitorin&
Compounds

Malrix Spikel

Matrix Spike Duplicat<:
Sample

1120 or 11bot<:b

every sample

1120 or 11bot<:b

I'crformance Crit<:ria

Base/neUlnlI
Acid compounds
(OLMOI.8)

Calibnllion cbcck

Method blank
Sunopt<: apike

every 12 houro

1120 or 11bot<:b
every sample

oS. 2S11: dilfermoe fran min. RRFa
for the majority of largel ....Iyt<:a

.t D.L.
DS -phcool 10 to 11011:
2-fIuorophcnol 21 to 11011:
2,4,6-tnl>romophcnol 10 to 12311:
DSnil.r'Obc:m.cnc 3S to 11411:
2-lIuorobipbcDyl 43 to 116"
DI4"tl:rpbcDyl 33 to 141"
2-cb10r0pbcn0I-<l4 (adviaory) 33 to 11011:
1.2-<1ic:hl~4 (') 16 to 11011:

Matrix Spike
Matrix Spike Duplicat<:

1120 or 11bot<:b Pbenol
2-cb10r0pbcD0I
1,4-<lic:hlorobenzcne
N-niIroIodipropylamine
1,2,4-lric:hlorobenzcne .
4-c:hIoro-3-met!IYlphcool
Aocnapb1bcoc
2,4-dinilnlloluene
4-nilrcphcnol
_c:hIoropbcnol

~

Reoovery
12 to 11011:
27 to 12311:
36 to 9711:
41 1011611:
39 to 9811:
23 to 9711:
46 10 118"
24 to 9611:
10 to SO"
910103"
26 to 12711:

!fQ
42
40
28
38
28
42
31
38
SO
SO
31

I
I

Calibnllion cbcck every 12 houro oS.2S11: dirrcrmoe fran min. RRFa
for majority of largel analyt<:a
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TABLE 11-1 (Continued)

Parameter ~ Frequency Compounds Performance Criteria

Pcaucidco &:
Aroclors Method blank 1120 or l/botch .±. D.L.

(OLMOI.8) Inslrum::nt Blank every 12 bours

SlIn'OgIlle .pike e"Cry sample TCX (odvisory) (0 10 ISO~

DeB (odvisory) (0 10 ISO~

Re=very !!:Q
Matrix Spw. 1120 or l/bolch L.imane 56 10 123~ IS

Malrix Spilc Duplieale !lepIachlor 401O131~ 20

LCS Aldrin 40 10 120~ 22
Dieldrin 52 10 126~ 18
Endrin 5610121~ 21
4,4-DDT 38 10 121~ 21

ArocbIor 1254 2110 122~

CalibraliOD cheek every 12 bours PEM.-o:25 ~D

0:20~ breabl"""

Pcaiicidea &:
Arocloro Method blank 1120 or l/bolch .±.D.L.

(method 8080) SlIn'OgIlle .pw. every sample Dibulyl c:bIore1W1e 2410 154~

Re=very RPD

Loboralot)' Canrol 1120 or l/botch L.imane 5610 123~ IS

Sample, MSIMSD !lepIachlor 40 10 131 ~ 20
Aldrin 40 10 120~ 22
Dieldrin 5210 126~ 18

Endrin 5610121~ 21
4,4-DDT ' 3810 12a 21

Cah'brauOD cheek every 10 samples .s. IS~ difference

son.

Volaliles Method blank 1120 or l/bolch .±.D.L.
(OLMOI.8) Sys1em monilOrin&

oompound .pike e"Cry sample D41,2-<1ichloroelhane 7010121~

I'COOYCry BFB 59 10 113~

Ds-lOluene 8410 138~

Re=very !!:Q
Malrix Spilc

Matrix Ipike duplicate 1120 or l/botch Ilenune 6610 142~ 21
Sample I,I-<lichloroetbcne 59 to 112~ 22

T richloroetbcne 62 10 131~ 24

ChIotobenzene (0 10 133~ 21

Toluene 5910 139~ 21

Cah'bration cheek e"Cry 12 bours .s. 25~ difference
from min. RRF. for the majorily

oflargetana\ylea

"
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TABLE 11-1 (Continued)

Parameter ~ Frequency Compounds Performance Criteria
BuelNeUlnll
Acid~ Method b1ank 1/21) or IIbotcb .:t D.L•
(OLMOI.8), Surropte.piloe """I)' .ample D5 opi-ol 24 to 113~

2-f1uoropbcnol 25 to 121~

2.4,6-lribraDopbcDol 19 to 122~

D5-Di- 23 to 12O~

2ofl~ 30 to 115~

DI4"lcrpbmyl 18 to 137~

2-d110r0pbm01-d4 (advisoly) 20 to 13O~

1,2-e1id1101Obenzeno (0) 20 10 13O~

Reooycry Bf!2
M.trix Spiloe
Malrix Spiloe Duplicalc 1/21) or Ilbatd> Phenol 26 to!lO~ 35
Sample 2-dI10r0pbm01 25 to 102~ 50

1,4-dicblOlObenzeno 28 to 104~ 27
N-nitroooclipropylaminc 41 to 126~ 38
1.2.4-lricblOlObenzeno 38 to 107\1; 23
4-dI10r0-J.melhylpbcnol 26 to 103~ 33
AcenapIubenc 31 to 137\1; 19
2.4odinitroiolllCDC 28 to 89~ 47
4-DitrophcDol 11 to 114~ 50
~ch10r0phc001 17to 109~ 47
Py.- 35 10 142~ 36

Calibralim check evel)' 12 boura '::'25~ diffelalOC
from min. RRF. for the majori.y
of 11'1'" ana1ylca

Peaticideo &:
Aroclora Method blank 1/21) or Ilbald> .:t D.L.
(OLMOI.8) Imttumenl Blank evel)' 12 boura

Sunogalc .piloe evel)' aOm;>le TCX (advisoly) 60 10 150~ 18 to 150~

OCB (advisoly) 60 10 150 ~

Rerow:ry Bf!2
Matrix Spiloe 1/21) or Ilbatch LirIIaDe 46 to 127~ 50

Matrix Spiloe Duplicalc lleptaebIor 35 to 13O~ 31
LCS Aldrin 34 to 132~ 43

Dieldrin 31 to 134~ 38
Erdrin 42 to 139~ 45
4,4-DI7T 23 to 134~ 50
ArocbIor 1254 21 to 128~

Calibraliou cbccl: evel)' 12 boura PEM. 0 ",25 ~D; ",2O~ breakdOMl
INDo 0 0:25 ~D

Pealicidea &:
PCB. Method blank 1/21) or llbatch .:t D.L.

(method 8080) Surrogalc apiIoe evel)' aample Dibutyl cbIoradatc 18 to 150~

Rerow:ry Bf!2

LaboralOl)' Couuol 1/21) or IIbotcb LirIIaDe 46 to 127~ 50

Sample, MSIMSD Ileptacblor 35 to 13O~ 31
Aldrin 34 to 132~ 43
Dieldrin 31 to 134~ 38
Erdrin 42 to 139~ 45
4,4-DIJT 23 to 134~ 50

Calibralim check """I)' 10 aamploa ~ 15~ diffelalOC
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TABLE 11-2

TYPICAL QUALITY CONTROL CRITERIA FOR INORGANICS ANALYSES

Soil ani Wiler

Performance Criteria

,I
Metab by ICP
(Method 6010)

Metab by Furnace AA
(1000 1ICnc.
mcthocb)

Cold Vapor AA
(Merauy)

Tetal Petroleum
Hydrocarbons

Total Cyanide

General Wet

Chemistnc.

CaJibratioo 81an1:
Cah"bratiOD verificaucm
Continuin& c:ah1>ratioo
Method b1anl:
Laboratory Cootrol SamplelLSC dup
Sample duplicate
Matrix Spike

Calibratioo blank
Calibration vcrificaticn

ContiDuin& c:ah1>ratioo
Method b1anl:
Laboratory Cootrol SamplelLCS dup
Sample duplicate
Matrix Spike
Duplicate irYectioos

Calibratioo blank
Calibration verification
Cootirwing calibratioo
Method blank
Lab c:ooIrol aamplclLCS Dup
Sample duplicate
Matrix Spike

Calibratioo blank
Calibralioo. ~rificalioo

CootiJwin& calibratioo
Melhc"nlank
Lab c:ooIrol _le
Sample duplicate

CaIt"bratioo blank
Calt1>ratioo verificatioo
Cootirwing c:aJibratioo
Method blank
Laboratory Cootrol SamplclLCS dup
Sample duplicate
Matrix Spil10

Calibratioo b1anI:
Calibratica verification
ContiDuin& ealibratioo .
Method b1anI:

Laboratory Cootrol SampIelLCS dup
Sample duplicate
Matrix Spike

every c:ah1>ratioo
CYCf)' calibration

1/10_1ea
1120 or l/botch

1120 or l/botch

1120 or IIbatcb
1120 or l/batch

every cau1>ratioo
every c:aJibratioo
1/10 aamplea
1120 or l/botch
1120 or l/botch

1120 or l/botch

1120 or l/botch
every sample ani
ataixlard

every ealibratioo
every c:aJibratioo
1/10 aamplea
1120 or l/botch

1120 or l/botch

.1120 or l/botch
1120 or l/botch

every calibration
every calibration
1/10 aamplea
1120 or l/batch

1120 or l/batch
1120 or l/botch

every c:aJibratioo
every cau1>ratioo
1/10_1ea
1r.II or IIbatcb
1120 or l/botch

1120 or l/botch

1120 or l/botch

every calibratioo
every c:ah1>ratioo
1110 samples
1120 or l/botch

1120 or IIbatcb
1120 or l/bolch

1120 ro l/bolch

i D.L.
90 to 110\\\
90 to 110\\\
i D.L.
80 to 120\\\
i D.L. or 20\\\ RPD
75 '0 12.5\\\

i D.L.
90 to 110\\\
90 '0 110\\\
i D.L.
80 '0120\\\
i D.L. or 20\\\ RPD
75 to 12.5\\\
i 20\\\ RPD

i D.L.
80 to 120\\\
80 to 120\\\
i D.L.
80 to 120\\\
i D.L. or 20\\\ RPD
75 to 12.5\\\

i D.L•
as to IIS\\\
as to IIS\\\
i D.L.
75 to 12.5\\\
i 30\\\ RPD

i D.L.
as to IIS\\\
as to 115\\\
i D.L.
80 to 120\\\
i 30\\\ RPD
75 to 12.5\\\

i D.L.
85 to 115\\\
as to 115\\\
i D.L.
80 to 120\\\
i 30\\\ RPD
75 to 12.5\\\

I

I

I

I
I



TABLE 11-2 (cont.)
TYPICAL QUALITY CONTROL CRITERIA FOR INORGANICS ANALYSES

I

,I
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Soil aDd Water

I
I
.1

I
I
I

I

Metals by rcp Caljbratioa Blank

(ILM03.0) Calibratioa verification

COIllinuin& calibration
Melhod blank
Laboratofy CODItOI SampIclLSC dup
Samplcduplicalt:
Matrix SpikJo

Metals by Fwnac:c AA Cah'bration blank

(ILM03.0) Calibratioa vcriflQltioa

COIllinuin& calibratioa
Melhod b1ank
Laboratory CODItOI SampleiLCS dup
Sample duplicalt:
Matrix SpikJo
Duplieatt: injections

Cold Vapor AA

(Mercwy ILM03.0) Calibratioa blank

CalibratiOn verification
Coatirwin& calibration
Melhod b1ank
Lab oonI1Ol _1ciLCS Dup
Sampleduplicalt:
Matrix SpikJo

Total Cyanide Calibration blank

(lLM03.0) Call'bration verification

COIllinuin& call'bratioa
Melhod blank
Laboratofy COD1tO( SampIciLCS dup
Sample dupUeaIt:
MalrixSpikJo

Ilia_lea
every calibratioa

lila_lea
lno or 1!batdI
Inn or 1!batdI
Inn or l/batch
Ino or l/batch

lila_lea
every ca1I'bration

> 1110 _lea .
I no or (/batch
I no or (/batch

Ino 'or l/batch
lno or l/batch
every _Ie aDd
atandaJd

lila_lea
C\lCf)' calibration
lila_lea
Ino or l/batch
lno or l/batch
(no or l/batch
I no or 1!batdI

every call'bratioa

every ca1I'bratioa

lila_lea
lno or l/batch
I no or 1!batdI
Ino or l/batch
Inn or (/batch

Performanc:c Crilt:rix

< CRDL
90 to 110"

90 to 110"
< CRDL
80 to 120"
.:t D.L. or 20" RPD
75 to 125"

< CRDL
90 to 110"

90 to 110"
< CRDL
80 to 120"
.:t D.L. or 20" RPD
75 to 125"

.:t 20" RPD

< CRDL
80 to 120"
80 to 120"
< CRDL
80 to 120"
.:t D.L. or 20" RPD
75 to 125"

.:t D.L.
as to 115"
as to 115"
.:tD.L.
80 to 120"
.:t 20" RPD
75 10 125"
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Figure 11-1
Examples of Accuracy Control Chart
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Standard Operating Procedures (SOPs) are formal, revision-controlled documents that:

12.2 Responsibilities

4) facilitate coordination among individuals performing separate, but interdependent
tasks.

2) establish the basis for similar training of personnel and set a standard for
assessment;
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Section No. i2.0
Revision No. 0

Date: 10/93
Page 1 of 6

PACE NE personnel are responsible for performing tasks in accordance with applicable
SOPs, except as explicitly directed by the relevant Quality Assurance Project Plan,
contract, or Health and Safety policy. PACE NE personnel are also responsible for
assisting ~n designing accurate and' practical SOPs and in keeping the SOPs up-to-date.

1) define, to PACE NE's clients and to regulatory agencies, the methods used by
PACE NE in the performance of tasks having an effect on the quality of data~

findings or conclusions;

SOPs describe standard methodologies that may at times be inappropriate for a specific
project. In such cases, exceptions to the SOPs are stated in an SOP Deviation Form,
with rationale. The SOP Deviation form is kept as part of the data package archived at
PACE NE.

3) provide standard methods for execution and documentation of work, to maximize
consistency, uniformity and reliability of products; and

The Quality Assurance Department is responsible for obtaining technical review and
approval of SOPs, for maintaining control of new SOPs and revisions, and for
maintaining an up-to-date distribution list for SOPs.

.The Laboratory Section Managers are responsible for determining, through consultation
with the Quality Assurance Officer and PACE NE Management, the activities that
require SOPs, and for working with the appropriate technical personnel to develop the
SOPs.

12.0 STANDARD OPERATING PROCEDURES

12.1 Purpose and General Provisions

PACE NEW ENGLAND, INCORPORATED
. TITLE: NEESA Laboratory Quality' Assurance ManUal'
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Date - date of issue of most recent revision

Title - The name of the concerned task

12.3 Minimum Contents of SOPs

Doc. No. QAM-004'
Section No~ 12.0

Revision No. 0
Date: 10/93

Page 2 of 6

Acceptance - The signature of the originator(s), Quality Assurance Officer and
appropriate operations management authority to officially adopt the procedure

Section 3.0 - Applicable Documents/References - A listing of pertinent, supporting
procedure or reference documents such as methods, manuals and/or SOPs

Section 1.0 - Purpose and Applicability - An explanation of the objectives of the
procedure, typical applications and limitations

Each Standard Operating Procedure shall contain at a minimum, the following
information:

Technical reviewers of SOPs are responsible for providing review of drafts sent to them
within the schedule indicated in the request.

SOP Number - The internal document control number assigned and tracked by the QA
Department

Section 2.0 - Definitions - A listing of any terms, expressions, or acronyms found in the
procedure

Section 4.0 - Apparatus and Materials - A complete list of the equipment, apparatus,
reagents, etc. needed for the procedure

Section 6.0 - Ouality Control Requirements and Acceptance Criteria - An outline of
quality control requirements,. including procedures frequency requirements' and
acceptance criteria. Acceptance criteria may take the form of an illustration such as a

Section 5.0 - Method/Procedure - A clear description of the task on a step-by-step basis.
The method description. should be written clearly enough, and in suffici~nt detail, to
ensure that any two persons performing the procedure will achieve equivalent results, and
to provide clients and reviewing agencies with a thorough understanding of the
procedure. Acceptable and equivalent alternatives should be addressed whenever
possible, and described in the same detail

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual



12.4 SOP Development and Approval

Section 8.0 Corrective Actions - A description of what must be done, when and by whom
in instances when the QC requirements are not met

Section 9.0 Responsibilities - Identification of the individuals (by title or organizational
position) who are responsible for performing and facilitating the tasks governed by the
SOP
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• ' the Supervisor of the specific operation to which the SOP pertains if applicable)
or the Laboratory Manager - This signature indicates that the written SOP reflects
the current p'ractice in the laboratory.

• the Laboratory Technical Director - This signature indicates that the SOP is
technically adequate to handle the analysis of environmental samples expected to
be received at PACE NE and technically compliant within the framework given
in Section 8.0 and with any known exceptions noted.

• the Quality Assurance Officer - This signature indicates that the SOP has been
reviewed ,for compliance with the referenced methods and that desrepencies
between the method and practice have been resolved.

• the PACE NE Regional Director - This signature signifies a management review
and approval of the practices detailed in the SOP.

Section 7.0 - Calculations. Data Management and Reporting of Results - A summary of
the automated and manual calculations performed as well as reporting requirements,
including data flow charts as appropriate"

Laboratory SOPs are developed by the laboratory's technical staff, working with the QA
Department (PACE NE SOP QA-553 Preparation of SOP's). The QA Department will
also assist by assigning SOP numbers and by coordinating word processing, review and
approval. Laboratory SOPs must be reviewed and approved by the management of the
laboratory operations to which the SOPs apply. Thus, the following people must review
and approve each laboratory SOP:

Section 10.0 Health and Safety Considerations - A discussion of specific Health and
Safety issues that must be considered prior to and during the performance of the
procedure described..

chart of acceptable results with tolerances, or other appropriate forms
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12.6 Revisions

Each SOP is assigned a unique PACE NE number from the Inventory of PACE NE
SOPs, maintained by the QA Department. .Each laboratory section has been assigned a
block of numbers. .-

Revisions may be proposed initially by the Quality Assurance Department or they may
be recommended by users. Recommendations for revisions must be sent to the Quality
Assurance Department.

SOP revisions may be necessitated by regulatory requirements, technological
advancements or other causes, but not by the requirements of a single project alone.
Contradictions between standard procedures' and the requirements of a specific project
are resolved in the quality assurance plan for that project and are controlled internally
through the generation of an SOP Deviation Form (Figure 12-1).
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Technical changes to an SOP need to be made immediately, but revisions must not be
made by an individual to only his/her personal copy. If there are changes to an SOP,
they need the approval of the Group Supervisor, Lab Manager and QA and must be made
manually to ALL copies of that SOP in use in the lab. A formal revision should be
initiated ASAP. Recommendations for minor revisions will be accumulated by QA until
sufficient to warrant a document revision.

Revisions are accomplished by the preparation of a new typed draft with the changes
incorporated and listed on the cover page. (The cover page is a permanent document and
stays with the SOP despite revisions.) Approval of the revisions is signified by dated
acceptance signatures adjacent to'the listed revisions in the lower section of the cover
page. The QA Officer is authorized to approve minor revisions. Revisions which effect
the technical approach or content will also require review and approval of a technical or
section manager. Once formally accepted, 'the revised document replaces the previous
version and is distributed to controlled copy holders with instructions as to what
document(s) it replaces.

Occasionally, revisions are significant enough to, warrant a complete rewrite. In such
cases, the changes are not listed on the cover page. Instead the words "complete
rewrite" are entered and the new document must undergo review and approval as for a
new SOP. The judgement as to whether a complete rewrite is required shall be made by
the Quality Assurance Officer.

12.5 Numbering

PACE NEW ENGLAND, INCORPORATED
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12.7 Distribution

12.8 SOP Archive

Access to originals is obtained -through QA personnel. '
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Technical revisions and complete rewrites will necessitate training recertification for all
personnel involved. The laboratory or section manager is responsible for ensuring that
training is accomplished and documented. Required training documentation and
instructions will be distributed with the SOPs by the QA Department.

The QA Department distributes SOPs to technical staff and maintains distribution lists
to ensure that revisions and new SOPs are distributed to all responsible individuals. The'
QA Department maintains a complete set of up-to-date SOPs and distributes them as
required. An SOP archive is maintained by QA Department and SOPs are distributed
from that archive.

An archive of all PACE NE SOPs, in the form of both hard-copy and electronic masters
of current revisions, are maintained by the Quality Assurance Department. The hard
copy archive also contains a hard-copy master of all obsolete versions of each revised
SOP.
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Describe deviation in detail, including normal procedure and reason for deviation:

Date and Signature. _

SOP Number and Title: _

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual

Figure 12-1
SOP Deviation Form

(Revision 1, 1/93)
-.

Lab Number/Job/or Client deviation applies to:

Approval/Date

_____________Date. _

Technical Director

_____________Date _

Quality Assurance Officer

_____________Date~ _

Regional Director
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13.1 Interlaboratory Performance Surveys

• EPA ,Performance Evaluations - Water Supply - Semiannual (April and
September)

• EPA Performance Evaluations - Water Pollution - Semiannual (February and
August)
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: Section No. 13.0,

Revision No. 0
Date: 10/93
Page 1 of 4

Trace Metals
Nitrate/Nitrite/Fluoride
Insecticides
Herbicides
PAH's
Adipate/Phthalates
Trihalomethanes (THMs)
Volatile Organic Compounds
Residllal Free Chlorine
Turbidity
Total Filterable Residue
Calcium (as CaC03)

pH
Alkalinity
Corrosivity
Sodium
Sulfate
Total Cyanide

Trace Metals
Minerals
Nutrients

Performance surveys conducted by the EPA and the New Hampshire Department of
Environmental Services constitute the bulk of interlaboratory comparisons.

13.0 PERFORMANCE AND SYSTEM AUDITS

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual

PACE NE's Analytical Chemistry Laboratory participates in a variety of interlaboratory tests
and intralaboratory and performance checks to provide periodic assessment of the effectiveness
of the overall quality control program.
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Audit Standards

13.2.1 Performance Audits

13.2 Periodic Internal Audits

PACE NE's performance is evaluated by the respective agency after each round of
testing, and reported to the Laboratory Technical Director. The Laboratory Technical
Director forwards the results to the QA Auditor in charge of certifications. The QA
Auditor distributes copies of the results to section managers and the QA Officer.
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Demand
PCB's

. PCB's in Oil
Pesticides

.Volatile Halocarbons
Volatile Aromatics
Total Cyanide
Non-Filterable Residue
Oil and Grease
Total Phenolics

As required on specific projects, the Quality Assurance Department provides
spikes for analysis as independent check samples (audit standards). The QA
Department prepares any audit· standards that can be prepared readily from
relatively non-hazardous, pure materials or certified concentrated standards. In

In addition to the EPA WP/WS performance evaluation studies, PACENE participates
in a number of different state, federal and commercial studies such as the State of New
York, US Navy NEESA, US Army CaE, USEPA CLP Quarterly Blind samples, US
EPA DMR PE studies, and Chemical Waste Management round robin studies.

Internal auditing is conducted by the QA Auditors. These audits occur at least every
month, and typically focus on either performance !elative to an SOP or a specific project.
Internal audits take two forms - performance audits and systems audits. Performance
audits involve submittal of' blind spikes to the laboratory by the Quality Assurance
Department for assessment of analytical accuracy. Systems audits consist of a thorough
review of procedures and documentation to confirm that work was performed in
accordance with this Manual, SOPs, and/or project QA Plan and that adequate
documentation exists to satisfy the project requirements.

PACE NEW ENGLAND, INCORPORATED
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Systems Audit Procedures

• Systems Audit

Audit checklists will cover at least the following areas:
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Personnel qualifications and training records
Adequacy of laboratory facilities, including work space, lighting,
ventilation, .and supplies
Maintenance and calibration recordkeeping for analytical

some cases, preparation of reliable audit standards requires special facilities and
equipment due to the hazardous nature of the materials and/or the requirement for
precise measurement of minute quantities. In such cases, audit standards are
obtained from the USEPA, Environmental Monitoring and Support Laboratory
(EMSL), Cincinnati, Ohio, or from an equivalent source. The nature of the audit
standards and the frequency of performance audits are specified in the Quality
Assurance Plan of each project for which performance auditing' is required.
When practical, audit standards are provided in matrices resembling' real project
sample matrices, and undergo the full sample preparation and analysis procedure.
However in many cases this is impractical, and it is necessary to submit audit
samples as extracts, for analysis only. All measurable constituents in the audit
standards should be within the expected range of concentrations to be encountered
in the real samples (or in the extracts). .

There are two different types of laboratory systems audits. Systems audits of
laboratory operations are performed at a minimum frequency of once every
month. Systems audits address general'laboratory operations and conformance
to the Laboratory Quality Assurance Manual. Some project quality assurance
plans require project-specific laboratory systems audits (Project Audits).

The systems audits are performed by the Quality Assurance Auditors. Audit
checklists are used to ensure that all salient points are addressed and documented.
The checklists are filled out legibly and reproduceably, in ink, by the auditor, and
are signed and dated by the auditor when completed. The audit checklist is based.
on EPA laboratory evaluation criteria, the provisions of the Laboratory Quality
Assurance Manual and PACE NE SOPs. Project audit checklists are drawn from
the applicable QAPPs, as well as relevant provisions of the QA Manual.

13.2.2 Systems Audits
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• Project Audit

13.3 QA Reporting and Corrective Action

Results of interlaboratory performance surveys and. in-house audits, along with
unresolved corrective action items are summarized in a monthly report from the Quality
Assurance Offic~r to the PACE NE Regional Director.

The systems audit report (which mayor may not contain performance audit findings) is
issued to the Laboratory Manager and appropriate. supervisors and personnel for
corrective action. These responses are forwarded, in writing, to the auditor. The auditor
then circulates the report to the QA Officer, laboratory management and to company
management.
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Sample log-in and chain-of-custody records
Sample storage procedures and records
Sample preparation and analysis procedures
Method validation (where applicable)
Conformance to QAPP
Control charts
Precision and accuracy assessment
Method blanks, reagent blanks, duplicates, check samples,
fortifications, surrogates, etc.
Calibration
Data packages
Analyst qualifications
Data validation and reporting

equipment
Safety (facility configuration and practices)
General operations, including glassware cleaning, inventory and
checking of reagents and standards, and storage procedures
Recordkeeping, including sample log-in and tracking, traceability
of standards, control charts, and raw data recording and tracking.

Each systems audit is immediately followed by a debriefing, in which the auditor
discusses his/her' findings with the laboratory representatives. The debriefing serves a
two-fold purpose. First, laboratory management is afforded an early summary of
findings, which allows them to begin formulating corrective strategies, and second, the
auditor has a chance to test preliminary conclusions and to correct any misconceptions
before drafting his report.
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14.1 Preventive Maintenance - GC/MS

• hard tune with calibration gas (pFTBA)

• removal of 2-3 inches from the injection end of the capillary columns
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• injection port liner replacement

• replace injection port septum

• clean ion source as needed

• check vacuum pump oil level

• check carrier gas tanks

• replace or recondition vent traps

• replacement of 2-3 inches of column packing from the injection end of
packed columns

Regularly performed maintenance includes, but is not limited to the following for GC/MS
instrumentation:

14.0 PREVENTIVE MAINTENANCE

To minimize downtime and interruption of analytical work, preventive maintenance is routinely
performed on each analytical instrument. Designated laboratory personnel are trained in routine
maintenance procedures for all major instrumentation. When repairs are necessary, they are
performed by either trained staff or instrument manufacturer service personnel.

PACE NEW ENGLAND, INCORPORATED
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SOPs are written for each instrument that cover basic operation and maintenance procedures
(QA-800, Use, Calibration, and Maintenance of Equipment - Inorganics Lab, QA-801, Use,
Calibration, and Maintenance of Equipment - Organics Lab). Detailed logbooks documenting

. preventive maintenance, non-routine maintenance and repairs are also maintained for each
instrument. The following are brief summaries of maintenance for each major instrument.
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• replace septum

• change pump tubing

• check carrier and support gases

• NRC wipe test ECD
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clean and inspect contact ring, replacing when excessively worn

• injection po~ liner replacement

• replacement of 2-3 inches from the injection end of the capillary columns

• removal of 2-3 inches of column packing from the injection end of packed
columns

• clean nebulizer and spray chamber as needed

• check liquid argon tank level

• check cooling system water level

• replace and realign plasma torch when required

• check and align source lamps

• empty waste reservoir when full

• Clean and inspect graphite tube, replacing when surface appears
excessively burnt or cracked

Regularly performed maintenance includes, but is not limited to the following for GC
instrumentation:
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14.2 Preventive Maintenance - GC

14.3 Preventive Maintenance - ICP

14.4 Preventive Maintenance - AA Graphite Furnace



• check airflow in hoods once a week

• check sparger for proper operation

• remove and clean sample cell and connecting tubes

• Check and align source lamp
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• clean mirrors for optical sensor and sample,compartment windows

• check autosampler injector alignment and deposition

• calibrate thermometers yearly against an NBS traceable thermometer

• general housekeeping: keep counter tops, hoods, and floors clean

• clean balance pan prior to each use

• check balance calibration each day of use

• clean sample compartment windows

• clean and calibrate balances biannually

• clean, check, calibrate to manufacturers specifications all pH, DO,
conductivity and, turbidity meters, 'and spectrophotometers biannually

• calibrate class "S" weights every two years

• calibrate automatic pipets and burets monthly

• record refrigerator, freezer, and oven temperatures each weekday
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14.5 Preventive Maintenance - Mercury Analyzer

14.6 Preventive Maintenance - General Laboratory Areas
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15.1 Out-of Control Events

Both out-of-control events and unusual occurrences are noted on a PACE NE Corrective Action
Report (Figure 15-1). A corrective action report must be generated .whenever either type of
event is noted.

Events which do not readily cause an immediate obvious effect on data quality are more difficult
to identify. Such events could be samples stored at an incorrect temperature or held beyond
prescribed holding times, or improper maintenance of records. Everyone in the laboratory is

When, errors, deficiencies, unusual occurrences, or out-of control situations exist, the QA
program provides systematic procedures, called "corrective actions", to resolve problems and
restore proper functioning to the analytical system. Within PACE NE, a distinction is made
between "out-of-control events'':- and "unusual occurrences" for the purposes of requiring
corrective actions.
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An unusual occurrence is a situation in which the analytical system is, strictly speaking,
compliant with the protocol or SOP and .therefore in control but an atypical or undesirable
incident has ~curred which warrants further investigation. Such an occurrence could be a
holding blank which is contaminated or differences in the pattern of non-spiked target
compounds between a spiked and unspiked aliquot of a sample used as the matrix spike.

An out-of-control event is any event which is beyond the acceptance limits established for
laboratory operation by PACE NE SOP's, EPA methods, or client specific contracts or
protocols. This can be due to data which are outside of the accepted bounds for accuracy and/or
precision, method contamination, improper instrument calibration or maintenance, or deviations
from the contract or SOP detected by a QA audit. ' -

Out-of-control, events associated with the statistical analysis and t:eview of data are straight
forward to identify. The analyst generating the data is .responsible for checking the results
against the established limits. Any deviations are immediately addressed. If data are outside
accepted limits, the analyst immediately notifies the responsible section supervisor. If the
situation is not corrected so that an out-of-control condition occurs, or is expected to, the section.
supervisor shall notify the Laboratory Manager and the Quality Assurance Officer. The
Laboratory Manager and Section Supervisors are responsible for identifying the source of the
problem and initiating corrective action. Completion of corrective action should be evidenced
by the return of data to prescribed acceptable limits.

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual

15.0 CORRECTIVE ACTION
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Method Blanks

15.1.1 Volatile Organic Analyses

The investigative action taken is somewhat dependent on the analysis and the event. However,
listed below is a progression ~f steps which may be taken to find the cause of an out-of-control
event:

• Check calculations to ensure there are no errors
• Check standard and spiking solutions for degradation or contamination
• Check instrument performance
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If target compounds are detected in the method blank above the detection limit
(above 5 times the detection limit for methylene chloride, acetone, toluene, and
2-butanone) the corrective action consists of checking the calculations,
reanalyzing the blank, qUalifying the associated sample data, and investigating the
source of the problem to implement corrective action for the future. When target
list compounds are detected in a method blank, the following condition applies:

responsible for reporting "system" problems. Analysts should report out-of-control events to
their supervisor, the Section Supervisors, who should in tum report to the Laboratory Manager.
Corrective action is again the responsibility of the Laboratory Manager and the Section
Supervisors. They shall review and approve the. action taken.

If an out-of-control event does occur during analysis, for instance an LCS recovery falls outside
the expected range, the analyst must describe on the corrective action report the event, the
investigative and corrective actions taken, the cause of the event, and notify the QA Officer.
In some cases, investigation of an out-of-control event will reveal no problems. In such cases,
only the event and the investigative action is recorded.

If the problem is with the standards or instrument performance, the analyst must recalibrate or
retune the instrument before reanalyzing the sample extracts affected. If the out-of-control
condition is still not remediated, the samples may require reextraction and reanalysis or data
qualification..

It is occasionally necessary to qualify data when the accompanying quality control data are not
within established performance criteria. The qualifying of data alert the data end user to the fact
that the analysis was, to some degree, flawed and that the precision and accuracy of the data
produced may not fulfill the data quality objectives (DQOs) for that particular project. Based
on the project DQOs, analytical data with qualifiers may not be appropriate for the intended use.



. • Check calculations to' assure there are no errors;

Check calculations to assure there are no errors;

Surrogates
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• When any target compound is detected in a method blank above the action
levels listed earlier, but not in associated samples, then no qualifier is

, applied. '

• If instrument failure is indicated, reanalyze the sample;

• If a method' blank surrogate is outside of acceptance criteria, then the
problem must be corrected before proceeding with sample analysis. This
may include reanalysis, reextraction or recalibration;

• Check internal standard and surrogate solutions for degradation, "
contamination, etc., and check instrument performance;

• If the surrogate could not be measured because the sample required a
dilution, no corrective action is required. The recovery of the surrogate
is recorded with the note "Surrogate diluted out".

• If all QC associated with the 'sample is within acceptance limits (the
method blank surrogate recovery and LCS spike recovery), the problem
may be attributed to a matrix effect. Samples exhibiting a matrix effect
will be qualified and discussed in the report narrative.

The % recovery of the surrogates is calculated for each sample, blank, and LCS~
Corrective action,is taken whenever one (or more) surrogate recovery is outside
the acceptance criteria. The following corrective actions are taken when required
as stated above:

Laboratory Control Sample/Laboratory Control Sample Duplicates

The % recovery of the Laboratory Control Samples (LCS) and the relative
'percent difference (RPD) for LCS Duplicates are calculated. Corrective action
is taken whenever one (or more) recovery or RPD is outside the established
acceptance criteria. The following corrective actions are taken when required as
stated above:
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Calibration

The SPCC and CCC for Volatiles are:

• Reanalyze samples associated with a failed LCS,· if available;

• Check internal standard and standard solutions for degradation,
contamination, etc.,

I
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CCC
Vinyl Chloride
1,1-Dichloroethene
Chloroform

SPCC
Chloromethane
1,1-Dichloroethane
Bromoform

• If no source of the problem is identified, then a complete 5 point initial .
calibration must be performed..

• Check instrument for contamination at the injection port inlet and front
end of the column;

For Matrix Spike and Matrix Spike Duplicates, if all QC associated with a sample
is within acceptance limits (the method blank and LCS/LCS dup spike recovery),
the problem may be attributed to a matrix effect. Samples exhibiting a matrix
effect will be qualified and discussed in the report narrative.

• Check internal standard and spiking standard solutions for degradation,
contamination, etc., and check instrument performance;

• If that does not correct the problem, then the data is reported and a
qualifying statement included in the report narrative.

For an initial 5 point calibration curve to be valid, the % relative standard
deviation of the individual relative response factors (RRF) for the Calibration
Check Compounds (CCC) shall be less than or equal to 25 %. If this criteria is
not met, then the calibration curve shall be reanalyzed.

For continuing calibration checks to be valid, the relative response factor for each
of the System Performance Check Compounds (SPCC) should be at least 0.300
(0.250 for Bromoform) and the RRF for each of the CCC should be ~25%
different from the average RRF from the initial calibration. If these criteria are
not met, then the following corrective actions should be taken:
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• Check calculations to assure there are no errors;

Surrogates

• reanalyzing the blank;
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1,2-Dichloropropane
. Toluene
.Ethylbenzene

1,1,2,2-Tetrachloroethane
·Chlorobenzene

Method Blanks

• Check internal standard and surrogate solutions for degradation,
contamination, etc., and check instrument performance;

If instrument failure is indicated, reanalyze the sample;

• investigating the source of the problem to implement corrective action for
the future.

• ' flagging the associated, sample data;

• checking the calculations;

• when any target compound is detected in a method blank above the action
levels listed earlier but not in associated samples, then no flag is applied.

When target list compounds are detected in a method blank, the following data
condition applies:

If target compounds are detected in the method blank above the detection limit
(above 5 times the detection limit for phthalate esters) the corrective action
consists of the following:

,The % recovery of the surrogates is calculated for each sample, blank, and
standard. Corrective action is taken whenever one (or more) surrogate recovery
from either the base/neutral or acid fraction is outside the acceptance criteria.
The following corrective actions are taken when required as stated above:

15.1.2 Semivolatile Organic Compounds
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Calibration

• Reanalyze all associated samples, if available;

Laboratory Control Sample/Laboratory Control Sample Duplicates

For an initial 5 point calibration curve to be valid, the % relative standard.
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• If more than one method blank surrogate is outside of acceptance criteria
or if one surrogate 'yields less than 10% recovery, then the problem must
be corrected before proceeding with sample analysis. This may include
reanalysis, reextraction or recalibration;

• If that does not correct the problem, then the data is reported and a
qualifying statement regarding the laboratory control sample is included
in the report narrative.

• If the surrogate could not be measured because the sample required a
dilution, no corrective action is required. The recovery of the surrogate
is recorded with the note "surrogate diluted out";

• Check internal standard and spiking standards solutions for degradation,
contamination, etc., and check instrument performance;

• If all QC associated with the sample is within acceptance limits (the
method blank surrogate recovery and LCS spike recovery), the problem
may be attributed to a matrix effect. Samples exhibiting a matrix effect
will be qualified and discussed in the report narrative.

the % recovery of the Laboratory Control Samples and the relative percent
difference (RPD) for LCS Duplicates are calculated. Corrective action is taken
whenever one (or more) recovery or RPD is outside the acceptance criteria. The
following corrective action is taken when required as stated above:

\,

• Check calculations to assure there are no errors;

.For Matrix Spike and Matrix Spike Duplicates, if all QC associated with a sample
is within acceptance limits (the method blank and LCS/LCS dup spike recovery),
the problem may be attributed to a matrix effect. Samples exhibiting a matrix
effect will be qualified and discussed in the report narrative.

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual



15.1.3 Gas Chromatography
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4-Chloro-3-Methylphenol
2,4-Dichlorophenol
2-Nitrophenol
Phenol
Pentachlorophenol
2,4,6-Trichlorophenol

Check instrument for contamination at the injeCtion port inlet and front
end of the column;

•

N-Nitroso-di-n-propylamine
Hexachlorocyc1opentadiene
2,4-Dinitrophenol
4-Nitrophenol .

deviation of the individual relative response factors (RRF) for the Calibration
Check Compounds (CCC) should be less than or equal to 40%. If this criteria
is not met, then the calibration curve should be reanalyzed.

For continuing calibration checks to be valid, the relative response factor for each
of the System Performance Check Compounds (SPCC) should be at least 0.050
and the RRF for each of the CCC should be S. 40% different from the average
RRF from the initial calibration. If these criteria are not met, then the following
corrective actions should be taken:

• If no source of the problem is identified, then a complete 5 point initial
calibration must be performed. .

The SPCC and CCC for Semivolatiles are:

• Check internal standard and standard solutions for degradation,
contamination, etc.,

Acenaphthene
1,4-Dichlorobenzene
Hexachlorobutadiene
N-Nitroso-di-phenylamine
Di-n-octylphthalate
Fluoranthene
Benzo(a)pyrene

J
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• Check calculations to assure there are no errors;

Surrogates

• flagging the associated sample data;

• reanalyzing the blank;
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• If the surrogate could not be measured because the sample required a
dilution, no corrective action is required. The recovery of the surrogate
is recorded with the note "surrogate diluted out";

• If instrument failure is indicated, reanalyze the sample;

• Check standard and surrogate solutions for degradation, contamination,
etc., and check instrument performance;

• when any target compound is detected in a method blank above the action
levels listed earlier, but not in associated samples, then no flag is applied.

• Investigating the source of the problem to implement corrective action for
the future.

• checking the calculations;

When target compounds are detected in a method blank, the following conditions
apply:

If target compounds are detected in the method blank abpve the detection limit the
corrective action consists of the following:

• If all QC associated with the sample is within acceptance limits (the
method blank surrogate recovery and LCS spike recovery), the problem

The % recovery of the surrogates is calculated for each sample, blank, and
standard. Corrective action is taken' whenever one (or more) surrogate recovery
is outside the acceptance criteria. The following corrective action is taken when
required as stated above:

Method Blanks
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Calibration

• Check calculations to assure there are no errors;

'Laboratory Control Sample/Laboratory Control Sample Duplicates

• Check standard solutions for degradation, contamination, etc.,
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• If that does not correct the problem, then the data is reported and a
qualifying statement regarding the laboratory control sample is included
in the report narrative.

• If no source of the problem is identified, then a complete 5 point initial
.calibration must be performed.

• Check instrument for contamination at the injection port inlet and front
end of the column;

• Check standard and spiking standard .solutions for degradation,
contamination, etc., and check instrument performance;

may be attributed to a matrix effect. Samples exhibiting a matrix effect
will be qualified and discussed in the report narrative.

The % recovery of the Laboratory Control Samples and the relative percent
difference (RPD) for LCS Duplicates are calculated for each set of spiked
samples. Corrective action is taken whenever one (or more) recovery or RPD is
outside the acceptance criteria. The following corrective action is taken when
required as stated above:

For an initial 5 point calibration curve to be valid, the responses for each
compound should be linear over the calibration range. If this criteria is not met,
then the calibration curve should be reanalyzed.

For continuing calibration checks to be valid, the % difference in the calibration
factor for each compound in calibration should not exceed 15% from the initial
calibration. If these criteria are not met, then the following corrective actions
should be taken: '

15.1.4 Metals Analyses

,.', ,,'
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• Check calculations to assure there are no errors;

Laboratory Control Sample/Laboratory Control Sample Duplicates

• reanalyzing the blank;

• Data that cannot be regenerated acceptably is flagged as non-compliant.
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• . checking the calculations;

• redigesting and reanalyzing the associated samples if the analyte
concentration in the saQ1ples is less than 5 times the blank concentration
and greater than the reporting limit.

• investigating the source if the problem to implement corrective action for
the future;

• when any target analyte is detected in a method blank above the action
levels listed earlier but not in associated samples, then no flag is applied.

• Check standard and spiking standard solutions for degradation,
contamination, etc., check instrument performance;

• Redigest and reanalyze samples if there is no indication of failure in any
of the above;

When target analytes are detected in a method blank, the following data condition
applies:

If target analytes are detected in the method blank above the reporting limit the
corrective action consists of the following:

The % recovery of the Laboratory Control Samples and the relative percent
difference (RPD) for LCS Duplicates are calculated for each set of spiked
samples. Corrective action is taken whenever one (or more) recovery or RPD is
outside the acceptance criteria. The following corrective action is taken when
required as stated above:

Method Blanks
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Method Blanks

Calibration

• checking the calculations;

reanalyzing the blank;
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An exception to this criteria is allowed for matrix spike samples when the sample
concentration exceeds the spike concentration by a factor or 4 or more. In that
instance, the data is reported unqualified.

• If no source of the problem is identified, then a complete instrument
calibration must be performed.

.' , Check instrument for contamination, incorrect operating conditions, etc.;

• Check standard solutions for degradation, contamination, etc.,

• If that does not correct the problem, then the data is reported and a
qualifying statement regarding the laboratory control sample is included
in the report narrative.

For an initial and continuing instrument calibration to be valid, the responses for
eachanalyte must be linear over the calibration range and the accuracy of
calibration, as determined by analysis of an independent check standard, must be
within + 10% of the true value for ICP/AA analyses and within +20% for cold
vapor AA analyses. If these criteria are not met, then the following corrective
actions taken:

For Matrix Spike, Matrix Spike Duplicates and Sample Duplicates, if all QC
associated with a sample is within acceptance limits (the method blank and
LCS/LCS dup spike recovery), the problem may be attributed to a matrix effect.
Samples exhibiting a matrix effect will be qualified and discussed in the report
narrative.

If target analytes are detected in the method blank above the detected limit the
corrective action consists of the following:

15.1.5 Classical Wet Chemistry Techniques

..',";, ~.

PACE NEW ENGLAND, INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual

I
I
I
I
I
I
I
I
I
I
I
I
'I
I
I
I
I
I
I



• Check calculations to assure there are no errors;

Laboratory Control Sample/Laboratory Control Sample Duplicates

• Reanalyze the sample if no problems are indicated by checking the items
above;

• investigating the source if the problem to implement corrective action for
the future;
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• If that does not correct the problem, then the data is reported and a
qualifying statement regarding the laboratory control sample is included
in the report narrative.

• Check standard and spiking standard solutions for degradation,
contamination, etc., and check instrument performance;

• when any target analyte is detected in a method blank above the action
levels listed earlier but not in associated samples, then no flag is applied.

When target analytes are detected in a method blank, the following data condition
applies:

• . redigesting and reanalyzing the associated samples if the analyte
·concentration in the samples is less than 5 times the blank concentration.

The % recovery of the Laboratory Control Samples and the relative percent
difference (RPD) for LCS Duplicates are calculated for each set of spiked
samples. Corrective action is taken whenever one (or more) recovery or RPD is
outside the acceptance criteria. The following corrective action is taken when
required as stated above:

An exception to this criteria is allowed for matrix spike samples when the sample
concentration exceeds the spike concentration by a factor or 4 or more. In that
instance, the data is reported unqualified.

For Matrix Spike, Matrix Spike Duplicates. and Sample Duplicates, if all QC
associated with a sample is within acceptance limits (the method blank and
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Calibration

• Check standard solutions for degradation, contamination, etc.,

• Check instrument for contamination, incorrect operating conditions, etc.;

15.2 Unusual Occurrences
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• . If no source of the problem is identified, then a complete instrument
calibration must be performed.

LCS/LCS dup spike recovery), the problem may be attributed to a matrix effect.
Samples exhibiting a matrix effect will be qualified and discussed in the report
narrative.

For an initial and continuing instrument calibration to be valid, the responses for
each ailalyte must be linear over the calibration range and the accuracy of
calibration, as determined by analysis of an independent check standard, must be
within +10% of the true value. If these criteria are not met, then the following
corrective actions taken:

Whereas ~ut-of-control events involve occurrences outside of pre-established acceptance
windows, unusual occurrences are more subjective and involve incidents which may be
compliant with the assessment criteria but still warrant investigation. Many of these
investigations will be the result of the professional judgement of the analyst, auditor or
data reviewer that the analysis was not typical or reasonable. Another example of this
type of investigation is an inquiry or questioning of data received from a client or from
the results of performance evaluation samples.
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16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

Auditor reports will include, but not be limited to:

16.2 Quality Assurance Officer

16.1 Quality Assurance Auditors
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• Results of internal systems or performance audits
• Corrective Action recommendations
• Discussion of QA issues raised by laboratory users
• ResultS of third party or external audits
• Status of laboratory certifications
• Other significant events
• Performance Evaluation Sample Results

Results of audits performed by the QA staff are detailed in formal, written audit reports.
These reports are distributed to the audited personnel, section supervisor, Laboratory
director, QA officer, and Regional Director for review and appropriate action. These
and other QA-related reports are distributed as produced, with no set schedule.

• Results of internal laboratory review activities
• Results of internal data review activities
• Results of Proficiency Evaluation studies
• Results of state certification applications
• Summary of holding time exceedence and data qualification
.• Method detection limit study status

To demonstrate management review, the audit report will contain a page which will be
signed and dated by the QA Officer and Regional Director acknowledging that they have
received tpe report and have reviewed its contents, and taken the necessary action
dictated, by their position.

The Quality Assurance Officer will issue a report of QA activities and findings on a
monthly basis to the Regional Director. The monthly status report will include:
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The Quality Assurance Officer and Quality Assurance Auditors are responsible for preparing
reports to management indicating effectiveness of the laboratory Quality Assurance Program.
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During system audits, the Quality Assurance Program should be discussed. The audit
report will document recommendations made by either -the Laboratory Manager or the
auditor for revision.

Review of the appropriateness and adequacy of the Quality Assurance Program is
ongoing. At anytime, any laboratory employee, through the Laboratory Manager may
present recommended changes to the Quality Assurance Officer.

PACE NEW ENGLAND,INCORPORATED
TITLE: NEESA Laboratory Quality Assurance Manual

16.3 Management Review of the Quality Assurance Program

Doc. No. QAM-004

Section No. 16.0
Revision No. 0

Date: 10/93
Page 2 of2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


	TABLE OF CONTENTS
	LIST OF APPENDICES
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF DRAWINGS

	GROUNDWATER MONITORING PLAN
	BACKGROUND INFORMATION
	GROUNDWATER MONITORING SYSTEM
	SAMPLING AND ANALYSIS
	PREPARATION, EVALUATION, AND RESPONSE FOR GROUNDWATER MONITORING
	RECORDKEEPING
	SCHEDULE
	REFERENCES
	APPENDICES
	APPENDIX A:  FIELD INVESTIGATION FORMS
	APPENDIX B:  STANDARD OPERATING PROCEDURES (SOPS)
	APPENDIX C:  ANALYTICAL LABORATORY NEESA QUALITY ASSURANCE MANUAL PACE NEW ENGLAND, INC.


