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1.0 PURPOSE AND WORK DESCRIPTION 

1.1 PURPOSE 

OHM Remediation Services Corp. (OHM), a subsidiary of OHM Corporation, is 
contracted by the U.S. Department of the Navy (LANTDIV) to provide remediation of 
Building 121 at U.S. Naval Station Roosevelt Roads, Cieba, Puerto Rico. 

The purpose of this Field Sampling and Analysis Plan (FSAP) is to present the 
procedures, organization, and responsibilities for collecting and handling field samples, 
sample and analytical documentation, performing field tests, and performing laboratory 
analytical testing. This FSAP is prepared in accordance with the requirements of 
NA VFAC Specification No. 05-93-3199 (as amended), Section 02225- Part 3.3. 

1.2 WORK DESCRIPTION 

The scope of work for the remediation of Building 121 generally includes: 
preparation of various pre-construction, construction, and post-construction ·plans and 
submittals; attendance and participation at pre-construction and various other mc!etings; 
mobilization and demobilization; site preparation; cleaning the interior surfaces of 
Building 121; various sampling and analyses for air, soil, water, and concrete media; 
removing a portion of the concrete from the surface of the building floor; excavating 
contaminated soil outside the building; transportation and disposal of generated 
hazardous and non-hazardous wastes; erosion and sediment control; health and safety 
control; quality control; site restoration; and incidental work. 

Further discussion of the work and its implementation can be found in the~ OHM 
Work Plan, Equipment Decontamination Plan, and Waste Transportation and Disposal 
Plan . 
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2.0 ORGANIZATION AND RESPONSIBILITIES ,,, 

2.1 ORGANIZATION 

The project is organized as shown in Figure 1. 

2.2 RESPONSIBILffiES 

The responsibilities of the program manager, project manager, project 
superintendent, QC manager, certified industrial hygienist, and site health and safety 
officer are as provided in the Basic Contract: Section C, Part 1.3. 

The responsibilities of the Sample Technician include the proper collection of all 
non-health and safety related project samples, sample tracking, sample preservation and 
handling, sample shipping, proper care and maintenance of sampling equipment, sampling 
equipment decontamination, and all sampling related documentation. The Sample 
Technician is responsible for submitting the analytical data to the Navy Technical 
Representative following review and approval by the project superintendent. Basically, 
the Sample Technician is responsible for the implementation of this FSAP. 

Sample Technicians are required by OHM to have a college degree or substantive 
technical experience and successfully complete a comprehensive in-house training course 
on hazardous waste sampling techniques and protocols prior to field assignments. The 
Sample Technician works under the direct supervision of the project superintendent. The 
Sample Technician may supervise the collection of samples by assistants in the fic!ld and 
is responsible for assuring the correct sampling procedures are followed. 
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3.0 BUILDING FWOR WIPE SAMPLES 

3.1 FIRST HIGH-PRESSURE WIPE SAMPLES 

Initially, the building floor, ceiling, and walls will be cleaned by scrubbing with 
detergent to remove accumulated dust and dirt. No wipe samples are taken bc:::fore or 
immediately after this initial scrubbing. 

Following the initial scrubbing, the first high-pressure washing with detergent will 
be done. After this first high-pressure washing and the subsequent rinsing is completed, 
collect 8 wipe samples from the building floor at the locations shown in Figure 6. Collect 
the wipe samples as described in Section 3.5 and follow the sample handling procedures 
in Section 10.0, except: 

• These samples will be retained on site or at the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 

3.2 SECOND HIGH-PRESSURE WIPE SAMPLES 

Following the first high-pressure washing and rinsing, the second high-pressure 
washing and rinsing will be done. After this second high-pressure washing and the 
subsequent rinsing is completed, collect 8 wipe samples from the building floor at the 
locations shown in Figure 6. Collect the wipe samples as described in Section 3.5 and 
follow the sample handling procedures in Section 10.0, except: 

• These samples will be retained on site or at the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• Ifthese samples are analyzed, they will be tested for the parameters of 
Table 1. 
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3.3 THIRD HIGH-PRESSURE WIPE SAMPLES 

Following the second high-pressure washing and rinsing, the third, and final, high
pressure washing and rinsing will be done. After this third high-pressure washing and the 
subsequent rinsing is completed, collect 8 wipe samples from the building floor at the 
locations shown in Figure 6. Collect the wipe samples as described in Section :3.5 and 
follow the sample handling procedures in Section 10.0 below. 

Send these samples to the analytical laboratory to be tested for the parameters given 
in Table 1. These samples are Rapid-TAT-Urgent. They must be tested in the shortest 
turnaround time possible and the results are to be telephoned to the project 
superintendent (either at the project site or hotel) the as soon as they are available. Be 
sure to write these instructions and the site/hotel telephone numbers in the comments 
section of the Chain-of-Custody ( COC) form. Contact the analytical laboratory when 
high-pressure washing operations begin and again the day before this sampling event to 
notify the laboratory of the required turnaround time. Notify the project superintendent 
if there are any anticipated problems with the laboratory meeting these sc:hedule 
requirements. 

3.4 POST-SCABBLING WIPE SAMPLES 

After scabbling of the building floor is completed, collect 8 wipe samples from the 
building floor at the locations shown in Figure 6. Collect the wipe samples as described 
in Section 3.5 and follow the sample handling procedures in Section 10.0 below .. Send 
these samples to the analytical laboratory to be tested for the parameters in Table 1. 
These samples are to be tested on a 7 -day turnaround time. If the results will not be 
available prior to site demobilization, arrange for the results to be delivered to the OHM 
project manager. 

3.5 WIPE SAMPLE COLLECTION METHOD 

The Sample Technician will have the sample jars and other equipment ready for use 
upon completion of the rinsing work. Be prepared for four wipe sampling events (three 
high-pressure cleanings and post-scabbling) and allow extra materials for four QC 
samples, breakage or other losses. The required equipment for one sampling event (eight 
wipe samples) includes the following: 

• Eight pair of new latex gloves 

• Eight 1-liter, glass bottles with Teflon-lined caps, each containing 1 liter 
of laboratory grade, organic free deionized (OFDI) water 

• Commercially available, untreated cotton gauze pads 

• Eight pre-cleaned, 1-liter, amber glass bottles with Teflon-lined caps 
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• Photocopy of Figure 6 to record sample number by sampling location 

• COC forms, labels, custody seals, shipping shuttle, ice, steel tape, 
markers. 
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Use a steel tape to locate each of the sample collection areas and LIGHTLY mark 
the boundaries on the floor with a wax crayon (e.g., Mean Streak). Put on a m~w pair 
of latex gloves. For each of the eight floor wipe samples, dip a cotton gauze pad into a 
new bottle of OFDI water and wipe the concrete with firm strokes inside the boundaries 
of the sampling area. Place the used pads into the second pre-cleaned ambc::r glass 
sample collection bottle. Repeat the wiping process until all the OFDI water is used. 
Keep both glass bottles closed except when moistening or placing the pads. Dispose of 
used latex gloves as hazardous waste. 

Label each of the eight floor wipe sample collection bottles with the sample number, 
project number, sample person's initials, date and time of sampling at a minimum.. Place 
a custody seal over the cap of each sample collection bottle. For each sample colllected, 
clearly and legibly document the dimensions of the area wiped and the sa,mple number 
on the photocopy of Figure 6 and retain for inclusion in the sampling report. For each 
sampling event, prepare a brief sampling report (standard form or 1 page typed or less) 
describing the sampling event (number and type of samples, dates, who collected samples, 
reference procedures used and imy deviations, sample handling and shipment, analytics 
required, QC samples, etc). Attach the Figure 6, a copy of the COC form, and other 
pertinent information and give the report to the project superintendent on or before the 
following work day. 

3.6 CLEANING WIPE QUALITY CONTROL SAMPLES 

All high-pressure cleaning wipe samples (3 events x 8 samples = 24 samples) will 
be shipped together at the same time to the analytical laboratory after collecting the floor 
wipe samples following the third high-pressure cleaning operations. They will be 
accompanied by one trip blank sample and one field blank sample. Both the trip blank 
and field blank will be tested for the parameters given in Table 1. 

3.6.1 Cleaning Wipe Samples Trip Blank 

Arrange for one bottle of OFDI water to be sent to the project site from the 
analytical laboratory to become the trip blank. It will be left sealed (unopened) from the 
laboratory, labeled as the Cleaning Wipe Samples Trip Blank, and returned unopened 
with the other wipe samples to the analytical laboratory. It is to be tested for the 
parameters in Table 1. The cleaning wipe sample testing results will be invalid without 
a valid trip blank. Include the Cleaning Wipe Samples Trip Blank ·on the COC form. 
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3.6.2 CleaninG Wipe Samples Field Blank 

Prepare a field blank by obtaining a new bottle of OFDI water, put on the ninth pair 
of latex sample gloves, dip new gauze pads into the OFDI water, and place the wetted 
pads directly into a pre-cleaned amber glass sample collection bottle without contacting 
the floor or anything else. Continue until all of the OFDI water is transferred by gauze 
pads into the sample collection bottle. Label this sample bottle as the Cleaning Wipe 
Samples Field Blank and put a custody seal on it. Send it to the analytical laboratory 
with the Cleaning Wipe Samples Trip Blank and the 24 other wipe samples. It is to be 
tested for the parameters in Table 1. The cleaning sample testing results will be invalid 
without a valid field blank. Include the Cleaning Wipe Samples Field Blank on the COC 
form. 

3.7 POST-SCABBLING WIPE QUALITY CONTROL SAMPLES 

All post-scabbling wipe samples (1 event x 8 samples = 8 samples) will be shipped 
together at the same time to the analytical laboratory after being collected. They will be 
accompanied by one trip blank sample and one field blank sample. Both the trip blank 
and field blank will be tested for the parameters given in Table 1. 

3.7.1 Post-Scabblin~ Wipe Samples Trip Blank 

The Sample Technician will arrange for one bottle of OFDI water to be sent to the 
project site from the analytical laboratory to become the trip blank. It will be left sealed 
(unopened) from the laboratory, labeled as the Post-Scabbling Wipe Samples Trip Blank, 
and returned unopened with the other wipe samples to the analytical laboratory. It is to 
be tested for the parameters in Table 1. The post-scabbling wipe sample testing results 
will be invalid without a valid trip blank. Include the Post-Scabbling Wipe Samples Trip 
Blank on the COC form. 

3.7.2 Post-Scabblin~ Wipe Samples Field Blank 

Prepare a field blank by obtaining a new bottle of OFDI water, put on the ninth pair 
of latex sample gloves, dip new gauze pads into the OFDI water, and place the wetted 
pads directly into a pre-cleaned amber glass sample collection bottle without contacting 
the floor or anything else. Continue until all of the OFDI water is transferred by gauze 
pads into the sample collection bottle. Label this sample bottle as the Post-Scabbling 
Wipe Samples Field Blank and put a custody seal on it. Send it to the analytical 
laboratory with the Post-Scabbling Wipe Samples Trip Blank and the 8 other wipe 
samples. It is to be tested for the parameters in Table 1. The post-scabbling sample 
testing results will be invalid without a valid field blank. Include the Post-Scabbling Wipe 
Samples Field Blank on the COC form. 
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4.0 CLEANING WASH AND RINSE WATER SAMPLES 

4.1 INITIAL SCRUB WASH WATER SAMPLE 

The initial scrubbing wash waters will be collected into labeled-drums. After all 
wash waters have been drummed, collect one composite sample following the procedures 
described in Sections 4.9 and 10.0 below, except: 

• These samples will be retained on site or at .the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 

4.2 INITIAL SCRUB RINSE WATER SAMPLE 

The rinse waters from the initial scrubbing will be collected into labeled drums. 
After all rinse waters have been drummed, collect one composite sample following the 
procedures described in Sections 4.9 and 10.0 below, except: 

• These samples will be retained on site or at the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 

4.3 FIRST HIGH-PRESSURE WASH WATER SAMPLE 

Wash waters will be collected into labeled drums. After all wash waters have been 
drummed, collect one composite sample following the procedures described in 
Sections 4.9 and 10.0 below, except: 

• These samples will be retained on site or at the laboratory 
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• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 

4.4 FIRST HIGH-PRESSURE RINSE WATER SAMPLE 
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Rinse waters will be collected into labeled drums. After all rinse waters have been 
drummed, collect one composite sample following the procedures described in 
Sections 4.9 and 10.0 below, except: 

• These samples will be retained on site or at the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 

4.5 SECOND HIGH-PRESSURE WASH WATER SAMPLE 

Wash waters will be collected into labeled drums. After all wash waters have been 
drummed, collect one composite sample following the procedures described in 
Sections 4.9 and 10.0 below, except: 

• These samples will be retained on site or at the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 
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4.6 SECOND HIGH-PRESSURE RINSE WATER SAMPLE 

Rinse waters will be collected into labeled drums. After all rinse waters have been 
drummed, collect one composite sample following the procedures described in 
Sections 4.9 and 10.0 below, except: 

• These samples will be retained on site or at the laboratory 

• These samples will be retained under the conditions given in Table 4 

• Only upon instruction from the client will these samples will be analyzed 

• If these samples are analyzed, they will be tested for the parameters of 
Table 1. 

4.7 THIRD HIGH-PRESSURE WASH WATER SAMPLE 

Wash waters will be collected into labeled drums. After all wash wat~rs have been 
drummed, collect one composite sample following the procedures described in 
Sections 4.9 and 10.0 below. This sample will be sent to the analytical laboratory and 
tested for the parameters given in Table 1. These samples are to be tested on a 3-day 
rapid turnaround time and the results telephoned to the site as soon as they are available. 

4.8 THIRD HIGH-PRESSURE RINSE WATER SAMPLE 

Rinse waters will be collected into labeled drums. After all rinse waters have been 
drummed, collect one composite sample following the procedures described in 
Sections 4.9 and 10.0 below. This sample will be sent to the analytical laboratory and 
tested for the parameters given in Table 1. These samples are to be tested on a 3-day 
rapid turnaround time and the results telephoned to the site as soon as they are available. 

4.9 DRUMMED CLEANING WATER SAMPLING METHOD 

The Sample Technician will have the sample jars and other equipment ready for use 
upon completion of the rinse work. Be prepared for four cleaning water sampling events 
(two samples per event) and allow extra materials for two QC samples, breakage or other 
losses. The required equipment for one sampling event (one wash water samplle, one 
rinse water sample) includes the following: 

• Two pair of latex sample gloves 
• Two glass dip tubes 
• Two 1-liter, pre-cleaned, amber glass bottles with Teflon-lined lids 
• COC forms, labels, custody seals, drum log, shipping shuttle, ice. 
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Identify the drums to be sampled and put on one pair of latex sample gloves. Insert 
one dip tube into a wash water drum, firmly place a finger over the upper end of the dip 
tube and withdraw the dip tube from the drum. While maintaining firm finger pressure, 
place the lower end of the dip tube into the amber sample collection bottle and release 
finger pressure allowing the sample to flow into the sample collection bottle. Repeat the 
process for each wash water drum to form a composite sample until the sample collection 
bottle is completely full (no air bubble). Put on a new pair of latex gloves and repeat 
this procedure using a new dip tube to collect one composite sample from the rins,e water 
drums. Discard the used dip tubes and latex gloves as hazardous wastes. 

Label each of the sample collection bottles with the sample number, project number, 
sample person's initials, date and time of sampling at a minimum. Place a custody seal 
over the cap of each sample collection bottle. For each sampling event, prepare a brief 
sampling report (standard form or 1 page typed or less) describing the sampling event 
(number and type of samples, dates, who collected samples, reference procedun;!s used 
and any deviations, sample handling and shipment, analytics required, QC samples, etc). 
Attach a copy of the COC form, drum log, and other pertinent information and give the 
report to the project superintendent on or before the following work day. 

4.10 CLEANING WATER QUALITY CONTROL SAMPLES 

All cleaning water samples (4 wash samples + 4 rinse samples = 8 samples) will be 
shipped to the analytical laboratory together at the same time following sample 
collections from the third high-pressure cleaning operations. They will be accompanied 
by one trip blank sample and one field blank sample. Both the trip blank and field blank 
will be tested for the parameters given in Table 1. 

4.10.1 Cleaning Water Samples Field Blank 

Prepare one field blank sample using a new dip tube and latex sampling gloves by 
following the procedure given in Section 4.9 above to sample a drum containing only 
potable water. Label this bottle as the Cleaning Water Samples Field Blank and place 
a custody seal on it. It will be sent to the analytical laboratory with the Cleaning Water 
Samples Trip Blank and other cleaning water samples. It will be tested for the 
parameters given in Table 1. The cleaning water testing results are invalid without a 
valid field blank. Include the Cleaning Water Samples Field Blank on the COC form. 

4.10.2 Cleaning Water Samples Trip Blank 

The Sample Technician will arrange for the analytical laboratory to ship to the 
project site a sealed amber glass bottle containing 1 liter of OFDI water to be used as 
a trip blank. Label this bottle as the Cleaning Water Samples Trip Blank and leave it 
unopened. It will be shipped with the Cleaning Water Samples Field Blank and other 
cleaning water samples to the analytical laboratory. It will be tested for the parameters 
given in Table 1. The cleaning water testing results will be invalid without a vallid trip 
blank. Include the Cleaning Water Samples Trip Blank on the COC form. 
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5.0 CHIP SAMPLES 

5.1 FLOOR CHIP SAMPLES 

Upon completion of all floor, ceiling, and wall cleaning events, perform chip sample 
collection. Collect 13 chip samples from the building floor as described in Section 5.7 
and at the locations shown on Figure 3. Send the sample to the analytical laboratory and 
test it for the parameters given in Table 2. 

5.2 CEILING CHIP SAMPLE 

Upon completion of all floor, ceiling, and wall cleaning events, perform chip sample 
collection. Collect one chip sample from the building ceiling as described in Sec1ion 5.7 
and at the locations shown on Figure 3. Send the sample to the analytical laboratory and 
test it for the parameters given in Table 2. 

5.3 NORTH WALL CHIP SAMPLE 

Upon completion of all floor, ceiling, and wall cleaning events, perform chip sample 
collection. Collect one chip sample from the building north wall as described in Section 
5.7 and at the locations shown on Figure 4. Send the sample to the analytical laboratory 
and test it for the parameters given in Table 2. 

5.4 SOUTH WALL CHIP SAMPLE 

Upon completion of all floor, ceiling, and wall cleaning events, perform chip sample 
collection. Collect one chip sample from the building south wall as described in Section 
5.7 and at the locations shown on Figure 4. Send the sample to the analytical laboratory 
and test it for the parameters given in Table 2. 

5.5 EAST WALL CHIP SAMPLE 

Upon completion of all floor, ceiling, and wall cleaning events, perform chip sample 
collection. Collect one chip sample from the building east wall as described in Section 
5.7 and at the locations shown on Figure 5. Send the sample to the analytical laboratory 
and test it for the parameters given in Table 2. 

5.6 WEST WALL CHIP SAMPLE 

Upon completion of all floor, ceiling, and wall cleaning events, perform chip sample 
collection. Collect one chip sample from the building west wall as described in 
Section 5.7 and at the locations shown on Figure 5. Send the sample to the analytical 
laboratory and test it for the parameters given in Table 2. 
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5.7 CHIP SAMPLING METHOD 

The Sample Technician will have the sample jars and other equipment ready for use 
upon completion of all cleaning events. Be prepared for 18 chip samples and allow extra 
materials for breakage or other losses. The required equipment for one chip sample 
event includes the following: 

• Steel chisel and hammer, or power chisel tool 

• Plastic sheet (e.g., Visqueen) 

• Face shield and safety glasses or goggles 

• Heavy canvas or leather work gloves 

• Eighteen pre-cleaned, 8-ounce, glass bottles with Teflon-lined caps 

• Photocopies of Figures 3, 4, and 5 to record sample number and 
locations 

• COC forms, labels, custody seals, shipping shuttle, Ice, steel tape, 
markers. 

Use a steel tape to locate each of the sample collection areas and mark corners of 
the grid location with a wax crayon (e.g., Mean Streak). Place plastic sheet on floor so 
that the concrete chips will be collected. Put on a work gloves and face shield. Place the 
chisel at the approximate center of the sample location and knock out chips of concrete. 
Collect chips from the plastic sheet and place into the bottle. Continue work around the 
center area until the 1/2-liter bottle is full of chips. Decontaminate, or use a new chisel, 
between samples as described in the Decontamination Plan. 

Label each of the eighteen chip sample collection bottles with the sample number, 
project number, sample person's initials, date and time of sampling at a minimum. Place 
a custody seal over the cap of each sample collection bottle. For each sample collected, 
clearly and legibly document the location of the area sampled and the sample number 
on the photocopies of Figures 3, 4, or 5 and retain for inclusion in the sampling :report. 
For each sampling event, prepare a brief sampling report (standard form or 1 pag<:~ typed 
or less) describing the sampling event (number and type of samples, dates, who collected 
samples, reference procedures used and any deviations, sample handling and shipment, 
analytics required, QC samples, etc). Attach the figures, a copy of the COC, and other 
pertinent information and give the report to the project superintendent on or before the 
following work day . 
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6.0 SOIL CHEMICAL SAMPLES 

6.1 INITIAL SITE SOIL CHEMICAL SAMPLES 

Collect seven soil samples to a depth of 12 inches following the procedures of 
Sections 6.5.1 and 10.0 below at the locations shown on Figure 7. Ship each sample to 
the analytical laboratory for testing of the parameters given in Table 1. 

6.2 CONTAINERIZED SITE SOIL CHEMICAL SAMPLE 

Collect one composite soil sample of the excavated soil from the soil containers 
(intermodal box) following the procedures of Sections 6.5.2 and 10.0 below. Ship the 
sample to the analytical laboratory for testing of the parameters given in Table 2. 

6.3 VERIFICATION SITE SOIL CHEMICAL SAMPLES 

After soil excavation and prior to placement of backfill, collect seven soil samples 
to a depth of 12 inches following the procedures of Section 6.5.1 and 10.0 below at the 
locations shown on Figure 7. Ship each sample to the analytical laboratory for testing 
of the parameters given in Table 1. 

6.4 BACKFILL SOIL CHEMICAL SAMPLE 

Collect one composite soil sample from the source of soil backfill material using the 
procedures of Sections 10.0 and 6.5.1 or 6.5.2 as appropriate. Send the sample! to the 
analytical laboratory for testing of the parameters given in both Tables 1 and 2. This 
sample is a Rapid Turnaround-Time and must be tested in the shortest time possible with 
the results delivered as soon as they are available. The Sample Technician will contact 
the laboratory to make these schedule arrangements and will notify the project 
superintendent if there are any anticipated problems. 

6.5 SOIL CHEMICAL SAMPLING METHODS 

Soil samples may be collected from either an in-situ (i.e., "bank") condition or from 
an ex-situ (i.e., "pile") condition. Refer to Appendix E for copies of field-related ASTM 
methods. 

6.5.1 Bank Soil Samplin~ Method 

Use a steel tape to grid the area to be sampled and place a pin-flag or other marker 
at the center of each individual sampling location. Use a hand auger technique from 
ASTM-D1452 "Standard Practice for Soil Investigation and Sampling by Auger Borings" 
to collect soil cores to the required depth. Place the soil cores into a stainless steel 
mixing bowl and thoroughly mix with stainless steel tools to break-up clods and provide 
a homogeneous mix. Collect sufficient soil to provide a 1-liter soil sample from the 
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homogeneous mix. Place the soil sample in a 1-liter glass bottle with Teflon-lined lid 
packing the soil to completely fill the bottle to the extent possible. Decontaminate the 
sampling auger, mixing bowl, and mixing tools between collection of each new sample 
following the procedures given in the Decontamination Plan. 

Label each sample collection bottle with the sample number, project number, sample 
person's initials, date and time of sampling at a minimum. Place a custody seal over the 
cap of each sample collection bottle. For each sample collected, clearly and legibly 
document the location of the area sampled and the sample number on a photocopy of 
Figure 7, or a hand sketch of the location if it is off of the project site, and retain for 
inclusion in the sampling report. For each sampling event, prepare a brief sampling 
report (standard form or 1 page typed or less) describing the sampling event (number and 
type of samples, dates, who collected samples, reference procedures used and any 
deviations, sample handling and shipment, analytics required, etc). Attach the figures, 
a copy of the COC, and other pertinent information and give the report to the project 
superintendent on or before the following work day. 

6.5.2 Pile Soil Samplin~ Method 

Use a small hand shovel (or a hand auger technique from ASTM-D1452 "Standard 
Practice for Soil Investigation and Sampling by Auger Borings") to collect soil sub
samples to the specified depth or otherwise to a depth of 1 foot. Collect soil sub-samples 
from a minimum of five different locations around the circumference of the pile or as is 
sufficient to provide a representative soil sample. Place the soil sub-samples into a large 
stainless steel mixing bowl and thoroughly mix with stainless steel tools to break up clods 
and provide a homogeneous mix. Collect sufficient soil to provide a 1-liter soil sample 
from the homogeneous mix. Place the soil sample in a 1-liter glass bottle with Teflon
lined lid packing the soil to completely fill the bottle to the extent possible. 
Decontaminate the sampling auger, mixing bowl, and mixing tools between colle<:tion of 
each new sample following the procedures given in the Decontamination Plan. 

Label each sample collection bottle with the sample number, project number, sample 
person's initials, date and time of sampling at a minimum. Place a custody seal over the 
cap of each sample collection bottle. For each sample collected, clearly and legibly 
document the location of the area sampled and the sample number on a photoc:opy of 
Figure 7, or a hand sketch of the location if it is off of the project site, and retain for 
inclusion in the sampling report. For each sampling event, prepare a brief sampling 
report (standard form or 1 page typed or less) describing the sampling event (number and 
type of samples, dates, who collected samples, reference procedures used an.d any 
deviations, sample handling and shipment, analytics required, etc). Attach the figures, 
a copy of the COC, and other pertinent information and give the report to the project 
superintendent on or before the following work day. 
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7.0 SOIL GEOTECHNICAL SAMPLES 

7.1 BACKFILL SOIL GEOTECHNICAL SAMPLE 

After an off-site backfill borrow source has been identified, collect a geotechnical 
bulk soil sample of the soil to be used as backfill following the procedures of Section 7.3 
and 10.0, except: 

• All geotechnical bulk soil samples will be preserved and transportation 
provided according to ASTM-D4220 "Standard Practices for Preserving 
and Transporting Soil Samples" - Group B samples 

• If it is shipped to a laboratory off of Puerto Rico, the shipping container 
must have a U.S. Department of Agriculture shipping permit label 
affixed to the outside in order to pass through customs. Obtain this label 
from the geotechnical laboratory prior to sampling. 

Send the sample to the geotechnical laboratory and have it tested for the following 
listed parameters on a rapid turnaround basis of 3 days or less from receipt. Have the 
results telephoned to the project site as soon as they are available. 

• ASTM-D2487 "Classification of Soils for Engineering Purposes (USCS)" 

• ASTM-D4318 "Liquid Limit, Plastic Limit, and Plasticity Index of Soils" 

• ASTM-D1140 "Amount of Material in Soils Finer Than the No. 200 
Sieve" 

• ASTM-D698 "Laboratory Compaction Characteristics of Soils Using 
Standard Effort" with five points 

• ASTM-D2216 "Laboratory Determination of Water (Moisture) Content 
of Soil and Rock" on the sample in the glass bottle or plastic bag. 

7.2 EXISTING SUBGRADE SOIL SAMPLE 

After the on-site contaminated soil has been completely excavated from the 30-foot
square area east of Building 121 including re-excavation if necessary and passing chemical 
verification analytical results, collect a geotechnical bulk soil sample. 
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Collect this sample by compositing auger cores collected near each comer :md the 
center of the excavation. Otherwise, follow the procedures given in Sections 7.3, 6.5.1, 
and 10.0 as applicable. Ship this sample to the geotechnical laboratory and have it tested 
for the following listed parameters on a rapid turnaround basis of 3 days or less from 
receipt. Have the results telephoned to the project site as soon as they are available. 

• ASTM-D698 "Laboratory Compaction Characteristics of Soils Using 
Standard Effort" with five points 

• ASTM-D2216 "Laboratory Determination of Water (Moisture) Content 
of Soil and Rock" on the sample in the glass bottle or plastic bag. 

7.3 GEOTECHNICAL BULK SOIL SAMPLING METHOD 

Geotechnical soil samples are intended only for testing the physical engineering 
properties of the soil and are specifically not to be tested for any chemical parameters 
related to the remediation cleanup requirements for this project. The sample h:andling 
and collection procedures for geotechnical soil samples are insufficient for valid 
remediation chemical analyses. 

Geotechnical bulk soil samples may be collected from either an in-situ (i.e., '''bank") 
condition or from an ex-situ (i.e., "pile") condition. Follow the applicable pro<:edures 
given in Section 6.5.1 or 6.5.2, except that decontamination of the sampling equipment 
will not be necessary. The equipment and materials required to obtain one geotechnical 
bulk sample include the following: 

• Hand auger (Section 6.5.1) or small shovel (Section 6.5.2) 

• Stainless steel mixing bowl (approximately 1-gallon capacity) 

• Stainless steel mixing tools (e.g., trowel) 

• Cardboard shipping box (1 cubic foot) with plastic liner 

• One 8-ounce glass bottle with Teflon-lined lid 

• COC form, labels, steel tape, pin-flags or markers, location map or Figure 7. 

All geotechnical soil samples will be preserved and transportation provided 
according to ASTM-D4220 "Standard Practices for Preserving and Transporting Soil 
Samples" - Group B samples~ Any soil sample shipped to a laboratory off of Puerto Rico, 
the shipping container must have a U.S. Department of Agriculture shipping permit label 
affixed to the outside in order to pass through customs. Obtain this label from the 
geotechnical laboratory prior to sampling. 
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Geotechnical bulk soil samples for ASTM-D698 testing require approximately 
1/2 cubic foot of sample in a plastic lined box or glass or plastic jars. Soil samples for 
ASTM-2216 testing require an 8-ounce glass or plastic jar with Teflon-lined lid, or a 
similar soil sample volume in a sealed plastic bag, to preserve the existing moisture 
content. All other required geotechnical tests can be performed from these sample 
materials and additional sample quantities are not necessary. 

Label each sample collection container with the sample number, project number, 
sample person's initials, date and time of sampling at a minimum. For each sample 
collected, clearly and legibly document the location of the area sampled and the sample 
number on a published map or hand sketch of the location if it is off of the project site, 
or on a photocopy of Figure 7 if it is on the project site, and retain for inclusion in the 
sampling report. For each sampling event, prepare a brief sampling report (standard 
form or 1 page typed or less) describing the sampling event (number and type of samples, 
dates, who collected samples, reference procedures used and any deviations, sample 
handling and shipment, analytics required, etc). Attach the figures, a copy of the COC, 
and other pertinent information and give the report to the project superintendent on or 
before the following work day. 



-
-
-

-

-
-

-
-
-

-
-
-

18 

8.0 EQUIPMENT DECONTAMINATION WATER SAMPLE 

8.1 EQUIPMENT DECONTAMINATION RINSE WATER SAMPLE 

Equipment wash waters and rinse waters will be collected into separate labeled 
drums. After all decontamination waters have been drummed, collect one composite 
sample from the FINAL DECON RINSE WATER DRUMS ONLY following the 
procedures described in Sections 8.2 and 10.0 below. This sample will be sent to the 
analytical laboratory and tested for the parameters given in Table 1. These samples are 
to be tested on a 3-day rapid turnaround time and the results telephoned to the site as 
soon as they are available. Refer to the Equipment Decontamination Plan for further 
information. 

8.2 EQUIPMENT DECONTAMINATION RINSE WATER SAMPLING METHOD 

The Sample Technician will have the sample jars and other equipment ready for use 
upon completion of the rinse work. Be prepared for one equipment decontamination 
rinse water sample and allow extra materials for two QC samples, breakage or other 
losses. The required equipment for one sampling event (one rinse water sample) includes 
the following: 

• One pair of latex sample gloves 
• One glass dip tube 
• One 1-liter, pre-cleaned, amber glass bottles with Teflon-lined lid 
• COC form, label, custody seal, drum log, shipping shuttle, ice. 

Identify the drum(s) to be sampled and put on one pair of latex sample gloves. 
Insert one dip tube into a wash water drum, firmly place a finger over the upper end of 
the dip tube and withdraw the dip tube from the drum. While maintaining firm finger 
pressure, place the lower end of the dip tube into the amber sample collection bottle and 
release finger pressure allowing the sample to flow into the sample collection bottle. 
Repeat the process for each equipment decontamination rinse water drum to form a 
composite sample until the sample collection bottle is completely full (no air bubble). 
Discard the used dip tube and latex gloves as hazardous wastes. 

Label the sample collection bottle with the sample number, project number, sample 
person's initials, date and time of sampling at a minimum. Place a custody seal over the 
cap of the sample collection bottle. Prepare a brief sampling report (standard form or 
1 page typed ~r less) describing the sampling event (number and type of sampl(~, date, 
who collected sample, reference procedure used and any deviations, sample handling and 
shipment, analytics required, QC samples, etc). Attach a copy of the COC, drum log, and 
other pertinent information and give the report to the project superintendent on or 
before the following work day. 
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8.3 EOUIPMENTDECONTAMINATIONWATEROUALITYCONTROLSAMPLES 

If possible, the equipment decontamination water sample will be shipped to the 
analytical laboratory together at the same time as the drummed cleaning water samples 
(Section 4.0 above) to minimize the need for additional QC samples. If this is not 
feasible, the equipment decontamination water sample must be accompanied by one new 
trip blank sample and one new field blank sample. Both the trip blank and field blank 
will be tested for the parameters given in Table 1. 

8.3.1 Equipment Decontamination Water Sample Field Blank 

If necessary, prepare one field blank sample using a new dip tube and latex sampling 
gloves by following the procedure given in Section 4.9 above to sample a drum containing 
only potable water. Label this bottle as the Equipment Decontamination Water Sample 
Field Blank and place a custody seal on it. It will be sent to the analytical laboratory 
with the Equipment Decontamination Water Sample Trip Blank and equipment decon
tamination water sample. It will be tested for the parameters given in Table 1. The 
equipment decontamination water testing results are invalid without a valid field blank. 
Include the Equipment Decontamination Water Sample Field Blank on the COC form. 

8.3.2 Equipment Decontamination Water Sample Trip Blank 

If necessary, the Sample Technician will arrange for the analytical laboratory to ship 
to the project site a sealed amber glass bottle containing 1 liter of OFDI water to be used 
as a trip blank. Label this bottle as the Equipment Decontamination Water Sample Trip 
Blank and leave it unopened. It will be shipped with the Equipment Decontamination 
Water Sample Field Blank and the equipment decontamination water sample to the 
analytical laboratory. It will be tested for the parameters given in Table 1. The 
equipment decontamination water sample testing results will be invalid without a valid 
trip blank. Include the Equipment Decontamination Water Sample Trip Blank on the 
COC form. 
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9.0 HEALTH AND SAFETY SAMPLES 

Various personnel and perimeter air sample collection and laboratory analyses will 
be performed as described in the Health and Safety Plan. These samples will be 
collected by the site health and safety officer and are not the responsibility of the :Sample 
Technician. Refer to the Health and Safety Plan for further information on air 
monitoring samples. The health and safety laboratory is identified in Section 12.3 and 
their Statement of Qualifications is provided in Appendix D. 
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10.0 SAMPLE HANDUNG PROCEDURES 

The purpose of this section is to establish the procedures to be implemented for 
sample shipment. The basis for all procedures is understood to follow the Quality 
Control Plan. The following sections describe: 

• Sample containers 
• Sample preservation 
• Sample chain-of-custody procedures. 

10.1 SAMPLE CONTAINERS 

Different types of containers will be used to collect samples for the sampling media 
including: 

• Glass 8-ounce bottles with Teflon-lined caps (soil and chip samples) 
• Glass 1-liter bottles with Teflon-lined cap (water, wipe, and soil samples) 
• Polyethylene 1-liter and 500-ml bottles with plastic lids (soil samples) 
• Plastic-lined cardboard boxes (soil samples). 

The laboratory will provide cleaned containers prior to shipment to the~ field. 
Sample preservation, containers, and sample holding times are summarized in Table 4. 

10.2 SAMPLE PRESERVATION 

The purpose of sample preservation is to prevent or retard the 
degradation/transformation of chemicals in the sample during transport and storage. The 
samples will be preserved in the field at the time they are taken. Table: 4 lists 
preservation requirements for the samples. 

All sample containers will be filled as completely as possible to minimize headspace. 
Except for bulk geotechnical soil samples, samples will be stored and shipped to the 
laboratory at 4 degrees Celsius. 

10.3 SAMPLE SHIPMENT 

All samples will be shipped to the laboratory either by hand delivery or c~xpress 
overnight air service so that the sample is received at the laboratory within 24 hours from 
the close of business of the date the sample was collected. Sample shipment will comply 
with 49 CFR 100-199 as applicable for the transport of hazardous material/wastes. 



-
-
-
-

-

-
-

-

22 

10.4 SAMPLE TRACKING 

The following will be used in the chain-of-custody process for sample tracking and 
field activities: 

• Sample identification and labeling 
• Sample chain-of-custody form 
• Sample collection log. 

10.4.1 Sample Identification and Labelint: 

All samples will be adequately marked for identification from the time of collection 
and packaging through shipping and storage. Marking will generally be made on the 
sample container (jar, bottle, etc.) but may be applied directly to the sample or on a tag 
or label attached to the sample or container, depending on the type of sample and its 
intended use. Sample identification will include, as appropriate: 

• Project name and number: Building 121 Remediation No. 15591 
• Sample number: 15591 -(unique number per sample) 
• Sample location (e.g., depth or sample interval, and field coordinates) 
• Sampling date and time 
• The initials of the individual(s) performing the sampling 
• Sample preservation used, if any. 

10.4.2 Chain-of-Custody Record 

Documentation of the sample chain-of-custody is provided by the use of a chain-of
custody record that includes the sampling location, the type and amount of samples 
collected, the date and time of sample collection, the name(s) of the person(s) 
responsible for sample collection, the date and time of all custody transfers, the signature 
of the persons relinquishing and accepting sample custody, laboratory request for analysis, 
and other pertinent information. 

Chain-of-custody procedures document sample possession from the time of collection 
to disposal. A sample is considered in custody if it is: 

• In one's physical possession 

• In view, after being in physical possession 

• In a locked area so that no one can tamper with it, after having been in 
physical custody 

• In a secured area, restricted to unauthorized personnel. 



-
-
.... 

-

-

23 

A chain-of-custody record will be initiated in the field by the sample technician and 
will accompany each group of samples during shipment to the laboratory. Ea<=h time 
custody of the sample changes, the new custodian will sign the record and indicate the 
dates of transfer. An example of an OHM chain-of-custody record is included in 
Appendix A 

If the samples are shipped to the laboratory by commercial carrier, the original 
chain-of-custody form will be sealed in a water-tight container, placed in the shipping 
container, and the shipping container sealed prior to giving it to the carrier. 

If the samples are directly transported to the laboratory, the original chain-of
custody form will be kept in possession of the person delivering the samples. 

For samples shipped by commercial carrier, the waybill will serve as an extension 
of the chain-of-custody record between the final field custodian and receipt in the 
laboratory. (The carrier waybill number will be written on the chain-of-custody form. 
If the original chain-of-custody form is sealed in the shipping container before the waybill 
number is received, then this number will be written on the copy of the chain-of-custody 
form.) 

Upon receipt in the laboratory, the receiving technician or representative will open 
the shipping containers, compare the contents with the chain-of-custody record, and sign 
and date the record. The receiving technician will also record the carrier and waybill 
number of the original chain-of-custody form, if it is not already present. 

All original chain-of-custody records, analytical data, and other project 
documentation will be maintained in a project file. Project files will be stored in a 
central filing system pending disposition by the Navy. 

A legible copy of the field chain-of-custody record will be maintained in the field 
office on site. Once samples are received in the laboratory, chain-of-custody records will 
be signed by a designated representative of the laboratory and copies of the signed chain
of-custody records will be submitted to the field office or other designated representative. 

10.4.3 Sample Collection Lo~ 

A sample collection log is prepared for each sample to record information pertaining 
to the location and collection of a sample. The following information is required on the 
sample collection log, as appropriate: 

• Unique sample number 

• Sample location 

• Collector's initials 
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• Date and time of sample collection 

• Sample coordinates 

• Sample identification (type, media, sequence, blank, spike, duplicate, 
split). 

An example of a sample collection log is provided in Appendix A 

10.4.4 La.boratmy Receipt 

Upon sample receipt, the receiving technician or designee will: 

• Examine all samples and determine if proper temperature has been 
maintained during shipment. The receiving temperature will be recorded 
on the chain-of-custody record. If samples have been damaged during 
shipment, the remaining samples will be carefully examined to determine 
whether they were affected. Any samples suspected of being affected will 
also be considered damaged. It will be noted on the chain-of-custody 
record what specific samples were damaged and that the samples were 
removed from the sampling program. Field personnel will be notified in 
writing as soon as possible of an estimate of the cause of damage, the 
samples that were damaged, and whether they must be resampled or the 
testing program revised. 

• Compare samples received against those listed on the chain-of-custody 
record. 

• Verify that sample holding times have not been exceeded. If the sample 
holding time has been exceeded, the receiving technician or designee will 
notify the field personnel by telephone that this has occurred and will 
follow up with a Nonconformance Report. 

• Sign and date the chain-of-custody record and attach the waybill to the 
chain-of-custody record. 

• Place the samples in adequate laboratory storage . 

• Enter the samples in the laboratory sample log-in book which contains 
the following information: 

- Project identification number 
- Sample numbers 
- Type of samples 
- Date received in laboratory. 

--------·------------------ -------------~-----

24 



-
-
-
...... 

-

-

-

25 

• Notify the analytical manager or group leaders of sample arrival. 

• Place the completed chain-of-custody records in the project file. 

If samples collected arrive without chain-of-custody or with incorrect 
chain-of-custody records, the following actions will be undertaken by the re:ceiving 
technician: 

• If the chain-of-custody record is incorrect, a memorandum to the project 
manager, site supervisor, manager of the laboratory, and appropriate 
field personnel is prepared stating the deviations. The memorandum 
must be signed and dated by the person originating the chain-of-custody 
and by the receiving technician. The memorandum will serve as an 
amendment to the chain-of-custody. If the information on the chain-of
custody record cannot be corrected by the receiving technician, the 
samples affected will be removed from the sampling program. 

• If the chain-of-custody record is not shipped with the samples, the field 
personnel will be contacted and a memorandum prepared which lists the 
persons involved in collecting, shipping, and receiving the samples and 
the times, dates, and events. Each person involved must sign and date 
this memorandum. The completed memorandum will be maintained in 
lieu of the chain-of-custody record. 
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11.0 ON-SITE FIELD TESTING 

11.1 EXISTING SUBGRADE COMPACTION TESTING 

After the on-site contaminated soil has been completely excavated from the 30-foot
square area east of Building 121 including re-excavation if necessary and passing chemical 
verification analytical results (Section 6.3), perform a minimum of two tests to determine 
the existing in-place density of the subgrade. 

This testing may be performed by the Sample Technician if qualified, othetwise it 
will be performed by a qualified geotechnical testing subcontractor. Perform the testing 
using one of the following methods: 

• ASTM-D1556 "Density and Unit Weight of Soil In-Place by the Sand
Cone Method" 

• ASTM-D2922 "Density of Soil and Soil-Aggregate In Place by Nuclear 
Methods (Shallow Depth)" including mandatory calibration by 
ASTM-D1556. 

11.2 BACKFILL SOIL COMPACTION TESTING 

Following placement of the backfill soil into the excavation, perform a minimum of 
two tests to determine the in-place density of the placed backfill. 

This testing may be performed by the Sample Technician if qualified, otherwise it 
will be performed by a qualified geotechnical testing subcontractor. Perform the testing 
using one of the following methods: 

• ASTM-D1556 "Density and Unit Weight of Soil In-Place by the 
Sand-Cone Method" 

• ASTM-D2922 "Density of Soil and Soil-Aggregate In Place by Nuclear 
Methods (Shallow Depth)" including mandatory calibration by 
ASTM-D1556. 
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12.0 LABORATORIES 

12.1 GEOTECHNICAL LABORATORY 

The geotechnical laboratory for this project is Geotechnics, Inc., and their address 
is: 

Geotechnics 
P.O. Box 10623 
11628 Frankstown Road 
Pittsburgh, P A 15235 
( 412) 243-0333 
Point of Contact: Dave Backstrom 

Geotechnics is accredited by the American Association of State Highway and 
Transportation Officials (AASHTO) and is permitted by the U.S. Department of 
Agriculture (USDA) to receive overseas shipments of soil samples. Their statement of 
qualifications is provided in Appendix B. 

12.2 ANALYTICAL LABORATORY 

The analytical laboratory for testing contaminated media samples on this project is 
Beckton Environmental Laboratories, Inc., and their address is: 

Beckton Environmental Laboratories, Inc. 
192 Villa Street 
Ponce, Puerto Rico 00731 
(809) 841-7373 
Point of Contact: Rafael Infante 

Their Statement of Qualifications is provided in Appendix C. 

12.3 HEALTH AND SAFETY LABORATORY 

The laboratory providing testing of samples required by the Health and Safety Plan 
is MDS Laboratories, and their address is: 

MDS Laboratories 
4418 Pottsville Pike 
Reading, P A 19605 
(215) 921-8833 
Point of Contact: Dave Shirey 

Their Statement of Qualifications is provided in Appendix D. 
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2,4-D 8150 0.1 

Copper Arsenite (3) 7061 0.05 

Ethylene Bromide (3) 8010 4 X to·7 (4) 

Calcium Cyanide (3) 9010 1.0 

Chlordane (5%) 8080 3 X to·S (4) 

Zinc Phosphide (3) 6010 0.01 

Notes: 

I 

TABLE 1 

PARAMETERS FOR ANALYSIS 
BUILDING 121 REMEDIATION 

(1) 800 

(1) 80 

(1) 0.008 

(1) 300 

(1) 0.5 

(1) 20 

(1)PQL- Practical Quantification Limit, to be provided by the analytical laboratory, 

(2)To be provided by LANTDIV. a.-

l 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(3)Analyticallaboratory reporting for this parameter will be in terms of elemental constituents. 

(4)These values to be revised by IANTDIV. 

] l l 

(2) (1) 

(2) (1) 

(2) (1) 

(2) (1) 

(2) (1) 

(2) (1) 
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TABLE2 

PARAMETERS FOR TCLP ANALYSIS 
BUILDING 121 REMEDIATION 

P~r>·•·············· / sw-846M:et/Wd ·.·.· > u PW (i/,g/1) L··········· .. ~iy Level ilncll}> 
Arsenic 6010 (1) 5.0 

Barium 6010 (1) 100.0 

Cadmium 6010 (1) 1.0 

Chromium 6010 (1) 5.0 

Lead 6010 (1) 5.0 

Mercury 7470 (1) 0.2 

Selenium 6010 (1) 1.0 

Silver 6010 (1) 5.0 

Endrin 8080 (1) 0.02 

Lindane 8080 (1) 0.4 

Methoxychlor 8080 (1) 10.0 

Heptachlor 8080 (1) 0.008 

2,4-D 8080 (1) 10.0 

2,4,5-TP (Silvex) 8080 (1) 1.0 

Chlordane 8080 (1) 0.03 

Note: 

(1)PQL- Practical Quantification Limit, to be provided by the analytical laboratory. 
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TABLE3 

SUMMARY OF PROJECT SAMPLES AND ANALYSES 
BUILDING 121 REMEDIATION 

J 

••••••••.· . •. ···~···.•~.··~. ••.• .. ·••.·.• .. ('.·.•··.····,..·• .. ·.·•.· .... •••·• .. >" L.••••·~·····.··•.·· .. · .. · .. · .. •.·.·.·•• ··•> >•••·•• ?i ·•···•·•·•<•···•·••··• <•<·· ········.························.•.•.•· .. ·.at.·•.·.•.·.·.··•·., .. •·.·•.····.··.·=·.•·.·••.··.•··•.·.•·.••~·.···.·• .. • .. ·._•· .. •.·.·.·•.·.·•.·.·.··.··.•o•.·.•· .. ~.· ... •• ... •.· .. •('· .. ·.·.·•·.•.},.····.• .... ·•.·.·•• .. •.•·.·.••.•• ... ••·•.t.··.••••·~· .. ···.•· .. · .... ·.··•.···.· .. • ... •.•.········.• ....•..•.•.. • ••.••• .·.····················:n··············~.·.·.· .• ·.·.•· .... ·and·.····g····.··.··•.·l.hba ....... ·.······.~.·········A·.•••••T··Wn..·• .•. ·.•· ... · .. ·········OTY···· ..••.•...•..•..••..••.••...•••.. •··.········· •••· ... · .. • <?}<••·••••••. ······•·· ·< <in \••· . m4 .,..,,.,"'" • TiiN; ofSt#JP¥ l'fwrun;r 'J. ~·.Y~ .en. ··· 'if!sts ifequiri4 . ~/UaC~IJ 
Building 
Concrete Floor 

Scabbled 
Concrete Floor 

Cleaning Wash 
Waters 

Cleaning Rinse 
Waters 

Wipe 

Wipe 

Water 
(composite) 

Water 
(composite) 

26 total (8 wipes after 
each of 4 washings 
plus trip blank and 
field blank) 

8 or 10 total (8 wipes 
after scabbling plus 
trip blank and field 
blank if needed) 

6 total ( 4 samples 
from drums for each 
wash event plus trip 
blank and field blank) 

4 total ( 4 samples 
from drums of each 
rinse event; QC 
samples included in 
cleaning wash water 
samples) 

Analytical laboratory 

RTAT-Urgent on third 
high-pressure wipes 
only--store other 
samples 

Analytical laboratory 

7-day TAT or less 

Analytical laboratory 

3-day RTAT on third 
high-pressure wash 
water sample only-
store other samples 

Analytical laboratory 

3-day RTAT on third 
high-pressure rinse 
water sample only-
store other samples 

Table 1 

Table 1 

Table 1 

Table 1 

Figure 6 (building 
floor only) 

Figure 6 (building 
floor only) 

Storage drums 

Storage drums 

J 1 
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TABLE3 
(CONTINUED) 

l 1 I ) 

<·····•·• ·······•·•· < <····>·····/< ......... >•••·••< •••·••••• .. ••}) >I )}.•.>•• <\. < .••••• · ...••..••••...•..••..•••..••... •·•••··••·•·•··•···•·•·•·· ..• u·.··•.·••. \_. .... ··. < ..... ••.•••••· ............................................. ·.o·········' ........ ·.·· .. • (! ..... /A···.·····~.···.··.··.······~·······,·········~•.•••.··~·.··.·····.·······.········.··.•.·• .. ·• .. ••.··.····.····.·· .••... ··.•· ..•..••..•.••.••..•. ·.• .• •.: .•••..•.. :n ........ emn.·.··························.·.······~. W~~ IAbOrrltorY.·.···"'. ·.·.,~.···T··························.·............... ••..•. . c >·········· •·.·.·.· ·.· ··········· ...... ··········· ·······• ·.·· ... • •. • •. :.• ... •·. (!.•·······A··.·.~··.•·.·~·.·······.·.~ .iL.• .. •.•. '~··.····.······· r······.··.· ""···· ................ • .... •.•.•·.·.·~.• ·.:..~.·····.•·.• .. •.•· .. •· ... ··.· ... •.•.•. MediQSiirhpfed i:ypelJfSiirhp~ HUTtwu. 'Jvw''I'K.J "''".us < < Tifi#~ ~''i'""o.~ 

Building 
Concrete Floor, 
Ceiling, and 
Walls 

Soil Exterior to 
Building 121 

Excavated Soil 

Verification -
Soil Exterior to 
Building 121 

Backfill Soil 

Backfill Soil 

Soil Subgrade 

Concrete chip 18 total 
samples 

Soil chemical 7 total 
(grab) 

Soil chemical 1 total 
(composite) 

Soil chemical 7 total 
(grab) 

Soil chemical 1 total per source 
(composite) 

Soil geotechnical 1 total per source 
(bulk) 

Soil geotechnical 1 total 
(bulk) 

Analytical laboratory Table 2 

7-day TAT or less 

Analytical laboratory Table 1 

3-day RTAT 

Analytical laboratory Table 2 

7-day TAT or less 

Analytical laboratory Table 1 

3-day RTAT 

Analyticallaboratory RCRA 
.,__ _______ --f Characteristics, 

7-day RTAT or less TCL/TAL 

Geotechnical laboratory 

ASAP= RTAT 

Geotechnical laboratory 

ASAP- RTAT 

ASTM-02487 
ASTM-04318 
ASTM-01140 
ASTM-0698 
ASTM-02216 

ASTM-0698 
ASTM-D2216 

Figures 3, 4, and 5 

Figure 7 

Intermodal box 
containers 

Figure 7 

Each source of 
backfill borrow 

Each source of 
backfill borrow 

Subgrade exposed 
after excavating 
soil 

1 ) 
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TABLE3 
(CONTINUED) 

l 1 

. . / .. . . .· :· ·····'·····.'···.'•.:···:·.'····'··'·:·:····: .• u.:•.:.•.:.•• ........ ".···.:.:.:::.··••:.•:.··.··:*"_ ••.•..•.• , .• ,;;;;;.;; ••..•. •.··.··.·······:·.··,o·.'···.'···~·.···!: •..• <:'•.••,••.;m;o;;,•• .. ••.,•.•,•••.·······.···.···"····,'···.• .. •~.•.•.••~.•.•,,•:···.:·····:·.:···:···:·.·:·.:! .. , •. :•.• .. :•,•:!··· ···:· .• ,'.. •. [~~· \ : ' .···.·.···· •.. ,·•,:···:·: .•... •.,.::,!•:···,·.···_,., •.•.•. • •. ·.·<:'i.·._···.··.·;n···:·.·.·.:Miii_··.··.•·,i··;;;;;······r:·.··.··~.·:··.~ ,].\.:_·~··.·· ~·.•·.·····.~·····~·.·····~···.•-.·~.~ ······~.····.···.•.:,·:····· ······•••••},(@4Siii#pi%Ji.···••••• . ~"djSiii#p~·· J~u.muCT ~.,,._.,.yu:.~ H ··tiir4:.·Ti4T/.•.••••• •••: H ·• 1.Jist.f}l:(iijiilitil VM#•.Y""o I..A.IaiiWfJ 

Equipment 
Decontamination 
Final Rinse 
Water 

Soil Subgrade 

Backfill Soil 

Water 
(composite) 

Field test 
(in-situ soil) 

Field test 
(in-situ soil) 

1 or 3 total ( 1 drum 
composite plus trip 
blank and field blank, 
if needed) 

2 total 

2 total 

Analytical laboratory 

3-day RTAT 

Field test 

Before backfilling 

Field test 

After backfilling 

Table 1 

ASTM-D1556 
or 

ASTM-D2922 

ASTM-D1556 
or 

ASTM-D2922 

Storage drums 

Subgrade exposed 
after excavating 
soil 

Backfill soil after 
placement in 
excavation 

1 1 
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TABLE4 

SUMMARY OF SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 
BUILDING 121 REMEDIATION 

Wipe Amber glass bottle, Teflon- Cool to 4°C 
lined cap 

Water (drum composites) • Organics- Amber glass Cool to 4oc 

Concrete Chip 

Soil Chemical (grab or 
composite) 

bottle, Teflon-lined cap 

• Inorganics - Plastic bottle 

Glass bottle, Teflon-lined 
cap 

Glass bottle, Teflon-lined 
cap 

Extraction within 7 days; 
analyze 40 days 

14 days 

Extraction within 7 days; 
analyze 40 days 

Table 1 - 14 days 

Table 2 - Extraction within 
7 days; analyze 40 days 

Soil Geotechnical (bulk) Plastic-lined box or bag; 
plus glass bottle with 
Teflon-lined cap 

None required 120 days 

1 x 1liter 

1 x ~liter or 
1 x 8 ounce 

1 x 1liter 

Box - 1 x ~ cubic foot 

Bottle - 1 x 8 ounce 
or 1 x ~liter 

J I 
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LANTDIV 
PROGRAM MANAGER CONTRACTING OFFICER 

TECH. REPRESENTATIVE f-
GEORG£ KRAUTER, P.£. 

JERRY HAST£, P.£. 
STONE .t WEBSTER 

I 
PROJECT MANAGER PROGRAM QUALITY 

.-- I-- ..-- CONTROL MANAGER f-LARRY STEARNS, P.£. 
NAVY TECHNICAL OHM CORPORATION MIKE GILLMAN 

REPRESENTATIVE T 
STONE &' WEBSTER 

I-- -
IVAN ROSADO 

PROJECT SITE HEALTH AND 
SUPERINTENDENT 1-- - SAFETY OFFICER -

BRIEN KILKENNY BOB BROOKS 
OHM CORPORATION OHM CORPORATION 

ON-SITE CQC 
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PCT-

SAMPLE TECHNICIAN-

SUBCONTRACTOR -
ELECTRICAL 
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OHM CORPORATION 

CERTIFIED 
'\ INDUSTRIAL HYGENIST ,.., 

KEVIN McMAHON 
OHM CORPORATION 

EQUIPMENT OPERATOR-
SUBCONTRACTOR -

LABORATORIES 

REMEDIATION TECHNICIANS- SUBCONTRACTOR -
WASTE TRANSPORTATION 

AND DISPOSAL 

FIGURE 1 

ORGANIZATION CHART 
BUILDING 121 REMEDIATION 

U.S. NAVAL STATION - ROOSEVELT ROADS 
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DEPARTMENT OF THE NAVY 
ATLANTIC DIVISION - NAVFAC 

NORFOLK, VIRGINIA 
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AA Project Number Page of , -=-

~ CHAIN OF CUSTODY Project Name 
RECORD 

OHM Corporation Site Location 

I.L..Ul 

////Ill 
on: 

~w w 
SAMPLE SAMPLE VOLUME n:z 

DAlE TIME ~~ 
w-

IDENllFICA llON LOCATION COLLE ClEO CD~ COMMENTS 
::::Ez 

(I) ::::lO 
zo 

REUNQUISHED BY (SIGNA lURE): DA1E/11ME: RECEIVED BY (SIGNA lURE): REUNQUISHED BY (SIGNATURE): DA1E/1lt.1E: RECEIVED BY (SIGNA lURE): 

I 
REUNQUISHED BY (SIGNATURE): DA1E/11ME: RECEIVED BY (SIGNA lURE): REUNQUISHED BY (SIGNATURE): DATE/11ME: RECEIVED BY (SIGNATURE): 

I 
REUNQUISHED BY (SIGNATURE): DATE/llME: RECEIVED BY (SIGNA lURE): REMARKS: 

NOTE: All SAMPLES ARE TO BE INSPECTED 

I FOR PHYSICAL INTEGRITY UPON 
RECEIPT BY lHE ANALYTICAL 

D~rlbutlon-Orlalnal accompanies ahlpment, copy to proJect file .. ~BORA TORY. 
SAMPLE nPE: LABORATORY: 

W-WATER, S-SOUD, A-AIR, 0-0lHER 

F-129 10/2/89 



-
OHM Corporation 

Bottle __ of __ L ect No. 
· Project Name ______________ _ 

Depth-------L
Sample No. 

. Sample Type -----

Analyze for---------

Collected By ___ _ 

Date ___ _ 

--------------------------------------, 
l~OHM Corporation 

Project No.----------- Bottle __ of __ 

LProject Name--------------------

Sample No. ------- Depth-------

Collected By ___ _ L Sample Type 

· Analyze for--------- Date ___ _ 

C OHM Corporation 
LProject No. Bottle __ of __ 

ect Name _______________ ___ 

L Sample No. ------

Sample Type -------

Depth -----------

Collected By ___ _ 

Analyze for---------- Date ___ _ 

L OHM Corporation 
Project No.------------ Bottle __ of __ 

LProject Name----------------------

Sample No. ----- Depth -------

Collected By ___ _ L Sample Type -----

Analyze for---------- Date ___ _ 

(.:#!!if? OHM Corporation 
LProject No.---------

·LProject Name 

Bottle __ of __ 

pie No. ------ Depth--------

. Sample Type ------ Collected By ___ _ 

LAnalyze for _________ Date ___ _ 

F-181A 3/2/90 

Corporation 
Project No. _______ _ Bc1ttle __ of __ 

Project Name---------------

Depth -------Sample No. ------

Sample Type -----

Analyze for---------

Collected By ___ _ 

Date ___ _ 

--
<dOHM CorJ>oration 
Project No.------- Bottle __ of __ 

Project Name---------------

Depth -------Sample No. ------

Sample Type -----

Analyze for---------

Collected By ___ _ 

Date ___ _ 

OHM Corporation 
Project No. Bottle-- of __ 

Project Name-------------------

Sample No. Depth ·-------

Sample Type ------ Collected ay ___ _ 
Analyze for Date ___ _ 

OHM Corporation 
Project No.------- Bottle-- of __ 

Project Name---------·-----

Sample No. ----------- Depth ·------

Sample Type ------- Collected ay ___ _ 
Analyze for Date ___ _ 

o=- OHM Corporation 
Project No.------- Bottle __ of __ 

Project Name------------·-------

Sample No. ----------- Depth -·------

Sample Type ------ Collect"d ay ___ _ 
Analyze for Date ___ _ 



-
-

.. ---- Project No. Drum No. -- DRUM --- INVENTORY - --
~ LOG Project Name 

OHM Corporation Site Location 

Logger Sampler Date Time 
i 

Client Client Contact 

Phone Weather 

- Drum Type: 0 Fiber 0 Steel 0 Poly 0 Stainless Steel 0 Nickel 
0 Poly-Liner 0 Ringtop 0 Closed Top 0 Overpacked 

Drum Condition: 0 Meet DOT Spec. OGood 0 Fair 0 Poor 
Drum Size: 0 85 0 55 042 030 0 16 0 10 05 0 Other 
Drum Contents: Amount 0 Full 03/4 0 1/2 0 1/4 0 <1/4 0 MT 

L Physical 
Color Clarity 

Layer Field Analysis 
a State Thickness 

-
y L s G s c c 0 
e I 0 E L Use L L p pH su PID ppm 
r 0 L L u STO E 0 A 

u I 0 Colors A u 0 Inches Dosimeter s I 0 G R 0 u 
0 E y E Other 

- T 
M 

Drum Labels/Markings 

B DOT Haz. UN/NA - MFG Name 

Chemical Name 

- Additional Information 

.... 
Laboratory Compatability Data Com pat ability CaL 0 Mark if physical state and color matches the above information. 

If not, stop analysis and notify project contact. Further work 
Analysts will not be paid for. 

Radiation: 0 Positive 0 Negative MREM/HR Date Performed 
...... 

Physical Water Hex. Biel- Flash PCB's PCB 
Color Clorit}l React pH Per Oxid CN Sui Test L State Solubility Sol. stein Point (25ppm) Comp. a 

y L S G s c c 0 N 

e 10 E L Use L L p Solubility s + + + + + <6D"C + u 
r Q L L u EO A SPSI A= Air Std. or or or or or or + or M 

U I 0 STO AU Q Density 8 W= Unit I - - - - - -s I D G Colors R D u H or L Water or 
E 

D E y E - R 

T 
M 

B 

Comments 

PCB Cone. ppm Flash Point ·c Campatability Comp. Bulk No. 

Data Reviewer: Data Review Date: 

- Field Reviewer: Field Review Date: 

Transfer Transfers Relinquished By Transfers Accepted By Date Time 
Number 

1 

F-328 7/16/92 



-
.--

'NATER SAMPLE -- Project Number -----
'-~ FIELD COLLECTION Project Name 

1 OHM Corporation REPORT Site Location 

Sample ID Number Date Collected 

Sample Location Time Collected 

Diameter of Well (in.) Collected By 

- Depth to Bottom of Well (ft.) Casing Stick Up (ft.) 

Static Water Level (ft.), Measured FromC1) 

- Well Volumes Purged , Purging Method(2
) 

Type of Sample (3) , Sampling Method (4) 

Depth of Sample (ft.) , Measured From (1) 

Sample Collection Order 

FIELD MEASUREMENTS 

Water Temperature pH 

Specific Conductance umho/cm at .(Temperature) 

Other 
..... 

METER CALl BRA TION 

pH STD t.AETER READING S?. COND. STD I t.AETER READING __ /STD i t.AETER READING 
I 

I I 
' 

I 
I I 

SAMPLE TYPES COLLECTED 

TYPE (5) VOLUME FILTERED PRESERVATION (6) 

y 0 N 0 y NO 
y 0 N 0 y NO 
y 0 N 0 y NO 
y 0 N 0 y NO 
y 0 N 0 y NO 

Number of Containers 

Date Received by Lab Laboratory 

Remarks: -
-
-

(1) T.O.C.=Top of Protective Casing; T.O.W.=Top of ( 4) Bailer, Kemmerer, Grab, Pump, Etc. 
OF Well Casing; G.S.=Ground Surface (5) General Chem., Metal, VOA •. Organics, Etc. 

(2) Bailed, Pumped, Air Lift, Etc. (6) HN03 , NaOH, H2 S04
, Na2 o·1s 2

, Etc. 
(3) Stream, Pond, Spring, Well, Seep, Supply, Etc. 

F-117A 3/2/90 
-----~ 



-
.--

SOIL SAMPLE -- Project Number ------'F FIELD COLLECTION Project Name 

OHM Corporation REPORT Site Location 

Collected By Date and Time Collected 

Sample Location 

SAMPLE(S) LOCATION SKETCH (use back side if necessary) 

-

- SAMPLE DEPTH OF SOIL DESCRIPTION 
ID NUMBER SAMPLE (color, composition, staining, odor, field measurements(,) ) 

-

Sampling Method - -

Composite Sample ? y 0 N 0 Composite Sample ID Number 

Describe Compositlng 

SAMPLE TYPES COLLECTED 

TYPEC2) VOLUME PER SAMPLE ? PER COMPOSITE ? 

y 0 N 0 y 0 N 0 - y 0 N 0 y 0 N 0 
y 0 N 0 y 0 N 0 
y 0 N 0 y 0 N 0 

Number of Containers 

- Date Received By Lab Laboratory 

Remarks: 

-
(1) For Example, Organic Vapor Analysis, Pocket Penetrometer, Etc. 
(2) For Example, Metals, VOA, Organics, Etc. 

F-116 2./26/90 



.. --- Project Number ----- NATURAL WATER - --- --

' Project Name CONTENT 
OHM Corporation Site Location 

Tested By Calculated By Checked By 

Date Date Date -
SAMPLE NUMBER 

Container Number 

Wt. Container + Wet Soil, Grams (W) 

Wt. Container + Dry Soil, Grams (W') - Wt. Moisture, Grams (Ww = W-W') 

Wt. Container + Dry Soil, Grams (W') 

- Wt. Container, Grams (W') 

Wt. Dry Soil, Grams (W s = W' -V.f') 

% Moisture, (W p = W w /W s x1 00) 

-
SAMPLE NUMBER 

- Container Number 

Wt. Container + Wet Soil, Grams (W) 

Wt. Container + Dry Soil, Grams (W') 

Wt. Moisture, Grams (W w = W-W') 

Wt. Container + Dry Soil, Grams (W') - Wt. Container, Grams (W') 

Wt. Dry Soil, Grams (W s = W'-W') 

- % Moisture, (W p = W w /W s x1 00) 

SAMPLE NUMBER 

Container Number 

Wt. Container + Wet Soil, Grams (W) 

Wt. Container + Dry Soil, Grams (W') 

Wt. Moisture, Grams (Ww = W-W') 

Wt. Container + Dry Soil, Grams (W') 

Wt. Container, Grams (W') 

Wt. Dry Soil, Grams (W s = W'-Yr) 

- % Moisture, (W p = W w /W s x1 00) 

F-176 8/8/89 



- .----- Project Number: Date -------- GRAIN SIZE - --

' Project Name 
ANALYSIS 

OHM Corporation Site Location 
-
,.... 

SIEVE ANALYSIS HYDROMETER ANALYSIS 
CLEAR SIEVE I U.S. STANDARD 

OPENINGS SIEVE NUMBERS 

3" 1 1/2" 3/4" 3/8" 4 10 20 40 60 140 200 
I I I I I I 

100 
I I I I I 

0 

90 10 

80 20 

f-

f- I 
I 70 30 <.? -
<.? w - 3 w -
3 >-
>- 60 40 m 

- m 0 

0::: 
w 

w 50 50 z 
z <( 

lJ_ f-
w 

f- 40 60 0::: 
z f-w 
u z 
0::: 70 

w 
w 30 u 
o_ 0::: w 

-
0... - 20 80 

10 90 

- 0 100 
100 10 1.0 0.1 0.01 0.001 0.0001 

PARTICLE DIAMETER IN MM 

COBBLES 
GRAVEL SAND 

SILT AND CLAY FRACTION 
coarse I fine coarse medium I fine 

SYMBOL BORING SAMPLE DEPTH SOIL DESCRIPTION u.s.c.s. LL PI W,% 

-

-
F-169B 1/3/91 



-
.---- Project Number Date ------ GRAIN SIZE - --- --

' Project Name 
ANALYSIS 

OHM Corporation Site Location 

SIEVE ANALYSIS HYDROMETER ANALYSIS 

- CLEAR SIEVE I U.S. STANDARD 
OPENINGS SIEVE NUMBERS 

3" 11/2" 3/4" 3/8" 4 10 20 40 60 140 200 

- I I I I I I I I I I I 
100 0 

90 10 -
80 20 

!-
!- I 

C) 
I 70 30 -
C) w 
- 3: w 
3: >-60 40 m >-- m 0 

0:::: w 
w 50 50 z 
z <( 

LL.. !-
w 

!- 40 60 a::: 

-
z 1-w z () w 
0:::: 30 70 () w a::: a.. w 

a.. 
20 80 

10 90 

0 100 
100 10 1.0 0.1 0.01 0.001 0.0001 

PARTICLE DIAMETER IN MM 

-
~ COBBLES! GRAVEL I SAND 

SILT AND CLAY FRACTION I coarse fine !coarse medium fine I 

- SYMBOL BORING SAMPLE DEPTH SOIL DESCRIPTION u.s.c.s. D1o Cu W,% 

F-169A 1/3/91 



.---- Project Number Date ---; -==- GRAIN SIZE 

' Project Name 
ANALYSIS 

OHM Corporation Site Location 

-
-

Boring Number Soil Type: 0 any(O) 0 cohesionle( 1) 0 cohesive(2) 

Sample Number: Specific Gravity: 0 measure(M) 0 assume(A) 

Depth of Sample Liquid Limit 

uses Symbol Plasticity Index Water Content % -
Soil Description 

SIEVE ANALYSIS 
Tare No. Weight of Tare gm Weight of dry Soil + Tare gm 

SIEVE 
SIEVE WEIGHT OF SOIL %SOIL ACCUMULATIVE % OPENING 

(mm) NUMBER RETAINED (gm) RETAINED % RETAINED PASSING 

-
75.000 3.0 in. -
37.500 1.5 in. 

19.000 0.75 in. 

9.500 0.375 in. 

4.750 No. 4 

2.000 No. 10 

0.850 No. 20 

0.425 No. 40 

0.250 No. 60 

0.106 No. 140 

0.075 No. 200 

HYDROMETER ANALYSIS 

Volume of Soil/Water Suspension L Meniscus Correction 

Weight of Tare gm Y-lntercept No lmmer. 

Weight of Deflocculating Agent gm Y-lntercept with lmmer. 

Weight of Dry Soil + Tare + Defloc. gm Temperature deg C 

Hyd. Portion of Total Sampl~ Slope of Cal. Curve . (cbs value) - (Reading in Water -1) X 1000 

ELAPSED TIME (MIN) (READING -1 ) X 1000 ELAPSED TIME (MIN) (READING -1) X 1 000 

0.25 

0.50 

1.0 

2.0 -
F-169C 5/13/93 



- .--
I --- Project Number ------ ATTERBERG - -- LIMITS - --

' TEST Project Name 

OHM Corporation Site Location 

- Boring Number Tested By Date 

Sample Number Depth Calculated By Date 

Soil Description Checked By Date 

LIQUID LIMIT 

DETERMINATION NUMBER 1 2 3 4 I 5 

Container Number - Wt. of Container + 
I Wet Soil ( gm) 

Wt. of Container + - Dry Soil (gm) 

Wt. of Water, Ww(gm) 

Wt. of Container (gm) 

Wt. of Dry Soil, Ws(gm) 

- Water Content, % 

Number of Blows 

..... PLASTIC LIMIT 

DETERMINATION NUMBER 1 2 3 FLOW CURVE 

- Container Number 
~ ''! .. 

Wt. of Container + 
Wet Soil (gm) 

~--- I I 

z ' w 

Wt. of Container + 
Dry Soil (gm) 

I- I.'. .. ,. 
z I: 

0 I 
u I . ' 

Wt. of Water, Ww(gm) 
a::: 
w 
I-- Wt. of Container (gm) 
<t: ''•I 

3: ,Ill• 

Wt. of Dry Soil, W5 (gm) 5 10 20 .30 40 50 

- Water Content. % NUMBER OF BLOWS 

PLASTICITY CHART 
60 

50 

- X 
w 40 0 
~ 

i= 30 
0 
i= 
Vl 

5 20 
a.. 

10 

I ,~<c. v I 
:-.,; 

i v I CH I / ! 

I / 
~ 

I 

! 
CL / ~ 

I / ! 
/ 

MH OR OH. 
i 

~ I 

SUMMARY OF RESULTS 

Liquid Limit 

Plastic Limit 
Plasticity Index 

Natural Water Content 
u.s.c.s. Symbol 

CL-ML /1 ML lOR OT v 
0 0 so .30 60 70 80 10 20 90 100 

LIQUID LIMIT F-177 2/6/91 



-
.. ----- Project Number ------ MOISTURE-DENSITY - --- --

' Project Name 
RELATIONSHIP 

1 OHM Corporation Site Location 

-

· Test Method Tested By Date 

Soil Description Calculated By Date 

Checked By Date 

POINT NUMBER 1 2 3 4 5 

Wt. Mold + WS (gm) 

Wt. Mold (gm) 

Wt. WS (gm) 

Vol. Mold (cc) 

WsDry (gm) 

'Y Wet (pcf) 

Tare Number 

Wt. Tare +WS (gm) 

Wt. Tare + OS (gm) 

Wt. Tare (gm) 

Wt. OS (gm) 

Wt. Water (gm) 

W (Percent) 

'Yd = 'Y /(1 + w) pcf 

t-
I 

r---

- --f--· 

-
-

""" METHOD MATERIAL SIZE 
MOLD BLOWS/ 

LL SIZE LAYER () 
a. A All Passino -11!4 4" Dla. 25 .._.. 

8 All Passing #4 6" Dia. 56 -o 
~ c All Passing 374" 4" Dia. 25 

~ t------ ------- 1----'-· D All Passing 3/4" 6" Dla. 56 

(/) t--· z 
HAM/DROP LArl w ·-f------ ----· DESIGNATION 

0 
STANDARD 5.5!11/12" 

>- r--· MODIFIED 10!11/18" 0:: 
0 -1-------- --------

WATER CONTENT , W'?:. 

F-153 8/8/89 



-

-
.... 

-
-

-

.---------- --- --

' OHM Corporation 
COMPACTION TEST 

Test Method---------------

Sample No.---------------

Tested By _______ Date ------

Checked By------- Date ------

Project Number _________ _ 

Project Name __________ _ 

Site Location __________ _ 

Maximum Density __________ _ 

Optimum Moisture Content-------

Natural Moisture Content _, _____ _ 

Specific Gravity _____ , _____ _ 
(assumed or measured) 

Sample Description------------------------,------

~-------+-------+--------4---------~--------~---------1 

WATER CONTENT, W% 

F-197 2/26/90 



SAND- CONE CALIBRATION 

- EQ U I P ME NT N U M 8 E R _____________ __.;._ _______ _ 

EQ U I PM ENT NAME------------------·------ DATE __________ DATE LAST CAUBRATED ________ _ 

CALIBRATION PERIOD ----------------------------------
I. DETERMA\jE THE VOLUME OF THE JAR AND ATTACHMENT 

WT . 0 F JAR a ATTACHMENT ( <;~m.) A 

- WT. OF ''A" PLUS WATER ( <;~m.) 8 

TEMPERATURE ( 0 c ) t 

- WT. Of WATER ( ~m.) 8-A:: C c 
VOLUME {ml) v1 =C x T * v, 

- AVE. VOL. OF JAR a ATT.ACHMENT ( mI. ) v 

,· 
* TEMP.fC) UNIT VO(...(ml/<;~) * TEMP. (°C) UNIT VOL.(ml/g) 

16.0 1.00103 22.0 I. 00220 

17.0 1.00120 23.0 I. 00245 
18 .0 1.00138 24.0 I. 00269 

19.0 1.00157 25.0 1.00294 
20.0 1.00177 26.0 1.00320 
21.0' I. 00198 27.0 I. 00347 

.. 
II. DETERMINE THE BUL~< DENSITY OF THE SAND TO BE USED IN THE FIELD TEST 

WT. OF JAR a ATTACHMENT ( <;~m.) . A 

WT. OF "A" PLUS SAND (~m) D 

W T. OF SAND D - A = E E 

VOLUME OF JARS ATTACHMENT (mi.) v - BULK DENSITY w1 = (62. 427E} /V (pet) WI 

AVE. BU L~ DENSITY OF SAND ( pc f) w 
-

m. DETERMINE THE WErGHT OF SAND REQUIRED TD·FILL THE FUNNEL. 

WT. Of "A" PLUS SAND (INITIAL) F 

WT OF "A" PLUS SAND (FINAL) G 

- WT. OF SAND LOSS, H t = F -G ( Q m.) HI 

AVE. WEIGHT OF SAND LDSS {gm.) H 

SIGNED ______________________ __ 



l l 1 1 1 J J I J 

.----- Project Number Report Number ------- -- SAND CONE 

' Project Name Sheet __ of __ 
DENSITY TEST 

OHM Corporation Project Location 

Sample I.D. Number Task Tested by Date 

Sample Location Calculated by Date 

Field Density Test Number Checked by Date 

DETERMINATION OF VOLUME DETERMINATION OF UNIT WT. DETERMINATION OF WATER CONTENT 

Wt. of Jar & Sand Before g Wt. of Wet Soil & Bag g Tare Number 

Wt. of Jar & Sand After g Wt. of Bag g Wt. Wet Soil & Tare g 

Wt. of Sand in Hole & Cone g Wt. of Wet Soil g Wt. Dry Soil & Tare g 

Wt. of Sand in Cone g Wt. of Water g 

Wt. of Sand in Hole g Wt. of Tare g 

Wt. of Dry Soil g 

v Wt. 
Yt = 

Wt. Wet Soil, g 
= Water Content (%) Density of Sand Vol. of Hole, cc 

v = 
g 

1.510 g/cc Yt = X 62.43 = pcf 

Yt v = rd = = pcf cc 1 + we 

~ 

Remarks 

~--~·-----~- ··--··-·-··-- -- - -- -

~ 



1 ] 1 ] ) 1 I 1 J J 

=- Project Number: Report Number Sheet __ of __ --- FIELD DENSITY - --- --

' Project Name 
TESTING SUMMARY 

OHM Corporation Inspector Date 

Moisture Standard Optimum Moisture Content Gauge No. Max. Dry Density 

Proctor Curve No. Standard or Modified Density Standard Required % Compactio 

TEST DATA DENSilY DETERMINATION MOISTURE/DENSilY VERIFICATION 

Test Station Offset Elev. Borrow Test Wet Dry Moisture Percent Pass Oven Moisture Density Sample 
No. Area Depth Density Density Content Compaction F~~l Moisture Correction Correction Obtained Remarks 
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January 17, 1994 

Mr. Gene MacEvoy 
OHM Corporation 
1000 RIDC Plaza 
Suite 600 
Pittsburgh, PA 15238 

Dear Mr. MacEvoy, 

Transmittal 
Geotechnics Inc. 

Summary of Qualifications 
Prepared For 

OHM Corporation 

echnics 

.;o·.- .. - •···· -----

Eil\_;;1-; -~:-:. ~--j -

As requested, please fmd a brief statement describing our qualification for geotechnical and 
geosynthetic laboratory testing services. Enclosed please fmd a copy of a USDA compliance 
form No. 519, our brochure and a representative list of clients. Also enclosed is a copy of our 
last soil testing proficiency program report from AASHTO Materials Reference Laboratory in 
which we participate. 

Geotechnics recognizes complex client schedules and the need for accurate easy-to-read. analysis 
and reporting of data. Geotechnics has performed geotechnical testing services for numerous 
projects since being formed in 1984. In the past ten years Geotechnics has provided quality and 
cost-effective laboratory testing services for companies throughout the United States, performing 
testing services for over 1,000 projects including municipal and hazardous solid waste landfills 
including Super Fund sites, bentonite slurry wall containment projects, foundation design, and 
earth dam construction. We have extensive experience in performing soil classification, 
compaction, consolidation, strength, and permeability testing, as well as specialty testing with 
soil bentonite mixtures, slurry wall properties and various solid residual waste materials such as 
coal refuse and fly ash. 

Geotechnics routinely handles very large QA/QC projects with hundreds of samples for landfill 
liner construction. We are very familiar with the difficult time schedules often required on these 
projects, and have developed a computerized system of data presentation in report ready format. 
Our software automatically classifies the soil using the USDA and USCS systems which are 
utilized by most regulatory agencies and our computerized data reduction and report formatting 
produces a polished fmal product for presentation to you and your clients. 

Geotechnics offers you the following capabilities to ensure an accurate, timely and cost-effective 
service on your soil, environmental projects: 

• state-of-the-art laboratories including custom designed evaluation equipment 
• a comprehensive Quality Assurance Program 
• test procedures consistent with EPA, USDA, ASTM, COE, GRI, industry practice and 

project specifications 
..... GEOTECHNICAL, GEOENVIRONMENTAL, AND GEOSYNTHETIC LABORATORIES 

801 East Maiden Street 
Washington, PA 15301 

412·229· 7337 
FAX 412·229-7288 

P.O. Box 10623 
11628 Frankstown Road 

Pittsburgh, PA 15235 
412-243-0333 

FAX 412-243-7850 

700 William Pitt Way 
Pittsburgh, PA 15238 

412-664-i'865 
FAX 412-24:3-7850 
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January 17, 1994 
Page No.2 

In addition, we do not charge for the following services: 
• Report Generation 
• Special Report Formatting 
• Facsimile Transmissions 
• Rush Turnaround Samples 

§technics 

• Sample Storage (Geotechnics will retain samples for 90 days. Samples will be disposed of 
at no charge to client unless requested to return samples to client) 

We would appreciate being considered for future projects and are available to support any 
projects presently underway. Thanks to the express shipping industry we receive samples from 
projects nation wide. Our testing services are just one day away! 

In addition to geotechnical testing we also provide geosynthetic testing services including same 
day seam results and 48 hour conformance testing. If you have any questions or require 
immediate assistance please call. We are at your services. 

enclosure (s) 

P.O. Box 10623 • Pittsburgh, PA 15235 • 412-243-0333 • FAX 412-243-7850 
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GEOTECKN;CAL SEBYICES 

Hatcher-Sayre, Inc. has the qualifications and experiencE~ to 
provide a full complement of geotechnical engineering services on 
a regional basis. All services are available in-house with the 
exception of drilling, which we routinely sUbcontract. our 
laboratory in the Richmond office is equipped to provide a broad 
range of materials testing as outlined ·by the attached summary. 
Technicians are trained annually through participation in VDOT and 
ACI materials certification schools. our laboratory was certi:fied 
cy the U. S. Army Corp of Engineers in April 1993 and the 
technician staff is involved in the AASHTO proficiency tes·tinc; 
program twice a year. 

We have extensive experience on a variety of geotechnical 
projects inolucling commercial and municipal office buildi:nqs, 
shoppinq centers and regional malls, business parks, indust:rial 
facilities, airports, dams, ports, and t:tunicipal in!rastruc·ture 
improvements. We have provided design recommendations and 
monitored the installation of a numoer of foundation types 
including spread footings, mats, various pile types, arilled piers, 
pressure injected footings and rock anchors. -

Construction monitoring and testing services are providecl DY 
trained technicians under the supervision of a geotechnical 
engineer. We are capable of providing the normally specified 
monitoring and testing services related to placement of earthwork, 
concrete, fireproofing and steel. Construction service areas are 
outlined by the attached summary. 

2'd JNI '3C:I.J..I:IS-C:13HJl '::!H !..JI:ISE : 0't t'6 ,, L 't Nl:ff 
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SINCE 

1881 

FROEHLING & ROBIERTSON, INC. 
GEOTECHNICAL • ENVIRONMENTAL • MATERIALS 

ENGINEERS • LABORATORIES 
"OVER ONE HUNDRED YEARS OF SERVICE" 

Serial No: 93-2856 

Gene MacEvoy 
OHM 

Re: Qualifications Statement 
Soils Analysis - Puerto Rico 

Dear Mr. MacEvoy: 

833 Professional Place, W. 
Chesapeake, Virginia 23320 
Telephone: (804) 4~~1111 
Fax: (804) 436-1674 

January 17, 1994 

Freehling & Robertson, Inc. (F&R) is one of the oldest independent 
testing/inspection firms in the United States. The company was founded in 1 881 and 
employs professional engineers, geologists, environmental scientists, metallurgists and 
engineering technicians. Our Chesapeake office has continuously served the Hampton 
Roads area for over 60 years. 

Our facilities meet the requirements of ASTM E329 and are inspected on a regular 
basis by the Army Corps of Engineers and the Cement and Concrete Reference 
Laboratory (CCRL) program of the National Institute of Standards and Technology (Nrsn. 

The following Information is provided to amplify our qualifications: 

1) All our technical personnel work under the direction of a registered 
professional engineer (resume enclosed) 

2) USDA Permit # Richmond {IC) No. 3 

3) Our laboratory meet the requirements of the following ASTM Standards: 

C1 on "Practice for Laboratories Testing Concrete Aggregates for 
Use in Construction and Criteria for Laboratory Evaluation'~. 

C1093 "Practice for This Accreditation of Testing Agencies• for Unit 
Masonry. 

03666 "Practice tor Evaluation of Inspection and Testing Agencies for 
Bituminous Paving Materials". 

HEADOUAR1'£At: 3015 tiUM8AA'ION ROAtl • 80X m24 • RICHMOND. VA :!3~~Jl•'I~J!4 

rELEPHONE (110') 264-2701 • FAX (8041 1.11•1-120~ 

eRAHCHI!.I: ASHEVII.\.Ii, NC • Bo\Ll'IMORE, MD • Ct~AR~.orn:. NC • Cl~t::>~~r"t.:MC. VA 
CAOZil, VA • f'AY£TT6VIU.E. NC • FREctiRICK$8UAt\, VA 
QAII!ENVILLI!, SC • AA~EIOH. NC • ROANOKE. VII • STi;fiLING. VA 
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037 40 ••practice for Evaluation of Agencies Engaged in the Testing 
and/or Inspection of Soils as Rock as Used in Engineering Design 
and Construction". 

A880 11Practice for Criteria for Use in Evaluation of Testing 
Laboratories and Organization for Examination as Inspection of Steel, 
Stainless Steel and Related Alloys". 

E643 .. Practice for Determining the Qualification of Non-Destructive 
Testing Agencies". 

Enclosed is additional information regarding our operation. 

We hope this information r1as been of assistance and ask that you contact this 
office should there be any questions, or if additional data is required. 

; •1 S s, Manager 
CHESAPEAKE BRANCH OFFICE 

CFS/bbb 

Enclosures: Resume (John P. Scmsabaugh} 
Certification & Qualification Statement 



-
-
-

.... 

-
-

-
-

-

1 u u ~ 

JOtiN P. SENSABAUGH, P.E. 
Senior Geotechnical Engineer 

ExperJenfG/QuaJiflcatlona 

1979-Present; Responslbllities include various supervisory duties In the areas of geotechnical and 
materials engineering, and in the areas of field and laboratory testing ot soils,, concrete 
and asphalt. 

Certification• 

Mr. Sensabaugh is expc:trianced in performing analysis and reviewing data pertinent to 
foundation design and site preparation for residential and commercial structures, 
including subsurface structures, pipelines, multi-story structures, storage tanks, and water 
treatment plant structums. Analyses have included deep (pile and caissons) and shallow 
(spread fOOting and mat) foundatlons. Mr. Sensabaugh has also coordirlated and 
supervised construction monitoring services for these projects. 

Mr. Sensabaugh has al:so performed geotechnical and materials analyses for design of 
light and heavy duty pavements, and evaluations regarding existing pavements. 

Field evaluations performed by Mr. Sensabaugh have included pile and caisson 
installation, load testing (displacement and auger-cast piles), proofrolling of subgrade 
soils, and evaluation of shallow foundation bearing soils. His experience with fteld 
instrumentation has Included pneumatic piezometers. vane shear, settlement plate, and 
plate beating tests. He has developed methods for perlorming field permeability tests on 
both low and high now rate soils. 

He has performed gaotochnical analyses and design for numerous dams in the Hampton 
Roads area. Project~~ have Included the geotechnical engineering analysis and 
construction monitorin!~ services at Fords Colony Dams, James Ctty County, and 
Beaverdam, Gloucester, Virginia. He also performed geotechniCal engineering analysis 
and cross-section deslnn for Tyseden Farms Dam, Northampton County, Virginia. 

Professional Engineer, Commonwealth of Virginia. 1965 
Professional Engineer. State of North Carolina, 1987 

Profeaalonal Affiliation• 

American Society of Foundation Engln13ers (ASFE} 

Education 

Old Oomlnlon UniVersity, 1980, B.S. CMI Engineering 
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BECKTON ENVIRONMENTAL 

LABORATORIES, INC. 

January 20, 1994 

Mr. Larry Stearns 
OHM Corporation 
1000 RIDC Plaza Suite 600 
Pittsburgh, PA 15238 

Dear Mr. Stearns: 

As per your request enclosed please find information regarding 
Beckton Environmental Laboratories capabilities. 

Beckton is a leading environmental analytical services company. We 
provide analytical testing services to identify and assess the presence and 
extent of contamination in the environment. This includes water, wastE,water, 
groundwater, soil, sediment, sludge, hazardous wastes and asbestos in air 
samples. Over the past year Beckton has been called upon by industry, 
utilities, remediation firms and government to provide the analytical .testing 
for numerous private site remediation and environmental assessment audits. 
In addition, Beckton posses the technical expertise, experience and in
house laboratory facilities to effectively and successfully meet your $pecific 
analytical testing needs. 

We take pride in our ability to provide reliable, meaningful data and 
responsive service. We achieve these goals through our well trained 
chemists, biologist and technicians with specific experience in environmental 
analysis. Our resources are state-of-the-art equipment consisting of GC's, 
GCIMSD, A.A., ion analyzer; all in a more than 6,000 square feet laboratory. 
Over one year was invested in validation of EPA approved analytical 
methods, instrumentation and operators. Our QAIQC Program is designed 
to monitor laboratory procedures, analytical and instrument performances, 
and to assure compliance with established quality assurance standards. 

192 VILLA STREET 
PONCE. P.R. 00731 

TEL (809) 841-7373 
FAX (809) 841-7313 
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State-of-the-art instrumentation and equipment is utilized for the 
analysis complex mixtures. Among the instrumentation available to analyze 
organic pollutants are a gas chromatograph-mass spectrometer fully 
computerized, several gas chromatographs with photoionization and 
electrolytic detectors, and several gas chromatographs with dual electron 
capture detectors. All chromatographs are equipped with autosamplers and 
under computer control. The chromatography section, using 
chromatographic procedures can achieve low part-per-billion detection limits 
for many compounds. In addition to detection of trace level contaminants, 
this section has the capability to characterize waste streams for target 
organic constituents, so that appropriate disposal procedures can be chosen. 

The experience of our chemists ensures reliable results performing 
GC/MS analyses of complex mixtures and environmental samples, using 
EPA methods and current technologies. The GC!MS section uses the state
of-the-art instrumentation for the quantitative assessment of trace level 
organic pollutants. Analyses are performed on a wide variety of matrixes, 
including oil, water, sludge, oil, and solvent. Target analyses performed by 
this section include Organic Priority Pollutants, EPA Hazardous Substance 
List, TCLP List, and others. The qualitative power of GC/MS is routinely 
used to screen hazardous waste samples for disposal decision making. 

Trace metal analysis is done by Atomic Absorption Spectrometry. 
Capabilities for trace and ultra trace analysis through the use of graphite 
furnace are also available. Our chemists have years of experience analyzing 
metals in matrixes from high purity water to air particulate and biological 
material. State of the art equipment in microwave sample preparation is also 
available. 

Our rigorous in house quality control program coupled with 
participation in major certification programs ensures the validity of the data 
reported to our customers. A consistent document data quality control 
program with appropriate blanks, duplicate analyses, surrogate and spike 
analyses, and the use of both internal and external reference standard that 
meet or exceed EPA and EQB standards. 

Complementing the laboratory resources, Beckton;s investigative field 
capabilities allow collection of samples to be returned to the laboratory for 
comprehensive analysis. Our services include multi-media sampling: 
process streams, soil, water and waste. 
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The dedicated, experienced team of Beckton 's chemists and support 
personnel takes pride in providing high quality, timely, and cost effective 
chemical and biological analysis. 

Beckton Environmental Laboratories have provided environmental 
testing services for major chemical and pharmaceutical companies in Puerto 
Rico. We have been able to meet stringent sampling and reporting 
requirements. This responsive service is the trademark of Beckton, you can 
count on us to meet your environmental testing needs. Beckton have been 
audited many times and is fully qualified by the Puerto Rico Aqueduct and 
Seaward Authority to conduct all pretreatment analysis. We are a participant 
laboratory in proficiency testing programs. References are enclosed. 

Should you need additional information, I will be pleased to furnish any 
additional information that you may require . 

Laboratory Director 

Enclosures 
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Raraellnrante B.S. Chemistry Catholic University of PR Director Ph.D. studies in analytical chemistry 
Chemist License 1888 M.S. Chemistry University of Nebraska Lincoln 15 GCtMS spectral Training courses in environmental-

interpretation analytical chemis~ 
expert 25 publiCations in the ld 

Marfa Pagan B.S. Chemistry Catholic University of PR 14 Manager Formal training courses 
Chemsil License 1752 Continous education courses 

In-house training 

Marfa Vidal B.S. Chemistry Catholic University of PR 5 GCtMS Supervisor M.S. studies in chemislly 
Purge & trap expert to-house training 

Formal training courses and seminars 

Nilsa Rodriguez B.S. Chemsitry CaUlOiic University of PR 5 AA SupeNisor M.S. shJdies in chemislly 
In-house training 

Formal training courses and seminars 

Elena Rond6n B.S. Biology University of Puerto Rico 4 Microbiology Formal training courses 
Mayaguez campus SupeNisor In-house training 

QNQC Seminars and works/lOps 
Coordinator 

Wanda Vazquez B.S. Biology lnteramerican University 6 GCIMS operator Formal training courses (minor in chemistry) 
Extraction and In-house training 
concentration Seminars and workshops 

Courses in environmental sciences 

Nilda Lugo B.S. Biology CaUlOiic University of PR 8 Wet chemistry Formal training courses (minor in chemistry) 
ana list In-house training 

Autoanalyzer former working experience 
expert 

Hilda Solo B.S. Biology Catholic University of PR 4 Flame, graphite, Formal training courses (minor in chemistry) 
and cold vapor In-house training 
spectroscopist 

Inorganic 
Seminars and workshops 

sample preparation 
expert 
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J~Perez B.S. Chemisby University of Puerto Rico 2 Wet chemisby Formal training courses 
Mayaguez Campus group leader Continous education courses 

In-house training 

Hector Maldonado B.S. General Catholic University of PR 4 Wet chemlsby Formal training courses 
Sciences ana list Continous education courses 

BSMT Medical Catholic University of PR UVNis spectroscopist In-house training 
Technology CN-Analyst 

Miguel Velez A.D. Environmental lnslituto Tecno16gico de PR 2 Flame, and cold Formal training courses 
Control vapor In-house training 
Tech. spectroscopist 

Inorganic 
sample preparation 

analyst 

Luissette Berastain B.S. Chemisby Catholic University of PR 2 Flame, graphite, Formal training courses and seminars 
(part time) 1994 and cold vapor 

spectroscopist 
Inorganic 

In-house training 

sample preparation 
analyst 

Ruben Centeno A.D. Environmental lnstiluto T ecnol6gico de PR 4 Flame, graphite, Formal training courses and seminars 
Engineer and cold vapor In-house training 

spectroscopist Former wOfking experience 
Inorganic 

sample preparation 
analyst 
RCRA 

sample preparation 
expert 

J~Mercado A.D. Chemlsby lnstil\Jio Tecnol6gico de PR 4 Sampling Formal training courses 
coordinator In-house training 

Seminars and wOfkshops 
Hazardous substance training 

Neftall Rivera A.D. Instrumentation lnslituto Tecnol6gicode PR 2 Sampling In-house training 
1994 technician Hazardot..~ substance training 
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Ricardo Castillo H.S. Basic Pet'luelas High School Sampling In-house training 
technidan Hazardous substance training 

Angel Vera H.S. Basic Ponce High Scholl 3 Sampling In-house training 
technidan Hazardous substance training 

Former working experience 
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REFERENCES- DECKTON ENVIRONMENTAL LABORATORIES, INC. 

Aqueduct and Seward Authority 

Alberto Culver 

153 
--------------H-----•.u:muu;,_LuillH:iL__ __ _ 

Abbot P.O. Box 276 
11---------------- _____ Barcelunela .. EHilllfi !L_ ___ _ 

A\-Qn Miwbella P .0. Box 3916 
u------:-::----:~.,--.,.-----a-------"llllildilla.EHllUfiU5 ___ _ 

Allergan Medical P .0. Box 1406 
----------------H-------"'ILI<l::ili.J,EH O()fi 10 ______ _ 

Alcon P.O. 3000 
_____ I hUllil(;iiO. P-B 110l!l2 __ . __ _ 

Alpla Caribe P 0. Box 2907 
------------- ------'G ..... uayama .. ellJl!l1tl5 _____ _ 

Anaquest PO. Box 1290 
-------~---,-------- _____ _J.>ULl)lillllil.E'[Ulll'/115 ____ _ 

AlonsO and Camrs P.O. Box 5600 
---------:--=---------a------Cnliltln .. EH Otl!lG3 _____ _ 

BFI G P.O. Box 7104 
______ eonc.e, EROilUt ____ _ 

Bdslol Myers P.O. Box 609 
_____ ! hlll111(;iiO.I~H OOGGL ___________ _ 

P.O. llo>< 697 

Mr. Angelino Alv~rez 

Mr. Edgar Rivera Oruanlcs 

Mr. Mar16n RCRA 

Mr. lsmael Camacho Asbestos 

Eny. Justo Mnrllnez Pre freabnenlmO!lklllng; l'lCRA 
------------------------ " ________ Stunnwuk:c Sped ill illluly:.ts ____ _ 

Eng Ralrl Mur1oz 

l.cxlo. VIctor Guzrn~n 

Eny. J.lelson Benitez 

Slounwaler 

Pre treabnent rnonilollng; RCRA 
_______ Stonnwillec. _____ _ 

RCRA 
------,-,-·,------,-------"----------Spedal Silrnptino _______ _ 

Mr. Rey z RCRA 

Mr. lledor Rivero 
---:---:-- -------

Pre lreabnenl 
--------------...,.,-----

Eil!J Elvhn Qullus Pre trenhncnl; RCRA 

Baxter- A~os..-o 
____ Mnynuuez.I~B llllfill Ul!lllL _____ II-----·=---:::::--:--~·-=--·::-:------"------------=-~·:-·c::---·-:---:--------11 

P.O. Oox 1577 Eng l'llgol>erto Feliciano l'lCRA; Ground water 
11---------,::---:-----:cc---:--------H·------''~'"u~ I?B Clllll HI _____ _ 

Baxter- Aibonilo 1369 
----·-·---:-c:·--,--~--c-------H------------

Mmla Oulnlana Special samples . ---------------------
Baxter- Carolina I lector Ramos RCRA 

P.O. Oox 1321 
11-----------------R------IuaAI~i.eH.OOl!ill _____ _ 

Boehtll\ger Manheim P .0. Box 7021 Adela Zayas 
--------=-....,-----=:-:---:-:------ ______ .ronce_I~B U073t. _______ tt----------~------,-----------

Bofinquen Biscuit P 0. Aox 1607 llcc;tor Fubte 

Baxter- Toa Alta Eng.ltlznrry Pre lreabnenl 

Pre lreabnent 
____________ Spedal Silllll~es __ _ 

Pre lreabnenl 
-------,,.--,----:::--=---.,--.,.,------- _____ ___.mtr.a, EB Un1uu _________ n-------- -·--------:-----ll ---------------------

Caribe G. E.- Patillas P.O. Box 667 C~sar P~rez · RCRA 
ll-------:c-:-:--------H------_L..u•uu .... efl.OQ723____ -----------------H------....S12eUill ~llllples ______ _ 

Celclus 5639 llaytle Redondo RCRA 

PAGE-- I-
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BECKTON ENVIRONI'vlENTAL LABORATORIES-· LIST OF REFERENCES 

Carlbe llydroblasting Ave. Mul'lru: 111vem 102 Mr. JOfge Anulact RCI1A; Closure plan sampling 
p.,,,,.,J"" PI? Spedal.sampes._ 

Clear Ambient P 0. Box 1675 Mr. Ridmrd VIera RCRA; Special sampling 
San Juartllll!l3fi 

Caribbean Petroleum (GuiO P.O. Box 36-1986 ErW; Ferdinand ~r~~~;es ,~l::~~~~~~dl~., .. ~, .. ,_ 
&tn -'""" PR OllCl"\R.1988 

Citron Expolls P.O. Box 1025 nrnerl 6jong G!ound Water 
AQJunlils.HlilllfifiL ___ 

Colgale P alrnolive p 0. BOle 540 Jos~ tlorut RCI1A 
GlriiVillllil EB.007fi5 ___ 

CPI del Caribe Cunelemll!HI II 12 All>erlo Alvurudo Pru bcabnernnl 
nowdo .. .l!ll 00ll1fi ---------- --·-·------------- ----~--- ----

Ceramoo Manulaclwlng Co. IIC-01 Box 8122 Juan Alvarez Pre healmenl; Ground waler 
t..as.e~L>.dms .. en nnn L!l nn ____ ------- Rr.HA 

Cyanamid P.O.Box 2·13 Or. lloherloAgunyo Pre lrenbncnl; 11CM 
Manau .. en OUfiH _______ Spednl 

COI1CO Firm Deliver{; Uc. Pedro Col6n Pre heabnenl 
eunce . ..Ell 00 .J t Spedul samples _____ 

Clrco Caribe P.O. Box 5050 lie. lsrncnlo llulz: RCM; Pre treulrnenl 
Gennan .. P-Il llll!itl3 _____ .Ashc.stos: .Spt:daLsomples _____ 

DIGITAl. P.O. Box 106 Eng. Angel Senano RCRA- closure plan; Pre lleabnenl 
San llfi75J. f':1fntJml walet;.Spedals.amdes 

Dupont Agrodlemlcals P.O. Box 0000 Aida Feliciano Pre treatment 
ManaU,.EROOtHd.3000. 

DuponiMerk P.O. Box 471 11nmey Brandl l.lc. luis Mercfldo Spedal samples 
Aouartilln. J~H nonn:t 

Deslar,erla GoldsmiUl P.O. Box 1174 F~ M. Rivera Ground water 

EIIUIIy 
Snllnas_EfHlJWi t 

P.O. Box 1748 Peler rtodrlguez: 11CI1A 

------- Ml1VIlf1111'7 00115..__ ______ _I nrudcs.IJcmjndez.____ ·-----------------------
ENSAT Plazn ;;'f;,..,,.""" Suite 115 OoeiMiranda rtCRA 

Ave. ne DIP.(¥1, Hln e!P_, lras. 00!127___ __ _____ Balph Ailllli.Ulanll 
Ecodyne RCRA 

FDI-C01p {FrulsO A~,0. Box 280 Pre lleahnenl . 
Goklen l.audry Urh. Villa Grlllasca Doris Marlfnez Pre treabnenl 

eunce_eB iln7J t ______ 
------,-~ -----------------------

llallnc. {las P.O. Box 5257 VIdor P ~ r ez: Pre lreabnenl 
Aowutilla .. ER llfl11U ----- ------

IPil- Carolina P 0. Box 1967 Eng . .los~ 11odr !guez: Pre lreabnent 
Corulhlil.I~B 00961: l!lOZ -----

IPR- Guayarna P.O. llox 3057 lie. Anlhal Torres Pre ueabncnl; RCM 
----- .GllllYillllii .. Ell lliiZ 05 ---- ___ snedal satn1~es 

l<ayser Rotl1 P.O. Box 266 Mr. VIctor Col6n Pre treabnenl 
Awdbo,EB ________ 

l<nogo Cmibe P.O. Oox 1378 Emillnrx> P~rez: llCRA 
C&lw_EH llllfiJ!l ------

lnlas de Alumlnlo 11eyrx>lds P.O. Box 1937 C<ulos Padilla Pre treabnenl 
_c,.mvatn.a enmHlss 

PAGE-2-
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DECKTON ENVIRONMENTAL LABORATORIES- LIST Or REFERENCES 

:-:=· 
::::=·· 
:::::·:. 

Metk Shmp a·nd Dome P.O. Box601 Luis Rlvma Spednl samples 
Ban::elonela..Eil.. O!lfil L.._ 

McNeil 0 l1ao11 .. 11.--"1" Dorado P.O.Box710 Ms. Elizabeth l<nuJTmnn Pre lreabnenl 
nat ado PR fl{}fl4fi '10 (Spedill.lnlcnsllll! mnnlla..ltXJ} ~~--

Medlronlcs \/;~,~~~~600 1 
Eng. Jos~ Moreno Pre lreabnenl; RCRA 

Slom:waler 
McGaw of Pue1lo Rloo Sabl.lltrg~:?,~~ ~~ ilOGJL 

Mr. E1klie Rivera Pre lrenbnenl; 11CRA 
SloiHrtiilleLGIOUllU Willer 

Od1oa Fe1tilizers P.O. Box 32 Miguel A. Pacheco RCM 
Bul.lltnlca. Ell onn!'>:\ 

Oscam Sylvania IIC-02 Box 19400 Mr. LulsBenn RCI1A 

Power Cor '"' "'"' Ca1ibe 
G!IUJIXJ,.EH JlB7ll1UlfiJ5. 

Playa lndusblal Pa1k B-SII/13 11CM 
. Sallnas,.EH fl[ll5Z. 

Ponce Waste P.O. Box 111 RCI1A 
M. ..-JU. ell on/tfi:O tH ____ 

Pepsi Cola Bollling P.O. Box 1556 VJCcnle Rosa1lo Pre lreabnenl 
CkJuU~Il.OO!lJ!l ------

Phannad1em P.O. Box 306· PI<'Xa Station Eng. Osc-.nr Cedco1o Spedal sam1~es 
.EOilGt!. £11.0 1J I --·---·-· 

P11e1lo ntoo Sun Oil P.O. Box lOG Eng. Ca1los Marllnez P1e treabnenl; 11CI1A 
Yal.l!!mil, en.nnztn,otll£i . --· Spedal &Jmplcs. 

PREP A· Agulne P.O. Box 137 NPDES 
Agulne~Ea 001011 - -----~-----~-----~-~~---~ 

PREPA-Cido Comblnado P.O. Oox 137 lie. Angellugo RCI1A; Pre beobnenl 
Anuhre .EB 00104. ---~ Spe!Jtl[ samrJ"" 

PREP A- Costa Sur P.O. 340 RCRA 
r:;.,,.v,.nllla EH (][}656 

PREP A· Palo Seoo P.O. Box 4267- Coueo General Uo. Mols~s Solo RCM 
Son,hum,£lft0Cl93fi.:!l2fi1 

PREP A· Cenbal San Juan P.O. Box 4267- Con eo Geneml l.lc. Rlchmd Concepc16n RCRA 

Power Pa1ls 
San.hwn,EilllO!l3fi.:!l2fiL_ __ 

P.O. Box 676 Mr. Rul~n Flores 
Sanla lsnhel PH 

Prog1anos Gl:r~~~~l:fl0fiS3 Eng. Juan Dlaz Pre lreaboenl . 
PI10TECO Fllmj~loo7:H Slonnwaler 

Quality Elecl!oplating P.O. 6570 Monsen at GonzAlez Pre lrealroenl 
C:n()llns. P.l1 fl0fi2fiJi510~----- -----------~----- ----~~--~---~-

Rodenstocl\ P.O. floxll M!.lulsV!llillllil P1e heablle!ll 
1~11 {l\Hfill ____ ~-

--~----~---------~--- -----------~---~----~· 

Scheling Plough P.O. nox 406 l.h Crulos Co1dero Slommaler 
Mi.!naii .. I~B IlflfilL __ ~~-- ·------- -

Safely l<leen P.O. nox IO!l6 Eng .. lo~ Molina P1e beabnenl; IIPOES 
tv 11 . ML Anuru Gnrz. ___ {IIClll!l<l water: ~ledal samples. 

SPSMasco p Mr. Juan V~lez nc A 
1\1\oscn Ell llflfiHl 

Sea1le .Snn~;~;181~~ ~~~~~~~3112fi. Mr. Edgardo T01res Pre lreabnenl 

PAGE-3-



1 1 J 1 l ) ) 

BECKTbN ENVIRONMENTAL LABORATORIES- LIST OF ltEFERENCES 

SI<B-CI~fra P.O. Box 11975 
--------:--:-=----=---------H-----.__.,~Ira,.EO.ntlll3!Lt!lHi ____ _ 

SI<B-Guayarna P.O. 1975 

Mr. Tony Garcfu; 
_ __ I )G.Milllst~ M.:ulfne'----

llc. Wilfrklo Tones 

llOOti~-----H-----------------------
IIC 0 I Box 16625 Synlex Miklred Pizarro 

1----------------H-----•llilllilmO .. eB. .00fiOL9lJl. ____ _ 
Fhm Delivery 

______ E>urlCI.l_Efl 00"/3 '---------
U.S. Army P.O. Box 7274 

Eng. William Gonvilez 

- ---iiiilrwl A~iilos _____ _ 
Union Carbide Caribe 

_____ Cmps..of.Enolnee~s ____ 8 ______ L,JI-...... EU 1101:12. ______ _ 
Vassallo P.O. Box 473 Edgrud Comellas 

----------,---------H-----Cnln.l ruuelri!H00644 ____ H--------------,...,-,-------n 
WesUnghouse P .0. Box 359 Alfonso Mnleo 

j ) 

HCRA; G10md water 

RCRA; Ground water 
_______ SpetWsa.mjj..,.es.___ __ 

RCRA; Pre beabnenl 

RCRA; IIPOES; SlomJWaler 

] 

_______ Spedal.saml~~ _________ _ 
Spedal samples 

Ground water; RCRA 

RCRA 
----------------H------..LoanKLEll ""--------!1------------- ----------------

Wheaton Plaslics P.O. Box R Ellns Maldonildo SlomlWaler 
-------,---,--,-.,.---,..---:-:-:-----,------ _____ .JIIlyey_ Efl 001:11 ____ _ 

Whllehall Labs. P.O. Oox 200 -----,];;f:IUi<riCNcgron RCRA 

Joseph Rodriguez Prelreabnenl; SlomlWaler 
n----------------11------"~IUI .f'oemu'\n,f~H.IlOfH3. ___ _ 

Rollins Avo. Isla Verde 6616 
-----,---~----------H------------~~~-------------

Ic . .Jnhno ColOn r\CftA 
--------------- _____ __,C.no .... n~hla.EH.OO!JI9.._ __ _ 

Texaco P.O. Box 3666 Eng. hlzarry RCRA 
t--------------H----__J'-1Ui:tyilluua~~fi.DOfi5fi ____ ----

p Eng. Juan Medina 
-------------------

RCRA Becton & Dld<insoil 
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Effective Date Sub]' ect 
02-21-92 

By RNI 

Approved 
JA 

INTRODUCTION 

Section No. 1. o 

Page 1 OF 1 

INTRODUCTION Revised 02 _21_92 

"Chemical measurement data are often the basis for critical decisions on vital 
matters. ranging from the health of individuais. to the protection of the environmern. 
to the production of safe. reliable, and useful products and services. Obviously, the 
data used for such purposes must be reliable, and there must be unequivocal 
measurements to prove it. The philosophy and procedures by which this is achieved 
and demonstrated are called quality control." [John K. Taylor. Quality Control of 
Chemical Measurements. Lewis Publishers Inc., 1987.] 

This manual is issued to describe the quality assurance system einployed at 
Beckton Environmental Laboratories, Inc. in compliance with the intend of the 
general quality system requirements of the cognizant accrediting organization. The 
policy ofBeckton Environmental Laboratories, Inc. is to apply the system to all testing 
and analytical activities undertaken on behalf of the customer or an accrediting 
organization. 

The manual provides personnel and customers of Beckton Environmental 
Laboratories, Inc. with a description of company policy for maintaining an effective 
quality assurance system. This manual documents the procedures used to manage 
custody elements and analytical processes al .3tt..:A.ton .. As such, the material 
contained within is subject to change. Changes may be based on specific project 
requirements or procedural system modifications geared toward operational process 
and quality improvement. This document is reviewed and updated on a minimum 
yearly basis . 

Because of the variability of samples and matrices, is not unusual to fmd that 
performance criteria of a particular method is unachievable on particular samples. In 
such circumstances, any method or criteria modification will be noted on each final 
report. 

Written procedures for implementing the policies described herein are ampli
fied by the several sections comprising this manual. These procedures are binding on 
all personnel of the laboratory and shall be adhered to implicitly. 
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TO: All Personnel of Beckt~R Envi~ratortes. Inc. 

Mr. Jorge Arrufat , /~ / ~ .ut FROM: 

DATE: 

Executive Vice-presiderlt. CEJ,)/ 
! 
~/ 

December 5, 1991 

SUBJECT: QUALITY ASSURANCE PROGRAM 

The quality assurance program described in this Quality Assurance Manual has the 
absolute and unqualified support of Beckton Environmental Laboratories, Inc., 
management and is part of our Standard Operating Procedures (SOP}. 

Beckton Environmental Laboratories, Inc., testing and analytical services, precision, 
accuracy, fast delivery, and fair prices are the means by which we have gained enviable 
reputation and the trust of industries as well of the Puerto Rico and Federal regulatory 
agencies. Excellence in quality is Beckton number one priority and every member of 
the laboratory staff shares the responsibility of maintaining this standard. 

At Beckton, excellence in quality is the responsibility of every one of us. Fulflllilng this 
commitment will result in the continued satisfaction of our customers and the trust 
of Government regulatory agencies. 

I will expect every one concerned to use this manual, as a guide to the continued 
maintenance and improvement of our laboratory services. 

JAV/rsf 

034 
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GOAL:- Assure the accuracy and precision. as well as the reliability of 
laboratory results produced for our customers, or at the request of regulatory or 
accrediting bodies. Management, administrative. statistical. investigative, pre
ventive and corrective techniques will be employed to maximize reliability of the 
data. 

Specific objectives: 

1. To develop laboratory practices that assure consistent and valid data. 

2. To develop and put into service rugged methods capable of meeting the user's 
need for precision, accuracy, sensitivity, and specificity. 

3. To ensure that all staff members receive training in basic quality technology, 
in sufficient depth to enable them to carry out the provisions of this manual. 

4. To establish the level of quality of the lal:.m::·at~:y's routine perforn1ance as a 
baseline against which to measure the effectiveness of quality improvement 
efforts. 

5. To ensure that internal record keeping (documentation) is appropriate, well 
maintained, up-to-date, and used as an integral part of the routine work load. 

6. To make any changes in routine methodology found necessary to make .it 
compatible with performance needs. 

7. To monitor the routine operational performance of the laboratory through 
participation in appropriate interlaboratory testing programs such as: 

Government Agencies Laboratories such as the United States Environmental 
Protection Agency (EPA); the Puerto Rico Environmental Quality Board (EQB); 
Commonwealth of Puerto Rico, Puerto Rico Aqueduct and Sewer Authority; 
and the Puerto Rico Department of Health. 
Commercial Laboratories such as Environmental Resources Associates (ERA) 

and to provide for corrective actions as necessary. 
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8. To improve and validate laboratory methodologies by participation in method 
validation studies. 

--

-
-

-

-
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4.0 LABORATORIES SERVICES /PRACTICES 

Quality control of environmental analyses involves consideration .:md control 
of the many variables that affect the production of reliable data. Described below are 
the laboratory facilities at hand and the quality of the laboratory services available. 

4.1 Generallaboratorv facilities 
Beckton Environmental Laboratories, Inc. operations are divided in six (6) sections: 

(a) balance room:- area designated for the analytical balance, this area is 
located away from laboratory traffic and protected from sudden drafts and 
humidity changes. Balances are mounted on heavy shockproof table with an 
adequate working surface. 

(b) wet chemistry area:- in this area are located the necessary equipn1ent for 
performing conventional wet chemistry analyses. 

(c) microbiological room:- this area is designated for microbiological, asbestos 
and BOD analyses. 

(d) chromatography room: this area is designated for the analysis of organic 
compounds following chromatographic procedures. The equipment at hand 
include three gas chromatographs equippe'.i with various specific detectors 
(Hall, PID and ECD) and a mass spectrometer, automatic injectors and purge 
and trap for the analysis of volatile organics. All chromatographs are computer 
controlled. 

(e) spectroscopy room: this room is dedicated for the analysis of trace metal. 
The instrumentation available include an atomic absorption spectrometer with 
flame, cold vapor, furnace, and hydride generator and a microwave digestion 
system. Also available is equipment necessary for conventional digestion · 
procedures. 

(f1 storage area:- reagents are stored according to applicable and safety 
regulations and guidelines. Areas dedicated for chemical reagent storage are 
well maintained and orderly. 
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In addition the following items are available: 
>> adequate bench, instrumentation. storage and records- keeping space 
>> adequate lighting and ventilation 
» efficient fume hood system: hoods are calibrated annually by outside contrac
tor. the the blowing efficiency is checked periodically. 
>>hot plate. refrigerator for samples. pH meter, thermometer. balance 
>>electrical power for routine laboratory use and. if appropriate, voltage-regulated 
sources for delicate electronic instruments 
>> emergency equipment, fire extinguishers, eye wash stations, shower, first aid 
kit. gloves, goggles, equipment to control spills 

4.2 Demineralized. high purity water 
Demineralized. high purity water is used in the laboratory for dilution, 

preparation of reagent solutions, and final rinsing of glassware. Demineralized ultra 
pure water is obtained by reverse osmosis using a Millipore Milli RO 4 System 
(Millipore Corp. Bedford, Mass), the water produced by reverse osmosis feeds into a 
Corning Mega-pure water purification filter MP-190 (Corning, New York). This system 
consists essentially of disposable cartridges for prefiltration, organic absorption. 
deionization, and Millipore filtration. It is capable of producing 10 ML water. 
containing no particulate matter larger than 0.20 mm in size at the rate of 90 L/hr. 
The conductivity, pH, temperature, and residual chloride of the water are frequently 
monitored. When set values are higher than an established threshold cartridges and 
filtration are replaced. The system produces ultrapure water which meets or exceeds 
the following standards: ASTM Reagents Grade, Type 1: CAP Reagent Grade, Type l: 
and NCCLS Reagent Grade, Type 1. Removal of organics is less than 10 ppb. 

Standard operating procedure are available for the operation and maintenance 
of the system and a log book is kept. 

4.3 Compressed air 
A source of oil, water, and dirt free air is available at the laboratory (Craftsman}. 
Absorption filters are used to prevent moisture to enter the piping system. Solder joint 
copper tubing is used for piping the air to the laboratory. 

4.4 Vacuum system 
A source of vacuum is available at the laboratory. The vacuum pump is an Edwards. 

4.5 Glassware 
Due to the importa.I}.ce of the analyses conducted and the concentration levels, specific 
glassware is available for each of the analyses listed. In addition, aware of the 
importance of the errors resulting from contamination of the glassware, procedures 
for cleaning the glassware have been implemented. 

3 
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Cleaning procedures differ based on the intended use of the glassware but 
always include washing it with laboratory grade phosphate-free detergent. tap water 
rinse followed by deionized water rinse. fl.Ild acid or soi vent rinses or soaks depending 
on intended use. 

4.6 Reagents- solvents and gases 
One of the quality control practices of the laboratory is the utilization of 

reagents/solvents of such purity that meets the requirement of the analysis. The 
purity of the reagent required is determined by the parameter being measured and the 
sensitivity and specificity .of the detection system. Reagent of lesser purity than th9-t 
specified in the method ·are not used. Beckton Environmental Laboratory, Inc. 
maintain in stock the particular reagents/solvents needed for a particular method. 
The following practices are followed: 

''working standard are checked frequently to determine changes in concentra
tion and composition 
» concentration of stock solutions are verified before being used to prepare new 
working standards 
» laboratory supplies with limited shelf life are dated upon receipt and shelf life 
recommendations. including the discard date on the container and the storage 
requirements. are observed. Analyst and technicians are trained to date mate
rials when received and upon opening as a tracking mechanism for the material. 
Periodically. inventories are reviewed and materials are evaluated for disposal. 
» reagents are prepared and standardized against reliable primary standard 
» standards and reagents are properly labeled · 

4.6 Instrumentation 
Major pieces of equipment are illustrated in Appendix A. 

4. 7 Waste disposal 
Beckton utilizes appropriate procedures to properly handle its laboratory waste 
disposal streams. Laboratory wastes are classified. segregated. and properly stored 
prior to disposal. Contracts are held with reputable waste disposal firms for removal 
the wastes from the facility and ultimate disposal. All required labelling and waste 
manifest documentation is performed. 
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Proper collection of samples is of paramount importance to environmental 
monitoring. This section provides guidance in making decisions pertinent to the 
validity and acceptability of the samples submitted for testing or analysis. 
The sampling program is dependent upon the folloWing six major activities: 

( 1 J formulating the particular objectives of the swr.p!ir.g program 
(2) collecting representative samples 
(3) maintaining the integrity of the samples through proper handling and preservation 
(4} adhering to adequate chain-of-custody and sample identification procedures 
(5} practicing quality assurance in thefield. 
(6} properly analyzing the pollutants in the sample 

The objectives of the sampling program affect all other aspects of the sampling 
program. Sampling program objectives are determined by the following activities: 

(1) planning (2) permitting (3) compliance 
(4) enforcement (5) design (6} process control 
(7} research and development 

Factors that must be considered in meeting the objectives of the sampling 
program are the extend of manpower resources, the complexity of the paran1eters of 
interest, the duration of the survey, the number of samples, the frequency of sampling, 
the type of sample (grab or composite} and the method of sample collection (manual 
or automatic). 

The objective of environmental sampling is to obtain a representative portion of 
the population under investigation. The techniques for obtaining representative 
samples may vary with: body of water being sampled (length, width and depth}: 
physical and chemical parameters: type of water to be sampled (munieipal or 
industrial effluent, surface water. bottom sediments, agricultural runoff, sludges, 
etc.). In collecting representative samples the following factors are considered: 

(1) site selection:-
(2) type of sample:- the basic types of sampling methods are grab and composite. 
The choice of using the grab sampling method or one of six com positing sarnpling 

7 
-
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methods is determined by program objectives and the parameters to be sampled. 
The grab sample will show the sample characteristics at the time of collection; grab 
sampling is usually required for analyses that have to be conducted rapidly after 
collected. Composite sample are collected in rrrdPr to minimize the number of 
samples analyzed. Composite sampling can be performed by any of six possible 
methods: (a) constant sampling pumping rates, (b) sampling pumping rate 
proportional to flow, (c) constant sample volume and constant time intervals 
between samples, (d) constant sample volume and time intervals between samples 
proportional to stream flow rates, (e) constant time interval between sam.ples and 
sample volume proportional to total stream flow volumes since last srunple, and 
(f) constant time intervals between samples, and sample volumes proportional to 
total stream flow at tinie of sampling. · 

(3) sampling protocols:- sampling shall be performed in accordance with the 
techniques approved by EPA. Where 40 C.F.R. Part 136 does not include sampling 
or analytical techniques for the parameters in question, or where EPA determines 
that the Part 136 sampling and analytical techniques are inappropriate for the 
parameters in question, sampling and analysis will be performed using validated 
analytical and sampling methods. 

(4) representativeness:- all samples and field measurements taken for the 
purpose of monitoring shall be representative of the mentioned activity .. 

Sample integrity is maintained by using proper handling and preservation 
procedures. The following guidance provides the basis for making decisions pertinent 
to the validity and acceptability of samples submitted for testing or analysis. 

(1) Sample containers. 
All sample containers are subject to the fo.!.lvw'.Ui5 laboratory cleaning and 
preparation procedures: 
Bottle caps 

all bottle cap are Teflon lined 
new bottle caps are rinsed with deionized water, allowed to air dry in racks, 
then placed on bottles 

Glass bottles (lL, 500 mL, 250 mL} 
only new glass bottles will be used for grab sampling: sampling bottles will .. 
not be reused 
rinse witq deionized water 

Clear glass vials (40 mLjor volatile organics} 
Teflon lined septa for caps are stored in containers prior to use 
bottles, caps and septa are rinsed with deionized water. then baked for one 
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hour at 1 05°C 
Hydrochloric acid preservative is added to each vial used for aqueous 
samples 
upon client request 20 mg of sodium thiosulfate is added to remove residual 
chlorine in the sample · 

Plastic bottles 
only new plastic bottles will be used for grab sampling; sampling bottles will 
not be reused 
bottles and caps are rinsed with deionized water and allowed to air d.ry 
bottles used to collect sample for the analysis of metals are rinsed in nitric 
acid solution 

Coliform bags 
all bags used for the sampling and analysis of coliform are purchased 
sterilized. They are received sealed and autoclaved. 

(2) Phvsical conditions of the sample containers 
If damage to a container is evident, it will be carefully opened and its content 

inspected. In the event of damage to the sample because of damage to the shipping 
container, the customer will be notified and the invalid sample discarded using the 
appropriate procedure. 

(3) Sample integrity 
Sample integrity refers to the cumulative result of those factors which contrib

ute to the overall validity of the sample. Sample integrity is promoted and preserved 
by adhering to adequate custodial, handling. and identification procedures by those 
individual collecting the samples, up to the point of receipt of samples by the 
laboratory. When the sample are received they are checked for: 

a. physical damage to the sample 
b. loss of sample due to inadequate or improper sealing. leakage of liquids, loss 
of particulate material, inadequate sealing of solid sorbent sampling tubes, etc. 
c. contamination of samples due to inadequate separation of sample types or 
bulk sampling materials 
d. improper use of special shipping procedures designed to preserve the sample 
at temperatures other than ambient 

( 4) Sample identification ~ 

Accurate Sa.Illple identification must be submitted with each sample. Sampling 
having inadequate: ambiguous, or nonexistent labels will be discarded unlless the 

.... customer is able to provide immediate identification. 
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For each sample the following information is logged in: (a) sample number 
assigned (BEL- xxxx); (b) the current date; (c) the name of the organization and/or the 
individual submitting the sample for test or analysis: (d) sample description and 
source: (e) date of collection: (f) the 'test wanted; and chemical preservative as 
applicable. 

(6) Sample preservation and handling 
During and after collection, if immediate analysis is not possible, the sample 

must be preserved to maintain its integrity. The guidelines approved by EPA [i.e. 
Guidelines Establishing :rest Procedures for the Analysis of Pollutants. Federal 
Register, 41. No. 232 (Dec. 1976)) are routinely used for preservation for the various 
constituents: the required sample holding time is strictly followed. Please see enclosed 
table in Appendix G. 
Proper handling of sample insure valid data; when sampling consideration is given to 
the field container and cap material to make sure its compatibility with the sample 
constituents. Accepted guidelines are followed for cleaning, structure of containers. 
container preparation for determination of specific parameters. container identifica
tion, and volumes of samples. 

(7) Quality assurance in the field 
The quality assurance program for sampling equipment and field measurement 

procedures is as follows: 
(a) strictly follow the analytical methodology, the sample handling and field 
documentation procedures 
(b) sampling methodology is selected on the basis of sampling objectives: only 
accepted sampling methods are employed 
(c) field and trip blanks are taken as required and analyzed periodically (5% of 
all samples) 
(d) field instruments and samplers are calibrated according to manufacturer 
specifications before taking any measurement~ r~ libration records are kept. 
Field instruments (pH. D.O .. etc.) are calibrated twice a year by an outside 
contractor. 
(e) field personnel must be qualified to conduct a particular sampling situation. 
Periodic training is given to all field personnel 

( 8) Sample custody 
The chain of custody in the laboratory consists of two areas of concern: 

Receipt and log-in of samples. and 
Maintaining internal custody of samples transferred throughout the 
laboratory 
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Samples are considered physical evidence and are handled at Beckton 
according to certain procedural safeguards. For the purposes of some types of legal 
proceedings, a showing to the court that the laboratory is a secure area may be all that 
is required for the analyzed evidence to be aqmitted. However, in some cases, the court 
may require a showing of the hand-to-hand custody of the samples while they were 
at the laboratory. In the event that the court requires such a comprehensive chain of 
custody demonstration, Beckton is prepared to produce rlocumentation that traces 
the in-house custody of the samples from time of receipt to completion of the analysis. 

Maintaining custody by NEIC definition 
Custody is maintained. by EPA National Enforcement Investigations Center 

(NEIC) definition when: 
the sample is in the actual possession of the responsible person, or 
the sample is in the responsible person's view after being in their possession, or 
the sample is in the responsible person's possession and they are locked or sealed 
it up to prevent tampering, or 
the sample is in a secure area 

Beckton laboratory procedures 
To satisfy these custody provisions, the following standard operating proce-

dures are employed: 
- a sample security area is available that is dry, clean, and isolated, has suffieient 
refrigerated spaced, and is securely locked from the outside 
- the grounds around the building are patrolled on a regular basis by a private 
security company (Plaza Security); the building is protected by burglar alarms 
- visitors must register upon entering the lobby of the facility, and must be 
accompanied by their host at all times while they are on the building 
- receipt and log-in of samples is fully documented and is performed Jln a 
controlled area 
-samples remain in the secure storage area until removed for sample preparation 
or analysis 
- the internal transfer of samples is controlled ant! d.oc:.:_"'llented through the use 
of color coded cards and laboratory records 

Beckton sample custodian 
The Service Manager is responsible for the custody of samples, he/she: 

- receive, inspect, and record the condition of samples 
- sign appropric~te documents and retain the chain of custodyform as a 
permanent record 
- verify and record correctness of sample documentation 
- ensure that samples are properly stored and distributes the samples to 
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The Beckton employee who accep'ts receipt of client samples upon arnval at the 
laboratory is a designated sample custodian. The sample custodian exar.nines both 
the shipping container, chain of custody, and sample documents. The Service 
Manager is responsible for the receipt and log-in operations. The custody seal and 
documents are examined for compliance. Any and all noncompliances are docu
mented and the client contacted. 

The sample log-in notebook is an internal document designed to summarize all 
the relevant information concerning a sample's receipt and analytical requirements. 
It is circulated internally and instruct the laboratory with regards to the receipt, and 
the required analyses and reporting of the sample 

Special handling for high hazard samples 
If a shipping container is labeled "Caution-Hazardous Materials ... or if it 

contains samples to be analyzed for extremely hazardous materials, the Laboratory 
Manager is notified prior to log-in. The container are opened by the custodian who 
have successfully completed respirator fit-test and safety training sessions in the 
necessary protective equipment. The containers are opened using all necessary safety 
measures deemed necessary by Beckton Safety Committee and department supervi
sor. 

Maintaining internal chain of custody 
Custody sample within the department is represented through the use of 

notebooks. The specific lab area procedures are summarized below: 
(a) sample preparation- TCLP 

The analyst claims custody of the sample from sample storage to the laboratory . 
Verification by the supervisor represents the completion of the preparation and 
subsequent transfer of the remaining sample to be disposed or back to .sample 
storage refrigerator, and of the extract to the extract storage refri.gerator. 

(b) GC and. GC/MS laboratory 
Volatile organics (purgeables)- the analyst claims custody of the sample from 
sample storage to the laboratory. The supervisor signature represent the comple
tion of the analysis andfinal disposition of the sample. 
Semivolatile organics (extractables)- the analyst claims custody of the sample 
from sample ~torage or from the extract refrigerator to the laboratory. For raw 
samples, verification by ·the supervisor represents the completion of the pr·epara-
tion and subsequent transfer of the remaining sample to be disposed or back to 
sample storage refrigerator, and of the extract to the extract storage refrigerator. 
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The supervisor signature represent the completion of the analysis and final 
disposition of the extract. 

(c) Metal laboratory 
The analyst who signs for preparation is responsible for the transfer of the sample 
from initial storage to the laboratory. The supervisor signature represent the 
completion of the analysis and transfer of the remaining sample back to storage. 

(d) Wet chemistry laboratory 
The analyst who signs for preparation is responsible for the transfer of the sample 
from initial storage to the laboratory. The supervisor signature represent the 
completion ofthe analysis and transferofthe remaining sample back to storage. 

Sample disposal 
The laboratory custody of the sample ends with laboratory disposal. Beckton 

routine disposal of samples occur after the sample holding time is over or a minimum 
of thirty days from the mail date of the sample technical report. At Beckton discretion, 
hazardous samples may be returned to the client. Bccktuu has the capacity to retain 
samples for a longer period of time to comply with client or contract requireJrnents. 
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AvALYTICAL METHODS - METHODOLOGY 

The Beckton laboratory utilizes approved USEPA methodologies for all analy
sis, if available and applicable. The deliverables included in the sample technic•l 
reports are based upon the level of report deliverable requested and the quality 
assurance requirements of the method performed. Analytical results and quality 
assurance protocols are based on the following methods and guidelines: 

>)Standard Methods for. Water and Wastewater, 14th, 15th, 16th Editions, 1985 
>) Methods for chemical analysis of water and wastewater, CFR Part 136-
Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 
Clean Water Act: Final Rule and Interim Final Rule and Proposed Rule. [Federal 
Register Vol. 49, No. 209, October 26, 1984! 
» USEPA Contract Laboratory Program Statement of Work for Organic Analysis 
>) USEPA Contract Laboratory Program Statement ofWorkfor Inorganic Analysis 
» Environmental Resource Associates (ERA)- Quality control practices for waste 
and potable water analysis 
>)Handbook for Analytical Quality Control in Water and Wastewater Labor-atories, 
EPA-600/4-79-019, March, 1979 
» Commonwealth of Puerto Rico, Puerto Rico Aqueduct and Sewer Authority
General Conditions 
a Commonwealth of Puerto Rico, Environmental Quality I;3oard Guidelines 
» Test Methods for Evaluating Solid Waste, USEPA. SW-846, third edition, 
Revision 0, September, 1986. 

In addition to performing these standard methods and procedures, Beckton 
has the capability of modifying external methods and performing client or project 
specified methods. Within normal laboratory operations, Beckton can design experi
ments and method improvements to offer its clients improved perforn1ance for 
specified parameter. 

The table shown in Appendix G illustrates the parameters analyzed in 
Beckton Environmental Laboratories, Inc. along with the analytical method utilized 
and the corresponding SOP. The methodology employed in each of the analyses is in 
accordance with the appropriate regulatory agency (EPA. EQB. Puerto Rieo Health 
Department. etc.) . 
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7.0 DocuMENTATION AND RECORD coNTROL 

This section describes how the laboratory will control the issue and retrieval of 
all documents relating to the analytical and testing c:~ctivities of the laboratory. to the 
control of quality of these activities and to the storage and security of the technical 
documentation generated by these activities. 

The controls described in this section a·re limited to the documents and reports 
listed below. and do not affect documentation related to other laboratory management 
activities. Such document control procedures are described in other laboratory 
standard operating procedures. 

The quality assurance program to wl'lich document control is applied include: 

"sampling procedures 
,, calibration procedw·es 
" analytical and test procedures 
" daia collection and reporting procedures 
,, auditing procedures 
,, computational and data validation procedw·es 
" the quality assurance manual 
11 analytical and testing reports 
,, laboratory notebooks 
" validation reports 
11 calibration and preventive maintenance recor·ds 
11 chain-ofcustody docwnentatiort 

The quality records listed above which are originated and maintained as hard 
copies will be retained for a period of three years in laboratory files. After a period of 
three years. they will be reviewed for disposition. Those not discarded will be retained 
for a period of five year (or longer at the request of the customer). Record generated 
by computer will be retained in that forntat indefinitely. with a backup and due care 
to keeping them in safe. hazard-free storage. 

The information retained for long term storage include all sample reports which 
are delivered to clients. any raw data recorded on magnetic media. raw data not 
recorded on magnetic media. raw data which cannot be stbred on magnetic media. and 
processed QC data: !lot reported to the client 
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A file control will be maintained for all document distributed showing the 
following information: 

Document title Distribution 
.._ Format Issue date 

Signature of the person receiving the document 

-

-
-

The Laboratory Manager is responsible for distribution and retrieval of docu
ments and for obtaining the required signatures. 

All files. when not in use will be kept in locked file cabinets. Computer data 
security will be maintained in accordance with data processing standard operating 
procedures for restricting.entrance to computer data information. 

7.1 Chain of custodv practices 
This section describes the procedures to be followed when strict chain-of

custody protocols for samples received must be followed. 
When sampling, Beckton Environmental Labora:·nries. Tnc. will follow strict chain-of
custody procedures in the handling of all samples. When submitting samples to the . 
laboratory. the submitter will be responsible for determining whether chain-of
custody procedures are necessary for a particular sample or sample set. 

The chain-of-custody documentation form (Figure 7.1) will be used as chain-of
custody record. One of these forms will be completed for each sample subrnitted for 
analysis. The form is to remain with the sample at all times. The chain-of-custody form 
will contain the following information: (1) person or organization submitting the 
sample; (2) sample number. In the case of multiple samples. each sample within~ 
sample set will be given a unique number: (3) submitter's address; (4) submitter's 
telephone. number; (5) sample description- in sufficient details that it can be 
distinguished from other samples; (6) sample source; (7) date and time of sample 
acquisition; (8) method of shipment, or if the sample was carried in, so note; (9) date 
of receipt; (10) individual receiving the sample; (11) conditions of the srunple; (12) 
analysis to be performed; (13) final disposition. 

7.2 Data reporting forms 
A system for uniformly recording, processing, and reporting data is exnployed. 

In Appendix E the forms utilized by Beckton Environmental Laboratories., Inc. for 
routine reporting of analysis and/ or testing results are included. The forms provides 
complete data documentation and permanent recording. 
For each analysis reported: 

" correct calculation formulas are used 
)I round-off rules are uniformly applied; significant figures are established for 
each analysis 
• calculations are cross-checked by the anaiyst ar..~ the area supervisor 
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>> laboratory records are kept readily available to regulatory agencies for a 
minimum of three years 
» laboratory notebooks and preprinted data forms are permanently bound to 
provide good documentation 
>> records are maintained showing calibration and maintenance records. original 
strip chart recording and/ or raw data. These records are readily available for 
inspection 
>> documentation is kept on control chart approaches and statistical calculations 
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8.0 ORGANIZATION AND RESPONSmiLITIES 

The Beckton Environmental Laboratories organizational chart is presented 
as Figure 8.0.1. This section depicts the organizational structure, functional respon
sibilities, levels of authority, and lines of communication. 
Beckton is organized into three fundamental departments (Laboratory Operations. 
Administration and Sales. and Service, each reporting to the Chief Executive Officer. 
Each of the departments is discussed below in detail as to structure. role. organiza
tional authorities and responsibilities within Beckton, and its interaction with other 
departmental units. 

Within each area of assigned responsibility, while authority and responsibility 
for accomplishment of a specific task may be delegated to others, the ultimate 
responsibility resides With the Chief Executive Officer. 

Responsibilities 
8.0.1 Chief Executive Officer 

Establish laboratory policies and procedures in conjunction with the respective 
department managers 
Direct implementation and enforcement of the QA program 
Direct implementation and enforcement of the Safety program 
Develop and monitors budget for each department 
Develop and monitor human resources requirements for staff and approve 
personnel actions for each department 
Develop and implement long term business strategies 
Coordinate production, sales, and quality assurance functions 

8.0.2 Laboratory Operations Department 
The Laboratory Operations Department is responsible for the effective day-to

day management of all laboratory data production elements in such a way as to meet 
all client and procedural requirements, maintain and efficient and safe working 
environment, and meet business plan objectives. The department works under the 
direction of an Operations Manager. Reporting to the Operations Manager are Section 
Supervisors who are responsible for individual laboratory units. 

8.0.2.1 LaboratQry Operations Manager 
Specific. responsibilities include but are not limited to the following 
Implement policies and procedures for Laboratory Operations Department 
Monitor inventories and Laboratory Operations Department expenditures 
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Identify manpower needs. and assist the selection of prospective employees 
Manage analytical resources Within the lab in order to balance the workload to 
meet holding times and schedules 
Perform technical reviews of analytical procedures and ensure compliance With 
required quality control standards 
Review and approve data. and evaluate it for completeness. accuracy 
Assist the Chief Executive Officer With coordination of production. quality 
assurance and sales efforts 
Prepare quality assurance procedures in compliance with federal. state and 
Beckton requirements~ train staff in these procedures 
Conduct internal perform~ce and system audits to monitor compliance with 
this Quality Assurance plan 
Coordinate communications With laboratory accreditation and certification 
agencies 
Statistically analyze QC results and update control limits for the laboratory. 
including performing trend analysis, to determine ongoing validity of analytical 
systems 
Monitor data and final reports for compliance with ueiined objectives and for 
suitability and completeness 

8.0.2.2 Section Supervisors 
Section Supervisors manage the data production activities within their as-

signed groups and are responsible for the following: 
Receive and distribute assignments, scheduling analyses in a timely manner to 
meet holding times and production schedules 
Maintain assigned laboratory areas in a safe and clean condition 
Review and approve data, and evaluate it for completeness. accuracy, and 
compliance with stated specific objectives 
Perform technical reviews of analytical procedures and ensure compliance with 
required quality control standards 
Monitor the throughput of the laboratory section 
Provide analytical method training to analysts 
Identify capital equipment and capital appropriation needs for the respective 
laboratory section and communicate these need to the Laboratory Operation 
Manager 

8.0.3 Service Department 
Service department is responsible for implementing a marketing and sales 

program which is consistent with the goals and objectives of Beckton. The specific 
responsibilities for the Service Manager are described below: 

Develop proposal opportunities and prepare proposals 
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Communicate with present client to assess levels of satisfaction with the quality 
of service and performance ofBeckton and provide input to Operations Manager 
when quality issues are raised 
Communicate with potential clients to determine work opportunities. and 
identify service requirements of both new and existing clients 
Maintain a high level of involvement in the negotiation of blanket purchase 
orders from clients 
Coordinate with Laboratory Operation Manager to ensure meeting client require
ments on projects 
Monitor sales and service expenditures 
Assist the Chief Executive Officer and the Laboratory Operations Manager with 
coordination of sales. p-roduction. and quality assurance efforts 

8.1 Personnel training. qualification, and motivation 

Tills section set forth the training methods, evaluation and qualifications 
procedures, and responsibilities for motivational programs in the laboratory. 

All personnel involved in any function effecting the data quality, will have 
sufficient training in their appointed position. The Laboratory Manager is responsible 
for seeing that the required training is made available to these personnel and that 
records are maintained on each person reflecting satisfactory completion of training 
program or qualification test. 

The following training methods are available to all laboratory personnel: 
(a) experience training- on-the-job training learning how to cope with problems 
using prior experience or knowledge as the basis for action 
(b) guidance training- on-the-job training given by supervisors and/ or co
workers. This kind of training will be conducted as follows: 
i. observe an experience operator perform the different tasks in the measure
ments process 
ii. performing the operation under the direct supervision of an experience 
operator 
(c) independent study- outside reading, attendance at seminar or professional 
society meetings 
(d) in-house training- formal courses given by qualified personnel or outside 
consultants 

Training sections are evaluated the following way: 
(a) written test following training in order to assess effectiveness 
(b) proficiency checks- trainees will be assigned work tasks related to b~aining 
subject matter 
(c) interviews 
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- From time to time the Laboratory Manager conducts motivational cam.paigns. 

-
-

-

-

He Will also make recommendations with regards to efforts to increase employee 
awareness of each individual's responsibility for the quality laboratory output. 
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9.0 QuAUTY ASSURANCE/QUALITY CONTROL 

The purpose of the laboratory control procedure is to ensure high-quality 
sampling and analyses by the use of control samples. control charts, reference 
materials, and instrument calibrations. 

The quality control activities are based on standard guidelines references: 
>• Standard Methodsjor.Water and Wastewater. 16th Ed., 1985 
>> Afethodsjor chemical analysis of water and wastewater, CFR Part 136, October 
26, 1984- Guidelines Establishing Test Procedures for the Analysis of Pollutants 
Under the Clean Water Act; Final Rule and Interim Final Rule and Proposed Rule. 
>> Environmental Resource Associates (ERA)- 9uality control practices for waste 
and potable water analysis 
»Handbook for Analytical Quality Control in Water and Wastewater Laboratories, 
EPA-600/4-79-019, March, 1979 
» Commonwealth of Puerto Rico, Puerto Rico Aqueduct and Sewer Authority
General Conditions 
» Commonwealth of Puerto Rico, Environmental Quality Board Guidelines 
>>Test Methods for Evaluating Solid Waste, SW-846, latest edition. 
>> Quality Assurance of Chemical Measurements. John Keenan Taylor, Lewis f( 

Publishers, Chelsea. MI. 1987. 

The responsibility for internal analytical quality control checks rests with the 
laboratory analyst. The type, frequency, and acceptance criteria of the checks 
performed are based upon the reference analytical methodology employed and the 
client project requirements. 

The following figure summarize the quality program for Beckton Envirt)nmental 
Laboratories, Inc. (Figure 9.0.1) 

General QCIQA Practices: 
(a) daily analytical balance calibrations (sensitivity and zero checks) using NIST 
(NBS) weights 
(b) outside contractor- annual balance calibration and maintenance 
(c) oven and :I"efrigerator maintenance- temperature accurately measured by 
comparing with certificate traceable NIST thermometers. For ovens. accuracy of 
temperature gauge is checked periodically 
{d) pH meter calibration by using certified buffer solution {4.0, 7.0 and 10.0-
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NIST). Meter calibrated against mV standard. 
(e) electrode daily maintenance- check filling solution and storage solution daily. 
Ensure that electrodes are properly caped and stored in accordance to manufac
turer instructions. Store in appropriate solution. 
(f) outside contractor- annual pH meter calibration and maintenance 
(g) incubators- daily recording of temperature 
(h) exhaust hoods- annual measurement of the air uptake with the air velocity 
meter to verify that air intake meet required standards. 100 cfm. 

General QC/QA Practices, spectrophotometric analyses: 
(a) daily spectrophotometric. calibration is a mandatory requirement of perfi:::>rm
ing quantitative analytical· methodology. The laboratory must meet method 
criteria for instrument calibration and calibration verification before before 
proceeding with sample analysis. Beckton will meet the calibration criteria 
specified in the methods The analyst will not continue with an analysis or accept 
data unless the calibration requirements have b.~en mPt. 
(b) preparation of calibration curves for each parameter based on method 
specifications: correlation coefficient of the linear calibration; periodic check of 
calibration curve (check standard analyzed at least once in every ten (10) 
samples) 
(c) routine instrument calibration summary is shown in the appendix 

General QC/QA Practices, metal analyses: 
(a) outside contractor (Jarrel-Ash) for maintenance and repair 
(b) AA calibration: lamp alignmen~. burner adjusted, atomize-r adjustment 
(c) verification of baseline noise (blank) 
(d) verification of sensitivity and linear working range 
(e) preparation of linear working curve 
(f) periodic check of linear working curve (check standard, low and/or high level 
concentration level, analyzed at least once in every ten (10) samples} 

General QC/QA Practices, GC analyses: 
(a) outside contractor (Hewlet-Packard) for maintenance and repair 
(b) calibration program: correlation coefficient of the linear calibration 
(c) system. suitability studies for each parameter 
(d) daily- inject low level standard to evaluate the flatness of the baseUne, 
retention time, peak area. peak shape. Evaluate sensitivity and reproducibility 
ofthe analytical system during standardization. Efficiency and resolution check 
with calibration and qc samples {column check samples) 
(e) retention time window determination for each parameter: typical reproduc
ibility is ± 0.05 minutes 

11 
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General QCIQA Practices, GC/MS analyses: 
(a) outside contractor (Hewlet-Packard) for maintenance and repair 
(b) daily tunning to meet EPA criteria (DITPP for semi -volatiles: BFB for volatiles) 
(c) calibration program: correlation coefficient of the linear calibration 
(d) system suitability studies for each parameter 
(e) periodical determination of efficiency and resolution; column check samples 

General QC/QA Practices, microbiology: 
(a) maintenance of the area to avoid cross contamination 
(b) certification for the analysis of asbestos in air; performance is periodically 
monitored by outside contractor (PAT) 
(c) analysis of blanks · 
(d) BOD analysis- calibration curve. check standard and blank determinations 
(e) daily check of dissolve oxygen probe membrane. replacement when necessary 
(f) outside contractor. annual calibration of dissolve oxygen meter and autoclave 

QC samples that are used routinely 

11 

Trip blank:- analyte free reagent grade water prepared by the laboratory, shipped, and 
analyzed with the samples to detect accidental or incidental contaminatlon during 
transport. Used as the discretion of the Laboratory Manager and as required Mr 
specific project plan. 
Field blank:- reagent grade water provided by the laboratory that is transferred on site 
to an additional clean sample container to evaluate the environmental procedural 
effects of a sampling event; used to determine if contaminatio~ occurred during field 
sampling. Analyzed upon request of the client or Laboratory Manager. 
Equipment blank (rinsate blank):- reagent grade water provided by the laboratory 
that is passed through sampling equipment to determine the effectiveness of the field 
equipment cleaning procedures. Analyzed upon request of the client or Laboratory 
Manager. 
Method blank (reagent blank):- a blank used to check chemical reagent or process 
introduced contamination in the laboratory. Analyzed with each laboratory defined 
batch of samples (of up to a maximum of 20 samples per batch), or at the method 
required frequency. 
Quality control spiked blank:- standard reference materials spiked into reagent 
grade water or other blank material and carried through the entire preparation and/ 
or analytical process to verify or demonstrate method performance. AnalyLed at the 
method required frequency. 
Spiked sample-.(matrix spike):- a client sample spiked with standard reference 
materials ahd carried through the entire preparation and/ or analytical process to 
evaluate matrix spike effects on analyte recovery and accuracy. Analyzed at 5-10% 
frequency within a sample batch for metals and wet chemistry analyses or at the 



-
-

..... 

E!Tecttv~ llnlr 
02-21-92 

Ry RNI 

JA 

method required frequency. 

Suhje{'t s,.cttnn Nn. 9 

QUALITY ASSURANCE 
nl 11 

QUALITY CONTROL 02-21-92 

Unspiked laboratory duplicate:- a client sample which is slip and carried through 
the entire preparation and/ or analytical process as a replicate sample to evaluate 
laboratory reproducibility an precision. Analyzed at 5-10% frequency within the 
sample batch for metals and wet chemistry, or at method specified frequency. 
Spiked laboratory duplicate (matrix spike and matrix spike duplicate):- a client 
sample which is split. spiked with standard reference materials, and carried through 
the entire preparation and/or analytical process as a replicate sample to evaluate 
sample matrix effect on analyte recovery and accuracy as well as laboratory reproduc
ibility and precision. Analyzed for organic analyses with each laboratory defined batch 
or set of samples (of up to a .. maximum of 20 samples). or at the method required 
frequency. 

The following are added to field and quality control samples for organic 
analyses: 
Internal standards:- compounds that possess similar chemical and physical prop
erties to the targetanalytes.Added to samples and ex::.ractc prior to analysis, and used 
as retention and response reference points and to verify instrument perfonnance. 
Evaluated as specified in the method. 
Surrogates:- compounds that possess similar chemical and physical properties to the 
target analytes. Added to all samples to check for matrix effects or other difficulties 
related to method application. USEPA CLP and SW-846 recommended surrogate 
recovery limits are used and reported when available. 

Speciftc QC/QA practices for each parameter tested: 
For every batch of sample analyzed, a series of quality control samples are 

analyzed to assess precision, accuracy and the validity of the analysis. These data are 
reviewed before the release of the data. 

The following summarizes QC/QA practices routinely performed at Bec:kton: 
(a) only validated methods accepted by regulatory agencies will be employed 
(b) demonstrate the proficiency of the analyst by analyzing replicate quality 
control check samples for each parameter, determine recovery and check with 
accepted criteria. 
(c) each testing batch (or each parameter analyzed for pennit compliance) must 
contain at least one blank, duplicate, and/ or spike (as applicable) on 5% of the 
samples, or at least in one sample per month. If the analysis frequency is less 
than one sample per month, duplicate and spiked samples must be run for each 
analysis. [For Puerto Rico Aqueduct and Sewer Authority, duplicate samples are 
not required for -eolor and temperature: spiked samples are not required for: 
acidity, alkalinity, bacteriological, color, dissolved oxygen. hardness, pH. oil and 
grease, radiological, residues, and temperature] 
(d) to determine precision and accuracy Beckton Envrronmental Laboratories, 
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Inc. will: 
• analyze replicate quality control check samples 
• analyze performance samples obtained from an external source (United 
States Environmental Protection Agency; Environmental Resource Associates 
(ERA), or similar) for each parameter at least once a year 
• precision is characterized by the degree of agreement of a measured value to 
another measured value. Precision measurements are performed for each 
parameter according to the specification of the particular method employed. 
• for each type of replicate sample and matrix spike I matrix spike dupli£ate 
pair, precision control charts are developed, limits will be established based on 
standard deviations with upper and lower limits being established at three 
times the standard deviation above and below the central line or according to 
the requirements of the methodology. Upper and lower warning limits are 
established at twice the standard deviation above and below the central line 

Calculations to determine precision 
Precision is calculated as follows: 
Relative Percent Difference 

RPD =([A- B]J(A + B)/2} x 100 
where: RPD = Relative Percent Difference 
A = replicate value 1 
B =replicate value 2 
Range Control 
R= A- B 
X= [A+ B]/n 
where: R =range 
X = average value 
A = replicate value 1 
B = replicate value 2 
n = 2 (single duplicate pair) 

To graphically represent the data of numerous duplicate pairs on control ~·· 
charts, the following calculations are performed: 

Grand Mean = X = Sx/n 
Mean Range = R = SR/n 

where: X = average value 
· R= range 

n = number of data points 
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UCL = 3.27 (R) 
UWL = R + 2/3(3.27R- R) 

where: R = mean range 
UCL = upper control limit 
UWL = upper warning limit 

QUALITY CONTROL 02-21.-92 

To determine if the proper range control chart is being used for evaluation of 
duplicate pair of results. the X control chart may be used: 

Control limit for averages: 

UCL =X+ 1.88(R) 
LCL = X - 1.88(R) 
UWL =X+ 2/3(1.88 R) 
LWL =X- 2/3(1.88 R) 

where: X = Grand mean 
R = Mean range 
UCL = upper control limit 
LCL = lower control limit 
UWL = upper warning limit 
LWL = lower warning limit 

»until sufficient data have been generated to calculate acceptance limits, the 
following limits will apply: 

Range:± 2 times the practical quantitation limit 
RPD: ± 25% 
Acceptance limits are calculated as follows. where x represents the individual 

values and n is the number of values: 
Upper control limit. UCL 3s 
Upper warning limit. UWL 2s 
Center line. X (Sx) In 

Acceptance limit will be updated quarterly at a minimum whenever 10 or more new 
values have been generated. The summary of acceptance limits is revised and 
distributed to the appropriate lab group after each update 

» corrective actions are taken when data fall outside the warning and control 
limits 
, spiked samples are used to monitor accuracy; percent recovery for each 

# ,. 
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parameter Will be calculated and compared to established limits . 

Calculations to determine accuracy 
Accuracy is calculated as follows: 

Accuracy, R = [(X-T)/Kl * 100 
where K= known addition of the spiked compound 
X = analytical result from the spiked sample 
T = analytical result from the unspiked sample 
R = Accuracy = % Recovery 

02-21-92 

-:· 

Standard deviation (Sp) is used for determining the variation among several recovery 
samples. and establish upper and lower warning and control limits. Standard 
Deviation is calculated as follows: 

Sp = [(Ri-R)2 /(n-1))'"" 
Sp = standard deviation of % recovery 
Ri =observed value 
R = mean or average of all observations 
n = number of observations 

,, construct accuracy control charts, limits will be established based on standard 
deviations with upper and lower limits being established at three runes the 
standard deviation above and below the central line or according to the 
requirements of the methodology. Upper and lower warning limits are estab
lished at twice the standard deviation above and below th~ central line 

Calculations to determine control limits for ac<l' 1racy 
Control limits are created to determine the acceptable range of analyte recovery and 
are used to compare actual spike recovery results against past spike recovery results. 
Control limits are calculated as follows: 

UCL=X+ 3 Sp 
LCL =X- 3 Sp 
UWL =X+ 2 Sp 
LWL=X- 2 Sp 

where: UCL = upper control limit 
LCL =lower control limit 
UWL = upper warning limit 
LWL =lower warning limit 
Sp = standard deviation 
X = spike recovery average 

f 
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Until sufficient data have been generated to calculate acceptance linlits, the 
following limits Will apply: 

Inorganic chemistry (wet chemistry): ::t 25.0~1, rernvery 
Metals: ::t 25.0% recovery 
Organic chemistry- volatiles: ± 25.0°/o recovery 
Organic chemistry- semi-volatile: ::t 50.0% recovery 
Other analysis:± 25.0% recovery 
Acceptance limits are calculated as follows, where x represents the individual 

values and n is the number of values: 
Parameter Symbol Formula 
Upper Control Limit . UCL X + 3s 
Upper Warning Linlit UWL X + 2s 
Center Line X Sx/n 
Lower Warning Limit L WL X - 2s 
Lower Control Linlit LCL X - 3s 

Acceptance limits are tested initially by determining the percentage of points 
falling in the range X± ls. It is expected that approximately 68% of the data fall within 
this range. If< 50% of the data fall Within this range, the limits are suspect and must 
be verified prior to use 
» corrective actions are taken when data fall outside the warning and control limits 
)) out of control situations:- whenever an out-of-control situation occurs. with the 
possible exception of matrix spike recoveries. corrective action is required prior to 
continuation of the analysis and or reporting the data for the entire batch. The 
corrective action taken for each out of control event must be described in the anaiysis 
log. 
The following are considered out-of-control situations: 

exceed the acceptance limits 
1 point outside the control limits 
2 consecutive points are outside the warning limits 
7 consecutive points are on one side of the center line 
7 consecutive points increase or decrease 
an obvious cyclical pattern is observed in the distribution of points 
In order to evaluate the data in this manner, the quality control data will be 

graphed on control charts or tabulated in chronological order. 
» addition of surrogate standards; surrogate compounds spikes of blanks, 
calibration standards, samples and matrix spikes/matrix duplicates 
• any other QC I QA practices indicated by the reference method or the 
laboratory SOP.: 

(e) an annual report summarizing QC/QA activities Will be produced at the end 
of each year summarizing duplicate and spike samples; field. trip and laboratory 
blanks: any other QC/QA activity it deems necessary 
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(f) identification of outliers:- outliers. which are excluded from the data used to 
calculate acceptance limits. are identified following statistically acceptance 
procedure (ie. procedure described in ASTM El78-80. Sections 4.1 and 4.2~ Q
test; etc.) 

9.1 Quality documentation 

11 

The quality documentation include the system for maintaining necessary 
records and reports and for updating and controlling the issuance of technical 
documents and operating procedures. Document control at Beckton Environmental 
Laboratories. Inc. include: 

1. sampling procedure 
2. calibration procedures 
3. analytical and test methods 
4. data collection and reporting procedure 
5. auditing procedures 
6. sample receiving and storage 
7. computation and data validation 
8. quality assurance manuals 
9. sample data sheets 
10. analytical and testing reports 
1 ~. laboratory notebooks 
12. validation reports 
13. calibration and preventive maintenance records 
14. chain-of-custody documentation 

The quality records listed above which are originated and maintained as hard 
copies will be retained for a period of three yearn in laboratory files. After the period 
they will be reViewed for disposition. Records generated by computer will be retained 
in that format 

The laboratory manager will maintain full control over the distribution of 
documents. The laboratory manager will issue new documents whenever a change is 
made to a controlled document. 

9.2 Data validation 

Data validation is the process in which data are checked and accepted or 
rejected based O-!J. a set of criteria. This involves a critical reView of a body of data in 
order to identify spurious values or outlying observations. 

Both the technician and the laboratory area supervisor will inspect the results 
for questionable values. The criteria for determining extreme values are derived from 
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prior data obtained from similar tests or analytical work. 

9.3 Corrective action 

This section describes the procedures for correcting a departure from standard 
of any sort. fixing responsibility for the action to be taken. documenting the steps 
taken, and securing a report on the resolution of the problem. 

Kinds of corrective action 
On the spot or immediate- to correct or repair nonconforming data or equipment 
malfunction of equipment:- the operator has the responsibility for conducting 
immediate corrective action. Plan of action: 

1. found in method SOP being used 
2. troubleshooting checklist provided by the laboratory 
3. troubleshooting guides provided by instrument manufacturer 
4. in the event that the solution to the problem is not found in the sources above, 
or is beyond the capabilities of the operator, he will report his finding to higher 
authority 

Long term- to eliminate cause of non-conformance and take measures to see 
that they do not recur. 

The steps comprising the corrective action system are: 
a. define the problem 
b. assign responsibility for investing the problem 
c. determine corrective action to eliminate the problem 
d. assign and accept responsibility for implementing the corrective action 
e. establish the effectiveness of the corrective action and implement the 
correction 
f. verify that the corrective action has eliminated the problem 

Other types of corrective actions: 
Sample problems:- individual samples or matrix problems are usually handled 

within the analytical laboratory. Corrective actions may include repreparation andre
analysis, clean-ups, dilutions or matrix modifications. All actions taken are docu
mented With the analytical results. 
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AVA440 7470A 0.5- 10 ugtL 5 point cal. Daily; every 10 samples .. <0 "' Mercury, cold vapor rr; c. 0: 

7471A 0.5- 10 ugtL 5 point cal. Daily; every 10 samples 

~ Atomic absorption. Jarrell Ash As 206.2J7060A 5- 50 ug/L 5 point cal. Daily; every 10 samples 
H graphite furnace CIF 188 Se 270.2.'7740 5 ·50 ug/L 5 point cal. Daily; every 10 samples 

~ Pb 239/7421 5-50 ug;L 5 point cal. Daily; every 10 samples 

< ~ CJ 213.2/7131A 1 · 10 ugtl. 5 point cal. Daily; every 10 samples 

>< ~ 
Ag 2722/7761 1-25 ug;L 5 point cal. Daily; every 10 samples 

H 

~ til 
::z: Atomic absorption, Jarrell Ash :\.1 202.117020 0.8-lOug!L 5 point cal. Daily; every 10 samples lk1 H 

Ill 

~ >I flame Smith-Hieftje 72. Sb 204.1!7040 1- 20 ug;L 5 point cal. Daily; every 10 llamples 
~ 
~ Ba 208.1!7080A 0.3- 9.0 ugiL 5 point cal. Daily; every 10 samples 

~ CJ 213.1/7130 0.01 - 20 ug/L 5 point cal. Daily; every 10 samples 

~ 
Ca 215.1t7140 0.1- 3.0 ug;L 5 point cal. Daily; every 10 samples 

.... 
Cr 218.2/7190 0.03- 1.0 ugtL 5 point cal. Daily; every 10 samples c.J 

Ql . .., 
Cr V1218.4 0.04- 1.0 ug/L 5 point cal. Daily; every 10 samples .c 

= rrJ Co 219.1/7200 0.05 - 5.0 ugtL 5 point cal. Daily; every 10 samples 

Cu 220.1/7210 0.03 · 4.0 ug;L 5 point cal. Daily; every 10 samples 
Fe 236.1/7380 0.1 · 3.5 ug/L 5 point cal. Daily; every 10 samples 
Pb 239.117420 0.04- 2.0 ug/L 5 point cal. Daily; every 10 samples 

N < 

I 
Mg 242.1!7450 0.1 - 3.0 ug;L 5 point cal. Daily; every 10 samples 

.,O'l I-:) Mn 243.1174«1 0.05 - 5.0 ug;L 5 point cal. Daily; every 10 samples -I 
<0.--{ H Mo 246.1/7480 1-20 ug/L 5 point cal. Dailr; every 10 samples ON 

~ 1l ~I > 
Ni 249.::!./7520 0.10- 3.0 ugiL 5 point cal. Daily; every 10 samples '£N E .;;o Q. 

K 258.1!7610 0.05 - 1.5 ugiL Daily'; every 10 samples ..... 0. 5 point caL to; CQ <: 
I Ag 272.217760A 0.03 - 1.0 ug;L 5 point caL Daily; every 10 samples 

I Na 273.1/7770 0.05 - 2.0 ug;L 5 point cal. Dailv: everv 10 samples 

( [ I L I [ ( l { { 
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Spectrophotometer Spectronic 200 Phenolics 0.05 - 1.0 mg/L 7 point cal. Per batch; after 
420.1 10samples 

z Boron 0.0001 - 1.0 mg/L 5 point cal. Per batch; after 0 
H 213.3 10samples E-4 

ES Cyanide 10-200 mg;L 7 point cal. Per batch; after z 
< ~ 335.1 lOsamples 

>< ~ 
COD 0.50- 50.00 mg/L 11 point cal. Per batch; after 

H 10 samples IE til z Surfactants 0.001 - 1.20 mg;L 5 point cal. Per batch; after ~ H 
ll< 

~ ~ lOsamples 
~ 
E-4 

~ Turbidimeter Cole-Palmer Turbidity 0.50-40 NTU 3 point cal. Per batch; after 

j meter Model 8391-35 lOsamples -u 
~ .... 

.&:1 Fluoride Ion Fisher Fluoride 0.001 - Z.OO mgtL 9 point cal. Per batch; after = crJ 
Activity Electrode Mode1950 34Q.2 10samples 

.. 

pH meter Fisher pH 4- 10SU 3 point caL Per batch; after 
lOsamples 

N 
~0'1 < Conductivity meter Cole-Palmer 0:-oductaoce 0.01 NKCI@ single point Per batch; after . 
"I lj 
or-i H 

120.1/9050 1496 umbo/em 10sam_£1es .,N ~ 1l 
>I > 
~N c: ... 
~0 s:>. . .... s:>. 
t.:: c::: < 

( L [ [ l I ·l l l 
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;,..: ..., Instrument Model Methods Range Procedure I Frequeocv c "8 
"' .. "' ·~ 01: ;: 

~ .. 
(/) Po. ex: TI 279.1/7840 0.5- 10 ugtL 5 point cal. Daily; every 10 samples 

So 282.1/7870 1-lOug/L 5 point cal. Daily; every 10 $3mples 
z v 286.1/7910 2- 75 ug/L 5 point cal. Daily; every 10 samples 
0 
H Zn 289.1/7950 0.01- 0.4 ug/L 5 point cal. Dailv: everv 10 samples ~ 

ES 

< ~ 
>< ~ Range Procedure Frequency H Instrument Model Methods 

~ 
Cll z Gas chromatograph HP 589Q U 601/8010 1.0- 100 ugimL 3/5 point cal. Initial; after 10 H 

~ injections 
~ ~ 

~ Gas chromatograph HP 5890 II 602/8020 1.0- 100 ugimL 3/5 point cal. Initial; after 10 

i injections 

j 
608/8080 1.0- 100 ugimL 3!5 point cal. Initial; after 10 

.... injections 
(.J 

8150 Compound qJ . ..., 
..0 
::I Dependent (ug'mL) en 

0.5- 10 ug.'L 5 point cal. Initial; after 10 
0.10- Z.OO ug!mL 5 point c.al. injections 

N ~ Gas chromatograph/ HP 5970 624/8240 20- 20(1 ug!L 3/5 point cal. Initial; every 12. 
~~ mass spectrometer 10-50 ug/L 3!5 point cal. hours 
c.-~ H 
CIIN ~ al 625/8270 20- 20(1 ug/L 3!5 point cal. Initial; every 12 
·~ f > 
'-'N E hours ~0 0. 

>. 0. 
w = < 613/8280 20-200 og 3!5 point cal. Initial; every 12 

hours 

r ( [ ( ( ( 
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tfj c.. eo: Ion Analyzer Lacbat 1300-000 Total Pbosphurus 0.001 - 4.0 mg/L 7 point cal. Per batch; after 
in Kjeldahl 10samples 

~ Digest (365.1) 
H 
E-1 

~ Nitrate & 0.02 - 20 mg/L 6 point cal. Per batch: after 

~ Nitrate lOsamples 
~ 

Nitrite (353.2) 
X ~ H 

~ 
en z Chloride (325.2) 1.00 - 100 mg:L 9 point cal. Per batch: after H 

~ 10samples ~ ~ 
0 

~ Ammonia 0.010 - 2.00 mg/L 7 point cal. Per batch; after 
0 (Phenolate) 10samples 

... :s 350.1 
1.1 
<1.> . .., 

.Q 

Alkalinity 10-500 mg'L 6 point cal. Per batch; after = en 
!methyl organge) lOsamples 

310.1 

Phosphurus as 2.00- 100 mg~L 6 point cal. Per batch; a[ter 
N < Orthophosphate 10 samples .:.0'1 t-, 

-I 365.1 "'rl 
ON H i ~I ~ .. 
·:::N 0 

Per batch; after ~0 
.. 

Sulfate 2.00- 40 mg~L 5 point cal. Q. 
>. Q. w CQ -1' 

(Methyl thymol 10 samples 
bluel375.2 

l ( ( l [ 
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TKN asNH3 0.001 - ~.00 mg!L 6 point caL Per batch; after 

~ 
351.2 tO samples 

0 
H 
E-i 

es 
~ 

~ ~ 
>< ~ H 

~ 
tl'l 
~ 
H 

~ 

~ >t 
ll:: 
0 
E-i 
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Beckton Environmental Laboratories. Inc .• being a highly computerized and 
instrument oriented laboratory, maintains maintenance contracts with m~jor instru
ment manufacturer. Beckton performs routine maintenance to prevent instrument 
malfunction and :minim:ize downtime, and optimize instrument capabilities 

The schedule of preventive or routine maintenance checks are, in general. 
outlined within the specific equipments' operators manuals and in the analytical 
procedures performed. The laboratory maintains an inventory of replacen1ent parts 
for all analytical instrumentation. 

Analyst are trained to respond to instrument maintenance needs. Criteria for 
this type of maintenance is based on instrument performance. Failure of instrument 
to perform according to stated methodologies and criteria limits drives the need fg.r 
daily maintenance. 
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IlECKTON FNVIHONi\IFNT;\L 

! LAJlOHATORIF.S. IN(· . 

F:TIIICS ANU lli\ TA INTF:GRITV AGRF:F:l\fF:NT 

f. f, RAFAEL INFANTE , :o;tnte th:'lf I mufrr.;tnnd lhr hiJ!h 

!thtndttrtk of int"'rity tt'quind or nu~ with r~1trd to the duti~ f perform 11nd the dnht I 
rtpnrt in tonnrcfion with my mtploytnt'nf At BECKTON ENVIRONMENTAL LABS., INC. 

If. J --~that in the ~rfomtnnce of my dutle. at BECKTON ENVIRONMENTAL LABS~' __ :Nc. 

Ill. 

tt. I !!;hall not inteminnnlly tt'porf dnht ""'"~ thnt nre nnt the nctunl ,-nlm';'; nhtniurti; 

h. f !'lh!tll nof JnfE'ntionRIIy rrport tht' dnt~ Rnd time. of d:\fn snU1Iy!'>eo; thnt nrt' nnt thr 
ttctuttl daf~ ~tnd fimeo~ of data annly!'l~; and 

t. I !!hAll not intentionally t('pt~f'nf ''"other indhidunl'!! '\\'ork n!l my own. 

I agrt>e lo inform MR • JORGE ARRUFAT ---- ur ltll:f 

ted dental nporti~ of non-Authentic dnta hy my~E'If in a timt'ly mnnnt'r. 

IV. f Jt~r~ to infomt ~- JORGE ARRUFAT . __ -------- nf nn}' 
atddenhtl or Jntentionnl rrportinJ! or non-nuthentlc dntlt hy otftt.'r rmplity('C';. 

------------
rn nnxtnn 
rt I'.Yfl c:: r" 11nrr 
rnnc:r. r n nn7:t1 11nn 

II 1 iJ''"') !11 t ;,, .. 1 

r "v rt"""'l n,! -., •., 
,., .... ,,, .·. ':! t'tl'f' r· r q 
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a HECKTON FNVIRONi\fFNTAL 

Li\HOnATORIFS. IN(·. 

"" 

I. 

F:TIIICS ANIJ IJAT A INTEGRITY AGRF:F:MF:NT 

f, JORGE ARRUFAT , !;Cnf~ Clmt I und«'r-;lnnd tht> hiJ!h 

!'ltandar~ of lnf~nfy r~quir~d of m~ with r~1trd to the dutieo; I perform and the rlntn I 
npnrt in ronnf'Ction with my Employrnt"nf AI BECKTON ENVIRONMENTAL LABS· , INC· 

11. I Baret' that in the ~rformnnr~ of my dutie1 sf BECKTON ENVIRONMENTAL LABS_:_' --~NC • 

Ill. 

IV. 

1. I ~hs"l not inten1itmnlly report dnt.R nln~ thnf ne nnf the nctunl l'nlnM ohtniu('d; 

h. I ~hnll not infenfion11lly nporf tht" dnh~ snd time1 of dnfn nnnl)·!:~ fhnf nr·e nut Ht(' 
actuAl dttfe!'l llnd Cirnt"!'' of dafll annly!lt'!!'l; and 

c. I !'lhllll not infenfionnlly t('preo;enf nnother individunl'!'l lmrk n~ my own. 

la~rte fo infnnn LCDO. RAFAEL INFANTE ---- _of nny 
attfdenfllf tt>porti»R of non-authentic: dntll hy my~elf in 11 limt'ly mnnner. 

, LCDO RAFAEL INFANTE 
ls~r~ to rnfom1 • _ --------- nf nny 
llcddentJII or intenflonnl rrporthtR of non-lltlfhenffc dnfa hy ofht'r l'lttplny('e';. 

·-·------··· ---------- ·-- 11 1 "'''"' n 11 .-' · ' 
I /' v !('"~"~l ft 1 1 ·~ 1 ' ro nox 1f11J 

rr 11 Y" <: r " ""' J 
ronr.r_ T' n no;:-~ 1 , 1m1 

,,, ,., ,., !"'''!~ t I' fl 



-
-
-
-
-
-
-

-

-

-

-

Page 4 of 19 

flEf'KTON FNYIRONI\TFNTA I. 

/ LA BOIL\TOIU FS. IN(·. 

ETJIJCS ANn UA T A INTF.GRITV AGRF:F:MF:NT 

I. I, JOSE RENTAS , ~fnf~ tlt:lt I untlr~tnmf lhl' hiJ!h 
!lfandum nf lnt~rily tE-qnirtd of me with r~ud to the dufi~ J ptr fonn nnd the rla1ln I 
rtpotf in connt'Ction with my mtploymf'nf 11f BECKTON ENVIRONMENTAL -~~~~--I}~<?· 

Jl. 

m. 

I qnt! Chat in the ~rfonnnnce of my dutie.o~ 1l( BECKTON ENVIRONMENTAL LAB~_:- _• __ INC. 

a. J ~hAll not inftmitmnlly rf'porf dnfA '"'"~ thnf Are nnf the nchml "nhtM ohfnitu•d; 

b. I 11hnll not int.-ntionnlly report fh(' dnf~ 11nd fintecr of dafn nnnly~M thnf n-rt' nnf fht' 
11cfunl d:df'!'l nnd fimeo; of dnfa 11nnfy~>~; 11nd 

c. I !lhall not intentionally rf'prec;enf Another individnnl'~ wnrk n~ my onn. 

I ll~r~ fo infonn LCDO. RAFAEL INFANTE ------ of nny 
tcddmtal rrportinR of non-authentic dnhl hy my~eff In 11 timrly mnnner. 

IV. I ll~rf'f' to infnmt LCDO. RAFAEL INFANTE _ ----------- nf auy 
ttcddenh•l or intentional rrportiUR of non-1mthentlc dnta hy olhrr nnplnJ~. 

------------ --:--- -· II I I"''''~ <111 · ' .. , 
. ~ . ' 

r1 !t. Y fl. ~ 1 II I I'" I , , . ' ''I ' r . •• ' f ·~ ,, ". r- ,. (I 

rnr v·r r· n nn ~,,, 111"1 
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llECKTON ENVIRONI\IFNTAL 

LAHOHATOHIFS, INC. 

ETHICS A Nil OAT A INTEGRITY AGRF.F.I\fF.NT 

I. I, MARIA DEL C. PAGAN , :o;tnt~ tlmt I mulrr:o~tnnd th.- htJ!b 
!lhlndard~ nf int"'rify rttquirrd of m~ with r~11rd to fh~ duti~ I perfonn 1uul lin• d:llln I 
~rfln cnnnf'Ction ~·lth my mtploymenf at BECKTON ENVIRONMENTAL ~S_.:. ___ _ 

11. Ia~~ th11t in thf! ~rfunnnn<"e of my dulleo; at BECKTON ENVIRONMENTAL LABS. 

Ill. 

11. I !'!hall nof inleniionnlly report dnta ulueoi that Rre not the ncfunl ,.nlu~ ohlaiucd: 

h. I !'lhllll not infttntioru•lly rrport fht' rlnh':'l lind time.or of dntn nnni}":'IM lhnt nrf' nnl lht' 
actual date.or 11nd time-; of dnt.n annfy!'leo~; and 

c. I !'!hnll not infentionnlly rt'pn~ent Rnothcr indiTidunl'!i! n·ork no; my "''"''· 

lagrf1! to infonn LCDO_..__RA.f.AEL.._INFAN.TJL_______ ------ of nny 
acddental rt'portinR of non-authentic dnta hy my!'!elf in 11 timely manner. 

IV. l11"r~ to infonn LCDO. RAFAEL INFANTE -·----- nf nny 
accidental or intentional rt'portinR of non-nutlu~ntic dnta hy other enipln}"reo; . 

... 

r 11 nnx 1 nn 
r·r ,.,a, ~ r '" rcr r 
rrJtiCF. r n Orli'H 1 I <1rl 

f I J fUtl'l) p' I ;·~ .-·1 

1 "·' "'lt'h n•1 

!'>:'\ill I 1\ ,. I l'fl(f!T f' II 
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JJECKTON EN, -~~ONI\IFNTAL 

LABOnATOJUES. INC. 

ETHICS ANn IJATA INTF.(;RrrY AGRF.F.I\IF.NT 

I, GRISELDA BERENCIA , !'ifnfe lhnt I tnufrr;r;tnnd lhf' hiJ!h 

!ffAndard'f of inf~rify rtqnirt'd of "'~ ~-ifh rfORRrd to fh~ dnti~ I per fontt nnd lht' dnll1 I 
npori in c:onnedion "·ith my mtploymenf at BECKTON ENVIRONMENTAL LABS. ____ _ 

11. I~~ thst in the ~rfunnnnc:e or my dutlec; 11f BECKTON ENVIRONMENTAL LABS_: __ 

11. I !lh~tll not intentionnlly r't'porf dnf~t ulue:o; thnt nre not the nchml Tnhrr.o; ohfniucd; 

h. I !'>hAlt not inftnfionsdly report the dnf~ tmd lime'! or dnfn nnni}'~C:'l thnf nn• nnf the 
ufu~tf d11fe'! and fime:o; of dnfa annly!!e'l; 11nd 

c:. I !!hAll not intentinnnlly rtpre-;rnf another indhidunl•!! work n!'i my own. 

lit. I agr~ tn inform LCDO- RAFAEL INFANTE __ _ ------ of nny 
uddental reportinR of nnn-nulhenfic dnta hy my!!elf in a timely mnnner. 

IV. l11~r~ to infonn LCDO. RAFAEL INFANTE __ ------- nf 1111}' 

accidenflll or infenfionnl rrportinR of non-nuthentic: dnfa hy other nitpln}·reo;. 

ro nrw 1no 
rll\'(1\ ~ T 1\ TICrJ 
rr)~Jcr. P n nnn-1 11'~<1 

(Signntrm} 

It I I'""'! n t I :·1. 1 
f ,a.v ltlt•'H f1 f I -·l ,., 

t ,, •• \'U I t\ •: ( r•r \r !' r· r' f! 
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L\BORATORIF.S. IN<·. 

ETHICS ANI> I> AT A INTEGRITY AGRF:F:l\1F:N f 

I. I, MARIA J • VIDAL , :o:fnfe th:d I urulrr.;fnnd lhr hi~h 
!lfsndard.~ of int~rity rtqnirt'd of me "·ith r~ud to tht' duti~ I pet form and lht dnh• I 
~rt in connection \\'ifh my employmt'nl at BECKTON ENVIRONMENTAL LABS. __ _ 

11. (a-~ that in tht' ~rformance of my dutl~ at BECKTON ENVIRONMENTAL LABS__: __ 

Ill. 

a. I ~hall not intentionnlly rrpnrl dnh• .nln~ thnf are not the ndnnl ,.nfur:o; ohtninrd; 

h. I :o:hnll not inh•ntinnnlly rrpotf fht dnt~ Rnd timeo~ of dntn nnniJ':O:M thnf nrr nnt flu:• 
actual dnt~ and lime'! of dnfn Rnnly:o:e:o;; and 

c. I :o:hall not infenHonnlly rrpre'lenl another indh·idunl':o: work n:o: my own. 

----I ll@fff fo inform LCDO. RAFAEL __ I'""NF'-'=-'AN'-"=T""E""---------
acddenfal tt'portinR of non-autht'ntic dnfa hy my~elf in a timdy mnnner. 

of 1111}' 

IV. I 11~r~ to infonn LCDO. RAFAEL INFAN'J.'E ________ nf nny 
accidental or intentionnl n·portinl! or nnn-nuthentic dnta hy olh('t nilployrec: . 

_, 

r• n ~ny tnn 
r·r fl."( 11 ~ r 1\ rrrJrJ 
rr,nr.r. r n nn ~11 11 ,.,, 

r .... v In, •. ,, ... ,, , ·., 

' ., " ·: n r ~" r~ r r ., ~· ,, r P 1 ' 
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fiECKTON ENVIIH )Nl\1FNT:\ I, 

LA HORATORIES. INC. 

ETIIICS ANn I>ATA INTEGRITY AGRF.El\1F.NT 

I, WANDA I- VAZQUEZ , ~fnf~ tlmt I tmd~r.o;tnnd th(' hi~h 
~h1ndard~ of inf~rily nquirf'd of m~ with r ... ttrd to th~ dnfi~ I perfnnn And fhf' daht I 
~port In connfftion "·itft my mtployml'nl llf BECKTON .!lliYIRO.NMEN.TAL_..LABs_ _ _ _ 

11. Ia-~ fh1d in fh~ perfomumce of my dufleo; llf BECKTON ENVIRO.NHENTAL._.LABS-__ 

Ill. 

a. I ~hall not intentionally report dnh• ulneo; that nre not the nc:tnnl ·rrrhr(':'l; ohfninco; 

h. I ~h111l1 no( lnfenlinnnlly report the daft'!'~ tmd elm~ of data nnnl}'~~ thnC nrt' nnf tile 
adual dAle'~ and lime-; of dnfa annly~e"'; and 

t. I ~hall no( infeneimmlly npreo;enf another indi-ridunl'~ work n~ my mnt. 

I ttgrf'f to inform Lrno _ RAPJ\ET. TNFZ\NTE ---- of any 
accidental rt"portinR of non-tmlht'nfit dnta hy my~elf in a timely mnnner. 

IV. I II~ rtf to inf omt LCDO- RAFAEL INFANTE -· _____ nf lUI}' 

acddenfal or intenlionnl rrporlinJ! of nnn-nuthentic dnfa hy other enipfnyrec; . 

.. · 

f' () f'I)Y H10 

r·r !'d 1\ r: r 11 r l'~fl , / v ,,,..,, u'' . 1' ' 

rnr zr-: F. r n on ;11 11 r.n 
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IlECKTON EN\ t1{0Ni\1FNTAL 

LABORATOfUES. INC. 

F.:TIIICS ANH UATA INTF.GRITY AGRF:F:I\fF.NT 

I. I, ROBERTO RUIZ , ~fnfe tlmf I tnulrr;fnnd thr ltiJ!h 
~tandard" of 1nt~rity r~quir4'd of m4' wilh tf'llltd to fh4' duti~ 1 per fonn 11nd fh«- daht I 

Ill. 

rqMJtiln connt"<:tion with my t'mployment at BECKTON ENVIRONMENTAL LABS....._ ___ _ 

a. I ~hall not intention11lly rt'port data uhrl'!'l that Rre not the ncfnnl fnlut':"\ ohtniru~d; 

h. I !lihRII no( inl~ntinnnfly report lht' dnf~ Rnd time!'! or daln nnnl~·.;c-; thnf Rl"«' nnf the 
acfuRI dnt~ And timl'!'l of dnfa annly~l'!'l; and 

c. I !!~hall not intentionally rrpreo;ent another indi•idunr·~ \vork R!i nry 11\\'11. 

( atr~ ht infonn LCDO. RAFAEL INFANTE _ ------of nny 
uddenfal reportinf( of non-nuthenlic dnla by my~elf in R timrly manner. 

IV. ' a~t4'4' to infomt --LCDO RllFJ\ET INl?li,NTE . - ------ ur nny 
acddenhal or intentionnl rrporfinR or nnn-nufhenfic data hy othrr Mitplny~. 

·-· 

r o nnx rnn 
rt AYA r, T A llf)rJ 

f'C'JtiCF. r rt noi11 11110 

(SfgnatrtrtJ 

(IJntd 

I I I (U!H1J,. I I . '1"'1 

1 ;" v ,n,,.,~ o 1 t -, t·l 

I":" '/!I I -~ '~ 1 I 'rlf fi'F f' 11 
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TlECKTON FN\ a~{ON!\IFNTA L 

LA IHH~A TORIES. IN(·. 

F.:TfiiCS ANn IJATA INTF:GRITY AGRF:F:I\1F:NT 

I. I, ANGEL L. VERA , ~fnfe ffmt I mufrr.;fnnd fhr hil!h 
!!fJindllrd~ or lnf"Jrify r~quin•d or me w·ifh r~Rrd fn the dufiM I perfonn !lrtcl flu• dnh• I 
l"fPPO1 In conn~fion wit II my mtpfoymt'nf 11f BECKTON ENV!RQ_~.AL_I;.AB.S_. ____ _ 

ll. I ~r~ fhal in ff1(" ~rfonnnnce or n1y dufleof at BECKTON ENVIRONMENTAL LMS_. __ 

Ill. 

a. I !!hall not intenfionnl1y rt'port dnht '"lue.o; tlulf nre not the ncfunl Tnlu~ ohlnincd: 

b. I ~hnll not intentionnlly report the dnf~ tmd time:or of dntn nnnl,·~~ fhnf nn• nnt fht~ 
acfuAI dnfe:or lind time."! or dnfn Rnnly~eor; and 

c. I !!hall not intenfinnnlly rrpre:orenf another individunl'!! work nc; my ""'11. 

ft8r~ fo infonn LCDO. RAFAEl. INFANTE -------of nn~t· 
ac:ddtntal nporfinR or non-nuthenlic dnfn hy my~elr in 11 timely numner. 

IV. IR"r~ fo infonn LCDO. RAPA,!ll. INFANTE . _______ uf nn~r 
uddmtal or lntenfionnl rrportinR of non-nuthentic dnfa hy other l"tnplny('(':';. 

f' 0 f"lX wn 
r1 fl'(fl ~Tflll"ll 

rr)~rr.r. r· n no71-11H111 

-\- ,;:_.t(\..LLP--'-<-~- .::J...y -/ f' p:.;;;_ . 
1 ,,, 

I r I I"'''') PI I .--~- 1 

' .• v '""t'n n ~' -., 1 ., 
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HECKTON EN\ 1f{0NI\1FNTAL 

LAilORATOHIES, INC. 

F:TIIICS ANn nATA INTF.GRITV A(;RF.F.l\IF.NT 

I, HILDA SOTO , ~tnt~ thnt I unclrr.;fnnd fhr hiJ!h 
~tsndard~ of lnf~rily rt>qHirt'd of ntf with r~11rd to the dufi~ I JU.•rfonn And lltP dnfa I 
~rf In connt'Ctfon with my tntployrnt~nt at BECK TON ENVIRONMENTAL LABS~--·· 

11. I ll.rft th11t in the ~rform11nce or my dutleo; 111 BECKTON ENVIRONMENTAL J.ABS •----

Ill. 

a. I ~hall not intentionnlly rt'port dnla "'luer; that 11re not lhe nchml rnlur:o: ohlaincrl; 

b. I !!~hall not inft'ntinnally report tht> dnt~ tmd time-~ or dntn nnnt,-~(':'; tltnf nre nnf the 
adusd dnt~ lind time'! or dnfll llnnly~eo;; lind 

c. I !'lhllll nof infentionnlly r('prer;enf smother indhidunl'!'l nork n~ my own. 

I awre~ to inform I.CDO RAFJ\EI. INFANTE ---- or any 
acddmtal reportinR or non-11ufht'nfic dnfa by my~elf in 1!1 tirn('ly mnnner. 

IV. l11~rff fo infonn LCDO. RAFAEL INFANTE _ -· ------ nf nny 
accidental or intentional rrportinR of non-nutht'nfic datl!l hy nfhrr ('fnpfnyrec;. 

----· ------
r• n fl(ly 1 no 
Pr 11 ·( 11 <; r 1\ r rr 111 

rrmr:r. Pn no7111•nn 

. ~-~~-----·- ---

(IJatf) 

II I f Ollf"1l f 1 1f , I · l 

I ... v' ffH•~), ,. 1 t I '1 

~ , ·• ·. If ! " ~~ 1 r .. , l' ,, r f' I' 
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BECKTON EN' .,{()NI\1FNTAL 

LABORATORIES, IN(' . 

ETHICS ANn HAT A INTf:(~JUTY A(;RF:F:MF:NT 

I. I, ELENA RONDON , :c;htfe tfmf I mulrr,c;fnnd fhr lti~h 
!ff•ndard~ of int~rify n~qnirt'd of me with r~ttrd to lhe dufiM I perform ttnd fht' dn1ht I 
npon In connection with my nnployment at BECKTON ENVIRONMENTAl. I.ABS-_ __ _ 

11. I a•ne that in the ~rfnmtance of my dulle.o~ at BECKTON E~S~--

a. I ~hall not intenti.onnlly reporf dnta 'fRitt~ lhnt nre not the nrtunf l'nlnt':'l nhtnined; 

h. I !';hRII not intentionnfly report lht' dnl~ and lime.o~ of dntn nnnl)':c;t':'l fhnf Art' nnl fhe 
artuRI date.o~ and lim~ of dnta annly!i:e.o~; 11nd 

~. I !!hall no( infentiomtlly rt'prec;ent !mother indi•idunl'~ work n:c; my 0\\'11. 

Jtl. I agrrt fo infonn LCDO. RAFAEL INFANTE ------- of nny 
tc:ddenfal rl'portinR of non-aufht'nfic dnta hy my!':elr in a timely rnnnner. 

IV. l11~r~ to infonn LCDO. RAFAEL INFANTE _ ------ nf nny 
ac::ddenf11l or intentiomtl rrporfin~ of nnn-nuthentic dnta hy nfher Mttplnyreo:. 

r • o nrw wn 
,., AY 11 s r .r..r I('" 
ro~1cr. r n nn ~:1-1 11 '1n 

(IJatf) 

'I I (CIII'l} p! 1 :.1.4

, 

r "· v Jftt•t)! n 11 ~.1 t'1 

1'1:-' \'U! f4, r~ f ,,, ,, !'·r· PI! 
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F:TIIICS ANIJ DATA JNTF:GRITY AGRF:F:I\tENT 

I. I, Jose A. Mercado , ~fnfl! lhnf I undrr.;fnnd lhr ltil!h 

"tandardo; of lnC~nty required of me with rf1(srd to the duCi~ I ptrfonn and the clnla I 
rtpOrt In connKcion with my t'ntployment at BECKTON ENVIRONMENTAL L1\.BS.-_____ _ 

11. Ia~~ that in the pufomumce of my dutleo; 11t BECKTON ENVIRONMENTAL..._LABS .• ___ _ 

Ill. 

a. I !!hall not intentionnlly rt>porf dnht •nhte'l Chat are not the nctunl T:tlur.o; ohfniucd; 

b. I ~hnll not intentinnnlly report tht' dnf€':'1 11nd time.1 or dnfn nnnly:c;M thnf nn• nnt the 
acfuRI d11fe.1 Rnd timeo; or dntn RnnJy~(':ll; llrtd 

c. I !!hall not intentionally rt'pre.c;ent another indiTidunl'~ wnrk n~ my nwn. 

118f~ to infomt LCDO. RAFAEL INFANTE ----of nny 
acddental reporfinJil of nnn-aufhl'nlic dnta hy my~elf in 11 timl'ly mnnner. 

IV. J 11~r~ to infomt LCDO. RAFAEL INFANTE __ ------ uf nny 
acddenf11l or intention:d rt'porlinR of non-nuthentic data hy uthrr Mitplny~. 

r n ruw tnn 
rt,WA ":T All('fl 
rQtrr;t=. r n nn 71-t 1 t ~,., 

.. \ 
II · . 

, - \ ,-.. ·..:.c- \ , r \ 
i . ·~ \ • ..• ', \\ 
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Page 14 of 19 
flECKTON EN\ lfH>NI\lFN'L\1, 

LABORATORIES. IN<·. 

F:TtiiCS AN() flAT A INTF:(~RITY AGRF:F:I\tF:NT 

I. I, HECTOR L MALDONADO , ~tnt«! fhnt I tnttfrr:c:tnntf lhr hiJ!h 
~tandard" nf int"'rity r~qnind of m~ with r~Rrd to fht! duti~ I prrfonn Rnd thf' dn~n I 
~rt in conn~tion "·ieh my ('nlployrnrnf llf BECKTON ENVIRONMENTAL LAa,S_.. ___ _ 

11. I--~ fh1tt in the ~rfnnnnnct! of my dufleor Rf BECKTON ENVIRONMENTAL .!-1\BS_,_ __ 

a. I ~hRII not infcnfiormlly rt'porf dntn ulueor thnf are nnt lhe ncfnnf mlu(':'li ohfninrd: 

b. I !'ihnlt not inft>nfinru•lly report lht> dnt~ and time-~ of dnfn nnnlyc;M thnf nr(' nnf the 
adm'll dat~ nnd tinu~ of dnht nnaly!';eo;; and 

c. I ~hRII not inft'nfionnlly rrpreo~ent nnother indi•idunl'~ work nc; my own. 

Ill. I agr~ fn inform LCDO. RAFAEL INFANTE _ ------of 111rty 

acddental reportin• nf nnn-nuthentic dnht hy my~elf in a timely mnnner. 

lV. la~r~ lo infonn LCDO. RAFAEL INFANTE _______ nf ntn}· 

accidental nr intenfion:d rrportin~ of non-nuthenfic dnht hy other rniplny~. 

-------·--·----
f' 0 flf1Y 1M 
rr flY/\ ":1/\ll'lr/ 
rrmGr. r n nn~11 ,,,n 

J J f (Ur''1) P 11 , .,,-., 

f : v ,,,.~,, r'! 1 · , t., 
,.,~'.'lfl/\'~l !''"!'r f'rf 
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ETIIICS ANIJ OAT A INTF:GRITV A(;REF:I\IF:NT 

I. I, NILDA LUGO , !~tnt«' thnf I undrrc;fnnd lhf' hi~h 
!'lfandarm of lnf~rify rtqnirt>d of mt with r~ard lo th~ dufi~ I perfonn and the dnht f 
~rl in t"onnfe:fion with my t'mployrnenf 11t BECKTON ENVIRONMENTAL LABS. __ 

11. fa·r~ lhat in lhe perfonnance of my duller; af BECKTON ENVIRONMENTAL_I.ABS. ____ _ 

111. 

II • 

b. 

I !!hall not inf~nfionnlly report dnta Tnlueo; thnf Rre not the ncfunl rnhiM ohtnim~d; 

I !~hAll not intentionnlly report lht> dnf~ and firtteo~ or dnfn nnnl}·~(':'; lhnf nre nnt the 
llt'fUIII dsdeo! 11nd lirne.c; or dnla Rnnly!'!eo!; and 

c. I ~hall not intenlionnlly rrpre.o;enf another indiTidunl·!'! "·ork n!'! my 0\\'11. 

I agr~ to infonn LCDO • RAFAEL INFANTE ---- ___ of nny 

ac:ddental nportin~ of non-nulhentic dnla hy my!lelr in 11 timely mnnner. 

IV. I 11~r~ lo infomt LCDO. RAFAEL INFANTE ·-·----- nf 11111}' 

tcddenfal or infentionnl rt'portin~ of non-Ruthmtic d:1h1 hy other n1tph1}'re". 

r n nnx 1 no 
P1 k<" ~ r /\ r I', r 
ro~JCF. r rt oo71·111P'l 

/ (/Jatt} 

I I I t"''''l rt'' .""'! ~ l 

I .". v "'"''~ ct 1 f .- ., ~ ., 

• ":' '/II I '\ '~ I I'' lf J' 'f f' I I 
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RECKTON EN\ d~ONI\lFN'L\ L 
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LABOnATORIES, IN(·. 

ETHICS AND OAT A INTF:GRITY AGRF:E!\IF.NT 

I. I, LESBIA FEBLES . , ~tnte thnt I mul('r.;tnnd th(' hi~h 
~tandard~ of inf~rily rl'quirl'd of me with Tf11!11rd lo I he dufi~ I per fonn and I hi' d:-sh• I 
rt"pOrt in connfl:tion with my l'fl1ploymt-nt at BECKTON ENVIRONMENTAL LABS. ----

Tl. I qrff that in the perfonnance of my dutleo; at BECKTON ENVIRONMENTAL ~s -=----

a. I 5hsdl not intrnlionnlly rl'port dnla ulu~ thnt su-e nol the nclnnl Tnlu~ nhlnim~d: 

h. I ~hnll not lnltntioru•lly report lht" dnt~ and limeo~ of dnfn nnni}"~M thnt "'" nn( lhe 
aduRI dnfeo~ Rnd timeo~ of dRill annly~eo~; and 

t. I ~hall not intentionnlly npre'ltnt Rnothel" indil'idunl'!! "·ork n~ my own. 

Ill. J a~rff to infnnn LCDO. RAFAEL INFANTE ------. of nny 
ac:ddenfal Tt'porfinR of non-nulhentic dnfa hy my~elf in II timely numnel". 

IV. 1 R~r~ to infonn LCDO. RAFAEL INFANTE -·------ nf nny 
atddenfal or intenfionnl rt'porfin~ of nnn-nuthentic: dnt11 hy other nitpln}·rec;. 

r o nnr. 1110 
f'l./1 Y II fi Ill J lflt I 

r!JtiCr. r n oo:1, 11 r>l) 

If I tOO+'ll 0, I • •t-! 
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RECKTON EN\ tf{ONI\1FNTAL 
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LABORATOIUES, TN<·. 

ETHICS ANn llATA INTEGRITY AGRF:F:I\U:NT 

f. f, LOISETTE BERASTAIN , !'ifnfe flmf I mtclrr.c;fnrtd fh«' hiJ~h 
!'ltandat'm nf int~rity rt'flnirtd of m~ with t'1!1lt'd to th~ dutiM I perfonn ~tnd the dntlll I 
~rt In conn~tion with my ~nploymrnt at BECK TON ENVIRONMENTAL LABS_. ___ _ 

11. I ~ne that in tht ~rfonnance of my dufl~ at BECKTON ENVIRONMENTAL ~S~---

111. 

1. I !!hall not intentionnlly rrport dnta "fstlne"~ thnt are nnt the ncfunl ,-nlur:o; ohtnined; 

b. I !'ihnll not infentionnlly report flu.• dnt~ and Cimec~ of dnfn nnnl}·!'ic-; thnf nr«' not the 
actual dnt~ 11nd time"~ of dnt.a snnly!'i~; and 

c. J !!hAll not inlenfinnally rt'pre,c;rnt Another indh·idunl'!'i work ll!'i my mnt. 

I s~r~ to inform LCDO. RAFAEL INFANTE ---- of Art}' 

acddent.al reportinR of non-authentic dnta hy my!'irlf in R timely ntnnner. 

IV. I 11~r~ to infomt LCDO. RAFAEL INFANTE . ___ ------ 11f nnJ· 
acddental or intentional reportin~~t of non-nuthentic dnta hy other cmplny~. 

r 0 nny Hln 
r'l A Y 1\ ~ II\ 11()11 

rotJr.r. r n nn•:1111 Pn 

(Sfgnntrtrt r· 

I r (JJatd 

I' I {0",1 1' 1 I I~-, 

r .•.v ·o"''' .n 11 · ,,., 
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El'IIICS ANU UATA INTF:<;RJTY AGRF:F:l\IF:Nr 

Page 18 of 19 

I. I, JOSE A. MEDINA , !!!fnfe tlmf I mulrr.;fnrtd lhr ltiJ!h 
!ltandard~ of lnt~rity rtf)nirt'd of me with r~11rd to the dutir:o; I perform 11mf llu• daf:l1 I 
~ri in connf'C:tion "·ilh my mtployrnent at BECKTON ENVIRONMENTAL LABS.~.-·-

11. I qree th11l in the perfomtnnce of my dutie.cr at BECKTON ENVIRONMENTAL I;.AQS •- ____ _ 

a. I ~hnll not intenticmnfly report dnta ~alue.cr thnt nre not the nchml Tnlm~ ohtaim·d: 

h. 1 ~hall not ;nftntionally report lttt' dnC~ tmd Cimt':'l of dntn nnnly!'(':'; tlmt nn• nnl the 
arfultl dnt~ and lime-; or dnla ltnnly!';t':'l; and 

c. I !';hnll not infenlion:tlly rrpre.c;ent Jtnother indi1·idunl'" work n!; my "''"''· 

-Ill. I11Jtt'f fo inform LCDO. RAFAEL INFANTE -------of nny 
acddenfsl reportinR or non-aulhrnflc dnta by my!';elf in 11 timely manner. 

IV. la.rt'f to infomt LCDO. RAFAEL INFANTE _______ nf nny 
actfdentsl or infention:tl rcporfinR or non-nuthentlc data by other Mnplny('(':';. 

r n FVlY. t nn 
F't.i\'{i\ ~I i\ ll()rJ 

rr)tiCF. P n no;,., 1 ~ '"' 

------------- -------- .. 

(IJntt') 

! f 1 tntt'l) f111 ." l,""1 
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BECKTON ENVIIH )N!\1 FNTt\ I. 
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LABORATOH IES. IN(·. 

ETIIICS ANn DATA INTF.GRITY AGRF.El\IF:Nr 

I, GERARDO RODRIGUEZ , !':fnfe! th:tf I 1mdt'~tnnd th(' ht~h 

'lhmdard'l n( lnt"'rity rl'qnirt'd of me "·ith r~11rd to the dufi~ I perfom1 nnd fht d:tht I 
rtport In connt'dion "·ilh my t'mployment 11t BECKTON ENVIRONMENTAL LABS·-----

Jl. I ~ne th11l in the performance or my dufleo; 111 BECKTON ENVIRONMENTAL ~::?._..__ 

a. I ~hall not inteneionnlly report dnfa '"lu~ thnt are nof fhe nchml mhtt'!'i ohlain<·d: 

b. I !lhnll not tntentionnlly n-pod tht' dnh~ ftnd timt'!'l of dnfn nnnlyo;t'!'i fhnf nno• nnt tht! 
acfusll daft'.'! and tim~ of dnfa annly~~; and 

c. I !;hAll not intentionally rrpr~enf another indh·idunl'~ work no; my omt. 

llf. ft~rft' fo infmm r.rnn RAFAEl. TNJ?l!!.NTE ------ or AllY 

1ttidental repnrtinR of nun-Authentic: dnta hy my!lelf in a timely numner. 

IV. la~rfl' to infonn r.cno. RAFAEI. INFANTE -- ----- nf l\'ll}' 

accidental or intmtinnnl rrportina of non-nuthentic: dnta hy olht'r t'ntplnyre'\. 

---·---·---
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roriCF. r n noi1·11rnn 
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BI!CKTON TO 
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OOE8 &AMPLE MEET 

AIII:A IUPI:IIVIIOII 
UIVI!ITielll'l! 

NO 

1#0 

DOI!S IAMPll! YI!I!T 

SAMPLING PlANt 

YIUI 

LOG-IN SAMPLE 
PRESERVE IF 
NECESSARY 

PREPARE 
WORKSHEET 

NO 
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02-21-92 

BI!CKTON TO 
TAKE .AMPLE 
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Fluorides 

Oil & Grease 

Settleable Solids 

Cyanides 

Conductance 

Color 

Hardness 

Iodide 

Metals (inorganic analysis) 
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Initial Calibration - Volatile Compounds 

for TCLP 

Pesticides for TCLP 

Semivolatile Compounds for TCLP 

Pesticides I PCB Standard Summary 
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BEL 

- PERFORMED BY: 

Alkalinity, mg/L caco3 

ALKALINITY 

= 

DATE: 

A X N X 50,000 
ml of sample 

- Where: A = ml standard Acid 

N = normality standard acid 

-

pH Inicial pH Final 
Muestra Muestra 

-

-
..... 

-

Page 2 of 19 

Standard Ac~d 
Consumido 



-
,.... 

-
-
-

-

-

IJECKTON ENVIRONMENTAL 

LAnORATORIES, INC. 

BOROH (COLORIMETRIC, CURCUMIH) 
Page 3 of 19 

P£RPORit.Bb BY t 1\PPROVP.D OY: 

01\TB: 01\TR: 

mq 0/1 c 

s 

Kheret •\ • absorbance of standard 

A
2 

a absorbance of sample 

c • mq B in standard taken 

S • mL sample 

TABLB I t INSTRUMENT DATA 

INSTRti4EHT SERIAL NO. MOORJ, l 
~S-P_B_CT __ R_O_R_t_C __ 2_0 ______ _, ____________________ -L---------------·~ 

TABLB II t CALIBRATION CURVE DATA 

STI\NDI\RD mq 1\BSORBI\HCB 

BLANK 

0.25 

o.so 

0.75 

l 1.00 

P.O. BOX 180 
F't.AYA STATION 
PONCE. P R. 00734·3180 

TFl (809) 8'1 I· 7373 
rJIX(ft'I'J)8-t1 7:li:J 

19? VII I II S T f'ONCF. I' n. 
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BORON ( COLORIMBTRIC, CURCUHIH l 
Page 4 of 19 

TI\8'=-R 111._....!.: __ SI\MPLR RESULTS 

. 
SI\Hrf.R non oN 

SMPLit "0. MSORRI\NCP! VOf.tiHB CONCP.NTRI\ 1' tOR 
t m,l.) mg{L_ 

-

-

-

-
-
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HECKTON ENVJRONI\IENTt\L 

- ' / LAHOnATORIES. INC. 

=========~~=======================================================================~ 
Page 5 of 19 

PE~FORHED BY: .1\PPROVF.O llY: 

DATE: 

-
NO. 

=================================================================================== 

_'!1\8 LE _I __ _:_ SJ\MPI.ES CONCENTR.I\'!:ION 

I 

SAMPLE CONCENTR..I\'f I ON 
.1\BSORBI\NCE Mg/1 NUMBER - 1 

2 

3 

TABLE IV CALIBRATION CURVE DATA 

(DIRECT PUOTOMETRIC MF.TUOD) 

STAND.J\RD CONCENTRATION 1\BSORBANCE 
,)lsi/1 

STD 1 o.o 

STD 2 50~0 

STD 3 100.0 

STD 4 200.0 

STD 5 500.00 

STD 6 ROO.OO 

STD 7 1000.0 
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BE( :KTON EN\'IIH >NI\ IF NTA I, 

LAlJORATOHIFS. IN<·. 

Page 6 of 19 

PP.RFORHP.IJ R·Y: 1\ r !'nov r:n n v: 

01\TP.: 111\TP.: 

~===================~==========~~~~~~~~~~~=~~~~~~=~~~~~=~~~~~~~~--~--~-~·--~--~~-~~-1 
!1\DLP. II : CI\LIDRATIU~_£~RV~.IJI\!~ l 

·-·------··----· ------··-·---···------
mf, OP STI\HOI\RD 

us en 

-----------

810 L SI\Hrt.R 
HUHDER 

COHCEHTRI\TIOH 
· mg F/1 

-------·--

---------------

CUHCP.HTRI\TIOH 
mq F/1 

-----------·- --·-----··-· -·-- ---·-·-·· ·-

P.r .P.CTnon P. 

POTF.HTII\1, 
mv 

·----·-·-----

---- -----t ------------------

P!J.P.CTROIJP! 

POTEHTtl\1, 
mv 

Tf-:H r P.nl\ TtJR P. 

"c 
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BECKTON ENVIRONMENTAL 

LABORATORIES, INC. 

========================~=======~========~=======================~===·=====~====~~= 

Page 7 of 19 
OIL r. GRP.J\SE . 

PERFORMZD BY: APPROVED BY: 

DATE: DATE: 

===~~=~=~~~===========================================================~==~~======= 

..:T.:.:AB=L=E_I~--=---=OIL ' GREASE DATA AND RESUJ.TS 

--
EMPTY RESI01JAL 

RESIDUIU. RESIDUAL ·- DIST. FLASK AND FJ.ASK 
WEIGHT WP!IGJJT ~1\MPLE 

NtlM8eR WEI GUT WEIGDT (g) 

1 

mg/BOTTLE 
(g) (g) 

I --- ·-·-
-- --- -···---~---. 

L ___ · -

mg/BOTTI.E TOTAL OIL & GREAS~ R 

.. 
MH£RB: R .. RESIDUE, GROSS WP!IGDT OP' EXTRACTION FJ,1\SK MINUS TAitE WP!lGUT, IN 

MILLIGRAMS. 

8 = BLANK DETERMINATION, RESIDUE OF EQrJ:fVAJ.P.l~T ·Jm,UME OF ex~rRACT!ON 
SOLVENT, IN MILLIGRAMS. 

P.O. BOX 180 
PLAYA STATION 
PONCE. P.R. 00734-3180 

TFL (009) 841-73iJ 
rAX (1!09) 841-7313 

19? VIlli\ S T PONCE. P. n. 
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BECKTON ENVIRONMENT,\L 

LABORATORIES, INC. 

- ===============-===--====== 
SE TTLEABLE SOLIDS FORM 

Page 8 of 19 

BRL 
DATE -----------------------------

PERFORMED BY: 

SAMPLE TSS TSS grav. RESULT (mg/L) 

Settleable Solids = TSS - TSS grav. 

. 

P.O. BOX 180 
PLAYA STATION 
PONCE. P R. 007311·3180 

rn (llfl~) e~1·7:1i3 
riiX (IHJ<!) ~~~1·7:11:1 

1n;> VIII II ~1 pr)tlf:F. ~ n. 
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LABOHATOHIFS, IN<·. 

==========~=~=======~=~====~==~~==~~======================~========~~~~~~======~~== 
Page 9 of 19 

PP.RFORMI'!O BY: 

- lli\TP.: 

- TI\R .!=·E~I---"--

---- --- ----
1\0SORRI\NCP. 

CONCENTRI\'flON 
SI\MPI.E TYPE g/1 

IH,I\NK 
-

STD 
-

....... 

-
Tl\BLR 11 : CALIBRATIOR CURVR DATA 

STJ\NDJ\RD CONCP.?'TRATION 1\BSORBJ\NCB 
ug CN 

STD 1 0.0 

STD 2 10 

STO 3 20 

STD 4 50 

STD 5 liJO 

--
STO 6 150 

--- ·- ·- ... 

STU 7 200 

··-·-·-·------·------- -
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8ECKTON ENVIRON!\'1ENTAL 

LABORATORIES, INC. 

PERFORMED 8 Y: 

DATE: 

SAMPLE NUMBER 

1 

2 

3 

4 

6 

6 

P.O. ROX 180 
f'l./\YJ\ STJI TlON 
f'ONCF.. P n 0073-t :'11110 

CONDUCTANCE 

APPROVED BY: 

DATE: 

SAMPLES RESULTS 

DILUTION 

Page 10 of 19 

CONDUCTIVITY 
umbos/em 

l r:l. (009)1!-11· 737.3 
r11x (~09J 13-11-731:1 

,.,:> vnr 11 -;r rnw~r.,.., n. 
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AF:CKTON ENV1RONI\1ENTAL 

LARORATORIES. lNI ·. 

COI.OR VI\I,Jili\TIIIN FORH Page 11 of 19 

rr.nronHP.O nr, 1\rrnov P.ll ItT, 

lli\1'P.' 

!JTI\HUI\Iti!S 1\P.I'ORT __ Tr.ni.R 

mi. OF" r.·rllllll/\ Rll !:OI.IJT I ON em.on 1 N cm.onorJ.r.TINI\TR muTr. 

u,o ---- ------ ·----- - - - --
0.5 ---- --------- - . 
1.0 
1.5 

-----~--- ·---- --------. 
7..0 ---- . ------· - . 
2.5 ------ ------
J.U . -. ---------- .. 
J.5 
1.U 
1.5 ----------- - --- -
5.0 -------------- -
5.5 ---------------- - -
6.0 
6.5 
7.0 

0 
5 -- -------·- .. ·------ ·-

----------- -------

JU 
1'3 
20 
25 
JU 
35 
10 
15 
50 
55 
60 
65 
71) 

U I LU'fP.IJ __ !ll\HP_L_R!J_ RP.I'URT __ RRSULTS _TI\RI,R 

COI.IIR lltrt Tr. RP.t'Onl) TO TIIR tn>..I\RP.r.T 

50 1 
5 . ---- -· ---·- ··-- ---- .. -----------=~=~~~~ ~-~=!~~~=~~~-=-___ !(]~--- ~-~L ________________________ !q ______ . 

251 _______ 5_1!_0 _____________ --------- ___ 20 _________ -

' tmP.nP.: 1\ 

eor.on untTr. !\ X 50 
n 

P.!7T I H/\TP. COI.OR OF U fi.UTF.IJ Sl\Hri.P. 

n mi. !li\HI'I.P. TI\II:P.N FUR IHI.UTION 
'----=,.......,..,. _,..,_,.,., __ .,.._..,. __ ,..,_,., __ ,.,.. __ =:-:--:~--------- -- --

1\ 

__ I_<:_!!_!~U_!t~~~:_rl~_l\_'t:_l":._~~--- n 
RI"./\D RRPORTRD ml, 

1 

2 

J 

---------1------------·· ------------- --------·-
5 
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BECKTON ENVIHON!\U~NTAL 

LABORATORIES, INC. 

=~================================================================================ 
Pa.ge 12 of 19 

HARDNESS . FORM 

=======================================================================~=====~==== 

PERFORMED BY: APPROVED OY: 

DATE: DATE: 

================================~=============================================== 

Where: A 

T.J\BLE I 

Hardness (F.DTA) 
mg Ca.C0

3
/1 

mL of EDTA titrant. 

SAMPLES OAT~ ~D RESULTS 

A X N X 50,000 
mL sample 

B normality of EDT~ titrant • 

SAMPLE 
NO. 

PO AOX !flO 

A 
(mL) 

ri.AY 1\ c; r 1\ 11n~1 
ronc:r-. P n non-1 :11no 

N SAMPLE 
(mL) 

Caco
3 

(mg/1) 

I Fl. (R09) 6·11 73 i3 
ri\X (ll09) R-11 7313 

I 'I? VIII/\ ST rmJr.r P n. 



,_ 
: 

-

JJECKTON ENVIRONMENTAL 

LAJJORATORIES, INC. 

=======~=========================================================================== 
Page 13 of 19 

IODIUE FORM 

==============================-:-""!==================================================== 

PERFORMED BY: APPROVED BY: 

DATE: DATE: 

=================================================================================== 

I ( mg/ll 

TABLE I SAMPLES RESULTS 

21,150 (mL X N) 
v 

Where: mL = the number of mL of PAO needed to titrate the sample. 

N the normality of the PAO used to titrate the sample. 

V the volume of sample taken ( 100 mL or a fraction then:!of) . 

SAMPLE 
NO. 

1 

2 

3 

f' o nox tAO 
f'l flY fl S T fl IIOrJ 
I'OIIf'l' r· rt nn.'1-1 11nn 

Pfi.O 
mL 

PAO 
N 

SAMPLE VOLUME 
v 

TF.I (ROIJ)II-11 7J l1 
ffiX (RO'll Ml 7111 

ttl., '1111 fl <; l l'lll/fT P 11 
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....... !Nill{l..\t-.IC ANALYSIS UI\L\ SIII.F:l 

J.J\R. I. D. DI\TF.: 

CUSTOMER SA.'1PU: 1 U. NO. 

l:.ler.l{'nts Identified and Measured 

~ll'ltrtx: Water Snl I S 1 ud~t> Ut hP t ---·--

\1!! II. or m,.,/kr; dry ~o~e 1 ght (Cirdf' On~) 

I • Aluminum I .L Hagn~siutr 

l. Antimonv I 4. Hsn~anese 
...... 

) . Arsenic 1). Hercury 

". !tar fum lb. Nl eke 1 

s. ~ryllium I 7. Potassium 

6. Cadmium I b • Se leni urn 

- 7. Calcium 19. Sll ver 

8. Chromium 2u. Sodium 

Y. Cobllt ll. Thalli urn 
IIJ. ~per 12. Vanadium 

II. Iron 2 J. Zinc 

I 2. Lead 24. Chromium VI 

-
.... 

... 



-
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Initial Calibration Data Page 15 of 19 

Volatile Compounds 

Instrument I D: Case No: 

laboratory Name Calibration Date:--------------

FOR TCLP ANALYSIS 

Laboratory 10 

Com"ound ~1 AREA 2 

Vinyl Chloride 

Internal Std. 1 
Internal Std. 2 

1. 1-9ichloroethene 

Chloroform 
1. 2-0ichloroethane 

Carbon Tetrachloride 

Surrogate 1 
Surroqate 2 

T richloroethene 

Benzene 

4-Methyi- 2. Penta none 

Tetrachloroethene 

Chlorobenzene 

i.4-Dich1orobenzene 

AF -Reaponae Factor (aubscript ia the amount of ug/L) 
Jrr -Average Reaponse Factor 
"RSO -Percent Relative Standard Deviation 

AREA 3 ARE..\. 4 AREA 5 

Revision 
Date 

% RSO 



1 1 

BECI\.!ON ENVIRONMENTAL LABORATORIES, Inc. 
PESI1CIDES [To comply with TCLP analysis] 

Ct\LIBRATION CURVE .. Date· . 
COMPOUND AREAl AREA2 
LINDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
ENDRIN 
METOXYCHLOR 
CHLORDANE 
TOXAPHENE 
INTERNAL STANDARD 1 
INTERN.AL STANDARD 2 

COMPOUND RF1 RF2 
LINDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
ENDRIN 
METOXYCHLOR 
CHLORDANE 
TOXAPHENE 
INTERNA..L STANDARD 1 
INTERN .. -\L ST,:\.NDARD 2 

' 

RSD must be tess than 30% 
A VG. RF should be used for quantitation 

J J 

AREA3 AREA4 AREAS File# 

RF3 RF4 RF5 AVG.RF RSD (%) 

Revision ____ _ 

Date:-------



-

-

-

-

Initial Calibration Data 
Page 17 of 19 

Semivolatile Compounds 
(Page 1) 

Case No: Instrument 10: 
Laboratory Name __________ _ 

Calibration Date:--------------

Minimum RF for SPCC is 0.050 

Laboratory 10 

Compound RF20 RFso 

Phenol 
bis( ·2 ·Chloroethvt)Ether 
2·Chlorophenol 
1. 3·0ichlorobenzene 
1. 4-0ichlorobenzene 
Benzyl Alcohol 
1, 2·01Chlorobenzene 
2·Methylphenol 
bls(2·chlorolsopropyi)Ether 
4-Methylphenol 
N-Nitroso-Di·n·Propylamlne 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2 -Nnrophenol 
2. 4·01methylphenol 
Benzo1c Ac1d i 
biS(·2·ChloroethoxvJMetnane 
2. 4-0ichlorophenol 
1, 2. 4· Tnchlorobenzene 
Naphthalene 

4·Chloroaniline 
Hexachlorobutad•ene 
4-Chloro-3-Methylphenol 
2 -Methylnaphthalene 
Hexacnlorocyclopemadiene 
2. 4, 6-Trichlorophenol 
2. 4, 5-Trichlorophenol i 
2 ·Chloronaphtha lene 
2-Nitroaniline T 
Dimethyl Phthalate 
Acenaphthylene 
3-Nitroaniline t 
Acenaphthene 
2. 4·0initrophenol t 
4-Nitrophenol t 
Dibenzofuran 

Response Fector (subscript is the amount of nanograms) 
Rf ·Average Response Factor 
"RSD -Percent Relative Standard Deviation 
CCC ·C.Iibration Check Compounds (•) 

RFeo 

Maximum % RSD for CCC is 30% 

RF,20 RF, 60 RF %RS[) 

SPCC ·Svstem Performance Check Compounds( .. ) 
t -Not detectable at 20 ng 

Revision 
Date 

CCC• 
SPCC•• 

• 

* 

• * 

• 

* 

• 
• 

• • 
• 

• 
• • 
• • 
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Page 18 of 19 
Initial Calibration Data 

Semivolatile . Compounds 
(Page 2) 

Case No: Instrument 10: 

Laboratory Name ----------- Calibration Date:-------------

Minimum RF for SPCC is 0.050 

l.aborltory 10 

Compound RF20 RFso 

2. 4-0initrotoluene 
2. 6-0initrotoluene 
Oiethylphthalate 
4-Chlorophenvl·phenylether 
Fluorene 
4-Nitroaniline _T 
4. 6-0inltro·2·Methylphenot t 
N-N•trosodiphenylamine 11 I 
4-Bromophenyl·phenylether 
Hexachlorobenzene .. 
Pentachlorophenol r 
Phenanthrene 
Anthracene 
Oi-N-Butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3. 3'-0ichlorobenzidine 
BenzO(aiAnthracene 
bi$(2-EthylhexyiJPhthalate 
Chrysene 
Oi-n·Octvl Phthalate 
BenzO(biFiuora nthene -~--

BenzO(kJFiuoranthene 
BenzO( a)Pyrene 
lndeno(l, 2. 3-cd)Pyrene 
Oibenz(a, hiAnthracene 
Benzo(g. h, i)Perylene 

Response Factor (subscript is the amount of nanograms I 
m -Average Response Factor 
%RSO -Percent Relative Standard Deviation 
CCC -Calibration Check Compounds (•I 

RFso 

Maximum % RSD for CCC is 30% 

RF120 RF160 Ji1' % RSO 

SPCC -System Performance Chectt Compounds( .. ) 
t ·Not detectable at 20 ng 

11) -Cannot be separated from diphenylamine 

Revision 
Date 

CCC• 
SPCC•• 

• 

• 

• 

• 

• 
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PESTICIDE/PCB STANDARDS SUMMARY 
Case No. _________________ __ 

Laboratory Name-------------------
GC Column GC Instrument 10 ------

OA TE OF ANALYSIS OA TE OF ANALYSIS 

TIUE Of ANALYSIS TIME Of ANALYSIS 

LABORATORYIO LABORATORY 10 

RETENTION CALIBRATION 
CONF. 

CALIBRATION CONF. PERCENT 
COUPOONO RT TIUE OR RT OR 

WINDOW FACTOR QUANT. FACTOR QUANT. DIFF. ** 
alpha-BHC 

beta-BHC 

delta-BHC 
gamma-BHC 

Heptachlor 

Aldrin 
Heptachlor Epoxide ·-

Endosulfan I 
Dieldrin 

4.4'-0DE 

Endrin 

Endosulfan :n: 
4.4'-000 

Endrin Aldehyde 

Endosulfan Sulfate 

4.4'-00T 

Mtthu ychlor 

Endrln Ketone 

Tech. Chlordane 

alpha -Chlordane 

gam•a-Chlordane 
Touphene 

Aroclor - I 0 I 6 

Aroclor - 122 I 

Aroclor - 1232 

Aroclor - 124. 
Aroclor - I 248 

Aroclor- 1254 

I Arotlor - i 2 60 
*• CONF. = CONFI£U.4J\JION ( <20'1; OIFFrrlENC() 

Qt.J/\NT. =:: OIJJ\NTIT 1\ T 1('~1 ( <I :;-v, rw· F rnr r rr; F) 

'tl 
Ill 

<.Q 
CD 

..... 
\0 

0 
HI 

..... 
\0 
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APPENDIX P 

SAMPLING OF HAZARDOUS 

WASTES 

s .. crlnn Nn. 10-P 

nf 8 

02-21-92 

The following sampling plan is designed to evaluate the physical and chemical properties of a 
solid/hazardous waste. It meet the specification of SW-846 Test Methods for Evaluating Solid Wastes
Chapter Nine, Revision 0, September 1986 and is in compliance with the environmental regulation. The 
information presented in this section is relevant to the samplling of any solid waste which have been 
defined by EPA in its regulations for the identification and listing of hazardous wastes to include solid, 
semisolid, and liquid materials. However, the physical and chemical diversity of those mate:rials, as well 
as the dissimilarity of storage facilities and sampling equipment associated with them, preclude a detailed 
consideration of any specific sampling plan. Detailed consideration of specific sampling plan will depend 
of the type of waste and the waste producer. 

Sampling goal:- to collect samples that will allow the measurements of chemical and 
physical properties of the waste that are both accurate and precise. 

Samplin~ plan: 
A general approach to the sampling of solid waste is shown in Table 1. Depending on the type 

of waste one of the following types of sampling will be performed: 
Simple random sampling 
Stratified random sampling 
Systematic random sampling 
Authority sampling 
Sampling accuracy will be achieved by random sam piing CJ.::; the individual concen1ration of the 

contaminant is assumed to exhibit a normal distribution. In order to obtain a random sample, lhe sampling 
population will be divided by an imaginary grid, a series of consecutive numbers will be assigned to the 
units of the grid, and the units to be sampled will be selected through the use of a random number 
generator. 

Sampling precision will be achieved by taking an appropriate number of samples from the 
population or by maximizing the physical size of the sample. This will also produce a secondary effect 
of increasing sampling accuracy. ,. 
The statistical approach to sampling will be followed using the equations presented in Tables 2 and 3. 
The equipment to be utilized will depend on the type of waste to be sample and the waste container as 
shown in Table 4 . 

Safety considerations 
Aware of the importance of following safety rules in the sampling of potentially toxic 

compounds, all sampling technician will be trained in safety practices and the use of the appropriate safety 
gear. The following practices will be observed at all times: · 

1. Wear protective clothing and equipment as required for the hazardous substance to be sampled. 
2. Identify potential explosive and/or flammable conditions that might be present 
3. Emergency equipment available and its location. The personnel have the necessary training in 
the use of emergency equipment. 
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Effel."tfve llate Subject Sl'<:tlnn Nn. 10-F 
02-21-92 

Ry APPENDIX F 
Pnee 2 of 

RNI 
SAMPLING OF HAZARDOUS 

Apprnn•ri JA WASTES 
Re•·iscri 

02-·21-92 

4. Inspect any confined space that have to be entered for the presence of airborne contaminats 

In addition the safety rules aspresented in "Characterization ofH azardous WasteS ites-A Method 
Manual, Volume I, Site Investigations", EPA 600/4-84/075, April 1985 and the Safety and Hygiene 
Practices for Beckton Environmental Laboratories, Inc. will be followed. 

In ordertoobtain preliminary information, the customer will have to fill aquestionnaire regarding 
the waste to be sampled and its potential hazardous characteristics in order to customize the sampling 
plan to meet the generator's needs. 

. . 

8 

o· 

,. . 
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TABLE 1 - GENERAL SAMPLING APPROACH 

Type of waste Type of sampling Sampling accuracy Sampling precision 
General solid wastes Random Randomness in the Appropriate number of 

(little or no information selection process samples > = :rl 
"C .... 

0~ available) "C 

3 tv-.., I<" 
a. N,. 

1-'0 

'Waste is completely Random Single sample at random Single sample ~ I!! 
1.0"' 

H IV 
homogeneous (chemical ~ 
homogeneity is uniform 

over time) 

Randomly heterogeneous Simple random sampling Randomness in the Appropriate number of ';./) 

= 
(random chemical heterogeity -selection process samples -;;· 

t"l 

remains constant from batch .... 

to batch) ttl 

~ 
t"1 

Batch of waste randomly Stratified randQm Stratify over spa~ (toea- Appropriate number of H ~ ~ z 
heterogeneous sampling tions or points in a batch samples and :~ample size C'l 'tl 

ttl t'.! 
1-3 0 ~ of waste) and/or time t'.! "'l 
Ul H 

(each batch of waste). ~ >< 

Identify each unit numeri-
t:-:1 "'l 

~ cally and take a simple 0 
random sample from each 0 

Ul 

unit 

Waste lagoon/effluent Systematic random First sample at random; Appropriate numb<!r of ::0 ":I 'Jl .. " I'> 

subsequent samples of a samples and sample :lize 
.. JQ n sampling :ii" ,. :;· a. :I 

specified space or w L: 
? 

time interval 0 
IV 
I ..... 

IV 0 

Solid waste well characterized Authority sampling Sample selected without Single sample ..... I 
I '"U 

(acquaintance with the regard to randomization 
1.0 0 
IV ... 

ro 
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TABLE 2- • BASIC STATISTICAL TERMINOLOGY APPLICABLE TO SAMPLING PLANS FOR SOLID WASTES 

Terminology 

· Variable (e.g., barium 
or endrin) 

· Individual measurement 
of variable 

· Mean of all possible 
measurements of variable 
(population mean) 

· Mean of measurements 
generated by sample 
(sample mean) 

· Variance of sample 

Symbol 

X 

Mathematical equation (Equation) 

N 
E xi 

i=1 
p: tr I with N = number of 

possible measurements 

Simple random sampllnq and 
systematic random sampling 

n 
r xi 

(1) 

- 1=1 X=--
n ' 

with n = number of 
sample measurements 

(2a) 

Stratified random sampling 

with ik = stratum (2b) 
mean and Wk = frac-

-X = 

tion of population 
represented by Stratum 
k (number of strata 
(k] range from 1 to r) 

Simple random sampling and 
systematic random sampling 

n n 
E X~ - (E xi) 2/n 

52 = i=l i=l 
n - 1 

Stratified random sampling 

(3a) 

2 r 2 
s = I: Wksk 

k=l 
, with s~ = stratum (3b) 

varianee and Wk = 
fraction of population 
represent by Stratum k 
(number of strata [k] 
ranges from 1 to r) 
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TABLE 3- STATISTICAL APPROACH TO SAMPLING 

Terminology 

• Standard deviation of 
sample 

• Standard error 
(also standard error 
of mean and standard 
deviation of mean) 
of sample 

Confidence interval 
for pa 

• Regulatory thresholda 

• Appropriate number of 
samples to collect from 
a solid waste (financial 
constraints not considered) 

• Degrees of freedom 

Symbol 

s 

sx 

CI 

RT 

n 

df 

• Square root transformation ---

• Arcsin transformation 

Mathematical equation (Equation) 

s s- =-
X 

with t 2o 
obtained from 
Table 2 for 
appropriate 
degrees of ft·eedom 

Defined by EPA (e.g., 100 ppm for 
barium in elutriate of EP toxic:ity) 

-n = , with A = RT - x 

df = n - 1 

Xi + 1/2 

(4) 

(5) 

(6) 

{7) 

(8) 

(9) 

(10) 

Arcsin p; if necessary, refer to any (11) 
text on basic statistics: 
measurements must be ~con
verted to percentages (p) 

aThe upper limft of the CI for p fs compared with the applicable regulatc)ry 
threshold (RT) to ~etermfne 1f a solid waste contains the variable (chemical 
contaminant) of concern at a hazardous level. The contaminant of concern fs not 
considered to be present in the waste at a hazardous level if the upper limit of the CI 
is less than the applicable RT. Otherwise, the opposite conclusion fs reached. 
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TABLE' 4 - SAMPLING EQUIPMENT 

Waste location or container 

> = :"': 
'1:1 .... oi;l 
""' Storage Porxls, 3 1\.) a. ., I ., 
2. ~ 

N.._ 

Sacks Open-bed Closed- tanks Waste lagoons, Cooveyor 1-'0 . H I ~ 

\ohste type Drun and bags truck bed truck or bins piles & pits belt Pipe 
\£) ... 

~ 
N 

Free-flowi.rg Coliwasa N/A N/A Coliwasa Weighted N/A Dipper N/A Dipper 
liquids and bottle 
slurries 

CFl 
c 
C" 
;;;· 
l"l 

Shxiges Trier N/A Trier Trier Trier 
.... 

a a 
Cfl 

1-bist Trier Trier Trier Trier Trier Trier Trier SOOvel Dipper ~ 
JX)¥rlers H ~ ~ :z: 
or granules (j) 'tl 

Cfl t1j 
~ 0 ~ t1j ';I 

Dry ~ers Thief Thief Thief Thief Thief Thief SOOvel Dipper Cfl H 
a ~ >< 

or granules ~ 

§ 
~ 

Sand or Auger Auger Auger Auger Thief Thief a Dipper Dipper 0 
~ 

packed 
en 

JX)'oorlers 
and granules 

" '";I '.ll ... .. ... ., JQ ~ ::;;· ... 
l;irge- L:lrge L:rrge large Large Large L:rrge Large Trier Dipper 2. :: 

z 
grained Trier Trier Trier Trier Trier Trier Trier O'l ? 

oolids 0 
N 1-' 
I 0 

N I 
1-' ';I 
I 

'\ms type of sanpling situation can present significant logistical sanpling problems, and sanpling 
ID 2, N 

equipu:mt liiJSt be specifically selected or designed baSed on· site and waste cx:n:litions. tb general· GO 

statement about appropriate sanpling equi'(mmt can be made. 
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BECKTON ENVIRONMENTAL POTENTJAL HAZARDOUS WASTE SITE II. IOENTIFICA TIOH 

LABORATORIES r INC. PRELIMINARY ASSESSMENT 
1

01 ~11'A"r' SIIF NUMftER 

PART 1 ·SITE INFORMATION AND ASSESSMENT 

n. SITE NAME AND LOCATION 
Ot Slff.N~fl..- ~: ......... .,-..c,..._.....,..,.,. .. Ol S111Et1 POUlt NO ~SPECifiC lOCAIIONIOf.HIIfltA 

OJ CITY O• STAI£ r~ liPCOOE rCOUHJV r'coUH'T~c~ C:OOE 01-.'lf 

01 C()()AOINA ES LAnTUOE 

I 
LONGITUDE 

---- --·- --- -- --·-
tO OIAECfK>NS fO 51tE,s,.....,.,.. ... ., • ..,....-r I'll'_, 

Ill. A!SPONS18LE PARTIES ' 
01 OWNEAifl..__, 02 srAeE:r ,., ....... ......., ... ......,... 

OJCifY 04 SIAifr5liPCQOE r8 1 Elf PHONE NUM8(A I I I - 01 OPE.AAfOA ,,...,._....,.,~.,.,...,.•_.., 08 SIPEE f ,..,_... ............... ..,.,...., 

OtCifY IOSIAI(r I ZIPCOOE I I' felEPHONE NU .. AEA I I I 

13 rYPE 01 OWHEMHIPte~~o.,.:t.,.... 

0 A PRIVAn 0 8. FEDERAL: 0 C STATE CD COUNTY 0 E r.IUNIClP AI. 
l•t.....: • ._.... 

OF OT~R: 0 0. UNKNOWN 
/J,HC'""' 

1• 0-RioPEAATOANOfFICAIIOHOfHIUIC-•.,,.•-1 

0 A ACRA 3001 DATE RECEIVED· C B UNCONTROLLED WASTE SITE1CEIOCLO •••cr OATE RECEIVED· 0 C NONE 
WI(WrM 0AY •l"" ..,...T ... 0111" T!lllt 

IV. CHARACTERIZATION OF POTENTIAL HAZARD 

0 I OH Slf( "'SPlCTIOH l!ll' ·c:·-·.,,.....,...., 
0 YES DATE a A EPA a B. EJ'ACONmACTOA 0 C STATE 0 D OTJIERCONIRACTOR 

a NO ..,.,.1M OA'I' Y~Ait a E lOCAl HEAlTH OFFICIAl 0 F OTHER: 
ISit«hf 

CON mAC TOR NAME lSI: 

02 SIT! STAIUSrc:-•- OJ YtAAS Of' OPtAAIIOH 

I 0 A ACTM! a II.INACTM! a C. UNKNOWN 0 UNKNOWN __ .,. ... 
(ltfi)INJ ,.,..,. 

o• OEsc-fiOH Of' SUtiSTAHCIES PO$SIIIl Y PAESEHI. KHO-. ~ Al.UGEO 

05 0E :!C-TIOH Of' PO I!HOAI. HAZAAO fO EHVIAONMEHI AHOIOA POPUlA IIOH 

V. PRIORITY ASSlSSMEHT - 01 PNOfiFV 'Ofll..sP'!:CTlONIOWod ...... • ,...,....... cNC .... ~·,.....I _._.....,.,_...,,...,. o.~•...,--..c ........... ..--.........., 
0 A. HIOH 0 II MEDIUM 0 C. lOW 0 D NONE 

~,......,.,..,'W { .... ,...,...._.... , ........................... ,,.,.~ ..... ~.C ....... ftln9'W...._.__, 
VI.IHfORMA TION A YAILABLE FROM - 01 CONTACT OZOI'r~--- 03 1 U.EPf'ONE ....,._,. 

.. . I J 

O•PU<$0H - FOA ASSESS&If.HT O!IAOEHCY _foe 0AGAHV1 TIOH rr fEl.fPHOHE -A 080AIIE 

I J 
__ ! 

WOININ OA't' VI ... 
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- BECKTOH ENVIRONMENTAL POTENTIAL HAZARDOUS WASTE SITE I. IOENTIFICA liON 

LABORATORIES. INC. PRELIMINARY ASSESSMENT 01 SIAft 102 SIT£ ....,..liE!~ 

PART 2 ·WASTE INFORMATION 

n. WASTE STATES, QUANTITIES, AND CHARACTERISTICS 
Ot PH'fSICAL SlAtES 1C""•c•.,..,...,..... 02 WAST( OUAHnTY AT Sill 03 WASt I CHAAACl'EA'ISltC$ ICit~· ... ...,.....,, , ............. ~ ................ 

-
l. A $01.10 ' . E SlUMY .................. "'CMfN. ; . A I OXIC :. E SOlU8lE I HIGHt. Y VOlA fl.( 

u I POWOEA FINlS I. f liOUIO IQr<S -------
! 8 CORROSIVE . f INFECTIOUS J EXPlOSIVE 

UCSliJOGI! • · G GAS C AAOOOACTI\'f a n ........... , E K IOEACTI\'! 

CUIIICYAROS ·-------
0 PfASISIENI H IQNIJA8l£ l INCQI.IPA 118l E 

I 0 OHlER __ ·---
.. NOI APPliCA!II f 

,s..,c...,,, ···-·-
NO ~OA\NS ___ --··-

Ill. WASTE TYPE 

CAIEGOAY SUIISTAHCE NAY£ 01 OAOSS AWOUHI "2 UN'T ~ I.IUSUA£ 03 C(llo.IW(NJS 

StU SLUOOE 

OI.W OilY WASTE 

SOl SOLVENTS 

PSO PESTICIOES 

occ OTHER ORGANIC CHEMICALS ·-IOC INORGANIC CHEMICALS 

ACO ACIOS 

- BAS BASES 

MES HEAVY METAlS 

IV. HAZARDOUS SUBSTANCES os..•---•-u .. cAS-.o 
01 CAIEGORY 02 SUIIS T ANCE NAU( 03CASNUU8EA o• SIORAGE·OOSPOSAlUEIHOD 0~ Cor<CE NIRA liON 06 .,tASUAf ~ 

Cor<CI!NIAAIION -
-
-
,... 

V. FEEDSTOCkS, .... _ ... cAs-" 

CAI(OORY 01 fEEDSTOCK N.u.t( 02 CAS HUMIIlA CAUOORY 01 IUOSTOCK NoW( 02CASI ...... (A 

FOS FOS 

FOS FOS 

FOS FOS 

fOS FOS 

Yi. SOURCES Of INFORMATION 1C••-•--.. •• .,., ................... ,...., 

..... 
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Parameter Container I Holding Time Preservative 
Wet Chernistrv, Standard Analvses 

;;.. = o:"'' 
Acidity 1(1(1 mL, p1 g 14 days Cool, -loC 

.., .... N~ .., .., l:l :> 

~ N< 
Alkalinity, Total 100 mL, p, g 14 days Cool, --loC 

.., 
3. I-'~ 

H 1:::1 

Biochemical Oxygen Demand 1 L, p1 g 48 hours Cool, 4oC 1.0" 

~ tv:> 

(BOD) 
Chromium, Hexavalent 200 mL, p, g 24 hours 
Color 50 mL, p, g 48 hours Cool, 4oC 
C,:orrosivity 200 g. p, g None Cool, 4oC 

Flash point 200 g, g None None 
'JJ 

E-
Hardness 100 mL, p, g 6 months H2S04, pH< 2; ~ ';;' 

n 
8 ... 

CooL 4oC Ill 
0 

MBAS Surfactants 500mL, p, g 48 hours None 0 
C/l 

' Oil and grease 1L,g 28 days H2SO-J,· pH< 2; Ill C/l 
~ ~ ~ 

Cool, -loC 0 Itt H t:'l 

~ Orthophosphate, colorimetric Filter; 
:z: 1:'>1 lOOmL, g 48 hours en 

Itt H 

Cool, 4oC 8 
~ >< 

~ Total Dissolved Solids- TDS 100 mL, p, g 7 days CooL 4oC 
C/l G'l 

C/l !3 
Total Suspended Solids- TSS 100 mL, p, g 7 days Cool, 4oC 

I 
~ 
8 

i Total Solids- TSS 100 mL, p, g 7 days Cool, -loC H 
0 

Settleable Solids 1 L, p, g 48 hours Cool, 4oC 
:z: 
' 

Total Volatile Solids- TVS 100 mL, p, g None None 
Turbidity 50 mL, p, g 48 hours Cool. 4oC ;Q -:I "J) 

I') " 
., 

< JQ ~ 
Total Organic Carbon 1 x 125 mL, g ·28 days H2S04, pH< 2; 

:ii. ~ 

3. = 
(TOC) C\.)ol. -loC 

..... 7. 
? 

I 

I 
0 

Total Organic Halides 1 X 1 L g 28 Jays H2S04, pH<2; N ..... 
I 0 I N 

liTOX) I I I NaS03 I I I-' en I 
1.0 
N .., 

.._J 
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I Parameter Container Holding Time I Pre3ervative 

Chemical Oxygen Demand lx 125 mL, g 28 days H2S04, pH<2; 
(COD) Cool, 4oC 

;;.. = :Tl 

Cyanide, Total lx 125 mL, g 14 days NaOH, pH>12 
.., .... 0~ ..., .. N,.. 
= 1-

Cool, 4oC 
.., 

~ 
N~ a. ~-'o 

Phenol, Total lx 125 mL, o:r 28 days H2S04, pH< 2; H I" 
~ 'i)!; .o > N 

Cool, 4oC 
Sulfate 1 x 125 mL, g 28 days Cool, 4oC 
Chloride 1 x 125 mL, g 28 days Cool, 4oC 
Nitrate as N 1 x 125 mL, g 28 days H2S04, pH<2; 

Cool, 4oC 
en 
c 
~ 

Nitrite as N 1 x 125 mL, g 28 days H2S04, pH<2; 
'-· 

1'1> 
(') 

~ 
.... 

Cool, 4oC ~ 

Fluoride 1x 125 mL, g 28 days Cool, 4oC Ill 
0 c 

Ammonia 1 x 500 mL, g 28 days H2S04, pH<2; en 
' Ill en 

Cool, 4oC ~ ~ ~ 
Specific Conductance 1x500mL o:r 28 days Cool, -k>C ~ 

H t-1 

~ '0 z t"l 

p~ 1 x 125 mL, g immediate Cool, 4oC C'l 
'tl H 

Sulfide 2x 125 mL, g (i) 7 days Zn acetate and 
1-'3 ~ X 

i en C'l 

NaOH, pH>9, en ~ Inorganics, Standard Analvses ~ 
H 
0 
~ 

Metal~, except Mercury lxlL,p 6 months HN03, pH<2 ' 
Mercury lxlL,p 28 days HN03, pH<2 ;IC .., 'Jl .. .. a .., 

~ 
i 0 = 

:z 
Organics, Standard .Analyses N 

? 
·. 

IHct, pH<2; 

0 
N 
I ...... Voaltile:s, purge & trap 3 x 4() mL. Q: (i) 14 days N 0 

• .... -~ ! 

I 
i-' I 

(GC) Cool, 4oC 
I =. C'l \il 

N 

Semi-volatiles, 2x 1 L. g 7/14 days Cool. -toe -..) 
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Parameter Container 1 Holding Time Pre3ervativc 
Acid/base/neutral (prep); 40 days 
(GC/MS) (analysis) (g) ~ = ::<l 

"1;1 ... ~~ 2x 1 L, g 7/14 days Cool, 4oC 
"1;1 

Pesticides and/or d 1:::. ... a ~ N~ 
Aroclon (GC, GC/MS) (prep); 40 days 1-'::;) 

1-4 1 .. 

(analysis) (g) 
1.0;; 

~ N 

Herbicides 2x 1 L, g 7114 days Cool, 4oC 
(GC) (prep); 40 days 

( an~lysi~) (g) 
Polychlorinated Dibenzo-p- 2 x 1 L, g (water) 30 days (prep); Cool, 4oC C/J 

c 
DioxiniFurans (GCiMS) 1 x 500 mL, g (soil) 5 day~ .a 

~ ;;· 
(analysis) (g) 

n 
1-3 .... 
Ill 
0 
0 en 

Toxicity Characteristic uacbing Procedure Ill ' en 
Preparation of the TCLP extract § ~ r; 

"d 

Volatiles 1 x 125 mL, g (i) 14 days HCl, pH<2; 
1-4 1:"1 

~ z tzj 
(jl 

Cool, 4oC 1-3 10 1-4 

~ ~ >< 
Semi-volatile lxlL,g 14 days Cool, 4oC en en 

Metals, ·except Mercury lxlL,g 180 days Cool, 4vC 
en ~ 

>' Mercury 1x1L,g 28 days Cool, 4oC 1-3 
1-4 

~ 
' Toxicity Characteristic Constituents 

Analvsi~ of TCLP e:...'tract 
;:1:1 "1;1 :n .. .. .. 

Volatiles, purge & trap 3 x 40 mL, g (i) 14 days (f) HCI, pH<2; < :IQ :l 
~· .. 0 a. :s 

Cool, -toe w z 
0 ? 

Semi-volatile . ., 1 L ,.) 7 days (prep) Cool, -NC N .::. X ·, g (1, I 

Acid/base/neutrals, pesticides 40 days 
N 1-' 
1-' 0 

I . • I I 
(analysis) (g) 1.0 (j) 

N c 

Semi-volatile 2 X 1 L, g (i) 7 days (prep) 
.., 

Cool, -toe ...J 

Herbicides 40 days 
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Parameter Container Holding 'lime .. Prc=ervative 

(analysis) (g) 
;;.. = ~ , .... , IV> 
a l:l 

Metals, except Mercury 1x1L,p 180 days (f)(h) HN03,pH<2 < ~ ~ a. 
(b) 

H 10 
ldi - 1:-j I'JO 

Mercury 1x1L,g 28 days HN03, pH<2 ~ 

(b) 

TIO Constituents- ~o\.nalysis 

Volatiles, purge & trap 3 x 4() mL, g (i) 14 days (f) HCI, pH<2; CJJ 
r:: 
0' 

Cool, 4oC ~ 
'-· n> ,.., 

1-3 ... 
Semi-volatile organics 2 X 1 l.., g (i) 5 days (prep) Cool, 4oC Ill 

0 

Acid/base/neutrals 40 Jays c 
Cll 
....... 

(analysis) (g) 
Ill Cll g 

~ ~ 
Semi-volatile organics 2 X 1 L, g (i) 5 Jays (prep) CooL 4oC c IQ H tot 

~ l2: l:1j 
Pes ticides/PCB 's 40 Jays G) 

"0 H 

(analysis) (g) 
8 [:g >< 
~ Polychlorinated Dibenzo-p- 2 x 1 L, g (water) 10 days (prep); Cool, 4oC 

til G) 

til ~ 
Dioxin 1 x 500 mL, g (soil) 45 days ~ 

1-3 
(analysis) (g) H 

~ 
....... 

XI "CI '-" ... .. a < :IQ 
;;;· .. = a. :I 

,;:. :z 
? 

0 
IV 
I 

tv 
...... ...... 
I 0 

\D I 
IV :. G":l 

-J 
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METHODS/SAMPLE PRESERVATION/ 
Approved JA Revi~cd 

BOLDING TIMES 02-·21-92 

References 
Parameter Method- EPA Approved EPA Std. Method SOP 

==============================================================================:====== 
Acidity Titrimetric 305.1 703·-001 
Alkalinity Titrimetric 310.1 703··002 
Alkalinity Colorimetric, methyl orange 310.2 703·-003 
Bicarbonate 703--004 
BOD (5 days) Electrode method (20") 405.1 508 c 704--001 
Boron Colorimetric, Curcumin 212.3 404A 703--005 
Bromide Titrimetric 320.1 703--006 
Chloride Colorimetric 325.1 703--007 
Chlorine, 
Residual Titrimetric 330.4 703--008 
COD Colorimetric-standard ampule 410.1 703-·009 
Color 110.2 703-·010 

, 
Conductance Conductivity meter 120.1 703-·011 
Corrosivity pH meter, electrode 150.1 703--012 
Cyanide, Total Titrimetric-S pectrophotometric 335.2 412 c 703-013 
Fluoride Potentiometric 340.2 413 B 703--014 
Hardness, Total Titrimetric 130.2 703-015 
Iodide Titrimetric 345.1 703-016 
NH3-N Titrimetric 350.1 703-017 
N-TKN Colorimetric 351.2 703-018 
N03-N Colorimetric 353.2 703-019 
N03 +N02-N Colorimetric 353.2 703-020 
Oil and grease Gravimetric 413.1 503A 703-021 
Oxygen, 
Dissolved Electrode 360.2 703.022 
pH Potentiometric, electrode 150.1 703-012 
Phenols 420.1 703-023 
Phosphate, Ortho 365.3 703~024 

Phosphate, Total 365.4 703-025 
Solids 

Residue, Total Gravimetric (103•-105• C) 160.3 209A 703-026 
Residue, Volatile Gravimetric (5500 C) 160.4 "MD 703-027 
Settable solids Imhoff cone-volumetric 160.5 209E 703-028 
Settable solids Gravimetric (103•-105• C) 703-029 
Residue, 
Filterable Gravimetric (1800 C) 160.1 209 B 703-030 
Total suspended 
solids 
(non-filterable) Gravimetric (103•-105• C) 160.2 209C 703-031 
Sulfate Colorimetric 375.2 703-032 
Sulfate Turbidimetric 375.4 426C 703-033 1 
Sulfide (as S) Titrimetric 376.1 703-034 
Sulfite (as S03) Titrimetric 377.1 428A 703-035 
Surfactants Colorimetric, methylene blue 425.1 703-036 
Turbidity Nephelometry 180.1 703-037 

Temperature 170.1 703-038 

- -------------
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METHODS/SAMPLE PRESERVATION/ 

,\ pprm·l'fl JA HOLDING TIMES 
Revist'd 

02·-21-92 

- Reference 
Parameter Method- EPA Approved EPA Std. Method SOP 

==================================================================================== 
Aluminum AA Direct aspiration 7020/202.1 702-002 - Antimony AA Direct aspiration 70401204.1 702-003 
Arsenic AA Graphite furnace 7060N206.2 702-004 
Barium AA Direct aspiration 7080A/208.1 308 702-005 
Cadmium AA Graphite furnace 7130/213.1 310A 702-006 
Calcium AA Direct aspiration 7140(215.1 702-008 
Chromium, Hex. AA Direct aspiration 218.4 702-010 
Chromium, Total AA Direct aspiration 7190/218.2 312A 702-009 
Cobalt AA Direct aspiration 7200/219.1 702-011 
Copper AA Direct aspiration 7210/220.1 313 A 702-012 
Iron AA Direct aSpiration 7380/236.1 315 A 702-013 
Lead AA Direct aspiration 7420/239.1 316A 702-014 

~-

Magnesium AA Direct aspiration 7450/242.1 702-016 
Manganese AA Direct aspiration 7460/243.1 319 A 702-017 - Mercury AA Cold vapor 7470N245.2 320 An471A 702-018 
Molybdenum AA Direct aspiration 7480/246.1 702-019 
Nickel AA Direct aspiration 7520/249.2 702-020 
Potassium AA Direct aspiration 7610/258.1 702-021 
Selenium AA Graphite furnace 7740/270.2 702-022 
Silicon AA Direct aspiration 
Silver AA Direct aspiration 7760A/272.2 324A 702-023 
Sodium AA Direct aspiration 7770/273.1 702-025 
Thallium AA Direct aspiration 7840/279.1 702-026 
Tin AA Direct aspiration 7870/282.1 702-027 
Vanadium AA Direct aspiration 7910/286.1 702-028 
Zinc AA Direct aspiration 7950/289.1 328A - 702-029 
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Ry 
APPENDIX G 

RNI METHODS/SAMPLE PRESERVATION/ 
ra~e 7 

.\pprm·ed JA HOLDING TIMES 

GAS CHROMATOGRAPHY, GC/MASS SPECTROMETRY 

Many other options and combinations are available. A few are shown below: 

Parameter Method- EPA Approved EPA 

Re,·ised 

Reference 
Std. Method 

10-G 

of 

02-·21-92 

SOP 

==================================================================================--= 
Purgeables P&T GC/MS; P&T GC/PIDIHALL 

Trihalomethanes P&T/GC/HALL 

Base/Neutrals GC/MS 

Acid Extracts GC/MS 

Pesticides/PCBs GC/ECD 

Herbicides GC/ECD 

Volatile organics 
(VOC's) GC/PID/HALL 
Full scan priority 
pollutants GC/MS 
Total Toxic Organic GC/ECD; GC/PID/HALL: GC/MS 
Dioxin (TCDD) GC/ECD; GC/MS 
Ignigtability Test Flash Point-Penskyn Martens 
Corrosivity Test pH Meter/electrode 
Reactivity Test Sulfide, cyanide 

Asbestos Monitoring Reflectance microscope 
Fecal coliform 
Total coliform 

502.2 
524.2 
601/602 
8010 (SW-846) 
8020 (SW-846) 
8G2: cs·:;-J46) 
8240 (SW-846) 

501.1 

525 
625 
8270 (SW-846) 

525 
625 
8270 (SW -846) 

508 
608 
8080 

8150 

502.2 

8280 
SW-846 1010 
150.1 
376.1 
335.2 
7.:!.00 (NIOSH) 
9221-C 
9221-B 

--- ------------~-~--

703-012 
703..034 
703..013 
704-002 
704-003 
704-004 

7 

(.I. 
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MDS Laboratories 
statement of Qualifications 

COMPANY PROFILE: MDS HEALTH GROUP. LTD. 

MDS Health Group, Ltd., headquartered in Toronto, is a 
publicly held firm engaged in laboratory testing and other 
related health care and health based ventures. In the testing 
pusiness for over 20 years, MDS has more than 350 locations in 
the United States and Canada, earning annual revenues in excess 
of $600 million. We have approximately 5000 employees, with 60% 
of the$e holding technical positions and scientific degrees. Our 
reference facility in Reading, PA is one of the largest and most 
modern in the company. All industrial hygiene and environmental 
testing is performed at our Reading facility. 

Other MDS locations are dedicated to different types of 
testing and related ventures. Clinical laboratory testing·, 
community health screening services, wellness centers, 
occupational physician and nursing services, audiometric 
screening and the manufacturing of nuclear medicine products are 
key parts of MDS Health Group's mission -- " to be a premier 
provider of services that benefit the health and well beiJlL9 of 
people". Other activities of MDS include the distribution of 
medical supplies and equipment, development and marketing of 
ultra-trace mass spectrometry equipment, provision of computer 
billing services to physicians, and medical office building 
development. 

Our opera.tions in Reading have grown steadily and 
diversified significantly since first gaining accreditation by 
AIHA in 1979. Now, over ten years later, we are fully 
computerized, offer comprehensive testing capabilities, and take 
advantage of high-tech reporting to get results to you lit:erally 
minutes after testing is completed. 

- page 1 -
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statement of Qualifications 

OUTLINE OF SERVICES AND CAPABILITIES 

MDS Laboratories provides a complete line of industrial 

hygiene and environmental testing to an international cliE~ntele. 

our industrial hygiene laboratory specializes in analyzinq air 

and wipe samples from work environments for the presence c>f 

regulated industrial contaminants. The environmental laboratory 

tests water, soil, and wastes in order to determine and classify 

their toxicity. These laboratories share a state-of-the-art 

facility in Reading, PA that includes over 9000 square feet of 

laboratory space. 

MDS Laboratories, a division of MDS Health Group Ltd~, is a 

testing company only, and does not provide consulting ser•vices 

nor management/planning services for hazard remediation. our 

focus is on testing and related laboratory services, i.e. sample 

pickup and handling via our courier system, provision of supplies 

to clients, and expeditious reporting of analytical results. 

At MDS we currently serve about 300 clients, from large 

corporations, to small businesses, to individual consultants. 

Our reputation is built on providing consistent, dependable 

laboratory support to clients who need to rely on that support to 

remain competitive. And, our commitment is to combine efficiency 

and responsiveness in finding creative ways to meet your 

individual needs. 

- page 2 -
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MDS Laboratories 
Statement of Qualifications 

LABORATORY LICENSES AND CERTIFICATIONS 

MDS Laboratories has been accredited by the American 

Industrial Hygiene Association since 1979. Our AIHA 
accreditation number is.l35. Other credits to our industrial 

·hygiene laboratory include New York State Department of HE~alth 

approval for testing asbestos fibers (air and bulk sample~;) and 

NIST/NYLAP accreditation for testing asbestos containing 
materials by PLM and air filters by TEM. 

Regarding environmental samples, MDS is approved by 1:he New 
York State Department of Health for testing non-potable water, 

air and emissions, and solid and hazardous waste. These 
certifications are reciprocally accepted by all other sta1:es 
except California. In addition, we are certified by the 
Pennsylvania Department of Environmental Resources to tes1: 
drinking water and the New Jersey Department of Environmental 
Protection for testing drinking and waste water. 

Please call us if you have and questions on our licenses, 
certifications, or other credentials pertaining to specific 

assays performed by MDS Laboratories. 

- page 3 -
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Statement of Qualifications 

Key Personnel 

FRED USBECK, MS 1 CIH DIRECTOR OF LABORATORY SERVICES 

Fred has worked for MDS Laboratories since 1982, beginning in 
the laboratory as an industrial hygiene chemist. After a brief 
time as laboratory supervisor, he took over the directorship of the 
entire laboratory operation in 1985. Fred has been int•~gral in 
growing MDS's client base through diversifying our testing 
capabilities, most notably by adding an environmental testing 
labor~tory and both TEM and GC/MS testing. Perhaps Fred's largest 
single contribution came as he specified and then imple1nented a 
comprehensive computer data handling system in Reading. This 
system, based on Fred's custom designed software, enable~s us to· 
provide reporting, billing, sample tracking, Q. C. ·reports, and 
remote data transmission from one integrated system. Earning his 
CIH designation in 1987, Fred has concentrated his expertise on the 
chemical (analytical) aspects of industrial hygiene. He ha.s served 
as an officer for the Central Pennsylvania AIHA, and alf:m as an 
instructor on analytical aspects of hygiene for continuing 
education classes sponsored by that organization. Fred has overall 
operating responsibility in Reading. 

CARMINE FIORIGLIO TECHNICAL DIRECTOR 

Carmine joined MDS Laboratories in 1993 and assumed the 
technical responsibility for the environmental testing laboratory. 
Having over 19 years of laboratory experience, including various 
aspects of chemical and environmental applications, Carmine~' s areas 
of expertise include environmental regulations, analytical 
methodologies, and laboratory certifications. Carmine has an MS 
degree in analytical chemistry from Indiana University of 
Pennsylvania and has attended numerous seminars relatin~J to the 
management of environmental laboratories. He has responsibility 
for all technical issues relating to the· operation of the 
laboratory. 

- page 4 -
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Key Personnel (can't) 

DAVID SHIREY INDUSTRIAL HYGIENE LABORATOR,~ MANAGER 

Dave has been with MDS since his graduation from :Moravian 

College in 1983, serving as chemist, principal chemist, supervisor 

and now manager of the industrial hygiene laboratory. Having a 

'strong technical background, he has been instrumental in 

establishing and validating analytical methods, in wri t:ing and 

compil-ing testing procedures, in serving as a technical resource 

contact for clients and in establishing training programs for 

chemists and microscopists. Dave has completed several 9raduate 

level courses in industrial hygiene and environmental health topics 

and is active in the local AIHA section. He has been a guest 

lecturer on analytical subjects for training in the nuclear power 

industry. Dave had start-up responsibility for MDS' s branch office 

in Buffalo, NY and has operating responsibility for the industrial 

hygiene laboratory. He also coordinates advertising, marketing, 

recruiting and development projects for the entire operation. 

WILLIAM WOOD, PE, CSP, CIH QA/QC, SAFETY CONSOLT~NT 

Bill has served MDS since 1984, having over 38 years of 

experience in safety and industrial hygiene. He administ.ers the 

industrial hygiene QA/QC program, and is responsible for inter- and 

intralaboratory QC, proficiency testing coordination, statistical 

analysis of QC data, documentation of QC, and lab safety and 

hygiene at MOS. Bill has his own industrial hygiene consulting 

firm, serves as the primary I.H. consultant to several large 

companies, teaches in Temple University's graduate progrram, is 

active in both the local and national AIHA, and has authored many 

technical articles on various safety and hygiene topics. 

- page 5 -
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Statement of Qualifications 

LABORATORY PERSONNEL AND INSTRUMENTATION 

MDS Laboratories' full time staff includes 10 degreed 
(BS/MS) chemists, 5 degreed microscopists 1 chemical technician, 
4 clerical support people, 2 laboratory managers, 1 sales 
representative and a laboratory-director. This staff is 
supplemented by a few degreed part-time analysts and our quality 
control coordinator. · 

The facility in Reading occupies about 9,000 square feet. 
The f~cility is equipped with 8 gas chromatographs, 4 atornic 
absorption spectrophotometers, 1 transmission electron 
microscope, 2 GC/mass spectrometers, 1 high performance liquid 
chromatograph, 1 ion chromatograph, 3 UV/visible 
spectrophotometers, 1 infrared spectrophotometer, 1 TOC analyzer, 
1 TOX analyzer, 3 polarized light microscopes, and three phase 
contrast microscopes. 

TRAINING OF LABORATORY PERSONNEL 

It is the responsibility of the laboratory managers 1:o see 
that all chemists, microscopists and technicians are thor<>ughly 
trained and to make sure they are producing quality resul1:s and 
acceptable QC. The analysts must also be proficient at 
interpreting data and at calculating results. It is our policy 
at MDS to make training one of our highest priori ties. WE~ 

believe in an eclectic approach to training, beginning by hiring 
personnel who have scientific degrees and significant expE~rience 
in a laboratory setting. Then, a combination of classroom and 
on-the-job training at MDS is enhanced by training course~; 
offered by NIOSH, the American CHemical Society, universi1:ies, 
and instrument manufacturers. 

MDS Laboratories provides each member of its technical staff 
with reimbursement for all university studies undertaken by the 
employee. We also encourage the entire staff to schedule one 
week of professional training in their area of expertise E~ach 
year. 

- page 6 -
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OA/OC PHILOSOPHY 

The purpose of MDS Laboratories' QA/QC program is to insure 
that testing performed by our personnel meets acceptable limits 
of precision and accuracy as determined by the agencies that 
accredit us and by the accepted guidelines of good practic:e 
within the industry. 

ESSENTIAL FUNCTIONS OF THE OC PLAN 

(a) To insure that sample receipt, logging and handling are 
performed so as to maintain sample integrity and chain-of
custody. 

(b) To maintain a repertoire of up-to-date, approved analytical 
methods by periodic review and modifications of methctds in 
use, and by validation of new methodology for future use. 

(c) To insure testing is performed within acceptable limits of 
precision and accuracy by requiring our chemists to analyze 
spiked controls, media blanks, field blanks and duplicates 
along with each batch of samples they test. 

(d) To maintain analytical instrumentation in peak operating 
condition by having all instruments professionally serviced 
as needed, and maintained at least once per year for 
calibration and preventive maintenance. 

(e) To continually compare our analytical results to those 
generated by other reputable laboratories and analysts by 
participating in NIOSH proficiency testing, the NVLAP 
program, the AIHA's Asbestos Registry, and state run 
proficiency testing programs.· 

- page 7 -
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ESSENTIAL FUNCTIONS OF THE QC PLAN (con 1 t) 

(f) To further insure inter-laboratory credibility of analytical 
data by participating in a round robin sample exchange 
arrangement with at least three other AIHA accredited 
laboratories. 

(g) To be fully committed to quality control as a priority at 
MDS by employing a person whose sole function is 
administering our QA/QC program. 

(h) To have available for inspection the entire documentat.ion of 
QC data, including daily entries, computer-generated 
summaries, proficiency testing results (1979 to P!esent), 
round robin comparisons, instrument maintenance logs, etc. 

- page 8 -
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REFER YOUR QUESTIONS TO: 

Account Balance •...•.•.•.•..•••• Lucy Ruhnke 
Accounts Payable .•.•.•.••••••••• Lucy Ruhnke 
Air Sampling ••••.•••••••.•••.••. Dave Shirey or Fred Usbeck 
Asbestos Testing •••• ~ •.•.•••.••• Dave Shirey 
Billing Discrepancies •.•.••••••• Fred Usbeck 

Copies of Reports •••.•.•.•.•.••• Diana Kehler 

Courier Service (pickups) •.•.•.• Rita Galantuomo 
Credit Information •..•.•••..•••• Fred Usbeck 
Directions to MDS •••••.•••.••.•• Dave Shirey 

* . ** Discount Information •••.•••••••• Fred Usbeck or Dave Shirey 

Employment Opportunities •••••••• Fred Usbeck 
Environmental Testing ••••.•••••• Carmine Fioriglio 
Industrial Hygiene Testing •.•.•• Dave Shirey 

List of Environmental 
Consultants ••••••.••.•••.•.•• Carmine Fioriglio 

List of Industrial Hygiene 
Consultants •••••••••.•••••••• Dave Shirey 

Quality Control Program ••••••••• Carmine Fioriglio 

Round Robin Sample Exchange ••••• Bill Wood 
Sample Results/Status ••••.•.•••• Diana Kehler 

1 . . I I 1' * supp ~es ••••••••••.••••••••.•••• Carm~ne F~or~g ~o or 
. ** Dave Sh~rey 

TEM Analysis •••••••••••••••••••• Dave Shirey 
Water Testing •••••••••.••••••••• carmine Fioriglio 

* environmental testing ** industrial hygiene testing· 

1-800-345-4026 

- page 9 -
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APPENDIX I 

Information contained in Appendix I is meant to be used as a fast 
reference for those unfamiliar with conversions and computations. 
This is not intended as a substitute for professional instruction 
on these topics, nor is this section complete in its explanation 
of many of the underlying concepts related to its contents. MDS 
assumes no liability for infonnation contained within this booklei:. 
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CONVERSIONS 

1000 ng (nanograms) = 1.0 ug (microgram) 
1000 ug (micrograms) = l.Orng (milligram) 
lOQO rng (milligrams) = l.Og (gram) 
1000 g (grams) = 1.0 Kg (kilogram) 

1000 uL (microliters) = l.OrnL (milliliter) 
1000 rnL (milliliters) = l.OL (liter) 
1000 L (liters) = 1.0 M3 (cubic rreter) 

l.OrnL (milliliter) = 1.0 cc (cubic centimeter) 

Some examples of these conversions are: 

7465 ng = 7.465 ug 

0.339 rng = 339 ug 

244.7 mL = 0.2447 L 

1428.7 L = 1.4287 M3 

CALCULATING AIR VOLUMES 

7.465 ug = 0.007465 mg 

0.07891 Kg = 78.91 g 

1.349 M3 = 1349 L 

564 cc = 564 mL 

Page A-1 

Calculating accurate air volumes (exact amounts of air drawn 

through air sampling media) is· imperative in reaching meaningful 

results. The air volume is simply the product of two teDns, 

flowrate and sampling time: 

Air Volume = .Flowrate X Sampling Time 

'I'he flowrate is usually expressed in liters/minute or in 

milliliters/minute (mL/minute is the same as cc/minute). The 

sampling time needs to be expressed in minutes, and therefore 

the product of these two terms, the air volume, will be either 

liters or milliliters. 

Some samples of calculating air volumes are: 

11.7 L/min. X 240 minutes = 2808 L 

20 rnL/min. X 462 minutes = 9240 rnL (= 9.240 L) 

540 cc/min. X 366 minutes = 197640 cc (= 197.640 L) 

3. 4 L/min. X 480 minutes = 1632 L (= 1.632 r-13) 



....., 

-
,.... 

-

,..... 

Page A-2 

CONCENTRATIONS: AN IMPORTANT CONCEPT 

Concentration is an important concept in expressing analytical 

results in environmental and industrial hygiene testing. A concemtra-

tion is, simply, so much of something per so much of something else. 

The key 'WOrd is per. Any time you hear that word being used to separ

ate t'WO quantities (such as in "parts per million" and mgjM3) you 

kno~,r you are dealing with a concentration. There is an almost endless 

number of possibilities (of combinations) of ways to express a concen

tration, however the most commonly used concentrations are: 

mg/Kg (milligrams per kilogram) 

mgjM3 , (milligrams per cubic meter) 

ppm (parts per million parts) 

fibers/cc (fibers per cc of air) 

mg/L (milligrams per liter) 

Note that there are basically two types of concentration, weight per 

weight and weight per volume. Weight per weight concentrations (for 

exarrple mg/Kg) are used to express contaminant levels of solids, for 

instance the level of lead in paint chips. Weight per volume concen

trations (for exarrple mg/M3 and mg/L) are used to express contaminant 

levels of both air and liquids. The .amount of benzene vapor in a.ir 

and the amount of iron in water (most likely expressed as mg/H3 and 

mg/L, respectively) would both be weight per volume concentrations. 

Obviously, concentrations are necessary to make sense out of 

analytical results. Knowing only the total weight of metal found on 

a filter is useless without knowing the exact amount of air in ·which 

that amount of metal was contained. 

WHEN YOU SEND SAMPLES TO l-1DS LABORATORIES PLEASE INCLUDE THE AIR VOLUMES 

IF THEY ARE AIR SAMPLES. ~VHEN WE HAVE AIR VOLill-lES WE REPORT CONCENTRA-

TIONS TO YOU. 

CONCENTRATIONS! 

IF YOU DO NOT SEND THE AIR VOLUMES, · HE CANNOT CALCULATE 

You can always calculate your own concentrations if you know the 

amount of contaminant and the volume of air drawn through the sampler. 

Simply start with the weight amount of contaminant found on the entire 
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sample, and then divide by the air volume (in whatever units you prefer) 

to arrive at the concentration, for example: 

You send a charcoal tube to the lab for benzene analysis, but do not 

include the air volume, which was 24.17 L. The lab sends you a result 

of 0. 03mg benzene. To corrpare to a PEL or 'ILV, you need to know the 

concentration. 

0.03 mg benzene = 1.24 mg/M3 benzene 
0.02417 M3 air 

Notice that you converted liters to cubic meters because you wanted ·the 

result expressed as mg/M3, not mg/L. 

For fiber counting, as in asbestos analysis, the application is similar, 

except that the concentration is now number of fibers per volume 5:_lf air. 

You send a 1243.7 Lair sample to the lab, but do not tell them the air 

volume. They send you a result of: 7847 fibers/filter. Knowing the 

total number of fibers on the entire filter, and the air volume, you can 

easily calculate the concentration of fibers in air: 

7847 fibers 
= 0.0063 fibers/cc 

1,243,700 cc air 

Notice that you chose to convert liters to cubic centimeters, because 

you wanted the result in fibers/cc, not in fibers/L. 

· Remember, when WDrking with concentrations you are always in char~re of 

what units you will have in the end, because you can manipulate both 

the weight value and the volume value into whatever units you prefer, 

before you perform the division. For example, a result of: 

517.3 mg/L chlordane in water 

can be correctly expressed as any of the following, without changing 

the result: 
517300 ug/L 517.3 ug/mL 0.000000517 g/uL 

The last example makes it obvious why certain ways of expressing con-
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centrations are preferred over others. The broader point made is that 

you can perform conversions with concentrations as easily as you can 

\vith weights and with volumes. 

One last word about concentrations. Parts per million, or ppm: 

is frequently used to express concentrations as volume per volume of 

air, volume per volume of liquid (usually water-- aqueous solutions), 

and weight per weight. By. the way, "parts per million" as a concept 

would be better understood if we would say "parts per million part:s", 

since the ''million" in ppm refers to a million parts of whatever is being 

analyzed-- air, water or solid. For example, if testing a solid for its 

anriunt of lead we found that it contained 34 ug of lead per gram of solid, 

we could say that the solid contained 34 ppm lead, since there are a mil

lion ug in one gram. 

Applying ppm values to lead contamination in water, for excllnple, 

is not difficult if we remember one very irrportant premise in chemistry. 

One milliliter ( l. 0 mL) of water weighs exactly one gram ( 1. 0 g) . 

Knowing this, it is easy to understand that if we find water contains 

69 ug of lead per mL,.we can correctly say that that water is 69 ppm lead. 

This is because 69 ug/mL is the equivalent of saying 69 ug/g (remember, 

1.0 mL water weighs LOg), and you know there are a million ug in a gram. 

So, 69 ug of lead per gram of water means, by definition, 69 ppm. 

Lastly, ppm can refer to volume of contaminant per volume of air. 

In this case the contaminant is usually an organic vapor. This 1:ype of 

ppm application is the rrost difficult to understand. It is based on two 

chemical principles: 1) a chemical's molecular weight is the number of 

grams of that chemical found in one mole of that chemical, and 2 ) at nor

mal temperature and pressure conditions, one rrole of any chemical (in a 

vapor state if it is normally a liquid) or gas occupies exactly e1e same 

arrount of airspace, 24.45 liters. You can express volUme per air volume 

results of solvent vapors and gases in ppm by using the following: 

mg contaminant 
X 

24.45 L/rrole 

m~w. as g/mole 
= ppm contami.n~t 

in air 

Always remember, when using ppm you must always be expressing either vol

ume per volume or weight per weight-- never ''mixed" values such as weight 

per volume. 
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Someti.rres it is handy to convert results expressed in ppm to results 

expressed as a percentage (or vice versa). Do this as follows: 

parts per million = (percent) (0.0001) 

percent = 

TIME vmiGI-ITED AVERAGES (TWA's) 

parts per million 
0.0001 

Time weighted averages are expressions of concentrations that 

have been "time weighted" for the purpose of canparison with 8-hour 

contaminant concentrations. In other words, if a sarrple was taken in 

a time frame of either less than or greater than 8 hours, the sarrple 

result (always as a concentration) would be multiplied by a factor 

that would make the resultant concentration represent the contaminant 

level if the _::;ampling time had been exactly eight _!:lours, instead of 

rrore or less than eight hours. If you sarrpled for exactly 8 hours, 

the sarrple result (concentration) is already, by definition, an 8-hour 

'IWA. 

If you sampled less than eight hours, you would multiply your 

sample concentration by a factor that is less than 1; this would take 

the concentration of contaminant the employee was exposed to and 

"spread it out" so as to represent what the concentration would have 

been if the exposure was 8 hours, but the weight of contaminant was 

unchanged. If you sampled more than 8 hours (for instance a worker 

who works 4 10-hour days) , you would multiply your sample concentra

tion by a factor that is greater than 1; this would take the concen

tration of contaminant the errpl9yee. was exposed to and "squeeze it 

into an 8-hour time frame" so as to represent what the concentration 

would have been if the exposure was 8 ·hours, but the weight of contam

inant was unchanged. 

T..VA' s are expressed as either ppm or mg/!'13 values. Hygie~nists~ 

need.to calculate TWA's for all their sample results because the OSHA 

PEL's and the ACGIH TLV' s are all expressed as either ppm TwA' s or as 

mg/M3 'IWA' s. In order to compare your results to the standards, both 
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values need to be time weighted averages.· Use the following calcu

lations to arrive at 8-hour TWA's for your results: 

X 

ppm 

minutes sanpled 

480 minutes 

minutes sampled 

480 minutes 

= 

= ppm 'IWA 

For example, you are sampling a painter for mineral spirits. The 

punp ran for 6 hours and 15 minutes while he was painting, and he 

spent the remainder of his shift unexposed to solvent vapors.- 'Ihe 

lab reports a result of 0.344 mg/M3 mineral spirits for the charcoal 

tube. You need to convert this concentration to an 8-hour TWA. 

X 
375 minutes 
480 minutes = 0.269 mg/M3 TWA 

Remember, you sampled for less than 8 hours, so the factor you multi

ply the concentration by is less than 1. 

You receive a lab report for formaldehyde saying the exposure was 

0. 85 ppm. This sanple was taken on a worker v.Drking a 12-hour shift, 

but was sanpled for 11 hours and 15 minutes because he took a bre.:ik. 

You need. to calculate an 8-hour TWA so you can carpare his exposw::e to 

the standard. 

0.85 ppm X 
675 minutes 
480 minutes = l. 20 ppm TWA 

Since you sanpled for rrore than.8 hours, you multiply. by a factor 

greater than 1, raising the concentration so as to represent wha·t the 

concentration wou,ld have been during an 8-hour period, had the ~Lght ~ 

of formaldehyde found remained the same. 
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APPENDIX II 

~th types of MDS Laboratories request forms are available. Call 
the laboratory to order these forms. Also included in this section 
are sarrple reports from the industrial hygiene, T.E.M., and environ
mental laboratories. 
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MDS 
Laboratories .~ 

S· 4418 POTTSVILLE PIKE 
READING, PA 19605 

215-921-8833 or 1·800-3454026 

I CLIENT INFORMATION 

INDUSTRIAL HYGIENE 
REQUEST FORM· 

INVOICE TO: 

LAB REPORT TO: 

NUMBER OF SAMPLES l TYPE OF SAMPLES 

LAB USE ONLY 

Samples Relinquished by Sampler 

(Signature) 

Samples Relinquished by Courier 

(Signature) 

Samples Relinquished for Analysis 

(Signature) 

Samples Relinquished after Analysis 

(Signature) 

NOTES: 

CLIENT 10 NUMBER, AIR VOLUME & ANALYSIS REQUESTED 

Samples Rec'd. by Courier 

(Signature) 

Samples Rec'd. by Laboratory 

(Signature) 

Samples Rec'd. for Analysis 

(Signature) 

Analyzed Samples Rec'd. for Retention 

(Signature) 

I am submitting these samples for 
testing, at the regular fee, within the 
customary turnaround time. 

Initial lor approval 

PURCHASE ORDER NUMBER 

SPECIAL INSTRUCTIONS 

Date nme 

Date Time 

Date Time 

Date Time 

I request priority handling of these 
samples, have already scheduled them 
by telephone, and authorize the addi· 
tional fee for this service. 

Initial for approval 

CLIENT TO RETAIN PART 3 OF FOR 



1 J J ) 1 ) ] 
.. ~ MDS 

____ •_~~~ ___ L_a_b_o_ra __ to_r_i_e_s ________ __ 
~ 4418 Pottsville Pike 

CHAIN OF CUSTODY RECORD 
' 

Reading, Pennsylvania 19605 
(215) 921-8833 (800) 345-4026 
FAX (215) 921·9667 

PROVIDING A COMPLETE LINE OF INDUSTRIAL HYGIENE AND ENVIRONMENTAL SERVICES 

NAME TITLE 

REPORT 
RESULTS 

TO: 

COMPANY 

MAILING ADDRESS 

CITY, STATE, ZIP 

SEND 
INVOICE 

TO: 

TELEPHONE NO. FAX NO. 

TURNAROUND TIME REQUESTED I 
0 STANDARQ (2·3 weeks) 0 STANDARD PLUS (2 WEEKS) /;. ~ 

THE FOLLOWING REQUIRE PRIOR LAB AUTHORIZATION: 
(Additional charges may apply) c. 

AUTHORIZATION NO. . AUTHORIZED BY: DATE:---- if I ~ 
0 1 Week 0 72 Hours 0 48 Hours 0 24 Hours ~ot 0~ e

0,f 
---=-__:_-=-~-~~--------.----,.---.-----.---r---1 ~" j s h~) p it:J0 

SAMPLE IDENTIFICATION/DESCRIPTION M.tJ:Jx J>tt;;.\D SATI~ED PRES. c~T/ '<"" ~ ....,u ':PcJ <II <1.
0 

EMPTY CONTAINERS DISPATCHED BY: DATE TIME RECEIVED BY: SAMPLER (SIGNATURE) 

RELINQUISHED BY: DATE TIME RECEIVED BY: RELINOUISHED BY: DATE 

PURCHASE ORDER NO. 

NAME; 

COMPANY 

ADDRESS 

CITY. STATE, ZIP 

·ANALYSIS REQUESTED 

TIME RECEIVED BY: 

RELINQUISHED BY: . DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME CONDITION OF SAMPLES UPON RECEIPT: CUSTODY SEALS INTACT .. 
Y N N/A 

COMMENTS: 

ORIGINAL- LABORATORY COPY YELLOW- REPORT COPY PINK· CUSTOMER COPY 

l J 
. _,e__ _of 

CLIENT JOB NO. 

DEPT. 

COMMENTS 

DATA DELIVERABLES 
(ADDITIONAL CHARGES MAY APPlY) 

0 TIER I 

0 TIER II 

0 ECRA 

0 RESULTS ONLY 

0 OTHER {SPECIFY): 
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~~ MDS LABORATORY REPORT __ ·Ys _!J _L_a_b_o_ra_to_ri_e_s ---~I~N~DU~S~T~R~IA~L_H_Y_G_IE_N_E __ --:-E7.N-=VI:::R-:-:O:-:::N::-:M:-E-NT_A_L-:T;-;-E~S:;;TI-:;::;;NC 
• EPA/NVLAP 1262 • NY DOH 10903 • NJ DEP 771 
• AIHA ACCREDITATION NO. 135 • PA DER OEi-353 

_r, 
t SAMF·t_E F.::EPORT 

-

,_ 

-

u 

Work Order number: R021690-124 

1"1DS 
nLtmber 

client 
number 

0047156 MET-0290-A 
1. ARSENIC <GRAPHITE FURNACE> < 
2. NICI<EL 
3. VANADIUM < 

Air volume: 455.6 liters 

0047157 MET-0290-B 
1. ARSENIC <GRAPHITE FURNACE> 
2. NICl<EL 

results 
0.020 meg 

0.005 mg 
0.001 mg 

resultc:. 
0.130 mc:g 
0.067 mg 

3. VANADIUM. < 0.001 mg 
Air Volume: 507.2 liters 

0047158 MET-0290-C 
·1. ARSENIC <GRAPHITE 
2. NICKEL 
3. VANADI'UM 

FURNACE> < 
< 

Air volume: 232.3 liters 

0047159 BLANK 
1. ARSENIC <GRAPHITE FURNACE> < ..., NICKEL ·< .,,:. . 
3. VANADIUI'1 < 

results 
0.010 meg 
0.001 mg 

0.007 mg 

results 
0.020 mc:g 
0.001 mg 
0.001 mg 

samples received: 02/16/90 
report date: 02/16/9Q 

ccmc::entr.:1ti em 
< 0.044 mc:g/m3 
0.011 mg/m3 

< 0. 002 mg/m:; 

£=Oncemtrati em 
0.256 mc:g/m3 

0.132 mg/m3 
< 0. 002 mg/m:) 

conc::entrati em 
< 0.043 mc:g/m3 

< 0. 004 mg/m:> 
0.030 mg/m3 

£9.0.£§ n t t- ~j:. i em 
N/A 

N/A 
N/A 

Lower limit of quantitation: 0.002 ug as,O.OOl mg ni~v per sample 
Analytical method: As-gr~phite furnace AAS~ni~v flame AAS 

N/A: not applicable 

------------------------------Fred Usbeck~ CIH 
Laboratory Director 
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~~ MDS LABORATORY REPORT 
__ ITS_U-=L=ab:..o:::ra::..::.:..ro:.:r.::..:ie:.:s ____ ..:.:IN.:.:D:..:U:..:S~T.:..:.R.::..:IA~L~H.:..:.Y...:.G....:IE:.;_N_E ___ E::-::'N:-:V:-=IR:-:-O::N·::M::-E_N_T_:AL::-:-;-TE:-;:S:-;T~IN::::G 

SAMF'l_E Fi:EPORT 

P.O. number: XYZ-1234 

MDS 
number 

clie.,t: 
number 

0047152 RM0-1714-A 
1. TOLUENE 
2. METHYL ETHYL KETONE 
3. 'TRICHLOROETHYLENE 

Air vo1L1me: 27.6 

0047153 RM0-1714-B 
1. TOLUENE 
2. METHYL ETHYL KETONE 
3. TRICHLOROETHYLENE 

liters 

Air vol Ltme: 13.2.liters 

0047154 RM0-1714-C 
1. TOLUENE 
2. METHYL ETHYL KETONE 
3. TRICHLOROETHYLENE 

Air volLtme: 6.4 liters 

0047155 BLANK 
1. TOLUENE 
2. METHYL ETHYL KETONE .. .;:.. TRICHLOROETHYLENE 

• EPA/NVLAP 1262 • NY DOH 10903 • NJ DEP 776 
• AIHA ACCREDITATION NO. 135 • PA DER 05 .. 353 

Work Order number: R021690-123 

results 
< 0.010 mg 

1.060 mg 
0.370 mg 

.< 
< 

< 
< 
<' 

results 
0.030 mg 
0.500 mg 
0.150 mg 

results 
0.270 mg 

0.010 mg 
0.010 ·mg 

results 
0.010 mg 
0.010 mg 
0.010 mg 

samples received: 02/16/90 
report dateL 02/16/90 

< 
concentration 

0.362 mg/m3 
38.406 mg/m3 
13.406 mg/m3 

concentrati c•n 
2.273 mg/m3 

37.879 mg/m3 
11.364 mg/m3 

cc•rrcent.rati on 
42.188 mg/m3 

< 1.563 mg/m3 
< 1.563 mg/m3 

corrcentrati on 
N/A 
N/A 
N/A 

Lower limit of quantitation: 0.01 mg each analyte per sample 
Analytical method: gas chromatography 

N/A: not applicable 

------------------------------Fred Usbeck, CIH 
Laboratory Director 
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~~ MDS LABORATORY REP()RT 
__ 

1,..-s _!J __ La_b_o_ra_to_r_ie_s _____ IN_D_U_S_T_RI_A_L_H_Y_G_IE_N_E __ ---:E-::-N:-::V-::-IR~O~N-:-:M·-:-E_N_i'_AL_T~E:-::S~T:-:IN:=:G:::::-
• EPA/NVLAP 1262 • NY DOH 10903 • NJ DEP 77678 
• AIHA ACCREDITATION NO. 135 • PA DER 06-3S3 

SAI'-1F•L_E REF"ORT 

P.O. number: 9001007 Work Order number: R021690-122 

MDS client samples received: 02/16/90 
n~u~m~b~e~r----~n~t~lm~b~e~r~----------------------------------------------~r~eport date: 02/16/90 

0047146 PCM-A-1 

0047147 PCH-B-2 

0047148 PCM-C-3 

0047149 PCM-D-4 

0047150 PCM-E-5 

0047151 BLANK 

Air volume: 

Air volume: 

Air voll.tme: 

mean count 
0.075 
.1200.1) .1 i ters 

mean count 
0.235 

385.<) 1 i ters 

mean count 
1. 065 
392.0 liters 

mean count 
2.300 

Air volume: 389.0 liters 

mean COLint 
0.055 

Air volume: 126C~O liters 

mean count' 
0. ()(H) 

fibers/cc. 
less than 0.01 

fi ber§./cc:: 
0.03 

fibers/cc 
0.13 

fibers/cc 
0.29 

fi be!:..s/cc 
less than C1.01 

·f :i bers/f i 1 ter 
less than 490 

Lower limit of quantitation: 1 fiber per 100 fields counted 
Analytical method: NIOSH 7400 (P&CAM 239 counting rules) 

N/A: not applicable 

Fred Usbeck~ CIH 
Laboratory Director 
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.. ~ MDS LABORATORY REPORT 
__ 

1"'s _!J __ La_b_o_ra_to_r_ie_s ___ ~_IN_D_U-:-S .... T_R .... IA_L_H_Y_G_IE_N_E __ --:E-::-N:-::V~IR:-:-0-:-:N·:-:M7E_N_T_AL-:-:-TE:-:::S:-=.T:::-:IN::::::G 
• EPA/NVLAP 1262 • NY DOH 10903 • NJ DEP 776' 
• AIHA ACCREDITATION NO. 135 • PA DER 06··353 

SAI•"1F•[_E REF·ORT 

P.O. number: ACME CONSTR.CO. Work Order number: R022090-106 

MDS client samples received: 02/20/90 
:...:n-=u~m:.::b;;..:e::.:;r __ "-'n"-=-Lt:.:..:«.:.:tb::...:e::..:r ___________________ ....:r:....=.:.e.r:;p.:::o;.:..r..,!t:.-;d~a::.:.::t e: 02/ 20/9Q 

0051017 02-20-90-WALL 
description: 
composition: 

homogenous, no obvious layers, fibrous~ color: tan 
asbestos- · 

NO ASBESTOS DETECTED 
other fibrous materials

CELLULOSE: 30-40% 

0051018 022090-FLR.TILE 
description: 
composition: 

homogenous, no obvious layers, fibrous, color: green 
asbestos-

CHRYSOTILE: 2-4% 
other fibrous materials-

0051019 .022090-CEILING 
description: 
composition: 

homogenous, obvious layers, fibrous, color: tan 
asbestos-

NO ASBESTOS DETECTED ' 
other fibrous materials

CELLULOSE: 30-40% 
SYNTHETIC: 20-30% 

'· 

0051020 022090-PIPE INS 
description: homogenous, obvious layers, fibrous, color: white 
composition: asbestos-

AMOSITE: 30:...407. 
CROCIDOLITE: 2-4/. 

other fibrous materials-

Lower limit of quantification: lX Asbestos 
Analytical method: Dispersion Staining/Polarized Light Mic. 

N/A: not applicable 

----------------------~-------Fred Usbeck~ CIH 
'Laboratory Di rect~or 
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MJ MDS LABORATORY REPORT 
S Laboratories INDUSTRIAL HYGIENE ENVIRONMENTAL TESTING 

• EPA/NVLAP 1262 • NY DOH 10903 
• AIHA ACCREDITATION NO. 135 • PA DER 06-353 

TRANSMISSION ELECTRON MICROSCOPY (TEH) 
·ASBESTOS ANALYSIS 

Client: 
Client P.O.IJ: 

Client Sample 1/Location: 

HDS Sample I: 

ABC Company 
123456 
Room 123 - East Wing 

90-0301-lllA 

Structures/9 G.O. 
Asbestos Structures: 2 

Non-Asbestos Structures: 0 

Asbestos Structures/cc*: 0.007 

• NJ DEP 77678 

St:ructures/mm2 
27.8 

N/A 

Type of Asbestos Present: 1 ·chrysotile & 1 Amo~;ite 

Details of the Analysis 

Fiber Type: MCE Diameter: 
Air Volume*: 1500 L Grid Opening Area: 

. Method: AHERA 40 CFR-763 Microscope: 
Analytical Sensitivity: 0.0039 structures/cc 

COMMENTS 

*NO'l'E* 

25 mm 
0.00800 mm2 
~:e iss EMlOCRX 

MDS Laboratories is not responsible for the volume of air sampled or 
for the condition of the filter media. Also, the concentration in 
structures/cc is calculated as a courtesy to our clients. 

Samples prepared by: 
------------------------------------- Date 

Samples analyzed by: 
------------------------------------ Date 

Results reported by: Date 

.4418 POTTSVILLE PIKE, READING, PENNSYLVANIA 19605 215-921.ae33 FAX 215·921·9667 
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MJ MDS S _____ !!~alth Group Inc. TEM Count Sheet 

Client Grids TEM Conditions Filter 
~ 

Qient Name: ,4~ ~ /14.-. ' ,.;? ,E-6 DU:4 y 
rnstrument&r. ·=~~ Grid Type: 7. '- Filter Manuf.trype: ,4-'1~ ...... 7 ""7 

- Sample 10::?1 /.;;? 3 - &:>r £nv~ Grid Lot 1: (}'}; Magnification: / ~ V'(n)C Filter Size: .?..s-rM ""'\... . 

Telephone 1: Ave. GO Cmm't:Z-;J.ooi'n Calib. Date: .,:1-~r-9~ POI'e Size: ().~.A.._ 

Fax Results?: 0 No 0 Yes I Box •.: d i'7 r' 
0penll1g: Ace Voltage: J"dN Air Vol (L): / SP?J (9) 

-leo STRUCTURE S..A.E.D. OBSERVATION 
EDXA COMMENTS I NOTES 

No. T~ Size Loc. Cluy. Am ph. N011asb. Neg 10 

I .t/:5.1::> 

I.?? J,/...SD 
I 

3 I ~ %'5" 1)/ . ../ 7c6 ~tf~~ ~., It ~tAt-__ 

I 
(/ 

.... tj_ lw'SP 

5 JVSJ) 

- I& )/~/) 

1'1 #51.> - I 
% .tf/.:5/) 

~ 

4 J a lf,O t10l v~Jt~.s- -p..s .&Pv~,U .A ..,..,//, _,. 
., 

' 

i 

-

-
.-

-
~ ) ; / 

EM T h . . ' N . /a ._,~f?LJ. "· ;,__;/ Date of Analysis: # ec mc1an s arne~ " / 

Comments ~ · ,. 

~~ 
' ... 

~ ff-¢}1 / - ~ ..... -;:A:$¢#- ~ ~ 

..... '---~ .... 'R = 'RnntilP = =Matrix C Cluster M 

-
..... 
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MJ MDS LABORATORY REPORT 
__ S Laboratories INDUSTRIAL HYGIENE ENVIRONMENTAL TESTING 
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• EPA/NVLAP 1262 , • NY DOH 10903 
• AIHA ACCREDITATION NO. 135 • PA DER 06-353 
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~MDS __ S Laboratories 
LABORATORY REPORT 

INDUSTRIAL HYGIENE 
• EPA/NVLAP 1262 

ENVIRONMENTAL TESTING 
• NY DOH 10903 • NJ DEP 77678 - • AIHA ACCREDITATION NO. 135 • PA DER 06-353 
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~~ MDS LABORATORY REPORT 
__ ·~s_U-_L_ab_o_ra_to_n_'e_s _____ IN_D_U_S_T_R_IA_L_H_Y_G_IE_N_E ___ E_N_V_IR_O_N,~M_E_N_T_A_L_T_Es ..... T:-IN:-:-G 

• EPA/NVLAP 1262 • NY DOH 10903 • NJ DEP 776 
• AIHA ACCREDITATION NO. 135 • PA DER 06·353 

CLIENT: ABC COMPANY 
123 Main Stret;t 
Reading, PA 19605 

Attn: D. Shirt:y 

SAMPLE NUMBEF.:: 
SAMPLE DATE: 
SAMPLE TIME: 

SAMPLED BY: 
RECEIVED BY: 

DATE & TIME RECEIVED: 

02-1490-90 
02-1 :3-9(1 
1800 
CRA 
ETD 
02-14-'30 0845 

PROJECT DESCRIPTION: East End of Lot 
STATION: Composite of Bins 1 thru 5 

E~El~t:1sis8 
BOD 
COD 
TOC. 
Acidity 
Alkalit1ity 
Hardness 
pH 
C•::.nduc t i vi t y 
Specific Gravity 
Colc•r 
Odc•r 
Turbidity 
Bromide 
Chloride
Fluoride-
I.odide 
Fre-e chlorine
Cyanide, total 
Cyanide, ame-nable 
Ammc•t1ia nitrc•ge-n 
Nitrate nitroge-n 
Nitrite- nitrogen 
Kjeldahl nitrogen 
Organic nitroge-n 
Phosphate, total 
Phosphate-, orthc• 
Silica as Si02 
Sulfate 
Sulfite· 
Sulfide 
Total s•:•l ids 
Dissc•lved solids 
Suspt-t1dE-d sc•l ids 
Vc•l at i 1 E- s•:•l ids 
SettlE-able solids 
GrE-ase~~ coil . 
Pet. hydrocarbons 
Dete-r get1t s 
PhE-nc•l s 

E.P. TOX 
Bs§Uki Ee8~t:1sis8 8£§!::!ki 

Al wtti t1Ltm 
Anti m•:•ny 
Arsenic 
Barium 
Beryllium 
Cadmium 

< 
0.003 mg/L 
0.10 mg/L 

0.013 rng/L 
6.47 Calcium 

Chrorni um, total 
Chromium, ht:x. 
Coppt:r 
I r •:•n , t •::.t a 1 

0.15 

Lead < 0.05 
Magne-si Ltm 
Manganese 

"Mercury < 0.0002 
M•:•l ybdenum 
Nickel 

mg/L 

mg/L 

mg/L 

1. 82 mg/kg . Pc•tassi Lim 

14.0 mg/kg 

·· Selenium < 0.002 mg/L 
mg/L Silve.r < 0.01 

Si 1 i c•:•n 
So::tdi Llril 

Thallium 
Tin 
Tit ani wrr 
Vanadium 
Zinc 

·OTHER PARAMETERS: 

Ignitability 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 
2,4,5-TP 

Non-hazardous 
EiW846. 

0.02 
0.45 

10.0 
0.53 
9.0-:i 
1.00 

Nov. 19 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Revi t:wed by:-------·------------
Craig F:. Acht:t1bach. 
Laboratory Superviso 



-

.... 

-· 

-

~MDS __ S Laboratories 
LABORATORY REPORT 

INDUSTRIAL HYGIENE ENVIRONMENTAL TESTING 
• EPAINVLAP 1262 • NY DOH 10903 • NJ DEP 77678 
• AIHA ACCREDITATION NO. 135 • PA DER 06·353 

CLIENT: ABC COMPANY SAMPLE NUMBEF~: 02-1490-90 
1 ~.""" ..:...~ Main Strt-et SAMPLE DATE: 02-13-'30 
F.: t-ad i t1 g, PA 1'3605 SAMPLE TIME: 1800 

SAMPLED BY: CRA 
At t t1: D·. Shirey RECEIVED BY: ETD 

DATE & TIME F~ECEIVED: 02-14-'30 0845 
F'ROJECT DESCRIPTION: Presque Isle II 
STATION 0130PG3 

' 
PURGEABLE AROMATICS--EPA METHOD 602/8020 

E~E~t1siEE EE.§!:!bi§ 

1. Bt-nzt?nt- --
., 50.0 ug/kg 

.-. 
~- C:h 1 r:rr •:•b enz en e --., 50.0 ug/kg 

3. 1,2-Dichlorobt-nzt-nt- < 50.0 Llg/kg 

4. 1,3-Dichlorobt-nzent- < 50.0 ug/kg 

5. 1,4-Dichlorr:rbenzent- < 50.0 Llg/kg 

6. Ethyl bt-nzt-t1e < 50.0 ug/kg 

7. Tol Llet1e < 50.0 ug/kg 

OTHEF~ PAF~AMETERS: .. 
a. 

: 

Xylene 1,050.0 ug/kg 

Reviewed by=--------------------
Craig R. Achenbach 
Laboratory Supervisor 

~ . 

- --··-· ... -- -·-·- --. -···- --····-··· .......... ~- ... -· ................. ,.. .. "" r!'AY .., .. c.~'t1.o.:a7 
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MJ MDS S Laboratories 
LABORATORY REPORT 

INDUSTRIAL HYGIENE ENVIRONMENTAL TESTING 
• EPAINVLAP 1262 • NY DOH 10903 • NJ DEP 77678 
• AIHA ACCREDITATION NO. 135 • PA DER 06-353 

CLIENT: ABC COMPANY. SAMPLE NUMBER: 02-1490-90 
1 .... ,":) 

"'-w Main Street SAMPLE DATE: 02-13-':30 
F.:ead i t1g, PA 19605 SAMF'LE TIME: 1800 

SAMPLED BY: CF~A 
At t t1: D·. Shirey RECEIVED BY: ETD 

DATE 8< TIME F~ECEIVED: 02-14-90 0845 
PROJECT DESCF.: I PT I ON: Presque Isle II 
STATION 0130PG3 

ORGANOCHLORINE PESTICIDES AND PCB'S--EPA METHOD 608/8080 

Et?!Et?!t!sisE Es§!::lbi.!2 

1. Aldrin 
.-. .::. . alpha-BHC 
...... .::.. beta-BHC 
4. delta-BHC 
5. gamma-BHC 
6. Chlordane 
7. 4,4'-DDD 
8. 4,4'-DDE 
9. 4,4'-DDT 

10. Dieldrin 
11. Endosulfan I 
12. Endc•sul fan II 
13. End•:tsul fan sulfate 
14. Endrin 
15. Endrin aldehyde 
16. Heptachl c•r 
17. Heptachlor epoxide 
18. Toxaphene 
19. A-1016 
20. A-1221 
21. A-1232 
22. A-1242 
23. A-1248 
24. A-1254 
25. A-1260 

< 330.0 ug/kg 
< 330.0 Ltg/kg 
< 330.(> Ltg/kg 
·' ,, 330.0 Ltg/kg 
< 330.0 ug/kg 

·.< 330.0 Ltg/kg 
< 330.0 u·g /kg 
< 330.0 Ltg/kg 
< 330.0 ug/kg 
< 330.0 Ltg/kg 
< 330.0 ug/kg 
<' 
' 330.0 Ltg/kg 
< 330.0 Ltg/kg 
< 330.0 Ltg/kg 
< 330.0 Ltg/kg 
< 330.0 Ltg/kg _, ., 330.0 ug/kg 
< 330.0 Ltg/kg 
< 1.0 mg/kg 
,, ... 1.0 mg/kg 
< 1.0 mg/kg 
< 1.0· rng/kg 
< 1.0 mg/kg 
< 1.0 rrtg/kg 
< 1.0 mg/kg 

Reviewed by: ____________________ _ 

Craie R. Achenbach 
Labo;atory suaervisor 
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APPENDIX III 

This section contains both laboratory and individual certifications 
currently held by MDS Laboratories and its employees. 



MERICAN 
INDUSTRIAL 
HYGIENE 
ASSOCIATION 

!Jv{'lJS Laboratories 
f}v[tJJS Laboratories-2\faiing 

!R§atfing P .9L 
has fulfilled AIHA criteria for 
Industrial Hygiene Laboratory Accreditation . 
since August 1, 1979. 

This accreditation shall be effective until 
the 1st day of . August 1994 
subject to continued compliance with 
AIHA accreditation criteria. 

~ 
Chairman 
Labortary Accreditation 
Committee · 

135 
Accreditation Number 

September 24, 1991 
Date 
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United States Department of Comn1erce 
National Institute of Standards and Technology 

Certificate of Accreditation 

MDS LABORATORIES 
READING, PA 

. is rccog11ized wider lf1c Nalio11al Voltllltary Laboratory Accreditation Program· 
{or satis{acloru complia11cc H'ilfl criteria cstablisflcd i11Tille 15. Part 7 Code of Federal Regufalio11s. 

Accrcdilalioll is all'ardcd for specific services. listed 011 tf1e Scope of Accreditalioll, for: ' 

AIRBORNE ASBESTOS FIBER ANALYSIS 

-
October 1, 1994 ~ 

"' For lfte Na!io1ta/l1ts!ilu!e of S!altdttrds and Tccftllolog!J Ef(eclh·e rmli/ 

NVLAP LAB C 

( I 

·-~ 
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National Institute 
of Standards and Technology 

National Voluntary 
Laboratory Accreditation Program 

SGOPE OF ACCREDITATION 

AIRBORNE ASBESTOS FIBER ANALYSIS NVLAP LAB CODE 1262 

.. 
1\IDS Laboratories 
4418 Pottsville Pike 

Reading, PA 19605.:.1286 
David Shirey Phone: 800-345-4026 

Accreditation Renewal Date: October 1, 1994 

NVLAP Code 

18/A02 

Designation 

40 Code of Federal Regulations Chapter I (1-1-87 edition) Part 763, Subpart E, 
Appendix A or the current U. S. Environmental Protection Agency TEM method for 
the determination of completion of response actions for asbestos. 

7 
For the Notionallnstitut!l ol Standards nnd Technologv 
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United States Department of Co1nmerce 
National Institute of Standards and Technology 

Certificate of Accreditation 

MDS LABORATORIES 
READING, PA 

is rccog11izcd Lllldcrlftc Nalio11af Vofu11tary Laboratory AccrcditatiOJi Program 
{or salis{acloru comp/in11cc with criteria cstablisfrcd i11 Title 15. Part 7 Code of Federn/ Regulations. 

Accrcditatio11 is mmrdcd for specific services. listed 011 tfrc Scope of Accrcditalio11. {or: 

BULK ASBESTOS FIBER ANALYSIS 

·~ 

October 1, 1994 ~ 
E{(l'ctive 11111i1 For tlrr National I nsrirulr of Stand.rrds and Tecfutolog!J 

L [ l 
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National Institute 
of Standards and Technology 

National Voluntary 
La bora tor; Accreditation Program 

SCOPE OF ACCREDITATION 

BULK ASBESTOS FIBER ANALYSIS NVLAP LAB CODE 1262 

I I 

MDS Laboratories 
4418 Pottsville Pike 

Reading, PA 19605-1286 
·David Shirey Phone: 800-345-4026 

Accreditation Renewal Date: October 1, 1994 

NVLAP Code 

18/A01 

Designation 

40 Code of Federal Regulations· Chapter I (1-1-87 edition) Part 763, Subpart F, 
Appendix A or the current U; S. Environmental Protection Agency method for the 
analysis of asbestos in building materials by polarized light microscopy. 

> For the Notionollnstituta of Standords and Technology 
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AAT Performance Results 
2700 Prosperity Ave., Suite 250, Fairfax, VA 22031 Tel. (703) 849-8888 Fax (703) 207-3561 

QUALITY 
COUNTS 

DAVID E SHIREY 
MDS LABORATORIES 

October 22, 1993 

MDS LABORATORIES-READING 
4418 ~OTTSVILLE PIKE 
READING PA 19605 

IT IS THE ORGANIZATION'S RESPONSIBILITY TO THOROUGHLY REVIEW RESULTS, AND TO 
IMMEDIATELY CONTACT AIHA IN WRITING TO REQUEST. REMOVAL FROM THE ASBESTOS ANAI~YSTS 
REGISTRY OF ANY ANALYST WHO IS NO LONGER A MEMBER OF THEIR. ORGANIZATION. 

Report of performance for Round 27, Organization 8707 

CUTLIERS PERFORMANCE 

ID NAME (*BdAprvd) RESULTS {f/mm2) FOR THE CURRENT ROUND (R27) R27 R26 TOT RA~:ING 

The following individuals have met all the requirements for listing in the MR and have been 

~ Approved by the AIHA Board of Directors: 

-

-
-

-
i 
; 

....... 

2091 

3120 

*SHIREY, DAVID A272 102 

*SERAFINO, BARBAR A272 113 

B272 243 ·, 

B272 210 

C272 '485 

C272 346 

0272 475 

0272 393 

0 0 0 ACCEPTABLE 

0 0 0 ACCEPTABLE 

The determination of outliers for the above results are based on the following 
performance limits: 

SAMPLE I .D.: A2n B271 
LOWER LIMIT: 101 203 
REF. VALUE : 202 406 
UPPER LIMIT: 404 813 

C271 D271 
138 256 
276 511 

J 552 1022 
.-:·1· 

A272 B272 C272 D272 
93 

186 
185 
371 

311 
623 

278 
555 

37~' ~41 1245 1111 

·:;', 
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DEPARTMENT OF 
ENVIRONMENTAL PROTECTION 

Certifies Uhat 
MDS Laboratories 
4418 Pottsville Pike 
Reading, Pa. 19605 

haYing July met the requirements of the 

1?.egulations Governing Eaboratory Certification 

1 

JlnJ StanJaros OJ Perfonnance N:J.Jl.C. 7:18 et. seq. 
is hereby appro~ea as a 

State CertifieJ Water Eaboratory 
ao perfonn the analyses as inJicatea on the 7lnnual CertifieJ Parameter .Cist 

which must accompany this certificate to be valiJ 

) ) Let _, . .rotc ...... hr c.. ....... \ 

PERMANENT CERTIFICATION NUMBER 

October 22, 1990 

DATE COMMISSIO R 
DEPART T OF ENVIRONM N AL PROTECTION 

This certification Is subject to unannounced laboratory Inspections as specified by 
N.J.A.C. 7:18-2.11 (d) and agreed to by the Laboratory Manager on filing the application 

TO BE CONSPICUOUSLY DISPLAYED AT THE LABORATORY WITH THE ANNUAL CERTIFIED PARAMETER LIST. 

J 
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Loi·LAB '"" 

DEPARTMENT OF ENVIRONMENTAL RESOURCES 
OFFICE OF MANAGEMENT AND TECHNICAL SERVICES BUREAU OF LABORATORIES 

Certificate not traMferable 

Surrender upon revocarion 

To Be Conspicuously Displayed at the Laboratory 

COMMONWEALTH OF PENNSYLVANIA 
Certifies that 

MDS LABORATORIES 
4418 POTISVI LLE PIKE 
READING, PA 19605 

I. D.# 06-353 

having duly met the requirements of 
Chapter 109, Subchapter H, Safe Drinking Water Rules and Regulations 
issued under the Pennsylvania Safe Drinking Water Act of May 1, 1984 

(P.L. 206, No. 43), (35 P.S. 55 721. 1-721.17) 
is hereby approved as a 

Certified Drinking. Water Laboratory 

To perform the following analyses: 

Inorganic 
Trace Metals (Groups 1-2), Fluoride, Sulfate 

Organic 
Total Trihalomethanes 

Expiration Date: 2/1/95 

~-)~· 
Floyd Kefford, Bureau Director 

Bureau of Laboratories 

1 



NEW YORK STATE DEPARTMENT U1• HbAL.1n 

MARK R. CHASSIN, M.D., M.P.P., M.P.H. COMMISSIONER 

-
- . Expires 12-:01 AN April 1, 1994 

LSSUBD August 16, 1993 
REVISED September 23, 1993 

INTERIM CERTIFICATE OF APPROVAL FOR LABORATORY SERVICE 

Issued in accordance with and pursuant to.section 502 Public Health Law of New York State 

Lab lD No.: 10903 - Director: 1-JR. CARNINE I:'IORl'GLl"O 
Lab Name: 1-!DS LABORATORIES 
Address : 4418 POTTSVILLE PIJ(E 

READING PA 19605 -

-

, 
is hereby APPROVED as. an Environmental LalJoJ.~atory for tile. cc-1ter;rory 

ENVIRONMENTAL ANALYSES NON POTABLE fiATER 

All approved subcategories and/or analytes are listed belotv: 

· rgeable Halocarboas : 
1, 1, H'nchloroubane 
1, 1,2,2-retracblormbane 
1,1, 2-frichloroethane 
1, J-Vicbloroetbaae 
1, I-Dichloroetbene 
1,2-Dicblmethene rcotal} 
Hroaodlcbloromecaaae 
JiiOfltJCO!tl 
cis-1, J-Vichloropropene 
Carbon tetracbloJride 
Eromo.setbane 
Chloromoane 
l'ncnl orotluoroaethane 
Dibro•ocblorombane 
Chloroechane 
Cblorotora 
fJichlorodiflilormthane 
Hetbylene chloride 
trans-1, J-Di cbloropropene 
Tetracbloroetbene 
l'ncbloroecbene 
Vinyl chloride 

lucrienc : 
Kjeldabl Nitrogen, fotal 
Auonia (as NJ 
llicrice (as NJ 
Nmace (as /IJ 

Vicroamatics and Isopborone : 
z, 6-UinitrocoJuene 
Isophmne 

Cbloropbenary Acid Pesticides (ALL) 
llalomers rALL} 

Chlor. Hydrocarbon Pesticides : 
4,4'-DDD 
4,4'-DDT 
Aldrin 
beta-BHC 
Caotan 
Chlordane fotal 
deica-BHC 

·uicl!Umn 
Dicorol 
Endrin aldebyde 
Sndosultan I 
sndosultan II 
bndosultan sulfate 
lsodrin 
Him 
Nethorychlor 
PCNB 
Pertbane 
Strobane 
rritlutalia 
Toxapnene 

Polychlorinated Biphenyls : 
I'CB·l~lfi 
PCB-JZ3Z 
PCB-1242 
PCB-1248 
PCH-11S4 

Demand : 
~hem1cal Oxygen Demand 

Ni crosoamines : 
H-Nitrosodi-n-propylamine 

Phthalate Esters (ALL} 

Serial No.: 022359 

Polynuclear Aromatics : 
Acenapbtbene 
·Aatbracene 
Acenaphtbylene 
Benzo(a)ancbracene 
Benzo( a} pyrene 
Benzo(b)tluoranthene 
Beazo{gbi}peryleae . 
Dibenzo{a;b}aathracene 
lluorancbene 
Fluorene·; .· 
Indeno( 1, 2,3-cd) pyrene 
Hapbtbalene 
Pbenantbrene 

· Pyrene. . 
fr'astevacer Hetals I : 

Silrer,· Total. 
· sariu11, Total 

CbroJiU»r:· Total 
Jroa,.:rotal.· 

·· Hictel11 Total 
. :·;Lead/: Total 
'Kastmter:Ketals III : 

. Gold; :.Total .·· .. 
· · Cobalt;:-.rotal 

Platinum;- Total 
·. : ::Tin,·:· Total. ! •. · · 

· lfastevater: He tal's II : 
;.:·CbmiUli•VI·· 

,,::.:;Hercury;. Total 
Residue·: . · 

Solids, Total 

....... 

Priority Pollumc Fben()ls : 
2,4,6-Trlchlorophenol 
2,4-Dicblorophenol 
2,4-Dimethylpllenol 
2, 4 -Uinr croph~;lol 
2-Chloropbenol 
2-llecbyl-4, 6-ainimpbenol 
2-Nl crophena 1 
4 -Cnlor~~-.~ -limy lphenol 
Pbenol 
Fencachlorophenol 

lfastevacer Miscellaneous : 
· Color 

Corrosivity 
Pbenols 
Oil & Grease Mal Hecovmbl~ 
Hydrogen Jon (p8J 
Specific Conduccance 
Sulfide {asS) 
$urtaccanc l!fBAS) 

Mineral : 
Acidity 
Alkallnity 
Calcium Hardness 
Chloride 
Hardness, Mal 

Purqeable Aromatics : 
1,3-Dlchlorobenzen~ 
Benz~ne 
Chlorobenzen~ 

Acrolein and Acrylonitrile (ALL} 
Chlorinated Hydrocarbons (ALL} 

·::Wa.ds~orth Center for Laboratories and Research 
: .. :·:· 

Property of the New York Stnte Depnrtment of Henlth._:vnfid:o·:nly .nt.the nddress shown, 

Must be conspicuously posted. Vnlid certificate hns ·n. red ser_inLnumber. 

D 0 II- :l:ll7 ( 12/92) 
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MARK R. CHASSIN, M.D., M.P.P., M.P.H. COMMISSIONER 

· . Bxpires 12:01 AN April 1, 1994 
ISSUED August: 16, 1993 
REVISED September 23, 1993 

INTERIM CERTIFICATE OF APPROVAL FOR LABORATORY SERVICE 

Issued in accordance with and pursr,ant to section 502 Public Health Law of New York State 

Lab JD No.: 1<:!903 

I 

Director: }ffi. C~UNE FIO~IGLIO 

LaJJ Name: HDS LABORATORIES 
Address : 4418 PO'l'TSVILLE PlXE 

READING PA 19605 

i"s 11ereby APPROVED as an Environmental Laboratory for the category 

ENVIRONMENTAL ANALYSES/ POTABLE WATER 

All. approved subcategories. and/or analytes are listed belot·t: 

,..... Or inking Water Hon-Hmls : Drinking later Hetals I : 
Lead, l'otal 

D.W. Miscellaneous : 
Asbestos 

-
-

-
-

Color 
corrosivity 

Serial No.: 022360 

.•. . . , 

.. ·.' 

··, 
'·• 

.. 

··w~ci~-ir~~th Center for Laboratories and Research 
·~\~ .. ~ ·,· .. 

·• 1•, 
., '.:: .~ ... 

Property of the New York Stnte Department of I·Ie~lth._Yn}i_!(o~l_r. ~t the address shown. 

M~st be conspicuously posted. Vnlid certificate has a red :·~e:inl-,number. 

D 0 II. 3:117 ( 12/92) 
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MARK R. CHASSIN, M.D., M.P.P., M.P.H. COMMISSIONER 

· . Expires 12: 01 AN April 1, 1Y9~ 

ISSUED August: 16, 1:793 
REVISED September 23, 1993 

INTERIM CERTIFICATE OF APPROVAL FOR LABORATORY SERVICE 

Issued in accordance with and prtrsuant to section 502 Public Health Law of New York Stale 

Lab ID No.: 16903 Director: 1-fR. CARMINE FIORIGLIO 
Lab Name: MDS LABORATORIES 
Address : 4418 PO'l'TSVILLE PIKE 

READING PA 19605 

·' 1.s hereby APPROVED as an Environmental Laboratory tor tl1e cacegory 

ENVIRONMENTAL ANALYSES/ AIR ··AND EHISSIONS 

All .approved subcategories imdlo1· analytes are listecl ]Jelovl: 
., 

....,. l!iscellaneous Air : Fuels (tlLL) Hetals I (ALL) 

-
-
-

-· 

Asbestos 
Fibers 

Serial No.: 0 2 2 3 61 

, I 

··;·. 

·:·. 

··~·. 

". 

' o ~ L :• ' i • '• 

:._-: '. 

::~:w~·~sw6rth Center for Laboratories and Research 
.. • .. · ...... · ~. 

Property of the New York State Department of He~l.th:.:Vn .. i'~i·b~l;: nt the nddress shown. 

Must be conspicuously posted. Valid certificntc hu. /red.·s;~i·~~ .number. 

non. 3317 ( 12/92) 
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NE\V YORK STATE V.EPAHliH.L:.f~1. Vl' .L1.L.Jrt...t...J...Ll. 

MARK R. CHASSIN, M.D., M.P.P., M.P.H. COMMISSIONER 

·.Expires 12:f(.U AN April 1, 199~ 

ISSUED August 16, 1993 
REVISED September 23, 1993 

INTERIM CERTIFICATE OF APPROVAL FOR LABORATORY SERVICE 

Issued in accordance with and pursuant to section 502 Prtblic Health Law of New York State 

Lab lD No.: 1ii>903 

.. 

Director: MR. CARMINE FIORIGLIO 
Lab Name: HDS LABORATORIES 
Address : 4418' POTTSVILLE PlXB 

READING PA 19605 

is 11ereby APPROV1"'D as an Environmental Laboratory tor the categoL"y 

ENVIRONHENTAL ANALYSES/SOLID AND HAZARDOUS f•!ASTE 

All ·approved subcategories and/or. analytes are listed belor>~: 

...., CharawnstJc i'ming : 
t:Of!OSlVltV 
lgouauillcy 

Hiscellaneous : 
Asoescos in Friable Hacerial 
Hydrogen loa !PHI 
Sulride {asS) 

Acrolein and Acrylonitrile IAL~) 
Chlorinated Hydrocarbons (ALL) 
Phcbalate Kstm (ALL) 

C/Jlorophenoxy .icid Pmic1des (.11~) 
Haloecllm {AU! · 

-

liea~ci Vl LY 

;·· 

Serial No.: 0 22 3 6 2 W.ad~worth Center for Laboratories and Research 
·.·.· 

Property o( the New York State Department of Henlth.· Valid .. only at the address shown. 

M.ust be conspicuously posted. Vulid certificate has n red ser·i'ai number. 

DO!l-~:117 (12/92) 
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APPENDIX E 

ASTM FIELD METHODS 



-

-

-
-
-

-

. ,_ 

~~ Designation: D 1452-80 (Reapproved 1990)t1 

Standard Practice for 
Soil Investigation and Sampling by Auger Borings 1 

This standard is issued under the fixed designation D 1452: the number immediately following the designation indicates the year of 
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (E) indicates an editorial change since the last revision or reapproval. 

This suuu:Jard has been approved for use by agencies of the Depanment of Defense. Consult the DoD Index of Specifications and 
Standards for the specific year of issue which has been adopted by the Department of Defense. 

"NOTE-Section 6 was added editorially in July 1990. 

1. Scope 

1.1 This practice covers equipment and procedures for the 
use of earth augers in shallow geotechnical exploration. This 
practice does not apply to sectional continuous flight augers. 

1.2 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Significance and Use 

2.1 Auger borings often provide the simplest method of 
soil investigation and sampling. They may be used for any 
purpose where disturbed samples can be used and are 
valuable in connection with ground water level determina
tion and indication of changes in strata and advancement of 
hole for spoon and tube sampling. Equipment required is 
simple and readily available. Depths of auger investigations 
are, however, limited by ground water conditions, soil 
characteristics, and the equipment used. 

3. Apparatus 
3.1 Hand-Operated Augers: 
3.1.1 Helical Augers-Small lightweight augers generally 

available in sizes from 1 through 3 in. (25.4 through 76.2 
mm). 

3.1.1.1 Spiral-Type Auger, consisting of a flat thin metal 
strip, machine twisted to a spiral configuration of uniform 
pitch; having at one end, a sharpened or hardened point, 
with a means of attaching a shaft or extension at the opposite 
end. 

3.1.1.2 Ship- Type Auger-Similar to a carpenter's wood 
bit. It is generally forged from steel and machined to the 
desired size and configuration. It is normally provided with 
sharpened and hardened nibs at the point end and with an 
integral shaft extending through its length for attachment of 
a handle or extension at the opposite end. 

3.1.2 Open Tubular Augers, ranging in size from 1.5 
through 8 in. (38.1 through 203.2 mm) and having the 

1 This practice is under the jurisdiction of ASTM Committee D-18 on Soil and 
Rock and is the direct responsibility of Subcommittee 018.02 on Sampling and 
Related Field Testing for Soil Investigations. 

Current edition approved June 12. 1980. Published August 1980. Originally 
published as D 1452- 57 T. Last previous edition D 1452-65 (1972). 
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common characteristic of appearing essentially tubular when 
viewed from the digging end. 

3.1.2.1 Orchard-Barrel Type, consisting essentially of a 
tube having cutting lips or nibs hardened and sharpened to 
penetrate the formation on one end and an adaptor fitting 
for an extension or handle on the opposite encl. 

3.1.2.2 Open-Spiral Type, consisting of a flat thin metal 
strip that has been helically wound around a circular 
mandrel to form a spiral in which the flat fact~ of the strip 
are parallel to the axis of the augertid hole. The lower helix 
edges are hard-faced to improve wear charac:teristics. The 
opposite end is fitted with an adaptor for extension. 

3.1.2.3 Closed-Spiral Type-Nearly identical to the open
spiral type except, the pitch of the helically wound spiral is 
much less than that of the open-spiral type. 

3.1.3 Post-Hole Augers, generally 2 through 8 in. (50.8 
through 203.2 mm), and having in common a means of 
blocking the escape of soil from the auger. 

3.1.3.1 Clam-Shell Type, consisting of two halves, hinged 
to allow opening and closing for alternately digging and 
retrieving. It is not usable deeper than about 3 .. 5 ft ( 1.07 m). 

3.1.3.2 !wan Type, consisting of two tubular steel seg
ments, connected at the top to a common member to form a 
nearly complete tube, but with diametrically opposed open
ings. It is connected at the bottom by two radial blades 
pitched to serve as cutters which also block the escape of 
contained soil. Attachment of handle or extettsion is at the 
top connector. 

3.2 Machine-Operated Augers: 
3.2.1 Helical Augers, generally 8 through 48 in. (203.2 

through 1219 mm ), consisting essentially of a center shaft 
fitted with a shank or socket for application of power, and 
having one to three complete 360• (6.28-rad) spirals for 
conveyance and storage of cut soil. Cutter bits and pilot bits 
are available in moderate and hard formation types and 
normally replaceable in the field. They are normally oper
ated by heavy-duty, high-torque machines, designed for 
heavy construction work. 

3.2.2 Stinger Augers, generally 6 through 30 in. ( 152.4 
through 762 mm), are similar to the helical auger in 3.2.1, 
but lighter and generally smaller. They are commonly 
operated by light-duty machines for post and power pole 
holes. 

3.2.3 Disk Augers, generally lO through 30 in. (254 
through 762 mm), consisting essentially of a t1at, steel disk 
with diametrically opposed segments removed and having a 
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shank or socket located centrally for application of power. 
Replaceable cutter bits, located downward from the leading 
edges of the remaining disk, dig and load soil that is held on 
the disk by valves or shutters hinged at the disk in order to 
close the removed segments. The disk auger is specifically 
designed to be operated by machines having limited vertical 
clearance between spindle and ground surface. 

3.2.4 Bucket Auger, generally 12 through 48 in. (304.8 
through 1219 mm), consisting essentially of a disk auger, 
without shank or socket, but hinge-mounted to the bottom 
of a steel tube or bucket of approximately the same diameter 
as the disk auger. A socket or shank for power application is 
located in the top center of the bucket diametral cross piece 
provided for the purpose. 

3.3 Casing (when needed), consisting of pipe of slightly 
larger diameter than the auger used. 

3.4 Accessory Equipment-Labels, field log sheets, sample 
jars, sealing wax, sample bags, and other necessary tools and 
supplies. 

4. Procedure 

4.1 Make the auger boring by rotating and advancing the 
desired distance into the soil. Withdraw the auger from the 
hole and remove the soil for examination and test. Return 
the empty auger to the hole and repeat the procedure. 
Continue the sequence until the required depth is reached. 

4.2 Casing is required in unstable soil in which the bore 
hole fails to stay open and especially when the boring is 
extended below the ground-water level. The inside diameter 
of the casing must be slightly larger than the diameter of the 
auger used. The casing shall be driven to a depth not greater 
than the top of the next sample and shall be cleaned out by 
means of the auger. The auger can then be inserted into the 
bore hole and turned below the bottom of the casing to 
obtain a sample. 

4.3 The soil auger can be used both for boring the hole 
and for bringing up disturbed samples of the soil encoun
tered. The structure of a cohesive soil is completely destroyed 
and the moisture may be changed by the auger. Seal all 
samples in a jar or other airtight container and label 
appropriately. If more than one type of soil is picked up in 
the sample, prepare a separate container for each type of soil. 

4.4 Field Observations-Record complete ground water 
information in the field logs. Where casing is used, measure 
ground water levels, both before and after the casing is 
pulled. In sands, determine the water level at least 30 min 
after the boring is completed; in silts, at least 24 h. In clays, 
no accurate water level determination is possible unless 
pervious seams are present. As a precaution, however, water 
levels in clays shall be taken after at least 24 h. 

5. Report 

5.1 The data obtained in boring shall ~~ recorded in the 
field logs and shall include the following: 

5 .1.1 Date of start and completion of boring, 
5.1.2 Identifying number of boring, 
5.1.3 Reference datum including direction and distance of 

boring relative to reference line of project or other suitable 
reference points, 

5.1.4 Type and size of auger used in boring, 
5 .1.5 Depth of changes in strata, 
5.1.6 Description of soil in each major st.ratum, 
5 .1. 7 Ground water elevation and location of seepage 

zones, when found, and 
5.1.8 Condition of augered hole upon n:moval of auger, 

that is, whether the hole remains open or the sides cave, 
when such can be observed. 

6. Keywords 

Auger borings; sampling; soil investigations 

The American Society for Testing and Materials 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 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, 1916 Race St., Philadelphia. PA 19103. 
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~~ Designation: 0 1556- gon 

Standard Test Method for 
Density and Unit Weight of Soil in Place by the Sand-Cone 
Method1 

This standard is issued under the fiXed designation D 1556; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon(<) indicates an editorial change since the last revision or reapproval. 

" NoTE-The title was corrected editorially in November 1991. 

1. Scope 

1.1 This test method may be used to determine the 
in-place density and unit weight of soils using a sand cone 
apparatus. 

1.2 This test method is applicable for soils without appre
ciable amounts of rock or coarse materials in excess of 1 112 
in. (38 mm) in diameter. 

1.3 This test method may also be used for the determina
tion ofthe in-place density and unit weight of undisturbed or 
in situ soils, provided the natural void or pore openings in 
the soil are small enough to prevent the sand used in the test 
from entering the voids. The soil or other material being 
tested should have sufficient cohesion or particle attraction 
to maintain stable sides on a small hole or excavation, and be 
flnn enough to withstand the minor pressures exerted in 
digging the hole and placing the apparatus over it, without 
deforming or sloughing. 

1.4 This test method is not suitable for organic, saturated, 
or highly plastic soils that would deform or compress during 
the excavation of the test hole. This test method may not be 
suitable for soils consisting of unbound granular materials 
that will not maintain stable sides in the test hole, soils 
containing appreciable amounts of coarse material larger 
than 11/z in. (38 mm), and granular soils having high void 
ratios. 

1.5 When materials to be tested contain appreciable 
amounts of particles larger than 1 If2 in. (38 mm), or when 
test hole volumes larger than 0.1 ft3 (2830 cm3) are required, 
Test Method D 4914 or D 5030 are applicable. 

1.6 It is common practice in the engineering profession to 
concurrently use pounds to represent both a unit of mass 
(Ibm) and a unit of force (lbO. This implicitly combines two 
separate systems of units, that is, the absolute system and the 
gravitational system. It is scientifically undesirable to com
bine the use of two separate sets of inch-pound units within a 
single standard. This test method has been written using the 
gravitational system of units when dealing with the inch
pound system. In this system the pound (lbO represents a 
unit of force (weight). However, the use ofbalances or scales 
recording pounds of mass (Ibm), or the recording of density 

1 This test method is under the jurisdiction of ASTM Committee D-18 on Soil 
and Rock and is the direct responsibility of Subcommittee D 18.08 on Special and 
Construction Control Tests. 

Current edition approved June 29, 1990. Published November 1990. Originally 
published as D 1556-58 T. Last previous edition D 1556- 82<1 
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in lbm/ft3 should not be regarded as non-conformance with 
this test method. 

1. 7 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terms and Symbols Relating to Soil and Rock2 

D698 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (304.8-mm) Drop2 

D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Drop2 

D2216 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

D 3584 Practice for Indexing Papers and Reports on Soil 
and Rock for Engineering Purposes2 

D4253 Test Method for Maximum Index Density of Soils 
Using a Vibratory Table2 

D 4254 Test Method for Minimum Index Density of Soils 
and Calculation of Relative Density2 

D4643 Method for Determination of Water (Moisture) 
Content of Soil by the Microwave Oven Method2 

D 4 718 Practice for Correction of Unit Weight and Water 
Content for Soils Containing Oversize Particles2 

D4753 Specification for Evaluating, Selecting, and Speci
fying Balances and Scales for Use in Soil and Rock 
Testing2 

D 4914 Test Method for Density and Unit Weight of Soil 
and Rock in Place by the Sand Replacement Method2 

D4944 Test Method for Field Determination of Water 
(Moisture) Content of Soil by the Calcium Carbide Gas 
Pressure Tester Method2 

D4959 Test Method for Determination of Water 
(Moisture) Content of Soil by Direct Heating Method2 

D 5030 Test Methods for Density and Unit Weight of Soil 
and Rock in Place by the Water Replacement Method2 

2 Annual Book of ASTM Standards. Vol 04.08. 
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3. Terminology 

3.1 Definitions-Ail definitions are m accordance with 
Terminology D 653. 

4. Summary of Test Method 

4.1 A test hole is hand excavated in the soil to be tested 
and all the material from the hole is saved in a container. 
The hole is filled with free flowing sand of a known density, 
and the volume is determined. The in-place wet density of 
the soil is determined by dividing the wet mass of the 
removed material by the volume of the hole. The water 
content of the material from the hole is determined and the 
dry mass of the material and the in-place dry density are 
calculated using the wet mass of the soil, the water content, 
and the volume of the hole. 

5. Significance and Use 

5.1 This test method is used to determine the density of 
compacted soils placed during the construction of earth 
embankments, road fill, and structural backfill. If often is 
used as a basis of acceptance for soils compacted to a 
specified density or percentage of a maximum density 
determined by a test method, such as Test Methods D 698 or 
D 1557. 

5.2 This test method can be used to determine the 
in-place density of natural soil deposits, aggregates, soil 
mixtures, or other similar material. 

5.3 The use of this test method is generally limited to soil 
in an unsaturated condition. This test method is not recom
mended for soils that are soft or friable (crumble easily) or in 
a moisture condition such that water seeps into the hand 
excavated hole. The accuracy of the test may be affected for 
soils that deform easily or that may undergo a volume 
change in the excavated hole from vibration, or from 
standing or walking near the hole during the test (see Note 
1 ). 

NOTE 1-When testing in soft conditions or in soils near saturation, 
volume changes may occur in the excavated hole as a result of surface 
loading, personnel performing the test, and the like. This can sometimes 
be avoided by the use of a platform that is supported some distance from 
the hole. As it is not always possible to detect when a volume change has 
taken place, test results sb.ould always be compared to tb.e theoretical 
saturation density, or the zero air voids line on the dry density versus 
water content plot. Any in-place density test on compacted soils that 
calculates to be more than 95 % saturation is suspect and an error has 
probably occurred, or the volume of the hole has changed during testing. 

6. Apparatus 

6.1 Sand-Cone Density Apparatus, consisting of the fol
lowing: 

6.1.1 An attachable jar or other sand container having a 
volume capacity in excess of that required to fill the test hole 
and apparatus during the test. 

6.1.2 A detachable appliance consisting of a cylindrical 
valve with an orifice approximately 112 in. ( 13 mm) in 
diameter, attached to a metal funnel and sand container on 
one end, and a large metal funnel (sand-cone) on the other 
end. The valve will have stops to prevent rotating past the 
completely open or completely closed positions. The appli
ance will be constructed of metal sufficiently rigid to prevent 
distortion or volume changes in the cone. The walls of the 
cone will form an angle of approximately 60 % with the base 
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to allow uniform filling with sand. 
6.1.3 A metal base plate or template with a flanged center 

hole cast or machined to receive the larg1~ funnel (cone) of 
the appliance described in 6.1.2. The base plate may be 
round or square and will be a minimum of 3 in. (75 mm) 
larger than the funnel (sand-cone). The plate will be flat on 
the bottom and have sufficient thickness or stiffness to be 
rigid. Plates with raised edges, ridges, ribs, or other stiffners 
of approximately 3/s to 1h in. ( 10 to 13 rnm) high may be 
used. 

6.1.4 The mass of the sand required to fill the apparatuS 
and base plate will be determined in acc:ordance with the 
instructions in Annex A 1 prior to use. 

6.1.5 The details for the apparatus shown in Fig. 1 
represents the minimum acceptable dimensions suitable for 
testing soils having maximum particle sizes of approximately 
Ph in. (37.5 mm) and test hole volumes of approximately 
0.1 ft (2830 em). When the material being tested contains a 
small amount of oversize and isolated larger particles are 
encountered, the test should be moved to a new location. 
Larger apparatus and test hole volumes are needed when 
particles larger than Ph in. (37.5 mm) a:re prevalent. The 
apparatus described here represents a design that has proven 
satisfactory. Larger apparatus, or other designs of similar 
proportions may be used as long as the basic principles of the 
sand volume determination are observed.. When test hole 
volumes larger than 0.2 ft3 (5660 cm3) are required Test 

Sand Container 
of appropriate shape & Volume 

Threads, latches, or other 
provision<~ for attachment 

Vdvt! Body 

-~~~'"'" 
"'1!E-h ! ~"' 

DETAIL AA 

!"lange Detail 

12-----~ 

NO SCJ.LE 
Metric Eguivlents 

in. ;:un 

·5 12.5 
5.)75 1)6.5 
6. 5 165.1 
6.75 171.5 

12 )04,8 

FIG. 1 Den8ity Appanltua 
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Method D 4914 should be utilized. 
6.2 Sand-Sand must be clean. dry, uniform in density 

and grading, uncemented. durable, and free-flowing. Any 
gradation may be used that has a uniformity coefficient ( Cu 
= D60/D 10) less than 2.0, a maximum particle size smaller 
than 2.0 mm (No. 10 sieve), and less than 3% by weight 
passing 250 llm (No. 60 sieve). Uniformly graded sand is 
needed to prevent segregation during handling, storage, and 
use. Sand free of fines and fine sand particles is required to 
prevent significant bulk-density changes with normal daily 
changes in atmospheric humidity. Sand comprised of du
rable, natural subrounded, or rounded particles is desirable. 
Crushed sand or sand having angular particles may not be 
free-flowing, a condition that can cause bridging resulting in 
inaccurate density determinations (see Note 2). In selecting a 
sand from a potential source, a gradation and five separate 
bulk-density determinations in accordance with the proce
dure in Annex A2 should be made on each container or bag 
of sand. To be an acceptable sand, the bulk-density variation 
between any one determination shall not be greater than l % 
of the average. Before using sand in density determinations, 
it shall be dried. then allowed to reach an air-dried state in 
the general location where it is to be used (see Note 3). Sand 
shall not be re-used without removing any contaminating 
soil, checking the gradation, drying and redetermining the 
bulk-density (see Note 4). Bulk-density tests of the sand will 
be made at time intervals not exceeding 14 days, always after 
any significant changes in atmospheric humidity, before 
reusing, and before use of a new batch from a previously 
approved supplier (see Note 5). 

NOTE 2-Some manufactured (crushed) sands such as blasting sand 
have been successfully used with good reproducibility. The reproduc
ibility of test results using angular sand should be checked under 
laboratory controlled testing situations before selecting an angular sand 
for use. 

NOTE 3-Many organizations have found it beneficial to store sands 
in moisture resistant containers. Sand should be stored in dry areas 
protected from weather. The use of a lighted bulb or other heat source 
in, or adjacent to the storage containers has also been found to be 
beneficial in areas of high humidity. 

NoTE 4-As a general rule, reclaiming sand after testing is not 
desirable. 

NOTE 5-Most sands have a tendency to absorb moisture from the 
atmosphere. A very small amount of absorbed moisture can make a 
substantial change in bulk-density. In areas of high humidity, or where 
the humidity changes frequently, the bulk-density may need to be 
determined more often than the 14 day maximum interval indicated. 
The need for more frequent checks can be determined by comparing the 
results of different bulk-density tests on the same sand made in the same 
conditions of use over a period of time. 

6.3 Balances or Scales-Meeting Specification D 4753, 
with 50 g readability, or better, to determine the mass of sand 
and excavated soils. A balance or scale having a minimum 
capacity of 20 kg and 5.0 gm readability is suitable for 
determining the mass of the sand and the excavated soil 
when apparatus with the dimensions shown in Fig. 1 is used. 

6.4 Drying Equipment-Equipment corresponding to the 
method used for determining water content as specified in 
Test Methods D 2216, D 4643, D 4959, or D 4944. 

6.5 Miscellaneous Equipment-Knife, small pick, chisel, 
small trowel,. screwdriver, or spoons for digging test holes, 
large nails or spikes for securing the base plate: buckets with 
lids, plastic-lined cloth sacks, or other suitable containers for 
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retaining the density samples, moisture sample. and density 
sand respectively; small paint brush, calculator, notebook or 
test forms, etc. 

7. Procedure 

7 .I Select a location/elevation that is representative of the 
area to be tested, and determine the density of the soil 
in-place as follows: 

7 .1.1 Inspect the cone apparatus for dama1~e, free rotation 
of the valve, and properly matched baseplat1e. Fill the cone 
container with conditioned sand for which the bulk-density 
has been determined in accordance with Annex A2, and 
determine the total mass. 

7 .1.2 Prepare the surface of the location to be tested so 
that it is a level plane. The base plate may be used as a tool 
for striking off the surface to a smooth level plane. 

7 .1.3 Seat the base plate on the plane surface. making sure 
there is contact with the ground surface around the edge of 
the flanged center hole. Mark the outline of the base plate to 
check for movement during the test, and if needed, secure 
the plate against movement using nails pushed into the soil 
adjacent to the edge of the plate. or by other means, without 
disturbing the soil to be tested. 

7 .1. 4 In soils where leveling is not successful, or surface 
voids remain, the volume horizontally bounded by the 
funnel, plate and ground surface must be determined by a 
preliminary test. Fill the space with sand from the apparatus, 
determine the mass of sand used to fill the space, refill the 
apparatus, and determine a new initial ma:ss of apparatus 
and sand before proceeding with the test. Afu:r this measure
ment is completed, . carefully brush the sand from the 
prepared surface (see Note 6). 

NOTE 6-A second calibrated apparatus may be taken to the field 
when this condition is anticipated (instead of refilling and making a 
second determination). The procedure in 7 .1.4 may be: used for each test 
when the best possible accuracy is desired. however, it is usually not 
needed for most production testing where a relatively smooth surface ·is 
obtainable. 

7 .1.5 Dig the test hole through the center bole in the base 
plate, being careful to avoid disturbing or deforming the soil 
that will bound the hole. Test hole volumes are to be as large 
as practical to minimize errors and will in no case be smaller 
than the volumes indicated in Table 1 for the maximum size 
of soil particle removed from the test hole. The sides of the 
hole should slope slightly inward and the bottom should be 
reasonably flat or concave. The hole should be kept as free as 
possible of pockets, overhangs, and sharp obtrusions since 
these affect the accuracy of the test. Soils that are essentially 
granular require extreme care and may require digging a 
conical-shaped test hole. Place all excavated soil, and any soil 
loosened during digging, in a moisture tight container that is 
marked to identify the test number. Take care: to avoid losing 
any materials. Protect this material from any [oss of moisture 

TABLE 1 Minimum Test Hole Volumes Based 01~ Maximum Size 
of Included Particle 

Maximum Partide Size Minimum Test. Hole Volumes 

in. (mm) ana ft3 

'12 (12.5) 1420 0.05 
1 (25.0) 2120 0.075 
2 (50) 2830 0.1 
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until the mass has been determined and a specimen has been 
obtained for a water content determination. 

7 .1.6 Clean the flange of the base plate hole, invert the 
sand-cone apparatus and seat the sand-cone funnel into the 
flanged hole at the same position as marked during calibra
tion (see Annex A 1 ). Eliminate or minimize vibrations in the 
test area due to personnel or equipment. Open the valve and 
allow the sand to fill the hole, funnel, and base plate. Take 
care to avoid jarring or vibrating the apparatus while the 
sand is running. When the sand stops flowing, close the 
valve. 

7 .1. 7 Determine the mass of the apparatus with the 
remaining sand, record, and calculate the mass of sand used. 

7 .1.8 Determine and record the mass of the moist mate
rial that was removed from the test hole. When oversized 
material corrections are required, determine the mass of the 
oversized material on the appropriate sieve and record, 
taking care to avoid moisture losses. When required, make 
appropriate corrections for the oversized material using 
Practice D 4 718. 

7 .1.9 Mix the material thoroughly, and either obtain a 
representative specimen for water content determination, or 
use the entire sample. 

7.1.10 Determine the water content in accordance with 
Test Method D 2216, D 4643, D 4944, or D 4959. Correla
tions to Method D 2216 will be performed when required by 
other test methods. 

7.2 Water content specimens must be large enough and 
selected in such a way that they represent all the material 
obtained from the test hole. The minimum mass of the water 
content specimens is that required to provide water content 
values accurate to l.O %. 

8. Calculation 

8.1 Calculations shown are for mass in grams and vol
umes in cubic centimetres. Other units are permissible 
provided the appropriate conversion factors are used to 
maintain consistency of units throughout the calculations. 
See 1.6 for additional comments on the usage of inch-pound 
units. 

8.2 Calculate the volume of the test hole as follows: 

V= (M1 - M2)1Pt 

where: 
V = volume of the test hole, em·\ 
M1 = mass of the sand used to fill the test hole, funnel and 

base plate, g (from 7.1. 7), 
M2 = mass of the sand used to fill the funnel and base plate 

(from Annex Al.2.2.6), g, and 
p 1 = bulk density of the sand (from Annex A2.3.5), g/cm3• 

8.3 Calculate the dry mass of material removed from the 
test hole as follows: 

M 4 = 100 M 3/(w + 100) 

where: 
w = water content of the material removed from test hole, 

%, (from 7.1.10), 
M = moist mass of the material from test hole, g, (from 

7.1.8), and 
M = dry mass of material from test hole, g, or multiply by 

0.002205 for lb. 
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8.4 Calculate the in-place wet and dry density of the 
material tested as follows: 

where: 

Pm = M3/V 
pd= MJV 

V = volume of the test hole, cm3 (from 8.2), 
M 3 =moist mass of the material from the t1::st hole, g, (from 

7.1.8), 
M4 =dry mass of the material from the test hole, g, (from 

8.3), 
Pm = wet density ofthe tested material g/cm3 or its wet unit 

weight, Ym in lb/ft3 where Ym = Pm X 62.43, and 
Pd =dry density of the tested material, g/cm3 or its dry unit 

weight, "Y d in lb/ft3 where "Y d = Pd x 62.43. 
8.5 It may be desired to express the in-place density as a 

percentage of some other density, for example, the labora
tory densities determined in accordance wilth Test Method 
0 698, D 1557, D 4253 or D 4254. This relation can be 
determined by dividing the in-place density by the laboratory 
density and multiplying by 100. Calculations for determining 
relative density are provided in Test Method D 4254. Correc
tions for oversize material, if required, shoUtld be performed 
in accordance with PracticeD 4718. 

9. Report 
9.1 Report, as a minimum, the following information: 
9 .1.1 Test location, elevation, thickness otflayer tested, or 

other pertinent data to locate or identify the: test. 
9.1.2 Test hole volume, cm3 or ft3• 

9.1.3 In-place wet density, g/cm3 or lb/ft:5• 

9.1.4 In-place dry density, Pd• gjcm3. 

9.1.5 In-place dry unit weight, KN/m3 (Pd x 9.807), or 
lb/ft3 (pd x 62.43), expressed to the nearest .1 KN/m3, or 
1.0 for lb/ft3• 

9.1.6 In-place water content of the soil expressed as a . 
percentage of dry mass, and the test method used. 

9.1. 7 Test apparatus identity and calibrated volume. 
9 .1.8 Bulk density of the sand used, g/cm3, or lb/ft3• 

9.1.9 Visual description of the soil or material designa-
tion. 

9 .1.1 0 Mass and percentage of oversized particles and the 
size sieve used, if performed. 

9.1.11 Comments on the test, as applicable. 
9. U 2 If the in-place dry density or unit weight is ex

pressed as a percentage of another value, include the 
following: 

9 .1.12.1 The laboratory test method used. 
9.1.12.2 The comparative dry density or unit weight value 

and water content used. 
9.1.12.3 Correction for oversized material and details, if 

applicable. 
9 .1.12.4 The comparative percentage of the in-place ma

terial to the comparison value. 
9.1.13 If the in-place density, unit wc:ight, or water 

content are to be used for acceptance, include the acceptance 
criteria applicable to the test. 

10. Precision and Bias 

10.1 Statement of Precision-Due to the lltature of the soil 
or rock materials tested by the method it is either not feasible 
or too costly at this time to produce multiple specimens that 
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have uniform physical properties. Any variation observed in 
the data is just as likely to be due to specimen variation as to 
operator or laboratory testing variation. Subcommittee 
D 18.08 welcomes proposals that would allow for develop
ment of a valid precision statement. 

10.2 Statement of Bias-There is no accepted reference 
value for this test method, therefore. bias cannot be deter
mined. 

10.3 While no formal round-robin testing has been com
pleted, it is estimated by Subcommittee D 18.08 from avail
able data that the results of two properly conducted tests 
performed by a skilled operator on the same material at a 

given time and location should not differ by more than 
approximately 2 lb/ft3 (3.2 Kgjm3). Tests performed bv 
unskilled operators on the same material would be expected 
to yield substantially greater differences. 

11. Keywords 

11.1 The following keywords are applicable to this test 
method in accordance with Practice D 3584: acceptance 
tests; compaction tests; degree of compaction; density tests: 
earthflll; embankments; field control density; field tests: 
inplace density; inplace dry density; in situ dcmsity; relative 
density; sand cone; soil compaction; soil tests; unit weight. 

ANNEXES 

(Mandatory Information) 

Al. CALIBRATION OF SAND CONE APPARATUS 

Al.l Scope 

Al.l.l This annex describes the procedure for deter
mining the mass of sand contained in the funnel and base 
plate of the sand-cone apparatus. 

A 1.1.2 The mass of sand contained in the apparatus and 
base plate is dependent on the bulk-density of the sand. 
Consequently, this procedure must be performed for each 
apparatus whenever there are changes in the sand bulk
densities. 

Al.2 Calibration Procedure 
Al.2.1 Calibration of the apparatus can be accomplished 

by either of two methods: 
A1.2.1.1 Method A-By determining the mass of cali

brated sand that can be contained in each funnel and base 
plate set, or 

Al.2.1.2 Method B-By determining the volume of sand 
needed to ftll each funnel and base plate set and applying this 
volume constant whenever new sand bulk-densities are 
calculated. 

A1.2.1.3 Since the mass of sand contained in the appa
ratus funnel and base plate is dependent on the bulk density 
of the sand, if Method A is used, it must be repeated 
whenever the bulk-density of the sand changes. 

A 1.2.2 All determinations of mass are to be made to the 
nearest 1 g. 

A1.2.3 Method A: 
A 1.2.3.1 Fill the apparatus with sand that is dried and 

conditioned to the same state anticipated during use in 
testing. 

A 1.2.3.2 Determine the mass of the apparatus filled with 
sand, g. 

A1.2.3.3 Place the base plate on a clean, level, plane 
surface. Invert the container/apparatus and seat the funnel in 
the flanged center hole in the base plate. Mark and identify 
the apparatus and base plate so that the same apparatus and 
plate can be matched and reseated in the same position 
during testing. 

A1.2.3.4 Open the valve fully until the sand flow stops, 
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making sure the apparatus, base plate, or pla1t1e surface are 
not jarred or vibrated before the valve is closed. 

A 1.2.3.5 Close the valve sharply, remove the apparatus 
and determine the mass of the apparatus a.nd remaining 
sand. Calculate the mass of sand used to fill tlile funnel and 
base plate as the difference between the initial and final 
mass. 

Al.2.3.6 Repeat the procedure a minimum of three times. 
The maximum variation between any one determination 
and the average will not exceed 1 %. Use the average of the 
three determinations for this value in the test calculations. 

A1.2.4 Method B (Optional): 
A 1.2.4.1 When large numbers of tests and batches of sand 

are anticipated, it may be advantageous to determine the 
volume of each apparatus and base plate. Baring damage to 
the apparatus or mismatching of the base plates, this volume 
will remain constant, and will eliminate the need to repeat 
Method A when the sand bulk-density changes (see Note 
A 1.1 ). If this alternative is chosen, the calculations in the 
field test must be altered to determine the total volume of the 
sand in the field test hole and apparatus. The volume of the 
apparatus is then subtracted to determine the volume of the 
test hole. 

Al.2.4.2 Determine the mass of sand required to fill the 
apparatus funnel and base plate in accordance with A 1.2.3, 
following steps A 1.2.3.1 through A 1.2.3.6 for c:ach batch of 
sand. 

Al.2.4.3 Calculate the volume of the funnel and base 
plate by dividing the bulk-density of the sand (as determined 
in Annex A2) by the mass of sand found in Al.2.3.6. 
Perform a minimum of three determinations and calculate 
an average value. The maximum volume variation between 
any one determination and the average will not exceed I %. 
Use the average of the values when performing test calcula
tions. 

NOTE A 1.1-The sand-cone apparatus should be rou1inely inspected 
for damage that may affect the volume of the cone. Ding!;, out-of-round, 
or other damage will affect the volume and will necessitate a 
redetennination of the volume (if repairable). 
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A2. CALIBRATION OF DENSITY SAND 

A2.1 Scope 

A2.1.1 This annex is used for determining the bulk
density (calibration) of the sand for use in this test method. 

A2.1.2 The calibration determines an average density of 
the sand for use in calculating the volume of the test hole. 

A2.2 Equipment Required 

A2.2.1 Container-Select a container of known volume 
that is approximately the same size and allows the sand to 
fall approximately the same distance as the hole excavated 
during a field test. The l/30 ft3 (944 cm3) and 1/13.33 ft3 

(2124 cm3) molds specified in Test Methods D 698, or the 
0.1 ft3 (2830 cm3) mold specified in Test Method D 4253 are 
recommended. Alternatively, cast duplicates of actual test 
holes may be used. This is accomplished by forming plaster 
of paris negatives in actual test holes over a range of test 
volumes, and using these as forms for portland cement 
concrete castings. These should be cast against a flat plane 
surface, and after the removal of the negative, sealed water 
tight and the volume determined in accordance with the 
procedure in Test Method D 4253. 

A2.2.1.1 Determine the container volume to 1 % using 
water in accordance with the procedures described in Test 
Method D 4253. 

A2.2.2 Sand-Cone Apparatus-Use a sand cone appa
ratus of the same size and design as will be used during field 
testing. 

A2.2.2.1 Flow characteristics through different value as
semblies have been shown to cause different bulk-density 
values. Bulk-density determinations will be required for each 
apparatus set unless other assemblies are determined to 
provide the same results. 

A2.2.3 Balance or Scale-A balance or scale having a 
sufficient capacity to determine the mass of the calibration 
container filled with sand. For 0.500 ft3 (14 200 cm3) 

containers, a balance having a minimum capacity of 50 lb 
(20 kg) and meeting the requirements of Specification 
D 4753 for 0.01 lb (5 g) readability is required. 

A2.2.4 Metal Straightedge, about 2 in. (50 em) wide, at 
least 1/s in. (3 mm) thick, and length approximately 1.5 times 
the diameter of the calibration container. 

A2.3 Bulk-Density Determination 

A2.3.1 Fill the assembled apparatus with sand. The sand 
is to be dried and conditioned to the same state anticipated 
during use. 

A2.3.2 Determine and record the mass of the calibration 
container when empty. 

A2.3.3 Method A (Preferred): 
A2.3.3.1 When the calibration container has the same 

diameter as the flanged center hole in the base plate, invert 
and center the sand filled apparatus and base plate on the 
calibration container. 

A2.3.3.2 Fully open the valve and allow the sand to fill 
the container. When the sand flow stops, close the valve. 

A2.3.3.3 Determine the mass of the apparatus and re
maining sand. Calculate the net mass of sand in the 
calibration container by subtracting the mass of sand con
tained in the cone and base plate (as determined in Annex 
A 1) and record. 

A2.3.4 Method B (Alternative): 
A2.3.4.1 Invert and support the apparatus over the cali

bration container so that the sand falls approximately the 
same distance and location as in a field test, and fully open 
the valve. 

A2.3.4.2 Fill the container until it just overflows and close 
the valve. Using a minimum number of strokes and taking 
care not to jar or densify the sand, carefully strike off excess 
sand to a smooth level surface. Any vibration or jarring 
during the bulk-density determination will result in settling 
and densifying the sand, leading to erroDteous results. 

A2.3.4.3 Clean any sand from the outside of the calibra
tion container. Determine the mass of the container and 
sand. Record the net mass of the sand by subtracting the 
mass of the empty container. 

A2.3.5 Perform at least three bulk-deiJtsity determinations 
and calculate the average. The maximum variation between 
any one determination and the average will not exceed 1 %. 
Repeated determinations not meeting these requirements 
indicates nonuniform sand density, and the sand source 
should be re-evaluated for suitability. The average value 
obtained is to be used in the test calcula1ions. 

A2.4 Calculation 
A2.4.1 Calculate the bulk-density of title sand as follows: 

P1 = Ms/Vl 

where: 
p 1 =bulk-density of the sand, g/cm3, (multiply by 9.807 

for KN/m3, or 62.43 for lb/ft3), 

M 5 = mass of the sand to fill the calibration container, g, 
(from A2.3.4.3), and 

V1 = volume of the calibration container, cm3 (from 
A2.2.1.1). 

The American Society for Testing and Materials 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 technics/ 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 Headquarters. Your comments will receive careful consideration at a meeting of the res~'1011Sible 
technical committee, which you may anend. If you feel that your comments heve not received a fair hearing you should meke your 
views known to the ASTM Committee on Standards, 1916 Race St., Philedelphia, PA 19103. 
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~t Designation: D 2922 - 91 

Standard Test Methods for 
Density of Soil and Soil-Aggregate in Place by Nuclear 
Methods (Shallow Depth) 1 

This standard is issued under the fixed designation D 2922; the number immediately following the designation indicates the y~lf of 
original adoption or. in the case of revision. the y~ of last revision. A number in parentheses indicates the y~ of last reappro~~. A 
super.;cript epsilon ( •) indicates an editorial change since the last revision or reapproval. 

These methods have been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and 
Standards for the specific year of issue which has been adapted by the Depanment of Defense. 

1. Scope 
1.1 This test method covers the determination of the total 

or wet density of soil and soil-rock mixtures by the attenua
tion of gamma radiation where the source and detector(s) 
remain on the surface (Backscatter Method) or the source or 
detector is placed at a known depth up to 300 mm (12 in.) 
while the detector(s) or source remains on the surface (Direct 
Transmission Method). 

1.2 The density in mass per unit volume of the material 
under test is determined by comparing the detected rate of 
gamma radiation with previously established calibration 
data. 

1.3 The values tested in SI units are to be regarded as the 
standard. The inch-pound equivalents may be approximate. 

1.4 It is common practice in the engineering profession to 
concurrently use pounds to represent both a unit of mass 
(Ibm) and a unit of force (lbf). This implicitly combines two 
separate systems of units; that is, the absolute system and the 
gravitational system. It is scientifically undesirable to com
bine the use of two separate sets of inch-pound units within a 
single standard. This standard has been written using the 
gravitational system of units when dealing with the inch
pound system. In this system the pound (lbf) represents a 
unit afforce (weight). However, the use of balances or scales 
recording pounds of mass (lbm), or the recording of density 
in lbm/ft3 should not be regarded as nonconformance with 
this standard. 

1.5 This standard does not purport to address all of the 
safety problems, 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. For specific 
Hazard statements, see Section 6. 

2. Referenced Documents 

2.1 ASTM Standards: 
0698 Test Method for Moisture-Density Relations ofSoil 

and Soil-Aggregate Mixtures Using 5.5-lb (2A9-kg) 
Rammer and 12-in. (305-mm) Drop2 

D 1556 Test Method for Density of Soil In-Place by the 
Sand-Cone Method2 

1 These test methods are under the jurisdiction of ASTM Committee 0.18 on 
Soil and Rock and are the direct responsibility of Subcommittee D 18.08 on Special 
and Construction Control Tests. 

Current edition approved Dec. 23, 1991. Published January 1992. Originally 
published as D 2922 - 71. Last previous edition D 2922 - 78 ( 1990). 

2 Annuai Book of ASTM Standards, Vol 04.08. 
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D 1557 Test Method for Moisture-Dem;ity Relations of 
Soil and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Drop2 

0 2167 Test Method for Density of Soil In-Place by the 
Rubber-Balloon Method2 

D 2216 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

D 2937 Test Method for Density of Soil In-Place by the 
Drive-Cylinder Method2 

03017 Test Method for Waier Content of Soil and Rock 
In-Place by Nuclear Methods (Shallow Depth)2 

04253 Test Method for Maximum Index Density and 
Unit Weight of Soils Using a Vibratory Table2 

D4643 Method for Determination of Water Content by 
the Microwave Oven Method2 

04718 Practice for Correction of Unit Weight and Water 
Content for Soils Containing Oversize Particles2 

04944 Test Method for Field Determination of Water 
(Moisture) Content of Soil by the Calcium Carbide Gas 
Pressure Tester Method2 

D 4959 Test Method for Determination of Water 
(Moisture) Content by Direct Heating Method2 

3. Significance and Use 

3.1 The test method described is useful as a rapid, 
nondestructive technique for the in-place determination of 
density of soil and rock. 

3.2 The test method is suitable for quality control and 
acceptance testing for construction and for research and 
development applications. 

3.3 The nondestructive nature of the test allows repetitive 
measurements to be made at a single test location. 

4. Interferences 
4.1 The chemical composition of the sample may affect 

the measurement; and adjustments may b4~ necessary. 
4.2 The test method exhibits spatial bias in that the 

instrument is more sensitive to the density of the material in 
close proximity to the surface (Backscatter Method only). 

NOTE I-The nuclear gauge density measurements are somewhat 
biased to the surface layers of the soil being tested. This bias has largely 
been corrected out of the direct transmission method and any remaining 
bias is insignificant. The backscatter method is still more sensitive to the 
material within the first several inches from the swface. 
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4.3 Oversize rocks or large voids in the source-detector 
path may cause higher or lower density determination. 
Where lack of uniformity in the soil due to layering, rock or 
voids is suspected. the test volume site should be dug up and 
visually examined to determine if the test material is 
representative of the full material in general and if rock 
correction (see 9.6) is required. 

4.4 The sample volume is approximately 0.0028 m3 (0.10 
ftl) for the Backscatter Method and 0.0057 m3 (0.20 ft3) for 
the Direct Transmission Method when the test depth is 15 
em (6 in.). The actual sample volume is indeterminate and 
varies with the apparatus and the density of the material. In 
general, the higher the density the smaller the volume. 

5. Apparatus 

5.1 Nuclear Gauge-An electronic counting instrument. 
capable of being seated on the surface of the material under 
test, and which contains: 

5.1.1 A sealed source of high energy gamma radiation 
such as cesium or radium. 

5.1.2 Gamma Detector-Any type of gamma detector 
such as a Geiger-Mueller tube(s). 

5.2 Reference Standard-A block of material used for 
checking instrument operation and to establish conditions 
for a reproducible reference count rate. 

5.3 Site Preparation Device-A plate, straightedge, or 
other suitable leveling tool which may be used for planning 
the test site to the required smoothness, and in the Direct 
Transmission Method, guiding the drive pin to prepare a 
perpendicular hole. 

5.4 Drive Pin-A pin of slightly larger diameter than the 
rod in the Direct Transmission Instrument, used to prepare a 
hole in the material under test for inserting the rod. 

5.5 Drive Pin Extractor-A tool that may be used to 
remove the drive pin in a vertical direction so that the pin 
will not distort the hole in the extraction process. 

5.5.1 A slide hammer, with a drive pin attached, may also 
be used both to prepare a hole in the material to be tested 
and to extract the pin without distortion to the hole. 

6. Hazards 
6.1 This equipment utilizes radioactive materials that 

may be hazardous to the health of the users unless proper 
precautions are taken. Users of this equipment must become 
familiar with applicable safety procedures and government 
regulations. 

6.2 Effective user instructions together with routine safety 
procedures, such as source leak tests, recording and evalua
tion of film badge data, etc., are a recommended part of the 
operation and storage of this instrument. 

7. Calibration 
7.1 Calibration of the instrument will be in accordance 

with Annex A l. 

8. Standardization and Reference Check 

8.1 Nuclear gauges are subject to long-term aging of the 
radioactive source, detectors, and electronic systems, which 
may change the relationship between count rate and material 
density. To offset this aging, the gauge may be calibrated as 
the ratio of the measured count rate to a count rate made on 
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a reference standard or to an air-gap count (for the 
backscatter air-gap technique, see 9.5 .1.3 ). The reference 
count rate should be of the same order of magnitude as the 
measured count rate over the useful density range of the 
instrument. 

8.2 Standardization of the gauge shall be performed at the 
start of each day's work, and a permanent record of these 
data shall be retained. Perform the standardization with the 
gauge located at least 8 m (25 ft) away from other sources of 
radioactive material, and clear of large masses or other items 
which may affect the reference count rate. 

8.2.1 If recommended by the instrument manufacturer to 
provide more stable and consistent results: ( l) turn on the 
gauge prior to use to allow it to stabilize, (2) leave the power 
on during the use of the gauge for that day. 

8.2.2 Using the reference standard, tak1~ at least four 
repetitive readings at the normal measurement period and 
determine the mean. If available on the gaug,e, one measure
ment period of four or more times the normal period is 
acceptable. This constitutes one standardization check. 

8.2.3 If the value obtained above is within the limits 
stated below, the gauge is considered to be in satisfactory 
condition, and the value may be used to determine the count 
ratios for the day of use. If the value is outside these limits, 
allow additional time for the gauge to stabiliz(:, make sure the 
area is clear of sources of interference, and then conduct 
another standardization check. If the second standardization 
check is within the limits, the gauge may lx: used, but if it 
also fails the test, the gauge shall be adjusted or repaired as 
recommended by the manufacturer. The limits are as fol
lows: 

where: 
Ns = value of current standardization count, 
No = average of the past four values of Ns taken for prior 

usage, and 
F =value of prescale. [The prescale value (F) is a divisor 

which reduces the actual value for the purpose of 
display. The manufactor will supply this value if other 
than 1.0.] Some instruments may hav1~ provisions to 
compute and display these values. 

8.2.3.1 If the instrument standardization has not been 
checked within the previous three months, perform at least 
four new standardization checks, and use the mean as the 
value for N0 • 

8.3 Use the value of Ns to determine the count ratios for 
the current day's use of the instrument. If for any reason the 
measured density becomes suspect during the day's use, 
perform another standardization check. 

9. Procedure for Field Use 
9.1 Standardize the gauge. (See Section 8.) 
9.2 Select a test location. If the gauge will be closer than 

250 mm ( 10 in.) to any vertical mass that might influence the 
result, such as in a trench or alongside a pipe, follow the 
manufacturer's correction procedure. 

9.3 Remove all loose and disturbed material. Remove 
additional material as necessary to reach the material that 
represents a valid sample of the zone or stratum to be tested. 
Surface drying and spatial bias should be considered in 
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determining the depth of material to be removed. 
9.4 Plane or scrape a smooth horizontal surface so as to 

obtain maximum contact between the gauge and the mate
rial being tested. The placement of the gauge on the surface 
of the material to be tested is always important, but is 
especially critical to the successful determination of density 
when using the backscatter method. The optimum condition 
in all cases. is total contact between the bottom surface of the 
gauge and the surface of the material being tested. To correct 
for surface irregularities, use of native fines or fine sand as a 
filler may be necessary. The depth of the filler should not 
exceed approximately 3 mm (1/s in.) and the total area filled 
should not exceed 10 % of the bottom area of the instru
ment. The maximum depth of any void beneath the gauge 
that can be tolerated without filling shall not exceed approx
imately 3 mm ( 1/s in.). Several trial seatings may be required 
to achieve these conditions. 

9.5 Proceed with the test in the following manner: 
9.5.1 Backscatter Procedure: 
9.5.1.1 Seat the gauge firmly on the prepared test site. 
9.5 .1.2 Keep all other radioactive sources away from the 

gauge to avoid affecting the measurement so as not to affect 
the readings. 

9.5.1.3 Secure and record one or more readings for the 
normal measurement period in the backscatter position. 

NOTE 2-When using the backscatter air-gap procedure, follow the 
instrument manufacturers instructions regarding apparatus set up. Take 
the same number of readings for the normal measurement period in the 
air-gap position as in the standard backscatter position. Determine the 
air-gap ratio by dividing counts per minute obtained in the air-gap 
position by counts per minute obtained in standard backscatter position. 

9.5.1.4 Determine the ratio of the reading to the standard 
count or to the air gap count. From this count ratio and the 
appropriate calibration and adjustment data, determine the 
in-place wet density. 

9.5.2 Direct Transmission Procedure: 
9.5.2.1 Make a hole perpendicular to the prepared surface 

using the guide and the hole-forming device 5.4, or by 
drilling if necessary. The hole shall be of such depth and 
alignment that insertion of the probe will not cause the gauge 
to tilt from the plane of the prepared area. The depth of the 
hole must be deeper than the depth to which the probe will 
be placed. The guide shall be the same size as the base of the 
gauge, with the hole in the same location on the guide as the 
probe on the gauge. The comers of the guide are marked by 
scoring the surface of the soil. The guide plate is then 
removed and any necessary repairs are made to the prepared 
surface. 

9.5.2.2 Proceed with testing in the following manner: 
9.5.2.3 Set the gauge on the soil surface, carefully aligning 

it with the marks on the soil so that the probe will be directly 
over the pre-formed hole. 

9.5.2.4 Insert the probe in the hole. 
9.5.2.5 Seat the gauge firmly by rotating it about the 

probe with a back and forth motion. 
9.5.2.6 Pull gently on the gauge in the direction that will 

bring the side of the probe against the side of the hole that is 
closest to the detector (or source) location in the gauge 
housing. 

9.5.2.7 Keep all other radioactive sources away from the 
gauge to avoid affecting the measurement. 
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9.5.2.8 Secure and record one or more readings for the 
normal measurement period. 

9.5.2.9 Determine the ratio of the reading to the standard 
count. From this count ratio and the appropriate calibration 
and adjustment data. determine the in-place wet density. 

NOTE 3-Some instruments have built-in provisions to compute the 
ratio, wet density, and to enter an adjustment bias. Additionally some 
instruments may have provisions to measure and compute moisture 
content, and dry density. 

9.6 If the volume tested as defined in 4.4 has excess 
oversize material with respect to the limitations in the 
appropriate Test Methods D 698, D 1557 or D 4253, then a 
correction for wet density (unit weight) and water content 
must be applied. This correction will be done in accordance 
with Practice D 4718. This test method requires sampling 
from the actual test volume. 

9.6.1 If samples of the measure material are to be taken 
for purposes of correlation with other test mf:thods or rock 
correction, the volume measured can be approximated by a 
200 mm (8 in.) diameter cylinder located directly under the 
center line of the radioactive source and d€:tector(s). The 
height of the cylinder to be excavated will be the depth 
setting of the source rod when using the Direct Transmission 
method or approximately 75 mm (3 in.) when using the 
Backscatter Method. 

9.6.2 An alternative to the correction for oversize parti
cles, that can be used with mass density methods or minimal 
oversize situations, involves multiple tests. Tests may be 
taken at adjacent locations and the results avt~raged to get a 
representative value. Comparisons need to be made to 
evaluate whether the presence of a single large rock or void in 
the soil is producing unrepresentative values of density. 
Whenever values obtained are questionable, the test volume 
site should be dug up and visually examined. 

10. Calculation of Results 

10.1 The in-place wet density is determined as outlined in 
9.5. If dry density is required, the in-place wat€:r content shall 
be determined using either gravimetric sampkes and labora
tory determination of water content (Test Mf:thods D 2216, 
D 4643, D 4959, D 4944), or an instrument which deter
mines water content by neutron thermalization (Test 
Method D 30 17). 

1 0.1.1 If the water content is determined by nuclear 
methods, Test Method D 3017, subtract the kg/m3 (lbf/ft3) 

of moisture from the kg,lm3 (lbf/ft3) of wet density, and 
obtain dry density in kg,lm3 (lbf/ft3). 

10.1.2 If the water content is determined by other 
methods, and is in the form of percent, proceed as follows: 

where: 

IOOpm 
Pd = 100 + W 

Pd = dry density in kg/m3 (lbf/ft3), 

Pm =wet density in kg/m3 (lbf/ft3), and 
W = water as a percent of the dry mass. 

11. Report 
11.1 The report shall include the following: 
11.1.1 Standardization and adjustment data for the date 

of the tests. 
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11.1.2 Make, model and serial number of the test instru-
ment. 

11.1.3 Name of the operator(s). 
11.1.4 Test site identification. 
11.1.5 Visual description of material tested. 
11.1.6 Test mode (backscatter or direct transmission) and 

test depth (if applicable). 
11.1. 7 Wet and dry densities in kg/m3 or unit weights in 

lb/ft3• 

11.1.8 Water content in percent of dry mass or dry unit 
weight. 

12. Precision and Bias 

12.1 Precision: 
12.1.1 Data are being evaluated to determine the preci

sion of this test method. In addition, Subcommittee D18.08 
is seeking pertinent data from users of the test method. 

12.1.2 An instrument count precision of 8 kgjm3 (0.5 
lbf/ft3) for the Backscatter Method and 4 kg/m3 (0.25 lbf/ft3) 

Direct Transmission Method are typical on a material of 
approximately 2000 kg/m3 (125 lbf/ft3) density, with a 
measurement time of one minute. 

12.1.2.1 Instrument count precision is defined as the 

change in -density that occurs corresponding to a one 
standard deviation change in the count due to the random 
decay of the radioactive source. The density of the material 
and the time period of the count must be stated. It may be 
determined from a series of 20 or more counts taken without 
moving the instrument, or alternately from the calibration 
data using the assumption that u is equal to the .Jcount at 
that density. The count must be the trut: instrument count 
corrected for any pre-scaling (see 8.2.3). 

where: 

P=:!_ s 

P = instrument precision in density (kgjm3 or lbf/ft3) 

u = one standard deviation of the count 
S = the slope of the calibration curve at the defined density 

value. 
12.2 Bias: 
12.2.1 There is no accepted reference value for this test 

method, therefore, bias cannot be determined. 

13. Keywords 

13.1 density; field density; nuclear !Uethods 

ANNEX 

(Mandatory Information) 

AI. CALIBRATION 

A 1.1 Verify or re-establish calibration curves, tables, or 
equation coefficients at least once every 12-18 months and 
after all major repairs which may affect the instrument 
geometry. 

A 1.2 The instrument shall be calibrated in such a way as 
to produce a calibration response within ± 16 kgjm3 (± 1.0 
lbf/ft3) on blocks of materials (standards) of established 
densities. (This ·calibration may be done by the manufac
turer, the user, or an independent vendor.) Nuclear instru
ment response is influenced by the chemical composition of 
measured material. This response must be taken into ac
count in establishing the assigned standard block density. 
The densities of materials used to establish or verify the 
calibration should extend through a range representative of 
the density of the materials to be tested. The density of these 
material standards shall be determined to an accuracy of ± 
0.2 %. 

A 1.3 Sufficient data shall be taken on each density 
standard to ensure an instrument count precision of at least 
one-half the instrument count precision required for field 
use. The data may be presented in the form of a graph, table, 
equation coefficients, or stored in the gauge, to allow 
covering the count rate data to material density. 

A 1.4 The method and test procedures used in establishing 
the calibration count rate data shall be the same as those 
used for obtaining the field count rate data. 
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A 1.5 The material type, actual density and assigned 
standard block density of each calibration standard used to 
establish or verify the instrument calibration shall be stated 
as part of the calibration data. 

A 1.6 The standards shall be of sufficient size to not 
change the count rate if enlarged in any dimension. Min
imum surface dimensions ofapproximateliy 610 mm long by 
430 mm wide (24 x 17 in.) have proven satisfactory. For the 
Backscatter Method a minimum depth of230 mm (9 inches) 
is adequate; for the Direct Transmission Method the depth 
shall be at least 50 mm (2 in.) deeper than the deepest rod 
depth. A larger surface area may be required for the 
Backscatter Air-Gap technique. Minimum surface dimen
sions may be reduced slightly if the standards are adjacent to 
a dense material. 

A 1. 7 The most successful standards that have been estab
lished for accurate calibration have been made of aluminum, 
magnesium, aluminum/magnesium, granite and limestone. 
These standards have been used in combination with each 
other and with historical curve information to produce 
accurate and reliable calibration. 

A 1. 7.1 Standards of soil, rock, and concrete that have the 
characteristics of reproducible uniformity are difficult to 
prepare. These standards may be of use for some special 
calibration or field calibration where local site material 
chemistry or background situation require special adapta
tion. 
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The Amencan Society for Testing and Materials takes no position respecting the validity of any patent rights assened in connection 
Hith any item mentioned in this standard. Users of this standard are expressly advtsed that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This stanoard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
d not reviseo. eithar reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical commmee, which you may anend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia. PA 19103. 
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~t Designation: D 3017-88 

Standard Test Method for 
Water Content of Soil and Rock in Place by Nuclear Methods 
(Shallow Depth) 1 

This standard is issued under the fixed designation D 3017: the number immediately foUowing the designation indicates the y1:ar of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last revision or reapproval. 

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and 
Standards for the specific year of issue which has been adopted by the Department of Defense. 

1. Scope 

1.1 This test method covers the determination of water 
content of soil and rock by the thermalization or slowing of 
fast neutrons where the neutron source and the thermal 
neutron detector both remain at the surface. 

1.2 The water content in mass per unit volume of the 
material under test is determined by comparing the detection 
rate of thermalized or slow neutrons with previously estab
lished calibration data. 

1.3 The values stated in SI units are to be regarded as the 
standard. The inch-pound equivalents may be approximate. 

1.3.1 It is common practice in the engineering profession 
to concurrently use pounds to represent both a unit of mass 
(lbm) and of force (lbt). This implicitly combines two 
systems of units, that is, the absolute system and the 
gravitational system. This standard has been written using 
the absolute system for water content (kilograms per cubic 
metre) in SI units. Conversion to the gravitational system of 
unit weight in lbf/ft3 may be made by multiplying by 
0.06243 or in kN/m3 by multiplying by 9.807. The recording 
of water content in pound-force per cubic foot should not be 
regarded as non-conformance with this standard although 
the use is scientifically incorrect. 

1.4 This standard may involve hazardous materials, oper
ations, and equipment. This standard does not purpon to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 1556 Test Method for Density of Soil in Place by the 

Sand-Cone Method2 

D2167 Test Method for Density and Unit Weight of Soil 
in Place by the Rubber Balloon Method2 

D2216 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

1 This test method is under the jurisdiction of ASTM Committee 0.18 on Soil 
and Rock and is the direct responsibility of Subcommittee D 18.08 on Special and 
Construction Control Tests. 

Current edition approved May 27, 1988. Published July 1988. Originally 
published as D 30 17 - 72. Last previous edition D 3017 - 78. 

2 Annuai Book of ASTM StantiJlrds, Vol 04.08. 
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D 2922 Test Methods for Density of Soill and Soil Aggre
gate and Rock in Place by Nuclear Methods (Shallow 
Depth)2 

D 2937 Test Method for Density of Soil in Place by the 
Drive-Cylinder Method2 

D4643 Test Method for Determination of Water 
(Moisture) Content of Soil by the Microwave Oven 
Method2 

D4718 Practice for Correction of Unit Weight and Water 
Content for Soils Containing Oversize Particles2 

3. Significance and Use 

3.1 The test method described is useful as a rapid, 
nondestructive technique for the in-place determination of 
water content of soil and rock. 

3.2 The test method is used for quality control and 
acceptance testing of compacted soil and rock for construc
tion and for research and development. The non-destructive 
nature allows repetitive measurements at a single test loca
tion and statistical analysis of the results. 

3.3 The fundamental assumptions inhc~rent in the test 
method are that the hydrogen present is in the form of water 
as defined by Method D 2216, and that the material under 
test is homogeneous. 

3.4 Test results may be affected by chemical composition, 
sample heterogeneity, and, to a lesser degree, material 
density and the surface texture of the material being tested. 
The technique also exhibits spatial bias in that the apparatus 
is more sensitive to water contained in the material in close 
proximity to the surface and less sensitive to water at deeper 
levels. 

4. Interferences 

4.1 The chemical composition of the sample may dramat
ically affect the measurement and adjustments may be 
necessary. Hydrogen in forms other than water, as defined by 
Method D 2216, and carbon will cause measurements in 
excess of the true value. Some chemical dements such as 
boron, chlorine, and minute quantities of cadmium will 
cause measurements lower than the true value. 

4.2 The water content determined by this test method is 
not necessarily the average water within the volume of the 
sample involved in the measurement. The measurement is 
heavily influenced by the water content of the material 
closest to the surface. The volume of soil and rock repre
sented in the measurement is indeterminate and will vary 
with the water content of the material. In general, the greater 

.. 
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the water content of the material, the smaller the volume 
involved in the measurement. At 160 kgjm3 (10 lbf/ft3), 

approximately 50 % of the typical measurement results from 
the water content of the upper 50 to 75 mm (2 to 3 in.). 

4.2.1 If samples of the measured material are to be taken 
for purposes of correlation with other test methods or rock 
correction, the volume measured can be approximated by a 
200-mm (8 in.) diameter cylinder located directly under the 
center line of the fast neutron source and thermal neutron 
detector. The height of the cylinder to be excavated is 
approximated by: 

Moisture Content Cylinder Height Volume 
kgfml lbf{l\3 mm in. mJ ftl 

80 5 250 10 0.0079 0.29 
160 10 200 8 0.0063 0.23 
240 15 150 6 0.0047 0.17 
320 20 125 5 0.0039 0.15 
400 25 112 4.5 0.0035 0.13 
480 30 100 4 0.0031 0.12 

NOTE 1-The volume of field compacted material sampled by the 
test can effectively be increased by repeating the test at immediately 
adjacent (vertically or horizontally) locations and averaging the results. 

4.3 Other neutron sources must not be within 8 m (25 ft) 
of equipment in operation. 

S. Apparatus 

5.1 While exact details of construction of the apparatus 
may vary, the system shall consist of: 

5.1.1 Fast Neutron Source-A sealed mixture of a radio
active material such as americium or radium and a target 
material such as beryllium. 

5.1.2 Slow Neutron Detector-Any type of slow neutron 
detector such as boron trifluoride or helium-3 proportional 
counter. 

5.1.3 Readout Device-A suitably timed scaler(s). Usually 
the readout device will contain the high-voltage supply 
necessary to operate the detector, and low-voltage power 
supply to operate the readout and accessory devices. 

5.1.4 Housing-The source, detector, readout device, and 
power supply shall be in housings of rugged construction 
which shall be water and dust resistant. 

5.1.5 Reference Standard-A block of hydrogeneous ma
terial for checking equipment operation and to establish 
conditions for a reproducible count rate. 

5.1.6 Site Preparation Device-A steel plate, straightedge, 
or other suitable leveling tools which may be used to plane 
the test site to the required smoothness. 

5.2 Calibrate apparatus in accordance with Annex Al. 
5 .3 Determine the precision of the apparatus in accord

ance with Annex A2. 

6. Hazards 
6.1 This equipment utilizes radioactive materials which 

may be hazardous to the health of the users unless proper 
precautions are taken. 

6.2 Effective operator instruction together with routine 
safety procedures such as source leak tests, recording and 
evaluation of fllm badge data, use of survey meters, etc., are 
a recommended part of the operation of equipment of this 
type. 
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7. Standardization 

7.1 All nuclear water content instruments are subject to 
long-term aging of the radioactive source, detectors, and 
electronic systems, which may change the re~lationship be
tween count rate and water content. To offSet this aging, 
instruments are calibrated as a ratio of the measurement 
count rate to a count rate made on a reference standard. The 
reference count rate should be in the same or higher order of 
magnitude than the range of measurement count rates over 
the useful water range of the equipment. 

7.2 Standardization of equipment on the reference 
standard is required at the start of each daly's use and a 
permanent record of these data shall be retained. The 
standardization shall be performed with the equipment 
located at least 8 m (25 ft) away from other gages and clear of 
large masses of water or other items which may affect the 
gage readings. 

7 .2.1 Tum on the instrument and allow [i:>r stabilization 
in accordance with the manufacturer's recommendations. If 
the instrument is to be used either continuously or intermit
tently during the day, it is generally best to leave it in the 
"power on" condition to prevent having to repeat the 
stabilization. This will provide more stable, consistent re
sults. 

7.2.2 Using the reference standard take at least four 
repetitive readings at the normal measurement period and 
obtain the mean. If available on the instrument, one 
measurement at a period of four or more times the normal
period is acceptable. This constitutes one standardization 
check. 

7 .2.3 If the value obtained above is within the limits 
stated below, the equipment is considered to be in satisfac
tory condition and the value may be used to determine the 
count ratios for the day of use. If the value obtained is 
outside these limits, another standardization <:heck should be 
made. If the second standardization check is within the 
limits, the equipment may be used, but if it aliso fails the test, 
the equipment shall be adjusted or repaired as recommended 
by the manufacturer. 

where: 

and 

2.0 ../N, 
N, £:No- ../F 

( l) 

(2) 

N, = value of current standardization check (7.2.2) on the 
reference standard, 

N0 = average of the past four values of N, taken for prior 
usage, and 

F = value ofprescale (A2.2.1). 
7.3 The value of Ns will be used to determine the count 

ratios for the current day's use of the equipment. If, for any 
reason, measured water content becomes suspect during the 
day's use, perform another standardization. 

8. Procedure 
8.1 Standardize the instrument (Section 7). 
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8.2 Select a location for test where the instrument in test 
position will be at least 250 mm ( 10 in.) away from any 
vertical projection. 

8.3 Prepare the test site in the following manner: 
8.3.1 Remove all loose and disturbed material, and re~ 

move additional material as necessary to reach the top of the 
vertical interval to be tested. Surface drying and the spatial 
bias should be considered in determining the depth at which 
the instrument is to be seated. 

8.3.2 Prepare a horizontal area, sufficient in size to 
accommodate the instrument, by planing to a smooth 
condition so as to obtain maximum contact between the 
instrument and material being tested. If the instrument base 
is to be placed below the surrounding surface, the horizontal 
area shall be at least twice the area of the base of the 
instrument. If the depression is greater than 25 mm ( 1 in.), 
the condition in 8.2 must be met by clearing a larger area. 

8.3.3 The placement of the instrument on the surface of 
the material to be tested is critical to the successful determi~ 
nation of water. The optimum condition is total contact 
between the bottom surface of the instrument and the 
surface of the material being tested. The maximum void 
beneath the instrument shall not exceed approximately 3 
mm ('/sin.). Use native fines of similar water content or dry 
quartz sand to fill voids and level the excess with a rigid plate 
or other suitable tool. The total area filled shall not exceed 
lO % of the bottom area of the instrument. 

8.4 Proceed with the test in the following manner: 
8.4.1 Seat the instrument firmly, place the source in the 

proper position and take a count for the normal measure~ 
ment period. 

8.4.2 Determine the ratio of the reading to the standard 
count (Section 7). From this ratio and the calibration and 
adjustment data, determine the in-place water content per 
unit volume (Note 2). 

NOTE 2-Some instruments have built-in provisions to compute the 
ratio, the water content per unit volume with adjustments, the dry 
density, and the water content in percent of dry density (or dry unit 
weight). 

8.5 If the volume tested as defined in 4.2.1 is insufficient 
for the size of rock contained in the soil (refer to Test 
Method D 4718), take additional tests at adjacent locations 
and average the results (Note 3). 

NOTE 3-The water content value obtained should be compared to 
other water contents obtained for similar soils and conditions. The 
presence of a large rock particle or void in the soil being tested may give 

an unrepresentative value of water content. If the value is unusually high 
or low, another determination of water content should be performed. To 
avoid preparation of another test site, the gage: may be repositioned 
(such as rotating the gage 90") at the original site. 

9. Calculation 
9.1 Calculate the water content, w, in percent of dry 

density (or dry unit weight) of soil as follows: 

w = Mm X 100 (3) 

Pd 
or 

(4) 

where: 
w = water content, percent of dry density, 
Mm = water content, kgjm3 (lbf/ft3

), 

Pd = dry density of soil (kg/m3
) or dry unit weight (lbf/ft3), 

and 
p = wet (total) density of soil (kgjm3) or wet unit weight 

(lbf/ft3). 

10. Report 

I 0.1 The report shall include the following: 
1 0.1.1 Make, model, and serial number of the test device, 
l 0.1.2 Standard count and adjustment data for the date of 

the tests, 
1 0.1.3 Name of the operator, 
10.1.4 Test site identification, 
10.1.5 Visual description of material tt:sted, 
10.1.6 Count rate for each reading, if applicable, 
10.1.7 Water content in kgjm3 or lbf/ft3, 

10.1.8 Wet and dry densities in kgjm3 or unit weights in 
lbf/ft3, 

10.1.9 Water content in percent of dry density or dry unit 
weight. 

11. Precision and Bias 
11.1 The precision and bias of this te:st method has not 

been determined. While the instrument precision (repeat
ability on the same sample) of 4 kgjm3 (0.25 lbf/ft3

) is 
required and the procedure provides a means of removing 
the bias, no methods are available that provide sufficiently 
accurate values of the water content of in-place soil and rock 
against which the precision and bias for the procedure and 
operator variance can be determined. 

ANNEXES 

(Mandatory ·Information) 

Al. CALIBRATION 

A 1.1 Calibration Curves-Calibration curves, tables, or 
equations shall be established or verified once each year by 
determining by test the nuclear count rate of at least two 
samples of different known water content. This data may be 
plotted or equations determined to create tables or computer 
programs for conversion of count data to water content. The 
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method and test procedures used in obtaining the count rate 
(or ratio as defined in Section 7) to establish the calibration 
relationship must be the same as those used for measuring 
the water content of the material to be tested. The water 
content of materials used to establish the calibration must 
vary through a range to include the water content of 
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materials to be tested and be in the density range of 1600 to 
2240 kgjm3 

( 100 to 140 lbf/ft3). Due to the effect of chemical 
composition, the calibration supplied by the manufacturer 
with the apparatus will not be applicable to all materials. It 
shall be accurate for mixes of silica sand and water; therefore, 
the calibration must be checked and adjusted, if necessary, in 
accordance with A1.3. 

Al.2 Calibration Standards-Calibration standards may 
be established using any of the following methods. Prepared 
containers or standards must be large enough to not change 
the observed count rate {or ratio as defined in Section 7) if 
made larger in any dimension. 

NOTE A 1.1-Dimensions of approximately 610 mm long by 460 
mm wide by 360 mm deep (approximately 24 by 18 by 14 in.) have 
proven satisfactory. 

Al.2.1 Prepare a homogeneous standard of hydrogenous 
materials having an equivalent water content determined by 
comparison (using a nuclear instrument) with a saturated 
silica sand standard prepared in accordance with A 1.2.2. A 
metallic density standard as defined in Test Methods D 2922 
is a convenient zero water content standard. 

A 1.2.2 Prepare containers of compacted material with a 
percent water content determined by oven dry (Method 
D 2216) and a wet density calculated from the mass of the 
material and the inside dimensions of the container. The 
water content may be calculated as follows: 

where: 

p X W 

}.{m = 100 + W 

Mm = water content. kg/m3 or lbf/ft3, 

w = water content. percent of dry mass, and 
p = wet (total) density, kg/m3 or lbf/ft3• 

(Al.l) 

Al.2.3 Where neither of the previous calibration stand
ards are available, the instrument may be calibrated by using 
a minimum of four selected test sites in an area of a 
compaction project where a homogenous material has been 
placed at several different water contents. The test sites shall 
represent the range of water contents over which the calibra
tion is to be used. At least four replicate nuclear measure-

ments shall be made at each test site. The density at each site 
shall be measured by making four closely spaced determina
tions with calibrated equipment in accordanc1e with Test 
Methods D 2922, Test Method D 1566, Tc!st Method 
D 2167, or Test Method D 2937. The water content of each 
of the density tests shall be determined by Method D 2216. 
Use the mean value of the replicate readings as the calibra
tion point value for each site. 

Al.3 Calibration Adjustments: 
A 1.3.1 The calibration of newly acquired or repaired 

instruments shall be verified and adjusted prior to use. 
Calibration curves shall be checked prior to performing tests 
on materials that are distinctly different from material types 
previously used in obtaining or adjusting the calibration. 
Sample materials may be selected by either A 1.3.1.1 or 
Al.3.1.2. The amount of water shall be within ±2 % of the 
water content established as optimum for compaction. 
Determine the water content in kg/m3 or lbf/ft3 by Eq. A 1.1. 
A microwave oven or direct heater may be utiliz,ed for drying 
materials which are not sensitive to temperature, in addition 
to the methods listed in A 1.2.3. A minimum of four 
comparisons is required and the mean of the observed 
differences used as the correction factor. 

Al.3.l.l Container(s) of compacted material taken from 
the test site may be prepared in accordance with A1.2.2. 

Al.3.1.2 Test site(s) on the compacted mat,erial may be 
selected in accordance with Al.2.3. · 

Al.3.2 The method and test procedures used in obtaining 
the count rate (or ratio as defined in Section 7) to establish 
the error must be the same as those used for measuring the 
water content of the material to be tested. 

Al.3.3 The mean value of the difference between the 
moisture content of the test samples as d(:termined in 
Al.3.l.l or Al.3.1.2 and the values measured with the 
instrument shall be used as a correction to measurements 
made in the field. Some instruments utilizing a micropro
cessor may have provision to input a correction factor that is 
established by the relative values of water 1;:ontent as a 
percentage of dry density, thus eliminating the need to 
determine the difference in mass units of water. 

A2. DETERMINING PREOSION OF APPARATUS 

A2.1 The precision of the apparatus at a water content of 
160 kgjm3 (10 lbf/ft3) shall be better than 4 kgjm3 (0.25 
lbf/ft3) at the manufacturer's stated period of time for the 
measurement (Note A2.1 ). Other timing periods may be 
available (usually multiples of four of the normal period) 
which may be used where higher or lower precisions are 
desired for statistical purposes. The precision shall be deter
mined by the procedure defined in 5.2.1 or 5.2.2. 

NOTE A2.1-While 1 min is the usual timing period and may be 
used for the comparison of various apparatus, the intent of the test 
method is to require a measurement period that produces the stated 
precision for all acceptance testing. 

A2.2 The precision of the apparatus is determined from 
the slope of the calibration response and the statistical 
deviation of the count (detected neutrons) for the period of 
measurement. as follows: 
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where: 

P=~ s 

P = apparatus precision in water content (kg/m3 or lbf/ft3), 

a = standard deviation in counts per measure:ment period, 
and 

S = slope in change in counts per measur€!ment period 
divided by the change in water content (kgjm3 or 
lbf/ft3). 

A2.2,.1 The count per measurement period shall be the 
total number of thermal neutrons detected during the timed 
period. The displayed value must be corrected for any 
prescaling which is built into the apparatus. The prescale 
value (F) is a divisor which reduces the actual value for the 
purpose of display. The manufacturer will supply this value 
if other than 1.0. 
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A2.2.2 The standard deviation in counts per measure
ment period shall be obtained as follows: 

where: 

(j = ./(; 
.. /£ 

u = standard deviation in counts per measurement period, 
C = counts per measurement period (before prescale cor-

rection) at a water content of 160 kgjm3 (10 lbf/ft3), 

and 
F = value of prescale (A2.2.1 ). 

A2.2.3 The counts per measurement period (before 
prescale correction) shall be obtained form the calibration 
curve, tables or equation. 

A2.2.4 The slope of calibration response in counts per 
measurement period (before prescale correction) at a water 
content of 160 kg/m3 (10 lbf/ft3) shall be determined from 
the calibration curve, tables, or equation . 

A2.3 The precision shall be computed by determining the 
standard deviation of at least 20 repetitive measurements 
(instrument not moved after the first measurement) on 
material having a water content of 130 to 190 kg/m3 (8.1 to 
11.9 lbf/ft3). In order to perform this procedure, the resolu
tion of the count display, calibration response, or other 
method of displaying water content must be equal to or 
better than ±1 kg/m3 or 0.1 lbf/ft3

• 

The American Society for Testing and Materials 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 tor additional standards 
and should be addressed to ASTM 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 yoL" 
v1ews known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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~~ Designation: 0 4220 - 89 

Standard Practices for 
Preserving and Transporting Soil Samples 1 

~ standard is issued under the fixed designation D 4220; the number immediately following the designation indicates the year of 
ongmal adopUon or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last revision or reapproval. 

1. Scope 

1.1 These practices cover procedures for preserving soil 
samples immediately after they are obtained in the field and 
accompanying procedures for transporting and handling the 
samples. 

1.2 Limitations-These practices are not intended to 
address requirements applicable to transporting of soil sam
ples known or suspected to contain hazardous materials. 

1.3 This standard may involve hazardous materials, oper
ations. and equipment. This standard does not purpon to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. See 
Section 7. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 420 Practice for Investigating and Sampling Soil and 

Rock for Engineering Purposes2 

0653 Terminology Relating to Soil, Rock, and Contained 
Auids2 

D 1452 Practice for Soil Investigation and Sampling by 
Auger Borings2 

D 1586 Method for Penetration Test and Split-Barrel 
Sampling of Soils2 

D 1587 Practice for Thin-Walled Tube Sampling of Soils2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)2 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils2 

3. Terminology 

3.1 Terminology in these practices is in accordance with 
Terminology D 653. 

4. Summary of Practices 

4.1 The various procedures are given under four group
ings as follows: 

4.1.1 Group A-Samples for which only general visual 
identification is necessary. 

4.1.2 Group B-Samples for which only water content 
and classification tests, proctor and relative density, or 
profile logging is required, and bulk samples that will be 
remolded or compacted into specimens for swell pressure, 

1 These practices are under the jurisdiction of ASTM Committee D-18 on Soil 
and Rock and are the direct responsibility of Subcommittee D 18.02 on Sampling 
and Related Field Testing for Soil Investigations. 

Current edition approved July 13, 1989. Published September 1989. Originally 
published as D 4220 - 83. Last previous edition D 4220 - 83. 

2 Annual Book of ASTM Standards, Vol 04.08. 
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percent swell, consolidation, permeability, shear testing, 
CBR, stabilimeter, etc. 

4.1.3 Group C-Intact, naturally formed or field fabri
cated, samples for density determinatio11s; or for swell 
pressure, percent swell, consolidation, permeability testing 
and shear testing with or without stress-strain and volume 
change measurements, to include dynamic and cyclic testing. 

4.1.4 Group D-Samples that are fragile or highly sensi
tive for which tests in Group C are required. 

4.2 The procedure(s) to be used should be included in the 
project specifications or defined by the d1~signated respon
sible person. 

5. Significance and Use 

5.1 Use of the various procedures recommended in these 
practices is dependent on the type of samples obtained 
(Practice D 420), the type of testing and engineering proper
ties required, the fragility and sensitivity olf the soil, and the 
climatic conditions. In all cases, the primary purpose is to 
preserve the desired inherent conditions. 

5.2 The procedures presented in these practices were 
primarily developed for soil samples that are to be tested for 
engineering properties, however, they may be applicable for 
samples of soil and other materials obtained for other 
purposes. 

6. Apparatus 

6.1 The type of materials and containers needed depend 
upon the conditions and requirements listed under the four 
groupings A to D in Section 4, and also on the climate and 
transporting mode and distance. 

6.1.1 Sealing Wax, includes microcryHtalline wax, par
affin, beeswax, ceresine, carnaubawax, or combinations 
thereof. 

6.1.2 Metal Disks, about 1/16 in. (about 2 mm) thick and 
having a diameter slightly less than the inside diameter of the 
tube, liner, or ring ahd to be used in uniollt with wax or caps 
and tape, or both. 

6.1.3 Wood Disks, prewaxed, 1 in. (2:5 mm) thick and 
having a diameter slightly less than the inside diameter of the 
liner or tube. 

6.1.4 Tape, either waterproof plastic, adhesive friction, or 
duct tape. 

6.1.5 Cheesecloth, to be used in unllon with wax in 
alternative layers. 

6.1.6 Caps, either plastic, rubber or metal, to be placed 
over the end of thin-walled tubes (Practice D 1587), liners· 
and rings (PracticeD 3550), in union with tape or wax. 

6.1.7 O'ring (Sealing End Caps), used to seal the ends of 
samples within thin-walled tubes, by mechanically ex
panding an O'ring against the tube wall. 

.. 
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~OTE !-Plastic expandable end caps are preferred. Metal expand
able end caps seal equally well; however, long-term storage may cause 
corrosion problems. 

6.1.8 Jars, wide mouthed, with rubber-ringed lids or lids 
lined with a coated paper seal and of a size to comfortably 
receive the sample, commonly 1h pt (250 mL), 1 pt (500 mL) 
and quart-sized ( 1000 mL). 

6.1.9 Bag, either plastic, burlap with liner, burlap or cloth 
type (PracticeD 1452). 

6.1.10 Packing Material, to protect against vibration and 
shock. 

6.1.11 Insulation, either granule (bead), sheet or foam 
type, to resist temperature change of soil or to prevent 
freezing. 

6.1.12 Sample Cube Boxes, for transporting cube (block) 
samples. Constructed with 1h to 3/4 in. (13 to 19 mm) thick 
plywood (marine type). 

6.1.13 Cylindrical Sample Containers, somewhat larger in 
dimension than the thin-walled tube or liner samples, such as 
cylindrical frozen food cartons. 

6.1.14 Shipping Containers, either box or cylindrical type 
and of proper construction to protect against vibration, 
shock, and the elements, to the degree required. 

NOTE 2-The length, girth and weight restrictions for commercial 
transportation must be considered. 

6.1.15 Identification Mat erial-This includes the neces
sary writing pens, tags, and labels to properly identify the 
sample(s). 

7. Precautions 
7.1 Special instructions, descriptions, and marking of 

containers must accompany any sample that may include 
radioactive, chemical, toxic, or other contaminant material. 

7.2 Interstate transportation containment, storage, and 
disposal of soil samples obtained from certain areas within 
the United States and the transportation of foreign soils into 
or through the United States are subject to regulations 
established by the U.S. Department of Agriculture, Animal, 
and Plant Health Service, Plant Protection and Quarantine 
Programs, and possibly to regulations of other federal, state, 
or local agencies. 

7.2.1 Samples shipped by way of common carrier or U.S. 
Postal Service must comply with the Department of Trans
portation Hazardous Materials Regulation, 49CRF Part 172. 

7.3 Sample traceability records (see Fig. l) are encouraged 
and should be required. for suspected contaminated samples. 

7.3.1 The possession of all samples must be traceable, 
from collection to shipment to laboratory to disposition, and 
should be handled by as few persons as possible. 

7 .3.2 The sample collector(s) should be responsible for 
initiating the sample traceability record; recording the 
project, sample identification and location, sample type, 
date, and the number and types of containers. 

7 .3.3 A separate traceability record shall accompany each 
shipment. 

7 .3.4 When transferring the possession of samples the 
person(s) relinquishing and receiving the samples shall sign, 
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date. record the time, and check for completeness of the 
traceability record. 

8. Procedure 
8.1 All Samples-Properly identify samples with tags, 

labels, and markings prior to transporting them as follows: 
8.1.1 Job name or number, or both, 
8.1.2 Sampling date, 
8.1.3 Sample/boring number and location, 
8.1.4 Depth or elevation, or both, 
8.1.5 Sample orientation, 
8.1.6 Special shipping or laboratory handliillg instructions. 

or both, including sampling orientation, and 
8.1.7 Penetration test data, if applicable (Test Method 

D 1586). 
8.1.8 Subdivided samples must be identified while main

taining association to the original sample. 
8.1.9 If required, sample traceability record. 
8.2 Group A-Transport samples in any type of container 

by way of available transportation. If transported commer
cially, the container need only meet the minimum require
ments of the transporting agency and any other requirements 
necessary to assure against sample loss. 

8.3 Group B: -
8.3.1 Preserve and transport these samples in sealed, 

moistureproof containers. All containers shall be of sufficient 
thickness and strength to ensure against breakage and 
moisture loss. The container types include: plastic bags or 
pails, glass or plastic (provided they are waterproof) jars, thin 
walled tubes, liners, and rings. Wrap cylindrical and cube 
samples in suitable plastic film or aluminum foil, or both, 
(Note 3) and coat with several layers of wax, or seal in several 
layers of cheesecloth and wax. 

8.3.2 Transport these samples by any available transpor
tation. Ship these samples as prepared or placed in larger 
shipping containers, including bags, cardboard, or wooden 
boxes or barrels. 

NOTE 3-Some soils may cause holes to develop in. aluminum foil. 
due to corrosion. A void direct contact where adverse affects to sample 
composition are a concern. 

8.3.3 Plastic Bags-Place the plastic bags as tightly as 
possible around the sample, squeezing out as: much air as 
possible. They shall be 3 mil or thicker to prevent leakage. 

8.3.4 Glass-Plastic Jars-If the jar lids are not rubber 
ringed or lined with new waxed paper seals, seal the lids with 
wax. 

8.3.5 Plastic Pails-If the plastic pail lids are not air tight, 
seal them with wax or tape. 

8.3.6 Thin-Walled Tubes: 
8.3.6.1 Expandable Packers-The preferred method of 

sealing sample ends within tubes is with plastic, expandable 
packers. 

8.3.6.2 Wax With Disks-For short-term sealing, paraffin 
wax is acceptable. For long term sealing (in excess of 3 days) 
use microcrystalline waxes or combine with up to 15 % 
beeswax or resin, for better adherence to the wall of the tube 
and to reduce shrinkage. Several thin layers: of wax are 
preferred over one thick layer. The minimum final thickness 
shall be 0.4 in. (10 mm). 
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8.3.6.3 End Caps-Seal metal, rubber, or plastic end caps 
with tape. For long term storage (longer than 3 days), also 
dip them in wax. applying two or more layers of wax. 

8.3.6.4 Cheesecloth and Wax-Use alternating layers (a 
minimum of two each) of cheesecloth and wax to seal each 
end of the tube and stabilize the sample. 

NOTE 4-Where necessary, spacers or appropriate packing materials, 
or both. must be placed prior to sealing the tube ends to provide proper 
confinement. Packing material must be nonabsorbent and must main
tain its properties to provide the same degree of continued sample 
suppon. 

8.3. 7 Liners and Rings-Refer to 8.3.6.3 or 8.3.6.4. 
8.3.8 Exposed Samples: 
8.3.8.1 Cylindrical, Cubical or Other Samples Wrapped in 

Plastic, such as polyethylene and polypropylene, or foil 
should be further protected with a minimum of three coats of 
wax. 

8.3.8.2 Cylindrical and Cube Samples Wrapped in 
Cheesecloth and Wax, shall be sealed with a minimum of 
three layers of each, placed alternatively. 

8.3.8.3 Canon Samples (Frozen Food Canons}-Samples 
placed in these containers must be situated so that wax can 
be poured completely around the sample. The wax should fill 
the void between the sample and container wall. The wax 
should be sufficiently warm to flow, but not so hot that it 
penetrates the pores of the soil. Generally, the samples 
should be wrapped in plastic or foil before being surrounded 
with wax. 

8.4 Group C: 
8.4.1 Preserve and seal these samples in containers as 

covered in 8.3. In addition, they must be protected against 
vibration and shock, and protected from extreme heat or 
cold. 

8.4.2 Samples transported by the sampling or testing 
agency personnel on seats of automobiles and trucks need 
only be placed in cardboard boxes, or similar containers into 
which the sealed samples fit snugly, preventing bumping, 
rolling, dropping, etc. 

8.4.3 For all other methods of transporting samples, 
including automobile trunk, bus, parcel services, truck, boat, 
air, etc., place the sealed samples in wood, metal; or other 
type of suitable shipping containers that provide cushioning 
or insulation, or both, for each sample and container. A void 
transporting by any agency whose handling of containers is 
suspect. 

8.4.4 The cushioning material (sawdust, rubber, polysty
rene, urethane foam, or material with similar resiliency) 
should completely encase each sample. The cushioning 
between the samples and walls of the shipping containers 
should have a minimum thickness of 1 in. (25 mm). A 
minimum thickness of 2 in. (50 mm) shall be provided on 
the container floor. 

8.4.5 When required, the samples should be shipped in 
the same orientation in which they were sampled. Otherwise, 
special conditions shall be provided such as freezing, con
trolled drainage, or sufficient confinement, or a combination 
thereof, to maintain sample integrity. 

8.5 Group D: 
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8.5.1 The requirements of 8.4 must be met, in addition to 
the following: 

8.5.1.1 Samples should be handled in the same orienta
tion in which they were sampled, including during transpor
tation or shipping, with appropriate markings on the ship
ping container. 

8.5.1.2 For all modes of private or commercial transpor
tation, the loading, transporting and unloading of the ship
ment containers should be supervised as much as possible by 
a qualified person. 

NOTE 5-A qualified person may be an engineer, geologist. soil 
scientist. soils technician or responsible person designated by the project 
manager. 

8.6 Shipping Containers (see Figs. 2 to 7 for typical 
containers): 

8.6.1 The following features should be~ included in the 
design of the shipping container for Groups C and D. 

8.6.1.1 It should be reuseable, 
8.6.1.2 It should be constructed so that the samples can be 

maintained, at all times, in the same position as when 
sampled or packed, or both, 

8.6.1.3 It should include sufficient packing material to 
cushion or isolate, or both, the tubes from the adverse effect 
of vibration and shock, and 

8.6.1.4 It should include sufficient insulating material to 
prevent freezing, sublimation and thawing, or undesirable 
temperature changes. 

8.6.2 Wood Shipping Containers: 
8.6.2.1 Wood is preferred over metal. Outdoor (marine) 

plywood having a thickness of 'h and 3f4 in. ( 13 to 19 mm) 
may be used. The top (cover) should be hinged and latched, 
or fastened with screws. 

8.6.2.2 The cushioning requirements are given in 8.4.4. 
8.6.2.3 For protection against freezing or extreme temper

ature variation, the entire shipping container should be lined 
with a minimum insulation thickness of 2. in. (50 mm). 

8.6.3 Metal Shipping Containers-The metal shipping 
containers must incorporate cushioning and insulation ma
terial to minimum thicknesses in accordance with 8.6.2, 
although slightly greater thicknesses would be appropriate. 
Alternatively, the cushion effect could be achieved with a 
spring suspension system, or any other means that would 
provide similar protection. 

8.6.4 Styrene Shipping Containers-Bulk styrene with 
slots cut to the dimensions of the sample tube or liner. A 
protective outer box of plywood or reinforced cardboard is 
recommended. 

8.6.5 Other Containers-Containers constructed with 
laminated fiberboard, plastic or reinforced cardboard outer 
walls, and properly lined, may also be used. 

9. Reporting 
9.1 The data obtained in the field shall be recorded and 

should include the following: 
9.1.1 Job name or number, or both, 
9.1.2 Sampling date(s), 
9.1.3 Sample/boring number(s) and location(s), 
9.1.4 Depth(s) or elevation(s), or both, 
9.1.5 Sample orientation, 
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Project: 

Shipped by: 
$hipped to: 

Commenta: 

~t D 4220 

Sample Identification/Traceability Record 
(Controlled Document) 

• 
W.O. ---------------------

Attention of: 

Hazardoue materlala •auepected? 
(yea/no) 

No. ot Anelyele/Teet (oDifOniU 

, .... 10. Co11t1,nen Aeoutntd \.a• 10 

I 
l 
I 

! 

' 

I 

i 

Sampler(&) (signature)-----------------------------

,., td 10 • IIHitiU,IhiO b I I y: • onatvre 0111/Time Reeelw•• lty: tataneture) Date/Thne c~, ....... nt• 

1 
I 

~ 
Shipment preparad by: (algnature) ------------ Date/Time-------- Shipment method: 

Received for Lab by: (aignature) Date/Time ---------- Comment• -------------

Receiving Laboratory: Pleaee return original form alter algnillg for receipt of aamplea. 

FIG. 1 Example Layout of Record Form 

9.1.6 Groundwater observation, if any, 
9 .1. 7 Method of sampling, and penetration test data, if 

applicable, 
9 .1.8 Sample dimensions, 
9.1.9 Soil description (PracticeD 2488), 
9.1.10 Names of technician/crewman, engineer, project 

chief, etc., 
9.1.11 Comments regarding contaminated or possible 

contaminated samples, 

9 .1.12 If used, a copy of traceability records, 
9.1.13 Weather conditions, and 
9 .1.14 General remarks. 

10. Precision and Bias 
10.1 This practice provides qualitative and general infor

mation only. Therefore, a precision and bias statement is not 
applicable. 

647 



-

14" 
(356 rrm) 

2" 
(51 mm) 
Typ. 

4" (102 mm) Dia. Hole 
1 ~ holes each, top & 
~ottom dividers) 

l/2" (13 mm) Dia. Rope 
Handle (one this side 
& one opposite side) 

Minimum of 7 nails in 
each long edge (preferably 
also glued with waterproof 
glue) 

Padding 
4" (102 mm) of urethane foam 
(or equivalent) in the bottom 
of the box. 1" (25 mm) around 
the tubes and on tap. 

Material 
3/4" ( 19 mm) thick plywood 
(exterior grade) 

4t 0 4220 

Top & bottom must be screwed 
into place (top may be hinged 
and 1 a tched) 

10" 
(254 mm) 

18" 
(457 mm) 

10" 
(254 mn) 

FIG. 2 Shipping Box for 3-ln. (76-mm) Thln·Walled Tubes 
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(a) Photo of Open Box For 5" (127 mm) Tubes 

l - - -I 

I - - -I 

I - - -L 

(b) Top View 
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(c) Front View 

3" 
(76mml 

4 
.. 

L--y_'_;_,v_: __ l~_:·J_I-JI. "~j"' 
(d) Side View 

NOTE-Top and bottom halves are identical. 

FIG. 3 Styrene Shipping Container for 3-in. (78-mm) Thin-Walled Tubes 
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Item 

A. TOPVIEW 
(lid open) 

No. Desaiption of Item 

Plywood. 4ft by 8ft by o/• in. (1220 mm by 2440 mm by 19.1 
mm) exterior, Grade AC 

2 Hinge, strap. 4 in. (1 02 mm), heavy duty with screws 
3 Hasp. hinged, 41/t in. (114 mm), with screws 
4 Screw, Wood, Steel, Flathead. No. 10 by 10f• in. (44.5 mm) 
5 Bolt, Machine, .,.., in. (9.5 mm), with nut to secure hasps 
6 Washer. flat • .,.., in. (9.5 mm) 
7 Eye Bolt, 'lz by 2 in. (6.4 mm by 51 mm), zinc-plated, with nut 
8 Washer. flat. 'I• in. (6.4 mm), tor hasp bolt 
9 SHooks, 2 in. (51 mm), open, zinc-plated 

10 Clamp, adjustable. hosa. steel, worm screw adjustment 
11 Spring, expansion 
12 Adhesive, woodWOrking 

~lilt 0 4220 

I 
I 
I 
I 
I 
I 
I 

..-----!...-o_ - - - - - -0 ..J 

j 

BILL OF MATERIALS 

Quantity 

1 Sheet 

4 Each 
3 Each 

72 Each 
3 Each 
3Each 
8 Each 
8Each 
8 Each 
2 Each 
8 Each 

11b(454 g) 

Item 
No. Desaiption of Item Quantity 

13 Rope, nylon, '12-in. (12.7-mm) diameter. solid braided 5 ft (1524 mm) 
14 Cushioning Material, expanded~ foam 10 ft3 (0.28 IW) 

NOTEs-{a) All wooden components can be sawed from one sheet of plywood. 
(b) This shipping box wiN accommodate approximately three 3-ln. (76-mm) 

diameter tubes or two 5-in (127-mm) diameter tubes up to 30 ln. (762 
mm) in length. For longer tubes the inside height of the box must be a 
minimum of 6-in. (152 mm) greater than the length of the tube. 

(c) AM joints to be glued and fastened with screws. 
(d) Stencil all sides as follows (Sea Views B and CJ,. 

TO PROTECT FROM FREEZING 
(a) After suspending samples as indicated above. all void space must be 

filled with a suitable resilient packing material. 

FIG. 4 Suspension System Container for Thin-Walled Tubes 
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(a) 55-~allon (0.21 m3) oil barrels 
with sections of styrofoam insula
tion; welded handles on each side. 

(b) Same as (a) showing barrel ready 
for shipment. Steel lids bolted 
on to provide tight seal. 

NOTE-Two in. (51 mm) of foam rubber covers 2 in. of styrofoam at the base. 
One in. (25 mm) of foam rubber overlays the top of the tubes, and the remaining 
space to the lid is filled with styrofoam. 

FIG. 5 Shipping Barrel for Thin-Walled Tubes 
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18 Gauge Galvanized Steel 
1" x li" (25 mm x 38 mm) 

~t D 4220 

Semi Sponge Rubber 
1" (25mm) top and all side 
surfaces; or, 2!" (64 mm) 
in sul at ion. 

3/4" (19 mm) Binding Steel 

3" (76 mm) foam rubber over base; or 
1" (25 mm) foam rubber and 2t" (64 mm) 
insulation over base. 

FIG. 6 Shipping Box for Liner (Short Tube) or Ring Samples 
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Two additional layers of cheese 
c 1oth and ~~arm rubbed wax 
are required to seal 
the sample. 

.......,._, 

~thickness of cheese cloth 
is placed against soil, followed 
by an application of warm wax, 
rubbed by hand. 

: ..__ __ _ 
A. 

I 

~1ETHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES 

Fill space between sealed 
sample and box with moist 
sawdust packed to support 
sample. 

B. ENCASE EASILY DISTURBED SAMPLES IN BOX PRIOR TO CUTTING 

Box constructed with l/2"-3/4'' ( 13 - 19 mm) exterior plywood. 

FIG. 7 Preparing and Packaging a Block Sample 

The American Society for Testing and Materials 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 Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may attand. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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~ t Designation: D 4959 - 89 

Standard Test Method for 
Determination of Water (Moisture) Content of Soil By Direct 
Heating Method 1 

This standard is issued under the fixed designation D 4959: the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscnpt epsilon(<) indicates an editorial change since the last revision or reapproval. 

I. Scope 

1.1 This test method covers procedures for determining 
the water (moisture) content of soils by drying with direct 
heat, such as using a hotplate. stove, blowtorch, etc. 

1.2 This test method is not intended as a replacement for 
Method D 2216 but rather as a substitute when more rapid 
and less accurate results are acceptable or desired to expedite 
other phases of testing. Method D 2216 is to be used as the 
method to compare for accuracy checks and correction. 

1.3 When questions of accuracy between this test method 
and Method D 2216 arise, Method D 2216 shall be the 
referee method. 

1.4 This test method is applicable for most soil types. For 
some soils, such as those containing significant amounts of 
halloysite, mica, montmorillonite, gypsum, or other hy
drated materials, highly organic soils or soils that contain 
dissolved solids, (such as salt in the case of marine deposits), 
this test method may not yield reliable water content values. 

1.5 The values stated in Sl units are to be regarded as 
standard. 

1.6 This standard may involve hazardous materials. oper
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

F1uids2 

02216 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

04753 Specification for Evaluating, Selecting, and Speci
fying Balances and Scales for Use in Soil and Rock 
Testingl 

3. Terminology 

3.1 Definitions-All definitions are in accordance with 
Terms and Symbols D 653. 

3.2 Descriptions of Terms Specific to This Standard: 
3.2.1 direct heating-a process by which the soil is dried 

by conductive heating from the direct application of heat in 

1 This test method is under the jurisdiction of ASTM Committee D-1 8 on Soil 
and Rock and is the direct responsibility of Subcommittee D 18.08 on Special and 
Construction Control Tests. 

Current edition approved June 30. 1989. Published October 1989. 
2 Annual Book of ASTM Standards, Vol 04.08. 
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excess of 11 O"C to the specimen container, such as provided 
by a hot plate, gas stove or burner, heatlamps, or other heat 
sources. Direct application of heat by flame to the specimen 
is not appropriate. 

3.2.2 water (moisture) content-the ratio, expressed as a 
percentage, of the mass of water in a given mass of soil to the 
mass of the solid particles. 

4. Summary of Test Method 

4.1 A moist soil specimen is placed in a suitable container 
and its mass is determined. It is then subjected to drying by 
the application of direct heat until dry by appearance, 
removed from the heat source, and its new mass is deter
mined. This procedure is repeated until the mass becomes 
constant within specified limits. 

4.2 The difference between the masses of the moist 
specimen and the dried specimen is used as the mass of water 
contained in the specimen. The water content (expressed as a 
percentage) is determined by dividing the mass of water by 
the dry mass of soil, multiplied by 100. For a given soil type 
and specimen size, the time to achieve a coDlstant dry mass 
can be noted and used to estimate drying time for subse
quent tests of the same soil type using the same size specimen 
and drying apparatus. 

5. Significance and Use 

5.1 The water content of a soil is used throughout 
geotechnical engineering practice both in the laboratory and 
in the field. The use of Method D 2216 for water content 
determination can be time consuming and there are occa
sions when a more expedient method is desirable. Drying by 
direct heating is one such method. Results of this test 
method have been demonstrated to be of satisfactory accu
racy for use in field control work, such as in 1the determina
tion of water content, and in the determination of in-place 
dry unit weight of soils. 

5.2 The principal objection to the use of the direct heating 
for water content determination is the possibility of over
heating the soil, thereby yielding a water content higher than 
would be determined by Method D 2216. While not elimi
nating this possibility, the incremental drying; procedure in 
this test method will minimize its effects. Some heat sources 
have settings or controls that can also be used to reduce 
overheating. Loose fitting covers or enclosures can also be 
used to reduce overheating while assisting in uniform heat 
distribution. 

5.3 The behavior of a soil when subjected to direct heating 
is dependent on its mineralogical composition, and as. a 
result, no one procedure is applicable for all types of soils or 
heat sources. The general procedure of this test method 
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applies to all soils, but test details may need to be tailored to 
the soil being tested. 

5.4 When this test method is to be used repeatedly on the 
same or similar soil from a given site. a correction factor can 
usually be determined by making several comparisons be
tween the results of this test method and Method D 2216. A 
correction factor is valid when the difference is consistent for 
several comparisons. and is reconfirmed on a regular speci
fied basis. 

5.5 This test method may not be appropriate when precise 
results are required, or when minor variations in water 
content will affect the results of other test methods, such as 
borderline situations where small variations in the measured 
water content could affect acceptance or rejection. 

5.6 This test method is not appropriate for specimens 
known to contain flammable organics or contaminants, and 
other test methods should be utilized in these situations. 

6. Interferences 

6.1 When testing sand and gravel size particles. additional 
care must be taken to avoid the possibility of particle 
shattering. 

6.2 Due to the localized high temperatures in the soil 
during testing, the physical characteristics of the soil may be 
altered. Degradation of individual particles may occur, along 
with vaporization, chemical transition, or loss of organics. 
Therefore, specimens used in this test method should not be 
used for other tests subsequent to drying (see Note 1). 

NOTE 1-The subsequent use of specimens dried by direct heating in 
other test methods is discouraged. 

7. Apparatus 

7.1 Direct Heat Source-Any source or heat that can be 
directed to the soil specimen to raise the specimen tempera
ture to or above llO"C. Commonly used sources include 
electric, gas, butane or oil-fired stoves, and hotplates. blow
torches, heat lamps, hair driers, space heaters, etc. Heat 
sources that directly apply open flame to the specimen may 
cause extreme degradation of the specimen along with 
oxidation of and depositing of soot in the specimen and 
should not be used. 

7.2 Balances-A balance having a minimum capacity of 
2 Kg, and meeting the requirements of Specification D 4753 
for a balance of 0.1 gram readability. 

7.3 Specimen Concainers-Suitable containers made of 
material resistant to corrosion and a change in mass upon 
repeated heating, cooling, and cleaning. One container is 
needed for each water content determination. 

7.4 Container Handling Apparatus-Gloves or suitable 
holder for moving hot containers after drying. 

7.5 Miscellaneous (as needed)-Mixing tools such as 
spatulas, spoons, etc.; eye protection, such as safety glasses or 
goggles; cigarette papers, and knives. 

8. Hazards 

8.1 Container holders or gloves are recommended for 
handling hot containers. Some soil types can retain consid
erable heat, and serious burns could result from improper · 
handling. 

8.2 Suitable eye protection such as safety glasses or goggles 
is recommended due to the possibility of particle shattering 

during heating, mixing, or mass determinations. 
8.3 Highly organic soils. and soils containing oil or other 

contaminants may ignite during drying •.vith direct heat 
sources. Means for smothering flames to prevent operator 
injury or equipment damage should be available during 
testing. Fumes given off from contaminated soils or wastes 
may be toxic. and should be vented accordingly. 

8.4 Due to the possibility of steam explosions, or thermal 
stress shattering of porous or brittle aggr1egates, a vented 
covering over the sample container may be appropriate to 
prevent operator injury or equipment damage. This also 
prevents scattering of the test specimen dlllring the drying 
cycle while aiding in uniform heating of th~: specimen. 

9. Samples 
9.1 Perform the water content determination as soon as 

practical after sampling to prevent water loss and damage to 
potentially corrodible containers. 

9.2 Prior to testing, store samples in non-corrodible air
tight containers at a temperature between approximately 3 
and 30"C and in an area that prevents direct exposure to 
sunlight. 

10. Test Specimens 

10.1 Select a representative portion of tht~ total sample. If 
a layered soil or more than one soil type is en<:ountered. 
select an average portion or individual portions of each, and 
note which portion(s) were tested in the report of the results. 

1 0.1.1 For bulk samples, select the test specimen from the 
material after it has been thoroughly miJwd. The mass of 
moist material selected shall be in accordance with Table l. 

10.1.2 For small samples, select a representative portion 
in accordance with the following procedure: 

10.1.2.1 For cohesionless soils, mix th€~ material thor
oughly, then select a test specimen having a mass of moist_ 
material in accordance with Table 1. 

10.1.2.2 For cohesive soils, remove about 3 mm of 
material from the exposed periphery of the sample and slice 
the remaining specimen in half (to check if the material is 
layered), prior to selecting the test specimen. If the soil is 
layered. see I 0.1. Breaking or cutting of cohesive samples to 
approximately 6 mm particles speeds drying and prevents 
crusting or overheating the surface while drying the interior. 

10.2 Using a test specimen smaller than the minimum 
mass indicated in Table 1 requires discretion, though it may 
be adequate for the purpose of the test. Note a specimen 
having a mass less than the previously indicated value in the 
report of results. 

NOTE 2-When working with a small sample containing a relatively 
large coarse-grained particle. it may be appropriate not to include this 
particle in the test specimen, depending on the use of test results. If this 
is done, such exclusion should be noted in the report of the results. 

TABLE 1 Test Specimen Masses 

Sieve Size Retaining More Than 
10 '.11\ of Sample. mm 

2.0 (No. 10) 
4.75 (No.4) 

19.0 (No. 3/4) 

Minim~1m Mass of 
Moist Specimen, g" 

200 to300 
300to 500 
500 to 1000 

"' Larger specimens may be used and are encouraged. Generally, inherent test 
inaccuracies are minimiZea by using specimens With as largE! a mass as practical. 
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l 0.3 When the result of a water content determination bv 
the use of this test method is to be compared to the results ~f 
another method. such as Method D 2216. obtain a second 
specimen during selection of the specimen for this compar
ison. Take precautions to obtain a specimen that represents 
the same water content as closely as possible. Protect the 
comparison specimens from water loss by transporting and 
storing the specimens in sealed containers. A correction 
factor can be determined for use on subsequent water 
content determinations on the same soil types from the same 
site when the difference is relatively constant using several 
comparisons. Check the correction factor on a regular, 
specified basis. Recognize that different technicians. heat 
sources. and such may result in different correction factors. 

1 I. Conditioning 
ll.l Prepare, process, and test all specimens as quickly as 

possible to minimize unrecorded moisture loss. 
11.2 Cut or break up the soil into small size aggregations 

to aid in obtaining more uniform drying of the specimen, 
taking care to avoid any loss of soil. 

11.3 If the specimens are not being tested immediately, 
place the specimens in containers that can be closed and 
stored in an area not exposed to direct sunlight, to prevent 
loss of moisture prior to initial mass determinations . 

12. Procedure 
12.1 Determine the mass of a clean, dry container, and 

record. 
12.2 Place the soil specimen in the container, and imme

diately determine and record the mass of the soil and 
container. 

12.3 Apply heat to the soil specimen and container, taking 
care to avoid localized overheating. Continue heating while 
stirring the specimen to obtain even heat distribution. 
Continue application of heat until the specimen first appears 
dry. A comparatively uniform color should result. Avoid 
localized burnt or darkened appearance of any part of the 
soil by intermittent mixing and stirring. 

12.3.1 Experience with a particular soil type indicates 
when shorter or longer initial drying periods can be used 
without overheating. 

NoTE 3-A piece of dry, light-weight paper or tissue. such as 
cigarette paper, placed on the surface of the apparently dry soil will curl 
or ripple if the soil still contains significant water. 

12.4 After an initial heating period has been completed 
(soil appears dry), remove the container and soil from the 
heat source and cool to allow handling and prevent damage 
to the balance. Determine and record the mass of the soil 
and container. 

12.5 Return the container and soil to the heat source for 
an additional application of heat. 

12.6 With a small spatula or knife, carefully stir and mix 
the soil, taking care not to lose any soil. 

12.7 Repeat 12.3 through 12.5 until the change between 
two consecutive mass determinations would have an insig
nificant effect on the calculated water content. A change of 
0.1 % or less of the dry mass of the soil for the last two 

determinations should be acceptable for most specimens. 
12.8 Use the final dry mass determination in calculating 

the water content. 
12.9 When routine testing of similar soils is contemplated. 

the drying times and number of cycles may be established 
and correlated for each heat source and used for subsequent 
determinations. When pre-determined drying times and 
cycles are utilized, periodic verification in accordance· with 
the procedure in 12.7 should be performed to assure that the 
results of the final dry mass determination are equivalent. 

13. Calculation 
I 3.1 Calculate the water content of the soil as follows: 

w = [(M1 - M2)/(M2 - Me)] X 100 = Mw/Ms X 100 

where: 
w = water content, %, 
M 1 = mass of container and moist specimen, g, 
M 2 = mass of container and dried specimen, g, 
Me = mass of container. g, 
M w = mass of water. g, and 
Ms = mass of solid particles. g. 

14. Report 
14.1 Report the following information: 
14.1.1 Identification ofthe sample (material) being tested. 

by location (boring number, sample numbc~r, test number, 
etc.), 

14.1.2 Water content of the specimen to the nearest 1 %, 
14.1.3 Indication of the test specimen mass, including a 

note ifless than the minimum indicated in Table I, 
14. 1.4 Indication of test specimens containing more than 

one soil type (layered, and the like}, 
14.1.5 Indication of any material (size and amount) 

excluded from the test specimen, 
14.1.6 Initial mass of test specimen prior to drying, and 

the mass after the incremental drying periods. 
14.1. 7 Identification of the type of direct heat source. 

drying settings, drying times, and number of cycles used. 
when standardized drying is utilized. and 

14.1.8 Identification of comparison test(s) if performed. 
the method of test utilized and any correction factors applied 
(see Note 4). 

NOTE 4-Water content determinations conducted in accordance 
with Method D 2216 or other methods may be recorded on the same 
report. This is not a mandatory requirement, but rrAay be convenient 
when the results of the two methods are to be compared. 

15. Precision and Bias 
15.1 The precision and bias of this test method has not 

been determined. Limited data are being evaluated to 
determine the precision of this test method. Subcommittee 
D 18.08 is seeking pertinent data from users of this test 
method. 

15.2 The accuracy of this test method i:s operator de
pendent, and is a function of the care exercised in per
forming the steps of the procedure. giving particular atten
tion to careful control and systematic repetition of the 
procedures used. 

liSS 
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16. Keywords 

16.1 rapid method: direct heating; acceptance tests: com
paction control: density; laboratory moisture tests; moisture 

content; moisture control; quality control; soil moisture; test 
procedures 
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with any ttem mentioned in this standard. Users of this standard are expressly advised thst determinstion of the validity of any such 
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This standard is sub;ect 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 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, 1916 Race St., Philadelphia, PA 19103. 
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