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ATTACHMENT 1 - SELECT STANDARD OPERATING
PROCEDURES (SOPS) AND METHOD GUIDANCE



This attachment includes SOPs from International Paper, Barr Engineering, and Integral, as well
as ASTM guidance and User’s Guides for sampling and field lab screening work. The items in
this attachment are listed below:

General SOPs

SOP - FIELD DOCUMENTATION

SOP - SAMPLE CUSTODY

SOP - TRANSPORTING SAMPLES TO THE LABORATORY
SOP - COLLECTION OF QUALITY CONTROL SAMPLES
SOP - DECONTAMINATION OF SAMPLING EQUIPMENT

SOPs for Soil and Sediment Sampling

SOP - SOIL SAMPLE COLLECTION

SOP - SOIL SAMPLE COMPOSITING

SOP - FIELD CLASSIFICATION OF SOIL

SOP - SEDIMENT SAMPLING

SOP - WET SIEVING SEDIMENTS IN THE FIELD

SOPs for Surface Water Sampling
SOP - COLLECTION OF SURFACE WATER SAMPLES

SOP - MEASUREMENT OF SURFACE WATER AND GROUNDWATER FIELD
PARAMETERS

SOP - GROUNDWATER AND SURFACE WATER QC SAMPLING PROCEDURES

ASTM Guidance

ASTM D2488 - STANDARD PRACTICE FOR DESCRIPTION/ID OF SOILS
ASTM D4538 - STANDARD PRACTICE FOR COLLECTION OF FLOOR DUST SAMPLES

User’s Guides for Field Screening

XRF USER’S GUIDE
PCP IMMUNOASSAY USER'S GUIDE
PAH RAPID ASSAY USERS GUIDE

o



SOP - FIELD DOCUMENTATION

All information relevant to field operations must be properly documented to ensure that
activities are recorded and actions can be reconstructed from written records. Field
documentation should include only a factual description of site-related activities and
observations made. Field personnel should not include superfluous comments or speculation
regarding the field activities or observations made. Several types of logbooks may be used for
this purpose and should be consistently used by field crews (e.g., field logbooks, sample
logbooks, field data logbooks). Logbooks will be labeled on the cover with the project name,
dates of field work, and the Purchase Order number (or other assigned number). A separate
bound logbook with consecutively numbered pages will be used for each field project. Each
logbook for a particular project will be numbered (e.g., Project Name Sampling Investigation—
Field Logbook Number 2).

The information recorded in each logbook should be written in indelible ink. All corrections
should consist of a single line-out deletion, followed by the author’s initials and the date. Field
logbooks will be photocopied after each period in the field, and photocopies will be stored in
the project files. After field activities are completed, logbooks will be stored in the permanent
project file. No bound logbooks should be discarded, even if they are illegible or contain
inaccuracies that require a replacement document. When not in use, all logbooks will be stored
in the permanent project file. -

FIELD LOGBOOKS

The purpose of the field logbook is to document events that occur and record data measured in
the field to the extent that someone not present at the site can reconstruct the activity without
relying on the memory of the field crew. Each page in the field logbook will be initialed and
dated by all persons making entries on that page. The author will sign and date the last page at
the end of each day, and a line will be drawn through the remainder of the page. The
logbooks, at a minimum, must contain the following information:

1. A purpose and description of the field task,
2. The start time and date of the field work,

3. The location and description of the work area, including sketches, map
references, and photograph log, if appropriate,

4. The names and titles of field personnel and anyone present during the field
work, including the times they are present,

5. The name, agency, and telephone number of any field contacts,



6. The meteorological conditions at the beginning of the field work and any
changes that occur throughout the day, including the approximate time of
the change,

7. Details of the field work performed, with a description of any deviations
from the work plan, sampling and analysis plan, or standard operating
procedures,

8. All field measurements made (unless a specific logbook or sampling form
[i.e., borehole log or groundwater sampling form] is available for this
purpose), including the time of measurement,

9. Any field results not appearing in the field data logbook, including station
identification and location, date, and time of measurement,

10. Cross-references of numbers for duplicate samples,

11. References to other logbooks used to record information (e.g., station log,
sample log, health and safety log), and

12. Logbooks should include only a factual description of site-related activities.
Field personnel should not include superfluous comments, speculation, or
other non-factual observations regarding the field activities.

SAMPLE COLLECTION FIELD FORMS

Appropriate sample collection field forms will be used to record the relevant sample
information collected/observed during a sampling event. For instructions regarding proper
use of sample identifiers, sampling personnel should consult the lead field sampler.

SAMPLE LABELS

Sample labels (tags) are designed to uniquely identify each sample, and must be affixed to each
sample container used. The labels should be filled out at the time the samples are collected and
should consist of the following information:

1. Sample number,

2. Site name,

3. Date and time sample is collected,
4. Initials of the samplers,

5. Preservatives used, if any, and



6. Types of analyses (e.g., EPA Method 8260B).

PHOTOGRAPHS

In certain instances, photographs of sampling stations may be taken using a camera-lens
system with a perspective similar to the naked eye. Photographs should include a measured
scale in the picture, when practical. The following items should be recorded in the field
logbook for each photograph taken:

1. The photographer’s name, the date, the time of the photograph, and the
general direction faced (orientation),

2. A brief description of the subject and the field work portrayed in the picture,

3. The sequential number of the photograph and the roll number on which it is
contained, and

4. If digital photographs are collected for internal use or presentation purposes,

the file name, date, file location, description, orientation, and photograph
should be recorded.

The slides, prints, or disks (as appropriate) and associated negatives will be placed in the
project files after the film is developed. Any supporting documentation from the field
logbooks will be photocopied and placed in the task files to accompany the slides, prints, or
disks.

EQUIPMENT CALIBRATION RECORDS

Equipment calibration records, including instrument type and serial number, calibration
supplies used, calibration methods and calibration results, date, time, and personnel
performing the calibration, should be recorded in the field logbook. At a minimum, equipment
used during the investigation should be calibrated daily in accordance with the manufacturers’
recommendations.



SOP - SAMPLE CUSTODY

A stringent, established program of sample chain-of-custody will be followed during sample
storage and shipping activities to account for each sample. The procedure outlined herein will
be used in conjunction with SOP’s which cover documentation and sample packaging and
shipping. Chain-of-custody record/sample analysis request forms (see Attachment 2 to the
FSP) ensure that samples are traceable from the time of collection through processing and
analysis until final disposition. A sample is considered to be in a person’s custody if any of the
following criteria are met:

1. The sample is in the person’s possession,
2. The sample is in the person’s view after being in possession,

3. The sample is in the person’s possession and is being transferred to a
designated secure area, and

4. The sample has been locked up to prevent tampering after it was in the
person’s possession.

PROCEDURE

The chain-of-custody record portion of the form is the most critical because it documents
sample possession from the time of collection through the final disposition of the sample. The
sample analysis request portion of the form provides information to the laboratory regarding
what analyses are to be performed on the samples that are shipped.

The chain-of-custody record/sample analysis request form will be completed after each field
collection activity and before the samples are shipped to the laboratory. Sampling personnel
are responsible for the care and custody of the samples until they are shipped. When
transferring possession of the samples, the individuals relinquishing and receiving the samples
must sign the chain-of-custody record/sample analysis request form(s), indicating the time and
date that the transfer occurs. Copies of the forms will be made and kept by the sampler, and
the originals will be included with the samples in the transfer container. The following
guidelines will be followed to ensure consistent shipping procedures and to maintain the
integrity of the samples:

1. Each chain-of-custody record/sample analysis request form must be
appropriately signed and dated by the sampling personnel. The person who
relinquishes custody of the samples must also sign this form.
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The chain-of-custody record/sample analysis request form should not be
signed until the information has been checked for inaccuracies by the lead
sampler. All changes should be made by drawing a single line through the
incorrect entry and initialing and dating it. Revised entries should be made
in the space below the entries. On the handwritten chain-of-custody
record/sample analysis request forms, spaces remaining at the bottom of the
page after corrections are made should be marked out with single lines. This
procedure will preclude any unauthorized additions.

At the bottom of each chain-of-custody record/sample analysis request form
is a space for the signatures of the persons relinquishing and receiving the
samples and the time and date that the transfer occurred. The time that the
samples were relinquished should match exactly the time they were received

by another party. Under no circumstances should there be any time when
custody of the samples is undocumented.

If samples are sent by a commercial carrier not affiliated with the laboratory,
such as Federal Express or UPS, the name of the carrier and airbill should be
recorded on the chain-of-custody record/sample analysis request form. The
time of transfer should be as close to the actual drop-off time as possible.
After the chain-of-custody record/sample analysis request forms are signed
and copied, they should be sealed inside the transfer container.

If errors are found after the shipment has left the custody of sampling
personnel, a corrected version of the forms must be prepared and sent to all
relevant parties. Minor errors can be rectified by making the change on a
copy of the original with a brief explanation and signature. Errors in the
signature block may require a letter of explanation.

Samples that are archived intemally should be accompanied by a chain-of-
custody record/sample analysis request form. While samples remain in the
sampler’s custody before being shipped, all containers will be kept in sight
of sampling personnel or in a secured area to preclude tampering with the
samples.



SOP - TRANSPORTING SAMPLES TO THE LABORATORY

PURPOSE

Specific requirements for sample packaging and shipping must be followed to ensure the
proper transfer and documentation of environmental samples collected during field
operations. Procedures for the careful and consistent transfer of samples from the field to the
laboratory are outlined herein.

EQUIPMENT REQUIRED

Specific equipment or supplies necessary to properly pack and ship environmental samples
include the following;:

e Ice in sealed bags or Blue Ice®

o Sealable airtight bags

e Plastic garbage bags

e Coolers

e Bubble wrap

e Fiber reinforced packing tape

e Scissors

L Chs;lin-of-custody seals

o Airbills for overnight shipment

e Chain-of-custody record/sample analysis request forms.

PROCEDURE

The following steps should be followed to ensure the proper transfer of samples from the field
to the laboratories: \

1. Appropriately document all samples using the proper logbooks and chain-
of-custody record/sample analysis request forms (example provided in
Attachment 2 to the FSP).
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Make sure all applicable laboratory quality control sample designations
have been made on the chain-of-custody record/sample analysis request
forms. Samples in containers designated exclusively for archiving for future
possible analysis should be clearly identified on the chain-of-custody
record/sample analysis request form and should also be labeled as “Do Not
Analyze: Hold and archive for possible future analysis” as some
laboratories interpret “archive” to mean continue holding the residual
sample after analysis.

Notify the laboratory contact and the project QA/QC coordinator that
samples will be shipped and the estimated arrival time. Send copies of all
chain-of-custody record/sample analysis request forms to the QA/QC
coordinator or project manager, as appropriate.

Samples will be placed in secure onsite storage or remain in the possession
of the sampling personnel prior to shipment. Any temporary sample
storage areas will be locked and secured to maintain sample integrity and
chain-of-custody requirements.

Clean the outside of all dirty sample containers to remove any residual
material that may lead to cross-contamination.

Fill out the chain-of-custody/sample analysis request form, and retain the
back copy of the form for the project records prior to sealing the cooler.
Store the signed chain-of-custody record/sample analysis request forms in a
sealable bag and tape them to the inside of the cooler lid. For a shipment
containing multiple coolers, indicate on the outside of this cooler “Chain-of-
Custody Inside.”

Check sample containers against the chain-of-custody record/sample
analysis request form to ensure all samples intended for shipment are
accounted for.

Store each sample container in a sealable bag that allows the sample label
(example provided in Attachment 2 of the FSP) to be read. Volatile organic
analyte (VOA) vials for a single sample must be encased in bubble wrap
before being sealed in bags.

Choose the appropriate size cooler (or coolers) and line with bubble wrap.

Fill the cooler with the samples, separating glass containers with bubble
wrap and allowing room for ice to keep the samples cold. Add enough ice
or Blue Icé® to keep the samples refrigerated overnight. Ice should be
enclosed in sealable plastic bags to prevent leakage. Avoid separating the
samples from the ice with excess bubble wrap because it will insulate the
containers from the ice. After all samples and ice have been added to the
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12.

13.

14.

15.

cooler, use bubble wrap to fill any empty space to keep the samples from
shifting during transport.

If possible, consolidate all VOA samples in a single cooler, and ship them
with (a) trip blank(s) in accordance with the quality assurance project plan.

After the cooler is sufficiently packed to prevent shifting of the containers,
close the lid and seal it shut with fiber-reinforced packing tape. If the cooler
has a drain at the bottom, it should be taped shut in the same manner.

As security against unauthorized handling of the samples, apply one or two
chain-of-custody seals across the opening of the cooler lid (example
provided in Attachment 2 of the FSP). Be sure the seals are properly affixed
to the cooler so they are not removed during shipment.

Label the cooler with destination and return addresses, and add other
appropriate stickers, such as “This End Up,” “Fragile,” and “Handle With
Care.”

If an overnight courier is used, fill out the airbill as required and fasten it to
the top of the cooler. The identification number sticker should be taped to
the lid, because tracking problems can occur if a sticker is removed during
shipment.



SOP - COLLECTION OF QUALITY CONTROL SAMPLES

PURPOSE

To describe the procedures used in the collection of quality control samples (masked duplicate
samples, trip blanks, field blanks, and equipment blanks).

APPLICABILITY

This procedure applies to sample handling techniques used by both the technician(s) and the
laboratory in regards to quality control.

DEFINITIONS

Masked Duplicate Sample. This is the collection of a sample at the same time the original
sample is being collected. Both samples are collected, preserved, and analyzed exactly the
same. This is done to check laboratory and sampling precision.

Trip Blank. This is a water blank free of any contaminants, prepared prior to sampling
events by the laboratory providing the sampling containers. The purpose of the trip blank
is to determine if contamination has occurred from:

1. Improper sampling container cleaning,

2. Contaminated blank source water,

3. Exposure to contaminant during storage and transportation, or

4. Other environmental conditions during sampling.

Field Blank. This is a sample container prepared onsite consisting of (analyte-free) water
(received from the laboratory). These blanks are used to evaluate:

1. The effects of onsite environmental contaminants,
2. The purity of reagents used as preservative or additives, and

3. General sample container filling/collecting techniques.



¢ Equipment Blank. This is a sample collected from the final'(analyte-free) rinse water. The
water is rinsed on or through sampling equipment. The rinse water is collected for
analysis. These blanks are used to determine:

1. The effectiveness of field cleaning procedures.

2. Any sources of contamination in a trip blank.



SOP - DECONTAMINATION OF SAMPLING EQUIPMENT

To prevent potential cross-contamination of samples, all reusable soil and water sampling
equipment and pumps will be decontaminated. The lead sampler will set up the area used to
decontaminate soil and water sampling equipment consisting of three stations, as described
below. Where practicable, this area will be located upwind from the specific sampling area and
upwind from process areas that could skew sample results. The personnel performing the
decontamination procedures will wear protective clothing as specified in the site-specific Site
Health and Safety Plan-

This SOP describes procedures for decontaminating sampling equipment contaminated by
either inorganic or organic materials. Sampling equipment used for both can combine these
procedures, following the order of a tap water rinse, detergent wash, organic solvent, acid
rinse, and final water rinse. At stations where both water and soil (or other solid media) will
be sampled, separate decontamination areas should be used for each medium where
appropriate.

When using a drilling contractor, subsurface soil samplers (i.e., split spoons, Dames & Moore
U-type samplers, core barrels, and SPTs) can be decontaminated by using a heated pressure
washer (steam cleaner). The decontaminated sampler(s) (if not to be used immediately) will be
stored in a plastic bag or wrapped in aluminum foil until ready for use. Storage of sampling
equipment must be consistent with the project data quality objectives, and analytical
parameters must be considered (e.g., storage in plastic bags is not recommended when
analyzing samples for phthalates).

EQUIPMENT REQUIRED TO DECONTAMINATE INORGANIC-
CONTAMINATED SAMPLING EQUIPMENT

Equipment:

e 3-gal plastic tubs

5-gal plastic containers, tap water

e 5-gal carboy laboratory-grade distilled/deionized (DS/DI) water
(organic/analyte-free)

e Properly labeled spray bottles for decontamination solvents
e Alconox® (or equivalent)

e normal nitric acid



Hard-bristle brushes

Plastic sheeting, garbage bags, and aluminum foil

Personal protective equipment as specified in the Health and Safety Plan
55-gal drum(s)

Drum labels.

PROCEDURES USED TO DECONTAMINATE INORGANIC-CONTAMINATED
SAMPLING EQUIPMENT

The specific procedures for decontaminating inorganic-contaminated soil sampling equipment
include the following:

1.

An initial tap water rinse of sampling equipment to remove gross soil or
sediment. The rinse water can be containerized and transported to the
groundwater treatment facility for treatment.

At Station No. 1, first wash the contaminated equipment in a tub containing
tap water mixed with a detergent such as Alconox®. Only a small volume
(0.5 teaspoon) of Alconox® is necessary, and all Alconox® crystals should be
completely dissolved.

Move the equipment to the wash tubs at Station No. 2. First, rinse the
equipment with potable water, followed by rinsing equipment with 0.1
Normal nitric acid (HNO:s) or similar acid, then rinse with DS/DI water.

4. At Station No. 3, place the clean equipment on plastic sheeting until reuse.

After decontaminating all the sampling equipment, the disposable gloves, and used plastic
from Station No. 3 will be placed in garbage bags and disposed of. The wash and rinse water
from Station Nos. 1 and 2 will be containerized for proper disposal. At the end of each day, all
sampling equipment will be stored in large plastic bags.

EQUIPMENT REQUIRED TO DECONTAMINATE ORGANIC-CONTAMINATED
SAMPLING EQUIPMENT

55-gallon drum(s) to collect tap water from the initial rinse (for transport to
the site groundwater treatment facility)

3-gal plastic tubs

5-gal plastic containers, tap water



e 5-gal carboy laboratory analyte-free DS/DI water
. & Properly labeled spray bottles for decontamination solvents
e Aluminum foil
e Alconox® (or equivalent)
e Hard-bristle brushes
o DPesticide-grade acetone, hexane, and methan ol
e Plastic sheeting and garbage bags

e Personal protective equipment as specified in the Health and Safety Plan.

PROCEDURES USED TO DECONTAMINATE ORGANIC-CONTAMINATED
SAMPLING EQUIPMENT

The specific procedures for decontaminating the organic-contaminated soil and groundwater
sampling equipment include the following;:

1. Aninitial tap water rinse of sampling equipment to remove gross soil or
sediment. The rinse water can be containerized and transported to the
groundwater treatment facility for treatment.

2. At Station No. 1, first wash the contaminated equipment in a tub containing
tap water mixed with a detergent such as Alconox®. Only a small volume
(0.5 teaspoon) of Alconox® is necessary, and all Alconox® crystals should be
completely dissolved.

3. At Station No. 1, Tub No. 2, double rinse the equipment with site or DS/DI
water.

4. At Station No. 2, rinse the equipment with a pesticide-grade organic solvent
(e.g., hexane, if appropriate to remove oily contamination) followed by a
rinse with acetone or methanol (drying agent). These solvents should be
captured in a separate container and allowed to evaporate. Station No. 2
should be placed in a well-ventilated area.

5. At Station No. 3, double rinse the equipment with DS/DI water.
6. At Station No. 4, lay the equipment on clean aluminum foil to air dry.

7. Wrap the equipment in clean aluminum foil until reuse.



The disposable gloves and used foil from Station No. 3 will be placed in garbage bags and
disposed of. The initial tap water rinse can be treated through the groundwater treatment
system. The Alconox®/water would not contain any gross contamination and would be
discharged to the ground with the other rinses.)

The following equipment is used to decontaminate sampling pumps:

e Submersible pumps

e Alconox® (or equivalent)

e Tap water

e Hard-bristle brushes

e Plastic sheeting and garbage bags

e 30-gal plastic trash can or plastic overpack drum
e 55-gal drum(s)

e Hot-water pressure washer (optional).

PROCEDURES USED TO DECONTAMINATE SAMPLING PUMPS

The specific procedures used for decontam inating sampling pumps include the following;:

1. Itis advisable to begin sampling with the well or surface water stations
containing the lowest anticipated analyte concentration. Successive samples
should be obtained from wells or stations anticipated to have increasing
analyte concentrations. Use of dedicated pump equipment is preferable
when feasible.

2. When pumps (e.g., submersible, bladder) are submerged below the water
surface to collect water samples, they should be cleaned and flushed
between uses. This cleaning process consists of an external detergent wash
and rinse, or hot-water pressure washing of pump casing, tubing, and
cables, followed by a flush of potable water through the pump. This
flushing can be accomplished by pumping approximately 10 gal of an
Alconox® solution through the pump and then pumping approximately 10
gal of tap water through the pump. This should be followed by rinsing the
external parts of the pump intake hose and cable with a tap-water rinse, and
finally with a DI/DS-water rinse. The procedure should be repeated after
sampling from each monitoring well location. The pump and hose should
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always be placed on clean polyethylene sheeting or in a plastic bag to avoid
contact with the ground surface.

Surface pumps (e.g., peristaltic) used for well evacuation and surface water
sampling need not be cleaned between well locations unless trace metal
clean sampling techniques are required. However, a new length of
polyethylene and Pharmed® (or equivalent) tubing must be used for each
well and discarded after use.



SOP - SOIL SAMPLE COLLECTION

SURFACE SOIL SAMPLING

The following procedures describe collection of surface soil samples. Soil sampling should be

" sequenced to start with areas of low contaminant-of-concern (COC) concentrations, proceeding
to areas of higher COC concentrations. The procedures listed below may be modified in the
field by agreement between the lead site sampler and field personnel, based on field and site
conditions. In the event that procedures are modifies, appropriate annotations should bebeen
made in the field logbook. If specialized sampling methods (e.g., ENCORE® ) are to be used,
refer to the manufacturer’s recommended procedures. Record all pertinent information on the
soil sampling Field Data Form (included on attachment 2 of the FSP).

EQUIPMENT

e Appropriate sampling device(s) as determined by site sampling lead
(stainless-steel scoop, trowel, plastic disposable sampling tool, split-barrel,
piston sampler, backhoe, shovel, etc.)

e Laboratory-supplied sample containers
e Field logbook

e Surface soil field collection form.

PROCEDURES

1. Locate the sampling point as directed in the work plan or SAP. Containers
will be labeled with sample tags prior to filling. If analytical testing will be
performed for volatile organic compounds (VOCs), the VOC sample will be
collected first (with a minimum of disturbance) by placing the sample into
the container, with a minimum amount of headspace, and sealed tightly.

2. Expose the soil surface by clearing an approximately 1-ft* area at the
sampling site of any rocks or organic material greater than approximately
3 inches in size. Note any material removed from the sampling site in the
field notebook.



Using a decontaminated stainless-steel, disposable plastic sampling tool, or
other appropriate sampling tool as specified by the field sampling lead,
excavate soil to the depth specified in the work plan or SAP.

If required for analysis, first collect VOC samples (prior to any
homogenization), placing the samples in the appropriate-size containers.

Place additional sample material in a decontaminated plastic or stainless-
steel mixing bowl.

Thoroughly mix and homogenize the sample using disposable equipment or
a decontaminated stainless-steel spoon.

Rocks that are greater than 0.5 in. in diameter may be discarded from the

~ homogenized soil after they are positively identified and their percentage

10.

11.
12.

contribution to the homogenized soil volume has been determined and
noted in the field notebook.

If composite samples are being collected, refer to the Soil Sample
Compositing SOP; else, remove samples of the homogenized soil from the
mixing dish and place in the appropriate size sample container. The sample
container should be filled with soil to just below the container lip, and the
container should be sealed tightly.

Complete all pertinent field QA/QC documentation, logbooks, sample
labels, and field data sheets.

Mark the sampling site with a wire flag, wooden stake, metal rebar, or
flagging, as appropriate.

Decontaminate all sampling equipment (per Decon SOP).

Package and ship samples according to procedures in the QAPP and the
Sample Packaging and Shipping SOP.



SOP - SOIL SAMPLE COMPOSITING

Both composite and discrete samples can be used for environmental investigations. A
composite sample is a single sample created by combining two or more discrete subsamples.
Composite samples are valuable for characterizing large areas/volumes of soil.

The purpose of this SOP is to describe the procedures of compositing several discrete samples
into one representative sample for analysis. The representative number of subsamples) is
defined in the FSP. Additionally, detailed guidance for subsample collection is given from
specific programs, (i.e., Minnesota Department of Agriculture Agricultrual Chemical Incidents,
MCPA'’s Leaking Petroeum Storage Tanks). In general, sampling the total investigation area
and final numbers of subsamples should be appropriate to meet the data quality objectives for
the project.

Discrete soil samples identified for compositing can be collected in several ways. These include
a split-barrel sampler, core barrel sampler or by hand excavation. Additional information on
soil sample collection can be found in the SOP for soil sample collection. A minimum volume
of soil obtained during discrete sampling will be dependent on the final analytical requirements
for the composite sample. Analytical samples should not be collected from polyethylene bags
sometimes used for field screening purposes. Volatile organic samples should not be
composited, due to aeration of the sample during mixing.

The equipment required to composite discrete samples includes: stainless steel spoons or
scoops, a large mixing bowl and the appropriate personal protective equipment necessary for
collection and handling of soil samples as described in the Project Health and Safety Plan.

All soil compositing equipment will be carefully cleaned between uses as specified in the FSP.
To prevent sample cross-contamination, the sampler will discard the outer pair of sample
gloves and put on a new pair between each compositing event.

COMPOSITING DISCRETE SAMPLES

= 1. After individual samples have been obtained, compositing begins by documenting the
discrete sample locations to be included in final composited sample. Appropriate
laboratory containers should be labeled with this final sample identifier and the date of
collection.

2. Retrieve the samples selected for compositing per the SOP for Soil Sampling,

3. Empty the contents of the sampler into the stainless steel mixing bowl, removing any large
debris or rocks. Mix thoroughly.



Fill appropriate laboratory sample containers.
Complete chain-of-custody documentation.

Immediately after samples are composited, they should be placed in a cooler containing ice
or ice packs and cooled at 4°C for shipment to the laboratory.

{



SOP - FIELD CLASSIFICATION OF SOIL

This SOP presents the field classification of soils, adopted from ASTM D-2488-84, which uses
the Universal Soil Classification (USC) system for naming soils. Field personnel are encouraged
to study these procedures. Soil descriptions should be precise and comprehensive without
being verbose. The overall impression of the soil should not be distorted by excessive emphasis
on minor constituents. These descriptions will be used to interpret aquifer properties and other
potential contaminant transport properties, rather than the exact mineralogy or tectonic
environment.

Soil descriptions should be provided in the Soil Description column of the Field Log Form for
each sample collected. If there is no difference between consecutive soil samples, subsequent
descriptions can be noted as “same as above” or minor changes such as “increasing sand” or

“becomes dark brown” can be added.

The format of soil descriptions for each sample or identified stratigraphic layer/soil horizon
should be as follows:

- Group symbol—The group symbol should be placed in the Unified Symbol column,

- USC group name—The USC name should be identical to the ASTM D-2488-84 Group
Name with the appropriate modifiers,

— Minor components,

- Color,

- Moisture, and

- Additional descriptions.

Examples of soil descriptions are provided in the following table. The minimum elements of
the soil descriptions are discussed below.

EXAMPLE OF SOIL SAMPLE DESCRIPTIONS

SM Silty fine to medium SAND, trace fine gravel and occasional roots, very dark gray, moist to wet.

SW-SM  Fine to coarse SAND with silt, some fine gravel, mottied dark gray and tan, moist. Sand
consists of 20 percent biotite flakes, no bedding observed.

ML Sandy SILT, fine sand, dark gray, moist. Fractures predominantly vertical, at 1-3-in. spacing.

GW Fine to coarse GRAVEL with 10 percent medium to coarse sand, trace woody debris, gray, moist
to wet. Reddish brown staining noted within 2 ft of water table. Gravel is rounded and flat.




DEFINITIONS OF SOIL TYPES

The following table presents the USC system. The USC system is an engineering-properties
system that uses grain size to classify soils. The first major distinction is between fine-grained
soils (more than 50 percent passing the No. 200 sieve [75 um/0.029 in.]) and coarse-grained soils
(more than 50 percent retained by the No. 200 sieve).

SOIL CLASSIFICATION SYSTEM

Group
Major Divisions Symbol Group Name
Coarse - Gravel Clean GW Well-graded gravel, fine to coarse gravel
Grained Soils | More than 50 gravel GP Poorly graded gravel
B o o [Graver | ow [ siygrve
Myromany | No.4 sieve wihfines | Gc | Clayey gravel
retained on Sand Clean SW Wellgraded sand, fine to coarse sand
No. 200 More than 50 sand SP__| Poorly graded sand
sieve ?rz:;ﬁ::: g;gg:;szo Sand with SM Silty sand
4 sieve ~ | fines SC | Clayey sand
gi:i?s-Grained Silt and Clay Inorganic ML Siit
CL Clay
Liquid limit <50 Organic oL Organic silt, organic clay
More than Silt and Clay Inorganic MH Silt to high plasticity, elastic silt
ggs";zr;im‘ CH Clay of high plasticity, fat clay
200 sieve Liquid limit 250 Organic OH Organic clay, organic silt
_Highly organic soils PT Peat

Note: Field classification is based on visual examination of soil in general accordance with
ASTM D-2488-84.

Soll classification using laboratory tests is based on ASTM D-2487-83.

Descriptions of soil density or consistency are based on interpretation of blow count data, visual appearance of soils,
and/or test data.

Liquid limit - water content of soil-water where consistency changed from plastic to liquid.

Fine-grained soils are classified as either silts or clays. Field determinations of silts and clays
are based on observations of dry strength, dilatancy, toughness, and plasticity. Field
procedures for these tests are included in ASTM D-2488-84. If these tests are used, the results
should be included in the soil description. At least one complete round of field tests should be
performed for a site if these fine-grained materials are encountered, preferably at the beginning
of the field investigation. The modifiers “fat” and “lean” are used by ASTM to describe soils of
high and low plasticity. The soil group symbols (e.g., CL, MH) already indicate plasticity
characteristics, and these modifiers are not necessary in the description. Soils with high
plasticity can be emphasized by describing them as “silty CLAY with high plasticity.” Plasticity
is an important descriptor because it is often used to interpret whether an ML soil is acting as



either a leaky or competent aquitard. For example, an ML soil can be dilatent/nonplastic and
serve as a transport pathway, or it can be highly plastic and very impervious.

Coarse-grained soils are classified as either predominantly gravel or sand, with the No. 4 sieve
(4.75 mm/0.19 in.) being the division. Modifiers are used to describe the relative amounts of
fine-grained soil in a sample, as noted in the table below:

COARSE-GRAINED SOIL DESCRIPTIONS

Description Percent Fines Group Symbol
Gravel (sand) <5 percent GW, GP (SW, SP)
Gravel (sand) with silt (clay) 5-15 percent Hyphenated names
Silt (clayey) with gravel (sand) >15 percent GM, GC (SM, SC)

The gradation of a coarse-grained soil is included in the specific soil name (i.e., fine to medium
SAND with silt). Estimating the percent of size ranges following the group name is encouraged
for mixtures of silt sand and gravel. Use of the modifiers “poorly graded” or “well graded” is
not necessary because they are indicated by the group symbol.

A borderline symbol is shown with a slash (GM/SM). This symbol should be used when the soil
cannot be distinctly placed in either soil group. A borderline symbol should also be used when
describing interbedded soils of two or more soil group nameés when the thicknesses of the beds
are approximately equal, such as “interbedded lenses and layers of fine sand and silt.” The use
of a borderline symbol should not be used indiscriminately. Every effort should be made to
place the soil into a single group. '

MINOR COMPONENTS

Minor components, such as cobbles, roots, and construction debris, should be preceded by the
appropriate adjective reflecting relative percentages: trace (0-5 percent), few (5-10 percent),
little (15-25 percent), and some (30-45 percent). The word “occasional” can be applied to
random particles of a larger size than the general soil matrix (i.e., occasional cobbles, occasional
brick fragments). The term “with” indicates definite characteristics regarding the percentage of
secondary particle size in the soil name. It will not be used to describe minor components. Ifa
non-soil component exceeds 50 percent of an interval, it should be stated in place of the group
name.

COLOR

The basic color of a soil, such as brown, gray, or red, must be given. The color term can be
modified by adjectives such as light, dark, or mottled. Especially note staining or mottling.
This information may be useful to establish water table fluctuations or contamination. The
Munsell soil color chart designation is the required color standard. All color designations must



be accompanied by a description of the moisture content of the soil when the color designation
was made, It is generally preferable to determine color on moist samples; water may be added
to the soil to achieve this moisture content.

MOISTURE CONTENT

The degree of moisture present in the soil should be defined as dry, moist, or wet. Moisture
content can be estimated from the criteria listed in Table 3 of ASTM D-2488-84.

ADDITIONAL DESCRIPTIONS

Features such as discontinuities, inclusions, joints, fissures, slickensides, bedding, laminations,
root holes, soil animals, and major mineralogical components should be noted if they are
observed. Anything unusual should be noted. Additional soil descriptions may be made at the
discretion of the project manager or as the field conditions warrant. The Field Borehole Log
Form lists some optional descriptions, as does Table 13 of the ASTM standard. The reader is
referred to the ASTM standard for procedures of these descriptions.

CONTACTS BETWEEN SOWL TYPES

The contact between two soil types must clearly be marked on the soil borehole log because it is
very difficult to interpret borehole logs where soil sample descriptions change over a 5- or 10-ft
sample interval if there is no indication of where this change occurred. If the contact is obvious
and sharp, draw it in with a straight line. If it is gradational, a slanted line over the interval is
appropriate. In the case where it is unclear, a dashed line over the most likely interval is used.



SOP - SEDIMENT SAMPLING

PURPOSE

To describe the procedures and techniques for collecting sediment samples for physical and
chemical analysis.

APPLICABILITY

This procedure applies to the collection of sediment sample by the environmental technician.

REFERENCES

Handbook of Techniques for Aquatic Sediment Sampling, Mudroch and MacKnight, CRC Press, 1991.

Coring Devices for Lake Sediments, Wright, Cushing, and Livingstone, Contribution No. 9,
Limnological Research Center, University of Minnesota, year unknown.

Quality Assurance Project Plan, Part 3, Phase II Response Action Plan—USX Duluth Works Site,
USX Corporation, June 1993.

DISCUSSION

Sediment samples are collected to describe the physical nature of the sediments and to analyze
the chemical properties of the sediments.

RESPONSIBILITIES

The environmental technical lead is responsible for the collection of sediment samples.

PROCEDURE

A. General

1. Locate the sample site(s)
- Generally requires the services of a Registered Land Surveyor.
— Locations can be marked on water using a small buoy, or by using ice stakes.
— Measure water depth using a depth sounder.



B. Piston-Tube Coring Method

1. Prepare coring device
- General cleanliness procedures will be followed at all times as outlined in the Quality
Assurance Project Plan.
— Choose appropriate size and material tube.
— Remove foil from clean tubes.
— Install rubber stopper with attached cable into tube.
- Install tube in coring rod.
- Install appropriate length of extensions for water+sediment depth.

2. Perform coring

— General cleanliness procedures will be followed at all times as outlined in the Quality
Assurance Project Plan. *

— Label the core tube.

- Lower coring device slowly into the water with second person feeding cable attached to
the rubber stopper.

— When core is at top of sediment, tie cable to fixed point.

— Push core to desired depth.

~ Remove coring device slowly; cap bottom end of tube as soon as it is at the surface; cut  °
cable at top of tube.

— Remove core from coring rod and store in upright position.

— Store on ice if necessary (depends on analysis).

— Repeat as necessary to obtain appropriate sediment volume.

3. Document cores and bottle samples

For Physical Analysis Only (using clear tube):

— Measure and document stratigraphy, soil type, evidence of organics, etc. with core
contained in tube.

— . Extrude core as explained below and verify physical description after slicing core open.
For Chemical and Physical Analysis (using clear or opaque tube):

— General cleanliness procedures will be followed at all times as outlined in the Quality
Assurance Project Plan.

— Prepare clean surface to hold core; line with foil.

- Remove stopper from core (pull through top).

— Remove bottom cap.

— Insert push rod into bottom of tube; extrude core into holder (two people required).

— Measure and photograph core.



Slice core down the middle and open halves.

Measure and document stratigraphy, soil type, evidence of organics, density, etc.
Label sample bottles.

Collect appropriate samples according to the soil sample collection standard operating
procedure, place in sample bottles and store bottles in sample cooler on ice.

Clean equipment for next sample.

Repeat until finished.



SOP - WET SIEVING SEDIMENTS IN THE FIELD

Following sediment sample collection and homogenization, wet sieving will be conducted in
the field to obtain an estimate of grain size composition. The method used for particle size
analysis through wet sieving comes from the Puget Sound Estuary Program (PESP 1986) as
recommended by EPA (2001). Wet sieving separates the sample into size fractions greater than
62.5 um (i.e., sand and gravel) and less than 62.5 um (i.e, silt and clay).

MATERIALS

e 1-L graduated cylinder

e Analytical balance 0.1 mg accuracy
e 62.5-um (4 phi) sieve

e Funnel

o Distilled water

e 50-mL beakers

e Stainless steel spoon

e Water squirt bottle

e Gloves

e Weigh pans

METHODS

e Remove a representative aliquot for wet sieving. The aliquot can range from 20 g for
muddy sediments to 100 g for sandy sediments. The critical factor for sample size
determination is the weight of fine-grained material that will be used for the pipet
analysis. Ideally the total dry weight of fine-grained material in the 1-L graduated
cylinder should equal approximately 15 g. However, total weights between 5 and 25
g are considered acceptable. Total weights outside this range are not considered
acceptable and it is recommended that aliquot size be modified to bring the amount
of fine-grained material into the acceptable range.

e Weigh the wet sample to the nearest 0.01 g.

e Place the 62.5-um (4 phi) sieve in a funnel, with a 1-L graduated cylinder
underneath. Moisten the sieve using a light spray of distilled water.



e Place the Sample in a beaker, add 20-30 mL of distilled water, and stir to suspend
fine-grained material.

¢ Pour the sample into the sieve and thoroughly rinse the beaker and stirrer with
distilled water.

e Wash the sediment on the sieve with distilled water using a water pique or squirt

bottle having low water pressure. Aggregates can be gently broken using a rubber
rod.

e Continue wet sieving until only clear water passes through the sieve. Try to ensure
that the rinsate does not exceed approximately 950 mL. This can generally be
accomplished by sieving a sample quantity that is not too large and by efficient use
of the rinse water. Both of these techniques may require experimentation before
routine wet sieving is started.

e Weigh fractions of both the material that was retained by the sieve and the material
that passed through the sieve. Note that the fine material in the graduated cylinder
that passed through the sieve should be allowed to settle prior to decanting of the
overlying water.

REFERENCES

PESP, 1986. Recommended Protocols for Measuring Conventional Sediment Variables in Puget
Sound. Particle Size. Puget Sound Estuary Program. March.

EPA, 2001. Methods for Collection, Storage and Manipulation of Sediments for Chemical and
Toxicological Analysis: Technical Manual. EPA-823-B-01-002. U.S. Environmental Protection
Agency Office of Water. October.



SOP - COLLECTION OF SURFACE WATER SAMPLES

Information regarding surface water sampling is presented below. Samples can be collected
from storm drains, rivers, lakes, or ponds. Record all pertinent information on the surface
water sampling Field Data Form (included in Attachment 2 of the FSP).

EQUIPMENT REQUIRED

e Water sample containers

e Vacuum hand pump with disposable filtration uﬁits (if applicable).

PROCEDURE

1. Submerse sample bottle in water, mouth pointing upstream and below the
water surface. Take care not to collect any streambed solids disturbed by
wading.

2. If volatile organic compound (VOC) analysis is required, collect samples for
VOCs using a precleaned unpreserved glass sample bottle. Transfer the
contents of the sample bottle to 40-mL volatile organic analyte (VOA) vials
making absolutely certain that there are no bubbles adhering to the sides or
top of the VOA container and that there is no headspace in the container. Be
sure to check that the condition of samples is acceptable in the VOA
containers before leaving each sampling site. If any air bubbles are present,
the VOA sample must be retaken wsing a fresh sample container.

3. If field filtration for dissolved metals is required, collect samples using a hand
pump apparatus and transfer to the appropriate sample bottles.

4. Perform field water quality measurements according to the sampling and
analysis plan (SAP).



SOP - MEASUREMENT OF SURFACE WATER AND
GROUNDWATER FIELD PARAMETERS

Information and general instructions for field measurement of water quality parameters (pH,
Eh, specific conductance, dissolved oxygen, and temperature) are presented below. Due to the
variety and complexity of water quality meters available, calibration and measurement
procedures should be conducted in accordance with manufacturer’s recommendations for
specific meters used. The following information describes general procedures for the
measurement of water quality parameters. Where possible, sampling should be conducted first
in areas least affected by constituents of interest, followed by increasingly affected areas.

GENERAL EQUIPMENT AND MATERIALS

* 250- to 500-mL beakers or flow-through cell for groundwater

e Water quality parameter multimeter or meters specific to parameters of
interest (i.e., pH, specific conductance, dissolved oxygen, oxidation-reduction
potential, and temperature)

e (Calibration solutions and deionized distilled water.

GENERAL PROCEDURES

Calibrate meter(s) in the field at the beginning of each day of field or laboratory work when
water quality parameters will be measured. Check meters with calibration standards after
every 4 hours of continuous use. If drift is evident, recalibrate.

1. Calibrate meter(s) in accordance with manufacturer’s instructions using fresh
(unused) calibration buffers and standards.

2. Check slope reading with specifications (in operating manual) to verify slope
is within the manufacturer’s specified range. Open or slide back electrode
vent cap(s) to expose probe vent(s).

3. Thoroughly rinse a 500-mL beaker or 8-ounce jar with sample water. Discard
sample water.

4. Rinse electrodes with sample water to acclimate them.
5. Fill beaker with fresh sample water.

6. Immerse electrodes in sample while swirling the sample, if needed, to
provide thorough mixing. Turn on meter(s). If a flow-through cell is used,



install probes and connect sample water to bottom port of flow-through cell,
directing sample water up through the cell, exiting through the top port.
Direct effluent tubing into an appropriate container for storage and handling.

When the readings have stabilized, record the measurements displayed on
the meter. It is important to determine that the correct units and unit scale
are displayed on the meter and recorded for each parameter measured.
Record and correct any problems encountered during measurement.

If available, field measurement results should be compared to previous
measurements for quality control.



SOP - GROUNDWATER AND SURFACE WATER QC
| SAMPLING PROCEDURES

DISCUSSION

Each time a sampling event occurs, some form of quality control measures must be taken.

RESPONSIBILITIES

The sampling technician(s) are responsible for the accurate collection of quality control samples.
The laboratory is responsible for the accurate set up and analysis of quality control samples.

PROCEDURE

Quality Control Samples

A. Masked duplicate sample:

1. Collect samples by rotating sampling containers from original sample to the mask (using the
same exact methods for both).

2. Preserve, store, and transport the masked duplicate sample in the same manner as the
original sample.

3. Submit the masked duplicate sample to the laboratory for the same analysis as the original
sample.

Note: Ten pefcent of all samples are collected in duplicate (mask).

B. Trip blank:

1. Trip blanks are sealed prior to sampling (prepared by the laboratory doing the analysis).
2. Transport trip blanks to the site in the sample storage cooler.

3. Trip blanks are not to be opened in the field.

4. Transport trip blanks back to the laboratory in the sample storage cooler.



5. The trip blanks should be listed on the chain-of-custody along with the other samples and
the analysis required. (Generally, VOCs are the only requirement for trip blanks).

Note: Labeling of all sample blank containers follow the SOP for the collection of groundwater
samples.

C. Field blank:

1. Get the appropriate sampling containers and desired amount (analyte-free) water from the
laboratory. (Generally, field blanks are taken for each parameter.)

2. Prepare field blanks onsite by filling sample containers with the (analyte-free) water.

3. Seal the field blank sample containers and store with other samples collected (should be
handled exactly the same).

Note: One field blank should be prepared per day or at a frequency of 10 percent of the -
samples per sampling event, whichever is greater.

4. Transport all of the samples to the laboratory for analysis. The analysis on both field blanks
and samples should be exactly the same.

D. Equipment Blank:

Bailer blank:

1. Receive (analyte-free) water from the laboratory (enough to fill a bailer).
2. Pour (analyte-free) water into a clean bailer.

3. Pour this water into the appropriate sampling containers.

4. Store and transport the equipment blank with the appropriate samples for laboratory
analysis.

Filtered equipment blank:
1. Receive appropriate (analyte-free) water from the laboratory.
2. Pour (analyte-free) water into the groundwater sampling filter.

3. Begin filtering (as described in the standard operating procedure for filtering groundwater
samples).



4. After filtering is completed, pour water into the appropriate sampling container.

5. Store and transport the equipment blank with the appropriate samples for laboratory
analysis. '

Note: The filtered equipment blank is usually conducted for filtered metals samples.

DOCUMENTATION

The quality control samples are documented on the chain-of-custody record and the field log
data sheet. The technician(s) are required to document any such quality control samples.



ASTM D2488 — STANDARD PRACTICE FOR
DESCRIPTION/IDENTIFICATION OF SOILS



qﬁn’ Designauon: 0 2488 - 34*'

Standard Practice for

Description and identitication of Soils (Visuai-Manuai

Procedure)’

TTis SANAATS 11 1iSuEd Unoer ne lixea aengnauon O 2433: 1ne numoer immeduatery OlOWING IRE ASDERRUON IngICALE tRe vear of
JNPAL IC0DUOR OF. 1N INE CRIL OF FEYTHOM. LIE YEIF Of ST FEYTRON. A NuMOEr IN DRIEAINEMS INAICILES the vear of WL feagprovay A
SUDRTICTITL CUTION 14} IHAICALES A EOIONA) CRARGE RALE INE XN fEVINCE OF MESOOrOval.

! NoTz—=Setuon 18 was saaen eenionaly 1n Janyasy 1989

1. Scope

1.1 This pracuce covers proceaures tor the descripuon of

solis for engineenng purposes.

i.2 This practice aiso descnibes a procegure for idenufving
satis. at the opuon of the user. tbasea on the ciassificauca
system aescribed in Test Method D 2487. The idenutication
¢ paseg ON Visual examinaton angd manual tests. it must be
-ieariv staled 10 reporung an iaenuticaucn that it is baseq on
visudd=Manuat procegures.

i.2.1 When precise classificanan of souis for engineenng
purposes 18 required. (he proceaures prescrided in Test
Memod D 2487 shall be usea.

.2.2 In this pracuce. the dennficauon poruon assgning
a grouo sympol and name s limiteq 10 soi paricies smaiier
" 3 in. 75 mmo.

.2.3 The 1denuficaion poruon of this pracuce 1s limea
1o naturaily occurnng souis.

NOTE | —This pracuce mav be usexd a3 a JLICNPUVE TYSILM 200U
‘0 SuCh MAlenals as ML, CLIVESIONE. snels crusbed rocE. et (See
Appenaix X2),

1.3 The cescripuve 1nfoMmauon in this practice mav be
ised with otner sou ciassiicauon sysiems or for matenais
stner than naturaily occurnng souls.

1.4 This stangarg may invoive nazaraous malenais. oper-
snons. ana equtpment. ThiS siangara does not purport :o
address ail of the sarety proviems associareg with its use. [t :s
:ne responstoIiity or whoever uses this siandard (0 consust ang
establish appropriate sarery ana heauh pracuces and deter-
mne 1ne appiicabilitv of reguiatorv imitanions prior 1o use.
For speciiic precauuonary statements see Secuon 8.

1.5 The vaiues suted In inch-pound unis are to Oe
regarded as (ne stanaard. -

3. Referenced Documents

2.1 ASTM Sianaaras:

D 653 Terminology Relaung to Soii. Rock. and Contunea
Fluids-

D 1452 Pracuce for Scil Investgauon and Sampung ov
Auger Bonngs®

—————

This pracuce 15 unaer the wnaaon ot ASTM Commsnes D-18 on Soul asn
0ck ana 13 Ui UIECT rSDORBOWIY O Subommmes 018.07 oa idenuficauoa
a0 Clasutication o8 Souis

Tarrent eaiuon aboreven Oct J. (984 Publishen Cecermoer (984 Onpoauv
cubiished a3 D 2488 = b0 T Lix oreviouws einos O 2438 « 63 (1979).
* tanuas Boox ot ASTM Sianaares. Vot 04 O8.

D 1586 Method for Penetrauon Test and Split-Barret
Sampung of Soils* -
D 1587 Pracuce for Thin-Walled Tube Samping of Soils®

D2113 Pracmee for Diamone Core Drilling for Site
lavesuganon® .

D 2487 Tent Method for Classiicauon of Soiis for Engi-
neenng Purooses®

3. Definitions

3.1 Exceon as listed below. all definiuons are 1n accord-
ance waith Termunoiogy D 653,

NoTt 2—For partcies rewaned on A 3an. 7S-mmy US. standad
sieve, 1ae followang aeininons are suggestea:

Cobbies—narneies of rocx that wil pass 3 12-in. (300-mm) square
opening ana be rewxned on 3 J-in. (75-mm) weve. 2nad

Boulders—narucies of rock that wilt not pass a 12-in (300-mm)
square opeming.

3.1.1 cigy—s01i pasaing a No. 200 (7S-um} sieve that can
be mage to exmbit piasucity (putry-like propertes) withia a
rapge of water contemts. and that exmibits conuderabie
suengtl wner ar-drv. For classtficaton. a clay 1s a ine-
gramned soit. or the fine-grained portion of 2 sol. with a
plasucity 1naex equai 1o or greater than 4. and the piot of
plasncity ingex versus liquid lirmst falls og or above the A"
line tsee Fig. 3 of Test Method D 2487).

1.1.2 gravei—parucles of rock that wil pass a Jein.
t75-mm) sieve and be retained on a No. 4 (4.75-mm) sieve
with the fotlowrng subdivisions:

cogrse—passes a 3-in. (75-mm) sieve and is retained on a
Vaein. (19-mm) sieve,

fine—passes a Ya-in. (19-mm) sieve and is retuned on a
No. 4 (4.75-mm) sieve.

3.1.3 orwanic clav—a clay with susficient orgamic content
10 1nflyence tne sou properues. For clasuficanon. an organic
clay 1s a sou that wouid be clasuiied as a clay, except that its
ligud limnt vaiue after oven drving 1s iess than 75 % of its
hqud lirnat vaiue pefore oven drying.

3.1.4 organie str—a st wath susficient orgamc coatent to
1nfluence tne sou properues. For ciassificauon. an orgame sijt
is a sou that wouid be clasuified as a siit except that 1ts liquid
limt value after oven drying 1s less than 75 % of its hqm.d
limit vaiue oefore oven drying

3.1.5 pear—a soil composed pnmaniy of vegewbie tissue
IN vanous suiges of decomposiuon usuaily with an organic
odor. 2 darx brown 10 black color. a sposgy conusiency, and
a texture ranmng rom fibrous to amorphous.
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3.1.6 sand—parucles of rock that wil pass a3 No. 4
(4 75-mm? sieve ana be retained on a No. 200 (75-um) sieve
+1th the following subdivisions:

-oarse—passes a No. 4 (4.73-mm) sieve ang 1s retained on
1 No. 10 (2.00-mm: sieve.

medium—oasses a No. 10 {2.00-mm1 sieve and is retained
sn a No. 40 (425-um} sieve.
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No. 200 (75-um) suieve.
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4. Summary of Pracrice
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GRQUP SYMBOL SROUP NAME
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I — BTN A T 0N SN TS SUR LIV NG Wl
™ Sosme wwes o it GP'GM\- VIN e Sotrve IR PIVE Snn Wt
\ :'q\u-——.mv-m-——u—m
S aaemC L o0 O GP’GC 7 4% wne JourTe wAPES IR GWn TNV ’
\‘:"‘ B s, TV (P SPSD STV IR ST SN WA

. __-—-—‘_____..—-—‘ - e GM 5% wne ure moevn

L% Do ﬁ\.:ﬂ\w——-——-uw.-——n“

SappuCy &0 CH Qc 1499 wen ey e
\:-g‘ NG —tn LTIV OV IR

et orasee SW < 14% o Avsarenan wse
39 u-"<: T N (rove e W v et W e
PR P SP 19% wover Jnavee ¢ wwen unp
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- wn SW'SM 149 grome I 1 ]
Aonareses \:q-._.——.m-“-nc—
Songpn( L o CM
Y. |—(' TGN vt e SVUAVUIED WHD W S0V D YOND
SP-SM 5% e Jesve oI 90N wY BWR e
ety L ar CH SN e SR N R TR S
T 319 e et MY PR = T Sy S GV

SW-SC 715N ruw s wee e
“ o o ) N ’—‘<..——;--u SP-SC \7-5‘.~_MM-“n—m

N Sy, os N SM

« 190 grove isbry wrwy
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LeeCH
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FKI. 2 Flow Chan tor Isenutyng Coarne-Grainea 8oils (less han 50 X fines)

,DOts are reguurea when Ui sod has berween § ana 12 % fines or 1ls0 be acquired svstemancaulv by companns aumencal laboratory test
Lnen the HOWA Jmit 260 DIASUCITY (NALX values olat 1n the CLML wes TIuit for typicai sous of eaca tvpe wiua thewr visual and manual

:x' ihe mman ChRASL Cm -
Joraerine S)ympoi—4 borderiing svmool i wo sYmoou seoaraed . . N
+v 2 sasn for examose. CL.CH. GM/SM. CL ML A boragrute svmoot 5.6 When descnibing and ideaufying soil sampies from 2

‘a0uid be wsea 10 InQicate that the sou has oeen jgenuried a3 navieg Ziven bonng, iest pit. or group of bonngs or pis. it is aot
~roperues tnat 60 NOL CIUBCUY PIACE LAE SOU IDO 3 SPECIFC TTOUO 1368 necessary 0 foilaw ail of the proceaures tn this pracuce for

:openamx A3l every sample. Sois wmuch appear to oe uimiiar can be
grouped logetner: one sample comupietely descnibed and
¢, Sigmuicance and Lse 'denufied with the otners referrea (0 as simiar based on

<1 The gescripuye InfOMManon required 1n this pracuce performing oniy a few of the descnpuve and idenuficaton
-1n pe useg 10 aescrive 2 sou 1o 4d in the evaiyapon of its procedures described 1o this pracuce.
qgmiicant properues {or engiBeenng use,

1 2 The aescripuve miormauon required in this pracuce 6. Apparams

thould be usea 10 suppiement the clasuficauon of a soii as 6.1 Requirea Apparasus:
determinea by Test Metbod D 2487, 6.1.1 Pocket Knife or Small Sparua.

5.3 This pracuce rxay bé used in idennfying sous uing tne 6.2 Useful Auxiiiarv Appararus: _ .
-:asmificanon groug symbols and names as prescrived 1o Test 6.2.1 Smail Test Tube ana Stopper 10 Jar Witk 2 lid.
Method D 2487. Since the names and svmbois used in this 6.2.2 Smail Hand Lens.

sracuce 0 idennfy the sous are the same as those usea in
Test Method D 2487, it shail be ctearly stated in reponts and . Resgeats

il other appropnate documents. that the claswiicavon 7.1 Purity of Warer—{nless othermise tndicated. refer-
svmpol ana name are based 02 Visual-manual procedures. ences 10 water shall be understood 10 mean watet from a aty

<4 This pracuce is to be used not only for idenniicauon  water supply or natural source. 1aciuding non-pauable water.
s sous 1o the field. but aiso in the otfice. laboratory, or 7.2 Hydrochlonc Acad—A small borue of dilue hydro-
wherever soii sarmpies are inspected and descnibed. chioric aad. HCL. one part HC1 (10 &) to three pans water

§ This pracuce has parncular vaiue in grouping amuar This reagent 1s opuonai for use with this pracuce). See
. sampies soO tnat oniy a minimum number of laboratory Secton 8.

12518 neeg be run for posiuve soil clasiricauon.

NOTE d=m=7he 3DUITY 1O CEACTIDE ang LD Uy SOUS Corecyy s iearned 8. Safery Precautions .
=ore reaquv UBGer LIE SUINSACE Of CXIPENEnced personsel. Dut X MAY 3.1 When prepanng wie dilute HCI soiunion ot one part
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t3) Roynows

ve

't Subrognoet

Fia. 3

conceatmates nvarocntone acid (10 N) o three cans of
Jistiled water. siowiv add acia into water followang necessarv
sarety precaunons. Handle witn caunon ana store saseiv. if
solution comes IN10 CONtact with the skin. rinse thorougniy
with water.,

8.2 Caution-—<s0 N0t add water 10 acd.

9. Samviing

9 1 The samoie snail be considerea to be representative or
‘he siratum (fom wnich 1t was gbtained by an appropnate.
IcCeplaC. or SLanaarc procedure.

\NNTE  ---referabiv. (18 SAMOIINE procraure snouid be 1geniinied as
~3vi0g DeTA CONQULLn 1N ACCOTAANCE witn Pracuces D 1492, 5 .$87. or
D 2:i1i_r Methoa D (538,

9 2 The samote snall be carerully denufied as to onmn.

NOTE t—RemArks i lo the ongn mayv wke the form of 3 bonng
Tumber a0 AMDIC TUMOET IR CONJUNCUON WAth 2 jOD fnumDer. a
e010gi¢ Sir3tum. 3 OECOlOMC honzoa or 3 locauon dexnouon with
respect 10 3 DEITM3NEN MONUMENL 2 ENG svystem Or a Stauon numoer
1ng offset witn respect 10 2 stated centernune and a deptn or elevauon.

9.3 For accuraie 2eCnIption and idenuficauon. the min-
imum amount Of 1N speaimen ta be examinea shail be in
accaraance wun the following schedule:

TABLE ¢ Crtens tor Descnoing Anguisnty of Cosrse-Grainea
Psrocies (see Fig, 1)

-escrTion Crtorg

Anquiar = oS Nave INarn 00083 AN0 reatVEN (1IANE T0aE witn
LSOCRENEA SUTACES

I.manquiar FINOEs Me NTRE 10 QU CEICNOTON DUt Nave
-2UNGEa $00eS

2 orounced Z1MOes RIVE NEBNY DUNG 31088 DUl NaVe wesvoUNOed
:Tere NG 9008

2aunce %1088 NEVE IMOCIV CLrveo 31083 4N0 NO #00Y

1d) Submnguiar

Typecal Anguianty of SBulky Grams

Maximum Pamicie Size. \imimym Soeamen Size.

Steve Oveming O Wergm
475 mmNo 4) 100 ¢ 10.23 Iby
98 mmivo <00 g t0.5 i
19.0 mm 1% a3 10kge2 2
3B mmtvrang 10wt
S0 mmdina 0.0 kg 1132 9

Nore 7—il rangom isolated parucies are encountered that are
sigficanuy iasger than the pamcies 1n tne sou matnx. the soit mamne
can be accuratetv descnoea ana identilied In accordance wath the
Jreceeaing cnedule.

9.4 If the fleld sampie or spexmen bemng examined is
smatler :han the mummum recommended amount. the
report shall inciude an appropriate remark.

10. Descriptive informanon ior Soiis

10.1 dnguaruvr—Descnioe tne anguianty of the sand
{coarse s1zes oniv), gravet. covobles. ana bouiders. as angular,
subanguuiar. subrounded. or rounced tn accordance with the
cricena 1n Table | and Fig. 3. A range of angulanty mayv be
stated. such as: subrounded to rounaed.

10.2 Shape—0Descnibe the shape of the gravel. cobbles,
and bouiders as flat. clongated. or rlat and elongated if they
meet the cniena in Table 2 ana Fig. 4. Otherwise. do not
menuon the shape. indicate the tracton of the particies that
have the shape. such as: one-third of she gravel parucies are
flar

10.3 Culur—Descnibe the coior. Color 1S an important
propenty 1n ideativing orgamic sous. and wshin a given
ocality 1t may also be useiul i1 iganuiving materials of

TABLE 2 Critena tor Descnomg Parucie Shape (see Fig, 4)

The oarmoe 3Naoe $Nal OF CesCONd 33 ONOWS wniN® WY, wwath. ang
TICRAESS MRTEF 1O NG GreAtast, NTSMMSAELE. ING WASt CIMSNECNS Of 3 OArtcy.
- e30BCTYetY

gt

Songatea
=zt 3na wonoatea

Parmtns wwn wannmcxness > 1
Darmties win eagwom > 3
Sarucies meet orTens MOr OO AAT ANG SONCELEa
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(N
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0
[r}

PARTICLE

N=mWIOTH
= THICKNESS
- =LENGTH

[/

T
FLAT: #/T>23
ELONGATEDZ: L/ W >12
FLAT AND ELONGATED:
- meets DOTH CriTerig
FIG. 4 Critana for Parocie Shaoe
TABLE J Critens tor Oescnomng Moisture Conamsen
Zescronon Smene
Pl AT Ot MOTSTIre. QUSTY. OrY 10 T U
Morst amD tU1 NO VLo watwr
Net /700 WO8 Witer USUMIV SON 13 DEOW wete oM

amilar geoiome cnpn. [f the sampie contuns layers or
patches of varying colors. ttus shali be noted ana ail
representauve coiors snail be described. The color shal be
describea for moist sampies. If the color represenis a dry
:ondition. this shall be stated 1n the report.

10.4 Odor—0Cescrioe tne odor if organic or unusual. Soiis
contalning a signicant amount of organic matenal usuaily
nave a disupcuve odor of decaying vegerauon. This 1s
sspeciailv apparent 1n iresn sampies. but if the sampies are
dned. the oaor may ofien pe revived by heaung a morstened
sampie. If the oaor ts unusuai (petroleurn product. chemcal.
ing the hikey. it snail be descnoed.

10.8 Mousture Conattion—Descride the moisture condi-
wion 3s 4ry. moist. or wet, 1n accordance with the critena in
Table 3.

10.6 HC! Reacuion~Describe wne reacuon wath HCl as
none. weak. Or SonL, in accorcance wath the cnatera n
Taple 4 Since cucium carbonate is 3 COMMON cemenung
igent. 3 report oOf 1S Presence on the pasis of the reacton
«1th dilute nvarocnlone acid 1S imponant.

TABLE & Critena 1or Descnomg the Asscuon with NCI

“escrexon e
None NO vitip rescoon
~eaam Same rescuON. Wi DLODES TN POWN
Stromg /'CIIFR PEACTION. WiN BLOOISS IYTTANG TTYNCINNY

TASLE § Critena tor Descnowng Conssmney

Sescrooon Cmema
Vere sont “Tunt wa OENETRNS 308 MOe TN t n 128 meme
Saoft ThumDd Wil DENGVES SO0 ADOAR | N (25 ryw
Fwm ThumD wal NOEY 508 ADCRA s 16 mm
“aro Thume wil Aot NOENT S0 DU reativ NOPWNES B TLITOnes
‘Yefv RS “Tumaonas wel ACt NOSM 308

10.7 Consistencv—For 1n1act fine-grasnea soil. describe
the consisiency as very soft. soft. firm. hard or very hard. in
accorgance with the cnitena 1n Table &, This observauon 18
inappropnale {or soiis with significant amounts of gravel.

10.8 Cememranion—{Oescrive ine cementation of intact
coarse-graineg Solis as weax. modgerate. or strong, i accord-
ance with the critenia in Table 6.

0.9 Siruciure—DescriDe the structure of intact sous in
accoraance with the cntena in Table 7.

10.10 Range or Particte Sizes—Fot gravel and sand com-
ponents. desctibe the range of parmcie sizes within each
component as defined 1n 3.1.2 ana 3.1.6. For exampie. about
20 % fine ‘o coarse gravel, about 40 % [ine to coarse sand.

10.11 Maxtmum Parucle Size—Descnibe the maximwm
parucie size found in the sampie 1n accordance with the
foitowing informauon:

10.11.1 Sand Size—If the maximum parncie size is a
sand size. cescnbe as rine, medium. or coarse as defined in
3.1.7. For example: maxumum parucie suize. medium sand.

10.11.2 Grave: Size—1f the maximum paracie size 13 a
graver size. descnpe the maximum parucie size as the
smailest sieve opening that the parucie wil pass. For
exampte. maximum parucie size. |/ 1. twil pass 3 | /420
square opening but NOt a ¥=1n. square opening).

10.11.3 Cobble or Bouider Size—If the maximum particie
s1ze 15 a cooble or bouider size. descnibe the maximum
dimensnion of the largest particte. For exampie: maximum
dimension. i8 in. (450 mm). .

10.12 Hardness—Descnibe the hardness of ccarse sand
and larger parucies as hard. or state wnat happens when the
parucies are hit by a hammer. for exampie, gravel-size
parucies iracture with consideradble hammer blow. some
gravel-size parucles crumole with hammer blow. “Hard”
means parucies do not crack. fracture. or crumpie under a
hammer piow.

10.13 Additionai comments shall be noted. such as the
presence of roots or root holes. difficuity n dniling or
augenng hoie. caving of trench or noie. or the presence of
mica.

TABLE § Criteria tor Descntxng Comenustian

SeagroTon Cmang
‘Nemit Crumtass of Dresss Wi Rarceng o WOk NG treansre
Moowrew CAIISS OF Dresits WRN CONSOWE 0N reEnse

Srog Wil At CRATERS OF DFrEAR Wit Angey Oresre
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TABRLE 7 Critarma tor Ooscrmng Strucnss

Z :scronon Srers

2 -auhea NEMETNG DVFE OF YY) MITINT OF COIF Wt Irvare &t
283 € MR TCX: NOTS TECETWal

AATINIte0 AlNTeTNG WYers Of vrWi) TEUE OF COF weth the
‘SVErD IS TaN 6 YR TR ROTE NCTNES

T asureq JresxS NONG CONVIN A Of TICDRES weed  STOR
*SSARENCE 10 rACOETY

I cxensoea Srcnse GNES GDOMF OORNWIE OF QOSY., IOTHUMER
sated

: ocxy Coheane a0 NSt CAN DO OFOKEN GOWR 10 ETIS SNCAANr
UMDS WIRCH Femt AT SrRERaTN

etV ] ACRINON Of YT OOCKETS Of AFEFN SORS. SLCN 53 ATl
4nens Of SAMD CETINNGN TYOCUGN & NS Of aXV. NOtR
CKnees

~rNO0SNeoUS S Co0r SN0 ANDMIANTE WFTLENOUR

0.14 A locai or commercial name or a geolomic interpre-
:auon of the sotl. or both. may be added If ideaunfied as such.

.0.15 A clasnficanon or idepuficanocn of the sou in
sccoraance wath otner clasgficauon svstems may be 2aded if
_aenuiied as such.

11. [dennficanon of Peat

..l A samuote composed primaruyv ol vegetapie ussue 1n
inous swages o decomposiuon that has a librous 1o
maoronous texture. usuailv a dark brown ta black cotor. and
in orzamc odor. snall be designated as a nighly ormame sou
ing shall be 1qenusied as peat. PT. ana not subjectea 1o the
aentulicaton procequres descnved hereaner.

12. Preparation for [dentfication

12,1 The sou idenuticauon portion of this pracuce is
sasea on the poruon of the soi sampie that will pass a 3.in.
: “S.mm) sieve. The larger than 3-in. (75-mm) parncles must
e removed. manuaily. {or a loose sampie. or mentatly. for
in 1ntact sampie berore ciassfyving the sot.

.2.2 Esumate and note the percentage of cobbies and the
-ercentage of bouiders. Performea visuadv. these esumates
~11i be on the basis of voiume percentage.

“.ITE X-=Since the Dercentages oOf the parucie-nze AbUTON In
T2st Methoa D 2387 are ov Qrv weight. ana the ssumaley of percentages
‘3¢ gravel. sand. ang fines N this pracuce are ov dry wewnt. it is
-scommended that the TeDOT SAW that the percentages of cobbies ang
=oulgers are by volume.

:2.3 Of the fracuon of the sou smailer than 3 in. (75 mm),
2sumate and note the percentage. by dry wemght. of the
zravei. sand. and fines tsee Appenaix X4 for suggested
srocequresy.

NoTE 9—Since the varucie-uize components aopear visuailv on the
=348 Of vOolumMe. consiaerabie exDeNENce S requued 10 esumAte the
serveniages on the oasis of dIv wewnt. Freguent compansons with
S00MRIION PArlICie-3ize anAIvies shouid be maae.

.2.3.1 The percentages shall be esumateg to the ciosest
¢ < The oerceniages of gravel. sana. ana fines must aad up
13 100 &

.2.2.2 If one ot the components is present but not in

uficient auantity 10 be considered § ¢ of the smaller tnan
cwf. T 3-mmy portion. indicate 1ts presence by the term
~7c0. Jar example. trace of fines. A trace 1s not 10 be
sansigersa n tne towat of 100 e for the components.

13. Prelimipary idemnficanon

13.1 The sou s /ine granea if it contuns 30 % or more
fines. Foilow the procequres for idenutving fine-graines souis
of Section 14.

13.2 Thesou is coarse grainea if it conwups jess than 350 &
ines. Follow tne procegures for idenufving coarse-graned
sonis of Secnion 1 5.

14, Proceaure for {dendfying Fine-Grained Soils

14.1 Select a represenuauve sampie of the matenial for
sxamipauon. Remove parucles larger than the No. 40 sieve
(medium sand ana larger) unnl 3 specrmen equivalent 10
about a hapaful of matenai is available. {Jse this speczmen
for periorming the ary strengun, dilatancy, and toughness
tests.

14.2 Drv Strengin:

14.2.] From tie specimen. seiect enough matenai to moid
1nto a ball about | in. (25 mm) in diamerer. Mold the
matenal yaul it has the conuistency of putty, adding water if
necessary.

14 2.2 From the moided matenal. make at least three test
specimens. A test specrmen shail be a ball of maternal about

2 1n. 112 mmin ciameter. Allow ne test specymens 0 dry
!N ar. or sys. or vy aruficiai means. as long as the
remperature qoes nat exceed 60°C.

14.2.3 If the 125t specymen contains namrat dry lumps.
those that are apour /: ia. (12 mm) in diameter may be used
in place of the moided bails.

NOTE 10—The orocess of moiding and drving usually produces
higher suengins than are found In natural dry lumps of soil.

14.2.4 Test the surength of the dry balls or lumps by
crushing berween the fingers. Note the strengift as none. low.
medium. high. or very high in accorance witls the criternia in
Table 8. If naturat dry lumps are used. do not use the resuits
of any of the lumps that are found 10 contan particles of
coarse sand.

14.2.5 The presence of high-strength water-soluble ce-
menung marerils. Such as calcium carbonate, may Cause
exceptionaly high dry strengins. The preseanee of calcum
carbonawz can usuaily be dewected from the mreasty of the
reacnon with dijute hydrochlonc acid tsee 10.6),

14.3 Dilatancy:

14.3.1 From the specimen. seiect enough materat 10 moid
into a ball about 2 in. (12 mm) in diamewer. Mold the
matenal. adding water 1i necessary, unul it has a soft. but not
sucky. coasistency.

14.3.2 Smootn the sou bail in the paim of one hand with
the blade of a knife or small spatuia Shake horzontaily.

TABLE & Criterta tor Oesscnoing Ory Strength
Deatrooon Cntens
None The dry SDECETISN CRATCNES MO COWOS? wWailt PG IS
Low

ot handng

The Gy SOECETSN CRATICISS N0 COWGEF wwft Samg fnoer
oresmse

“he Gy I0eCETEN OFEARE MO OWOS OF CTUTEIES W
CONBOWEDS SNQEr DrYISUre

T™he ary sDecYnEn CANNOS D8 DYORGN walt AOW Creslsre.
SoRETen wa DreaR MO DECSS DETWeEh TIUTD NG & NrY
usteen

"N OV SOSCYTEN CANOY OF Droxen etwe T8 P ana 8
~70 Surreoe
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~ABLE § Critene tor Deecrng Oistency
Tmane
N0 vesIDR ChaNge N e Wasr™an
Nﬂm“mnmunmm
SAAONG NG GOB ACT SIACTRET OF (XLAUDSErS SXOWW UOCK
suseDng

Nutar SOOBSE GUICKV OR e SUTacE Of T JORCETEN STy
SRAREWY 93 GRSACOMINY GUICLY UOON OUSATIT

i ‘a"ég

TABLE 10 Critera tor Oescrong Tougnness
Cmare

Ony Iy FeaBsS & reaarss ¥ 18 UW Treed A e
st BT The F7eas and s L0 s wean ana sort
Vatlin WSS @ YOS © 18 T TTeag 10 hee e
prasuc wvet. Th Tvend eng 0 MO Nve MECUM STANESS
ConmOerstil OreBiise % recures 16 18 11g Tven) 10 e Y
pasmc wrst. The Tweso ama T UMD Nave veY MGR

sturnesh

S eNOVON
~w
VORI
N

sniing the side of the hand vigorousiv against the other
4ang severay umes. Note the reacton of water 20peanng on
.me surtace of the soi. Squeeze e uamote ov cionng tne
-ana or pincrung the sou between tne tingers. ana note tne
-eacuon as none. slow. or mapud in accorgance wun the
:aterta wn Tabie 9. The reacuon 1s the speed witn wach
~ater appears while shaking, and disaopears wnue squeening-

3.4 Tougnness:

{4.4.1 Following the completion of the dilatancy test. the
-est specimen 18 shaped in10 2n eiongated pat and roued by

od on a smoath Surface or between tne pums into a taread
soout vs 10. 13 mm) 1n diameter. (If the sampie 13 100 wet t0
coil easiiv. 1t should be spread into a tun laver and allowea
'0 iose some water by evaporation.; Fold the sampie threads
1na reroil repeatedly unt the threaa crumoies at a diameter
1f about 1 in. The thread will crumole at a diameter of 3
.n. wnen the soil is near the plasuc limn. Note we pressure
-squirea to roll the thread near the prastc bmn. Also. note
-=e srengtn of the thread. After the tireaa crumoies e
-1eces snouid be lumped togetner ana kneaned unmi the
. mop crumoies. Note the toughness of the matenai dunog
\heaqaing.

13.4.2 Descnibe the toughness of the thread and lump as
‘ow. medium. or high in accordance wam e cntena o
Table 10.

14.§ Plasticuy—0On the bans of observanons made duning
‘he tougnness test. describe the plasuaity of the matenai in
accordance with the cnitene given in Table 1.

TABLE 11 Criteria tor Descnong Plasucity

Sescromon Cmara

e A Vg, 1347TeM SYREO CUTION Uy MG I MW WA COPYOrR

2w The Uwees AN DEMV D rosed an0 e LTI CANNOE 08
TG WA SPSF TN UW tLege v

e The SYea0 & &4V (O 108 A0 "X Muoh amMe & reaues o

rescn T CAASEC BT, The Preso canvie Oe rarcasd aner
reacywng T OWSEE wmet The WIYP CUITYISS WHhen oWr
N N8 DS BT

-gn R tAReS CONBONEDES WNe O M ReRana ) reagn TW
oaset wew. The Svead can ce reroma severms nes snar
ARG TA TSR BTR. Thg Ly tan De TG WL
CUEVEETY) W 0N TN Ve DaEeE ITR

14.6 Deciae WNetRer tne s0u1 iS an IROTRAMC OF an oreanic
fine.grainea sou (see 14.8). If inorganic. follow the steps
given 1n 14.7.

{|4.7 Idenurication of [norganic Fine-Grained Soils:

14.7.1 ldenufy the sou as a iean ciav. CL. if the soni has
medium (o high dryv areagin no or slow dilatancy. ana
meaium touganess ana vlasucity 1see Table 121

14.7.2 Ideausv the sou as a rar crav. CH. if the sou has
high to very high drv sireamn, no dilatancy. and high
toughness and olasucity (see Table 121

14.7.3 ldenutv the sou as a2 siit, ML, if the soni has no w0
low dry surengih. slow 10 ramd dilatancy. and low oughness
and plasuaty, or 13 nonpiasng tsee Table 121

14.7.4 idennsy the soul as an eiastic siit. MH. if the soil has
low to medium ary strength, 0o o siow dilatancy, and low w
medium toughness and plastcity (see Tabie (2L

Nore !1—These properues are simiiar 10 thase for & tess clsy.
However. the ait will drv quuexiv on the nand and hawve s smooth. zliky
Teed when dry. Some saus thar wousd clasurv as MH in sccorizace 1
‘he critens 1n Test Method D 2487 are wisunily difficuit o desnagunn
rorn wan cavs. CL. [l may pe necessary 10 pertorm iabofatory tesong
7ot proper aeanficauon.

14.8 [densvicaiion or Orgaric Fine-Grained Soils:

14.8.1 !denusv the sou as an organte sou. OL/OH. if the
soil conuains enougn orvanic parucies 10 influence the sou
propertes. Organic soiis usuaily have a dark brown 10 black
color and may have an organic odor. Often. organic sozis will
change coior. jor exampie. biack 10 brovm. when exposed to
the air, Some orzanic sous will lighten 1n color significanty
when air dried. Orgamic 3oiis normaily will not have 2 high
toughness or plasncity. The threaa for the toughness test will
be spongy. -

NoTE 12~Ia some casex. UUough Pracuce and EXPENCDCE, 1t may be
posmble 10 (urther 1azaniv the OrganIC SOUS AS OMGARIC UM OF OrEARC
clave. OL or OH. Corretanons oetween (ne duamancy, dry strengta.
1OUGANELS 123IE. 304 LABOTATONY T89TS 2N De maae 10 idenufy organic wus
|0 cern deponts of simiiar magertals of known geolope onpa.

14.9 If the sod is esumarea o nave 15 ta 25 % sand or
gravei. or both. the woras ~nfi sand™ or “with gravei”
(whichever 1s more predominant) shail be added to the group
name. For exampie: “lean ciay wath sand. CL” or “silt wmith
gravel. ML™ (see Figs. 12 and 1b). If the percentage of sand is
equal to the percentage of gravei. use “with sand.”

14.10 If the souj is esumated to have 30 % or more sand or
gravel. or both. the words ~sandy~ or ~gravelly” shall be
added 1o the group same. Add the word “sandy” if there
appears to be more sand than gravel. Add the word
=graveily” if there appears 10 be more gravel than sand. For
exampie: “sandy lean ciay. CL". “zravetly fat clay, CH", or
“sandy sit. ML" (see Figs. 1a and 1b). If the percentage of
sand is equai to the percent of gravel. use ~sandy.”

TABLE 12 !denuficanon of inorgame Fine-Grained Solls from

Marnuat Tests
Sol T
Symbes Ory Strengon Diatancy QughTues
ML Nare 10 ow Siow 0 rapd Ow OF TYENES Carwen O
forren
cL Magasn 1O fgh None %0 Fow Magasn
L) Qv 0 Mmemm Nore 10 sow oW 1D MTRAn

cH =gy %0 Yere ran Nors Hon
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5. Procequre for idennfving Coarse~Grainea Soiis (Con-
‘3108 tess than 30 % fines)

il Tre sou 1s a gravet if the percentage of grave: 1§
ssumated o te more than the percentage of sana.

5.2 The sou i1s a sand if the percentage of graver 1s
scumated to oe egual Lo Or iess than the perceatage of sana.

5.3 The sou 1s a cliean gravet or clean sana 1if the
~ercentage of fines 18 esumated o be § % or less.

1$.3.1 Idennrv the sou as a weti-graded gravet. GW. or as
a wetl-gragea sana. SW. if it has a wide range of parucie sizes
ang substanuai amounts of the intermediate parucie sizes,

2.3.2 Idenursy the sou as a pooriy graded gravet. GP. or as
a poortv graaed sand. SP. if it conaiws predominanuy of one
s1z8 turutormiy graded). or it has 2 wide range of azes wath
some intermegiate fZes obviousiv miseng (gap or skip
graded).

1S 4 The sou is either 2 gravel with fines or 1 sang with
Jfines 1f the percentage of fines 15 esumated to be 15 % or
more.

15.4.1 ldenufy the sou as a c/avey gravel. GC. or a ciavey
tang. SC. if the fines are clavey as determinea by the
procedures in Secuon (4.

'¢.4.2 {dennfy the soit as a sutv gravei. GM. or 3 silty
:ana. SM. 1f the fines are sty as determunea by the
nroceaures in Secuon 14.

15.5 If the so1l 15 esumated to contaig 10 % fines. mve the
soll a dual idennficanon using two group symoois.

15.5.1 The first group symbol shall correspona to a ciean
gravel or sand (GW. GP. SW., SP) and the second symool
shall correspond t0 a gravet or sand with fines (GC. GM. SC.
SM).

15.5.2 The group name shall correspond to the firs group
symbol pius the woras “with clay” or “with silt” to 1naicate
the piasucity cnaractensucs of the fines. For exampie:
~weil-graded gravet with clay, GW-GC" or “pooriy graged
sang witn siit. SP-SM™ (see Fig. 2).

i$.6 If the speamen 1s predominanty sand or gravel but
conwuns an esumated !5 % or more of the other coarse-
zraineg consutuent. the words “with gravel” or “with sana”
snail be agded 10 tne group name. For example: ~coornty
graded graver with sand. GP™ or “clayey sand with gravei.
SC™ (see iz 2).

1£.7 If the field sampie contains any cobbles or boulders.
or both. the words “with cobbles”™ or “with cobbles and
bouiders * shall be added 10 the group name. For exampie;
~silty gravei with cobbles. GM.™

16. Report

16.1 The report shall include the wnformauon as to ongin,
and the items indicated 1n Table 13,

NoTt 11—~Examme: Clavev Graver wik Sana ana Cobbles. GC—
About $0 T fine 10 coare. JUCIOUNGEL 10 SUSADFULAS graver: abowt 30 %

TABRLE 13 Checxust for Descrouon or Sails

Groun narme
Group svwroo
Percart of COLDANS OF DOARDAFS. OF DOM OV YORITEY

Percarn & grével. S8NQ. Or WAL OF 3 TYWR DY OTY wexpw)
Perocss-uxs rege:

N

Sand—ire. memm. coarse
Partos snace: i SOCFOUNEW) RSt SONGENG. ARt NG GONOEG
MazsTarn Carecs S29 OF rnanmon
Harcness of CONSE SN0 W0 WO DTN
10. Plasscty Of ANEE: NONCMENE. ©W. MM Mgn
11, Ory STUNGUE NONS, 1OW. MSN. Mg, vary mon
12, DEStWNCY: NONe. SIOW. et
13. TOUGNNBEE W. MECRSN. MGN
14, Color (3 Mot conpsom
19, Odor manann orey § OFYINE O UNURA
16. Momsase Ory, Mo wet -
17. Reptacm wwn MCE NONe. wean. syorg
For Fusce samone
18. Conmmmancy (WS-gramec A0S ONVE vry 101, SoRt. . herd, very hare
19. STuCAsSE WEUAMG. WTPEEG. fSuSul. ACRAMONS. ANeER. RO

0w N

QUL

20. Conutascre wemn. MOCKYR. STONY

21. Locs nerre

22. Gecloge FTRrorvancn

73, ASSEONE COMIMINGL CABINCE Of fO0W OF MOt NOWA. OrUSENOS of wee.
QYDEAN. SIC. LSTD COSUWE ON CONMFENS0 OAFECNA CRWAD oF

mammumm“ﬁnmcm
o

fine 10 coarse. subrounced sand: about 0% fines wnh medmum
pissoory. tugh dry strengit, 0o dilatancy. metium toughoess weak
rescoon with HC: onpaad field saampie had abom § % (by volumer
subrounded cobblex. manimum dinesnon. 140 mm.

lo-Place Condmons-—=Firm. homogeneous, dry, brows

Geologxe interpreanon—aluval an

NOTE | 4—nBer exampies of sou descnpuons and idepuficaton are
gven 1a Appencites X1 and X2

Nore | 5—If demirest, the percentages of gravel. sand. and fines may
be mated 10 terms ipdicanng 3 range of percennages. as follows

Trace—Parncies are present but esumated 10 be lem tham S %

Few—5 10 10 %

Littlepmmi5 w3 25 %
Some—101045 %
Mostiyp—50 10 100 %

16.2 If. in the sou descipuon. we soul is ideatufied using a
clasmficaton group symbol ana name as described in Text
Method D 2487. it must be disuncuv and clearty stated in log
forms. surnmary tables. repors. and the like. that the symbol
and name are based on visuai-manuai procedures.

17. Precision and Bias

17.1 This pracuice provides quaiitauve informaunon only,
therefore. a precision and bias statzement iS not appticable.
18. Index Terms

18.1 Classificanon. sou clasmficauon. visual classification,
soil descripuon. clay, sit. sand. gravei. Organic souls.
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APPENDIXES

(Nonmanastory informanon)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X 1.1 The following exampies show now the informauon
required 1n 16.1 can pe reporteg. The nformauon that s
inciuded 1n descnipuons snouid be based on naividuai
circumstances and neea. _

X1.1.1 Well-Gragea Gravet wun Sand (GWI—about
T8 % fine to coarse. hara. sudbangular graves: about 25 < fine
10 coarse. hard. subanguiar sana: wace of fines: maximum
size. 7S mm. brown. drv: no reacuon wath HCL.

X1.1.2 Silty Sana wun Gravet (SMi—about 60 % pre-
dommanuy fine sana: about 28 % sijty fines wath low
plasucity. low dry strengta. rapid dilatancy. and low tougn-
ness: about |8 % fine. narg. subrounaed gravel. a jew
zravel-size parucies iractured witn hammer olow: maximum
size. 25 mm: no reacuon with HCl (Note—Fieid samopie size
smalier tnan recommesced).

[n-Place Conauions—Firm. siratified ana contains lenses
of stit 1 10 2 in. 25 t0 30 mmi thick. moist. brown to gray:
in-place aensity 106 Ib/ft*: in-place moisture 9 %.

X1.1.3 Oreanic Soit (OL/OHI~spout 100 ¢ fines with
'ow piasucity. siow dilatancy. low arv strengn. and low
:ougnness: wvet. dark brown. organic caor weak reacuon
with HCl.

X1.1.4 Silty Sand with Organic Fines 1S\ 1—about 75 %
fine 10 coarse. hard. subanguiar reddish sand: about 25 %
orgamic ana sity dark brown nonpiastc fines wath no dry
suengl anad siow dilatancy: wet: maximuym size. coarse
sand: weax reacuoa wath HCl.

X1.1.5 Poortv Graded Gravet wun Silt. Sana. Cobbles and
Boulders ‘GP-GM)}—about 5% fine t0 coarse. hard
subrounded to0 subangutar gravesr: about |5 % fine. hard.
subroundeq 1¢ subangular sana: apout 10 % siity nonpiasuc
‘ines: most. brown: no reaction wnn HCL onginal ficld
sampte had about 5 % (by volume: hard. subrounded
cobbtes 3pa a wrace of hard. subrounaed bouiders. with a
Maxmum cimension of {8 in. (450 mm..

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE. CLAYSTONE.
SHELLS. SLAG. CRUSHED ROCK. AND THE LIKE

X2.l The idenuficaucn procedure may be used as a
descripuve system appued [0 matenals that exist in-sity as
shaile, c!avsione. sandstone. sitstone. mudstone. erc.. Sut
convert 10 solis after fieid or 1aboratory processing (crusmng
siaking. ana the hikes.

X2.2 Matenas sucn as snetis. crusned rock. siag. ang the
like. snouid be idenufied as sucn. However. the procegures
used in this pracuce !or descnbing the parncie size and
plasticity charactensucs may oe usea in the descnpuon of the
matenai. if desred. an idenuficauon using a group name and
svmbol according to this practice may be asugned to aid 1n
Jescnbing tne mawenal

X2.3 The group symbol(s) and group names shouid be
placed in quotation marks or noted with some tvpe of
distinguisiiing symbol. See examptes. ,

X2.4 Exampiecs of how group names and symbois can e
Incororatea (nid 2 4esCIDUvVe systern for matenais that are
not naturailv occurnng solis are as foliows:

X24.1 Shale Chuniks—Retneved as 2 to 4-in. (50 to
{00-mm ) preces of shale frorm power auger hole. dry, brown,
no reacuon with HCl. After slaking in water for 24 h.
matenal idenufied as ~Sandv Lear Clav (CL)™; about 60 %
fines with medium plasucity. high drv sirengun no dilatancy.
and medium tougnness: about 1S % fine 10 medium. hard
sana: about 5 % gravei-size pieces of shale.

X2.4.2 Crushed Sandsione—?roduct of commeraal
crusmng operauon: “Pooriy Graded Sand with Sit (SP-
SMY™: about 90 % fine to medwm sand: about 10%
nonpiasuc lines: dry. reddish-brown. sizong reacuon with
HCL

X2.4.3 Broken Shells—About 60 % gravei-size broken
shells: about 30 % sand and sana-size shell piecess about
10 % fines: ~Poorly Graded Gravel with Sand (GP).”

X2.4.4 Crushed Rock——Processed from gravel and cob-
bles 1n Pit No. 7. “Poorly Graded Gravet tGPY": about 90 %
fine. hard. anguiar gravel-size parucies: about 10 % coarse.
hard. anguiar sapd-size parucles: dry, un: no reacuon with
HCL

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WTTH TWO POSSIBLE
IDENTIFICATIONS.

X 3.1 Since this pracuce 15 based on esumates of parucie
size agisinoution ana ciasucuy charactensucs. it mav be
Auficuit to cleariv ceautv the son as beionmng to one
:ategory. To inducate tnat tne sou may tall into one of two

possible basic groups, a borderiine symool may be used with
*he two symools separated by a siash. For exampte: SC/CL or
CL/CH.

X1.1.1 A borderiine symboi may be used when the
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-=rcentage of {ines 1S estmateq to de perwveen 45 anag 33 .
Jne symool shouid be Or 3 coarse-graineg soi witn 3nes
.na the otner 1or a line-graineg son. For exampie: GM/ML
:r CL.SC.

X3.1.2 A borderiine symbot mavy oe used wnem (ne
~srcentage of sand and the percentage of gravet are esurnated
-2 pe about the same. For examoie: GP/SP. SC/GC. &M/
IM. It 1s pracucailv impossible 10 nave a sou that wouig have
: oorderiine symbol of GW/SW.

X3.1.3 A borderiine symboi mav be used when the soil
:suid be enther weil graged or ooony graged. For examoie:
GWIGP. SW/SP.

X3.1.4 A borderiine symbol may be used when the soi
:ould either be a2 it or a ciav. For exampie: CL ML
CH/MH. SC/SM.

X3.1.5 A borderiine symboi may be useg when a nne-

rainea soll Nas oroperues that ingicate thar it :s at the
Soungarv oetween a sou Of 10w comopresamibiry ana a sou of
nugh comoresaniny. For examoie: CL/CH, MH/ML.

X3.2 The orcer ot the borgeriine sympols shouid retiect
stmianty o surrounding or adiacent soiis. For exampie: sotis
'n 2 borrow area pave been idenntied as CH. One samuie s
consigerea (0 nave 3 pordertine symool of CL ana CH. To
show simiianty. tne boraeriine symooi shouid be CH/CL.

X3.3 The group name for a sou with 2 borderhine symool
should be tne group name for the 1irt symooi. except for:

CL/CH lean to fat clay
ML/CL clavey silt
CL/ML silty clay

X3.4 The use of a bordertine symboi should not be used
indiscnimrnately. Every effon shail be made 10 first place the
soil into a singie group.

X4. SUGGESTED PROCEDURES FOR ESTTMATING THE PERCENTAGES OF GRAVEL. SAND.
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—1 he retauve percentage of coarse- and
Tne-grained matenal mav be ssumatea by thorougniy
inaking a mixure of sou and water 1n a test tube or 1ar. ana
:1en allowing the mixture to sertie. The coarse parucies wiil
‘ail 10 the bottom and succesuiveiy (iner parncies wiii be
Jeposied with ncreasing ume: the sana sizes wiil fail out of
suspension 1n 2 to 30 s. The retauve proporuons can be
esumated from the reianve volume of each size separate.
This method shouid be corteiatea 10 parucie-size jaboratory
Jeterminauons.

X4.2 Visual Methoda—Mentuly visuahize the gravei size
saruicies placed in a sack (or other containers or sacks. Then.
Jdo the same with the sang size parucies ana the fines. Then.
mentally compare the number of sacks (0 esmmate the
sercentage of plus No. 4 sieve s1ze ang minus No. 4 sieve size

oreseat. The percentages of sand ana fines 1o the minus sieve
size No. ¢ matenal can then be esumated from tae wasn test
1 X4.3),

X4.3 Wasa Test (for relanve percentages of sand ana

liness—=Select ana moisten encugn minus No. 4 sieve size

matenal to form a I-in 125-mm! cube of soil. Cut the cube in
half. set one-half to whe side. and place the other naif in a
small dish. Wash and decant the fines out of the matenial in
the dish unul the wasin water 13 clear and then compare the .
two tampies and esumate the pereentage of sand and fines
Remember that the percentage 1s based on weight. not
votume. However. the volume compansan will provde a
reasonable indication of grain size percentages.

X4.3.! While wasning, 1t may be necessary to break down
lumps of fines witn the finger 1o get the correct percentages.

The Amercan SO0V for Tastrg ang MEreness raxes A0 DOSEN FeSOECING N9 vanosy Of &N BEISTT NGTTS AR3SMTea 1 ConNecHan
AR 8V 1OM MOANONSA 1 11T IBACHT. USWT OF IN1S ITANOINT &8 920/BIRNY SOVISEO NS OMGrITeASIIOn Of (NG YNGRV Of &Y SuUCh
DEBR PIGTHS. 870 (NG MIN OF INTINGETIrE Of SUCT GINE. S8 GrINSlY (POW OWfl MSOONEIOATY.

Thit S1BNCANa 13 SUCIICE 10 Fevepan 6 &Y TIMS DY NS reSOUNSINg (PCAYVCE COTYTES anD LI DO NAVISWES Svery hve vears §ng
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Standard Test Method for

Field Vane Shear Test in Cohesive Soil'

This sRanasrc s itsuag unaer the firea sengnation O 2:7). the sumber mmemmety following the dengASHON INGICAWS the vear of
:npmmw. IN e CaNt Of EIROA. T YA Of U FEVINOB. A AUMOEY 10 CATENINSAES INAICILES (RS YeRr Of LAst FESDPIOVEL A
SUPEFIYIER EDRNOD J¢) INKLCALES AN SQILONA) CRARGR KACE IBE AR TEVIDOn OF NeRpproval.

1. Scope

i.] This method covers the field vane 1=st 1o soft. satu.
-120. cohesive sous. Knowledge of the namure of the sou
w~nich eacih vane 1est is to be made s necessarv for
issessment of the applicability and interpretanon of the test.

3. Summary of Method

2.1 The vane shear test' bamcally conusts of plaang a
‘our-dladed vane 1n the undisturbea sod ana rotaung it rom
- surface 10 determne the tornonal foree requirea 1o cause
; cviindrical surface to be shearea by the vane: tus foree 18
‘mefl convertea 10 2 unit sheanng resistance of the cyunancai
surrace. it is of basic importance that the meoon of the vane
-od 20d instrument be accounted for: otnerwise. the fricuon
wouid be improperty recorded as soil steagth. Fsicuon
neasurements under no-load conditions (suc as the use of a
slank stem :n place of the vanex. or a vane wthat atlows some
(ree rotanon of the rod prior to loading) are sansfaciory oaty

‘ovided that the torque 18 applied by a balanced moment
.aat does not result in a side thrust As wrsionai forces
become greater duning a test. 2 side thrust 1n the instrument
a1l resuit in an increase 1n friction that ts pot accountes for
v imtial no-load readings. [nstruments invoiving side tarust
are not recommended. The vane rod may be of suficient
ngdity that it does not Twist under full load conainons:
snerwise a correcnon mmust be mace for piomng wroue-
-31300n curves.

1. Apparats

3.1 The vane shall conust of a four-bladed vane as
ilustrated 1n Fig. ). The hewght of the vane shall be twice tne
iiameter. Vane dimensions shall be ag specatied in Table {.
Sizes otner than those specified in Table | shail be usea oniy
unth the permussion of the engneer 1n charge of the bonng
program. The ends of the vane may be tapered (see Fig. |).
The penetraung cdge of the vane biade shail be sharpened
having an inciuded angie of 90°.

3.2 The vane shall be congected 10 the surface by means
of steei torque rods. These rods shall have sufficient diameter
such that thetr efasuc limit is Dot exceeded when the vane 1s
stressag to 118 capacity (Note 1). They shali be 0 coupied that
‘ne shouiders of the male and female enas shall meet w0
srevent any possibility of the coupling ughtening when tne
torque 1s apphied dunng the test. If 3 vane Bounng is used.

torque rods shall be equipped wis wetl-lubncatea

his menod s unoer e UAAKLOR of ASTM Comnpreas O-18 on Sou ang
Y51 ANG U the direct respotmoliry of Subtommunes 015.02 oa Samonng ana
Zeawa Fuid Temng tor Sou (o vesagsnons,
.urreet eanos sooroves jan 17, 1972, Publishes Februaey 1972. Onpassy
sutersnes as O 2573 - 67 T. Lam previoms esnos 0 2573 - 67 T.

bearings where they pass through the housing. These bear-
ings shail be provided with szais 1o prevent soul from entenng
them. The torgue rods shail be gwded so as w prevemt
friction from develomng between the torque rods and the
wails of canung or bonng.

Nortz | —if 1oraus yeysus rOUIBOB Curves are to be determmed, 1t is
cenns) that 1he LOTTUE OGS De Cahlrxtea (PROY 1O UM wm e Hidd) The
amount of rod v (1f anv) Must be esablished 10 degrem per foot per
uan torque. This correcuon becomes progresnvely MOre MNDOMMANT a8
the deptn of the tex iacTetses and the cattbranon MR be made ot lean
10 the maimum Geotn of esung asnopate:

3.3 Torque shail be appiled to the torque rods. thence o
the vane. The accuracy of the torque reading shouid be suca
that it wall produce a vananon not to exceed 25 [b/ft? (1.20
kPa) shear strengih.

3.4 It is preteradie 10 apply torque to the vane with a
geared drive. in the absence of 2 geared drive. it is acceptable
t0 apply the 1orgque directy by hand with a torque wreach or
equivaient The duranon of the text shouid be controlled by
the requarements of 4.3.

4. Procedure -
4.1 In the case where 3 vane housing is used. advance the

N}
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TABLE |1 %ecommences Dimenmons of Feid Yenes*
- ptn, —ogne. cswes Oameww & Yare
~aung Sue n tmem n rem of 6308 . «fmem 304, 0. tmm
Ak 4 38.1) l 76.1 e t1.@) T 12.0
ax 2 508 ¢ (1l ILTAN ) (2N
NX 2% (63.9) s (1270 's 3.2 2 012.N
4 1101 8 rem 4 N T4 {1849 Ry ‘yn1an

* SetgChON C e YANS BTE 1§ QYECTY NEEtR] 10 Y CONEIENCY Of 1Y 308 DANG WAt Tt 8. T8 ORI T 108 T WON e vane ommer.

1 '=yne cameter

housing 10 3 deptl whuch 1s at least five vane nousing
Jdiameters less than the desired depth of the vane up. Where
1o sane aousing i used. stop the hole in which the vane 1s
lowerea at a depth such that the vane up may penetrate
undisturoed soil for a deptn of at ieass five umes the cuameter
of the hole.

42 Advance the vane from the bottom of the hole or the
vane housing 1o 3 singie thrust 1o the depts at whicn the test
is to be congucied. Take precaunons to make sure no torque
1s appiled to the torque rods dunng the thrust.

4.3 With the vane in positon. apply the toraue 10 the
vane a1 a rate which shouid not excees 0.1°s. This generaily
eguires 3 ume to failure of from 2 10 § min. exceot in very
soft clavs wnere the ume o lailure mav pe as mucn as {0 to
15 mua. {n suifer mawenais. wnich reacn fallure a1 smail
deformauons. 11 may be demrabie 10 reduce tne rawe of
angular dispiacement 30 that a reasonaocle determunauon of
the stress-strun properues can be obuuned. Dunng the
rorauon of the vane, hold it at a fixed eievauon. Recora the
maximurm torque. With apparatus with geared drives. 11 is
jesirabie 10 record intermediate values of torque at iatervais
of 1§ s or at lesser trequency 1f conditions requure.

3.4 Following the determination of the maximurm 10rque.
rowte the vane ramdly through a mimmum of (0 revoiu-
uons: the determinanon of the remouided strengtn shouid be
started immeaiately aiter compietion of rapid rotauon and 1n
all cases witnin | mMin after the remoulding process.

45 In the case wnere soil is in coptact with the torgue
rods. determine the fricuon bertween e soii ana the roa by
means of lorque lests conducied on umiiar roas at umalar
Jeptns witn no vane anached. Conduct the rod fricuon test
at least once on each site: this shail conust of a senes of
lorque tests at varving depths,

316 In apparatus in which the torque rod is compietely
(solated from the soil. conduet a friction test with 2 blank rod
(Note 2} at least once on each site to deermine the
magnitude of the fricuon of the beanngs. in 2 properiy
functioning vane apparatus. this friction shouid be negiigible.

NQTE 2 —iNn sOMe CISLS 1t 13 NOt NEeCesTAry 10 remove the vane tor the
“merion 1est. As lONg A3 UIEe VANE 18 NOt in CoNtact with the soi. that 1s.

here 1t ;s retracied INtO 2 Casing. the Incnon measurement 15 not
atTectea.

2 T Conaguct undisturbed and remoulded vane tests at
.ntervals of not less than 2': ft (0.76 m) throughout tne soi
srofile wnen condinons will permit vane tesning (Note 3). Do
not conouct the vane test in anv soit that wil permit
Jrainage or dilates dunng the test pertod. such as sands or
silis or 1n sous where stones or shetis are encountereg by the
.ane 1N SUCH 3 manner 3s 10 intluence the results.

ilé

NOTE 3—This spacing mav de vaned oniy Oy the engIneer 10 charge
of the bonng program.

£. Calcuintion

5.1 Calcuiate the shear strenqunof the soii in the following
manner: The rurmng moment required to shear the soil is as
follows:

T=sxK
where:
T = torque. Ibf: ft (or N-my,
s = shear strength of the clay. ibf/ft? {or kPa). and

K = constant depending on aymeawons and shape of the
vage. ft® (or m*}.

3.2 Assuming the dismbution of the shear strength is
aniform across the cnds of a cylinder and around the
penimeter. calcuiate the vaiue ot K as iollows:

[nch-Pound Unus: .
Kw(xst728Y x (OFHIN x {| +(D/IN)
Metnic Units:

K= 10 x (D*H/2) x {1 + D/IHD)

where:
D = measured diameter of the vane. 1n. (or cm), and
H = measured heignt of vane. in. (0T cm)
It is imponant that these dimensions are checked periodi-
cally to ensure the vane 1s not distorted or worn.

£.3 As the rauo of length to breadth of the vane is 2:1. the
value of X mayv oe simpitfied 1n terms of the diameter so that
1t becomes the followang:
Inch-Pound Units:

K = 000210
Metric CUnits:
K = 0.000003660°

5.4 Since the value of s is required. it is more useful to

wyrte the equanon as follows:
jI=- T xk

where:
k = /K and ,
T. the torque. 1s measured so that s can be calculated.

5.5 For the tapered vane of Fig. 1. the following modified
equation may be used for the vane constant
Inch-Poung Unus:

K e (/1728 (2D « .37 (2D° = d)]
Metnc Cnis:
Ko 1/10 [rD + 037 12D* = )}

where:

J4 = rod diameter. 1n. tcmr. For a =:-in. (1.27<m) rod this
reguces 10:

,
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Jacn-Pouna L nus:
A = 9002280 - 100003
Lfetric L rus:
X =) 000003880 — - 00000076

6. Report

n.1 For eacn vane test recora the totlowing observations:
5.1.1 Date of the test
A.1.2 Sonng numoer.
6.1.3 Size and shape of the vane tuapered or rectanguiar).
6.1.4 Depth of the vane up.

l

6.1.6 Maximum tcrque reading. and intermeadiate read.
1ngs 1If reguired for the undisturoed test

§.1.7 Time to failure of the test.

6.1.8 Rate of remouiding,

5.1.9 Maximum toroue reading [or the remoutced test.
and

5.1.10 Notes oa any deviauons rom stangard test proce-
dure.

6.2 In addition. record the following abservations for the
honng:

6.2.1 Boring oumoer.

6.2.2 Locauon.

6.2.3 Log of the soil conditions.

5.2.4 Reference eievauon.

5.2.S Method of making the hole.

6.2.6 Descripuion of the vane. tnat 1s. housed or not.

6.2.7 Descnipuon of the metnod of appiving and mea-
sunng the torque.

6.2.3 Notes on the driving resistance.

6.2.9 Name ot the drilling foreman. and

6.2.10 Name of the supersing enpneer.

The Amencan SOcaery 1o Testing &rss Melermis 1aNes 1O DORDOM rEa0ECHNG S venoRY O &Y QIR NGTNS 3238180 B CONNCHON
AR G UM MEBONET I ITVS SANOMY. Users O M1 2300 e Xorepy SIVIBED (hil ONMITRINENaR of e vasaty OF Y Rt
SETWR NQTXE. AN IS MR OF YATNGEMErT & SUCK NGITY. &8 SIS (RSN Owr TeSTCIIONLY.

This STANOWT 13 SUCKEDE 1O NEVIRION & &Y NMS OV M rETOONEIOMN ACIYRCE COTITTIN §NG ML OF TVINST Svery Ive veurs ans

! NOr revIeE. SN MADOYOVYGT OF WANGTIIWR. TOW COMMerts re

QU Y reviporn Of S SEOWd OF Ry A00RRNY NASwraly

and AT DB SOOTESSEd 10 AS Tl HesORMTErS. TOW COTITIINS Wi recanvd CrtRl CONBICIEINON &I § MENNYN] F I /SR0OARIBN
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d[l Designation: D 5438 — 00
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INTERNATIONAL
Standard Practice for
. . el
Collection of Floor Dust for Chemical Analysis
This standard 1s issued under the fixed designation D 5438, the number immediately following the designation indicates the year of
original adoption or, in the case of reviston, the ycar of last revision, A number in parcnthescs indicates the year of last reapproval. A
supersceript cpsilon (e€) indicates an cditorial change since the last revision or rcapproval,
1. Scope

1.1 This practice covers a procedure for the collection of a
sample of dust from carpets and bare floors that can be
analyzed for lead, pesticides, or other chemical compounds and
elements.

1.2 This practice is applicable to a variety of carpeted and
bare floor surfaces. It has been tested for level loop and plush
pile carpets and bare wood floors, specifically.

1.3 This practice is not intended for the collection and’

evaluation of dust for the presence of asbestos fibers.

1.4 The values stated in SI units are to be regarded as the
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 422 Test Method for Particle-Size Analysis of Soils?

D 1356 Terminology Relating to Sampling and Analysis of
Atmospheres®

E 1 Specification for ASTM Thermometers*

E 337 Test Method for Measuring Humidity with a Psy-
chrometer (the Measurement of Wet- and Dry-Bulb Tem-
peratures)?

F 608 Test Method for Evaluation of Carpet-Embedded Dirt
Removal Effectiveness of Household Vacuum Cleaners®

3. Terminology

3.1 Definitions—For definitions of terms used in this prac-
tice, refer to Terminology D 1356.

3.1.1 carpet-embedded dust—soil and other particulate mat-
ter, approximately 5-um equivalent aerodynamic diameter and

! This practice is under the jurisdiction of ASTM Committce D22 on Sampling
and Analysis of Atmospheres and 1s the direct responsibility of Subcommuttce
D22.05 on Indoor Aur.

Current cdition approved March 10, 2000. Published June 2000. Originally
published as D 5438 — 93. Last previous edition D) 5438 — 94,

2 Annual Book of ASTM Standards, Vol 04 08.

* Annual Book of ASTM Standards, Vol 11.03.

4 Annual Book of ASTM Standards, Vol 14.03

5 Annual Book of ASTM Standards, Vol 15.07.

larger, embedded in carpet pile and normally removable by
household vacuum cleaners.

3.1.2 surface dust—soil and other particulate matter, ap-
proximately 5-um equivalent aerodynamic diameter and larger,
adhering to floor surfaces and normally removable by house-
hold vacuum cleaners.

4. Summary of Practice

4.1 The sampling method described in this practice is taken
from work published in Roberts, et al,>”-® and Stamper, et al.®

4.2 Particulate matter is withdrawn from the carpet or bare
floor by means of a flowing air stream passing through a
sampling nozzle at a specific velocity and flow rate and
separated mechanically by a cyclone. The cyclone collects
efficiently particles approximately 5-um mean aerodynamic
diameter and larger. The sampling system allows for height, air
flow, and suction adjustments to reproduce systematically a
specific air velocity for the removal of particulate matter from
carpeted and bare floor surfaces, so that these sampling
conditions can be repeated.

Note |—Side-by-side companson of the HVS3 and a conventional
upright vacuum cleaner revealed that both collected particles down to at
least 0.2 um and that the HVS3 was more efficient at collecting particles
smaller than 20 pm than conventional vacuum cleaners.'® If desired, a
fine-particle filter may be added downstream of the cyclone to collect 99.9
% of particles above 0.2 um aerodynamic mean diameter.

% Roberts, J. W., Budd, W. T., Ruby, M. G.. Stamper. V. R., Camann, D. E.,
Fortman, R. C., Sheldon. L. S.. and Lew:s, R. G., “A Small High Volume Surface
Sampler HVS3 for Pesticides, and Other Toxic Substances in Housce Dust,” Paper
No 91-150.2, 84th Annual Mccting, Air & Waste Management Association,
Vancouver, British Colummbia, June 16-21, 1991.

" Roberts, J. W, and Ruby, M. G., “Development of a High Volume Surface
Sampler for Pesticides,” U.S Environmental Protection Agency Report No. EPA
600/4-88/036, Research Triangle Park, NC, January 1989.

¥ Roberts, J. W., Han, W., and Ruby, M. G., “Evaluation of Dust Samplers for
Bare Floors and Upholstery,” Battelle Subcontract No. 46534(g21733808)-00
03EQ. EPA Pnimc Contract No. 68-00-0007, U.S. EPA, AREAL, Officc of Rescarch
and Devclopment, 1993,

¥ Stamper, V. R., Roberts, J. W., and Ruby, M. G., “Devclopment of a High
Volume Small Surface Sampler for Pesticide and Toxics in House Dust,” Research
Triangle Instutute Report No RTI/I71-01/02F, Research Triangle Park, NC, June
1990. Included 1n supporting data, which arc on file at ASTM Hcadquarters. Request
RR:D22-1010

' Willis, R. D., “SEM Charactcrization of House Dusts Collected by Conven-
tional Vacuum and the HVS3 Sampler.” Report to the U.S. EPA under Contract
68-D5-0049. Rescarch Triangle Park, NC, ManTech Environmental Technology.
Inc., 1995.

Copynght © ASTM Intemnational, 100 Barr Harbor Dnve, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4.3 The particulate matter in the air stream is collected in a
catch bottle attached to the bottom of the collection cyclone.
This catch bottle shall be capped for storage of the sample and
transported to the laboratory for analysis.

5. Significance and Use

5.1 This practice may be used to collect dust from carpeted
or bare floor surfaces for gravimetric or chemical analysis. The
collected sample is substantially unmodified by the sampling
procedure.

COMMERCIAL
VACUUM
CLEANER

CYCLONE -~

7.1.1 The dimensions of the sampling apparatus (nozzle
size, cyclone diameter, cyclone inlet diameter, etc.) are inter-
dependent. The flow rate must produce a sufficient velocity
both at the sampled surface and in the cyclone. The cyclone
must have a cut diameter of 5 pm at the same velocity that will
provide a horizontal velocity of 40 ¢cm/s at 10 mm from the
nozzle in the carpet material, or 5 mm from the nozzle on bare
floors. The fundamental principles of this device have been
discussed in detail in Roberts, et al.578

VACUUM
GAGES (2)

NOZZLE

FIG. 1 Floor Dust Sampler Using a Commercial Vacuum Cleaner as the Suction Source

5.2 This practice provides for a reproducible dust removal
rate from level loop and plush carpets, as well as bare floors. It
has the ability to achieve relatively constant removal efficiency
at different loadings of surface dust.

5.3 This practice also provides for the efficient capture of
semivolatile organic chemicals associated with the dust. The
test system can be fitted with special canisters downstream of
the cyclone for the capture of specific semivolatile organic
chemicals that may volatilize from the dust particles during
collection.

5.4 This practice does not describe procedures for evalua-
tion of the safety of floor surfaces or the potential human
exposure to carpet dust. It is the user’s responsibility to
evaluate the data collected by this practice and make such
determinations in the light of other available information.

’

6. Interferences

6.1 There are no known interferences to the determination
of dust loadings covered by this practice.

7. Apparatus

7.1 Sampling Apparatus, which may be acquired commer-
cially'! (as shown in Fig. 1) or constructed as follows:

"' The sampling device used in the development and performance evaluation of
this test method was manufactured by CS-3, Inc., P.O. Box 1461, Sandpoint, ID
83864, which 1s the sole source of supply of the sampler known to thec commuttee
at this time. If you are aware of alternative suppliers, please provide this information
to the Committee on Standards, ASTM Hcadquarters, 100 Barr Harbor Dr., West
Conshohocken. PA 19428. Your comments will receive careful consideration at a
meeting of the responsible technical commuttee, which you may attend.

Copyright by ASTM Int'l (all rights reserved);
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7.1.2 Nozzle—The edges and corners of the sampling
nozzle shall be rounded to prevent catching the carpet material.
The nozzle must be constructed to allow for sufficient suction
to separate loose particles from the carpet or bare floor and
carry them to the cyclone. It must have an adjustment mecha-
nism to establish the nozzle lip parallel to the surface and to
achieve the proper suction velocity and pressure drop across
the nozzle. A nozzle 12.4 cm long and 1 ¢cm wide, with a
13-mm flange and tapered to the nozzle tubing at no more than
30°, will yield the appropriate velocities when operated as
specified in Section 11.

7.1.3 Gaskets—Gaskets in joints should be of a material
appropriate to avoid sample contamination.

7.1.4 Cyclone—The cyclone shall be of a specific size such
that a given air flow allows for separation of the particles 5-um
mean aerodynamic diameter and larger. The cyclone must be
made of aluminum or stainless steel, and the catch bottle must
be made of clear glass or fluorinated ethylene propylene (FEP)
to avoid contamination and allow the operator to see the
sample.

7.1.5 Flow Control System—The flow control system shall
allow for substantial volume adjustment. The suction source
must be capable of drawing 12 L/s (26.5 CFM) through the
system with no restrictions other than the nozzle, cyclone, and
flow control system connected. An upright commercial vacuum
cleaner with a 7 amp or greater motor capable of pulling a
vacuum of 6.5 kPa may be used for this purpose.

7.1.6 Flow Measuring and Suction Gages— Two vacuum
gages are required — one with a range of 0 to 3.7 kPa (0-15
in. water) is used for setting flow rate and another with a range

Reproduction authorized per License Agreement with Alma Cardenas (); Wed Mar 3 17:12:01 EST 2004
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of 0 to 2.5 kPa (0-10 in. water) is used to set the pressure drop
across the vacuum nozzle.

7.1.7 Optional filter holder assembly with appropriate fine
particle filter, such as a 25-cm micro-quartz-fibre, binderless,
acid-washed filter.'?

7.2 Other Equipment:.

7.2.1 Stopwatch.

7.2.2 Masking Tape and Marking Pen, for outlining sections
for sampling.

7.2.3 Clean Aluminum Foil and Clean Glass or FEP Jars,
for the collection and storage of samples.

7.2.4 Thermometer (see Specification E 1).

7.2.5 Relative Humidity Meter (see Test Method E 337).

7.2.6 Shaker Sieve, as specified in Test Method D 422, with
100 mesh-screen above the pan to separate the fine dust below
150 pm.

7.2.7 Analytical Balance, sensitive to at least 0.1 mg and
having a weighing range from 0.1 mg to 1000 g.

8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available.'

8.2 Methanol is required for sampling train cleaning after
sample collection.

9. Sampling Strategy

9.1 The overall sampling strategy should be designed to
address the goals of the study. Users should consider factors
such as foot traffic volume, types of activities, proximity to
potential sources, etc. The sampling strategy should be de-
scribed in the sampling report so it can be taken into consid-
eration when readers are comparing loadings or concentrations,
or both, to those obtained from other studies. The ideal
sampling location(s) for the beginning of the test procedure are
an area that conforms with the protocol for the user’s overall
sampling strategy. For example, when sampling in a home for
child exposure assessment, protocol may require the selection
of a carpeted area for sampling where small children play or
are likely to play.

10. Pretest Preparation and Calibration

10.1 Calibration—The sampling system described in this
practice does not have any calibrated flow devices other than
the cyclone and the Magnehelic gages. The cyclone used for
the separation of the particles must be designed to give proper
separation at varying flow rates throughout the sampling range
of the system. The pressure gages and any other devices (that

'2 A filter holder for circular 25-cm particle filters and flow contro! valve
assembly which replaces the normal flow control assembly is available from the
manufacturer of the floor vacuum device.

'* Reagent Chenucals, American Chemical Society Specifications. American
Chemical Socicty, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Socicty, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorsct. UK., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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is, temperature gage) used for testing purposes should be
calibrated against a primary standard.

10.1.1 Pressure Gages—Pressure gages shall be calibrated
against an inclined manometer or other primary standard prior
to any field test. One means of checking a Magnehelic gage is
to set a flow rate through the sampling system with a
manometer and then switch to the Magnehelic gage. If the
difference in the readings is more than 3 %, the gage is leaking
or is in need of repair or calibration. This should be done at two
different flow rates when checking the gage.

10.1.2 The cyclone flow measurement is calibrated with a
laminar flow element, spirometer, or roots meter. See the
appendix for cyclone calibration with a laminar flow element.

10.2 Pretest Preparation:

10.2.1 Each catch bottle to be used shall be clean and
inspected for any contamination. The bottles should be marked
with masking tape and a marking pen for identification of the
test site, time, and date.

10.2.2 The sampling train shall be inspected to ensure that it
has been cleaned and assembled properly.

10.2.3 The sampling train shall be leak-checked prior to
sampling. This can be accomplished by placing a mailing
envelope or a piece of cardboard beneath the nozzle and
switching on the suction source. The flow Magnehelic gage
should read 5 Pa (0.02 in. H,O) or less to ensure that the
system is leak free. If any leakage is detected, the system shall
be inspected for the cause and corrected before use.

11. Sampling

11.1 Sampling a Carpeted Floor:

11.1.1 Pre-Test Survey—Immediately prior to testing, com-
plete a data form recording all requested information and
sketch the area to be sampled. (See Fig. 2 for a sample data
form.)

11.1.2 Select a sampling area according to the established
protocol for your sampling campaign. This should be deter-
mined prior to testing.

11.1.3 A typical sampling procedure may use measuring
tapes placed on the carpet so that they are parallel to each other
and on either side of the portion of carpet to be sampled (Fig.
3). The measuring tapes should be between 0.5 and 1.5-m apart
and extended as far as practical. They should be taped to the
carpet with masking tape every 30 cm.

11.1.4 Place the sampler in one corner of the sampling area
and adjust the flow rate and pressure drop according to the type
of carpet (see 11.8). The two factors that affect the efficiency of
the sampling system are the flow rate and pressure drop at the
nozzle. The pressure drop at the nozzle is a function of the flow
rate and distance between the surface and the nozzle flange.

11.1.5 Clean the wheels and nozzle lip with a clean labora-
tory tissue immediately before sampling. Begin sampling by
moving the nozzle between the ends of the two measuring
tapes. The sampler is then moved back and forth four times on
the first strip, moving the sampler at approximately 0.5 m/s.
(The widths of the strips are defined by the width of the
sampling nozzle.) Effective nozzle width is 13 cm for the CS,
sampler. Move in a straight line between the numbers on the
measuring tape. Angle over to the second strip on the next pass
gradually, and repeat four double passes. After sampling
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SAMPLE DATA SHEET

Operator Date Sample Ident. #:

Sampling site

Type of Carpet: Plush Level Loop Multilevel Shag

Type of Vacuum: Upright Canister Other
Last Vacuumed Temp. Humidity %

Comments:

Location of Area Sampled: Area m

Sketch of Area Sampled:

Leak Check: Yes_ No__; 20 second cleaning @ end: Yes __ No ___
Total Sample Time: __minutes’ __seconds Flow AP ___ Nozzle aP _____
Bottle final Wt: g Tare Wt: g Net wt: g
Pan & Sample Wt: _ g Pan Tare Wt: ___ g Net Wt: g
Total Dust: grams/m?

Fine Dust: grams /m?

Cyclone Sample #:

Lab Sample #:

FIG. 2 Sample Data Sheet for Sampling for Floor Dust

approximately 0.5 m?, determine the amount of collected  next to the area already sampled. Hair, carpet fibers, and other

material in the bottom of the catch bottle. As a rough estimate,  large objects should be excluded from the sample when
the collection of dust to a depth of 6 mm (0.25 in.) in a 55-mm estimating the quantity collected.
diameter catch bottle corresponds to approximately 6 to 8 g. If 11.1.6 Continue sampling in the area laid out until an

there is less than 6 mm of dust, sample an additional 0.5 m®>  adequate sample is collected. Switch off the vacuum. The catch

Copyright by ASTM Int'l (all rights reserved); 4
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MEASURING TAPE

1.5 METERS

0.5 T0

1121314415
MEASUR ING TAPE

BEGIN WITH STRIP .
THE SAMPLER AT APPROXIMATELY
0.5 M/S.
FOUR TIMES EACH DIRECTION FOR
A TOTAL OF EIGHT PASSES PER
STRIP
TO STRIP 2 AND REPEAT THE
PROCEDURE
ALONG THE MEASURING TAPES UNTIL
YOU HAVE ENOUGH SAMPLE

MOVE
MOVE THE SAMPLER

THEN GRADUALLY MOVE
COVER ADDED STRIPS

FIG. 3 Example of a Typical Sampling Procedure

bottle can now be removed, labeled, and capped for storage and
analysis. Record the dimensions of the sampled area on the
data sheet.

11.1.7 If the rug area to be sampled is very dirty, or has not
been cleaned frequently, care must be taken to avoid filling up
the cyclone catch bottle on the first sample area. If it is
suspected that this will be the case, start with a 0.25-m?
sampling area. Then take a second and a third area as before,
until the catch bottle is 75 % full.

11.1.8 Adjust the flow rate and nozzle pressure drop to
values that approximate those given in Table 1. Use the same
flow rate and pressure drop on multilevel and shag carpets as
that used for plush carpets.

11.2 Sampling a Bare Floor:

11.2.1 Pre-Test Survey—Immediately prior to testing, com-
plete a data form recording all requested information and
sketch the area to be sampled. (See Fig. 2 for sample data
form.)

11.2.2 Select a sampling area that is as large as possible and
according to the established protocol for your sampling cam-
paign. This should be determined prior to testing. Divide the
area into parallel areas 0.5 to 1.5 m apart.

11.2.3 A typical sampling procedure may utilize measuring

tapes placed on the floor so that they are parallel to each other .

and on either side of the portion of floor to be sampled (Fig. 3).
The measuring tapes should be between 0.5 and 1.5 m apart
and extended as far as practical. They should be taped to the
floor every 30 cm with masking tape.

11.2.4 Place the sampler in one corner of the sampling area.
Set the height of the nozzle above the floor at approximately 1
mm (a U.S. penny under the nozzle lip will hold it at this
height) and adjust the flow rate (see 11.2.7). The two factors
that affect the efficiency of the sampling system are the flow
rate and the pressure drop at the nozzle. The pressure drop at
the nozzle is a function of the flow rate and the distance
between the surface and nozzle flange.

11.2.5 Clean the wheels and nozzle lip immediately before
sampling with a clean laboratory tissue. Begin sampling by

TABLE 1 Approximate Values for Flow Rate and Nozzle Pressure

Drop
Carpet Type Flow Rate Nozzle Pressure Drop
Plush 95 L/s (20 CFM) 2.2 kPa (9in. H;0)
Level loop 7.6 L/s (16 CFM) 2.5 kPa (10 in. H,0)

Copyright by ASTM Int'l (all rights reserved);

5

moving the nozzle between the ends of the two tapes. The
sampler is then moved back and forth two times on the first
strip, moving the sampler at approximately 0.5 m/s. (The width
of the strips are defined by the width of the sampling nozzle.
For the CS; sampler, effective nozzle width is 13 cm. Move in
a straight line between the numbers on the measuring tape.
Gradually- angle over to the second strip on the next pass and
repeat two double passes. After sampling approximately 10 m?,
check the amount of collected material in the bottom of the
catch bottle. As a rough estimate, the collection of dust to a
depth of 6 mm (0.25 in.) in a 55 mm diameter catch bottle
corresponds to approximately 6 to 8 g. If there is less than 6
mm of dust, sample additional areas as available. It may not be
possible to obtain 6 g of dust from a clean or small bare floor.

11.2.6 Continue sampling in the area laid out until an
adequate sample is collected. Switch off the vacuum. The catch
bottle can now be removed, capped, and labeled for storage and
analysis. Record the dimensions of the sampled area on the
data sheet.

11.2.7 Adjust the flow rate to a flow of 9.5 L/s (20 CFM).

12. Sample Analysis

12.1 After collection of the sample in the catch bottle, the
sample may be left in the same bottle or transferred to another
container for transport to the laboratory. The procedure for
sample handling is different for metals and organic chemicals.
Samples for organic analysis should be maintained at 4°C to
the extent possible. (Samples should not be frozen before
sieving, as this could alter the particle size distribution.)
Storage at ambient temperature is appropriate for samples that
will be analyzed only for metals, but cooling the sample is also
acceptable.

12.2 If the sample will be analyzed for pesticides or other
organic chemicals, transfer the dust from the cyclone catch
bottle onto the middle of a piece of aluminum foil that has been
cleaned by washing with pesticide-free methanol or hexane.
Fold the foil into a small package carefully, keeping the dust in
the middle. Place the foil pouch in a clean glass jar. Cover the
Jjar opening with another piece of precleaned foil and secure the
lid to the jar. Seal the seam of the lid to the jar with
polytetrafluoroethylene tape. Place the sample jar in an ice
chest to keep it cool during transport to the laboratory. Label
the jar for reference.
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12.3 If the sample will be analyzed for metals, it can be
transferred from the catch bottle to a new polyethylene
“zipper” seal sample bag. Seal the zipper, and tape the seal with
any marking tape that will adhere well to the polyethylene bag.
Label the sample for reference.

TABLE 2 Sampling Efficiency Using Modified Laboratory Test
Method F 608*

Carpet Type
Parameters
Plush Level Loop
Flow rate (Ls) 9.4 76
Delta P (kPa)? 23 25
Mean % of mass collected in cyclone 69.5 66.8
Standard deviation 12 28
Number of tests 3 3

A Carpet dust loading was 15.9 g/m?.
5 Pressure qrop at nozzle

12.4 Sieve the samples for 5 min in a shaker in accordance
with Method D 422, with a 100-mesh screen above the pan, to
determine the weight of fine dust below 150-um mean diam-
eter.

12.5 Alternative methods for the storage, shipment, and
preparation of samples for analysis may be required for some
analytes and should be prescribed for specific sampling proto-
cols. The FEP catch-bottle may be used for storage and

shipping.
13. Sampler Cleaning

13.1 After the sample bottle is removed, open the flow
control valve to maximum flow, tip the sampler back so that the
nozzle is approximately 5 cm (2 in.) off the floor, and switch
the vacuum on. Place a hand covered by a rubber glove over
the bottom of the cyclone and alternate closing and opening the
cyclone for 10 s to free any loose material adhering to the walls
of the cyclone and tubing. It is not necessary to catch this small
amount of dust, as it is usually much less than | % of the
collected sample.

13.2 Remove the sampler to a well-ventilated cleaning area
free of dust. Remove the cyclone and elbow at the top of nozzle
tubing from the sampler. Use a 50-cm long by 3-cm diameter
(20 by 1.25-in.) brush to clean the nozzle, and clean all related
items up to and including the cyclone and catch bottle with
reagent grade methanol. This wash can be analyzed at the
discretion of the operator. The total amount of dust removed in
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the air and wet cleaning is usually much less than 1 % of the
collected dust. The air and wet cleaning is performed to prevent
contamination from passing from one sample to another.

14. Data Analysis

14.1 Weigh the sieved dust sample with an analytical
balance accurate to 0.1 mg. '

14.2 Calculate the dust weight by subtracting the weight of
the pan sample from the final weight according to Method
D 422.

14.3 Calculate the loading for dust per square metre (g/m?)
by dividing the final dust weight by the area sampled (ex-
pressed in m?).

14.4 When the analysis results are received from the labo-
ratory, it is possible to calculate the loading of lead, pesticides,
or other analytes per square metre of carpet or bare floor area
(ug/m 2) in the same way.

14.5 The concentration of any element or chemical associ-
ated with the dust may be determined by analysis.

15. Precision and Bias '*

15.1 Tests for dust collection efficiency have been per-
formed using Test Method F 608 modified by passing it
through a 100-mesh sieve.®” The results are given in Table 2.

15.2 Tests performed with a fine particle filter downstream
of the cyclone showed that 99 % or more of the collected test
dust was retained in the cyclone catch bottle.>”

15.3 Tests performed as in 15.2, but with test dust contain-
ing lead, showed that 99 % or more of the lead collected was
retained in the cyclone catch bottle.® »7

15.4 Tests performed as in 15.2, but with test dust fortified
with pesticides, showed that 97 % or more of the pesticides
collected were retained in the cyclone catch bottle. The
pesticides tested were chlordane, aldrin, chlorpyrifos, hep-
tachlor, and diazinon.

15.5 Tests were conducted on conditioned carpets, as de-
scribed in Test Method F 608.

16. Keywords

16.1 carpet; cyclone; dust; floors; metals; organic chemi-
cals; particle size; particulate matter; vacuum

'* Supporting data have becn filed at ASTM Hcadquarters. Request RR:D22-
1010.
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APPENDIX

{Nonmandatory Information)

X1. CALIBRATION OF CYCLONE USING A LAMINAR-FLOW ELEMENT

. Cyclone
. Suction/blower
. Flow control valve
0 to 2 5 kPa vacuum gage
. Laminar flow element

b wWwN =

. +0.25 kPa vacuum gage
. 0to 1 kPa vacuum gage
. Suction/blower

. Variable autotransformer
10. Temperature gage

©Ow~N®

FIG. X1.1 Calibration Using a Laminar Flow Element

X1.1 Assemble the necessary components (see Fig. X1.1).

X1.1.1 Cyclone.

X1.1.2 Suction/Blower.

X1.1.3 Flow Control Valve, ! to 2.5 kPa (0 to 10 in.).

X1.1.4 Magnehelic Gage, 1 to 2.5 kPa (0 to 10 in.)

X1.1.5 Laminar Flow Element (with manufacturer’s certi-
fied calibration), with pressure gages and dial thermometer.

X1.1.6 Suction/Blower, with power transformer; leak check
the system by plugging the inlet to the cyclone and observing
the pressure gage.

X1.1.7 Activate Blowers 2 and 8.

X1.1.8 Open the flow control valve on Flow Control Valve
3 so that 2.0 kPa (8.0 in. H,O) registers on Pressure Gage 4.
Then adjust Variable Autotransformer 9 so that 0.0 kPa (0.0 in.
H,0) registers on Pressure Gage 6. Some adjusting of the flow
control valve will be necessary.

X1.1.9 Check Pressure Gage 7 for the gas flow reading and
record the flow.

X1.1.10 Adjust the flow through the cyclone to 2.5 kPa
(10.0 in. H,0), and repeat the procedure. This action should
provide a gas flow rate through the cyclone. This should be
between 7.1 and 8.5 L/s (15 to 18 CFM).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States Individual reprints (single or muitiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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SPECTRACE 9000 FIELD

FLUORESCENCE OPERATING REV. # 0.0

PROCEDURES

1.0 SCOPE AND APPLICATION

The purpose of this Standard Operating Procedur e
(SOP) is to serve a s a guide to the start-up, check out,

operation, calibration, and rout ine use of the Spectrace
9000 field portable x-ray fluorescence instrument for

field use in screening hazardous or potentiall y
hazardous inorganic materials. It is not intended t o
replace or diminish the use of the Spectrace 900 0
Operating I[nstructions. The Operating Instruction s
contain additional information for optimizin g
instrument performance and for utilizing differen t
applications.

The procedures contained h erein are general operating
guidelines which may be changed as required ,
depending on site conditions, equipment limitations ,
limitations imposed by Quality Assurance\Qualit y
Control (QAVQC) procedure or other protoco |
limitations. In all instances, the procedures finall y
employed should be documented and included in any
or all final reports. Mention of trade names o r
commercial produc ts does not constitute endorsement
or recommendation for use.

1.1 Principles of Operation

X-ray Fluorescence (XRF) spectroscopy is a no n
destructive qualitative and quantitative analytica |
technique used to determine the chemical composition
of samples. In a source excited XRF analysis ,
primary X-rays emitted from a sealed radioisotop e
source are utilized to irradiate samples. Durin g
interaction with samples, source X-rays may eithe r
undergo scattering (do minating process) or absorption

by sample atoms in a process known as th e
photoelectric effect (absorption coefficient). Thi s
phenomenon originates when incident radiatio n
knocks out an electron from the innermost shell of an

atom creating a vacancy. The atom is excited an d
releases its surplus energy almost instantly by filling

the vacancy with an electron from one of the highe r
energy shells. This rearrangement of electrons i s

associated with the emission of X-rays characteristic
(in terms of energy) of the given atom. This process
is referred to as emission of fluorescent X-ray s
(fluorescent yield). The overall efficiency of th e
fluorescence process is referred to as excitatio n
efficiency and is proportional to the product of th e
absorption coefficient and the fluorescent yield.

1.1.1  Characteristic X-rays

The Spectrace 9000 utilizes characteristic X-ray lines
originating from th e innermost shells of the atoms: K,
L, and occasionally M. The characteristic X-ray lines
of the K series are the most energetic lines for an y
element and, therefore, are the preferred analytica 1
lines. The K lines are always accompanied by the L
and M lines of the same element. However, wit h
energies much lower than those of the K lines, the y
can usually be ne glected for those elements for which
the K lines are analytically useful. For heavy ele -
ments such as cerium (Ce) (atomic number [Z]=58) ,
to uranium (U, Z=92), the L lines are the preferre d
lines for analysis. The L . and Lg lines have almos t
equal intensities, and the choice of one or the othe r
depends on what interfering lines might be present. A
source just e nergetic enough to excite the L lines will
not excite the K lines of the same element. The M
lines will appear together with the L lines.

The Spectrace 9000 Operating Instructions contain a
table that identifies the X-rays (K or L) and elements
measured for each excitation source.

An X-ray source can excite characteristic X-rays from

an element only if the source energy is greater tha n
the absorption edge energy for the particular lin e
group of the element (e.g., K absorption edge, L ab -
sorption edge, M absorption edge). The absorptio n
edge energy is somewhat greater than the correspon-

ding line energy. Actually, the K absorption edg e
energy is approximately the sum of the K, L, and M
line energies, and the L absorption edge energy i s
approximately the sum of the L and M line energies of



the particular element.

Energies of the characteristic fluorescent X-rays ar e
converted (with in the detector) into a train of electric
pulses, the amplitudes of which are linearl y
proportional to the energy. An electroni ¢
multichannel analyzer (electronic unit) measures th e
pulse amplitudes, which is the basis of a qualitativ e
X-ray analysis. The number of counts at a give n
energy is rep resentative of element concentration in a
sample and is the basis for quantitative analysis.

1.1.2  Scattered X-rays

The source radiation is scattered from the sample by
two physical processes: coherent or elastic scattering
(no energy loss), and Compton or inelastic scattering
(small energy loss). Thus, source backscatte r
(background signal) actually consists of tw o
components with X-ray lines close together. Th e
higher energy line is equal to the source energy. Since
the whole sample takes part in sc attering, the scattered
X-rays usually yield the most intense lines in th e
spectrum. Furtherm ore, the scattered X-rays have the
highest energies in the spectrum and, therefore ,
contribute most of the total measured intensity signal.

1.2 Sample Types

Solid and liquid samples ca n be analyzed for elements
aluminum (Al) through uranium (U) with proper X -
ray source selection and instrument calibration .
Typical environmental applications are:

¢ Heavy metals in soil (in-situ or sample s
collected from the surface or from bore hole
drillings, etc.), sludges, an d liquids (e.g., lead
(Pb) in gasoline)

¢ Light elements in liquids (e.g., phosphoru s
[P], sulphur [S], and chlorine [Cl] in organic
solutions)

¢ Heavy metals in industrial waste strea m
effluents

C PCB in transformer oil by Cl analysis

c Heavy metal air particulates collected o n

membrane filters, either from personne |
samplers or from high volume samplers.

¢ Lead (Pb) in paint
2.0 METHOD SUMMARY

The Spectrace 9000 Portable XRF Analyzer employs
three radioactive isotope sources: iron-55 (Fe-55) ,
cadmium-109 (Cd-109), and americi um-241 (Am-241)
for the production of primary X-rays. Each sourc ¢
emits a specific set of primary X-rays which excite a
corresponding range of elements in a sample. Whe n
more than one source can excite the element o f
interest, the appropriate source is selected accordin g
to its excitation efficiency for the element of interest.
See page 1-2 of the Spectrace 9000 Operatin g
Instructions for a chart of source type versus element
range.

The sample is positioned in front of the source -
detector window and sample measurement is initiated
which exposes the sample to primary radiation fro m
the source. Fluorescent and backscattered X-ray s
from the sample enter through the beryllium (Be )
detector window and are counted in the hig h
resolution mercuric iodide (Hgl ;) detector.

Elemental concentrations are computed using a
Fundamental Parameter (FP) algorithm of the form:

Concentration=R x S x (1 + SUM{A _ xC_ })

"R" is the measured anal yte X-ray intensity relative to
the pure element; "S" is a calculated sensitivit y
coefficient. The quantity SUM({} is a summation o f
"n"-element absorption-enhan cement terms containing
calculated alpha-coeffi cients and iteratively computed
element concentrations. The Spectrace 9000 utilizes
FP XRF calibrations derived from theoretica |
considerations (as opposed to empirical data). Th e
menu-driven software in the Spectrace 9000 supports
multiple XRF calibrations ca lled "applications.” Each
application is a complete analysis configuratio n
including elements to be measured, interferin g
elements in the sample, and a set of FP calibratio n
coefficients.

The measurement time of each source is user -
selectable. The shorter sou rce measurement times (15
- 30s) are generally used for initial screening and hot
spot delineation , while longer measurement times (30
- 500s) are typically used for higher precision an d
accuracy requirements.



3.0 SAMPLE PRESERVATION,
CONTAINERS, HANDLING AND
STORAGE

This SOP specifically describes equipment operating
procedures for the Spectrace 9000; hence, this section
is not applicable to this SOP.

4.0 INTERFERENCES AND
POTENTIAL PROBLEMS

The total me thod error for XRF analysis is defined as
the square root of the sum of -squares of bot h
instrument precision and user or application relate d
error. Generally, the instrument precision is the least
significant source of error in XRF analysis. User- or
application-related error is generally more significant
and will vary with each site and method used. Th e
components of the user or application related error are
the Tollowing.

4.1 Sample Placement

This is a potential source of error because the X-ra y
signal decreases as the distance from the radioactive
source is increased. However, this error is minimized

by maintaining the same distance for each sample.

4.2 Sample Representivity

In order to accurately characterize site conditions |,
samples collected must b e representative of the site or
area under investigation. Represen tative soil sampling
ensures that a sample or group of samples accurately
reflects the concentration of the contaminant(s) o f
concern at a given time and location. Analytica 1
results from representative samples reflect th e
variation in pollutant presence and concentratio n
range throughout a site. Variables affecting sampl e
representativeness include: (1) geologic variability ,
(2) contaminant concentration variability, (3 )
collection and preparation variability, and (4 )
analytical variability. Attempts should be made t o
minimize these sources of variability. For additional
information on representative sampling, refer to th ¢
“"Removal  Program Repres‘sntalive Samplin g
Guidance, Volume | - Soil."

4.3 Reference Analysis

Soil chemical and physical matrix effects may b e

corrected by using site-specific soil samples whic
have been analyzed by Inductively-Coupled Plasm
(ICP) or Atomic Absorption (AA) spectroscopy a
calibration samples. A major Source of error ca
result if these samples are not representative of th
site and/or if the analytical error is large .
Additionally, when comparing XRF results wit h
reference analyses results, the e fficiency of the sample
digestion reference analysis should be considered .
Some digestion methods may breakdown differen t
sample matrices more efficiently than others.

o =S5 v e =

4.4 Chemical Matrix Effects (Due to
the Chemical Composition of the
Sample)

Chemical matrix effects result from differences i n
concentrations of interfering elements. These effects
appear as either spectral interferences (peak overlaps)
or as X-ray absorption/enhancement phenomena .
Both effects are common in soils contaminated wit h
heavy metals. For example, iron (Fe) tends to absorb
copper (Cu) X-rays, reducing the intensity of C u
measured by the detector. This ef fect can be corrected
mathematically through the use of FP coefficients.

4.5 Physical Matrix Effects (Due to
Sample Morphology)

Physical matrix effects are the result of variations in
the physical character of the sample. They ma y
include such parameters as particle size, uniformity |,
homogeneity, and surface condition. For example ,
consider a sample in which the analyte exists in th e
form of very fine particles within a matrix composed
of much courser material. If two separate aliquots of
the sample are prepared in such a way that the matrix
particles in one are mu ch larger than in the other, then
the relative volume of analyte occupied by th e
analyte-containing particles will be different in each.
When measured, a larger amount of the analyte wil 1
be exposed to the source X-rays in the sampl e
containing finer matrix particles; this results in a
higher intensity reading for that sample and ,
consequently, an apparently higher measure d
concentration for that element.

4.6 Application Error

Generally, the error in the application calibratio n
model is insi gnificant (relative to the other sources of
error) PROVIDED the instrument's operatin g



instructions are followed correctly. However, if th e
sample matrix varies significantly from the design of
the application, the error may beco me significant (e.g.,
using the soils application to analyze a 50 percent iron
mine tailing sample).

4.7 Moisture Content

Sample moisture content will affect the analytica |
accuracy of soils or sludges . The overall error may be
secondary when the moisture range is small (5-2 0
percent), or it may be a major source of error whe n
measuring the surface of soils that are saturated with
water.

4.8 Cases of Severe X-ray Spectrum
Overlaps

When present in the sample, certain X-ray lines from
different elements can be very close in energy and ,
therefore, can interfere by producing a severel y
overlapped spectrum.

The typical spectral overlaps ar e caused by the K 4 line
of element Z-1 (or as with heavier elements, Z-2 or Z-
3) overlapping with t he K. line of element Z. This is
the so-called K ./Kg interference. Since the K K
intensity ratio for the given element usually varie s
from 5:1 to 7:1, the interfering element, Z-1, must be
present in large concentrations in order to disturb the
measure ment of analyte Z. The presence of larg e
concentrations of vanadium (V) could disturb th e
measurement of chromium (Cr). The V K . and K
energies are 4.951 and 5.427 Kev, respectively. The
Cr K. energy is 5.41 Kev. The resolution of th e
detector is approximately 270 eV. Therefore, larg e
amounts of V in a sample will result in spectra 1
overlap of the V K4 with the Cr K. peak (see Figure
1, Appendix A) and the measure d X-ray spectrum will
include TOTAL counts for Cr plus V lines.

Other interferences arise from K/L, K/M, and L/ M
line overlaps. While these are less common, th e
following are examples of severe overlap:
AsK./PbL., SK./PbM.

In the arsenic (As)/lead case, Pb can be measure d
from the Pb L 4 line, and arsenic from either the As K .
or the As K 4 line; this way the unwanted interference
can be corrected. However, due to the limits o
mathematical corrections, measurement sensitivity is
reduced. Generally, ar senic concentrations can not be

efficiently calculated in samples with Pb:As ratios of
10:1 or more. This may result in zero arsenic bein g
reported regardless of what the ac tual concentration is.

The Spectrace 9000 us es overlap factors to correct for
X-ray spectral overlaps for the elements of interest for
a given application.

5.0 EQUIPMENT / APPARATUS

5.1 Description of the Spectrace 9000
System

The analyzer utilizes the meth od of Energy Dispersive
X-Ray Fluorescence (EDXRF) spectrometry t o
determine the elemental comp osition of soils, sludges,
aqueous solutions, oils, and other waste materials.

The Spectrace 9000 analyzer includes three compact,
sealed radiation sources contained in a measurin g
probe: Fe-55, Cd-109, and Am-241. The analyze r
software automatically select s which sources to use as
well as measurement time for each source based 0 n
stored information for each application. The probe is
equipped with a high resolution Hgl , detector, which
is connected by cable to an environmentally seale d
electronic module.

The electronic unit provides internal non volatil e
memory for storage of 120 spectra and 300 multi
element analysis reports. An RS-232 serial port i
provided for downloading data and spectra to
peripheral device. The multi-element analysis reports
and the 2000-channel spectra can be displayed on the
instrument's LCD panel. The replaceable an d
rechargeable internal battery provides for field -
portable operation.
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The Spectrace 9000 is supplied with three factory
installed FP-based applications (calibrations). Th e
"Soil Samples" application is for analysis of soil s
where the balance of the sample (that portion no t
directly measured by the instrument) is silica (SiO ,).
The "Thin Film" application is for analysis of thi n
films such as air monitoring filters or wipes. Finally,

the "PbK in Paint" application is for analyzing Pb in
paint films and is reasonably independent of the type

of substrate. Spectrace Instruments will also develop

calibrations to meet new user appl ication requirements
(e.g., adding elements to the present "Soil Samples "
application). The PC-based Spectrace 900 0
Application Generater software may also be used t o



develop new applications.

The Spectrace 9000 can be powered from a 115-volt
(or 220-volt) wall outlet or from its 4-hour capacit y
battery. It can be operated in temperatures rangin g
from 32 to 120° Fahrenheit (F). Furthermore, th e
probe and electronic unit may be exposed to a ligh t
rain. However, additional protect ion is provided when
the system (electronic unit and probe) is contained in
the optional water repellant carrying case.

5.2 Equipment and Apparatus List

5.2.1 Spectrace 9000 Analyzer System

The complete Spectrace 9000 Analyzer Syste m
includes:

C Analyzer unit for data acquisition ,
processing, and display

¢ Hand-held probe including:
- High-resolution Hgl , detector
- Three excitati on sources( **Fe, '°Cd, **'Am)
- Safety cover

¢ Probe laboratory stand with the following:
- Base for table top use
- Safety shield over sample
- Positioning fixtures for standard 30-m m
and 40-mm X-ray sample cups

¢ Interconnecting cable

¢ RS-232C Serial 1/0O Interface cable

C Two blank check samples

C Pure element check samples

C Battery charger

¢ Battery pack

C System carrying/shipping case

¢ Spectrace 9000 Operating Instructions ,

application software, and utilities software .
The application software is specific to eac h
unit and cannot be interchanged betwee n
different units. The software is identified by
the serial number of the unit.

5.2.2  Optional Items

C 31-mm diameter sample cups

c XRF polypropylene film, 0.2 mil thick

c Field carrying case

C Peripheral devices such as a printer and IBM

compatible Personal Computer (PC)
¢ Spare probe window assembly

C Spare battery pack, charger, and charge r
adaptor (required to charge spare batter y
outside of electronic unit)

See the Spectrace 9000 Accessories Price List fo r
additional options.

For mobile lab or laboratory X-ray sample preparation
accessories (such as drying ovens, grinders, sieves ,
etc.), consult general laboratory equipment suppliers.

5.2.3 Limits and Precautions

The probes should be handled in accordance with the
following radiological control practices.

L. The probe should always be in contact wit h
the surface of the material being analyzed ,
and that material should comp letely cover the
probe opening (aperture) when the source s
are exposed. Do not remove a sample o r
move the probe while the indicators sho w
SOURCE ON.

SOURCE ON indicators are:

¢ the message on the screen
"SOURCE ON"

¢ the flashing light at the base of th e
* probe.

54

When the sources are exposed, under n o
circumstances sho uld the probe be pointed at
the operator or surrounding personnel.

3. Do not place a ny part of the operator's or co-
worker's bod ies in line of exposure when the
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sources are exposed or partially covered.

The probe must be covered with the safet y
cover or labo ratory safety shield when not in
use.

Spectrace Instruments must be notifie d
immediately of any condition or concer n
relative to the probe's structural integrity ,
source shielding, so urce switching condition,
or operability.

The appropriate state agency or the Nuclear
Regulatory Commission (NRC) office mus t
be notified immediately o f any damage to the
radioactive source, or any loss or theft of the

device (see factory supplied data on
radiological safety).

Labels or instructions on the probe(s) mus t
not be altered or removed.

The user must not attempt to open the probe.

The source(s) in the probe must be leak -
tested every 6 months as described in th ¢
Spectrace 9000 Operating Instructions. The
leak test certificates m ust be kept on file, and
a copy must accompany the instrument at all
times.

The probe laboratory safety shield assembly
must be used when the probe is inverted for
measuring samples contained in cups.

During operation, the probe must be kept a t
least 10 feet from computer monitors and any
other source of radio frequency (RF). Some
monitors have very poor RF shielding an d
will affect measurement results.

The Spectrace 9000 shou 1d not be dropped or
exposed to conditions of excessive shock or
vibration.

The electronic unit should be left on
whenever the battery charger is connected to
it. If the electronic unit is shut off with th e
battery charger plugged in, the battery ma y
be damaged due to overcharging.

Additional precautions include:

The probe cable must never be pulled while

unplugging the probe. The p robe plug should
be grasped at the ribbed metal connector and

squeezed and pulled gently while the
connector is unplugged. The connector must

never be forced when plugging in th e
connector.

The handle of t he electronic unit must not be
rotated unless the release buttons on eac h
side of the handle are depressed.

The Spectrace 9000 should not be stored a t
an ambient tempera ture below -4 °F or above
110EF.

The battery charging unit should only b ¢
used indoors in dry conditions.



5. Battery packs should be changed only in dry
conditions.

53 Peripheral Devices

The Spectrace 9000 may b e used with a wide range of
peripheral devices for electronic data capture o r
printed readout as long as they are compatible with the
RS-232 serial I/O protocol. Such devices includ e
terminals, printers, electronic data loggers, persona |
computers, efc.

5.3.1 Communication Cable Connection

Plug the 25-pin connector of the RS-232 Serial I/ O
cable into the Spectrace 9000 25-pin connector (th e
connection just below the display screen on th e
electronic unit) and the 9-pin connector of the cabl ¢
into the serial port of the receiving device.

5.3.2 Communication Port Setup

To communicate with an external device, th e
Spectrace 9000 MUST be set at the same baud rate ,
word length, and parity as the receiving device. The
Spectrace 9000 allows you to select variou s
configurations for these parameters in the
communication (Comm.) port setup portion of th e
More submenu (which can be accessed from the main
menu).

The default COM setup for application and utilitie s
software is 9600,N,8,1.

5.3.3 User Software

Refer to your PC software manual for details o n
additional settings that may be required for prope r
interfacing between the Spectrace 9000 and you r
particular software.

5.4 Instrument Maintenance
5.4.1 Probe Window

Should the probe window become damaged o r
punctured, it should be r eplaced as soon as possible to
prevent dust and moisture from entering the probe .
Replacement window as semblies can be ordered from
Spectrace Instruments. Note the location of th e
window aperture; it is closer to one end of the window

plate. Simply unscrew the old window plate, pres s
any corner of it, and remove it. Stretch the O-ring for
10 seconds, and la y it back in the groove. The O-ring
must lie flat in the groove in order for the ne w
window plate to be installed. Install the new window
assembly in the same manner as the old. If th e
surface of the window plat is not flush with the face of
the probe, the O-ring has probably come out of th e
grove. Remove the assembly, and try the sam e
procedure again.

5.4.2 Further Information and
Troubleshooting

Refer to the Spectrace 900 0 Operating Instructions for

additional detailed operational and /or maintenance and

troubleshooting instructions. If no solution is found in

the manual, contact Spectrace Instruments fo r
assistance.

An instrument log should be maintained to document
specific corrective actions taken to alleviate an y
instrumental problems, or for recording any servic e
that has been performed.

6.0 REAGENTS

Generally, calibration standards are not necessary for
site screening and extent of contamination analyse s
with the Spectrace 9000. Optionally, an applicatio n
(only the Soil Sample application will be discusse d
here) can be optimized or verified to be 1: 1
proportional to another analytical (reference) method
(see Section 9.3 and 10.1). This can be done b y
analyzing a suitable set of Site-Specific Calibratio n
Standards (SSCS) or Standard Reference Material s
(SRMs) and performing a regression analysis on th e
reference (dependent) and the Spectrace 9000 results
(independent) for each ele ment of concern. SCSS and
SRMs must be representative of the sample matrix to
be analyzed by XRF, for example, National Institute
of Standards and Technology (NIST) SRMs 2709 ,
2710, and 2711 for the soil application. In a n
application, any element's calibration can be adjusted
by entering the desired slope and offset (intercept) in
the Adjust Calibration menu. If any element' s
calibration has been adjusted in an application, "adj"
will appear on the results screen.  An adjusted element
calibration can always be changed back 1o the initial
slope and offset values of 1 and 0, respectively.

7.0 PROCEDURE



7.1 Prerequisites

[f the Spectrace 9 000 will be used in a location where
AC power outlets are conveniently accessible, connect
the battery charger to the electronic unit and plug the
charger cord into the outlet. The probe cable must be
connected before switching on the power. Pluggin g
and unplugging this cable with the power on ca n
damage the detector.

To connect the battery, set the electronics unit on its
face and use a flat blade sc rewdriver to loosen the two
one-quarter turn fasteners on the back. Remove th e
battery pack. Inside, find the cord with the red ca p
covering-the three-prong ed plug. Remove the cap and
plug it into the bat tery pack. Put the battery pack into
the unit and tighten the fasteners.

Apply power to the Spectrace 9000 by pressing th e
<ON> button. The electronic unit may not come o n
with the battery charger hooked up if the battery ha s
been totally draine d. The drained battery may require
a 10 minute charge prior to startup. In a few seconds
the display shows the version of software. [ f
necessary, adjust the contrast knob located on th e
underside of the front display. This knob can b e
turned so far that the display appears blank.

The initial screen displays for about 10 seconds an d
then a prompt will ask if the time and date are se t
correctly. The date MUST be set correctly otherwise
serious errors in source-decay compensation ca n
result. Additionally, results tables include the tim e
and date of analysis. The main menu appears after the
time and date screens.

If a "battery low" message appears, recharge o r
change the battery before proceeding, or operate th e
unit using line voltage.

Allow the Spectrace 9000 to warm up for
approximately 30 minutes after it has been turned on
before performing analysis.

7.1.1 Gain Control

Automatic gain compens ation is a feature of both Soil
and Thin Samples applications, which allow s
operation of the instrument over a wide range o f
ambient temperatures and from one day to anothe r
without standardization. To maintain gain contro |

compensation, it is necessary to occasionally operate
with a minimum acquisition t ime of 50 seconds on the
Cd-109 source. If the automatic gain control fails or
is out of range, an error message will appear on th ¢
screen. [f the error message continues to appear after
repeat analyses, then the Cd-109 measurement tim ¢
should be checked and/or an energy calibration should
be performed. If the problem continues, contac t
Spectrace [nstruments for help.

7.1.2  Setting Data and Spectr um Store/Send
Mode

The Set store/send modes option is located in th e
More screen which can be accessed from the mai n
menu. Data and/or Spec trum storage must be enabled

for automatic on-board storing to occur. Sufficien t
memory is available to sto re up to 300 sets of analysis

results and up to 120 spectra (40 samples since eac h
sample has three spectra). When the availabl e
memory is full, the respective spectra or result s
storage mode is automatically disabled. The spectra
or results memory must be cleared (deleted) and th e
respective store mode enabled before results and/o r
spectra can be stored again.

7.2 General Keys and Menu Software

This section outli nes the general keys and basic menu

software. Flow charts which describe the men u
structure in detail are located o n pages 4-13 through 4-

17 in the Spectrace 9000 Operating Instructions.

7.2.1 The Keyboard

The row of numeric keys under the LCD scree n
performs functions defined by labels (a menu) written
to the bottom line of the display by the Spectrace 9000
software. As the operator moves through the various
menus, the keys are redefined to provide an efficient
user interface.

The keypad to the right of the screen is used fo r
numeric entry. The <Cont/Pause> key (referred to as
the <Cont>) is used:

C to enter information as an <Enter> key
C to begin an analysis
C to pause an analysis in progress

The left arrow <7> key is used to edit entries before
pressing <Cont>.



7.2.2 The Measure (Ready) Screen

This main menu selection displays the applicatio n
name, revision date, measurement time for eac h
source, and accesses other options (see flow diagrams
in Spectrace 9000 Operating Instructions).

7.2.3 The Choose an Application Screen

This main menu selection lists the application s
currently loaded in the unit. Applications are selected
and source measurement times may be modified i n
this screen (see flow diagrams in Spectrace 900 0
Operating Instructions).

7.2.4 The Review Stored Results Screen

This main menu selection lists the stored results. Up
and Down scroll are used on many screens. When Up
and Down are displayed, pressing the <0> (zero) key
will toggle to PgUP and PgDN for rapid movemen t
through long lists. Stored results may be reviewed ,
deleted, or downloaded to the COM port (see flo w
diagrams in Spectrace 9000 Operating Instructions).

7.2.5 The Review Stored Spectra Screen

This main menu selection lists the stored spectr a
which may be del eted or transmitted to the COM port
(see flow diagrams in Spectrace 9000 Operatin g
Instructions). You cannot display spectra under thi s
screen. Spectra may be displayed in the Examine
Spectrum portion of the More screen (accessed from
the main menu) or in the Examine Spectrum selection
from the Results screen under t he More Options menu
selection.

7.2.6 The More (Other Functions) Screen

This main menu selection lists the followin g
functions:

Set clock/calendar
Comm. port setup

Set store/send modes
Application maintenance
Examine spectrum

[ IR - I - I - B o)

7.2.7 The Results Screen

The Results screen is displayed at the end of th e

analysis. If the automatic Store Results mode is
enabled, you will be prompted for sampl e
identification (/D) before the Results screen is
displayed. Up or Down scrolls the screen to vie w
more results. When Up and Down are displayed,
pressing the <0> (zero) key will toggle to PgUP and
PgDN for rapid movement through long lists. Send
transmits results to the COM port.  Store prompts for
an ID and then stores results in memory. Measr will
immediately begin another analysis cycle.  Opts
displays the first of two screens listing special options
under the Result s screen (the second screen is located
under More Opts of the first screen. See flo w
diagrams in Spectrace 9000 Operating Instructions) .
The most frequently used functions are the Examine
Spectrum and Enable/Disable Display Thresholds
located on the second screen of options.

7.3 Preoperational Checks

7.3.1 Energy Calibration Check

An energy calibration should be performed after a n
instrument is shipped and periodically (approximately

2 weeks) to ensure proper energy calibration. Th e
Energy Calibration function is located in the Options
section of the Measure Screen. You will be prompted

to place the safety shield on th e probe and then initiate

a 600- second analysis that will update the X-ra y
energy calibration.

The energy calibra tion check is performed in the field
daily and after an energy calibration to verify proper
energy calibration. To perform an energy calibration
check, place the safety shield on the probe. Select the
Soil Samples application and measure the safet y
shield using a minimum acquisition time of 6 0
seconds for each source. Save the results and spectra
for documentation. Select Opts, More Options, and
then Examine Spectrum. Examine the spectrum o f
each source. Locate and record the centroid Ke V
(using the x12 horizontal magnification) for each o
the following peaks:

Source Peak Theoretical
Specification
(KeV) (KeV)
Cd-109  Pb L-alpha 10.54 +0.040
Pb L-beta 12.61 +0.040
Pb L-gamma 14.76 + 0.040
Source line 22.10 +0.040

Fe-55 S K-alpha 231 +0.020



Source line 5.89 +0.020
Am-241 Pb L-alpha 10.54 +
0.050

Pb L-beta 12.61 +0.050

Source line 59.5 +0.200

Perform an Energy calibration (see Spectrace 900 0
Operating Instructions) and then do another energ y
calibration check if any of the peaks fail to mee t
specification. The e nergy calibration check should be
performed once at the beginning of the day, aftera n
energy calibration, after loading an application, an d
whenever the instrument exhibits a persistent drift.

7.3.2 Resolution Check

The resolution check examines the detector's ability to
resolve X-ray energies. This should be performe d
once at the beginning of the day. Select the Soil
Samples application, and measure a sample of iro n
using a minimum acquisition time of 60 seconds fo r
the Cd-109 source. Save the results and spectra fo r
documentation. Select Examine spectrum under the
More Options section of the Results screen. Examine
the Cd-109 spectrum. Locate and record th e
maximum peak counts (must be >1000 counts)of the
iron K-alpha p eak (6.4 KeV) using the x12 horizontal
magnification (see Figure 2 , Appendix A). Divide the
maximum peak counts by two. Examine the righ t
(high energy) side of the peak and record the count s
and KeV of the channel with counts less than or equal
to one-half the maximum peak count value (channe |
B, Figure 2). Examine the left (low energy) side o
the peak and record the counts and KeV of the channel
with counts less than or equal to one-half th e
maximum peak count value (channel A, Figure 2) .
Subtract the left-side KeV from the right-side Ke V
(KeV at B - Kev at A, Figure 2). The differenc e
should be less than 0.300 KeV. If the unit fails t o
meet this specific ation, call Spectrace Instruments for
assistance.

7.3.3 Blank (Zero) Sample Check

The blank (Zero) sample check is performed t o
monitor the instrument's zero drift in the selecte d
application. The blank sample check and the Agquire
Background Data operation (discussed below) onl y
apply to the application currently selected. Thi s
should be done once at the beginning of the day, after
an energy calibration, after lo ading an application, and
whenever the instrument exhibits a persistent drift on
a blank or low-level sample.
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Mount the probe in t he {aboratory stand and select the
Soil Samples application.  Disable the displa y
thresholds. This will permit results less than on e
standard deviation (STD) to be displayed (eve n
negatives). Measure the quartz blank provided wit h
the unit (or a "clean" sand sample) using a minimum
acquisition time of 60 seconds for each source .
Review the results table. All elemental results fo r
target elements with atomic number 24 (Cr) an d
higher in the periodic table should be within 3
standard deviations of zero (0 £ 3 ¢ |STD); all non -
target element results should be within 5 standar d
deviations (0 £ 5 ¢|STDJ). Repeat the measurement if
the unit fails to meet these specifications. If severa 1
elements continue to be significantly out of thes ¢
specifications, check the probe window and the blank
sample for contamination or perform the Acquire
background data operation located in the Measur e
(Ready) screen option. Perform the blank (Zero )
sample check again. Save the results and spectra for
documentation. Enable the display thresholds prior to
sample analysis after the blank sample chec k
procedure is completed.

7.3.4 Target Element Response Check

The purpose of the target el ement response check is to
ensure that the instrument and the selected application
are working properly prior to performing sampl e
analysis. This check should be performed at th e
beginning of the day. Use low, mid, and hig h
samples, or standards with known concentrations for

some or all of the target elements to be checked .
Select a low sample near the quantitation limit of the

target elements. Select a mid sample near the sit ¢
action level and a high sample near the maximu m
concentration of the target elements expected on site.

These samples should be measured using the sam e
source acquisition times that will be used for sample
analysis. Save the sample check results and spectr a
tor documentation.

7.4 Selecting Source Measuring Time
The source measuring time may be modified under the
Measure screen. Zero (seconds) measuring time
should never be selected for any source for any
application. Generally, the element detection limit is
reduced by 50 percent for every four-fold (x4 )
increase in source measuring time . Although counting
statistics impr ove as measurement time increases, the
practical limit for typical applications is 600 to 80 0



seconds.  The elements are grouped togethe r
according to the radioisotope used for their excitation
with typical minimum detection limits shown i n
Sections 7.4.2. and 7.4.3.

Automatic gain compensation is a feature of both the
Soil and Thin Samples applications which allow s
operation of the instrument over a wide range o f
ambient temperatures and from one day to anothe r
without standardization. To maintain this gain control
compensation, it is necessary to occasionally operate
with a minimum acquisition t ime of 50 seconds on the
Cd-109 source.

The Real/live option toggles between real time (tru ¢
clock time) and live time (total time the instrument is
counting). The latter adds time to the analysis t o
correct for the time the system is busy processin g
pulses.

7.4.1 Minimum Source Measuring Times

A minimum measuring time (real or live) of 1 5
seconds for the Fe-55 source, 30 seconds for the Cd-
109 source, and 10 seconds for the Am-241 source is
recommended when using the Soil Sample s
application. Measuring t imes for a source that excites
a target element can be increased if lower detectio n
limits are required.

When using the Thin Samples application, th e
measuring time for any source may be reduced to 10
seconds if the source does not excite a target element

since this application does not correct for interelement
effects. If a source excites a target element, a
minimum m easuring time (real or live) of 60 seconds

for the Fe-55 source, 60 seconds for the Cd-10 9
source, and 120 seconds for the Am-241 source i s
recommended.

A minimum of 60 seconds is recommended for th e
Cd-109 source when using the PbK in Pain t
application.

7.42 Typical Minimum Detection Limit s
(MDLs) for the Soil Samples
Application

For source measuring times of 60 seconds, typica |
element MDLs (in milligram p er kilogram, mg/kg) for
the Soil Samples application are:
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Source Element MDL (mg/kg)
Fe-55 Potassium (K) 325
Calcium (Ca) 150
Titanium (Ti) 110
Chromium (CrLo) 180
Cd-109 Chromium (CrHi) 525
Manganese (Mn)
410
{ron (Fe) 225
Cobalt (Co) 205
Nickel (Ni) 125
Copper (Cu) 90
Zinc (Zn) 70
Mercury (Hg) 60
Arsenic (As) 50
Selenium (Se) 35
Lead (Pb) 30
Rubidium (Rb) 10
Strontium (Sr) ¢ 10
Zirconium (Zr) 10
Molybdenum (Mo) 10
Am-241 Cadmium (Cd)
180
Tin (Sn)
100
Antimony (Sb) 65
Barium (Ba) 20

NOTE: These typical MDLs are provided as an ai d
for selecting source measurement times; observe d
values for a given situation may va ry depending on the
matrix of the soil standard used to calculate MDLs ,
age of sources, moisture content, and other factor s
discussed in Section 4.

Generally, the detection lim it is reduced by 50 percent
for every four-fold (x4) increase in source measuring
time. Additionally, more elements may be added t o
the Soil Samples application. Contact Spectrac e
[nstruments for information about modifications t o
applications.

7.4.3 Typical Minimum Detection Limit s
(MDLs) for the Thin Samples
Application

For source measuring times of 200 seconds for the Fe-
55 and Cd-109 sources, and 800 seconds for the Am-
241 source, typical element MDLs (in microgram per
square centimeter, pg/cm?) for the Thin Sample s
application are:



Source Element MDL (pg/cm?)
Fe-55 Potassium (K) 0.40
Calcium (Ca) 0.20
Titanium (Ti) 0.15
Chromium (CrLo) 0.40
Cd-109 Chromium (CrHi) 0.90
Manganese (Mn)
0.65
Iron (Fe) 0.65
Cobalt (Co) 0.50
Nickel (Ni) 0.30
Copper (Cu) 0.65
Zinc (Zn) 0.40
Mercury (Hg) 0.45
Arsenic (As) 0.40
Selenium (Se) 0.15
Lead (Pb) 0.50
Rubidium (Rb) 0.10
Strontium (Sr) 0.10
Zirconium (Zr) 0.15
Molybdenum (Mo) 0.10
Am-241 Cadmium (Cd)
25
Tin (Sn)
25
Antimony (Sb) 1.5
Barium (Ba) 0.70

NOTE: These typical MDLs are provided as an ai d
for selecting source measurement times; observe d
values for a given situation may va ry depending on the
thin sample standard used to calculate MDLs, age of
sources, and other factors discussed in Section 4.

Generally, the detection lim it is reduced by 50 percent
for every four-fold (x4) increase in source measuring
time. Use of thick filters or filters with hig h
background or contamination will result in highe r
MDLs and require a background subtraction .
Additionally, more elements may be added to the Thin
Samples application. Contact Spectrace [nstruments
for information about modifications to applications.

7.5 Sample Handling and Presentation
When making XRF measurements, be sure t o
maintain constant measurement geometry in order to

minimize variations in analysis results. Documen t
any anomalies in measurement geometry, sampl e

surface morphology, moisture content, sample grai n
size, and matrix (see Section 4.0).
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7.5.1 Soil Samples

Soil samples may be analyzed either in-situ or i n
prepared X-ray sample cups. The Soil Sample
application assumes the sample to be infinitely thick.
For in-situ measurements this is almost always th e
case. However, for sample cup measurements it i s
advisable to fill the cup nearly full and tap it on th e
bench to compact the soil. This ensures that th e
sample is as uniformly t hick as possible from analysis

to analysis. The Spectrace 9000 laboratory stand and

safety shield should be used when analyzing sampl e
cups.

w

An area for in-situ analysis should be prepared b y
removing large rocks and debris. The soil surfac e
should be rende red flat and compact prior to analysis.
The Spectrace 9000 probe should be held firmly o n
the ground to maximize instrument contact with th e
ground. The probe should not be moved durin g
analysis. Analysis of water saturated soils should be
avoided. A thin layer of 0.2-mil polypropylene XRF
film may be mounted on the surface probe t o
minimize contamination. Use of varying thicknesses
of plastic (bags) have been shown to interfere in th ¢
light element (low atomic number) measurement and
may affect the FP calibration of the other elemen t
concentrations. ? Additionally, plastic may contai n
significant levels of target element contamination.

Course-grained soil conditions or nuggets o f
contaminated material may preclude a trul y
representative sample and adversely affect th e
analysis results (typically by u nder reporting the target
element). Such samples should be prepared befor e
analysis. Preparation consistency is important t o
minimize variation in analytical results.

This application is specifically designed for soil with
the assumption that the balance of the material i s
silica. If samples with a much lighter (lower atomic
number) balance are analyzed, the results wil |
typically be elevated by a factor of two to four .
Contact Spectrace Instruments for help in analysis of
different matrices.

_7.5.2  Thin (Filter) Samples

The Thin Samples application is for analysis of thi n
samples such as f ilters or wipes. The detection limits

are affected by the thickness of the substrate. Bes t
results are obtained on the thinnest substrates .



Always use the probe safety cover when measurin g
thin samples. This is not only for user safety, but also
ensures a controlled background environment an d
provides a reference signal for the automatic gai n
control.  Probe safety covers should never b e
interchanged between instruments.

Filters and w ipes should be prescreened before use to
establish background and contamination levels. Care
should be used to prevent zinc oxide contaminatio n
from disposable gloves. Small 37-mm filters can be
mounted between two layers of 0.2-mil thic k
polypropylene XRF film on 40-mm XRF cups fo r
analysis. Larger filters can be placed on the prob e
with a sheet of 0.2-mil thick polypropylene XRF film
between the filter and probe to prevent the windo w
from being contaminated. Then the probe safety cover
may be placed over the filter prior to analysis. Filters
should be presented loaded side down and wrinkl e
free.

7.5.3 Lead in Paint

The area selected for analysis should be smooth ,
representative and free of surface dirt. The Spectrace
9000 probe should be held firmly on the surface t o
max imize instrument contact. The probe should no t
be moved during analysis.

When used for specimen application (e.g., on pain t
chips or nonbacked films) remember to use the probe
safety cover. Inthe PbK Application, you should also
position a thick neutral sample, such as the quartz disk
(blank), behind the spe cimen before closing the safety
lid. Otherwise, the PbK X-rays excited in the safety
cover will be sensed by the detector. In thi s
application, do not perform the Acquire background
data option from the list of options under the Read y
screen.
8.0 CALCULATIONS

The Spectrace 9000 is a direct readout instrument that
does not require any calculations. ‘

9.0 QUALITY ASSURANCE/
QUALITY CONTROL
9.1 Precisioh

The precision of the method is monitored by reading
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a low- or mid-target ¢ lement concentration sample (or
SSCS or SRMs selected as described in Sections 6.0)
at the start and end of sample analysis and afte r
approximately every tenth sample. (A daily totalo f
seven measurements is recommended.} Determining
the precision around the site action level can b e
extremely important if the XRF results are to be used
in an enforcement action. Therefore, selection of a
sample with a target element concentration at or near
the site action level or level of concermn i s
recommended. The sample is analyzed by th e
instrument for the normal field analysis time, and the
results are recorded. The standard deviation for each
target element is calculated. The relative standar d
deviation (RSD) of the sample mean can be used t o
calculate precision. The RSD should be within £ 20
percent for the data to be considered adequatel y
precise.?®

9.1.1 The Method Detection Limit (MDL )

and Method Quantitation Limit
(MQL)

The MDL and MQL may be calculated from th e
measurement of either a low or blank sample, (or a
SSCS or SRMs selected as described in section 6.0),
at the start and end of sample analysis, and afte r
approximately every tenth sample (a daily total o f
seven measurements is reco mmended). Alternatively,
the quartz blank or "clean" sand may be used if a
blank soil or sediment sample is unavailable.

Disable the display thresholds. This will permi t
results less then one standard deviation (STD)to b e
displayed (even negatives). Mea sure the sample using
the same a pplication and measuring time used for the
samples. Enable the display thresholds prior t o
analyzing the next sample.

The sample standard deviation of the mean for eac h
target element is calculated. If the standard deviation
has a fractional component, round up to the nex t
whole number prior to calculating the MDL an d
MQL.

The definition of the MDL is three times th e
calculated standard deviation value.

The definition of the MQL is 10 times the calculated
standard deviation value.

9.2 Reporting Results



All raw XRF data should be reported including th e
individual result s of multiple analyses of samples and
sampling points. The average an d concentration range
of each multiple analysis should also be reported.

A "reported” value for each analysis or average o f
multiple analyses should be process ed in the following
manner.

l. Round the value to the same degree o f
significance contained in the SSCS or SRM
sample assay values (usually two) if th e
element's calibration has been adjusted (se e
Section 6.0). Round to 2 significant figures
for sample results. DO NOT round result s
for standards used to determine MDL o r
RSD values (use raw data).

2. Report all values less than the MDL as no t
detected (ND).
3. Flag and note all values greater than or equal

to the MDL and less than the MQL (usually
with a "J" next to the reported value).

4. Report all values equal to or greater than the
MQL and within the linear calibration range
(if the element's calibration has been adjusted
[see section 6.0}).

5. Flag and note all values above the linea r
calibration range (greater than the highes t
SSCS used in the calibration adjustmen t
procedure) if SSCS were used and the
calibration was adjusted.

9.3  Accuracy

Accuracy, relative to a specific digestion method and

elemental analysis procedure, is determined b y

submitting an XRF analyzed sample (prepared sample

cups may be submitted) for AA or ICP analysis at a

laboratory.

The on-site analysis of soils by XRF instrumentation

should be considered a screening effort only (QA 1
data). Data derived from the instrument should b e
used with discretion. Confirmatory analyses on a
subset of the screening samples (minimum 10 percent)
can be used to determine if the XRF data meets QA2

data objectives. The confirmation samples shoul d
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ideally be selected randomly from the sample set and
include a number of samples at or near the critica |
level. The results of the metal analysis (dependent )
and the XRF analysis (independent) are evaluate d
with a regression analys is. The correlation factor (R 2)
should be 0.7 or greater. ¥

XRF results may be multiplied by the slope prior t o
substitution for metal analysis results in contouring ,
kriging programs, or removal volume estimates .
Correcting the XRF results based on confirmator y
analyses should only be undertaken after carefu I
consideration. It must be understood that th e
confirmatory analysis (AA or ICP) is an estimate o f
the concentration of metal contamination and i s
dependent upon the specific instrumentation an d
sampling methodology used. Since XRF is a tota 1}
elemental technique, any comparison with refere e
results must account for the possibility of variabl ¢
extraction, dependent upon the digestion method used
and its ability to disso lve the waste or mineral form in
question.
9.3.1 Matrix Considerations

Other types of QA/QC verification should includ ¢
verification that the instrument calibration i s
appropriate for the specific site to be assessed. This
includes verification of potential multiple soil matrix
types that may exist at a site. Matrix difference s
which affect the XRF measurement include larg e
variations in calcium content, which may b e
encountered when going from siliceous to calcareous
soils, as well as large variations in iron content.



10.0 DATA VALIDATION
10.1 Confirmation Samples
Confirmation samples are recommended at a

minimum rate of 10 percent and are required if QA2
data objectives have been established for sit e
activities.” Ideally, the sample cup that was analyzed
by XRF should be the same sample that is submitted
for AA/ICP analysis. When confirming an in-sit u
analysis, collect a sample from a 6-inch by 6-inch area
for both an XRF measurement and confirmatio n
analysis.

The XRF and metals results are analyzed with a
regression analysis u sing a statistical program such as
SAS® or Statgraphics® with the intercept calculated
in the regression. The correlati on factor between XRF
and AA/ICP dat a must be 0.7 or greater for QA2 data
objectives. ¥

10.2 Recording Results

Record all results and monitoring activities in a
laboratory or field notebook. Alternatively, recor d
results electronically on a hard drive or floppy disk.

10.3 Downloading Stored Results and
Spectra

Results (analytical reports) and spectra which hav e
been stored in the Spectrace 9000 internal memor y
should be downloaded and captured in disk files on a
PC (see section 5). Spectrace Instruments provide s
software for this purpose. Additionally, they provide
software to prepare results or spectra for importin g
into a spreadsheet. Refer to the instructions provided
with the programs for details on their operation.

Alternatively, other software with terminal dat a
logging capabilities may be used t o capture results and
spectra to disk files.

After capturing results to a file, print a copy and save

both the disk files and th e printout for future reference
and documentation purposes.

11.0 HEALTH AND SAFETY

When working with potentially hazardous materials ,
follow U.S. EPA, OSHA, corporate and/or any other
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applicable health and safety practices.

12.0

M
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FIGURE 1. X-Ray Spectral Plot Showing Overlap of Vanadium K ; X-Rays in the Chromium K . Measurement
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¢ Intended Use

For detection of pentachlorophenol 1n water
(groundwater, surface water, well water). For soll, crop,
and food use refer to specific application bulletins.

For use as SW-846 Method 4010 "Screening for
Pentachloropheno! by Immunoassay” see Strategic
Diagnostics Inc. Technical Bulletin #T00094.

e Principle

The Pentachlorophenol RaPID Assay® applies the

principles of enzyme linked immunosorbent assay
(ELISA) to the determination of pentachlorophenol. The
sample to be tested 1s added, along with an enzyme
conjugate, to a disposable test tube, followed by
paramagnetic particles with antibodies specific to
pentachlorophenol attached. Both the
pentachlorophenol (which may be in the sample) and the
enzyme labeled pentachlorophenol (the enzyme
conjugate) compete for antibody binding sites on the
magnetic particles. Atthe end of an incubation period, a
magnetic field is applied to hold the paramagnetic
particles {(with pentachlorophenol and labeled
pentachlorophenol analog bound to the antibodies on
the particles, in proportion to their onginal concentration)
in the tube and allow the unbound reagents to be
decanted. After decanting, the particles are washed with
Washing Buffer.

The presence of pentachlorophenol I1s detected by
adding the enzyme substrate (hydrogen peroxide) and
the chromogen (3,3',5,5'-tetramethylbenzidine). The
enzyme-labeled pentachlorophenol analog bound to the
pentachlorophenol antibody catalyzes the conversion of
the substrate/ chromogen mixture to a colored product.
After an incubation period, the reaction 1s stopped and
stabilized by the addition of acid. Since the labeled
pentachlorophenol (conjugate) was in competition with
the unlabeled pentachloropheno! (sample) for the
antibody sites, the color developed is inversely
proportional to the concentration of
pentachlorophenol in the sample .

« Reagents

1 Pentachiorophenol Antibody Coupled Paramagnetic
Particles
The pentachlorophenol antibody (rabbit anti-
pentachlorophenol) is covalently bound to paramagnetic
particles, which are suspended in buffered saline with
preservative and stabilizers.
30 test kit one 20 mL wvial
100 test kit: one 65 mL vial
2. Pentachlorophenol Enzyme Conjugate
The horseradish peroxidase (HRP) labeled
pentachlorophenol analog is diluted in buffered saline
with preservative and stabilizers.
30 test kit: one 10 mL wial
100 test kit: one 35 mL vial
3 Pentachiorophenol Standards
Three concentrations (0.1, 2.0, 10.0 ppb) of
pentachlorophenol standards in buffered saline with
preservative and stabilizers are supplied. Each vial
contains 2.0 mL.
4 Control
A concentration (approximately 1 ppb) of
pentachlorophenol in buffered saline with preservative
and stabilizers. A 2.0 mL volume 1s supplied in one vial.
5 Diluent/Zero Standard
Buffered saline containing preservative and stabilizers
without any detectable pentachlorophenol.
30 test kit: one 10 mL vial
100 test kit: one 35 mL vial
6. Color Solution
A solution of hydrogen peroxide and 3,3',5,5"-
tetramethylbenzidine in an organic base.
30 test kit: one 20 mL vial
100 test kit: one 65 mL vial
7. Stopping Solution

Pentachlorophenol

A solution of sulfuric acid (0.5%).
30 test kit: one 20 mL wial
100 test kit:  one 60 mL vial
8. Washing Buffer
Buffered saline containing preservatives and stabilizers.
30 testkit: one 70 mL vial
100 test kit. one 250 mL vial

9. Test Tubes
Polystyrene tubes (36) are packaged in a box.
30 test kit: one 36 tube box
100 test kit*  three 36 tube boxes

+ Reagent Storage and Stability

Store all reagents at 2-8°C. Do not freeze. Reagents
may be used until the expiration date on the box. The
test tubes require no special storage condition and may
be stored separately from the reagents to conserve
refrigerator space

Consult state, local and federal regulations for proper
disposat of all reagents.

» Materials Required but Not Provided

In addition to the reagents provided, the following items
are essential for the performance of the test:
Pipets* Precision pipets capable of

delivering 200, 250 and 500 uL

and a 1.0 mL repeating pipet.
Vortex Mixer* Thermolyne Maxi Mix, Scientific
Industries Vortex Genie, or
equivalent

Magnetic Separation Rack*

RPA-I™ RaPiD Analyzer* or equivalent
photometer capable of readings
at 450 nm

* These items are available from Strategic Diagnostics
Inc.

e Sample Information

This procedure Is recommended for use with water
samples. Other samples may require modifications to
the procedure and should be thoroughly validated.

Samples contamning gross particulate matter should be
filtered (e.g 0 2 um Anotop™ 25 Plus, Whatman, Inc.)
to remove particles.

Samples which have been preserved with
monochioroacetic acid or other acids, should be
neutralized with strong base e.g. 6N NaOH, prior to
assay.

|f the pentachlorophenol concentration of a sample
exceeds 10 ppb, the sample is subject to repeat testing
using a diluted sample. A ten-fold or greater dilution of
the sample is recommended with an appropriate amount
of Diluent/Zero Standard or Sampel Diluent. For
example, In a separate test tube make a ten-fold dilution
by adding 100 uL of the sample to 900 uL of Diluent/Zero
Standard Mix thoroughly before assaying Perform the
assay according to the Assay Procedure and obtain final
results by muitiplying the value obtain by the dilution
factor e.g. 10.

The presence of the following substances up to 250 ppm
were found to have no significant effect on
Pentachlorophenol RaPID Assay results: calcium,
copper, manganese, magnesium, mercury, nickel,
nitrate, phosphate, sulfite, thiosulfate and zinc. in
addition, sodium chloride up to 0 65 M, sulfate to 10,000
ppm, iron to 50 ppm and humic acid to 10 ppm, showed
no significant effect on results.

« Reagent Preparation

All reagents must be allowed to come to room
temperature and the antibody coupled paramagnetic
particles should be mixed thoroughly before use.

* Procedural Notes and Precautions

As with all iImmunoassays, a constistent technique is the
key to optimal performance. To obtain the greatest
precision, be sure to treat each tube 1n an identical
manner,

Add reagents directly to the bottom of the tube while
avoiding contact between the reagents and the pipet
tip. This will help assure consistent quantities of
reagent in the test mixture.

Avoid cross-contaminations and carryover of reagents by
using clean pipets for each sample addition and by
avoiding contact between reagent droplets on the tubes
and pipet tips.

Avoid foam formation during vortexing.

The magnetic separation rack consists of two parts: an
upper rack which will securely hold the test tubes and a
lower separator which contains the magnets used to
attract the antibody coupled paramagnetic particles.
During incubations the upper rack 1s removed from the
lower separator so that the paramagnetic particles
remain suspended during the incubation. For
separation steps, the rack and the separator are
combined to pull the paramagnetic particles to the
sides of the tubes.

To obtain optimum assay precision, it 1s important to
perform the separation steps carefully and consistently.
Decant the rack by slowly inverting away from the
operator using a smooth turning action so the liquid
flows consistently along only one side of the test tube.
While still inverted, place the rack on an absorbent pad
and allow to dram. Lifting the rack and replacing gently
onto the pad several times will ensure complete removal
of the liquid from the rim of the tube (technique 1s
demonstrated on training video, available from Strategic
Diagnostics Inc.).

Mix the antibody coupled paramagnetic particles just
prior to pipetting.

Do not use any reagents beyond their stated sheif life.

Avoid contact of Stopping Solution (sulfuric acid) with
skin and mucous membranes. {f this reagent comes in
contact with skin, wash with water.

o Limitations

The Pentachlorophenol RaPID Assay will detect
pentachlorophenol and related compounds to different
degrees. Refer to specificity table for data on several of
the organochlorines. The Pentachlorophenol RaPID
Assay kit provides screening results. As with any
analytical technique (GC, HPLC, etc...) positive results
requiring some action should be confirmed by an
alternative methed.

The total time required for pipetting the magnetic
particies should be kept to two (2) minutes or less,
therefore the total number of tubes that can be assayed
in a run should be adjusted accordingly.

* Quality Control

A control solution at approximately 1 ppb of
pentachlorophenol I1s provided with the
Pentachlorophenol RaPID Assay kit It is recommended
that it be included in every run and treated in the same
manner as unknown samples. Acceptable limits should
be established by each laboratory.



o Assay Procedure

Read Reagent Preparation, Procedural Notes and
Precautions before proceeding.

1. Label test tubes for standards, control, and

samples.
Tube
Number Contents of Tube
1,2 Diluent/Zero Standard, 0 ppb
34 Standard 1, 0.1 ppb
56 Standard 2, 2.0 ppb
7.8 Standard 3, 10 0 ppb
9 Control
10 Sample 1
11 Sample 2
12 Sample 3

2. Add 200 uL of the appropriate standard, control, or
sample.

3. Add 250 uL of Pentachlorophenocl Enzyme
Conjugate to each tube.

4. Mix the Pentachlorophenol Antibody Coupled

Paramagnetic Particles thoroughly and add 500 uL

to each tube.

Vortex for 1 to 2 seconds minimizing foaming.

Incubate for 30 minutes at room temperature.

7  Separate in the Magnetic Separation Rack for two
(2) minutes

8. Decant and gently blot all tubes bnefly in a
consistent manner.

9. Add 1 mL of Washing Buffer to each tube and allow
them to remain in the magnetic separation unit for
two (2) minutes.

10. Decant and gently blot all tubes briefly in a
consistent manner.

11 Repeat Steps 9 and 10 an additional time.

12. Remove the rack from the separator and add 500
uL of Color Solution to each tube.

13. Vortex for 1 to 2 seconds minimizing foaming.

14. Incubate for 20 minutes at room temperature.

15. Add 500 uL of Stopping Solution to each tube.

16. Add 1 mL Washing Buffer to a clean test tube. Use
as blank in Step 17.

17. Read results at 450 nm within 15 minutes after
adding the Stopping Solution.

)

e Results

Manual Calculations
1. Calculate the mean absorbance value for each of the
standards.
2. Calculate the %B/Bo for each standard by dividing the
mean absorbance value for the standard by the mean
absorbance value for the Diluent/Zero Standard.
3. Construct a standard curve by plotting the %B/Bo for
each standard on vertical logit (Y) axis versus the
corresponding pentachlorophenol concentration on
horizontal logarithmic (X) axis on the graph paper
provided.
4. %B/Bo for controls and samples will then yield levels
in ppb of pentachlorophenol by interpolation using the
standard curve.

{Contact SDI for detailed appiication

information on specific photorneters )

RPA-I RaPID Analyzer

Using the RPA-I RaPID Analyzer, calibration curves can
be automatically calculated and stored. Refer to the
RPA-| operating manual for detailed instructions. To
obtain results from the Pentachlorophenol RaPiD Assay
on the RPA-I the following parameter settings are
recommended:

Data Reduct Lin. Regression

Xformation Ln/LogitB
Read Mode Absorbance
Wavelength 450 nm
Units PPB

# Rgt Blk : 0
Calibrators:

# of Cals : 4

# of Reps : 2

Concentrations:
#1: 000 PPB
#2: 0.10 PPB
#3: 200 PPB
#4: 10.00 PPB
Range 0.06 - 10.00
Correlation 0.990
Rep. %CV 10%

e Expected Results

No interferences were observed in a study conducted on
approxdimately 400 water samples from locations
across the U.S. using the Pentachlorophenol RaPID
Assay. The Pentachlorophenol RaPID Assay was
shown to correlate well against EPA Method 625
(GC/MS) in a study with 20 water samples (r = 0 980)

e Performance Data

Precision
The following results were obtained:

Control 1 2 3 4
Replicates 5 5 5 5
Days 5 5 5 5
n 25 25 25 25
Mean (ppb) 051 167 3.16 863
% CV (within assay) 125 8.8 7.7 6.7
% CV (between assay) 114 8.6 18 3.2

Sensitivity

The Pentachlorophenol RaPID Assay has an estimated
minimum detectable concentration, based on a 90%
B/Bo of 60 ppt.

Recovery

Four (4) samples, including a municipal water source,
drinking water from a local well, and samples from a
local pond and a small creek were spiked with various
levels of pentachloropheno! and then assayed using the
Pentachlorophenol RaPID Assay. The following results
were obtained:

Amountof = —meeeeemeeeeee- Recovery ----------m-n-mmm-

PentachlorophenolMean S D.

Added (ppb) (ppb) (ppb) %
0.50 0.49 0.09 98
1.50 1.63 0.17 108
300 334 0.29 111
800 843 071 105

Average ° 105

Specificity

The cross-reactivity of the Pentachlorophenol RaPID
Assay for various organochlorine compounds can be
expressed as the least detectable dose (LDD) which is
estimated at 90% B/Bo, or as the dose required to
displace 50% (50% B/Bo).

LDOD 50% B/Bo
Compound (ppb) (ppb)
Pentachlorophenol 0.06 2.20
2,3,5,6-Tetrachlorophenol 021 406
2,3,4,6-Tetrachlorophenol 0.91 146
2,3,5-Trichlorophenol 152 119
2,3,6-Trichlorophenol 2.44 629
Tetrachlorohydroguinone 8.70 148
2,4,6-Trichlorophenol 15.1 463
2,4,5-Trichlorophenol 215 574
2,3,4-Trichlorophenol 53.2 1730
2,5-Dichlorophenol 62.9 7830
2,6-Dichlorophenol 266 5990
2,3-Dichlorophenoi 611 >10,000
2,4-Dichicrophenol 887 >10,000
3.5-Dichlorophenol 1670 >10,000
Hexachlorobenzene 1560 >10,000
Hexachlorocyclohexane 5790 >10,000

The following compounds demonstrated no reactivity in
the Pentachlorophenol RaP!D Assay at concentrations
up to 10 ppm: alachlor, aldicarb, benomyl, butachlor,

butylate, captan, carbaryl, carbendazim, carbofuran, 4-

chlorophenol, 3,4-dichlorophenol, chlorothalonil, 2,4-D,
1,3-dichloropropene, dinoseb, MCPA, metalaxyl,
metolachlor, metribuzin, pentachlorobenzene,
pentachloronitrobenzene, picloram, propachlor, terbufos,
thiabendazole, and thiophanate-methyl.

e Assistance

For ordering or technical assistance contact:
Strategic Diagnostics [nc.
111 Pencader Drive
Newark, Delaware 19702-3322 USA
Phone(800)544-8881 Fax(302)456-6782
www .sdix.com
techservice@sdix com

« Availability

Strategic Diagnostics Inc.
Pentachlorophenol RaPID Assay
30 Test Kit
100 Test Kit
Pentachlorophenol Proficiency Samples
Pentachlorophenol Sample Diluent
Soll Collection Kit
PCP Sample Extraction Kit

200134 RO20498
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STRATEGIC DIAGNOSTICS INC.

RaPID Assay® PAH Test Kit
A00156/A00157

Intended Use

The RaPID Assay® PAH (polyaromatc hydrocarbons)
Test Kit can be used as a quantitative, semi-quantitative or
qualitative enzyme immunoassay (EIA) for the analysis of
PAH in water (groundwater, surface water, well water).
For soil application please refer to specific procedure. For
applications in other matrices please contact our Technical
Service department or refer to the soil application
procedure provided. The RaPID Assay® PAH Test Kit
allows reliable and rapid screening for PAH (measured and
reported as phenanthrene) and related compounds, with
quantitation between 2.66 and 66.5 (as phenanthrene).
The minimum detecton level of the kit is 0.93 (as
phenanthrene) in water.

Test Principles

The PAH RaPID Assay® kit applies the principles of
enzyme linked immunosorbent assay (ELISA). to the
determination of PAH and related compounds. The
sample to be tested is added, along with an enzyme
conjugate, to a disposable test tube, followed by
paramagnetic particles with antibodies specific to PAH
attached. Both the PAH (which may be in the sample)
and the enzyme labeled PAH (the enzyme conjugate)
compete for antibody binding sites on the magnetic
particles. At the end of an incubation period, a magnetic
field is applied to hold the paramagnetic particles (with
PAH and labeled PAH analog bound to the antibodies on
the particles, in proportion to their original concentration)
in the tube and allow the unbound reagents to be
decanted. After decanting, the particles are washed with
Washing Solution.

The presence of PAH is detected by adding the enzyme
substrate (hydrogen peroxide) and the chromogen
(3,3,5,5 — tetramethylbenzidine). The enzyme labeled
PAH analog bound to the PAH antibody catalyzes the
conversion of the substrate/chromogen mixture to a
colored product. After an incubation period, the reaction
is stopped and stabilized by the addition of acid. Since the
labeled PAH (conjugate) was in competition with the

unlabeled PAH (sample) for the antibody sites, the color
developed is inversely proportional to the concentration of
PAH in the sample.

NOTE: Color development is inversely proportional to
the PAH concentration.

Darker color = lower concentration
Lighter color = higher concentration

The determination of the PAH level in an unknown
sample is interpreted relatve to the standard curve
generated from kit standards after reading with a
spectrophotometer.

Performance Characteristics

The PAH RaPID Assay® will detect PAH and related
compounds to different degrees. Refer to the table below
for data on several of these compounds. The PAH

RaPID Assay® kit provides screening results. As with any
analytical technique (GC, HPLC, etc. ) positive results
requiring some action should be confirmed by an
alternative method.

The PAH RaPID Assay® immunoassay test does not
differentiate between PAH and other related compounds.
The table below shows compounds at the method
detection limit (MDL) which is the lowest concentration
of the compound that can be picked up in the assay in a
water matrix. The limit of quantitation (LOQ) is an
approximate concentration in water required to yield a
positive result at the lowest standard. This is the lowest
concentration of the compound that can be
quantified in the assay in water. The IC50 is the
concentration required to inhibit one half of the color
produced by the negative control. It is also used to
calculate cross-reactivity values to similar compounds.

Compound MDL LOQ 1C50

(ppb) (ppb) (ppb)
Phenanthrene 0.93 2.66 21.9
Fluoranthene 0.43 0.76 6.25




2 RaPID Assay® PAH Test Kit
Benzo(a)pyrene 0.67 1.12 9.18 Fuel Oil #2 0.133 1.33 6.65
Pyrene 0.27 1.24 10.24 Fuel Oil #4 0.133 0.665 3.33
Chrysene 0.53 1.26 10.4 Fuel Oil #5,6 0.133 0.4 1.33
Anthracene 0.72 1.77 14.6
Indeno(1,2,3- Precautions
c.d)pyrene 1.04 4.4 36.2 e Training is strongly recommended prior to using the
Blenzo(a)anthracene ;‘?5 4567 izg RaPID Assay® test system.  Contact Strategic
Fluorene - : : Diagnostics tor additional information.
Benzo(b)
fluoranthene 1.21 8.77 721 e Treat PAH, solutions that contain PAH, and
Acenaphthylene 13.3 72.3 595 potentially contaminated samples as hazardous
Benzo(k) materials.
fl h . 7 97
A‘Zz:lzn;t:;?ene }703 18141 1 815 ¢ Use gloves, proper protective clothing, and methods
Benzol()g b - - to contain and handle hazardous material where
perylene 19.6 >162 | >1330 appropriate.
hthal 86.5 >162 >1330
[N)?lfer:zo(:.ri; ¢ Reagents must be added in a consistent manner to the
anthracene’ 342 >162 >1330 entire rack. A consistent technique is the key to
Fleating Fucl 1700 170 388.4 iodpetrllr:imllp;rfr(l);:ance. Be sure to treat each tube in an
JP-5 452.2 10113 | 8326 c# mannet.
3 . > >13300
Jé)a:oline ?;;03 >12:? =13300 e Water samples should be at a neutral pH prior to
analysis. Samples containing gross particulate should
Kerosene 1662.5 1615 >13300 be filtered (e.g. 0.2 um Anotop™ 25 Plus, Whatman,
Jet A Fuel >13300 >13300 | >13300

The presence of the following substances up to 250 ppm
were found to have no significant effect on PAH RaPID

Assay® results: calcium, copper, iron, manganese,
magnesium, mercury, nickel, nitrate, phosphate and zinc.
In addition, sodium chloride up to 1.0M, sulfate to 10,000
ppm, sulfite and thiosulfate to 100 ppm, showed no
significant effect on results.

The Total PAH (sum of 16 PAH compounds) of the
indicated contaminant types in soil samples are expressed
below, at each of the three kit calibrator (standards) levels,
in units comparable to results from GC Method 8270 or
HPLC Method 8310.

PAH RaPID Assay®
Total PAH in Water (in ppb)
S1 S2 S3

Contaminant Equivalent | Equivalent | Equivalent
Creosote 0.532 4 13.3
Coal Tar Oil 0.532 2.66 13.3
Diesel 0.133 1.33 5.32
Turbine Jet

Fuel 2 10.64 53.2
Fuel Oil #1 2 10.64 53.2

Inc.) to remove particles.

Store all test kit components at 2°C to 8°C (36°F to
46°F). Storage at ambient temperature (18°C to 27°C
ot 64°F to 81°F) on the day of use is acceptable. Tesr
tubes require no special storage and may be stored separately to
conserve refrigerator space.

Allow all reagents to reach ambient temperature (18°C
to 27°C or 64°F to 81°F) before beginning the test.
This typically requires at least 1 hour to warm from
recommended storage conditions.

Do not freeze test kit components or expose them to

temperatures above 100°F (39°C).

Do not use test kit components after the expiration
date.

Do not use reagents or test tubes from one test kit
with reagents or test tubes from a different test kit.

Do not mix reagents from kits of different lot
numbers.

Use approved methodologies to confirm any positive
results.




RaPID Assay PAH Test Kit

¢ Do not under any circumstances attempt to
disassemble the base of the magnetic rack. Magnets
will be violently attracted to each other.

e Adequate sample number and distribution are the
responsibility of the analyst.

e The photometer provided in the accessory kit requires
electricity and comes with a 110V adapter. Adapters
for 220V are available. Do not attempt to operate
with a car adaptor.

¢ Do not expose color solution to direct sunlight.

¢ Do not dilute or adulterate test reagents or use
samples not called for in the test procedure; this may
give inaccurate results.

e Tightly recap the standard vials when not in use to
prevent evaporative loss.

Materials Provided

e Antibody Coupled Paramagnetic Particles in buffered

saline containing preservative and stabilizers.

30 test kit: one 20 mL vial
100 test kit: one 65 mL vial

® Lyophilized Enzyme Conjugate

1 vial
¢ Enzyme Conjugate Diluent

30 test kit: one 10 mL vial (minimum)
100 test kit: one 35 mL vial (minimum)

e Standards

Three concentrations (2.0, 10.0, 50.0 ppb) of
Phenanthrene standards (as phenanthrene analog) in
buffered saline containing preservative and stabilizers
are supplied. Each vial contains 4 mL.

. qu}trol

A concentration (approximately 25 ppb) of
Phenanthrene (as phenanthrene analog) in buffered
saline containing preservative and stabilizers. A 4 mL
volume is supplied in one vial.

e Diluent/Zero Standard

Buffered saline containing preservative and stabilizers
without any detectable PAH.

30 test kit: one 10 mL vial
100 test kit: one 35 mlL. vial

Color Solution containing hydrogen peroxide and

3,3’,5,5’-tetramethylbenzidine in an organic base.

30 test kit: one 20 mL vial
100 test kit: one 65 mL vial

Stop Solution containing a solution of 2M sulfuric
acid.

30 test kit: one 20 mL vial
100 test kit: one 60 mL vial

Washing Solution containing preserved deionized
water with detergent.

30 test kit: one 70 mL vial
100 test kit: one 250 mL vial

Polystyrene test tubes

30 test kit: one 36 tube box
100 test kit: three 36 tube boxes

User’s Guide

Materials Required and Ordered
Separately

See “Ordering Information” for the appropriate catalogue
numbers.

Rapid Assay® Accessory Kit

Accessory equipment may be rented or purchased from
Strategic Diagnostics. See “Ordering Information” for the
appropriate catalogue numbers.

The accessory kit contains the following items:

Adjustable Volume Pipet
Eppendorf™ Repeater® Pipettor
Electronic dmer

Portable balance capable of weighing 10 g (for soil
samples)

Vortex mixer

Magnetic separation rack
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e RPA-I RaPID Analyzer (or equivalent
spectrophotometer capable of reading 450 nm in a 1
mL sample size).

Other Items

e 125 mL Combitips® for the Repeater pipettor - for
0.25 mL to 1.25 mL dispensing volumes (5)

e Pipet tips for adjustable volume pipet (100-1000 uL)

NOTE: Order replacement Combitips® and pipet tips
separately. See the “Ordering Information"
section.

Materials Required but Not Provided

e  Methanol (HPLC grade or equivalent) for water
samples

e  Protective clothing (e.g., latex gloves)
®  Absorbent paper for blotting test tubes

* Liquid and solid waste containers
e  Marking pen
e Instructional video (optional)

Suggestions for Pipettor Use

®  DPractice using both pipettes (adjustable volume and
Repeater pipettor) with water and extra tips before
you analyze your samples.

e Use a new tip each time you use the Repeater pipettor
to pipette a different reagent to avoid reagent cross-
contamination. Tips can be tinsed thoroughly, dried
completely and reused. By using the same tip to
dispense the same reagent each time you can avoid
cross contamination.

NOTE: Repeator tips should be changed
periodically (after ~10 uses) since precision
deteriorates with use.

¢ Draw the desired reagent volume into the Repeater
pipettor and dispense one portion of the reagent back
into the container to propetly engage the ratchet
mechanism. If you do not do this, the first volume
delivered may be inaccurate.

e To add reagents using the Repeater pipettor, pipette
down the side of the test tube just below the rim.

¢ When adding samples and standard using the positive
displacement pipettor, always pipette into the bottom
of the tube without touching the sides ot bottom of
the tube.

®  Use a new adjustable volume pipet tip each time you
pipette a new unknown.

Assay Procedure

Prior to performing your first Rapid Assay®, please take
time to read the package inserts in their entirety and review
the videotape if available. On site training is strongly
recommended for new users of this test system.

Please contact your account manager for further
information. This procedure is designed for quantitative
analysis. For running the kit semi-quantitatively or
qualitatively, please contact Technical Support.

Reagent Preparation

The PAH Enzyme Conjugate is provided as a lyophilized
preparation that must be reconstituted prior to use.

1. Prepare the conjugate by adding approximately 3 mL
of the conjugate diluent to the lyophilized conjugate
vial using the disposable transfer pipet.

2. Swirl gently to dissolve the conjugate.

3. Accurately transfer the vial contents to the diluent
bottle.

4. Repeat this procedure twice more with 3 mL aliquots
of conjugate diluent.

5. Invert diluent bottle several times to mix completely
and let stand approximately 5 minutes before use.

6. Enter the date of reconstitution on the side label of
the PAH Conjugate Diluent bottle. Also, enter the
expiration date of the PAH Enzyme Conjugate
solution which is 21 days from the date of
reconstitution.

7. If the conjugate cannot be used up within 21 days of
reconstitution, aliquots should be prepared and
frozen. Frogen aliguots of reconstituted conjugate may be nsed
until the excpiration date found on the kit box label,

Collect/Store the Sample



RaPID Assay PAH Test Kit

The following steps explain how to properly collect and
store your samples.

1.  Water samples should be collected in glass vessels
with teflon cap liners. Immediately upon
collection, water samples should be diluted with
(HPLC grade) methanol (1:3 or 1 part water
sample to 3 parts of methanol) to prevent
adsorptive losses to the glass containers. This is
a 1.33x dilution, which must be accounted for when
interpreting results. See “Results Interpretation”,
Section 3a for further details. Use this diluted sample
as “sample” in “Perform the Test”.

NOTE: This 1.33x dilution is not required for soil
samples.

2. Samples should be collected in appropriately sized
and labeled containers.

3. If testing soil samples, follow the SDI Sample
Extraction Kit User’s Guide or the appropriate
technical bulletin to propetly collect and store your
sample.

4. Samples should be tested as soon as possible after
collection. If this is not possible, storage at 4°C
(39°F) is recommended to minimize evaporative
losses.

Set Up

1. Remove kits from refrigerator. All reagents must be
allowed to come to room temperature priof to
analysis. Remove reagents from packaging and place
at room temperature at least 1 hour prior to testing.

2. Turn on the RPA-1 or other spectrophotometer. The
RPA-1 should be warmed up for at least 30 minutes
prior to the run.

3. Label five 12.5 mL Combitips “Conjugate”,
 “Particles”, “Wash”, “Color” and “Stop”. In addition,
add the name of the compound you are testing for to
each Combitip.

4. Remove nine clean blank test tubes for standards and
control and one test tube for each sample (if testing in
singlicate). Label the test tubes according to contents
as follows.

—
o]
=
Ig]
H:

Contents

Negative control (replicate 1)
Negative control (replicate 2)
Standard 1 (replicate 1)
Standard 1 (replicate 2)
Standard 2 (replicate 1)
Standard 2 (replicate 2)
Standard 3 (replicate 1)
Standard 3 (replicate 2)
Control

Sample 1

Etc.

— o= D 00 NN U RN

— O

*Label at top of tubes to avoid interference with
reading of tubes in photometer

Sample Extraction and Dilution

Filtration may be necessary to temove gross particulate
from the water sample. If testing at levels higher than
standard kit levels is desired, contact SDI for special
instructions. Please follow the instructions from the SDI
Sample Extraction Kit to prepare and dilute the soil
extract prior to running the assay. Dilute water samples as
described in “Collect/Store the Sample.”

Perform the Test

1. Separate the upper rack from the magnetic base. Place
labeled test tubes into the rack.

2. Add 250 uL of standards, control ot samples to the
appropriate tubes using the adjustable volume pipet
with the dial set on 0250. The negative control,
standards and control must be run with each batch of
samples.

NOTE: Sample should be added to the bottom of the
tube by inserting the pipet tip into the tube without
touching the sides or the bottom of the tube. Take
care not to contact sample with pipette tip once
dispensed into bottom of the tube.

3. Using the Repeater Pipettor with the “Conjugate” tip
attached and the dial set on “1”, add 250 ul of
Enzyme conjugate down the inside wall of each tube.
(Aim the pipet tip Y4” to ¥2” below the tube rim or
tube wall; deliver liquid gently to avoid splashback.)

4. Thoroughly mix the magnetic particles by swirling
(avoid vigorous shaking) and attach the “Particles” tip
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to the Repeater Pipettor. With the dial set on “2” add
500 uL of magnetic particles to each tube, aiming
down the side of the tube as described above. Vortex,
mixing each tube 1 to 2 seconds at low speed to
minimize foaming., Pipetting of magnetic particles
should be kept to 2 minutes or less.

5. Incubate 30 minutes at room temperature.

6. After the incubation, combine the upper rack with the
magnetic base and press all tubes into the base; allow 2
minutes for the particles to separate.

7. With the upper rack and magnetic base combined, use
a smooth motion to invert the combined rack
assembly over a sink and pour out the tube contents.

NOTE: If the rack assembly inadvertently comes
apart when lifting to pour out tube contents, re-
combine and wait an additional 2 minutes to allow
particles to separate.

8. Keep the rack inverted and gently blot the test tube
rims on several layers of paper towels. It is important
to remove as much liquid as possible but do not bang
the rack or you may dislodge the magnetic particles
and affect the results.

9. Set the Repeater Pipettor dial to “4” and put on the
tip labeled “Wash”. Add 1 mL of Washing Solution
down the inside wall of each tube by using the
technique described eatlier. Vortex tubes for 1-2
seconds. Wait 2 minutes and pour out the tube
contents as described previously. Repeat this step
one more time.

NOTE: The number of washes and wash volume are
important in ensuring accurate results.

10. Remove the upper rack (with its tubes) from the
magnetic base. With the “Color” tip attached to the
Repeater Pipet and the dial set to “2” add 500 uL. of
Color Reagent down the inside wall of each tube as
described previously. Vortex 1 to 2 seconds (at low
speed).

11. Incubate 20 minutes at toom temperature. During
this period, add approximately 1 mL of Washing
solution to a clean tube for use as an instrument blank
for “Results Interpretation”.

12. After the incubation, position the Repeater pipettor at
Setting “2” and use the “Stop” tip to add 500 uL of
Stop solution to all test tubes.

13. Proceed with results interpretation.

WARNING: Stop solution contains 2M sulfuric
acid. Handle carefully.

Results Interpretation

1. After additdon of Stop Solution to the test tubes,
results should be read within 15 minutes.

2. Wipe the outside of all antibody coated tubes prior to
photometric analysis to remove fingetprints and
smudges.

Photometric Interpretation Using the RPA-I

1. The RPA-I photometer (provided in the Rapid

Assay® Accessory kit) can be used to calculate and
store calibration curves. It is preprogrammed with

various RaPID Assay® protocols. To obtain results
from the PAHs Rapid Assay® test kit parameters are

as follows:

Data Reduct: Lin. Regression
Xformation : Ln/LogitB
Read Mode Absorbance
Wavelength : : 450 nm
Units : PPB

# Rgt Blk : 0
Calibrators:

#of Cals 4

# of Reps 2

Concentrations:

#1: 0.00 ppb

#2: 2.00 ppb

#3: 10.0 ppb

Ha: 50.0 ppb

Range : 0.7 - 50.0
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Correlation : 0.990
Rep. %CV : 10%
NOTE: Prior to analysis the RPA-I User’s Manual should

be thoroughly reviewed for more detailed operation
instructions.

2. FPollow the instrument prompts to read the
absorbance of all tubes:

Instrument Display Operator Response

SELECT COMMAND
RUN PROTOCOL

Press RUN

Scroll using the YES |]
or NO |] keys until the
desired protocol appears.
Then press ENTER
SPL. REPLICATES (1-5)  Press 1 (for analysis of
samples in singlicate.)
Press ENTER

BLANK TUBE, Insert blank tube
INSERT TUBE, containing 1mL wash
EVALUATING TUBE, solution.

REMOVE TUBE (Beep)  Remove tube

CAL #1, REP, #1,
INSERT TUBE,
EVALUATING TUBE,
REMOVE TUBE (Beep)

Insert Tube #1

Remove tube
Follow prompts to read tubes.

NOTE: Tube order is important. The RPA-I expects to
see the standards in ascending order, in duplicate,
starting with the negative control.

Following evaluation of all standards, the instrument will
display:

PRINTING DATA, Data will print

PRINTING CURVE Curve will print only if
programmed to print
(See RPA1 User’s

Manual).
CTRL #1 REP #1, Insert Control Tube
INSERT TUBE,
EVALUATING TUBE,
REMOVE TUBE (Beep)  Remove Tube

EDIT CALIBRATORS Press NO (if editing is
YES/NO - necessary press YES
and refer to the RPA1
User’s Manual).
SPL #1 REP#1 Insert first sample tube
INSERT TUBE
EVALUATING TUBE

REMOVE TUBE (Beep)  Remove tube
Continue to follow prompts. After all samples have been
read, press STOP.

Expected Results:

e %CV (coefficient of variation) between standard
duplicates of 10% or less.

e Absorbance reading for the 0 ppb standard should
be between 0.8 and 2.0 for all assays.

e Correlation (r) of 0.990 or greater for all assays.
¢ Kit control within range specified on vial.

® Absorbance of negative control and standards
should be as follows:

Negative Control>S8td. 1>8td. 2>5td. 3.

3. Concentrations will be indicated for all samples on the
RPA-I printout.

a) The concentration, as indicated on the
printout, is multiplied by the appropriate
dilution factor (if applicable) introduced in the
procedure. The quantitation range of the kit
is also multiplied by this factor.

EXAMPLE: Water samples were diluted 1.33
with methanol upon collection (see
“Collect/Store the Sample” in the User’s
Guide). As a result, the concentrations listed
on the printout should be multiplied by 1.33 to
determine the sample concentration. The
standard concentrations are also multiplied
by 1.33 to give a quantitation range in water
2.66 to 66.5 ppb.

b) Samples with an “nd” and no concentration
listed have an absorbance greater than the
negative control; therefore, no concentration
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can be computed for these samples. Results
must be reported as <2.66 ppb (or Standard
1 multiplied by the dilution factor).

c) Samples with an “nd” next to a listed
concentration have an estimated
concentration below the minimum detection
level of the test kit. Results must be reported
as <2.66 ppb (or Standard 1 multiplied by the
dilution factor).

NOTE: Any samples with concentrations
determined to be lower than Standard 1 (the limit of
quantitation) must be reported as <2.66 ppb (or
Standard 1 multiplied by the dilution factor).
Quantitation is not possible below this standard as
this is outside the linear range of the assay.

d) Similarly, samples with a “hi” next to a listed
concentration have an estimated
concentration higher than Standard 3 and
must be reported as >66.5 ppb (or Standard 3
mutltiplied by the dilution factor).

NOTE: In order to determine the concentration of
samples with concentrations greater than Standard 3,
they must be subjected to repeat testing using a
diluted sample. A ten-fold or greater dilution of the
sample is recommended with an appropriate amount
of PAH diluent. This additional dilution must then
be taken into account when calculating the
concentration. Please contact Technical Support for
assistance in performing dilutions.

Photometric Interpretation Using Other Photometers

Other photometers may aiso be used to interpret results
obtained from the RPA-I photometer. It is important that
the photometer be able to read absorbance at 450nm and
that the instrument can read at a 1 mL fill volume.
Absorbances obtained from other spectrophotometers

(reading at 450 nm) may be used to manually calculate
sample concentrations as outlined below.

1. Calculate the mean absorbance for each of the three
standards and the negative control.

2. Determine the standatd deviation and %CV

(coefficient of variation) of each standard and ensure
%CV is less than 10% for each.

3. Calculate the %B/Bo for each standard by dividing
the mean absorbance value for the standard by the
mean absorbance value for the negative control and

multiplying the results by 100.

4. Construct a standard curve by plotting the %B/Bo for
each standard on the vertical logit (y) axis versus the
corresponding analyte concentration on the horizontal
logarithmic (x) axis on the graph paper provided in the
test kit. Graph papers are specific for each
method. Use only the graph paper supplied with
each kit.

5. Draw the best straight line through all points. Using
the %B/Bo of the sample, the concentraton can be
interpolated from the standard curve.

6. Multiply results by the appropriate dilution factor (if
applicable) introduced in the procedure. For example,
if the sample was diluted 10-fold to increase the
detection levels of the kit then the results must be
muldplied by 10. This dilution also changes the range
of the assay (standards) by the same factor.

Limitations of the Procedure

The Rapid Assay® PAH Test Kit is a screening test only.
Sampling error may significantly affect testing reliability.
Adequate sample number and distribution are the
responsibility of the analyst.
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Ordering Information

Description Catalogue Number
Rapid Assay® PAH 30 Tube Kit A00156

Rapid Assay® PAH 100 Tube Kit A00I57

Rapid Assay® Accessory Kit** 6050100

Adjustable Volume Pipet Tips (100-1000 uL) A00013

12.5 mL Combitip for Repeating Pipette (1 each) A00009

PAH Diluent A00159

PAH Soil Proficiency Sample A00158

Rapid Assay® Rental Accessory Kit 6997010

** To obtain part numbers and pricing for individual items in the Accessory Kit contact SDI at the number below.

Ordering/Technical Assistance

Should you have any questions regarding this procedure prior to analysis contact Technical Service to avoid costly mistakes.
To Place an Order or Receive Technical Assistance, please call Strategic Diagnostics Inc. at:
Call toll-frec 800-544-8881"

Or 302-456-6789 Phone
302-456-6782 Fax

Web site: www.sdix.com
E-mail: techservicelpsdix.com

General Limited Warranty

SDI’s products are manufactured under strict quality control guidelines and are warranted to be free from defects in materials and
workmanship. New instruments and related non-expendable items are warranted for one year from date of shipment against defective
materials or workmanship under normal use and service.

Warranty obligation is limited to repair or replacement of the defective product or to refund of the purchase price, at the discretion of
SDI. Other warranties, express or implied, are disclaimed. SDI’s liability under any warranty claim shall not exceed the refund of the
purchase price paid by the customer. Under no circumstances shall SDI be liable for special, indirect or consequential damages.

Safety

To receive an MSDS for this product, visit our web site at www.sdix.com.

Copyright© 1997, Strategic Diagnostics Inc.,

Z00304.1, Rev 4/6/00


http://www.sdix.com

Operation of the Repeater

Pipet
To Set or Adjust Volume

To determine the pipetting
volume, the dial setting (1-5) is
multiplied by the minimum
pipetting volume of the tip
(indicated on the side of the
Combitip, e.g. 1=100 ul..)

To Assemble Pipet Tip

Slide filling lever down until it
stops. Then raise the locking
clamp and insert the tip unul it
clicks into position. Be sure the
tip plungeér is fully inserted into
the barrel before lowering the
locking clamp to affix the tip in
place.

To Fill Tip

With tip mounted in position on
pipet, immerse end of tip into
solution. Slide filling lever
upward slowly. Combitip will fill
with liquid.

To Dispense Sample

Check the volume selection dial
to ensure pipetting volume.
Place tip inside test tube so that
tip touches the inner wall of
tube. Completely depress the
pipetting lever to deliver sample.
NOTE: Dispense one portion
of reagent back into the
container to engage the ratchet
mechanism and ensure accuracy.

To Eject Tip

Empty tip of any remaining
solution into appropriate
container by pushing filling lever
down. Raise locking clamp
upward, and remove the

Combitip.

Adjustable Volume

Pipet

Push-button 1= Stop
2 Seop
3rd Stop

Release button

Pipet up

Nose cone
- S

Repeater Pipet

Operation of the
Adjustable Volume Pipet

To Set or Adjust Volume

Press release button on side of
pipette and turn the push-button
to adjust volume up or down.
Volume setting is displayed on
top of pipet. See kit instructions

" for appropriate setting. Pipet

will accurately dispense volumes
between 100 and 1000 uL.

To Assemble Pipet Tip

Gently push nose cone of pipet
firmly into a pipet tip contained
in the pipet tip rack.

To Withdraw Sample

Keep pipet almost vertical. With
tip mounted in position on pipet,
press push-button to 1% stop and
hold it. Place tip at bottom of
liquid sample and slowly release
push-button to withdraw
measured sample. Ensure that
no air bubbles exist in the pipette
tip. If bubbles exist, dispense
sample and re-withdraw. Slide
tip out along the inside of the
vessel.

To Dispense Sample

Wipe any liquid from outside of
tip taking care not to touch
orifice. Place tip into tube,
almost to the bottom, and slowly
press push-button to 27 stop.
Hold push-button at 27 stop
when removing tip from tube.

To Eject Tip

Press push-button to 3 stop.
Tip is ejected.



ATTACHMENT 2 - SAMPLE FIELD FORMS



This attachment provides the following forms for survey information collection and field
sampling documentation:

e PRODUCE SAMPLE DATA SHEET

e HOUSE DUST STUDY PRE-SAMPLING SURVEY

e HOUSE DUST SAMPLE DATA SHEET

e CHAIN OF CUSTODY / SAMPLE ANALYSIS REQUEST FORM
o SOIL SAMPLE CLASSIFICATION FORM

e SAMPLE LABEL

s SURFACE WATER SAMPLING FIELD DATA FORM

e SOIL SAMPLING FIELD DATA FORM



PRODUCE SAMPLE DATA SHEET

Date: Time Begin: Time End:
Sample Crew:

Sample Nos: (AG) (BG)

Sample Location:

Temperature: Humidity: %
Approximate Garden Dimensions: ft x ft
Above-ground Produce Sample: Approx. Quantity:
Below-ground Produce Sample: Approx. Quantity:
Does resident peel produce prior to consumption? Yes No
Equipment Decontamination Check: (initial)

List Produce and Approximate Quantity Currently Growing in Garden:
PRODUCE TYPE APPROX. QUANTITY AG/BG

Sketch of Residence, Location of Garden:
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HOUSE DUST STUDY PRE-SAMPLING SURVEY

1. Today’s date:

2. Name and Address of Household:

3. Telephone Number of Household:

4. How long has the family lived at the present address? Years

5. How many people live in household? Adults Children
What are children’s ages?

6. How old is the house? (Circle one)
= 09 years old

= 10-19 years old

= 20-29 years old

= 30-39 years old

= 40-49 years old

= 50 or more years old

N Ul W W N e
|

7. How old is the carpet?

8. What type of carpet is in the house? Plush Level Loop Multilevel Shag
9. What type of vacuum is used: Upright Canister Other
How often is vacuum used? times per month

10. Where do family members spend most of their time when at home?
Adults:
Children:



11. Does anyone smoke in the home? Yes No
If yes, how many people?
With what frequency?

12. Are there any bare soil areas in the yard (including flower or vegetable gardens)? What are
they used for (e.g., garden child’s play area)?

-

Area Type Use
Approx. % of grass cover in yard: %
13. Is there outdoor play equipment in the yard? Yes No
14. What % of days are windows and/or doors left open? %
Are there screens on windows and/or doors? Yes No

15. Are there pets at this home? How many? Where do they spend their time?

Exclusively Exclusively Indoors
Pet Name Pet Type Indoors Outdoors and
QOutdoors

16. Are shoes worn inside the home? Yes No
17. What is primary entry/exit for residents (front door, back door, garage, etc)?
18. Does the home have a fireplace? Yes No

If yes, % of time used: %

If yes, do you ever burn trash, newspapers, or painted wood in the fireplace?

Yes No

How often?




19. What is the home’s heating source (e.g., wood, electric, oil, etc)?

20. Are there any cars, motorcycles, lawn mowers, garden equipment, or other machinery that
use diesel or gasoline at the house? Yes No

21. Is there a garage at this house? Yes No
If yes, is it attached to the house? Yes No




HOUSE DUST SAMPLE DATA SHEET

Date: Time Begin: Time End: _
Sample Crew:

Sample No:

Sample Location:

Temperature: Humidity: %

Type of Carpet: Plush Level Loop Multilevel Shag
Type of Vacuum: Upright Canister Other

Date Carpet Last Vacuumed: Approx. Age of Carpet:
Comments:

Location of Area Sampled: Dimensions:

Leak Check: Yes No ; 20 second cleaning @ end of sampling: Yes No___
Total Sample Time:

Sketch of Areas Sampled:






CHAIN OF CUSTODY RECORD/SAMPLE ANALYSIS REQUEST FORM

Page  of

Facility Number/Project Name:

Lab Contact: Office: Samplers:
Ship to; Company Name:
______ e 3
2 .
3
e : | . |INTERNATIONAL
ab Contact Phone: o
‘ c | 2 PAPER
- [&]
Sample No. Date Time Matrix o & Remarks

Malrix

QOTHER - Please identify codes

Code: GW - Groundwater  St.- Soil SO - Sediment

SW - Surface water

Priority:

Normal D Rush

Rush time period

Condition of Samples

Custody Sea intact: D
k Yes DNO D None

Shipped
via: Oredexups []courier airbil Upon Receipt:
Retinquished by: o Dateffime: ____ Received by DatefTime: o
Cofﬁpany: {Siynature) ' Company: (Signatirs]
Relinquished by. DatefTime: __ Received by: Date/Time:;
(narere) Company: e

Company:

Distribution: White and Yellow Copies - Accompany Shipment; Pink Copy - Project File




HS - HEAD SPACE
BZ - BREATHING ZGNE

ABBREVIATIONS:

D&M - Damos and Moore U-Type
SPT - Standard Penetration Test

TYPES OF SOIL SAMPLERS:

SS - Split Spoon

INDICATES SAMPLE INTERVAL
7] INDICATES ANALYTICAL SAMPLE COLLECTED

KEYS TO SAMPLES:

Ly

FACILITY NUMBER PROJECT NAME
_Z._.mWZD.-._OZDP@ PAPER

SITE / LOCATION BORING No.
LOCATION SKETCH A\/ SAMPLING CONTACT/ICOMPANY: . | SHEET
: \__/ IDRILLING METHOD BOREHOLE DIAMETER: oF
NORTH[sAmpUNG METHOD: ~ ~~ 7"~ - T .
DRILLING CONTRACTOR:
STAFF
DATE ! i i START DATE / TIME:
S . : ‘ )
W Q . H H
ez | TIME ; ;
x 3 : !
m O | DEPTHTO WATER i ! FIN:SH DATE / TIME:
3 Z I"CASING /AUGER ;
GROUND SURFACE ELEVATION: DEPTH : i
- Surface Conditions
i w e W W =2 o) 1
by au w o W wn. z w =
& z2 213 LA
- > L > » .
W e - 3 3 = & ER Description - USC gioup rame, components color, Comments
a 4 = moisture {particte angulanty, shape, plasticity, odor, consistency,

density, cementation, geologic interpretation, driiling cenditiors)

\ \ \ % M (ppm
SN N g oo

N

N

g

N

AN
AN




Sample Label

& T SAMPLE NO.
g \

@ SITE NAME
g DATE . TIME
z , ,
=
3 SAMPLER PRESERVATIVE
-4
‘,E
z

Chain of Custody Seal
SAMPLE NO. DATE
INTERNATIONAL{/\) PAPER |ions
OFFICIAL SAMPLE SEAL

| PRINT NAME AND TITLE




INTERNATIONAL@ PAPER

Surface Water Sampling Field Data Form

STATION IDENTIFICATION

PROJECT NAME DATE

FACILITY NUMBER

LOCATION TIME

SAMPLING CONTACT/COMPANY

SAMPLER'S PROJECT NUMBER

FIELD CONDITIONS WEATHER

FIELD TEAM (signature/companyy

FIELD MEASUREMENTS

Gauge Height:

Dissolved Oxygen (ppm):

Substrate Level on Gauge: pH:
Water Temperature (°C):

SC @ Field Temperature (microhos/cm):
Turbidity:

Estimated Streamflow (cfs):

WATER QUALITY SAMPLES
SAMPLE DATE/ CONTAINER
No. TIME STATION TYPE FILTERED |PRESERVATIVE ANALYSIS
1,
2.
3.
4.
5.
6.
7.
8.
9.
10.
1.
12.

SITE SKETCH




INTERNATI @ PAPER
ONAL Soil Sampling Field Data Form

STATION IDENTIFICATION PROJECT NAME DATE
FACILITY NUMBER . LOCATION TME
SAMPLING CONTACT/COMPANY SAMPLER'S PROJECT NUMBER

FIELD CONIMITIONS/ WEATHER

FIELD TEAM (signature/companyy.

SOIL SAMPLES
SAMPLE DATE/ | DEPTH SOIL TYPE / CONTAINER ANALYSIS
NUMBER TIME STATION INTERVAL LAYER TYPE CODE
1.
2
3.
4.
5.
6.
7. )
8.
9.
10.
M,
12.
13.
14.
15,

PROFILE / SITE SKETCH




Attachment 3 ~ Field Sampling Equipment Lists



This attachment presents equipment lists for field sampling. These lists should be
evaluated by the lead field sampler and field crews in conjunction with the pre-
evolution review of methods and health and safety. Additional supplies may be
necessary based on site-specific needs and Field Sampling Plan specifications. The
following lists are included in this attachment:

o Field equipment for soil and soil invertebrate sampling,

o Field equipment for surface water sampling,

o Field equipment for sediment and benthic invertebrate sampling,

¢ Field equipment for garden produce/wild rice/forage plant sampling,

and

¢ Field equipment for house dust sampling.



Field equipment for soil and soil invertebrate sampling

General Equipment

Field vehicle

Clipboard

Camera or digital camera with time/date patch
Color slide film or disks

First-aid kit

Field sampling plan

Sampling and analysis plan - Figure 3
Site-specific health and safety plan (HSP)
Health and safety equipment listed in HSP
Sample labels and Sharpie pens
Logbook, indelible ink pens
Chain-of-custody/sample analysis request
forms

Relevant field forms

Shipping forms and labels
Chain-ofcustody seals

Cellular phone

Rubber boots

Tool kit

GPS unit

Decontamination Equipment

Plastic tubs or coolers

Ten 10-gallon garbage bags

Silver Shield gloves

Beaker brush

Bristle brush

Water carboys .
Organic-free deionized water from analytical
laboratory

Tap water

Pesticide-grade acetone

Pesticide-grade hexane

Liquinox

Plastic squirt bottles

Aluminum foil or untreated butcher paper

Miscellaneous Equipment

Sample packaging materials/bubble wrap
Analytical balance (0.1mg accuracy)
Cellophane tape to cover sample tags
Strapping tape

Duct tape (2 rolls)

Rain gear

Utility knife

10-ft metal tape measure

Plastic garbage bags

Paper towels

Sampling Equipment

Sample bottles

Ice chest (s)

Ice or freezable cold packs

Nitrile gloves

1-in. ID stainless-steel hand auger
Stainless-steel spoons
Stainless-steel bowls

Stainless steel knife

Shovel

Stainless steel ruler

Plastic tarp

Potting sail

Earth Colors soil color chart

100-ft cloth measuring tape
Compass




Field equipment for surface water sampling

General Equipment

Boat (if needed)

Large-scale site map

Sampling and analysis plan - Figure 5

Camera with date/time patch, color print film

Site and profile description logs

Topographic map

First-aid kit

Field sampling plan, quality assurance project
plan, heaith and safety plan, and related
documents

Chain-of-custody/sample analytical request forms
Daily activity forms

Sample container labels and custody seals
Logbook, indelible pens, pencils

Shipping paperwork

Waders

Personal flotation devices (if needed)

500-ft anchor line and three anchors (if boat used)

{ GPS unit

Sampling Equipment

Sample bottles

Beakers

Brunton compass

Tape measure (10-, 50-, and 100-ft)
Duct tape

Resealable plastic bags

Trash bags

Ice chests, refreezable cold packs
Large stainless-steel bucket or churn splitter for
composite samples

Dissolved oxygen meter

C—Flex® and Teflon® tubing

Stainless-steel strainer

Vacuum hand pump (with filters if applicable)
Sample tubing

Multimeter with calibration solutions

Decontamination Equipment
Brushes
Plastic tubs

Kimwipe® towels

Alconox® detergent

Protective clothing

Nitrile gloves

Polyethylene sheeting

Distilled/deionized water
Decontamination solvents (generally hydrochloric
or nitric acid, acetone, and hexane)
Miscellaneous Equipment

Sample packaging materials/bubble wrap
Cellophane tape to cover sample labels
Strapping tape

Fragile labels




Field equipment for sediment and benthic invertebrate

sampling

General Equipment

Boat

Large-scale site map

Sampling and analysis plan - Figures 4 and 5
Camera with date/time patch, color print film
Site and profile description logs

Topographic map

First-aid kit

Respirators with combination organic vapor/HEPA
cartridges (if required by HASP)

Field sampling plan, quality assurance project
plan, health and safety plan, and related
documents

Chain-ofcustody/sample analytical request forms
Daily activity forms !

Sample container labels and custody seals
Logbook, indelible pens, pencils

Shipping paperwork

Waders

Personal flotation devices

500-ft anchor line and three anchors

GPS unit

Sampling Equipment

Sample bottles

Brunton compass

Tape measure (10-, 50-, and 100-ft)

Duct tape

Resealable plastic bags

Trash bags

Flagging and stakes

Ice chests, refreezable cold packs
Stainless-steel scoops, spatulas, knives
Munsell color chart

Stainless-steel mixing bowls, spoons

Ponar grab, Ekman dredge, Piston-tube core
setup, or mini van Veen grab sampler, and line

Wet Sieving Equipment

1-L graduate cylinder

Analytical balance (0.1mg accuracy)
Funnel

Distilled water

50 mL beakers

Stainless steel spoon

Water squirt bottle

Nitrile gloves

Weigh pans

Decontamination Equipment
Brushes
Plastic tubs

Kimwipe® towels

Alconox® detergent

Protective clothing

Nitrile gloves

Polyethylene sheeting

Distilled/deionized water
Decontamination solvents (generally hydrochloric
or nitric acid, acetone, and hexane)
Miscellaneous Equipment

Sample packaging materials/bubble wrap
Cellophane tape to cover sample labels
Strapping tape

Fragile labels




Field equipment for garden produce/wild rice/forage

plant sampling

General Equipment

Field vehicle

Clipboard )

Camera or digital camera with time/date patch
Color slide film or disks

First-aid kit

Field sampling plan

Sampling and analysis plan

Site-specific health and safety plan (HSP)
Health and safety equipment listed in HSP
Sample labels and Sharpie pens
Logbook, indelible ink pens
Chain-of-custody/sample analysis request
forms

Shipping forms and labels
Chain-of-custody seals

Cellular phone

Rubber boots

Waders

Tool kit

GPS unit

Decontamination Equipment

Plastic tubs or coolers

Ten 10-gallon garbage bags

Silver Shield gloves

Beaker brush

Bristle brush

Water carboys

Organic-free deionized water from analytical
laboratory

Tap water

Pesticide-grade acetone

Pesticide-grade hexane

Liquinox

Plastic squirt bottles

Aluminum foil or untreated butcher paper

Miscellaneous Equipment
Analytical balance (0.1mg accuracy)
Sample packaging materials
Cellophane tape to cover sample tags
Strapping tape

Duct tape (2 rolls)

Rain gear

Utility knife

Garden shears

10-ft metal tape measure
Plastic garbage bags

Paper towels

Sampling Equipment
Sample bottles

Large Ziplock-type bags

Ice chest (s)

Ice or freezable cold packs
Nitrile gloves

Garden shears

Aluminum foil

Hand digging tools
Stainless-steel bowls
Shovel

Plastic tarp

100-ft cloth measuring tape
Compass




Field equipment for house dust sampling'

General Equipment
Field vehicle
Clipboard

Camera or digital camera with time/date patch

Color slide film or disks

First-aid kit

Field sampling plan

Sampling and analysis plan

House Dust Sample Data Sheets
Site-specific health and safety plan (HSP)
Health and safety equipment listed in HSP
Sample labels and Sharpie pens
Logbook, indelible ink pens
Chain-of-custody/sample analysis request
forms

Shipping forms and labels
Chain-of-custody seals

Cellular phone

Tool kit

Miscellaneous Equipment

Sample packaging materials
Cellophane tape to cover sample tags
Strapping tape

Duct tape (2 rolls)

Utility knife

100-ft cloth tape measure

Sampling Equipment

Analytical balance (0.1mg accuracy)

Approved vacuum cleaner and fitted bottles

Decon equipment for vacuum cleaner (if
specified in manufacturer’s instructions)

Sample bottles

Masking tape

Large Ziplock-type bags

Ice chest (s)

Ice or freezable cold packs

Nitrile gloves

Compass






