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DEFINITIONS 

An annual plan submitted by U.S. Army installations showing the status of 
current and future planned environmental activities at the installations. 

A mixture of ammonium nitrate and trinitrotoluene (TNT). 

Under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), a site where contamination is known or suspected 
to exist. 

A program established by Congress in 1984 to 
evaluate and clean up contamination from past U.S. Department of Defense 
(DoD) activities (Title 10 U.S. Code 2701-2707 and 2810). 

All contiguous land and structures, other appurtenances, and improvements 
within the boundaries of a property or parcels. 

A term used to reference all land and structures comprising a facility. 

A submittal document comprised of the Field 
Sampling Plan (FSP) and Quality Assurance Project Plan (QAPP); used to 
define all aspects of sampling and analytical work expected to be common to 
an installation. Not implementable without an investigation-specific SAP 
Addendum. 

Based on data collected during the remedial investigation, options for final 
cleanup actions are developed and evaluated in the FS. The FS is divided 
into two phases: (l) an initial screening of alternatives, followed by (2) the 
detailed analysis of alternatives. The detailed analysis considers, among 
other things, cost-effectiveness, short- and long-term effectiveness, and the 
overall protection of human health and the environment. 

A military facility or base. 

An early response action that is identified and 
implemented at any time during the study or design phase. IRAs are limited 
in scope, and they address only areas or media for which a final remedy will 
be developed by the remedial investigation (RI)/FS process. An IRA should 
be consistent with the final remedy for a site. 

A submittal document comprised of the FSP and 
QAPP; used to define specific aspects of sampling 
and analytical work during the investigation of one or more AGCs. Tiered 
under the Facility-Wide SAP and not implementable without the Facility­
Wide SAP. 
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Site An area(s) of known or suspected release or source of contamination 
including all potentially affected media (soil, groundwater, surface water, 
sediment, air). 

Strategic and Critical 
Materials 

A government phrase referring to substances/ 
materials essential to the effective conduct of war. 

o
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ABBREVIATIONS 

Architect and engineer 

Area of concern 

American Society for Testing and Materials 

Below ground surface 

Comprehensive Environmental Response, Compensation, and Liability Act 

Chemical of potential concern 

Cold Regions Research and Engineering Laboratory 

Decontamination and decommissioning 

Dinitrotoluene 

Data quality objective 

Facility Wide Sample and Analysis Plan 

Flame ionization detector 

Octahydro-l ,3,5,7-tetranitro-1 ,3,5,7-tetrazocine 

Inside diameter 

Investigation-derived waste 

Industrial Operations Command 

Industrial Readiness (Command) 

Maximum contaminant level 

Ordnance and explosives 

Ohio Environmental Protection Agency 

Organic vapor analyzer 

Polyaromatic hydrocarbon 

Polychlorinated biphenyl 

Photoionization detector 

Preliminary remediation goal 

Polyvinyl chloride 

Quality assurance 

Ohio Army National Guard 

Quality Assurance Project Plan 

Quality control 

Hexahydro-l ,2,5-trinitro-l ,3,5-triazine 

Remedial investigation 

Remedial investigation/feasibility study 

Ravenna Army Ammunition Plant 

Science applications International Corporation 

Sampling and Analysis Plan 

Semivolatile organic compound 
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Target Analyte List 

Toxicity Characteristic Leaching Procedure 

Trinitrobenzene 

Trinitrotoluene 

U.S. Army Corps of Engineers 

U.S. Army Center for Health Promotion and Preventative Medicine 

U.S. Environmental Protection Agency 

Unified Soil Classification System 

Unexploded ordnance 

Volatile organic compound 
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1.0 PROJECT DESCRIPTION 

1.1 INTRODUCTION 

This Sampling and Analysis Plan (SAP) Addendum has been developed under contract number DAAA 09­

98-G-000 I with the US Army Operations Support Command (OSC). A scoping meeting, attended by 

representatives from the OSC, Ravenna Army Ammunition Plant (RVAAP), Ohio Army National Guard 

(OHANG) and MKM Engineers, Inc. was held at RVAAP during the week of January 10,2000 to establish the 

requirements of the Remedial Investigation. Comments were received from the participants during the scoping 

meeting and have been incorporated into the work plans. This plan is developed to tier under and supplement the 

Facility-Wide Sampling and Analysis Plan (FWSAP) for the Ravenna Army Ammunition Plant, Ravenna, Ohio 

(USACE 1996a). The purpose is to perform the Interim Removal Action (IRA), at Load Line 11 (LL-11) (AOC 

44). The FWSAP provides the base documentation (i.e., technical and investigative protocols) for conducting 

investigation under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

at RVAAP, whereas this SAP Addendum includes all of the investigation-specific sampling and analysis 

objectives, rationale, planned activities, and criteria. Consequently, both documents are necessary in order to 

perform this remedial investigation. Where appropriate, this SAP Addendum contains references to the FWSAP 

for base procedures and protocols. 

The FW SAP and this SAP Addendum have been developed following the USACE guidance document, 

Requirements for the Preparation of Sampling and Analysis Plans, EM 200-1-3, September 1994 (USACE 

1994a), to collectively meet the requirements established by the Ohio Environmental Protection Agency (Ohio 

EPA), Northeast District, and the U.S. Environmental Protection Agency (EPA). 

1.2 FACILITY BACKGROUND 

Past Department of Defense (DoD) activities at the Ravenna Army Ammunition Plant (RVAAP) dates back 

to 1940 and include storage, handling, and packing of military ammunition and explosives. The site is located in 

northeastern Ohio in Portage and Trumbull Counties. RVAAP lies 23 miles east-northeast of Akron, Ohio and 

30 miles west-northwest of Youngstown, Ohio (Figure 1-1). The installation includes 21,419 acres in a tract 

approximately 3.5 miles wide by 11 miles long. The RVAAP is a government-owned, contractor-operated 

(GOCO) military industrial installation. 

The facility is under the control of the Operations Support Command (OSC) of the U.S. Army, and the 

current Modified Caretaker contractor on-site is Toltest, Inc. The land use surrounding the installation is 

primarily farmland, woodland, and low density housing. The industrial operations at RVAAP consisted of 12 

munitions assembly facilities referred to as "load lines". In addition, RVAAP also had several areas used for 

o burning, demolition and testing of munitions and buildings/areas designated for clean up and decontamination 

activities for the production equipment (Figure 1-2). In May 1999, the National Guard Bureau assumed 

operational control of 16,164 acres ofRVAAP and licensed Ohio Army National Guard (OHARNG) to use the 

C:\RVAAP\LL-Il IRA\Final-SAP .doc 
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facility for training and other activities. The facility is jointly operated by the Army Operations Support 

Command (OSC) and the Ohio Army National Guard Bureau. The OSC controls environmental areas of concern 

(AOCs) and bulk explosives storage areas. A detailed history of process operations and waste processes for 

each AOC at RVAAP is presented in the Preliminary Assessment for the Ravenna Army Ammunition Plant, 

Ravenna, Ohio (USACE 1996b). 

1.3 LL-ll BACKGROUND: 

The U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM) conducted a Relative 

Risk Site Evaluation for Newly Added Sites at the RVAAP in 1998 (Hazardous and Medical Waste Study No. 

37-EF-5360-99, 19-23 October 1998). From the 13 sites that were evaluated, five were classified as high­

priority areas of concern and the others were classified as medium. The five high-priority areas of concern 

listed in this report including LL-I1 are: 

• RVAAP 44 (LL-ll) (Figure 1-3), 

• RVAAP 46 (Building F-15, F-16), 

• RVAAP 47 (Building T-5301) 

• RVAAP 49 (Central Burns Pits), and o · RVAAP 51 (Dump along Paris-Windham Road). 

The remaining eight areas that were ranked medium priority were: 

• RVAAP 39 (LL-5) 

• RVAAP 40 (LL-7) 

• RVAAP 41 (LL-8) 

• RVAAP 42 (LL-9) 

• RVAAP 43 (LL-IO) 

• RVAAP 45 (Wet Storage Area) 

• RVAAP 48 (Anchor Test Area) 

• RVAAP 50 (Atlas Scrap Yard) 

LL-11 is located in the south central area of the facility on Fuze and Booster Spur Road (Figure 1-2). LL-11 

was utilized primarily for the production of artillery primers and fuzes. During the period from 1941 to 1945 

Load Line 11 operated at full capacity to produce primers for artillery projectiles. After being placed on standby 

in 1945 the Load Line was reactivated twice, once during the during the 1951 to 1957 time frame to produce 

primers, and then again from 1969 to 1971 to produce fuzes in support of the Southeast Asia Conflict. 

o The proposed interim removal action addresses these issues and will support the Remedial Investigation. 

C:\RVAAP\LL-IIIRA\Final-SAP.doc 
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The planned activities within the scope of this SAP Addendum include: 

• Field screening (Jenkins, XRF, and Nitrates). 

• Confirmation soil sampling. 

• Data validation. 

1.4 SUMMARY OF EXISTING DATA 

Only one previous investigation has been conducted at this site: Relative Risk Site Evaluation (RRSE) 

(USACHPPM, 1996). The USCHPPM Report identifies surface soils and sediments as the primary media for 

contaminant migration with potential impact to a state endangered species. The CHPPM report identifies surface 

soil and sediments to be potential media for contaminant migration due to lack of any physical barriers/fence 

around the site. Samples were collected and analyzed for metals and explosives. The report indicates hunters and 

scrappers to be potential receptors of the soil contamination. Appendix A presents a summary of the 

USACHPPM evaluation performed at LL-ll. 
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2.0 PROJEbT ORGANIZATION AND RESPONSIBILITIES 
! 

The organization chart sh~wn in Figure 2-1 outlines the management structure that will be used to 

implement the IRA at LL-ll. ihe functional responsibilities of key personnel are also described in brief. 

2.1 PROGRAM MANAGER 

The Program Manager ensures the overall management and quality of all projects performed at RVAAP 

under the general contract. This individual will ensure that all project goals and objectives are met in a high­

quality and timely manner. This individual, in coordination with the Project Manager, will address quality 

assurance and non-conformance issues for corrective action. 

2.2 PROJECT MANAGER 

The Project Manager has direct responsibility for implementing a specific project, including all phases of 

work plan development, field activities, data management, and report preparation. This individual will also 

provide the overall management of the project, and serve as the technical lead and principal point of contact 

with the RVAAP Environmental Coordinator. These activities will involve coordinating all personnel working 

on the project, interfacing with RVAAP personnel, and tracking project budgets and schedules. The Project 

Manager will also develop, monitor, and fill project staffing needs, delegate specific responsibilities to project 

team members, and coordinate with administrative staff to maintain a coordinated and timely flow of all project 

activities. The Project Manager will also serve in the capacity of Laboratory Coordinator for this project and 

will coordinate sample collection and subsequent laboratory analysis. The Project Manager reports directly to 

the Program Manager. 

2.3 TECHNICAL MANAGER 

The Technical Manager is responsible for the project QAJQC in accordance with the requirements of the 

Facility-wide Quality Assurance Project Plan (QAPP), the project-specific QAPP addendum, and appropriate 

management guidance. This individual, in coordination with the Field Operations Manager, will be responsible 

for the technical aspects of all field operations; all field sampling activities; adherence to required sample 

custody and other related QAJQC field procedures; coordination of field subcontractor personnel activities; and 

management of project investigation-derived wastes (IDW). The Technical Manager is also responsible for 

coordinating the sampling activities with the Sampling Manager. 

2.4 CORPORATE HEALTH AND SAFETY MANAGER 

o The Corporate Health and Safety Manager will ensure that health and safety procedures designed to protect 

personnel are maintained throughout all field activities conducted at RVAAP. This will be accomplished by 

strict adherence to the Facility-wide FSHP, which has been prepared as a companion document to this FW SAP, 
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and the project-specific Site Safety and Health Plan (SSHP), which has been prepared as an addendum to the 

FW FSHP for each investigation. This individual will have the authority to halt field work if health and/or 

safety issues arise that are not immediately resolvable in accordance with the FW FSHP and the project-specific 

SSHP addendum. This individual will report to the Program and Project Managers. 

2.5 FIELD OPERATIONS MANAGER 

The Field Operations Manager is responsible for implementing all field activities in accordance with the FW 

FSP and QAPP. This individual will be responsible for ensuring technical performance of all field activities; 

coordination of field subcontractor personnel activities; and preparation of Field Change Orders (FCOs), if 

required. This individual reports directly to the Project Manager. 

2.6 SAMPLING MANAGER 

The Sampling Manager is responsible for planning and executing all sampling activities on site and 

coordinating the field laboratory activities for analysis of explosives, metals, nitrate, sulfide, sulfate, cyanide and 

associated QC parameters. This individual will be responsible for obtaining required sample containers from the 

laboratory for use during field sample collection, resolving questions the laboratory may have regarding QAPP 

requirements and deliverables, and preparing a quality assessment report for sample data package deliverables 

received from the laboratory. This individual reports directly to the Project Manager. 

2.7 UXOTEAM 

The UXO Team will comprise of a Senior UXO Superintendent and a UXO Supervisor. These individuals 

will be responsible for conducting initial field screening of structures using EXPRAY wipe test, if necessary, 

and assist during the entire project with ordnance and explosives related issues (if any). The UXO 

Superintendent will report directly to the Project Manager. 

2.8 FIELD PERSONNEL 

Other field personnel participating in the implementation of field activities will, in coordination with field 

subcontractor personnel, be responsible for performing all field activities in accordance with the FW SAP and 

FSHP and their project-specific addenda. These individuals report directly to the Field Operations Manager. 

o
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MKM Technical Manager MKM Project Manager 
Srini Neralla Stan Levenger ~ 
330-358-1716 330-358-1716 

.. ~ .... f 
Analytical Laboratories 
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Robert J. Snow Jr. Manager Max Owens 
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Figure 2-1. Project Organization Chart for the LL-ll IRA 
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3.0 SCOPE AND OBJECTIVES
 

Previous studies conducted by the U.S Army Center for Health Promotion and Preventative Medicine 

(USCHPPM, October 1988) have indicated that the surface soil, groundwater and sediment pathways are 

complete at LL-ll and as a result the Relative Risk Site Evaluation for this AOC was scored High. A remedial 

investigation of the load line is to be completed concurrently with the IRA, and will expand on the USCHPPM 

effort to evaluate the shallow and deep soils, groundwater, surface water and sediment media associated with the 

AOe. 

3.1 PROJECT OBJECTIVES 

The primary objective of this project is to remove primary pathways of migration for contamination 

originating from the load line. This includes sedimentation sumps and portions of the sanitary sewer system and 

open ditch systems, which drains the site. The data from this IRA will be folded into Remedial Investigation 

evaluation of risk for the site followed by recommendations for remedial efforts, as necessary. This involves the 

following field activities: 

• Field screening for explosives, lead and nitrates. 

• Sewer/sump water removal/treatment 

• Excavation 

• Confirmation sampling and analysis 

• Backfilling and site restoration 

• Waste characterization sampling and analysis 

3.1.1 Field Screening 

Field screening techniques will be used to direct IRA excavation operations around the load line 

sumps/sewer systems and surface drainage ditches. Pre-excavation field screening samples, if necessary, will be 

collected using Geoprobe® direct push technology. Post excavation field screening samples will be collected 

with the excavator bucket to avoid personnel entering excavations greater than four feet deep. If finished 

excavations are less than four feet in depth, samples will be collected using a stainless steel hand auger, bowls, 

and trowel. Field screening for the pre-excavation and post excavation samples will include analysis for 

explosives by modified Jenkins method, lead using XRF technology and nitrates using the HACH N-Trak® soil 

test kit. Specific details for collecting samples via direct push and hand auger methodologies are provided in 

Section 4.0. The field screening methods to be utilized for this IRA are summarized in Section 4.0. 

o
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3.1.2 Sewer/Sump Water Removal/Treatment 

The site sumps and sewers are presently ful1 of water. The quantity of water contained in the sumps and 

sewers that are to be removed will be analyzed as described in Section 4.2 of this document. Prior to initiating 

the excavation operations, the sewer system wil1 be strategical1y blocked and the water will be pumped from 

sections that will be removed. All sewer water will be pumped into holding tanks for subsequent disposal. 

Additional1y, any water that enters the excavation will be containerized and disposed of in a similar manner. 

3.1.3 Excavation 

This task involves the excavation and removal of 5 sedimentation sumps and associated eight-inch sewer 

line (up to the first manhole) and surface drainage ditches at LL-l1. The potential limits of the sewer line and 

drainage ditch excavations are depicted in Figure 3-1 and Figure 3-2 respectively. Based on the RI sample data 

and pre-excavation field screening samples, excavation of the sumps and sewer lines will proceed to the invert 

depth or groundwater whichever is encountered first. Upon conclusion of the excavation activities, confirmation 

samples wil1 be submitted for laboratory analysis. 

Both the sewer line and drainage ditches will be excavated using a track-mounted excavator. All soil will be 

stockpiled adjacent to the excavations (at least 4 feet from the edge). Based on the pre-excavation field 

screening samples, soils will be placed in two separate stockpiles. One stockpile will be for "clean" soils for 

which field tests indicate no residual contamination. The other stockpile will be for the remaining soils which 

the field tests indicate residual contamination to be present. Immediately following excavation to final depth, 

the excavation bottom will be field screened for TNTIRDX, lead and nitrates. If the post excavation field 

screening indicates residual contamination exists, additional excavation and field screening will be conducted 

(1-foot lifts). Only those portions of the excavation which field screening indicate residual contamination exists 

will be excavated to the next one-foot increment. When the field screening indicates no residual contamination 

within the excavation, confirmation samples will be collected for laboratory analysis and the excavation will be 

backfilled. 

3.1.4 Confirmation Sampling and Analysis 

Upon completion of the sewer system and surface drainage ditch excavation operations, confirmation 

samples will be collected to quantify the effectiveness of the IRA on the explosive and lead contaminated soils. 

A maximum of 30 sewer system confirmation samples and 25 surface drainage ditch (sediment) confirmation 

samples will be collected during this IRA. The confirmation samples will be collected at the RI sample points 

that exhibited elevated concentrations of site contaminants. Field screening (described earlier) will precede 

confirmation sampling to help evaluate the success of the IRA. Confirmation samples will be collected with the 

excavator bucket to avoid personnel entering excavations greater than four feet deep. If finished excavations are 

less than four feet in depth, samples will be col1ected using a stainless steel hand auger from the surface of the 

excavated areas to a depth of 0 to 6-inches below ground surface. All confirmation samples will be analyzed for 
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Explosives, TAL Metals, Cyanide, Sulfide/Sulfate and Nitrates. Additionally, ten percent of the samples will be 

analyzed for Propellants, VOCs, SVOCs, and Pest/PCB. 

The explosive aliquots will be composited and homogenized from three subsamples collected about 0.9 M 

(3 feet) from one another in a roughly equilateral triangle pattern. The sample aliquots for all other analyses will 

be will be collected as discrete samples from the midpoint of the three samples. The location of all confirmation 

samples will be verified with OEPA prior to sampling and field checked based on visual survey of the area 

conditions. All sampling procedures will be consistent with the RVAAP Facility-Wide Sampling and Analysis 

Plan (1996). Detailed procedures for collecting soil samples via the hand auger methodology are presented in 

Section 4.0. 

3.1.5 Backfilling and Site Restoration 

Upon completion of the excavation, and collection of the confirmation samples, the excavations will be 

lined with poly and backfilled with stockpiled soils which field screening indicated no residual contamination. 

The poly liner will provide the demarcation where excavation ceased and will keep the backfill from being re­

contaminated should any residual contamination remain. The remaining stockpiled soil not used for backfill 

(due to detects with the field test kits) will be seeded and secured with silt fence. Additional backfill material 

will be obtained from an off-site source as needed. The backfill will be obtained from a local vendor with 

access to material from a virgin point of origin source or from RVAAP backfill areas as approved by OEPA. 

The backfill material will be analyzed for VOCs, SVOCs, Explosives, Propellants, TAL Metals, 

Pesticides/PCBs, Cyanide, Sulfide/Sulfate and Nitrate to satisfy the OEPA's requirement for analytical data on 

any source of backfill used at RVAAP. A composite sample will be collected from the source material using a 

stainless steel hand auger to a depth of 0 to I-foot below ground surface. All sampling procedures will be 

consistent with the RVAAP Facility-Wide Sampling and Analysis Plan (1996). Detailed procedures for 

collecting soil samples via the hand auger methodology are presented in Section 4.0 of this document. 

3.1.6 Waste Characterization Sampling and Analysis 

Representative composite samples from each waste stream including sewer water and excavated soils will 

be collected and analyzed per requirements of the disposal facility. The sewer water sample will be collected 

using a disposable Teflon® bailer. The water samples will be placed directly into the sample jars from the bailer 

with the volatile jars being filled first. Representatives samples of excavated soil stock piles will be collected 

using a stainless steel hand auger, trowels and bowls. All sampling procedures will be consistent with the 

RVAAP Facility-Wide Sampling and Analysis Plan (1996). Detailed procedures for collecting water samples 

via the Teflon® bailer and soil samples via the hand auger methodology are presented in Section 4.0. 

3.2 DATA QUALITY OBJECTIVES 

The project DQO is to provide sufficient high-quality data to address the primary project objectives 

identified in Section 3.1. Specific DQOs for the LL-II IRA are designed to address the following data needs: 
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•	 Implement the Site-Specific Plans for LL-ll IRA by developing data of sufficient quality to assure 

Remedial Investigation requirements have been met; 

•	 Achieve data of sufficient quality to complete 100% USEPA Tier II Data Verification; 

•	 Achieve data of sufficient quality to complete 10% USEPA Tier I CLP Data Validation; and 

•	 Achieve data of sufficient quality to incorporate into the Human Health and Ecological Risk Assessments 

necessary to evaluate LL # 11 and complete the IRA. 

3.3 CONCEPTUAL SITE MODEL 

Based on current data, the conceptual site model presented in the FW SAP is applicable to this element of 

the IRA. The samples collected during the LL-1l IRA will serve to update the site-specific conceptual model. 

Confirmation Soils. During the IRA, a total of 30 soil samples will be collected from the sewer system 

excavation and one composite soil sample form the excavated soil stockpile. These soil samples will be will be 

collected using a combination of the excavator bucket and stainless steel hand augers, bowls and trowels. 

Confirmation Sediment. Samples will be collected from 25 locations (1 per location) within excavated 

drainage ways using stainless steel hand augers, trowels and bowls. 

3.4 PROBLEM DEFINITION 

Industrial operations at LL-ll took place during the 1941 to 1945, 1951 to 1957 and 1969 to 1971 time 

frames for production of artillery primers and fuzes. According to the Installation Assessment Of Ravenna Army 

Ammunition Plant, Report No. 132 dated November 1978 from 1941 to1945 load lines. 5 through 11 combined, 

produced 19,257,297 Misc Fuzes, 44,297,485 Misc Boosters, 50,660,725 Misc Primers, 79,580,576 Detonators 

and 226,387,306 Percussion Elements. From 1951 to 1957 LL-l1 alone produced 9,927,118 MK2A4 Percussion 

Primers, some 24,482,465 MK2A4 Primers and 1,504,935 Repack Primers. No definitive information is 

available for LL-l1 regarding production during the 1969 to 1971 time frame. A total of nineteen (19) Artillery 

Primer (AP) Buildings were used at the load line to carry out the specific industrial operations. A brief 

description of each AP Building is provided below: 

•	 Building AP-18 was designated as a bunkered storage area for percussion element. Inside the building there 

are no drains or troughs. Exterior drainage follows the contour of the land in the immediate proximity of the 

building. 

•	 Building AP-9 was used as a percussion element storage and staging area for operations conducted from 

1969 through 1971. Prior to product manufactured in the later 60's to early 70's, AP-9 was used for 

palletization and shipping of the finished products. The building contains no drains, troughs, or sumps. 

Exterior drainage follows the contour of the land in the immediate proximity of the building. 

•	 Building AP-7 has been used throughout operation of Load Line 11 as a Black Powder staging (Rest House) 

area for primer charging conducted in building AP-8. The interior walls are covered with lead base paint and 
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the floors are covered with a non-conductive material for the prevention of electrostatic charge. There are no 

drains, troughs or sumps associated with the building. Exterior drainage follows the contour of the land in 

the immediate proximity of the building. 

•	 Building AP-l, AP-4 and AP-1 0 utilization, condition and characteristics are the same as Building AP-7. 

•	 Buildings AP-5 and AP-6 were used exclusively as a Black Powder processing area. Building AP-5 

contained forced air blowers for the drying ovens in AP-6. Building AP-6 has troughs and drains that lead to 

exterior sumps. Two sets of sumps are associated with these buildings. One set is locate outside the SW 

wall of AP-6 and one set is located between the AP-5 and AP-6. Schematics indicate the sumps are 

connected with lead piping, which in turn connect with the sewer mains of the facility 

•	 Building AP-20 was the Quality Assurance Primer Sensitivity Testing facility. Standard Operating 

Procedures permitted a maximum of only 3 pounds of finished product in the building at anyone time. 

There are no troughs or drains in this building. Exterior drainage follows the contour of the land in the 

immediate proximity of the building. 

•	 Building AP-ll was the major assembly building for the MK2A4 product during the 1969 to 1971 time 

frame. Bay A of AP-l1 was used for the insertion of the Percussion Element via Pennsylvania Heading 

Machines in to the main primer head. (All machines have been removed from the building). Bay B was used 

for the charging of the primer assemblies with the Black Powder. Bay C was used to apply lacquer sealing 

materials and pack out the finish product. The difference in the manufacturing process used during the 

periods 1941 to 1945, 1951 to 1957, and 1969 to 1971 is the black powder charging operations were shifted 

from Building AP-8 to AP-ll in later years. There are no troughs or drains along the walls of AP-Il. There 

are several utility sinks with drains and piping that most likely connect to the sewer mains. Exterior drainage 

follows the contour of the land in the immediate proximity of the building. 

•	 Building AP-8 was used as a primer loading and administrative building. Two sets of sumps (east side and 

west side) are associated with this building. The schematics indicate that the sumps are lead lined and are 

connected to the sewer mains of the facility. There are several drains located in the building. 

•	 Building AP-17 was used as a solvent storage facility. The building contains no sumps, troughs, or drains. 

•	 Building AP-2 was used as a motor house to support the black powder screening operation in AP-3. 

•	 AP-3 was used as a black powder screening facility. The floor of AP-3 is covered with a conductive lead 

liner. There is a trough are associated drain on the south wall of the building connects to a sump located 

outside of the building. The facility drawing indicates that the trough and sump are connected with lead 

piping. The sump is connected to the facility sewer main. 

•	 Support type buildings at Load Line 11 included AP-13 and AP-14 which functioned as locker rooms 

(Change Houses), AP15 which was used for Inert Storage, AP-16 the shipping building and AP-19 the 

dining building. 

3.5 REMEDIAL ACTION OBJECTIVES 

Section 3.2.3 of the FW SAP identifies the remedial action objectives. 
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3.6 IDENTIFY DECISIONS 

The key decisions for all investigations at RVAAP have been identified in the FW SAP Section 3.2.4. 

3.7 DEFINE THE STUDY BOUNDARIES 

The investigation area boundary for LL-11 is that presented in Figure 1-3. The boundary was established to 

encompass all known or reported historical activities and potential surface water exit pathways. 

3.8 IDENTIFY DECISION RULES 

Decision rules used to guide remediation decisions are provided in Section 3.2.6 of the FW SAP. As stated 

therein, the data obtained by USACHPPM were sufficient to define the potential environmental hazards 

associated with the LL-11 and promote the implementation of this IRA. 

3.9 SPECIFY LIMITS ON DECISION ERROR 

Limits on decision errors are addressed in Section 3.2.8 of the FW SAP. 

() 3.10 OPTIMIZE SAMPLE DESIGN 

The sample design for the IRA at LL-11 is described in detail in Section 4.0 of this SAP Addendum. 

3.11 DATA EVALUATION METHODS 

Data reduction and validation will be performed in accordance with the QAPP. Data will be held in a 

database pending completion of field activities. Upon completion of the IRA, data screening and evaluation 

processes will be implemented for the entire data set as part of the report preparation. All field data will be 

documented on field forms by the field sampling team, which will be reviewed on a daily basis by the Project 

Manager. Analytical data (both field and laboratory) will undergo a 100% verification process. Confirmation 

sample results will undergo 100% USEPA Tier II verification. Ten percent of this data will receive USEPA Tier 

I (CLP) data validation. If the 10% validation process indicates that there are concerns with the data, additional 

validation (in accordance with the procedures specified in the site-wide plans) will be conducted. Field 

screening data will be compared to the laboratory data to provide information as to the effectiveness of the field 

methods. The data will then be reduced and summarized for presentations in the IRA report. 
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4.0 FIELD SAMPLING METHODS AND PROCEDURES
 

The Interim Removal Action field activities must be performed in a well-defined and consistent manner to 

ensure that the resulting data are comparable between sampling locations and can be validated against all 

applicable QAlQC requirements. This section defines field methods and/or procedures applicable to the 

following field activities. 

• Sub-surface soil pre-characterization sampling; 

• Confirmation soil sampling; (sewer and sump excavations) and 

• Confirmation sediment sampling (drainage ditch sediment excavation areas). 

The methods and procedures are written with the intent of providing specific details so as to ensure 

consistent data quality, while providing sufficient flexibility to allow for unexpected or changing geologic, 

environmental, or sampling conditions. Occasionally, modifications to the field procedures are required for 

reasons of safety or practicality. Any modifications will be reviewed and approved by the MKM Program 

Manager and Ohio EPA. All variances to the procedures presented in this Field Sampling Plan will be 

documented. 

All field activities will be under the overall supervision of the Project Manager or his designees. Specific 

sampling activities will be performed or controlled by the Sampling Manager. Subcontractors performing 

specific activities (e.g. drilling) will be required to comply with all project procedures and requirements. 

The following sections discuss the field protocols and procedures to be used for each of the activities to be 

conducted for this IRA. 

4.1 SUBSURFACE SOIL SAMPLING 

Subsurface soil sampling will be conducted to provide additional data as necessary prior to excavation. All 

subsurface soil sampling operations will be screened for ordinance and explosives as described in section 4.6. 

Subsurface soil samples will be collected using direct push and hand auger methods. The actual soil sampling 

method used will be sample depth dependent. Each sampling method is further discussed is the following 

subsections. 

4.1.1 Direct Push Technology 

A maximum of 20 direct push soil borings will be advanced adjacent to the sanitary sewer system between 

the manhole locations during the IRA for pre-excavation field screening analysis. The maximum anticipated 

depth for this subsurface sampling technology is 18 feet bgs (or less depending on groundwater elevation). 

Samples will be collected continuously from ground surface to total depth. A 2 inch Macro-Core® sampler will 
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(J be used where possible with the Geoprobe® rig. A JMC sampler will also be utilized for shallow (less than 

three feet) sample locations. All direct push spoon samplers will be internally fitted with a disposable butyrate 

acetate liner, into which the soil will be collected. Each sample will be collected in a new liner. The spoon 

samples will also be used for lithologic descriptions. In the event that the ground surface is covered by asphalt 

or concrete, the first sample will begin at the base of the surface cover. All decontamination and sampling 

procedures presented in Section 4 of the FW SAP will be followed. 

4.1.2 Bucket Hand Auger 

The bucket hand auger method will be the second method for subsurface soil sampling. This sampling 

method will be used for the collection of confirmation samples within sewer system and drainage ditch 

excavations « 4-feet deep) and waste characterization samples from the excavated soil stockpiles. The depth 

interval over which soils will be collected using this method will be limited to a depth of 5.0 feet bgs. This 

method will be implemented in the same method as those described in Section 4.5.2.1.1 of the FW SAP. 

Excavations greater than 4-feet deep will be sampled remotely (i.e., excavator bucket) to avoid exposing 

personnel to potential hazards. All confirmation samples will be analyzed for Explosives, TAL Metals, Cyanide, 

Sulfates and Nitrates. Additionally, ten percent of the samples will be analyzed for Propellants, VOCs, SVOCs, 

and PesUPCB. The soil waste characterization sample will be analyzed for parameters both representative of the 

site and in accordance with the disposal facility requirements. 

4.2 SEWER WATER SAMPLING 

The sewer water sample will be collected for waste characterization purposes prior to initiating any pumping 

or excavation operations. This composite sample will be collected from six separate manhole locations using a 

disposable Teflon® bailer. The manholes included for the composite sewer water sample include: the manhole 

at Building AP-3, the manhole down gradient to Buildings AP-5 and AP-6, the manhole at Building AP-14, the 

manhole southwest of Building AP-8, Building AP-8 manhole and the manhole southeast of Building AP-8 

(Figure 3-1). The water samples will be placed directly into the sample jars from the bailer with the volatile jars 

being filled first. The sample will be submitted to the laboratory for waste profile/characterization analysis of 

the following parameters: 

4.3 DECONTAMINATION PROCEDURES 

Decontamination of equipment associated with groundwater sampling will be in accordance with the procedure 
presented in Section 4.3.8 of the FW SAP. 

4.4 FIELD SCREENING 

Site soils will be field screened prior to and following the excavation activities to help direct the removal 

efforts to ensure success of the IRA. Field screening at LL-ll will include analysis for explosives (TNT/RDX), 

metals and nitrates as described below. 
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c; All field tests of TNTIRDX will be conducted in an on-site field laboratory under constantly controlled 

temperatures in accordance with the procedures of the method. After samples are extracted and processed in the 

field, samples are analyzed using a field-portable spectrophotometer capable of absorbance measurements at 507 

and 540 nanometers. The instrument is calibrated on a daily basis using the following: 

• a TNT calibration standard and a TNT spiking standard to establish calibration response factors; 
• an RDX calibration standard and an RDX spiking standard to establish calibration response factors; 
• a field reagent blank; and 
• a field soil blank; 

The method detection limit for TNT is 0.7 mglKg. The method detection limit for RDX is 1.4 mg/Kg. 

Complete instructions for conducting the TNTIRDX field analysis tests are described in the Determination oj 

TNT/RDX in Soils using Colorimetry prepared by Jenkins and Walsh and presented in Appendix B of this 

document. 

The X-Ray Fluorescence (XRF) technology uses energy dispersive X-Ray fluorescence spectroscopy to 

determine the concentration of metals in soil. Additional information on XRF technology is provided in 

Appendix C. Previous research indicates that XRF-determined metals values will correlate with laboratory­

analyzed metals values. 

Field screening for nitrates in soil will be accomplished through the use of the N-Trak® soil test kit. 

Technical information and instructions for conducting the nitrate field analysis tests are included in Appendix D 

of this document. 

4.5 FIELD MEASUREMENT PROCEDURES AND CRITERIA 

All field measurement procedures and criteria will follow Section 4.3.3 of the FW SAP. 

4.6 ORDANACE AND EXPLOSIVES SCREENING 

UXO staff will conduct a field survey of the entire area prior to the start-up of the project. Previous 

investigations and site operational history indicate that OE concerns include black powder, lead styphenate, lead 

azide, and other potential bulk high explosives. The UXO team will screen the soil in work zones with a 

magnetometer for potential UXO items prior to and during the excavation and sampling operattions. All work 

zones will be screened prior to entry by sample team members. The Geoprobe® boreholes will be screened 

with a down hole magnetometer (Schonstedt GeoMag) to a total depth of 20 feet or less. 

Immediately following excavation to final depth, the excavation bottom will be field screened for 

TNTIRDX, lead and nitrates using the field test kits described earlier. If the field screening indicates residual 

contamination exists, additional excavation and field screening will be conducted (1 foot lifts). Only those 

portions of the excavation which the field test screening indicate residual contamination exists will be excavated 
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to the next one foot increment. When the field tests indicate no residual contamination within the excavation, 

confirmation samples will be collected for laboratory analysis. 

Refer to the LL-ll IRA Ordinance Avoidance Plan in Appendix E for details on all the ordinance and explosive 

screening operations for this project. 
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5.0 SAMPLE CHAIN OF CUSTODYIDOCUMENTATION 

5.1 FIELD LOGBOOK 

All field logbook infonnation will follow structures identified in Section 5.1 of the FW SAP where 

appropriate, field fonns will be used to record specific sampling or investigational data to ensure consistency 

across sampling locations. 

5.2 PHOTOGRAPHS 

Photographic documentation of field efforts will be perfonned in accordance with Section 4.3.2.4.3 of the 

FW SAP. Representative photographs of field activities and any significant observations will be taken during 

IRA field operations. Photographs will be suitable for presentation in a public forum, as well as for 

documenting scientific infonnation. 

5.3 SAMPLE NUMBERING SYSTEM 

The sample numbering system that will be used to identify samples collected during IRA is explained in 

Section 5.3 of the FW SAP. 

5.4 SAMPLE DOCUMENTATION 

All sample label, logbook, field records, chain of custody fonns and field fonn infonnation will follow 

procedures identified in Section 5.4 of the FW SAP. 

5.5 DOCUMENTATION PROCEDURES 

Documentation involves the tracking of samples through the receipt of final laboratory data package for the 

IRA. Documentation procedures will be perfonned in accordance with Section 5.5 of the FW SAP. 

5.6 CORRECTIONS TO DOCUMENTATION 

This procedure is required to ensure that all field/sampling records are correct and legally defensible. 

Corrections to documentation will follow the protocol established in Section 5.6 of the 

FWSAP. 

5.7 REPORTS
 

Reports will be submitted during the field and analytical investigation tasks for the IRA on a regular basis 

and will meet the requirements as presented in Section 5.7 of the FW SAP. 
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5.8 FIELD QUALITY CONTROL 

The Project Manager will monitor the quality control of the data collection activities on a daily basis. This 

process will ensure that data is collected in a manner, which is consistent with the LL-ll IRA Site-Specific and 

FW SAPs. Field quality control will be maintained as follows: 

• Review of all Project Plans by project personnel; 

• Training of project personnel on the sampling documentation and field procedures; 

• Daily safety and technical briefings of project staff; 

• Daily review of all field data collection forms by the Project Manager; 

• Enter the Environmental and Quality Control into the sample tracking spreadsheet daily; 

• Confirm laboratory receipt, integrity and login with the laboratory Project Manager; 

• Daily monitoring and management of IRA subcontractors; 

• Conduct ongoing field audits of the data collection procedures and implement corrective measures; 

• Complete daily reports summarizing the work completed and decision points. 
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6.0 SAMPLE PACKAGING AND SHIPPING REQUIREMENTS 

Sample packaging and shipping will generally follow the protocols in Section 6.0 of the FW SAP. 

Exceptions to the FW SAP procedures include: 

•	 No tape of any kind will be placed on the volatile sample containers; 

•	 All VOC sample containers will be placed in either foam bubble wrap or paper towels to reduce the 

potential for breakage during shipping; and 

•	 The field laboratory will comply with the procedural requirements presented in the forms in Figures 

6-2 and 6-3 of the FW SAP. 
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7.0 INVESTIGATION-DERIVED WASTE 

All IDW, including auger cuttings, personal protective equipment, disposable sampling equipment, and 

decontamination fluids, will be properly segregated handled, labeled, characterized, managed and disposed in 

accordance with the state and federal rules, regulations and laws. At the conclusion of the field activities for the 

IRA, all IDW will be documented as to characterization, classification and disposition. All shipments of IDW 

off site will be coordinated through the RVAAP Environmental Coordinator. The following specific protocols 

will be followed during the IRA at LL-ll : 

General: The following types of IDW are anticipated. The different types of IDW will be contained separately: 

• Solid auger cuttings - consolidate with excavation stockpile; 

• Personal protective equipment and disposable sampling equipment - up to two 55-gallon drums; 

• IDW water (liquid effluents, sewer water and decontamination fluids) and poly storage tank. 

Should environmental sample data indicate that the contents of drums are potentially hazardous, then 

Toxicity Characteristic Leaching Procedure (TCLP) samples will be collected for additional characterization 

purposes. 

~ Water generated during purging and sampling will be placed in a poly storage tank. Management of this 

type of IDW will be based on analytical results for environmental groundwater samples. Decontamination fluids 

disposition will be based on collection and analysis of a liquid sample as required by the disposal facility. 

All analytical reporting limits and quantitation levels will be consistent with Section 7.1 of the FW SAP. 

Labeling of all IDW containers will be in accordance with Section 7.2 of the FW SAP. All field staging, 

characterization, classification, sampling, transportation and disposal will comply with state and federal rules, 

regulation and laws, as well as the permit requirements for the receiving facility as applicable. 
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INTRODUCTION 

This Quality Assurance Project Plan (QAPP) addendum addresses supplemental project-specific information in 

relation to the FW QAPP for the Ravenna Army Ammunition Plant (RVAAP), Ravenna, Ohio (April 1996). 

Each QAPP section is presented documenting adherence to the FW QAPP or stipulating project-specific 

addendum requirements. 
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1.0 PROJECT DESCRIPTION 

1.1 SITE HISTORY/BACKGROUND INFORMATION 

This information is presented in Section 1.1 of the Field Sampling Plan (FSP) Addendum for the Load Line 

11 (AOe 44) Interim Removal Action (IRA). 

1.2 PAST DATA COLLECTION ACTIVITY/CURRENT STATUS 

This information is presented in Section 1.3 of the Field Sampling Plan (FSP) Addendum for the Load Line 

11 (AOe 44) Interim Removal Action. 

1.3 PROJECT OBJECTIVES AND SCOPE 

This information is presented in Section 3.0 of the Field Sampling Plan (FSP) Addendum for the Load Line 

11 (AOe 44) Interim Removal Action. 

1.4 SAMPLE NETWORK DESIGN AND RATIONALE 

This information is presented in Section 4.0 of the Field Sampling Plan (FSP) Addendum for the Load Line 

11 (AOe 44) Interim Removal Action. 

1.5 PARAMETERS TO BE TESTED AND FREQUENCY 

Sample matrix types, analytical parameters, and analytical methods are discussed in Section 4.0 of the Field 

Sampling Plan (FSP) Addendum for the Load Line 11 (AOC 44) Interim Removal Action. These analyses are 

summarized in Table 1-1 of this QAPP addendum, in conjunction with anticipated sample numbers, quality 

assurance (QA) sample frequencies, and field quality control (QC) sample frequencies. 

1.6 PROJECT SCHEDULE 

The project schedule for this IRA is discussed in Section 2.0 of the Field Sampling Plan (FSP) Addendu 

for the Load Line 11 (AOC 44) Interim Removal Action. 

C:\RVAAP\LL-l1 IRA \Final-SAP.doc 



TABLE 1-1
 
LOAn LINE 11 - RVAAP
 

SAMPLING AND ANALYTICAL REQUIREMENTS
 

NOVEMBER 2000 INTERIM REMOVAL ACTION
 

Parameter Methods Field Samples 
Field 

Duplicates 
MS/MSD 

Site Source 
Water 

Sampler 
Rinsates 

Trip 81anks 
Total A-E 
Samples 

USACEQA 
Split Samples 

USACETrip 
Blanks 

Soils (sewer and drainal!e ditch conlirmation samDIes) 
Volatile Organics, TCL SW-846, 5030/8260B -­ 3 2 -­ 3 3 II 3 3 
Semivolatile Organics, TCL SW-846,8270C ~~  3 2 -­ 3 ~~ 8 3 -­
PCBs, TCL SW-846, 8082 -­ 3 2 -­ 3 -­ 8 3 -­
Pesticides, TCL SW-846,8081 -­ 3 2 -­ 3 -­ 8 3 -­
Explosives SW-846,8330 30 3 2 -­ 3 -­ 38 3 -­
Propellants SW-846, 8330 Mod/353.2 -­ 3 2 -­ 3 -­ 38 3 -­
TAL Metals SW-846,601OB17471A 30 3 2 -­ 3 -­ 38 3 .­
Cyanide SW-846,9012A 30 3 2 -­ 3 -­ 38 3 -­
Sulfide/Sulfate SW846, 9034-EPA 375.4 30 3 2 -­ 3 -­ 38 3 -­
Nitrate EPA 353.2 30 3 2 -­ 3 -­ 38 3 .­

Surface Water (sewer water waste characterization samDie) 
Volatile Organics, TCL SW-846,5030/8260B I -­ -­ -­ -­ -­ -­ -­ --
Semivolatile Organics, TCL SW-846,8270C I -­ -­ -­ _. -­ -­ -­ -­
PCBs, TCL SW-846,8082 I -­ -­ -­ -­ -­ -­ -­ . ­

Pesticides, TCL SW-846,8081 I -­ -­ _. -­ -­ ~- -­ -­
Explosives SW-846, 8330 I -­ -­ - ­ -­ _. -­ -­ -­
Propellants SW-846, 8330 Mod/353.2 I -­ -­ -­ -­ -­ -­ -­ -­
TAL Metals SW-846,601OB17471A I - ­ -­ -­ -­ -­ -­ -­ -­
Cyanide SW-846,9012A I -­ -­ -­ -­ -­ -­ -­ -­
Sulfide/Sulfate SW846, 9034-EPA 375.4 I -­ -­ -­ -­ -­ -­ -­ -­
Nitrate EPA 353.2 I - ­ -­ -­ -­ -­ -­ -­ -­

Sediment (drainage ditches) 
Volatile Organics, TCL SW-846, 5030/8260B -­ 3 2 .­ 3 3 II 3 3 
Semivolalile Organics, TCL SW-846, 8270C -­ 3 2 -­ 3 -­ 8 3 -­
PCBs, TCL SW-846,8082 -­ 3 2 -­ 3 -­ 8 3 -­
Pesticides, TCL SW-846,8081 -­ 3 2 -­ 3 -­ 8 3 -­
Explosives SW-846,8330 25 3 2 -­ 3 -­ 33 3 -­
Propellants SW-846, 8330 Mod/353.2 -­ 3 2 -­ 3 -­ 8 3 -­
TAL Metals SW-846,6010BI747IA 25 3 2 -­ 3 -­ 33 3 -­
Cyanide SW-846,9012A 25 3 2 -­ 3 -­ 33 3 -­
Sulfide/Sulfate SW846, 9034-EPA 375.4 25 3 2 -­ 3 -­ 33 3 -­
Nitrate EPA 353.2 25 3 2 -­ 3 -­ 33 3 . ­

Grain Size ASTM D-422 25 3 2 -­ 3 -­ 33 3 -­

A-E = Architect Engineer 
PCB = Polychlorinated Biphenyl Page I of I 

TAL ~  Target Analyte List 
TeL = Target Compund List 
USACE = Army Corps of Engineers 
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~'...Q Q 



Contract No.: DAAA09-98-G-OOO I 
LL·ll Interim Removal Action 

Final Quality Assurance Project Plan 
January 2, 200 I 

Page 2- I 

2.0 PROJECT ORGANIZATION AND RESPONSIBILITY
 

The functional project organization and responsibilities are described in Section 2.0 of the FW SAP and the 

Load Line 11 Remedial Investigation FSP. Analytical support for this work has been assigned to Severn Trent 

Laboratories, Inc. All of the analysis will be performed by Severn Trent's Chicago, Illinois laboratory with the 

exception of the explosive and propellant analysis (nitrocelluose/nitroguanidine). The propellants will be 

analyzed by Quanterra Environmental Services, Inc. at their West Sacramento California facility. The QA lab 

which will receive splits of 10% of the environmental samples is GPL Laboratories in Gaithersburg, Maryland. 

These laboratories have been validated by the U.S. Army Corp of Engineers (USACE) Hazardous, Toxic, and 

Radioactive Waste (HTRW) Center of Excellence (CX), Omaha, Nebraska. Severn Trent's and Quanterra 

Environmental Services' Quality Assurance Management Plans (QAMP), are available for review upon request. 

The laboratory's organizational structure, roles, and responsibilities are identified in their QAMP and facility­

specific appendices. Addresses and telephone numbers for the laboratories facilities are as follows: 

Analytical Facilities 

Severn Trent Laboratories, Inc. - general analytical and explosive analytical services: 

2417 Bond Street, University Park 

Chicago, IL 60466 

Tel: (708) 534-5200 

Fax: (708) 534-5211 

Quanterra Environmental Services, Inc. - Propellants (nitrocellulose/nitroguanidine) and explosives analyses: 

Sacramento, CA 

880 Riverside Parkway 

West Sacramento, CA 95605 

Tel: (916) 373-5600 

Fax: (916) 372-1059. 

GPL Laboratories - general analytical and explosive analytical services 

202 Perry parkway 

Gaithersburg, MD 20877 

Tel: (301) 926-6802 

Fax: (301) 840-1209 
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3.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT 

3.1 DATA QUALITY OBJECTIVES 

Analytical Data Quality Objectives (DQO) summaries for this investigation will follow Tables 3-1 and 3-2 

in the FW QAPP. All QC parameters stated in the specific U.S. Environmental Protection Agency (EPA) SW­

846 methods will be adhered to for each chemical listed. SW-846 Method references found in the FW QAPP 

have been revised to the Update III Methods (i.e., 8260A is now 8260B, 8270B is now 8270C, etc.). 

Laboratories are required to comply with all methods as written; recommendations are considered requirements. 

3.2 LEVEL OF QUALITY CONTROL EFFORT 

QC efforts will follow Section 3.2 of the FW QAPP. Field QC measurements will include field source 

water blanks, trip blanks, field duplicates, and equipment rinsate blanks. Laboratory QC measurements will 

include method blanks, laboratory control samples (LCSs), laboratory duplicates, and matrix spike/matrix spike 

duplicate (MSIMSD) samples, as dictated by the individual methods. 

3.3 ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSIS 

Accuracy, precision, and sensitivity goals identified in Section 3.3 and Tables 3-1 and 3-2 of the FW QAPP 

and 3-1 of this document will be utilized for this IRA. 

3.4 COMPLETENESS, REPRESENTATIVENESS, AND COMPARABILITY 

Completeness, representativeness, and comparability goals identified in Section 3.4 and Tables 3-1 and 3-2 

of the FW QAPP will be utilized for this investigation. 
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Table 3-1
 
Load Line 11 - RVAAP
 

Analytical Methods, Parameters, and Project Quantitation Levels
 

Parameters 

Propellant Compounds 
Nitroglycerin 
Nitroquanidine 

Nitrocellulose 

Metals (Target Analyte List) 

Aluminum 
Antimony 
Arsenic 
Barium 

August 2000 Interim Removal Action 

Analvtical Methods 
Water
 

SW-846-8330
 

Modified
 

EPA 353.2
 
Modified
 

SW-846­
301 OAl601 DB,
 
6020,or7000
 

Seriesc 

Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
lead 
Magnesium 
Manqanese 
mercury (CVM) SW-846-7470A 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide SW-846·9010B 
Anions 

Sulfate EPA 300.00° 

Soil/Sediment
 

SW-846-8330
 

Modified
 

EPA 353.2
 
Modified
 
SW-846­

301 OAl601 DB,
 
6020,or7000
 

Seriesc
 

SW-846-7471A 

SW-846-9014 

-
Nitrate/Nitrite EPA 352.2 or 352.3 -­

Project Quantitation 
Water Soil/Sediment 

(l!g/L) (l!g.kg)d 

10 2.5 
10 1 

10 1 

(l!g.kg)df(J!g/L) 

200 20 
3 0.5 
5 0.5 

200 20 
4 0.5 
2 0.5 

5,000 500 
10 1 
50 15 
25 2.5 
100 10 
3 0.3 

5,000 500 
15 1.5 
0.2 0.1 
40 4 

5,000 500 
5 0.5 
10 1 

5,000 500 
2 0.5 
50 5 
20 2 
10 1 

5.0 ­
0.2 -­

a These are expected quantitation limits based on reagent-grade water or a purified solid matrix. Actual 
quantitation limits may be higher depending upon the nature of the sample matrix. The limit reported on 
final laboratory reports will take into account the actual sample volume or weight, percent solids (Where 
applicable), and the dilution factor, if any. The quantitation limits for additional analytes to this list may 
vary, depending upon the results of laboratory studies. 

b Values determined between the laboratory method detection levels and the project quanlitation levels will 
be reported as estimated ('J'). 
d Soils and sediment analysis will be reported on a dry-weight basis. 

a Modification of the SW-846 preparation and analysis procedures may be required to achieve these 
quantitation levels. 

r Estimated detection limits for metals in soil are based on a 2-gram sample diluted to 200 mililiters. 
CVAA = Cold vapor atomic absorption. 
RI =remedial Investigation 



Table 3-1
 
Load Line 11 - RVAAP
 

Analytical Methods, Parameters, and Project Quantitation Levels
 
August 2000 Interim Removal Action
 

C'\..,
 
Analytical Methods Project Quantitation 

Parameters Water Soil/Sediment Water Soil/Sediment 

Semivolatile Organic SW-846- SW-846­

Compounds (continued) 3520/8270Cc 3550/8270Cc 
(JlgIL) (Jlg.kg)d 

Indenol( 1,2,3-cd )pvrene 10 330 
Dibenzo(a,h )anthracene 10 330 
Senzo(g,h,/ )perylene 10 330 

SW-846- SW-846­

Pesticides/PCBs 8081 b/8082c 8081 b18082c 
(JlgIL) (Jlg.kg)d 

alpha-SHC 0.05 1.7 
beta-SHC 0.05 1.7 
delta-SHC 0.05 1.7 
gamma-SHC (Lindane) 0.05 1.7 
Heptachlor 0.05 1.7 
Aldrin 0.05 1.7 
Heptachlor epoxide 0.05 1.7 
Endosulfan I 0.05 1.7 
Dieldrin 0.1 3.3 
4,4-DDE 0.1 3.3 
Endrin 0.1 3.3 

Endosulfan " 0.1 3.3 
4,4-DDD 0.1 3.3 
Endosulfan sulfate 0.1 3.3 
4,4-DDT 0.1 3.3 
Methoxychlor 0.5 17 
Endrin ketone 0.1 3.3 
Endrin aldehyde 0.1 3.3 
alpha-Chlorodane 0.05 1.7 
qamma-Chlorodane 0.05 1.7 
Toxaphene 3.0 170 
Arochlor-1 016 1.0 33 
Arochlor-1221 2.0 67 
Arochlor-1232 1.0 33 
Arochlor-1242 1.0 33 
Arochlor-1248 1.0 33 
Arochlor-1254 1.0 33 
Arochlor-1260 1.0 33 

Explosive Compounds SW-846-8330c SW-846-8330c 
(JlgIL) (Jlg.kg)d 

HMX [Octahydro-1 ,3,5,7­
tetranitro-1 ,3,5,7-tetrazocinell 20 2 
RDX (cyclonite) [Hexahydro­
1,3,5-trinitro-1 ,3,5-triazinel 20 2 
1,3,5,-Trinitrobenzine 2e 1 
1,3-Dinitrobenzene 3e 1 
Tetryl 50 5 
Nitrobenzene 10 1 
2,4,6-Trinitroltoluene 3e 1 
2,4-Dinitrotoluene 0.13e 1 
2,6-Dinitrotoluene 0.13e 1 
o-Nitrotoluene 10 1 
m-Nitrotoluene 10 1 
p-Nitrotoluene 10 1 



Table 3·1
 
Load Line 11 - RVAAP
 

Analytical Methods, Parameters, and Project Quantitation Levels
 
August 2000 Interim Removal Action
 

Analvtical Methods Proiect Quantitation 
Parameters Water Soil/Sediment Water Soil/Sediment 

Semivolatile Organic SW-846- SW-846­

Compounds (continued) 3520/8270Cc 3550/8270Cc 
(1lg!L) (Ilg.kg)d 

Nitrobenzene 10 330 
Isophorone 10 330 
2-Nitrophenol 10 330 
2,4-Dimethylphenol 10 330 
bis (2-Chloroethoxv) methane 10 330 
2,4-Dichlorophenol 10 330 
1,2,4-Trichlorobenzene 10 330 
Naphthalene 10 330 
4-Chloroaniline 10 330 
Hexachlorobutadiene 10 330 
4-Chloro-3-methvlphenol 10 330 
2-Methylnaphthalene 10 330 
Hexachlorocvclopentadiene 10 330 
2,4,6-Trichlorophenol 10 330 
2,4,5-Trichlorophenol 25 800 
2-Chloronaphthalene 10 330 
2-Nirtoaniline 25 800 
Dimethylphthalate 10 330 
Acenaphthvlene 10 330 
2,6 Dinitrotoluene 10 330 
3-Nitroaniline 25 800 
Acenaphthene 10 330 
2,4-Dinitrophenol 25 800 
4-Nitrophenol 25 800 " Dibenzofuran 10 330 
2,4-Dinitrotoluene 10 330 
Diethylphthalate 10 330 
4-Chlorophenvl-phenvl ether 10 330 
Fluorene 10 330 
4-Nitroaniline 25 800 
4,6-Dinitro-2-methylphenol 25 800 
N-nitrosodiphenylamine 10 330 
4-Bromophenvl-phenvlether 10 330 
Hexachlorobenzene 10 330 
Pentachlorophenol 25 800 
Phenanthrene 10 330 
Anthracene 10 330 
Carbazole 10 330 
di-N-butvlohthalate 10 330 
Fluoranthene 10 330 
Pvrene 10 330 
Butylbenzylphthalate 10 330 
3,3'·Dichlorobenzidine 10 330 
Benzo(a)anthracene 10 330 
Chrysene 10 330 
bis(2-Ethylhexyl)phthalate 10 330 
di-N-octylphthalate 10 330 
Senzo b fluoranthene 10 330 
Benzo k fluoranthene 10 330 
Senzo a )pyrene 10 330 0 



Table 3-1
 
Load Line 11 - RVAAP
 

Analytical Methods, Parameters, and Project Quantitation Levels
 
August 2000 Interim Removal Action
 

Parameters 

Volatile Organic Compounds 
Chloromethane 
Bromomethane 
Vinyl chloride 
choroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dibromomethane 
1,2-Dichloroethane 
2-Butanone 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
1,3-cis -Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
1,3-trans -Dichloropropene 
Tribromomethane 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethane 
Toluene 
1,1 ,2,2-Tetrachloroethane 
Chlorobenzene 
Ethvlbenzene 
Styrene 
Xylenes (total) 
Semivolatile Organic 

Compounds 
Phenol 
bis(2-Chloroethyl) ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
2,2'-Oxybis (1-chloropropane) 
4-Methylphenol 
N-nitroso-di-n-dipropylamine 
Hexachloroethane 

Analvtical Methods 
Water Soil/Sediment 

8W-846- 8W-846­

5030/8260Sc 5030/8260Sc 

8W-846- SW-846­

3520/8270Cc 3550/8270Cc 

Proiect Quantitation 
Water Soil/Sediment 

(J.lgIL) (J.lg/kg)d 

10 10
 
10 10
 
10 10
 
10 10
 
5 5
 
10 10
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
10 10
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
10 10
 
10 10
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 
5 5
 

(J.lgIL) (~g.kg)d
 

10 330
 
10 330
 
10 330
 
10 330
 
10 330
 
10 330
 
10 330
 
10 330
 
10 330
 
10 330
 
10 330
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4.0 SAMPLING PROCEDURES 

Sampling procedures are discussed in Section 4.0 of the FW SAP and SAP Addendum for the Load Line 11 

(AGe 44) Interim Removal Action. Tables 4-1 and 4-2 summarize sample container, preservation, and holding 

time requirements for the groundwater and soil matrices for this investigation. The number of containers 

required is estimated in these tables. 
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Table 4-1 

Load Line 11 - RVAAP 
Container Requirements for Soil and Sediment Samples 

November 2000 Interim Removal Action 

Approx. No. 
of Bottles Minimum 

Analyte Group incl. Field QC Container Sample Size Preservative Holding Time 

Volatile Organic 10 One 2-ounce glass jar with Teflon\!!>­ 20 grams Cool, 4° C 14 days 

Compounds lined cap (no headspace) 

Semivolatile Organic 10 One 4-ounce glass jar with Teflon®­ 100 grams Cool, 4° C 14 days (extraction) 
Compounds lined cap (no headspace) 40 days (analysis) 
Persticides/PCBs 10 One 4-ounce glass jar with Teflon®­ 100 grams Cool, 4° C 14 days (extraction) 

lined cap (no headspace) 40 days (analysis) 

Explosive Compounds 65 One 4-ounce glass jar with Teflon®­ 100 grams Cool, 4° C 14 days (extraction) 
lined cap (no headspace) 40 days (analysis) 

Propellant Compounds 65 One 4-ounce glass jar with Teflon® - 100 grams Cool, 4° C 14 days (extraction) 
lined cap (no headspace) 40 days (analysis) 

Metals 65 One 4-ounce wide mouth polybottle 50 grams Cool, 4° C 180 days 

Cyanide 65 Use same container as metals 25 grams Cool, 4° C 14 days 

Sulfide/Sufate 65 One 4-ounce glass jar with Teflon®­ Cool, 4° C 7 days/28 days 

lined cap (no headspace) 

Nitrate/Nitrite 65 One 4-ounce glass jar with Teflon®­ Cool, 4° C none 

lined cap (no headspace) 

Total Organic Carbon 0 One 4-ounce glass jar with Teflon®­ 10 grams Cool, 4° C 28 days 
lined cap (no headspace) 

Grain Size 30 One 8-ounce wide mouth container 100 grams None None 

QC = Quality Control 
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Table 4-2 

Load Line 11 • RVAAP 
Container Requirements for Groundwater And All RI Rinsate Samples 

November 2000 Interim Removal Action 

Approx. No. 
of Bottles Minimum 

Analyte Group incl. Field QC Container Sample Size Preservative Holding Time 
Volatile Organic 15 Three 40-mililiter glass vials with Teflon®­ 80 Milliliters Cool, 4° C 14 days 
Compounds lined septum (no headspace) HCL to pH < 2 

Semivolatile Organic 8 Two 1-liter amber glass bottles with 1000 Milliliters Cool, 4° C 14 days (extraction) 
Compounds Teflon® - lined lid 40 days (analysis) 

Pesticides/PCBs 8 Two Hiter amber glass bottles with 1000 Milliliters Cool, 4° C 7 days 
Teflon® -lined lid 

Explosive Compounds 8 Two 1-liter amber glass bottles with 1000 Milliliters Cool, 4° C 14 days (extraction) 
Teflon® - lined lid 40 days (analysis) 

Propellant Compounds 8 Four 1-liter amber glass bottles with 1000 Milliliters Cool, 4° C 14 days (extraction) 
Teflon® - lined lid 40 days (analysis) 

Metals 4 One 1-liter polybottle 500 Milliliters Cool, 4° C 180 days 

HN03 to pH < 2 

Cyanide 4 One 1-liter polybottle 500 Milliliters Cool, 4° C 14 days 

Zn acetate, NaOH to 
Sulfide 4 One 300 ml plastic wide mouth 300 Milliliters pH >9, Cool to 4° C 7 days 

Sulfate 4 One 300 ml plastic wide mouth 25 Milliliters Cool, 4° C 28 days 

Nitrate 4 One 300 ml plastic wide mouth 25 Milliliters Cool, 4° C 48 hrs 

Nitrite 4 One 300 ml plastic wide mouth 50 Milliliters Cool, 4° C 48 hrs 

a Additional sample volume will be collected for one sample in order for the laboratory to perform appropriate laboratory quality control (QC) analysis 
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5.0 SAMPLE CUSTODY 

5.1 FIELD CHAIN-OF-CUSTODY PROCEDURES 

Sample handling, packaging, and shipment procedures will follow those identified in Section 5.1 of the FW 

FSP and as amended in the Load Line 11 IRA FSP Addendum. 

5.2 LABORATORY CHAIN-OF-CUSTODY PROCEDURES 

Laboratory chain of custody (COC) will follow handling and custody procedures identified In the 

laboratories QAMPs. 

5.3	 FINAL EVIDENCE FILES CUSTODY PROCEDURES 

Custody of evidence files will follow those criteria defined in Section 5.3 of the FW QAPP. 
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6.0 CALIBRATION PROCEDURES AND FREQUENCY 

6.1 FIELD INSTRUMENTS/EQUIPMENT 

Field instruments and equipment calibrations will follow those set forth in Section 6.1 of the FW QAPP. 

This will be amended only as specified by the manufacturer's operating instructions. 

6.2 LABORATORY INSTRUMENTS 

Calibration of laboratory equipment will follow procedures identified in the laboratories QAMPs, corporate, 

and facility-specific operating procedures. 
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7.0 ANALYTICAL PROCEDURES 

7.1 LABORATORY ANALYSIS 

Analytical methods, parameters and quantitation or reporting limits are those listed in Table 3-1 of this 

document and applicable amendments. The laboratories QAMPs will be followed during the analysis of these 

samples. The following laboratory Standard Operating Procedures (SOPs) will implement the defined EPA 

methods. 

•	 GC/MS Volatile Organics Analysis Based on Method 8260B, SW-846, UMV-SOP-8260, 03/10/99. 

•	 GC/MS Semivolatile Analysis Based on Methods 8270B and 8270C, SW-846, UMB-SOP-8270, 

07/23/99. 

•	 Gas Chromatographic Analysis Based on Method 8000A, 801 OB, 8020A, 8021 A, 8080A, 8081, 8082, 

8150B, and 8051, SW-846, UGE·SOP-8081A, 03/01/99 and UGE-SOP-8082, 03/01/99. 

•	 Extraction and Cleanup of Organic Compounds from Waters and Soils, Based on SW-846 3500 Series, 

3600 Series, 8150, 8151, and 600 Series Methods, CORP-OP-OOOl, Rev. 3.4,4/15/99. 

• Analysis of Nitroaromatic and Nitramine Explosives in water and soil by HPLCIUV and Liquid 

() Chromatography/Thermospray/Mass Spectrometry, SAC-LC-OOO 1. 

•	 Total Organic Carbon and Total Inorganic Carbon, UWC-SOP-415.1, 06/25/99. 

•	 Inductively Coupled Plasma-Atomic Emission Spectroscopy, Spectrometric Method for Trace Element 

Analysis, Methods 60 lOB, UME-SOP-6010B-lT, 02/05/99. 

•	 Graphite Furnace Atomic Absorption Spectroscopy, SW-846 Methods 7000A, UME-SOP-ILM GF, 

04/19/99. 

•	 Mercury in Aqueous Samples by Cold Vapor Atomic Absorption, SW-846 7470A and MCAWW 245.1, 

UME-SOP-245.1,04/19/99. 

•	 Preparation and analysis of Nitrocellulose in Aqueous, Soil, and Sediments by Colorimetric 

Autoanalyzer, SAC-WC-0050, Rev. O. 

•	 Determination of nitroaromatics, nitramines, and specialty explosives in water and soil by high 

performance liquid chromatography/ultraviolet detector (HPLCIUV) and liquid 

chromatography/thermospray/mass spectrometry (LC/TSP/MS), SAC-LC-OOOl, Rev. 5.0. 

The laboratories will at all times maintain a safe and contaminant free environment for the analysis of 

samples. The laboratories will demonstrate, through instrument blanks, holding blanks, and analytical method 

blanks, that the laboratory environment and procedures will not and do not impact analytical results. 

The laboratories will also implement all reasonable procedures to maintain project reporting levels for all 

sample analyses. Where contaminant and sample matrix analytical interferences impact the laboratories ability 
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to obtain project reporting levels, the laboratory will institute sample clean-up processes, minimize dilutions, 

adjust instrument operational parameters, or propose alternative analytical methods or procedures. Elevated 

reporting levels will be kept to a minimum throughout the execution of this work. 

7.2 FIELD SCREENING ANALYTICAL PROTOCOLS 

Procedures for field analysis are identified in Section 7.2 of the FW QAPP and in Section 4.0 of the SAP 

Addendum for the Interim Removal Action at Load Line 11 (AOe 44). 
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8.0 INTERNAL QUALITY CONTROL CHECKS 

8.1 FIELD SAMPLE COLLECTION 

Field QC sample types, numbers, and frequencies are identified in Section 4.0 of the SAP Addendum for the 

Interim Removal Action at Load Line 11 (AOC 44). In general, field duplicates will be collected at a frequency 

of 10 percent, field equipment rinsates and blanks will be collected at a frequency of 10 percent for samples 

collected with non-dedicated equipment, and volatile organic trip blanks will accompany all shipments 

containing volatile organic water samples. 

8.2 FIELD MEASUREMENT 

Refer to Section 4.0 of the LL-ll (AOC 44) Interim Removal Action SAP Addendum for details regarding 

these measurements. 

8.3 LABORATORY ANALYSIS 

Analytical QC procedures will follow those identified in the referenced EPA methodologies. These will 

include method blanks, LCS, MS, MSD, laboratory duplicate analysis, calibration standards, internal standards, 

surrogate standards, and calibration check standards as required by specific methods. The laboratories facilities 

will conform to their QAMP, facility-specific appendices, and implement their established SOPs to perform the 

various analytical methods required by the project. QC frequencies will follow those identified in Section 8.3 of 

the FW QAPP. 

o
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9.0 DATA REDUCTION. VALIDATION, AND REPORTING 

9.1 DATA REDUCTION 

Sample collection and field measurements will follow the established protocols defined in the FW QAPP, 

FW SAP, and the Load Line 11 (AOC 44) Remedial Investigation SAP Addendum. Laboratory data reduction 

will follow the laboratories' QAMPs guidance and conform to general direction provided by the FW QAPP. 

9.2 DATA VALIDATION 

An independent third party will provide laboratory data verification and validation as follows: 

• 100% verification equivalent to USEPA Tier II 

• 10% validation equivalent to USEPA Tier I CLP validation 

The data validation report will be provided for incorporation into the IRA final report. 

The addresses and telephone number for the third party contractor providing LL 11 IRA data validation 

services is as follows: 

Purves Environmental
 

7484 Woodspring Ln.
 

Hudson, OH 44236
 

Contact: William Purves
 

Tel: (330) 650-2918
 

Fax: (330) 650-0463
 

9.3 DATA REPORTING 

Analytical data reports will follow the direction provided in the FW QAPP. 
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10.0 PERFORMANCE AND SYSTEM AUDITS 

10.1 FIELD AUDITS 

Informal field audits will be conducted on an on-going basis to ensure the consistency of implementation. 

This includes field training, daily review of field forms and observing field procedures. The MKM QA Officer 

and/or the MKM Field Team Leader will perform a minimum of one formal field audit for the media being 

sampled during the investigation. This audit will encompass the sampling of groundwater from the wells, 

surface water, soils and sediment. USACE, EPA Region V, or Ohio EPA audits may be conducted at the 

discretion of the respective agency. 

10.2 LABORATORY AUDITS 

Routine Missouri River Division HTRW CX on-site laboratory audits will be conducted at the discretion of 

the USACE. EPA Region V or Ohio EPA audits may be conducted at the discretion of the respective agency. 

Internal performance and systems audits will be conducted by the laboratories QA staff as defined in the 

laboratories QAMPs. 
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11.0 PREVENTIVE MAINTENANCE PROCEDURES 

11.1 FIELD INSTRUMENTS AND EQUIPMENT 

Maintenance of all field analytical and sampling equipment will follow direction provided in Section 11.1 of 

theFWQAPP. 

11.2 LABORATORY INSTRUMENTS 

Routine and preventive maintenance for all laboratory instruments and equipment will follow the direction 

of the laboratories QAMPs. 

C:\RVAAP\LL-il IRA \Final-SAP.doc 



Contract No.: DAAA09-98-G-000I 
LL-il Interim Removal Action 

Final Quality Assurance Project Plan 
January 2, 2001 

Page 12- 1 

12.0	 SPECIFIC ROUTINE PROCEDURES TO ASSESS DATA 
PRECISION, ACCURACY, AND COMPLETENESS 

12.1	 FIELD MEASUREMENTS DATA 

Field data will be assessed as outlined in Section 12.1 of the FW QAPP. 

12.2	 LABORATORY DATA 

Laboratory data will be assessed as outlined in Section 12.2 of the FW QAPP. 
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13.0 CORRECTIVE ACTIONS 

13.1 SAMPLE COLLECTIONIFIELD MEASUREMENTS 

Field activity corrective action protocol will follow directions provided in Section 13.1 of the FW QAPP. 

13.2 LABORATORY ANALYSES 

Laboratory activity corrective action protocol will follow directions provided in Section 13.2 of the FW 

QAPP and the laboratories QAMPs. 
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14.0 QA REPORTS TO MANAGEMENT 

Procedures and reports will follow the protocol identified in Section 14 of the FW QAPP and those directed 

by the laboratories QAMPs. 
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15.0 REFERENCES 

Additional references to the FW QAPP are: 
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1. Site Name: RVAAP-44. LL-llIArtiJler-y Primel". 

2. Site Summary: Tills AOe operared from I\l4.l [0 1945 (0 produce: primers tiJr arlillc:ry 
projecriles. Load Line II was plllc.:d 'Jnsranl1hy in IY45. From 1951'[O 1957, LL·II W<L:i 

used to produce primers aDc.J [rom 1969 to l 971. LL- l 1 .....as u~ed :0 prodUce~. Tne 

suriace soil. grouud-war.er, and ~cdimc:u.s pathways arc ::In.sictcrcd complete at this sitc. Fivc 
surface samples were collecreJ from oursiue: Ill' the produe:icu buildings ~nd analy-zed for 
::.l.p[osivcs and metals. The buiitlings wcre sel~r:::u. hascd Oil ltlc ?roducrlon use. r.mphasls 
was piae::d on Lhosc buiLdw.&s rhar weee used. to ;JrtJOUCI.: ;cr:c.i SLOr:: ex.plosives. One sedimc::[ 
silmplc was ::ollecrcd and analylC:1 for the same ;Jaramcrcr~. T11~ .~edimenr sample ""115 

collce:ed rroo a draUl;\ge jircll I1Jnnin.s :~o("[h from Tile: L",au. r.inc :0 the: :101'111. f)al.l c;.lilee[ed 
tor R\ AAP-26 , rUl: and Bl.'Osrer Area Seal~ Tanks during rhe tirsr RIZS.l:: (rcrere;:cc ~ 1), 
was lL'>ed to score the ground-warer partway ar :he AOC. Tht: suiJsurf:tL.~ soil used ro ~<:tiI11:tre 

the ~n;unu-w;l(e: palhway was ;;cilcctcd ,tdjace!lr 10 rroe :icnling l~nk im:nediare!y :0 uu: \:a:!, af 
Buildin!5 AP-3~ 

3. Pach\~i1Y Evaluation: 

a. Ground 'rV<lttor: !,f~<1iUJTl. GmuilJ-w:ltU =once::trauons '''';::0 es:.inL1[A:::J rrum 
subsurface suil da(a from a soil sarr.plc eolle::r.ec fror:1 10 tv l2 :-;;:e: (sot! ac 13 :eer '''''as 
SatlJ::Hed. an atrel.....pl W<lS made :0 ::cover wale: frolll 1:: [[l 16 ;-c:C :"aiJed) '..\Sir.:,: a ;ra:J.c.J:tr::: 
linear ~quiiibriul1l sOlL!war;;: panirtun c::'JariOll,:::vc~ope::' hy rhe IfSEPA ~t() estimar.e 
concaminant release as a soil le:u;hace:) a;:J J :li.'a::ClI1 fac:or :lO ai,M')Unl :'ue dilution of f.ile: 

!e:lchate as i( ce.re:; :he ~quifc:r). This rr.cr!.,od i, eomjis«;nr Wilh c::c derivarion of 5011 
sl:ree:ning le:ve:!> and the: i::ve:5Ligation and modeling effo:cs contJ~l:[cd :It Superfund Site5 [0 

Ucvelllfl soil c]C'J.nu!1 gCJai~ anu ground.warer prcr:::;ricn g'Jals (ret':::r~r.ces 6, 7, and 3). A. 
!'ample .;quatilln il: shown :"llr RVAr\P-l-! on p:..ge: 0-11. 

(~) Contaminant Hazard Factor' 2.79 = .....fodr::-r::ie 

SL.:;,nt11ru i RJiio
Comam:nam I C~~~~~~~~on ! pH. iU ".1,,: Ma~I~:~llC-

(~lg/l; ! 
(mg:lq) i Ccn~::r::mon 

! I (~gfLl 
.lrser.ic ::'0.::' "T7':s' 3G ;)' >:." ... 5 
'o;\nt:m 55 3 I "7.5; -+6 I).: 59.3 I 2ciCO I 0.003 
chromiuln 20 ..1 I 7.5 L6 rJ.l Ii:. '7 1- ·UW ; 0.37 
coocer 1~. 9 i i.5 ur:kn O.:? I lJC<J 
zinc ... ?U ,,_,_ I 7.5 lnil 0.2 is.'" L"':~.-~o::;.c::""o-_-; -(leX) . 

un:c - K, value r(;r ::Of.'pCr' lS ::or prcvlc.~d it: n:r':r:n,;c5 6 cr 3, so grc:':.;::":-"lIatcr 
cnll~r.l:acioll could \lor b~ c~lo.::.lbLeJ. 

LJ· ,~ 



(2) Mi~rntion Pathway Factor: I'OfCnlial. There is no c',iJcace that ,ile 
conwninancs are rnigracUlg. Huwe\le~. [here ;tre no [1hy~ic:lllJarri::rs ~n place to prevent: 
migr.lcjun. 

(3) Receptor P:lthW:lY [':lctor: l'~muiill. Ie is unk:IOwn if any .....c!1s arc: iirecuy 
dllWIl [:r~djel1e from chi~ AOC; however. grl1l;JI(.Jw~rcr [rolll lIear (hi, AOC lILay be :.JseU lil~ 

irrigltJml or Urinking wa.Ler. 

iJ. Surface Watcr/Humau Elldp<Jil1t; Sor /::.\·alualed. Whiie ~ur:.1ce .....aler may be 
imc[:!uitemly rresent :J.l (his .\Oc. non~ '':'':1.< :·lennfld l!Urtll? cl1e RHSr, :It this AOC. 

<.:. SediIIlcntlHuman Endp<JinL .1tft!dUm1.. 

::(1) Contaminant Hz&ar-d Factor: 3. .15 : .1,.f.~JUI1L1.:. 

-IIMax Cow.:et:tr:J.\iur. 
(:nlUk2;l 

Aluminum 1:0:]0 7-::0CO :J.~ 

:-::-A:;.r:.;se:.:p.:.;.i;;c
I Barium 

.:,.' 15 
63 -1--.... 

__ 
53C<J 

0).68 .-- ­
---'-----:-QO~t·_---

I C~omiu[;'. 

! Cooce:: 
[··!.rou 

.__. 
.-:-::--- ­ -73=-UO:-:r,:----....;...­

----'-----;----=:::-::- ­
i'" 2.SC'G 

- ~OCO ­ ---:-----;:'2;::3:::OC~~; 

·--0::-~.-:::O-;-1---

C,iJl 
;.O~ 

:-1:=M"'m=-g-a;::-:s-c- -----. "---.-:::~-::-:,r:-;~-- 3110 ,--::-'-.J~-C:;-·----

~VaIlJdiUm z:; '---57~'-7 ..--] :li)<:.
 

LZil:: ~9 .! __ .. 230QIJ I ·J_OU_'__
 

(2) :'rfi~r.ltion Pathway fac.::or: {'o:",ru:;c;I. Tht::~:S ~o ::\ljtl.:::IC: l.lJt sit,; 
comall',\nal".t~ are migrating. [1\)O"C"'~r.•here :ll'~ ,,0 pysiCl.!. t1:lrrieT~ \11 pl:\c~ ro pr~v::1H 

mig,,,,,iolL 

(~) Receptor P:lthway Farror' P;:i~~:I:;i. W1:ilc tl:is J.reJ is surroL:ndcd b:' J. ~el:i,;'; 

witt: !cc~d gaces. hCllcen. scr:t?~:> ..Inc ri:-: l;';)'Jd ;uclCrS m:,y h.lli~ :!.C(;;:ss ro :be ,iu:. 

J. Surface WaterfEcoIQ~ca.J E::dpuiot. Sui i:.",·;;iua!:!.'!. There:~ rlC ,;u:~':Jc:! ·..... alcf:n rji; 
M;C 

c. SedjmentjEc.olo~cal Enclpnim: Hi:;it 



(1) Concamimlnt Hazard Fuctor: 7.2' """ Mm/erufe. 

Concaminar.l Max Concentration Stant1aro (mg/k.g) 
1 -+I__....:(.:,:m:,::ll:.:...::/J::::gL) .. ­

I 

aluminum 12000 ---_... nil_...': arsenic I 15 (;
! barl~--'-' I 63 lilt 

; chromill~_ .._.. __ ._ .. I 17 26. _ 0.56._---­
, copper ! l'l 16 0.88 
i iron 241;00 2(;CUU l .20i mJllgan:;~E-_--'--- 570 -----....::..:~:..::b:.::q~. -._-.._-_-:..-_·~-_---.:.l:..:,2:..::4:- . 

; vanatliwn 23 mr i _ 

Izlnc __4._. .... _.~ i 39 _110 I 0.74 
nir - compr.und is not in RRSE J\pp<.:::c~x n·] :<ebive Risk ComrartS(Hl V"Lucs )"br:nc .li'.d 

Aqu:.nic ,'\i:tlil11ents. 

C~) rv(j~r:ltion Puthway Factor: POfi'll!id. nl~X Ii :'.0 ,;';idce~:: W.1( ,ire 
concJu::naL:tS lre llligratic:g. E:;wev<:r, (I~e~e ;;.~ ::0 pl::';::JI ·~a:::e:; ill ;J1"ce 10 preve::: 
migration. 

(j) Receptor l)::.chway fJetllr: !;iI!i1!.f~:':. Se:'::l::::nl ru::'1[::.g oil" :Jr ll:is sw: ,:~:c=:; 

:nlU Silnc C::ci<.. which ::. a k::ow~ h.:thit2,c (tor ~:~te :"::l;.hr~~-:re;j Sp¢::ics. 

~. SW'fac~ Soil: Medi..m. 

D-2c. 



--

( L) Contaminant Hazard "'ador: .195 = ,'lff)dcral~ . 

I"ConciUI1in<lat M.l;t Coucentrau,,;' "1 SI3Jldani (nlglkgj Ratio 
(mVkll:)

r--.,--" .1. -­
, . aluminum 23000 77000 0.30.+antimony ~l.l) 31 1.35 

arsenic I 17.2 22 o. 7~ 

barium I ::C~] 53CO U~J 

I .;3 14 1)34~u_J!I. - ... I 

~<lmiu\n .!.( :;3 1\J::! 
chromium 170 30ClJ 0')6

j-­<:oooer 33C{) '28CO :. L::l 
1--­

iren _. .l0QU 23CCO I :.74 
lead I IlOOO 4CO 17.5 

! ma.a2am:"" I L7CO )RC) :'.J,.7 
I 
. UlC!'CUrv "T I ~ 0.08 
: nickei • 1~i:6--' 1~.C2.._._.. _\ 21­
1--­

~,lIver 7 380 e.'J ~ 

" :;.':~;.;..(j~r.aUiurn 
71lle 3900 23CCO ,J. L7 
IIMX :).:;3 33\:~) (j ':'0 

C:) JLigt'lltioll Pathway Facror' /";Ien!i(:i.--:'ll,c,c:s no e... icl~nce lhal site 
~nt:lIlli=c:; an: ;ni~r:l.l:n~. Howeve;. It::,:: :-t.r<; :10 ph)lltwi bar.:e~~ tIl ?Laee w rre'::::ll 
U1ig,~(:on. 

(3) Receptor Pal.1l~ay Fa.C'.:or· P·){i!nIU;i. Wl:ilc ~:.., are:l. :5 succ'J:ldcu. .~y J le::::: 
Wid! :oc!cec. ;;'1(1:$. humers. scr:q:~rs. lUi.! ::::'; ·...'c<yj ~tte,,. :r..:l.)' tu\'e ,1~SS ,0 lh:: ,tle . 

. -. Final Score. Hi~h (0, four Yl::dia ;:r' COI;:;':;,:: 
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II. INTRODUCTION 

Simple colorimetric tests have bee..'1 developed for on-site deter=ination of 

TNT (2,4,6-tricit.-otoluene) and RDX (hexahydro-l,3,s-t=initro-l,3,5-triaz:ine) in soil 

ae.nJctns and Wa.Lsh, 1992). Soils are extracted by shaking samples with acetone. The 

acetone extrac:s are 5ubjec':ed to two 3imple reac;'ion sequences tha.t result in the 

production of colored reaction products. For Th'"T determination, the acetone ex­

tncts are reacted with potassium hydroxide ar.d sodiUI:\ sulfite (or E.."1Sys re~gent) t"O 

form their reddisn-colored Janowsky complexes. For RDX d.eten:ni..:"tatiot1, the 5.1­

tered acetone extrac:s are passed ltu'oug..~ a disposable anion exchar,ge re.5L.""l to :e-

move nitrate, and t.he.~ acidified with ac~:ic acc; the RDX is :educ~d Mth.. z::..c to 

form nitrous acid .. The nitrow ac.e. is deter:nir.ed by the Griess Reaction using a 

HachNitriVer3 powee: pillow1 whic..i. produc~ a highly colored. (reddish) azo dye. 

These analytes ca."" be detected visually, and ~i.eir conc~trations are estimate-i b ...'"::1 

absorbance measurernc."ts at 540 nm for Th'T and at 50i nm for RDX. Conc~"'t.tra-

tions of Thi ane. RDX are li."earl"l related to a.bscr~ar'-ce UP to 1.0 Wso(;a."ce u..~t 
I • 

(AU). Detec~on limits are <loout 1 jl.g!g. Cor.ce~t!lticn estimates Eraal en-site analy­

sis have been found to correlate well with laboratory analyses. 

This protocol describes the step-oy-step procedures to use l"tesc medwcs for 

on-site analysis of TNT and RDX in soil. A 20-g sample of field-moist soU is ex­

tncted by sha.~g with 100 mL of commercial-grade acetone for a minimum of 

three min\.ltes~ The actual shaking time tha.t is appropriate for various soils shoulc. 

be deterrnineCl. by condu~..ng a short I<i.netic st-'-"dy at the beginning of each new field 

activity. After shaking, soil pa(tic~~:; ,ue allowed to se\tle and the ext:-3.c: is filterec!. 

2 
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with a O.5-llID disposable syringe filter. For TN"! determination, the initicl absor­

bance of the filtered extract at 540 run is obtained using a field-portable spe-=ttopho­

tometer. Then a 2S-mL extrac aliquot is reacted. with. either a pellet of solid potas­

sium hydroxide and approximately 0.2 g of sodium sulfite, or with one drop of 

EnSys reagent, in a glass' vial with a Teflon-lined cap. The vial is shaken for three 

minutes to allow the reac:ion to take place me the extrac: is filtered into a cuve~e. If 

a visually detenble pin..~-red color is prese."1.t, a final absorbance measu:~e:'.t is 

made, and the TNT concen~tion obtai:ted by subbctins tvvice the inital absor­

banc~ from lle fir.al absorba:-.ce a:-.a diV'iding ';y the ;-esponse fac:or obtai:lec. ::-om 

the analysis of a sta."1.Q'llQ D.l sclutict;. The :once~t:'J.tcn of T!'rT is pr~por:icnal 

to absorbance ror absorbance values below 1.0 .-\U. If t..~e absorbance is acove 1.G Al", 

the extract must be diluted a!'.d re;malvz~d. T:1is cdo~r.etric re.ac:!'O!l will also oro­, . 
duce reddish Janowskv cam:::lexes ror Tho (l),5-t:'i:urrobe!1Zene), retryl (2,4,5­

J • 

trinitroph~.yl-N-me1tyLT\itn::1ine), anc: a bh:ish Ja......owsky complex fer 2,4-Q~i 

(2,4-dbitrotolue.l'1e). Tne presenc~ of these cGmpo'..:.;."1ds at 3imilar or greater conce:-.­

trations will inter:ere with Th-r quantification. Cr. the other ha.."".c, ii Th"T is aose~t 

or in low concentration, this test can be used to p:-ovide quantitative est::nates of 

1 • L i 4-DNJr ..;... OF··nf . h' •.l..TNB, ,etry or _, • conc~ or.s :n sallS. . .2..'1., ~ ormation on ~le .us-tory or 

site contami.'1ation will i.'1dicate which of Lh.ese cOr:1pounds is present. Walsh et a1. 

(1993) have shown that by far the two most COm=1only encountered e.xplosives are 

TNT and RDX. 

For RDX determination, il lO-mL eXITilct ~liquot is passed thrOL:.g~ an Alu­

mina-A strong anion exc.l-tar.ge c:.utridgc a.t apprcxirnately 5 ml/min ~o re::\ove any 



FROM: MKM EHGlHE"R5. lHe. 
F::IX: 29 l277S28S 

~ . nitrate ion present in the extract. A 5-mL aliquot of bolUs treated extract is acidified 

with 0.5 mL of glacial acetic acid and reacted with 0.3 g of zinc dust in the barrel of a 

plastic disposable syringe fitted ....nth a disposable filter unit. The solution is rapidly 

filtered (contact betwee-n the extract and the zinc should be approximately 15 seconds· 

and not exceed 30 seconds) into a glass vial containing 20 mL of deionized (or dis­

tilled) water. The contents of a Hac." NitriVer3 powde! pillow are added and t...l,.e vtal 

shaken brier1y a.l'1.d allowed to sta.'1d for 15 minutes while the reaction ta.!es place. 
, 

Once the reaction is complete, the prese:1ce of a pcl-to-red color is indicative of the 

prese..'1C~ of RDX and the aosorba..'1ce is me3sur~d at 507 IU'r.. To obtain ~. ast.=1.ate of 

trle RDX concer.t:ation, the absorbance Ls c:.ivi~cci "n t..~e res~onse fac':o!' oo~ai ... ed , . 

frem dle analysi~ of a standard RDX solution. T:'1C conce.n.h'ation of RDX is proper­

1\......, tional to absorba.'1ce for absorbance values below 1.0 AU. Ii the absoroa.."1ce :s above 

1.0 AU, the extr:lC~ U'mst be diluted and rea..'1.alyzed. 'I1"is reaction 5eque.r.c~ '~Jl alsc 

Produce the Sa!:1e reddish-<:alored. oreduc:s if SVCX (oc:ar-,vdro-l,3r5,i-tetrar.i.::o·. , 

1,3,51-tetnzoCr,e), NG (nitrog!ycerine), :1icocellulose, PEIN (per-.taeryt.'u-::cl tee?· 

nitrate), or NQ (nicrogu.anidine) a.re prese:\t in' the soil. For cases whe:oe RDX is ab­

::it:nt or in low concentration relative to one of these other compounds, t...\Ls test ca."1 

be used to esti.r:1ate its conce...'1t::"atiOI1. 

III. STRATIGIe PLANNING 

In addition to Lhesc colorimetric methods, several immunoassay-based. on-

site m~thods have been developed ror TNT and RDX. The question after'. arises as 

to th~ advantag~~ and dis~dvantages of the two types of approaches u.n.der various 

..•
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circumstances. A detailed discu.5sion of this 'issue is beyond the scope of this proto­

col, but has bee.'1. addre~sed in detail eLsewhere (Croc.'<ett et aI 1996). A majer diifer­

ence, thoug..l-t, is the level ofspeci£icity offered by the t-.-.ro t'ypes of procedures. The 

colorimetric·b~ed methoc:i.5 desC'lbed here are class-specific met.J"ods. For instance, 

the Th'T method will detect the prese:tce of polynitroaromatic compounds and can 

be used to estimate conc~:,.tra;icI'.s ot 2,4-DNl for sites where D1T is r.ot prese~t at 

3imilar or higher concentntior.s. 'This can be important if this prop~t ingredie.."'l.t 

has been used on the site of interest. ille'lrise, the color~emc RDX ::nethod will 

detect the ?rese~ce of other nit::amines 3u6 as 1-'2iC<, ane orga:-,onibte este=s 5i.1C:" 

method was suc~essfullv used. to orovide en-site :neascre::1ents ror EMX at an im­
J • 

pact area:n Quebec Gen..T.:.i:-s e~ at 1997). 

The imrrn.:.noassay baSed :ests are =.cr~ spe<::£ic to Th"T and R!)X a."1d will :Lct 

They do have c:ossreactivities ~o sL-:1ilar corr.pol.::.ds, though. For exarr.?ie, the 

im::1unoassay RDX test has abc~t a l3% level of C"ossreaC'tivity to h'"},.c( at the detec­

tion limit. It is important to u.'1cerstand l~e level of c:ossreac~vities for l"te va::cus 

chemdaJ..s lr..at one mig..~t reasonably e..~cou...,ter a...,d these data are available from 

the manuiacr.lIers of the irn...7Lu...i.oass3'Y·based tes~. 

IV. QUALITY CONTROL 

Minimum quality control (QC) reqcireme~ts include initial demonstration of 

the on-site methods using standards in acetone, blan.'< soils, and forfJieci field blank 

5
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soils. Calibration, analysis of a rea~t blank, analysis of a field blank soil. and analy· 

sis of a fortified soil should be run eac.l" day as a part of the routine quaUty assess­

ment. Once experience' is gained with t.;,~. methods, d.aily response factors for cali­

: bration should be repeatable to :: 10%. 

Initial demonstration of c.xpabilities 

Prior to t"'\e analysis of field samples, the analyst should de!nortS;.t:"ate lh.e fol­

lowing: the ability to reproduce :espon.se factors f:om the analysis of duplicate c:aE­

orations standards, and the ability to pre?a:e and analyze blank a...."1d. fortified. soil 

samples. 

Field reagrnt b~ank 

A field re~gent bl'l1"tk saople is analyzec. ea6 cay using steps 4 to 9 (or 4a to 

9a) for Th'T and steps 10 to lS for ROX. T:"\e reag£...'1.t blarJ~ sl".oulci be :tL.'1. using tn2 

same acetone (contair,ing 3% water) that is used for sample extraction. ar.d sample 

dilution. 

Field soil blank 

A blank soil sample is a.'1alyzed eac.~ day according to the method steps out­

lined in steps 1 to 3 for sample extraction, ste?s 4 to 9 (or 4a to 9a.) for Thl dete~i­

nation/ and steps 10 to 15 for RDX deter:nination. 

Field fortified blank soil 
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An air-dried soil, pre~riously determined to be free of TNT and, RDX con­

tamination, is used for runrting the daily fortified soil test. Two separate pcrtions of 

30il are 'JSed for conducting the TNT and RDX spike/recovery testS. A 1.Q-mL ali­

quot o~ the appropriate spiking standard (400 mg/I.) is a~ded to a 2O-g portion 9£ the 

soil in a 125-mL e,"(traction bottle. The 3a.mple is allowed to stand for 15 minutes and 

then it is processed as descibed in steps 1 to 3 for extraction, and either steps 4 to 9 

(or 4a to 9a) for TNT determination, or 3teps 10 to 15 for: RDX dete.."':n.ir.a.tion. Ana­

lytial results for t.1.ese :$amples should be 2.0 mg/kg:: 10%. Initially it ·"";11 be easier 

to achieve t.'rUs level of precision with tl-d~ ~.,. test thar. wit.~ the RDX test. To 

ac...1Ueve tl\is level of preesion for t.h.e RDX test, it :.s essential to rep:ccit:.ce t.~e solu· 

tion contac': ti.!:1e wit..'1 zinc a.s closely as possible. 

V. Basic Protocol 

A. Title: Determination of Th-r/RDX in Sails 1j5L.~g Colorimetrj 

B. Introduction 

The foUowmg are simple c..~el:"ic'll :net.''1oc.s fer on-51 te deter::li."1a non of 

TNT and RDX in soil. Tne Il1e~od.s are cased Ot". dassic3.1 6emical reac::ons devel­

oped in th~ nir.ete~nth ce..'1tury; t}'Le Janowsky Re~ction for Th-r ane. t.1e Greiss_ and 

Franchimont R~actions for RDX. rn both cases, 6e development of ::l visual redcish 

color indicates t...~e pres~nce of t.i-te target ::lnalytes and the concentrations are esti­

mated using absorbance me;~urerne.."lts ilt 540 nI':". for TNT and 50i nm for RDX. 

The major interferences for both methods are c~cmic3.ls with similar functionality 

such as 2.4:-0NT for the Th"T method and hlv(X for the RDX method. 

~, 
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C. Materials and Equipment 

Reagerts and standards 

Ac.2tone, commercial grade (available in locafhardware stores) 

Distilled or, deioniz~d water, commercial grade (available in local grocery 

stores) 

Potassium hydroxi~e pellets (reaga.'"lt pde) Ql E:1Sys liquid rea~nt 

Sodium sulfite (reager.t-pde c:ystals) Q.I E.'1.Sys liquid reage-'"lt 

Alurnina-A strong a..-.i.on exc..'ange c:lrt:i.dge, 3 mL (Supelclea.'"'I :en e.xc...:'-'ange, 

#5-7092 with <1dapte: #S-i020M) 

Glac:al ac~tic acid, reage.!1t grade 

Zinc dust, reage..'"lt grade 

TNT calibration standard in ac:tone containing 3% water (4 mg-Drr/L), pre 

pa:ed from 1000 mg/t standard ~om Supeko 

RDX calibration 3tandard in acetone comaL'1ing 3% water (4 mg-RDX/l), pre 

pared from 1000 mg/l. sta..T'\aa:d f:'om Supelc:J 

TNT spiking standa:d in acetone (400 mg-TNT/1), prepared r:-crn 1000 mg/L 

sta."\darc. from Supelco 

RDX 3pih.'g 3tandard in acetone (400 mg-RDX/L), prepared from 1000 :ng/L 

sta....,.dard from Suoelco. 
Hac..~ NitriVer 3 powder pillows 

Equipme!1t ?od otber supplies 
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A.na.1ytical ba1mce capable of weighing to the nearest 0.1 g 

Field-portable speetrophot0n:te+-..ar capable of abs:orbance measurements .at 507 

nm and 540 nm 

Glass cuvettes for spec':rophotomete:', 2S-mm path length 

Extrac:icn bottles, US-mL wide-mouth plastic 

Glass vials, 4Q mL, Teflon-lined caps 

Sc.ntillaton vials, 22 mL, plastic-lined caps -­

Disposable syringes, SO mL, 25 mL, 10 mL 

Membrane filters, 0.45 ~ 0: 0.5 !l!!'I. 

Gracit.:.a~ed. cylinders, 100 mL, 25 mL 10 mL 

Gas-tigr.t liquid syringes, 10 !-Lt, 100 :-LL 

Me~su..-ing dropper sque-:a...ze=s, g:-aauated in inc:e~e:'.ts or 0.5 mL (H;Jch 21247­

10) for acetic ace. meas-..u-eme.'1t 

Mixi,."s cylinders, glas:i r 25 mL (grac.'J<lted cyiinders ·Nit.~ g:our.c g~ass 

stoppers) 

Mcasw.~"g spoons, #511-00 (for zinc dust) anc. #638..JQ (for sodium sulfite) 

(Bach)
 

Nail cli~pe!'s or scssors
 

Spatula or spoon
 

Stoowatch
. 

D. Procedure 

C"lihr~tiQn, detc:JT1ining re5FQDSl' faCiors for TNT and BDX 
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Calibration of these protol;o!.s is accomplished. by determin.ing the absorbance 

of standard solutions. ?fTNT and RDX in acetone subjected. to the procedures de­

tailed oelow in steps 4 to9 (or 4a to 9a) for Thl, and in steps 10 to 15 for RDX. For 

both TNT and RDX, the acetone used to prepare the standards must contain ap­

proximately 3% water. The recommended. concentration for these ca.libratior, solu­

tions is 4· mg/L for both TNT md RDX. Tne TNT and RD-X should be in separate sc­

Iutions and not combined into one. The regponse factors for these soIu~o!tS (using 

the 2.5-mm path.-te..."gth CT.lVette), afte: they have bee....... subjected to the procedures 

below, should be acout 0.16 AU I(mg/L) for botl'1. RF7N7 me. RF?,Dx' 

Sam?J.~ ~xtractiQn 

1. Thoroughly hOI:\oge-~e :'~e field-moist sail sampie. Wei~, out a r~ 

resentative 20.Q-g subsample and place it into a 125-mL extrac=on bottle. 

2. Me~ure 100 n1L of acetor.e (com.3inir.g 3% water) with a graduated CYl­

inder and add the contents to the extraction bottie cantai..·u..'g the soil saI:1p!e. Shake 

the soil/aceton~ slurry vigorously for a ~.um of three mi.··\Utes (the appropriat; 

shaking tiDe for a given sail is deterrr.ined by a short ki...,etic st'.ldy desc:ibed in de­

tail in the Commentary section).•J..llow t.1-te soil to settle tor at least 10 !:1i.'1utes; t.'e 

appropriate sctt:li..ng time will vary for ca6 soil. 

3. Remove a 40-mL aliquot of l'1e extTac: with il plastic disposable syriIlge, 

being careful not to disturb ~1.e settled material, rmd filter tb.e ~xtract through a dis­

posable syringe filter i.."to a 4O-m l glass vial. 

10 
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Ste,c: .For TNT de~e!1'JJinatiQn (usini solid re;l~:nts) 

'4. Place approximately 22 mL of acetone containing about 3% water into a 

specttophotor:1.eter cuvette and zero the spectrophotomete: with the wavele.'1.gth set 

to 540 nm. 

5. Pour <1pproximately 22 mL of the filtered sample extract into a spect:o­

photometer C'.l.,ett~ and obtab the absor:;'ance at 540 nm. Tnis is cailec the initial 

absorbance (A!). . 

6. Pour the extrac: ErQI:1 the C'.lvettc into a 40-!:1L glass vial and acd. one 

pe.ll~ of potassiu..'":1 hydroxid.e a.."1c. app.oxi.'11:ltely 0.2 g of 30diu::: 5uL'::2 wi:..1. a 

disposable fU:e= 1.:..l."1it to the tl? of a 25-mL disposable syri.'1.gc ar,c placa :he outlet of 

t.ie filter in ~f-(e mouth of a del.'1 C".Lvet:e. Pot:: the conte!'.:S of t.l.:e vial into the sy-

Thlge, being caref'J.1 to excluc.e any remair..ing solid and a.."'ty viscous liquid flam the 

bottom of t..:"'e vial, and filte: ~he ccnte!'.ts into the cuvette. 

7. If the filtered e.,t:"ac: has a ?ir'.k-red color, Th"T is prese.:-.:. Me~sure :'"\e 

absorba.1.ce at 540 run; t.l.Us l'e~ding is cllled the final abso:~ance (AF)· 

8. The TNT ab~or:;ance (AD/7) is c3.!culated by subtr~cting ~Nice the initial 

Twice the initial <lbsorbance is subtrac:ed. from the final absorbance in this calct:la.­

tion beCaU5i:: of the increased. bac."gro'..:."1d absorbcmce that occurs when yellowish-

colored humic substance~ Ln the acetone extract react with base. This mc:e3ses t..lte 

II
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(J bac.1<g:ound absorbanc·e by about 'a mctor of two even in t..."te abse..T'l.ce of TNT or other 

nitroaromatics Genkins 1990). 

9. The TNT conce.'1tratlon (C~) is obtained by dividing the nrr absor­

bance by the TNT response factor (RFTNT) and multiplying by 5 (L/kg); the· factor 

whic.!"t converts concCIitration in solution (mg/l) to conc~tration in 30il (mg/kg) 

(based. on i1 ZQ-g soil samp!e .md a lOQ-mL volume of '1cctone used for ex.::action), 

and fmally multiplying by t..l-te dilution :actor (DF) used to get the fi..ial aQsorhance in 
T 

t.,1ie linear range «1.0 AU). 

CiNi (mg/kg) = RF.-:-.T) .. 5 .. OF(A1Ni / 

Steps for nn dete.'"mination (using liquid EnSys :eag~~t) 

4a. Place approximately 22 mL of acetone cor.tlining about 3% water into a 

spec~ophocometer cuvette and zero the spec:rophotoI:'.ete::: with t.,~e wavele:-,gth set 

to 540 nm. 

Sa. Pour approxL.!tately 22 mL of :.....e f..lte:ed sample ext:'o..ct tnto a spect:-c­

photometer C"llvette and obtain t~e aborbanc~ at j40 n::1. This is c3.11ed t.~e iritial 

absorbance (A!). 

6a. Re::1ove the C"..Jvette fr'QI:'". the s-cec::ochctometer and add one ciroo cf. . . 
EnSys reagent to the cuvette. Swirl to thoro~ghly mix. Wait 30 s~onds to allow t.~e 

c...~emical reaction to be completed. 

7a. If the extrClct hJS a pink-co-red C010f, Th"T is present. Place the cuvette 

in the spectrophotomete: a.'ld measure the <lbsor~(\nce at 540 nm; this reading is 

called the final absorbance (AF). 

12 
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8a. The Dn' absorbmce (ATNT) is cakJlated by 3Ubtracting t"Nic2 the initial 

absorbance (AI) from the final absorbance (AF). 

Twice the initicl absorbance is subtracted f:'om the final absorbance in this calC'Jla­

tion because of the increased bac.\g:ol.U'1.d absor:'ance that occ....U's wher1. yeUowish­

colored humic substances- in the ac~tone extrac: reac: with base. Tnis inc-eases the 

bac..\grou...'1.d absorbance by about a facor of tv,ro even in the absence of Th'T or ot.~er 

nitroaromatics Ge..'1..J<ins 1990). 

is cotaL.'ec bv divic.inz ~e TNT abscr­9a. T:'1C TNT cor.ce:,.t=aticn (C~-) 
•• 40 I v 

bance bv U1e Thl respor.se fac:or (RF7"~) ar.c ::.ult::ivi..-,.cC' by 3, t.~e :aC':or which 
J a..,..... J 

converts conce:",tration in soh.:.tion (=tg-/l) to ccnce..'1.t:i1tion in soil (mz/kg) (based...,£\/ ..... ... .... y 

on a 20-g soil sarr.ple anc a 100-t:"..L vol~e of lcetone used for e.xt:ac':ionL and fi­

nally multiplying by the diluton facor (DF) \:..5ed to get t.:',e final Clesoroo.....-,.ce in l"\e 

1i.'1.ear range «1.0 AU). 

Steps for RDX determination 

10. DIOlw approximately 10 mL of filt2red. acetcr.e sm1?le exbc: into a 10­

mL disposable syr.nge, and ~ttach a disposable me!:".crane filte!' I..!I1it to t:.e tip of the 

syringe. Attach the filter unit to an ion e."cha."\g~ cl....tridge using t.he J.dapte: and 

slowly force t."1e extract through the carrr.dge J.t a flow ra~e no g:eater than 5 

mL/n\l..'lute. Use the first tWQ milliliters to ri_"ISE: the c:lrt::idge and the.n coilect 5.0 

13 
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'. , ..: 

roL'in a 10-mL g:::aduated cylinder. Add 0.5 mL of glacial acetic acid to the g:aduated. 
. . . . 

cylinder .using a measuring dropper. 

It Rez:tove the tip and plul·'1.~er from a lO-mL disposable syringe and at­

_ta~~ a disposable filter unit. Place abo,ut 0.3 g of ~.nc_~1;.st·in ..the b.ar:cl ofth~ syringe., 

Pour the contents of the graduated cylinder into the S"'JI'".nge, insert the plunge: a..~d 

mix briefly. As rapidly ilS possible, filter the e..xtTIct ir,to a vial containi"'1.g 20 mL oi 

deionized water. Contact bet"'Nee..~ the solution and t.~e zinc should be ~bout 15 s~~-
, 

onds·but not exc~d 30 seconds. An atter:1pt shcuid be made to k~ t."e re~Cion 

time for the stanc.lrd and samples as consistent as possible. 

12. Oce!1 <l Nit:'iVe:3 powee: oillow <L....d ;Jou: the contc::-.ts i!'.to t..:"'e vi~l.. .. 
SnJ.ke the vial briefly and allow to staI'1.d for 15 ::li..'"lutes. 

13. Pl~ce approximately 25 ::lL of acetone containing about 3% water £r.ta a. 

spectrophotome~:r C".lvet';e and ze:oo the spec:ropnotcrnete= wit..~ the -,."avele.'"lgt.."'. set 

~o 507 nm. 

14. It after standin<7 ror 13 r::inutes, t."'.e solution eevelcos a v:.sual oin..'.:-ta­a •• 

red color, RDX :s oresent. Po..:.: the contents of t.'1e v:al into a C"J.vette a!',d i..":.Se:": :.....e ... 

cuvette into the spec~rophatorneter. Obtair. the RDX acsorba..'"lce (ARDX) at se7 nI:',. 

You will note that unlike the TNT r:;e~oc, t.h.e:: is no requirement to obtai.,." al"'.c.. . 
subtract an initial ~bsorbance from l1.e final absorbance after color de..,elop~.e..~t. 

The re~son is that any bac<ground yellow color due to the presence of humic sub­

stanCe3 in the acetone extract is removed when t..~e extract is acidified with. ac~tic 

acid and filtered in steps 10 and 11 Genkins e:md Walsh 1991). 

, ,
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IS. Cal"..uate the RDX concentration (Caox)by diV;ding the RDX absorbance 

(Awx) by the RDX respoTI3e fac';or (RFRDx) and multiplying by S, the factor which 

. . . 
converts conc:ent:rl1tion inso2ution (mg/L) to concent=ation in 90il (mg/kg) (based 

on a 20-g30il 3ample and a 100·mL volume of acetone used for extraction), and fi­

nally multiplyi."'\g by the dilution rocor (OF) used to get the final absorba:"tce in t......e 

linear range «1.0 AU). 

C:mx (mg/kg) = (A:mx ! RFwx) .. § .. OF 

\'11. REAGENTS A;-"-o STANDARDS 

Acetone 

No special q-;ade of acetone :s reG'l.:.ueci for usc in t..:"'ese me6oc.s; the corrt=:er­• 0- • 

cal grade availa.ble in local harc.wa:e Steres is adeq-~ate. T:'1.e che.:nist:"'j of ~oth t.~e 

TNT and RDX tests requires t..:",at a minimum arno....7.t of water be prese..'1t. For soH 

sample:5 from humid regions t.."1.is poses no procle~ because t.."1er: is always surri­

ce:1t moisture in t.'-le soil a..'1d this moist'.l:e is efficie:1tly e..xt'acted by t.~e acetone. 

For arid soils, ar1.d esoecially for the calic:-aticn stanc.ard, howeve:, it :.s imcortar1.! to. . 
add about 3% water to the acetone to e:"..s~e ~.at suffide:1t wate: is prese..'i.t for the 

reaction to proceed properly. 

VIII. COMME.:.'JTARY 

A. Background information 

1. Potential inter:e:e;\ces. T:"\e on-site chemic:\l me60ds desc:ibed here we:e 

dE:\'e!oped to detect TNT (Jc."1.ki.ns. 1990) ~nd RDX (Walsh md Jenkins, 1991). These 
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me~hods, however, are not specific for these two explosives, but will-also detect 

other c.l,emicals with similar structural features. The TNT test will also detect other 

polynitroaromatic compounds, including TNB, tetryl, and 2,4-DNT. Tne RDX test" 

."Ifill also sieteet' o~e!' nitramines and organonitrate esters, including HMX, NG, 

PETN, Ne, and NQ. The class-specific (rclther than compound-spedic) nature of 

these tests can be a potential source of interference for the rru:thod, or e:-.able ':he c.e­

tec.:.on of othe:- explosives not detee:abte ~mg :nore compound-specific method.s, 

sue-to.. as ELISA. ~"\ these te~ts are '..lsed ~o estirnate conCe:ltrations of ot.~e: dete':~-

able compou-"1.ds, :l standard ror that cor:t?ot:.nd.. shot.:ld.. be ~ed far cll:."bration. For 

exa.-:tplc, the RDX ::1cthod was use':' successfully to estirr.ate E--:::iviX ccnce~t:'3.tior'.s i...-n.. . 
soil 'l.t ~'1 Clctive fi."'ing ra.'1ge, where tI,e Ir.'.mitlon be:T.g tested was COI:lpos~d of 

h1vC< and TNi'. (Jenkins et aJ., in press). L"1 this ase, clibratian was adueved usi::g 

an HMX standard solution. 

2. Dilu::ons. YVhen f...."1al absorbance values for t...lote TI-IT and. R.:JX tests (A::--I':­

or ARDx) are ~cove 1.0, ex~c:s :\e~d to ce cHuted ane reanalyzed to abram a re!.laele 

esti=nate of TN-r or RDX cancenmtion. For both the Th'T J.."1d RDX tests, the d.il~-

tion ~ US~ aceton~ containing 3% !Vater to ensure :hat suffic:ie.'1t wa:e: is pres~:-,: 

for :he reactions to proceed properly. 

BeCilUSC conce.."\trations of TNT and RDX in soil can vary from low mg/kg to 

percent levels, required dilutions can vary over many orders of magnitude. An effi­

cicrtt me:~had of obtu.ining high dilution r:tios for extracts from highly contami­

nated soils has been to use either lO-llL or lOO-~lL glass liquid 5y:-inges and 25-mL 
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. glass mixing cylinders. Using this t~i.ni.que, dilutions as greit as 1:10,000 (2.0 ~L to 

. . 
20 mL) em be mildc :l.eC'.lr.lte1y md e£fic:.ently under field conditions. 

3. Kinetic extraction study. The rate of extraction of Th'T and RDX from soil 
. . . 

0..'" vary substantially from soil to soil In general, ext:action rat~ are slower for 

clayey seils t.1un for S<U1dy soils, and ror sow with low concentrations (low mg/:<g) 

of nIT and RDX compared. wit.~ those containing high cOrtcenttations (% Iev~ls). 

At the beg'.nnirtg of eilc.~ new field <lC':ivity, t.r..e follow.ng ki.."\etic study shocld be 

conciucte-: with t..."ie first field sample th<1t gives a positive C~?onse. Do iJ..Q.! cond'..:.c: 

a k:...'1.enc 3t"..lc:.y wHh a spiked soil, as it dces not behave like a fidd-contami..-:atec so~ 

wit.lot respect to extraction kir.etics. 

~~rne.'1. th~ first sample that gives a positive response is ide..'1tiEed,.a separate 

20-g subsarnoIe l5 exrrac:ed to assess the e.'ct:::C1.ctlcn time required to ac-:.ueve an ac­

ce?oble axe-action. The 3a::lple is placed in a 12...,~mL c."ctracticn bottle and lOa rnL or 

ilcetone acic:.ed. Tne sample is sha.ke.." for th:ee minu~~, the soil allowed to settle, 

ar.d 3 2S-mL aliquot of extr~c: rem<?ved. This ext:act is processed as desc:ibed. for 

Thl or RDX ar~ysis, depend~"1g-Qn which analyte haC. teste-: positive. If bot.~ teste':' 

positive, usc the TNT test for this assessment. The 125-=:-,L bottle contJ.irtir.g the soil 

ane the rC:!l;rir.ing is mt of e.xtrJ.ct is shake.."l periodicJ.lly for 30 minutes, the soil 

allowed to gettle, and an additional 25-mL s~mpIc wit.~dr<lwn and pcocessed as. 
above. Tne 125-mL bottle is theli shak~n periodically for a."\ additional 30 minutes, 

the soil <l.llowed to settle, :l.nd :l. final 25-mL aliquot removed and processed. as above. 

F:om these anillvtic:l.l resclts, a dec:sion is made on whethe:: the thrce-minute ex-
I 

17
 



F~aM: MKM ENG[NEE:R5. [NC. FAX: 23l277:iZa:r A~r-Z7-99 rUE! la: 19 ? AGE:: I a 

(:) . tradon tiI:'te is adequate or ~Nhether the 30-minute or one-hour extraction. time. is. ... 

necessilryto obtili~ an adequate extnction. It should b~ kept in mind when making 
.. 

thi.s CU5e3sment that the major 30lJrce of arialytical uncertainty will be s~plin8 e::" 

ror due to the heterogeneity of distribution of Thl and RDX tn the soil ae.~ et 

·al., 1996). Requiring a 3G-minute or one-hour extraction to improve recovery by only 

a few perce!'It is unnecessarf. rn conduC':i-"'\g the study desc:-.:bed above, a single sub-

sample must be used throughout; if se:'<lrate subsamples we:-e ~d; h~e:ogeneity 

could distort the results. 

B. Def.nitions 

Th-r - 2,4,6-tr.:Iti~QtQluene 

RDX - l,3,5-hexahyd:o-1,3,5-trinitrotriazine 

ffiyfX - 1~5,7-o~ahy'dra-l,3":,7-tet:-anitrotet:azoc.rLe 

2,4-DNT • 2,4-dinitrotolue."\e 

C. Safety 

The most significant pote;.tial safety haz~rd associated with these protocols is 

due to t.'le explosive proper'ies of Thl. ar-.C RDX. A st'.J.dy reported by K..-istoff et al. 

(1987) indicated that soils contarrinated wit.~ conce:1.trations of 12% or greate.: of 

Thior RDX wete subject to detonation. L", gene::!l, soil concentrations above 10% 

are considered reactive. 

Acetone 15 a flammable orgar,ic solvent '.'lith a boiJing point of 56°C (133°F), a 

flush point of -18°e (-D. 4°F), and with f1a~...-nable li!:'\its between 2 and 13% in air. 
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~ such, it should no~ be wed near an ope:t fuune or any extremely hot sur:ace. The 

threshold limit value (nV) for acetone in air is 1780 mg/m3
• 

Potassium hydroxide is a strong base and con~c: with the skin should be 

avoided. 

Eye protection should be used when using organicsolve.'1.t:3 3UC."l as acetone 

and stong base suc..~ as potassium hydroxide. 

O C ';-; 1 t, n ..o. parame ers. 

In oreer to obtain :eliabie Thi and RDX conc~!".t:"aticn esti;":"lates f:OI:'. t.'-:ese 

on-site met.f-tcds, it ~ irnpcr:ar.t to a....... estacbh ~,,<t:<:lc'ion time based Qn :"~e shc~ 

ki."\etic srucy de:sooed in Sec':ion "1/11 A 3 above. For SCt:ie soils, a three-~.in.t.:.te ex­

traction time is, adequate while for other3 a. thi.."ty-rr.inute extraction time is nec~-

sary to obtain an "extracticn efficie.'i.CY that approaches that for the 18-hour ult:asonic 

extraction usee i..'1 t."1.e standard labcratory met.J...cd (5"01846 Method 8330). 

Tne ::tost c:itic:u parameters for t..t....e Thl' test is to have at least 3% wa~er i:\ 

the acetone stmdards and extracts :or fo.:ll color develoomer.t. T:le RDX method.. 

also requires at least 3% water for :apid. color devel0pr:'\ent. The other citical pa-

r.unete: [or the RDX test is l\.,.e cont'act ..ti..-ne of the ~cd.i£ied extract with the tii-LC 

metal. U the contact time is too long, a low valt.:.e for RDX will result. If CQntac: 

times exc~~d 30 seconds for il..."'1y reason, the sa=.ple should be reprocessed. 

E. Anticipat~d results: Agr~ment of on-site methods with EPA Method 8330. S€v­

eral studies have compared the agreement of t.~e colorimetric TNt meLl-tod with 
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those from amlY3~ of separate 5ubsamples using the rev'ersed-phase HPLC method 

. desc:ibed in EPA Method 8330 (USE?A, 1995). Myers et al. (1994) coml?ared reSults 

using 99 soil samples from the Naval Surface Warfare Center, Crane. Indiana. No 

false :legativeg were observed for the 14 samples with TNT concentrations above the 

~eteC':ion limit of 1 mg/kg. The results for 66 samples ~alyzed by EPA Method 8330 

were less than 0,3 mg/kg and, or the~, the c:olodmetric me+-....t,:od produced only +;HO 

false positives. In another study. Je..T1.kir..s et al. (1996) compared the agree;ne!'tt of re­

mlts for 42 3arnples from six nrr-<:ontazrtinated locations at thre-e installaticr..s; 

conCe:lttations in t.....ese silmples v<lrie~ ave: 5,ve orcers of rnagnib.lCe. Cor:elation 

analysis incicated tl-.at the ag:-ee::-.e."1.t "NJ.S excellent; the slo~e of the best ::c !i..'\ear 

. l' 0 87 '.' 1 .' 'R . • 0 979reg!e5S10I"• ...:...."e was. Wl:"1. il COr.-C.il'lOn c:Je:....c.e:".t or . , . 

The:e has been lcss field vilidJ.tlon for the: RDX on-site !I\e:t.~od. Howeve:, 

Marcos et al. (1995) report t.......at the procedure was ad.equate ror c..'arac~e:ization of 

soils from a.'\ eX'Closives washout lagoon. More rece!"ttlv, Jenki.11s et aJ. (~S:97) COI":1.­.. , 

pared t..~e results using this color;met:ic method for I-IMX dete~ir,ation Ve:-SU5 

those from usil1.g E?A Method 8330. A total of s..; samples was compared w:th con­

ce..'1.trations between 1 and 2000 mg/kg. Cor.-elation analysis was used anc: the slope 

of the best-fit lL.~ea.r regression I.L.i.e was 0.99 with a cor:elation coefficie.'l.t of O.97L 

G. Time considerations. Total analysis time for either t.~eTNT or the RDX deter­

mination using these protocols ranges bet'Heen 30 minutes and an hour, depending 

on the extraction time used. Samples nn be hatched and processed in groups of six. 
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() .A 3ingle trained analyst ·c~ be: ~~cted to complete a.bout 25· samples pe= day for 

TNT andRDX. 
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Table 1. Detection limit, linear range, accuracy and precision for colodmetric on-sLte 

'~._., methodsfor TNT and RDX. 

Method MDL· Linear Range"· AcCUI'acy7 Prec'.ston
(mg/kg) (mg/kg) (% RSDtt) 

TNT 0.7 0.7 -22	 0.919­ 14.j-· 
l.05++t 

RDX 1.4 l.~ -20	 0.988t++ 

.. Method detection limit
 

•• Linear range without dilution of extrac:. Dilutions should be mac-e With acetone
 

containing 3% wa~er.
 

t Slope of reg-r~sion relationship bet'N~n on-site m~~~oci and SW846 Met.."'.oci 83';0.
 

tt Pooled relative standard de'Tiaticn
 

..... Jen..1dns e! al. 1996
 

~ Jenkins et al. 1997
 

.....1\.
~ 
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A presentation developed for the EPA Technology Innovation Office and On-Site In-Sights
 
Workshops for innovative field characterization technologies, 1998
 

Overview: 

These training notes provide a brief introduction to x-ray fluorescence (XRF) analysis of soils. XRF
 
has been used to characterize a broad range of materials for over twenty years. Recent advances in
 
digital electronics and semi-conductor technology has yielded very portable XR.F analyzers for field
 
analysis of many sample types including soils. These notes will cover the following subjects:
 

1. Introduction to XRF, basic theory of operation 

2. EPA Method 6200 

3. Field use of XRF analyzers for soil 

o In-situ testing 
o Pr~pared sample (or ex-situ) testing 

4. Basic quality assurance and sample preparation strategies 
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During the training session, most of the time will be spent performing measurements on prepared and 
unprepared soil samples with XRF instruments provided. 

1. Introduction to XRF 

Basic Atomic Structure: 

A model of an atom is shown in Fig. 1. In this mode~ the atom consists of a nucleus occupied 
by protons and neutrons. Surrounding this nucleus are negatively charged particles called 
electrons. In this, the Bohr model of the atom, it is assumed that the electrons orbit around the 
nucleus of the atom in fixed orbits, much like the planets orbit the sun. While this atomic model 
is not phyiscally accurate, it is perfectly satisfactory to explain most of the principles 
encountered in x-ray fluorescence analysis. For an uncharged atom, the number ofelectrons 
equals the number of protons. For each element, the electrons are orbiting tJ1e nucleus at 
different energy levels. These "orbits" or "shells" each contain a specific number of electrons. 
The shells closest to the nucleus get filled first and the shells get filled from the inner-most to 
the outer-most shell. Shells are named with the inner-most being the K-shell, then L-shell, etc., 
alphabetically named. The K-shell electrons can be thought of as having the lowest level of 
stored energy. The further out the electron shells are, the higher the energy level they have 
stored (the L-shell electrons have more stored energy than the K-shell electrons, the M shell 
electrons have more stored than the L shell, etc.). 

Figure 1. Bohr model of the atom, with 
nucleus ofprotons and neutrons. Nucleus is 
surrounded by electrons in orbit, much like 

the planets orbit the sun. 

What is X-ray Fluorescence? 

X-ray fluorescence can be viewed as a three step process. In the first step, as shown in Fig. 2, 
the atom is struck by a high energy photon, such as an x-ray or gamma-ray from a radioactive 
source. 

In the second step, when the x-ray or gamma-ray has sufficient energy to knock electrons out of 
the atom, either a K-shell or L-shell electron may be ejected. The NlTON XRFs measure these 
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fluorescent electrons. In the NITON XRF, the photons of energy that cause fluorescence is 
provided by either a cadmium-l 09 and/or an americium-241 radioactive source in the 
instrument. The cadmium-l 09 is a source of photons at 22.1 keY, 24.9 keY, and 88.0 keY. The 
americium-241 source provides 59.6 keY gamma-rays. 

In the third step ofx-ray fluorescence, the vacancy that is created from the electron being 
ejected is filled by a more outer shell electron. In dropping to the lower energy level, the 
electron gives off energy in the form of an x-ray. Ifa k-shell electron was ejected., the electron 
that jumps down to fill the vacancy emits a k-shell x-ray, ifan L-shell electron was ejected., then 
the next highest electron in orbit emits an L-shell x-ray in order to jump down and fill the L­
shell vacancy, etc. 

_ Figure 2. The three step process descnbing x-ray fluorescence. 

The choice ofradioactive source depends on what elements you are trying to measure. 
Cadmium-l09 sources are suitable for excitation of the K-shell or L-shell energies ofmany 
other elements. Examples include five of the eight RCRA metals - arsenic, chromium, selenium 
via their K-shell x-rays and lead and mercury via their L-shells and K-shells. Other elements 
often tested with a cadmium-l 09 source include zinc, copper, nickel, iron vi~ the K-shell x-rays 
and gold, uranium via the L-shell x-rays and K-shell x-rays. Americium-241 is used for K-shell 
fluorescence of cadmium, silver, barium, tin and antimony, but other elements are possible. For 
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environmental purposes, XRF instruments with both sources - cadmium and americium - are 
ideal since they produce x-rays from all eight RCRA metals. 

Turning the x-ray fluorescence into something useful: 

During testing, all the various metals within a soil sample are fluorescing. The XRF instrument 
must use this fluorescence to identify what elements are present and their concentrations in the 
sample. 

XRF analyzers use x-ray detectors, electronics, and on-board microprocessors to quantify 
various levels of elements in a sample. Remember, each element produces a fluorescence x-ray 
at a unique frequency (or energy). Detectors respond differently to different frequencies of x­
rays. The electronics connected to the detector use this differing response to determine the 
frequency of every x-ray that enters the detector, and how many x-rays at each frequency strike 
the detector. By determining the frequency, the XRF device knows what element emitted the x­
ray since elements all have unique x-ray emission frequencies. By determinin-g the total number 
ofx-rays at a particular frequency during a given amount of time, the device can determine the 
concentration of that particular element in the sample. 

2.	 Regulatory Status - EPA Method 6200: 

An EPA Reference Method, incorporated into SW486 under RCRA, is now available for field 
portable XRF analysis of soils and sediments: 

Method 6200 "Field Portable XRF Spectrometry for the Determination of Elemental 
Concentrations in Soil and Sediment. 

Features of this method: 

1.	 It is a field screening method, for analysis of in-situ or bagged samples. Developers of the 
method cite field studies indicating that variability in contaminate concentrations over 
small distances greatly exceeds instrument measurement variability. Thus, the method is 
used to thoroughly characterize a site. A large number ofscreening-level measurements 
provide a better characterization than a small number ofmeasurements produced by 
sample removal and analytical analysis. 

2.	 The method provides basic quality assurance methods, including calibration verification, 
determination of instrument precision, accuracy and limit of detection. 

3.	 The method recognizes the some XRF instruments do not require site-specific calibrations 
by the operator, that is, the factory cahbration provides appropriate data quality. 

4.	 The method recommends that a minimum of 5% of all samples tested by XRF be 
confirmed by an outside laboratory using a total-digestion EPA analytical reference 
method. 

The method does not provide a technique for sample preparation (NITON Corporation is 
authoring an ASTM Method for sample preparation), or a method to determine data 
quality ofin-situ testing results. This manual provides that information in Sect. 4. Please 
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contact NITON Corporation for a copy of this method., or view it here. 

INn-ciNll 
NITON 3OOseriesl700series On-Line Manual 

3. Field Use of XRF Analyzers for Soil: 

Field portable XRF is generally used in three ways to test for metals in soil: 

o In-situ soil testing, 

o Bagged soil sample testing 

o Testing prepared soil samples. 

In general, in-situ and bagged sample testing are considered field screening methods. In-situ 
testing is still a very valuable tecfuzique because it is a very rapid testing method cuul screening 
methods cmz generate a great deal ofdata very quickly. Common usage and benefits of in-situ 
testing are provided on the next page, in Advantages of Field Screening with XRF. 

To achieve analytical-grade data quality operators usually (but not always) must prepare the 
sample by sieving and perhaps grinding it. It is important to understand your data quality 
objectives (DQO) in order to determine the appropriate mix offield screening versus prepared 
sample testing. Examples of in-situ testing and prepared sample testing are shown Figures 3 and 
4. 

Fig. 3. In-situ testing of soil by placing XRF directly onto the ground.
 
This type oftesting is generally screening level data qualit.Y.
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Fig. 4. Prepared sample testing using XRF. With proper sample homogenization, 
analytical grade testing data is usually achieved. 

In-situ testing usually only provides screening-level data quality. This is because analytical 
testing always requires a uniform, homogeneous sample matrix. A laboratory achieves this by 
digesting the sample into a hot acid before analysis. Testing directly on the ground does not 
ensure uniformity is met. Two methods often used to determine the data quality of in-situ 
testing, relative to well-prepared samples, is given in the section titled Basic Quality 
Assurance. 

Advantages of Field Screening with XRF 

1. Focus sampling for laboratory analysis. 

Operators can profile a site with in-situ testing in order to determine a sampling plan. 
Sources of contamination can be located very quickly. Contamination boundaries can be 
established. Regions oflow and high contamination can b~ delineated. Even main analytes 
of interest can be determined. Sample collection can then be concentrated in regions 
where contaminants are below or near cleanup levels. There is little need for off-site 
analysis ofsamples that the XRF reports as being above the clean-up levels. The cost 
reduction in off-site analysis easily justifies the up-front price of the XRF. 

2. Assure site meets clearance levels before contractors leave the site. 

By combining in-situ and prepared-sample XRF testing, you can eliminate failed clearance 
tests. Before samples are sent to the lab for final clearance, XRF operators can prepare 
and test the same samples on-site because XR.F is non-destructive. Provided the XRF 
reports levels below clean-up standards, operators can be assured that. the lab will concur. 
XRF operators should always use prepared samples for this analysis. This procedure 
virtually guarantees clearance criteria will be met. Benefits include: 
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• The contractors can leave the site earlier thus reducing costs. 

• Pre-testing prepared samples with XRF has assured that the lab will report levels 
below cleanup criteria, which reduces cost since the contractor will not be called 
back to the site for additional cleanup. 

3. Minimize volume of hazardous waste for treatment or disposal 

Samples can be constantly evaluated on-site with field portable XRF to be sure only soils 
with contaminant levels in excess ofcleanup levels are being treated or removed. Also, 
samples can be analyzed on-site to determine ifwaste will pass/fail TCLP testing. Soils 
that pass this procedure can be disposed at a non-hazardous waste land.fi11, generating 
enormous saVIngS. 

4.	 Basic Quality Assurance and Samp1e Preparation Strategies I
f This section is intended to provide basic quality assurance steps for XRF testing. This is mainlyt 

on overview. All manufacturers provide training (usually free) to cover these topics in depth. 
Please contact the manufacturer of the instrument for a detailed quality assurance plan or to1	 attend the next available training session. 

Two Important Rules of Thumb: 

1.	 Never report XRF results as being below cleanup levels based solely on in-situ XRF test 
results. Always perform some sample preparation to support these results. It is a good 
idea to confirm at least 5% ofresults via laboratory testing. In general in-situ XRF results 
will be lower than results from prepared samples, or from laboratory results. EPA Method 
6200 recommends a minimum of 5% confirmatory analysis. 

2.	 Always evaluate the data quality of in-situ testing results using one of the methods 
descnbed in detail below. 

Quality assurance can be broken into three main areas: 

1.	 Proper verification of instrument operation 

2.	 Determining data quality of in-situ testing, and amount of sample preparation required to 
achieve analytical data qu3lity. 

3.	 Proper sample preparation and testing for comparison to reference laboratory analysis. 

~ 
'j 1.	 Instrument verification: 1 
·f 
j, 
.' 
~	 

Quality assurance here constitutes testing of known standards to verify calibration, testing
 
ofblank standards determine limits ofdetection and to check for sample cross­

contamination or instrument contamination. EPA Method 6200 provides a detailed
 
procedure.
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2. Determining data quality of in-situ testing: 

For operators relying extensively on in-situ testing, it is extremely important to determine 
the data quality of this testing at a given site. XRF operators generally follow one of two 
procedures to determine data quality of in-situ testing: 

1.	 Direct comparison ofin-situ test results to laboratory results to determine 
correlation curve. 

2.	 For subset of samples perform stepwise sample preparation to determine the effect 
of sample preparation on XRF testing results, and compare XRF test of fully 
prepared sample to laboratory analysis of the same sample. 

Method (1) for determining data quality of in-situ test results: 

Direct comparison of in-situ testing to laboratory testing 

Operators will pick a number of testing locations and take several in-situ XRF 
measurements in that location. Or a sample can be collected and bagged, with several 
XRF tests performed directly into the bag. A sample is then collected from the testing 
region and sent to a laboratory for homogenization and analysis. (Or the bagged sample is 
sent). The average result from this series ofXRF tests is plotted against the laboratory 

- --~ 

result. A correlation curve is determined, and this curve is used to "correct" future in-situ 
testing results from the site in question. The correlation curve developed from this 

~ analysis incorporates bias in the XRF result due to the lack of sample preparation. In this 
way, the bias from in-situ testing is removed, on average, from the in-situ test results. 

As an example, in-situ testing data for zinc in soil is shown in Fig. 5. A direct comparison 
of the in-situ XRF results to the laboratory results reveals a consistent bias in the XRF 
data. Based on the least squares fit shown in the graph, the laboratory result is on average 
about 35% greater than the XRF result. This bias exists because the soil was not prepared 
before XRF testing, and particles like small pebbles in the soil surface "shielded" the zinc 
x-rays from reaching the detector. However, the comparison reveals a well-behaved 
correspondence between XRF and laboratory results. For this site, operators relied on 
extensive in-situ XRF analysis, but used the correction factor of 1.35 to correct in-situ 
results. This is a good example of using a direct comparison between initial in-situ XRF 
data and laboratory analysis to then gather a large amount of in-situ XRF data for off-line 
correction. 
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Figure 5. Comparison of in-situ XRF results for zinc in soil to laboratory results. 

Method (2) for determining data quality of in-situ test results: 

Stepwise sample preparation to determine data quality of in-situ testing. 

The purpose ofthis protocol is to determine the amount of sample preparation required to 
get quantitative, as opposed to screening level, data quality. The basic strategy is to 
perform increasingly rigorous levels ofsample preparation, followed by XRF analysis 
each time, until the XRF result stops changing. This protocol is not intendedfor every 
sample, but rather for a smallpercentage ofsamples considered representative ofthe 
site. Ifthe operator can demonstrate that quantitative data is achieved with little or no 
sample preparation, then the site characterization will be completed much more quickly 
but correctly. 

For example, an operator may be able to demonstrate that the XRF result changes 
considerably when samples are passed through a 2 mm sieve, but that XRF results do 
NOT change appreciably upon finer sieving. In this case the operator can conclude that 
good XRF data is achievable with only 2 mm sieving. Sieving only to this level requires 
far less time than a more robust sample preparation. A protocol to determine the 
appropriate level of sample preparation is the following: 

1.	 Delineate a region of soil approximately 4" x 4". 

2.	 Perform several in-situ tests in this area, or collect the top (approximately) quarter 
inch of soil from this region, bag the soil, test through the bag. In either case, 
average the results. 

3.	 Ifyou did not bag the in-situ test sample, collect the top (approximately) quarter 
inch of soil from this region and sieve through the 2 rom sieve provided. Otherwise 
sieve the bagged sample used for the in-situ test. Thoroughly mix the sieved 
sample, and place some of the sieved material into an XRF cup, and perfonn a test 
ofthis sample. 
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4.	 If the results of this prepared sample differ less than 20% with the average in-situ 
result, this indicates the soil in this region is reasonably homogeneous. The data 
quality in this case is probably at the semi-quantitative leve~ rather than just 
screening data 

5.	 If the results differ by more than 20%, this indicates the soil is not very 
homogeneous, and there are serious particle size effects affecting your in-situ 
measurements. 

6.	 In this case, sieve the sample through the 250 -m sieve. Mix this sample and place 
a sub-sample into an XRF cup for testing. Ifthis result differs from the previous by 
less than 20% then this indicates that at a minimum the 2mm sieving is necessary to 
achieve higher data quality. 

7.	 Ifthis result differs by more than 20% from-the sample sieved through 2 rom, then 
particle size effects are still affecting the XRF result. In this case samples should be 
sieved through 125 ~m to assure data quality at the quantitative level. In our 
experience, sieving through 125 ~m is always adequate to assure a quantitative 
data quality level. 

3.	 Comparison of prepared XRF samples to laboratory analysis. 

As shown in Fig. 6, comparison ofXRF analysis ofprepared soil samples generally yields 
very good agreement with laboratory analysis, provided proper sample preparation and 
handling is performed. The data shown is from a NITON 700Series XRF used within the 
EPAlead laboratory accreditation program (ELFAT). In this program participant 
laboratories (including field operators) receive quarterly samples for analysis. Results are 
reported, and compared to reference laboratory results as a means for laboratories to 
gauge their measurement accuracy. 

The data shown below are several rounds ofanalysis where NITON operators 
participated in this program, to demonstrate that field portable XRF can routinely meet 
EPA lead laboratory accreditation requirements for prepared samples. It is important to 
note that samples sent to participant laboratories are homogenized and ground to 125 ~m 

particle sizes or less. 
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Figure 6. Comparison ofXRF results to laboratory results 
for prepared soil samples. 

Some XRF operators compare prepared XRF analysis to laboratory analysis to 
demonstrate the accuracy of XRF analysis. This is most often done to satisfy regulatory 
or client demands for defensible data. Please note this is different than the above 
comparison of in-situ results to lab results. In that case it is expected that the results will 
differ, and the goal is to determine an overall correction factor. For prepared samples the 
operator is attempting to make a direct comparison of the absolute XRF result to the 
laboratory result to show no further corrections to the data are required. 

Sample preparation protocol 

For this type of comparison always use thoroughly prepared samples before XRF testing. 
One possible sample preparation protocol is described in Fig. 7 (next page). This protocol 
guarantees that the test results are being compared properly. WIthout such a preparation 
protocol there is no way to assure that the samples being compared are identical. Use of 
this protocol for prepared-sample XRF analysis generally provides analytical-level data 
quality. 
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ABSTRACT 

Field portable x-ray fluorescence (XRF) continues to gain acceptance as a complement to traditional 
laboratory testing of metal contaminated soil. The quality of data produced by field XRF varies with 
site conditions, soil composition, and sample preparation. Quality assurance protocols for the field 
method usually require that a number of field samples be split and sent to a laboratory for 
confirmatory analysis. This confirmatory analysis can provide valuable information of the effectiveness 
of the field methodology. . 

We present field and confirmatory data from a variety of contaminated sites that show the 
effectiveness of field XRF under different site conditions, with different methods of sample 
preparation. In general, we find that field sample preparation (drying, grinding, sieving, 
homogenization) signmcantly improves data quality, compared to unprepared, in-situ measurement. 
The level of data quality provided by rapid, low-cost in-situ or abbreviated preparation methods can be 
predicted in the field by the comparison of representative field samples to fully prepared split samples, 
and can be proven by laboratory confirmation. 

We find that the method with which one performs sample splitting for confirmatory analysis can 
greatly affect the correlation of the field results to the laboratory results. Unexpectedly poor 
correlation often arises from the introduction oferror in the confirmatory sample splitting and sample 
handling procedures, and which may be misinterpreted as a deficiency of the field method. We discuss 
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ways to avoid the introduction of such error. We also discuss how to use confinnatory analysis to 
determine the quality offield-obtained XRF data, and we discuss procedures for comparing the field 
XRF method to the laboratory method. 

THE UTILITY OF FIELD METHODS 

Field methods can offer significant advantages over laboratory methods, provided they are sufficiently 
accurate and well-documented to support field decision-making. Field analysis is frequently less 
expensive per sample than laboratory analysis because ofless need for sample handling, transportatio~ 

and chain-of-custody documentation. In addition, the rapid analytical turn-around ofa field method 
can provide timely support for field decision-making, and greatly reduce overall project cost. The 
lower cost-per-sample allows for denser, more complete sampling. And field methods offer the ability 
to rapidly delineate contaminated areas or "hot-spots", supporting interim control measures and 
guiding remediation. 

Field portable x-ray fluorescence (XRF) is an exemplary field method, offering extremely rapid, cost­
effective screening of heaVy metals in soil by in-situ measurement. It is also versatile enough to 
provide ex-situ, prepared-sample analysis in the field with accuracy that can rival that ofstandard 
laboratory analysis. Even in cases where laboratory analysis is requir~ field XRF can be used to 
rapidly pre-screen samples (directly through the plastic sample bag), to obtain the optimal utility from 
the laboratory sampling effort. Since XRF is completely non-destructive, any sample collected and 
measured in the field can be retained for verification by a laboratory. 

While field XRF cannot generally provide the low detection limits attained by laboratory methods, it
 
can often provide detection limits well below regulatory levels. For example, field XRF can easily
 
provide detection limits for lead-in-soil of less than 100 ppm, well below typical regulatory levels of
 
300 to 1500 ppm. [1,2,3] 

FIELD SAMPLE PREPARATION FORXRF 

The in-situ XRF measurement requires little or no sample preparation. Although the instrument can 
measure undisturbed. soil directly, we recommend a minimal preparation protocol. First, the field 
operator should remove any debris, such as leaves, twigs, grass, and stones, from the measurement 
surface. Second, the operator should loosen the soil to a depth of 1.5 to 2.5 em over an area ofat least 
10 cm diameter, and stir the loosened soil to achieve some homogenization. The loosened soil may be 
allowed to dry in the sun for a few hours before the measurement, to improve accuracy. Just. before 
the measurement, the operator should mix and level the loose soil and pack it down gently. For 
improved accuracy, the operator may screen or comb the loose soil with a 2 mm mesh to remove 
stones, roots, broken glass, metal fragments, paint chips and other such objects. 

Ex-situ measuremerit offers a variety of sample preparation strategies. A core sampling device may be 
used. to collect the sample to a well-defined depth. A composite sample may be formed by combining 
soil from several spots in the sample area, mixing thoroughly before measuring. The sample may be 
dried by spreading it out on a paper and exposing it to sunlight and air, or by using a small field stove 
or oven. The dried sample can be screened with a 2 mm mesh to remove large objects, and placed in a 
sample bag, or prepared further. The ultimate field sample preparation for XR.F is to grind and sieve 
the soil to reduce the particle size to less than 0.250 mm (or preferably to less than 0.125 mm), 
homogenize well, and then sub-sample 3 to 5 grams of the dry, well-ground soil and place in an XRF 
sample cup for analysis. 
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The various stages of sample preparation require time and effort, but provide improved measurement 
accuracy. Core sampling improves the accuracy of the sample definition. Compositing increases the 
sample support, improving the sample's ability to represent a particular sample area, or "sampling 
unit". Drying the sample removes the diluting influence ofmoisture, and facilitates further sample 
preparation stages ofgrinding and sieving. Screening the sample with a 2 mID mesh removes the 
influence oflarge non-soil particles. Grinding facilitates thorough homogenization of the sample, 
reducing the effects offundamental (particle) error and XRF particle-related bias. Sieving with 
grinding assures complete and accurate particle size reduction. Thorough homogenization assures 
accurate, unbiased sub-sampling. And the XRF sample cup assures consistent, accurate sample 
presentation to the XRF instrument. A companion paper[4 j discusses the importance of particle-related 
effects and their control in detail. 

QUALITY ASSURANCE FOR THE LABORATORY AND FIELD .METHODS 

Quality assurance (QA) is a basic requirement of any analyticahnethod. No measurement has value for 
decision-making unless its 

T 

accuracy is known and understood. A quality assurance program should 
aim to assess the quality and accuracy of all stages of the measurement process, from sample selection 
and collection through sample handling and preparation and analysis. Significant levels of error can 
occur at all stages in the measurement process, and accuracy requires that errors at all stages be 
controlled.. Laboratories concentrate a great deal of effort on their QA programs, which assess and 
control laboratory sample preparation and analytical error. At present, relatively little QA effort 
focuses on sample collection and sample handling. That is a pity, because much, unot most, of the 
overall measurement error occurs in the fiel~ not the laboratory. Ifwe do not assess the errors in the 
field stages, we cannot know the true accuracy of the laboratory-based measurement. 

QA programs generally include calibration checks at several concentrations (typically at "background" 
or low-level, and at moderate to high level), and replicates (collocated or split samples) to assess 
variation. QA for a field method usually includes verification or confirmatory analysis ofsome 
samples, typically by laboratory. Laboratory confirmatory backup may be required. for field methods 
used in decision-making, and assures that the field method is appropriate, effective, and of sufficiently 
accurate for its purpose. For in-situ XRF, the accuracy can vary significantly from site to site. Fully 
prepared. ex-situ XRF offers the potential for field-based verification of the in-situ XRF method. 

The laboratory confirmatory method should match the field method as well as possible. For example, 
since XRF is a total element metho~ the confirmatory method should also be a total element method. 
For lead., most laboratories use atomic absorption spectrometry (MS) or inductively coupled plasma 
atomic emission spectrometry (ICP-AES). Both ofthese methods require that the soil sample be 
introduced to the instrument as a solution, so the lab must perform sample extraction or digestion. 
Laboratory analysis of total lead requires a strong acid total digestion to achieve complete dissolution 
ofthe sample. Weak acid extraction and leaching-based methods, such as the toxicity characteristic 
leaching procedure (TCLP), are not appropriate confirmatory methods for the total element XRF 
method. The most appropriate confirmatory method for XRF would completely digest silicaceous 
minerals, as does EPA draft method 3052. However, total digestion is relatively difficult and 
expensive, and seldom used in environmental analysis. More commonly used strong acid-based. 
extractions such as EPA methods 3050 and 3051 generally rec<>ver most of the heavy metal content, 
but they cannot recover metals locked within an undissolvable silicate. 

ASSESSING TOTAL 1\1EASUREMENT ERROR 
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Error includes the components ofbias and precision (or variation). It is difficult to determine the true 
measurement bias, because we do not generally know the true concentration of the contaminant in the 
sampling unit. Instead, we must be satisfied to compare our measurement results against confirmatory 
results. We can assess the total measurement precision by replicate sampling the sampling unit, and 
observing the variation of the resulting measurements. To avoid spatial bias in our assessment, we 
avoid taking replicates from identical sampling locations. Ideally, we select replicate sampling 
locations randomly throughout the sampling unit. The sampling unit is the volume ofsoil a particular 
sample is intended to represent. For example, suppose the sampling unit is a plot running along a 10 
meter long wall, from the wall to 2 meters from the wall, and from the surface to a depth of2.5 em. 
The total area ofthe sampling unit is then 20 square meters, and the total soil volume is 0.5 cubic 
meters. If the sampling protocol calls for a composite sample of 6 randomly located cores, then 
replicates should be sampled and composited exactly the same way: as 6 randomly located cores. The 
greater the number of replicate samples, the more accurately we can determine the total measurement 
precision. For routine work, it may be sufficient to take only two replicates (that is, one duplicate pair) 
per sampling unit. The precision may be expressed in terms ofrelative standard deviation (RSD), or 
coefficient ofvariation (COV), which is simply the standard deviation of the set ofreplieate sample 
results divided by the mean of the set. 

Total measurement variation may be substantially larger than you expect! It includes the variation in 
sample representation, sample collection, sample handling, sample preparation (including subsampling 
and homogenization), and analysis. Particle effects, including fundamental error, can generate serious 
variation in sampling and subsampling, depending on the particulate form of the contaminant. Soil 
contaminated by paint chips can exhIoit severe particle effects, with relative errors easily exceeding 20 

percent; this is discussed in detail in a companion paper. [4] Another significant contnoutor to total 
error is the representativeness ofthe sample collected. The contaminant is not likely to be distnouted 
evenly through the sampling unit. Ifwe ignore spatial variation and let a single point represent a large 
area, we can expect relative errors of at least 20 percent. To reduce the effect of spatial variation, we 
must "increase sample support"; composite a sample from several points in the sampling unit. The 

total measurement variance, a total2, is given by the sum ofthe individual component vancmces: 

o	 2=0 2+0 2~0 2+0 2 
total sample representation sample collection' sample handling sample preparation -;­

o 2 
analysis' 

where the 0 's denote the errors introduced at each stage of the measurement process. The error due 
to the analytical stage itself: 0 analysis' may be a minor, even negligIole contnbutor to the total error. 

Suppose our field ~ethod has an analytical error of 10 percent, while the lab method has an analytical 
error ofonly 1 percent. You might expect that your choice of field or lab method will seriously affect 
the total measurement error. Not necessarily so. Suppose the total relative error using the super 
accurate (1%) lab analysis is 30 percent. Then the total relative error using the field method (precision 
10%) ought to be 

0' total = SQRT ((30%;2- (1%;2 + (10%/) = 31.6%. 

The difference in total error (31.6% versus 30%) is of little or no practical significance. In general, a 
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component of error will affect total error only if it is large relative to the other components. If 
analytical error is much smaller than sampling and preparation-related errors (and it often is), then it 

will little affect total measurement error. 

ASSESSING THE COMPONENTS OF MEASUREMENT ERROR 

To assess the variation due to a particular stage of the measurement process, we prepare identical
 
(replicate) splits and carry the replicates individually through the stage and the remainder of the
 
measurement process. The variance due to a particular stage is calculated from the variance of the
 
identical replicate results, minus the variances due to the remaining measurement stages.
 

The easiest meaurement stage to assess for precision is the final, analytical stage. Analytical replicates 
entering analysis must be as identical as possible. For XRF this condition is particularly easy to satisfy: 
replicates can be repeat measurements of the same sample. For the laboratory, analytical replicates can 
be splits from a well-mixed digestate liquid. 

Variance due to the final stibsample and packing of the XRF sample cup can. be assessed by preparing 
replicate sample cups from a well-mixed container of ground, sieved sample material. The variance 
due to subsampling and cupping is the variance of the replicates minus the variance of the analytical 
replicates. 

COMPARING AND CORRELATING DIFFERE~lAJ.'iALYTICAL :METHODS 

Ifyou want to compare two different analytical methods, the most accurate assessment of their
 
equivalence will derive from the analysis of identical sample material. The sample material should be
 
split as late as possible in the measurement process to assure that the two analytical methods see
 
similar material. Otherwise, variance will be introduced in intermediate stages that will ultimately
 
degrade the accuracy of the assessment, even if such variance is-carefully measured and subtracted
 
from the total.
 

Suppose we wish to compare two atomic spectrometry methods, AAS and ICP-AES. The sample 
preparation is identical; both require sample digestion. So we split the sample after the digestion. The 
two methods will measure identical liquid digestate. Any difference between the two measurement 
results can then be attributed to the analytical stage, not to the sample collection., sample handling, or 
sample preparation. Ifwe wish to assess variation in the sample preparation stage, that assessment 
should be performed separately. 

Suppose instead we wish to compare AAS with prepared sample XRF. We split the sample after the 
final stage ofXRF sample preparation. The dried, ground, sieved and mixed material will split 
accurately, giving uniform analyte concentration to each method. Alternately, instead of splitting, we 
can send the analyzed XRF cup to the lab, assuring that the sample is truly identical. Of course, we do 
not compare XRF directly to AAS, but to the combination of the digestion method and AAS analysis. 
We can attIibute differences in the results to the digestion and to the analytical methods, but not to 
variation in the sample collection and handling stages. 

But ifwe wish to compare in-situ XRF with lab AAS, we must split the sample early in the 
measurement process, since the in-situ method requires so little sample preparation. We should still 
strive to make the sample splits as identical as possible. The in-situ XRF method measures a small area 
of ground, only a few square centimeters. As nearly as possible, the sample taken to the lab for 
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comparison to AAS should be removed from the same spot measured by the in-situ method. 

When we observe differences between analytical methods, we must bear in mind that significant 
variation results from the sample collection, handling, and preparation stages. We should always 
consider the big picture: total measurement error. Unless two analytical methods differ by a more than 
a few percent, the impact on total measurement error will probably be insignificant. 

EXPERIMENTAL DETAILS 

The data presented in this paper come from the study of samples from three lead-in-soil sources. The 
first source was a site around a highway bridge in Smithtown, Long Island, New York. The soil 
around the bridge had been contaminated by leaded paint that had come off the bridge through the 
aging and weathering of the painted surfaces, and through bridge maintenance activities. We observed 
viSIble paint chips in many of the samples. The second source was an archive ofMassachusetts 
residentiallead-in-soil samples collected by Environmental Science Laboratory, Inc. We believe most 
ofthe lead in these samples was derived from paint chips. The third source was a low-income 
residential tract in Northbridge, Massachusetts where lead-in-soil had been determined to be the cause 
of6 childhood lead poisoning cases. The Massachusetts Department ofEnvironmental Protection 
(MA-DEP) was overseeing remedial activities in the neighborhood at the time the measurements were 
performed. Since paint chips were not viSIble in the soil at this site, we believe that most of the lead 
was contained in finely-dispersed particles. Many of the samples measured high in zinc as well as lead, 
indicating that the likely contaminant origin was paint. The samples from the three sources represented 
a variety ofsoil types and textures, from sandy to loamy to clayey. 

All XRF data were collected with a NITON XL equipped with a 10 mCi cadmium-109 radioisotope 
source, silicon PIN diode detectorf (750 eV resolution), and the Lead-In-Soil Analysis (LISA) 
software package. The LISA software reports concentrations in parts per million (ppm) for lead, 
arsenic, zinc, and copper in soil with matrix corrections determined by Compton normalization. [1] A 
newer model, the NITON 700, offers similar performance for lead, but with expanded multiple 
element capability. 

In-situ XRF measurements were prepared minimally, by removing debris, loosening the soil, stirring 
the soil, and flattening the soil before measurement. The bridge samples ofapproximately 250 grams 
each were transported raw in heavy plastic bags and measured by the in-situ XRF method in the 
laboratory. In-situ measurements were 30 seconds in duration, adjusted for source decay. Ex-situ 
samples ofapproximately 100 grams each were field-prepared by air and/or sun drying, screening with 
a 2 mm sieve, then grinding and sieving to 0.250 mm or 0.125 mm. We measured prepared samples in 
Mylar window XRF cups for 120 seconds duration, adjusted for source decay. 

Environmental Science Laboratory (Medway, MA), an ELPAT proficient and A2LA accredited 
laboratory, analyzed the Long Island bridge samples and the Massachusetts residential samples by 
flame-AAS. The MA-DEP Wall Experiment Station (Lawrence, MA) analyzed the Northbridge 
samples by ICP-AES. Both laboratories used microwave-assisted strong acid extractions, and 
achieved recoveries of80 to 93 percent on reference materials (RMs). Since Wall Experiment Station 
reported results in mg/kg wet mass, we calculated mg/kg dry mass with water content determined by 
gravimetry. We adjusted both laboratory data sets by constant factors to give mean recoveries of 100 
percent on RMs. 

RESULTS AND DISCUSSION 
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The XRF method gave excellent performance on reference materials. (Graph 1) A set of 14 
measurements on NIST Standard Reference Material (SRM) soils and Environmental Lead Proficient 

Analytical Testing Program (ELPAT) soils gave a linear regression slope of 0.996 and an R2 of0.996. 
For the 10 reference soils with more than 100 ppm lead., the mean recovery of the XRF was 0.992 and 
the standard deviation of the recovery was 0.058, for an RSD of 5.8 percent. 

Fully prepared XRF samples showed excellent correlation with laboratory AA5 for material split after 
the final grinding, sieving, and homogenization. (Graph 2) A set of20 fully prepared XRF samples 
(oven dried, ground to 0.125 mm), including 11 bridge site samples, 6 residential lead samples, and 3 

NIST SRM soils, gave a linear regression slope of 1.004 and an R2 of 0.995. For the 17 samples with 
lead concentrations above 100 ppm, the mean recovery of the XRF relative to AA5 was 0.952 and the 
standard deviation of the recovery was 0.068, for an RSD of 7.1 percent. The subset of 11 bridge site 

samples gave a linear regression slope of 0.958 and an R2 of 0.994. The subset of6 Massachusetts
 

residential samples gave a linear regression slope of 1.010 and an R2 of 0.994. We-were pleased to
 
observe such strong correlation of widely different analytical methods, especially considering the
 
possibility of less than total lead recovery by the laboratory extraction.
 

The Massachusetts residential samples yielded an unexpected observation ofvariation due to standard 
laboratory protocol for sample preparation. These archive samples had already been dried and ground 
to pass a 0.500 mm mesh, subsampled, digested and measured by AA5 according to standard lab 
protocol. We ground the samples further, to pass a 0.125 mm mesh, in order to prepare for XRF 
analysis. We then submitted a 1.0 gram subsample of the finely ground material to the lab for a second 

analysis, and it is that data which gave an impressive R2 of 0.994 against XRF. Interestingly, when we 
compared the XRF data to the original lab data for the same samples, the correlation was decidedly 

less impressive: R2 was only 0.958. In fact, the XRF readings correlated with the final AAS readings 
far better than the original AA5 readings did! (Table 1) We believe the better correlation was due to 
better control offundamental (particle) error in the laboratory subsampling by the reduction of particle 
size from 0.500 mm to 0.125 mm. The recovery of the original AAS readings versus the final AAS 
readings ranged from 0.962 to 1.226, with an RSD of 11.3 percent. This finding supports the 
argument that fundamental error in subsampling can have a major impact on the precision ofthe 
laboratory sample preparation method. Ifyou require better precision than the standard laboratory 
protocol delivers, consider preparing the sample yourself: by drying, grinding, sieving, mixing, and 
subsampling, before submitting it to the lab. 

Seven field-prepared composite samples (mixed., air and sun dried, ground to 0.250 mm or ress) from 
the Northbridge site, when correlated against the adjusted lab ICP-AES values, gave a linear
 

regression slope of 1.004 and an R2 of 0.982. (Graph 3 and Table 2) The mean recovery of these 7
 
samples was 0.997 ~d the standard deviation of the recovery was 0.066, for an RSD of 6.6 percent.
 

As expected, in-situ XRF samples did not correlate with the lab as well as did prepared samples, and 
the performance of the in-situ method varied by site. (Graph 4) The bridge site in-situ method results
 

had a slope of 0.548 and an R2 of 0.737; negative bias was pronounced on the highest concentration
 
samples. The bridge site in-situ data were all single, uncomposited in-situ readings. The Northbridge
 
in-situ samples, given as mean values of several spots in the sampling unit and compared against a
 

composite sample sent to the lab gave a regression slope of0.969 and an R2 of 0.915. We attribute the 
better in-situ perfonnance at the Northbridge site to a well-dispersed, small particle contaminant. 
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To examine the effect of spatial variation on single spot in-situ measurements, we recorded indivdual 
readings for each of 5 to 6 spots in each of 5 sampling units at the Northbridge site. The five sampling.,"....
units varied in area from a drip line approximately 10 m long by 0.5 m wide (5 m2) to a rectangular 

yard of approximately 50 m2 area. Compared with the lab analysis of the sampling unit composites, 
the set of28 individual spot in-situ readings showed a mean recovery of 0.966 with a standard 
deviation of0.320, giving an RSD of33.1 percent. The means of the 5 to 6 spot in-situ readings per 
unit gave better correlation with the lab composites: mean recovery was 0.986 with a standard 
deviation of0.150, giving an RSD of 15.2 percent. (Graph 5 and Table 2) By averaging 5 to 6 spot in­
situs scattered through each sampling unit, we effectively "composite" a sample mathematically, 
improving sample support. We also retain the spatial data from the individual spot readings, giving us 
useful insight into site specific spatial variability and representativeness. 

CONCLUSIONS AND RECO:MMENDAnONS 

-
Field prepared XRF can correlate extremely well with laboratory atomic spectrometry. The total 
measurement quality depends as much on sample support, collection, handling, and preparation 
procedures as it does on choice of analytical method. We can determine total measurement precision 
through replicate sampling within the sampling unit. We can better control overall measurement 
quality by paying close attention to sampling, handling, and preparation protocols. We can compare 
different analytical methods most effectively by splitting the sample as late as possible in the 
measurement process to eliminate variation caused by sample handling and preparation. 

In-situ XRF provides rapid., low-cost measurement ofheavy metals in soil with a minimum of sample 
preparation. While the in-situ XRF method is not generally as accurate as the ex-situ prepared sample 
method., it allows for more thorough sampling of an area to map out contamination patterns and assess 
spatial variation. The accuracy of the in-situ method depends on site-specific conditions of 
contaminant particle size and distribution; the accuracy can be assessed in the field by comparison to 
the prepared sample XRF method. 
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In-situ XRF provides rapid, low-cost measurement of heavy metals in soil with a minimum of sample 
preparation. While the in-situ XRF method is not generally as accurate as the ex-situ prepared sample 
method, it allows for more thorough sampling of an area to map out contamination patterns and assess 
spatial variation. The accuracy of the in-situ method depends on site-speci£.c conditions of 
contaminant particle size and distnoution; the accuracy can be assessed. in the field by comparison to 
the prepared sample XRF method. 
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Table 1: Massachusetts residentiallead-in-soil samples measured by AAS before and after XRF 
sample preparation. The original samples had been dried and ground to 0.500 mm before 
subsampling for the microwave-assisted strong acid digestion and AAS analysis. Afterward, the 
dried ground samples were further ground to 0.125 mm, mixed, subsampled for XRF analysis, 
and then subsampled for a final microwave digestion and AAS analysis. Correlation coefficient 

(R2) between the XRF and AAS values improved from 0.958 with the original AAS results to 
0.994 with the final AAS results. 

AA~riginal XL-LISA AAS-final 
-I 

(ppm) I (ppm) (ppm)'dl 
9502445 3251	 2715 2652

1 II II II I 
9502446 508 549 524I II II II I 

9502557 605 500 535I II II II I 

9502448 2230 2310 2271I II !I II I 
9502449 5487 6512 5704I II	 II II I 

Table 2: Northbridge samples first measured in-situ (composites averaged), then manually 
composited (where noted), field prepared and measured by XRF, then split and measured by 
laboratory ICP-AES. Agreement of in-situ XRF with field prepared XRF predicts agreement 
with the lab. 

EJ Composite II In-situ XRF I Field prep'd Lab ICP-AES 

sample? i'l mean (ppm) XRF(ppm) (ppm), adj. 

tDripline C II Y 2561 II 3155 3004 III II 
tDripline 1 II N I 2512 2325 2354 I1,1 

IYard C II Y 1546 1637 1520 

IYard 1 N 2347 2096 2217 

ICover area C Y 1132 1174 1328 

~lay area C Y 942 796 774 I 
lDoghouse C Y 932 944 940I I II I 
1D0ghouse 1* N 3632* N/A* 15213*I II II I 

*This sample was not dried and ground for field prepared XRF analysIs before the laboratory 
split. Post-split preparation of the sample in a laboratory environment yielded an XRF reading of 
12100 ppm. The sample came from a highly localized hot-spot which would not have been 
discovered without field XR.F. Five in-situ method measurements of this no~-composite sample 
ranged from 2976 ppm to 5885 ppm, indicating highly inhomogenous composition. The 
moisture content was 24.1 percent. 
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Graph 1: Performance of field portable XRF for lead-in-soil reference materials: N1ST SRM 
numbers 2709, 2710, and 2711, and ELPAT soil samples from rounds 016 and 017. 

tN'-'--ONI {GRAPH I} 

Graph 2: Comparison offully prepared XRF (oven dried, screened, ground to 0.125 mm or 
less, and cupped) and laboratory AAS results on Long Island bridge site soil samples, 
Massachusetts residentiallead-in-soil samples and NIST Standard Reference Materials. 

I'Nrl ONI {GRAPH2} 

Graph 3: Comparison of field prepared XRF (field dried, screened, ground to 0.250 mm or 
less, and cupped) and laboratory ICP-AES for Northbrid$e lead-in-soil samples. 

rNflON ~I {GRAPH 3} 

Graph 4: Comparison of in-situ XRF results "With laboratory AAS and ICP-AES. The Long 
Island bridge site in-situ measurements exhibit strong negative bias, probably due to the 
concentration oflead in relatively large particles (paint chips). 

,- 1\11 j' ONI {GRAPH 4} 

Graph 5: Comparison of individual spot in-situ readings and averaged in-situ readings with 
laboratory ICP-AES measurement of composite samples. Samples from Northbridge site. 

*Sorry, this graph is unavailable at present. Thank You. * 

rN11 eNl 
Return to XRF Instruments Home Page 
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ABSTRACT 

The inhomogenous lead-in-soil matrix can present serious obstacles to accurate sample collection and 
handling. In typicallead-in-soil measurement, particle size related errors in sampling and sample 
handling often exceed all other sources oferror. The magnitude of error can vary widely depending on 
the particulate nature of the lead contaminant and the effectiveness ofcontrol measures. Large particle 
contaminants, such as lead bearing paint chips, pose a much greater challenge to accurate sample 
handling than do small particle contaminants, such as air dispersed industrial emissions. A sample 
handling protocol demonstrated to give reliable, valid data in small particle situations may prove 
entirely inadequate for large particle cases. . 

This paper focuses on the importance of fundamental error, a statistical consequence of particulate 
sampling. We discuss in quantitative terms the significance of fundamental error on the measurement 
of paint chip contaminated soils near a 400 ppm action level. On the basis of error estimates, we 
recommend that sample handling protocols control particle related errors by ensuring adequate sample 
size and sample definition, and by accomplishing sufficient particle size reduction and homogenization 
before subsampling. We discuss particle related errors and their effect on laboratory, field, and in-situ 
analytical methods. We recommend that quality assurance protocols aim to determine the overall 
measurement quality by evaluating error at all stages from sampling and sample handling through 
analysis. 

SAl\lPLING DESIGN AND GEOSTATISTICS 
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The prerequisite ofa well-designed study is a clear statement of the study's objectives for data 
quantity, quality, reliability, speed, and cost. The planner develops objectives with careful attention to 
the data's ultimate utility and the available resources of people, technology, and money. The objectives 
should be stated in quantitative terms, with exact figures to indicate the necessary precision and 
accuracy at and around the action or decision concentrations. 

In large projects with multimillion dollar budgets, such as some Superfund cleanups, statisticians 
develop a sampling design with the aid of geostatistical theory and preliminary data indicating the 
spatial variability of site contamination. The sampling design defines the number points to sample and 
the pattern. The statistician attempts to design a sampling effort that achieves the lowest possible cost 
of the total sampling, analysis, and remediation effort. [1,2,3] Geostatistics is an art of some subtlety; its 
effectiveness varies widely with the skill of the statistician. [41 Although, the application ofgeostatistics 
to sampling design is well beyond the scope of this paper, some ofits principles (e.g. sample support) 
can be used to improve the effectiveness of small sampling projects. 

SAJ.'1PLE IIAJ.'WLlNG OPERATIONS 

A typical soil sample experiences a number of physical manipulations at the sampling site and in the 
laboratory. According to the sampling plan, the field technician extracts soil from the ground, often by 
means of a core sampling device. The technician may combine soil collected from several points to 
form a composite sample. To avoid transporting unnecessarily large quantities of sample material, the 
technician may thoroughly mix, then split the sample, taking only the minimum necessary for the lab. 

~	 The laboratory technician unpacks the sample, weighs the sample, dries the sample (by oven or air­
drying), re-weighs the sample, then screens the sample to remove stones, vegetable matter, and other 
particles larger than 2 mIn in size. At this point the technician re-weighs the sample, then grinds the 
sample to reduce the particles to small enough size to pass a fine mesh sieve. When all ofthe sample 
passes the fine mesh sieve, the technician mixes and splits the sample for final sample preparation, or 
executes an additional stage of grind, sieve, mix, and split. The technician then carefully weighs the 
final sample for the analysis. If the analysis is to be performed by atomic absorption spectroscopy 
(AAS) or inductively coupled plasma atomic emission spectroscopy (1CP-AES) then the technician 
will prepare the sample by acid digestion or extraction. If the analysis is to be performed by x-ray 
fluorescence spectrometry (XRF) then then sample may be prepared by flux fusion, press pelletizing, 
or simply by packing the ground sample in a plastic XRF sample cup. The technician then analyses the 
final prepared sample by instrument, and calculates the final result using the sample data and 
instrument output. 

Accurate execution of these sample handling operations requires a great deal of skill and care. Every 
step of handling introduces a degree of error to the overall result. But every step is needed to ensure 
consistent overall precision, accuracy, and repeatability. 

Errors Combine 

Errors are generally expressed in terms of standard deviations, or "sigmas". Variance is the square of 
the standard deviation. The overall, or total, variance is the additive sum ofthe many individual 
variances created in each step of the process. The overall error (square root ofoverall variance) 
includes the contributions of sampling error, sample handling errors, sample preparation errors, and 
analytical error. Generally, you can most effectively reduce the overall error by reducing the largest 
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contributing error. 

Analytical errors are usually well-characterized., well-understood, and well-controlled by laboratory 
quality assurance and quality control procedures. By contrast, sampling and sample handling errors are 
not usually well-characterized., well-understood., or well-controlled. Sampling programs frequently 
neglect to implement quality assurance measures. To control overall error, one must control sampling 
and sample handling errors as well as analytical errors. 

THE PARTICULATE NATURE OF SOIL 

Soil particles range widely in size from clay (less than 0.0039 rom diameter) to silt (0.0039 mID to 
0.0625 mm) to sand (0.0625 rom to 2.0000 rom). Particles larger than 2 rnm in diameter are classified 
as gravel. [5] Natural soils are mixtures of different particle types and sizes. 

By general agreement and tradition, particles larger than 2 rnm in diameter should be removed (by 
U.S. number 10 sieve) from a soil sample before analysis. The excluded particles ate large enough to 
be examined and classified by eye or by magnifying glass. Contaminants can also be particulate. Lead­
bearing particles in soil can vary in size from sub-micron aerosol deposits (less than 0.001 mm 
diameter) to lead paint chips and lead shot (up to the maximum 2 mm diameter). Generally, the largest 
particles create the greatest challenge in sample handing. 

Particulate Sampling Theory 

A theory of particulate sampling was developed by geologist Pierre Gy to improve the quality of data 

gathered in support of mineral exploration and mining. [6,7] The theory has since been adopted by 
environmental scientists. The theory recognises two major categories of sampling error. sampling bias 
and fundamental error. Both types of error are measureable and controllable. 

In general, a sample is intended to represent the a particular sampling unit, or volume of material. The 
sampling unit may be a particular plot ofland (e.g. a certain 10 foot by 10 foot square), to a particular 
depth (e.g. surface to 4 inches). Or a child's sand box. Or a rail car load of ore. A single sample 
represents the entire sampling unit. 

The sampling methodology is considered unbiased and correct if all of the particles in the sampling
 
unit have exactly the same probability ofbeing selected for inclusion in a random sample. The
 
perfectly unbiased methodology is a practical impossibility. To reduce "sampling bias, we must
 
recognise the difficulties presented by the sampling unit. It may exhibit grouping or segregation of
 
particles. Denser particles may have settled toward the bottom. New contaminants may have recently
 
settled onto the unit, and may not be mixed into the volume. The contaminants may be heavily
 
concentrated on on~ side of the unit, or concentrated in "clumps".
 

One method for sampling from a plot of land is to go to the center of the unit and shovel out the 
requisite amount of sample. However, we can reduce bias substantially by using a core sampling probe 
to control the depth and profile of the sample. More importantly, we can take soil from several 
different parts ofthe unit and mix it together as a composite to "increase sample support". By 
increasing sample support, we create a composite sample which more accurately reflects the average 
contaminant concentration of the unit than that of any single point sample. The composite sample 
reduces bias and improves accuracy over single point sampling without the expense of additional 
analysis. 
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concentration in the alloy, the average lead content of a shot is 0.045 gram. Say we sample soil with a 
sample size of 100 grams, typical for lead-in-soil sampling. At an action level of 400 ppm., or 0.04%, 
we would have an expected shot count per sample of 100 grams times 0.04% divided by 0.045 shot 
per gram, or 0.89 shot per sample. So soil contaminated with an average of400 ppm 1e3d may have an 
average ofless than one contaminant particle (shot) per 100 grams. This result is actually even worse 
than the single particle example that gave a 100% error. The relative error is greater than 100% due to 
fundamental error alone. Other errors only add to the fundamental error. 

The only way to reduce fundamental error in sampling is to take a larger sample size. In this example, 
to reduce fundamental error to a manageable 10% (or 40 ppm), we must increase sample size by a 
factor of 112, which would amount to more than 11 kilograms (24 pounds)! What laboratory would 
be willing to process such a sample in its entirety? 

A Single Chip 

Paint on older buildings often has a lead loading of20 mg/cm2-or more. Imagine that a single chip of 

such paint the size of your thumbnail (2 cm2) falls into in a 100 gram soil sample. The chip contains 40 
mg, or 0.040 grams oflead, nearly the same amount oflead as in a 2 mm shot. Take 0.040 grams and 
divide by 100 grams and multiply by 1,000,000 to get 400 ppm. Your single paint chip raised the lead 
concentration of an entire 100 gram sample by 400 ppm. Ifthe soil has a background level lead 
content of 20 ppm ~\iithout the chip, then the chip raises it to 420 ppm, and above the 400 ppm action 
level. 

Now imagine you are kneeling down next to a house to take a soil sample. You see the paint chip. 

Take it, or leave it? According to BUD's Soil Sampling ProtocoL [9] "If paint chips are present, they 
should not be avoided and should be included in the sample." (item C.5) Later, under the heading 
"Laboratory Analytical Procedure If , the same protocol states "Samples are to be sieved once with a 
number 10 sieve with a mesh size of2 millimeters." (item E.3) So far, so good. It continues "Visible 
paint chips are disaggregated by forcing the paint chips and other large particles through the sieve by a 
rubbing motion. " Disaster. Whether the sample passes or fails depends entirely on whether you take 
the chip. Or whether you notice the chip. What if the chip is just below the surface, invisIole? Go back 
to the same spot and sample again, and again. You may never obtain the same result again. 

The author suggests a different approach. Leaded paint chips are always a potential hazar~ the hazard 
increases over long periods of time as chips decompose into the soil. To knowingly include large chips 
ofleaded paint in a soil sample accomplishes nothing; the result is foregone. Ifyou do not alre3dy 
know the lead content of the paint chips, do have the paint chips analysed, but separately. As for the 
soil itself: pass it through the 2 mm mesh, but without trying to break up the paint chips. Include only 
the soil that passes through the mesh. Ifyou find paint chips that do not pass through, study them 
carefully; find out ~here they came from; test them for lead content; but do not include them in the 
soil sample. 

FUNDAL\1ENTAL ERROR IN THE LABORATORY 

Now imagine you are the lab technician. You have the soil sample, 100 gra.ms, dried and sieved 
through the 2 mm screen. You see little paint chips in the sample, all of them just small enough to pass 
through the sieve, about 2 mm on a side. If they are leaded like the thumbnail sized chip, how many 
chips will it take to exceed the action level? How much fundamental error should you expect? 
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2The average area is 0.2 em times 0.2 ~ or 0.04 cm . At 20 mg/cm2, the average lead content per
 
2
chip is 20 mg/cm2 times 0.04 cm , which is 0.8 mg, or 0.0008 grams. Assuming that there are no 

other leaded particles in the soil, 400 ppm would imply a chip count of 400 divided by 1,000,000, 
times 100 grams per sample, divided. by 0.0008 grams per chip. A total of 50 chips. For a mean chip 
count of 50, the standard deviation ofthe chip is the square root of 50, or about 7.1. Therefore the 
fundamental error is 7.1 divided by 50, or 14.1%. Remember, this is only I-sigma confidence! 

I have analysed in great detail a actual sample that was very similar to the example given. I do not 
believe that this type of sample is unusual or uncommon; it was one of the first soil samples that I ever 
examined in detail. The soil came from the drip line of a train depot built in 1874. Of the portion ofthe 
100 gram sample that passed through the 2 mm mesh, more than halfof the lead content was 
contained in particles between 1 mm and 2 mm in size. See Table 1. 

The assumptions that lead to a fundamental error of 14.1% are plausible, but also arbitrary. You may 
imagine worse cases of fundamental error due to higher lead content per chip or smaller sample sizes. 

The higher lead content per chip may be caused by higher lead loading in the paint film (40 mglem2, 

say) or larger area chips (a 4 mm by 2 mm chip can fit through the 2 mm mesh). So it is posSIble you 
may experience fundamental errors ofworse than 14.1% from 100 gram soil samples with lead paint 
chips. Since smaller samples only exacerbate this error, I strongly discourage sampling less than 50 
grams for lead-in-soil where paint chips may be present. 

Subsampling Error 

The laboratory has dried. the sample and sieved the sample through the 2 mm screen. Sample digestion 
methods generally require between 0.2 and 1.0 grams of sample material. [10, 11] The sensitivity of 
atomic spectrometry is more than adequate to analyse such small amounts of material using a larger 
quantity of sample material would require larger amounts of acid, increase cost, and raise safety 
concerns. So the laboratory subsamples. 

Subsampling leads to another set of errors. Once again we have bias and fundamental error. Suppose 
we subsample OJ grams from the same example 100 gram sample. Ifwe subsample without any 
regard to homogenization or particle properties, the result will be analytical disaster. The mean chip 
count in the subsample will go from 50 in the 100 g sample to 0.15 in the 0.3 g sample. The 
fundamental error in the subsample will then be the square root ofO.l~, which yields 0.39, or 258%. 
What is worse is that the most likely outcome is that no lead will end up in the subsample at -all, and 
the result will be 0 ppm In the off chance that a 2 mm by 2 mm chip lands in the subsample, the result 
will be 0.0008 g divided. by 0.3 g, which is 2667 ppm There is no chance that the result will be even 
close to the correct 400 ppm. 

Fortunately, we can reduce the particle size and homogenize the sample thoroughly before we
 
subsample. Say we grind the 100 gram sample until all the particles pass a U.S. Number 60 sieve
 
(0.250 nun). Then the average particle might be roughly spherical with a diameter of 0.250 mm. The
 

3
volume of the sphere would be 0.0082 mm3 or 0.0000082 em . If the lead bearing particles each have 

a lead loading ofl5% and a density of2 g1cm3, then each will have a total lead content of 0.00000245 
g (or 2.45 g). In a 0.3 g subsample of our 400 ppm lead sample the expected particle count is then 0.3 
times 400, divided by 1,000,000, divided by 0.00000245, which is 48.9. The fundamental error would 
be the square root of48.9, which is 7.0 counts, or 14.3%. The fundamental error from subsampling 
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(14.3%) is actually slightly worse than what we calculated for the fundamental error from the original 
sampling (14.1 %). Remember that the errors combine together (by adding the variances) to form an 
overall error that is worse than any of the several individual components. In the case ofa sampling 
error of 14.1 % and a subsampling error of 14.3%, the total error is 20.1 %. 

Realistic scenarios of subsampling could be even worse than those described. The lead content of dry 
paint film can be as high as 50%, far greater than 15%. Also, laboratories typically grind samples to a 
U.S. number 35 sieve (0.500 mm) rather than number 60 (0.250 mm) before subsampling. Larger
 
particles translate to larger errors. WIth 5OC!o lead content and 0.500 mm particles, the 0.3 g sub­

sampling error could be as high as 74%!
 

One way to reduce subsampling error is to simply subsample and digest a larger amount. The ASTM 

method for sample digestion of soils for lead analysis[llJ, which is based on USEPA SW-846 Method 
3050, calls for a 1.0 g subsample, more than three times larger than the 0.3 g subsample we calculated. 
In taking the larger subsample, the fundamental error from subsampling should be reduced by nearly 
half But the method fails to deliver better performance, because it relaxes the grinding requirement 
from number 60 mesh (0.250 mm) to number 35 (0.500 mm). Doubling the particle diameter increases 
the volume ofthe spherical particle by a factor of 8, more than compensating the larger subsample. 
The fundamental subsampling error grows to 22.1 %, and the total fundamental error becomes 26.2%. 

Besides increasing subsample size, the laboratory can improve subsampling error by grinding the 
sample to a smaller particle size. Grinding to a 0.125 mm particle diameter, the laboratory reduces the 
fundamental error of the 0.3 g subsample from 14.3% to 5.1 %. But grinding 100 grams of soil to such 
small particle size by hand methods (e.g. mortar and pestle) can be tedious and difficult. A method for 
speeding the particle size reduction without greatly increasing fundamental error is to grind and 
subsample in stages. Ifyou grind the 100 g sample to 0.250 mm and subsample not 0.3 g, but 5 g, the 
fundamental error will be only 3.5% Ifyou then grind the 5 g subsample to 0.125 mm and sub­
subsample OJ g, the fundamental error will be 5.1 %. Combining the subsampling and sub-subsampling 
errors, you have an overall error of6.2%. By reducing only 5 g of the 100 g sample to the smallest 
particle size, you avoid much of the effort ofgrinding and sieving the whole sample. 

Other errors related to subsampling include bias and homogenization errors. An accurate subsample 
must be unbiased; every particle should have an equal probability ofbeing subsampled. If the ground, 
sieved sample is not properly homogenized, there can be substantial segregation of particles by 
composition, shape, size, and or density. Some types ofparticles (e.g. magnetic or electrostatic 
particles) tend to group or clump together. An improper method for homogenizing a sample can 
actually create segregation. Agitation or shaking a sample with particles of different size, shape, or 
density will likely cause stratification. WIth agitation, denser, smaller and rounder particles tend to 
drop to the bottom, while less dense, larger and flatter particles tend to rise to the top. Finely ground 
samples do not stratify as readily as the raw, unground sample. 

One way to avoid homogenization error in subsampling is to make use of mechanical sample splitting 
devices. A riffie splitter, for example, can efficiently eliminate segregation errors in subsampling. If 
mechanical splitters are not available, then the manual cone-and-quarter method can reduce bias in 
subsampling. 

OTHER LABORATORY ERRORS 

A number of other laboratory errors affect the analysis of lead-in-soil. The sample should be dry; 
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water content should be no more than around 2 or 3% of the sample mass. For atomic spectroscopy 
requiring acid digestion of the sample, the the laboratory must measure the sample mass and solution 
volume, and record the data accurately. To avoid sample to sample cross contamination, the 
laboratory must clean tools and containers between samples. The lab must track each sample and 
follow every preparation step according to protocol, using the proper tools and properly maintained 
and calibrated equipment. Overall, laboratory error should be small and well controlled; otherwise, 
lapses in quality can easily lead to substantial error. 

Sample Dissolution 

An acid digestion or extraction procedure must achieve reproduceable results for the contaminant of 
interest in any of its likely physical or chemical forms. The procedure should allow ample time for the 
dissolution of the sample to finish. In generaL reducing particle size speeds the dissolution to 
completion. Some chemical forms of lead tend to be difficult to dissolve. Of particular difficulty in this 
regard are the lead chromates, colored pigments commonly used in marine, exterior, and signage 
paints. Standard acid digestion procedures and suitable quality control will likely provide consistency 
to within a few percent under most circumstances. [10] 

Instromental Error 

Instrumental errors generally fall into the categories of signal-to-noise and interference. Atomic 
spectrometry methods (AAS, ICP-.A.ES) generally provide excellent sensitivity for the lead-in-soil 
application, with detection limits of 10 ppm or lower. Signal-to-noise ratios are correspondingly high. 
Matrix related interferences are also fairly low and well controlled in modern atomic spectrometry 
instruments. The overall instrumental sensitivity, precision, and accuracy are excellent, with errors in 
the range of nearly negligible compared to the other sources of error already discussed. 

X-ray fluorescence (XRF) generally bas worse sensistivity than AAS or ICP-AES, but with the
 
compensating advantages of portability and less intensive sample preparation requirements. Matrix
 
effects due to variable elemental composition can be a concern with XRF, but the lead-in-soil
 
application is fairly benign in this regard. Sophisticated matrix correction methods (e.g. ~fundamental
 

parameters") have been developed and proven successfulY2,13,14] but even simple techniques, such as 

Compton Normalization, work surprisingly well in this application.[14,15,16] 

XRF has an additional particle-related bias when the particle size becomes large compared to the
 

attenuation length for the analyte's fluorescence x-ray. [15] In lead-in-so'il analysis, large contami..nant
 
particles cause negative bias. For analysis using the lead 12.6 keY x-ray, particle size should be
 
reduced to 0.125 rom or smaller to control this effect. [Table 2]. Of course, to avoid severe
 
subsampling errors, you should already be grinding samples to small particle size.
 

Note that the larger subsample required for XRF (3 to 5 grams, typically) does not reduce the
 
subsampling error ofXRF relative to digestion based methods. Only about 0.3 grams of the typical
 
XRF soil sample (approximately 1 mm depth in a 25 mm diameter XRF sample cup) produces the
 

major part of the instrument response. [16] Therefore, the subsampling error is about the same as if a
 
OJ gram subsample had been drawn rather than a 3 gram subsample.
 

The analytical error of field portable XRF is around 10 to 15 percent for lead-in-soil samples at 400
 
ppm. While this analytical error is far worse than that of laboratory atomic spectrometry, the overall
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error of the methods may be fairly similar after taking into account sampling, sample handling, and 
sample preparation. [17] 

THE SMALL PARTICLE CASE 

Ifall the contaminant particles of the sample unit are very small, then fundamental errors greatly 
diminish, and sample handling can be simplified. Lead contamination from airborne sources (e.g. 
automobile emissions, smelter emissions, incinerator emissions, abrasive blasting of painted surfaces) 
and from chalking (powdery deterioration) of painted surfaces tends to be dispersed as fine particles. 
Ifthe lead is found only in particles less than 0.032 mm (32 microns) in diameter, then the fundamental 
error for a OJ gram sample or subsample cannot be more than 4% at 400 ppm. In such a sample, 
grinding and sieving are not likely to make dramatic differences in the laboratory result. Sampling bias 
resulting from spatial variation is still a concern, so I always recommend careful attention to sampling 
design, sample support, and homogenization. 

Even with the minimal sample preparation (dry, sieve 2 mm, roBe), field portable XRF can perform 
very well in cases of small particle size. [18,19] The minimal sample preparation and high analytical 
throughput ofXRF enable an investigator to collect large quantities of useful data in a short period of 
time, and at low cost. In many situations, the field XRF provides better overall decision making data
 
than laboratory analysis by virtue of its ability to overcome spatial variability through massively
 
increased sampling density. [20,21}
 

IN-SITU FIELD XRF 

The in-situ capability of some field portable XRF instruments may be especially attractive for high 
speed, low cost screening and characterization. Depending on the nature of the contaminant and the 
soil matrix, the in-situ method can offer screening quality data with practically no sample preparation 
at all. To reduce bias and increase sample support, the field technician can mix and composite a sample 
on the ground before an in-situ XRF measurement. 

Moisture and particle size effects can be especially pronounced for in-situ XRF, so quality assurance is 
especially important. The field technician may prepare one or more samples by the full protocol (dry, 
grind, sieve, split) in the field and compare the result to the in-situ measurement to determine if the 
soil conditions allow the in-situ XRF method to meet the data quality objectives. To back up field 
measurements, the technician should collect representative samples for. laboratory analysis. 

QUALITY ASSURANCE FOR SAMPLING AND ANALYSIS 

Quality assurance programs usually include sample duplicates, replicates, spikes, blanks, and splits. To 
assess field based error (that is, error caused by sampling and sample handling), the sampling program 
should include field duplicates and replicates taken as early as possible in the sampling process. To 
assess the error due to spatial variation and sampling, the field technician takes duplicates or replicates 
according to the nonnal sampling protocol, but from spatially distinct points (sample points should be 
spread apart from each other) within the representative sampling unit. To assess the error due to 
sample handling, the technician makes several large field composites and splits them into duplicates or 
replicates before commencing any sample handling operations. 

To assess the error due to final sample preparation and analysis, the field or lab technician splits 
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sample material into duplicates or replicates just before the final sample preparation (e.g. before 
digestion, or before putting material into XRF cup). Several splits may be sent to an independent 
laboratory for confirmatory analysis. Spikes and blanks serve to assess analytical recovery and bias. Of 
course, the quality assurance program should take care to use sample splitting methods that do not 
introduce significant bias. Chappel and Olsen[22] and Shefsky[23] give practical guidance for using 
confirmatory data to evaluate the quality of field data. 

CONCLUSIONS AND RECOMMENDATIONS 

The major goal ofmeasurement in a environmental project is to provide accurate data for assessing 
risk and deciding on remedial action to lower risk to an acceptable level. The optimal sampling design 
accomplishes that goal while keeping the total of sampling, analysis, and remediation costs to a 
minimum. The quality of data provided for decision making depends on the overall error, that is, the 
combined errors of sampling, sample handling, and analysis. Field analysis often provides the best 
overall data quality by allowing for low cost, high density sampling of spatially variable sites. 

All measurement projects should include a quality assurance program that evaluates error resulting 
from sampling, sample handling, and analysis. Sampling and sample handling are especially critical 
components to overall data quality. Sampling protocols must consider the important effects of sample 
definition, sample support, spatial variability, segregation and grouping bias, and fundamental error 
due to particulate sampling and subsampling. 

In order to control sampling and sample handling errors for lead-in-soil, the author recommends that 
sampling protocols:

"11'1.- \ 
* Ensure data quality objectives (DQO's) are clear. 

* Use a low-bias sampling method (e.g. core sampling) to define the sample. 

* Use composite samples to increase sample support. 

* Collect 100 grams~ consider collecting more than 100 grams ifpaint chips may be present. 

* Dry the sample, ifpossible. 

* Exclude particles larger than 2 mm. Examine large particles separately. 

* Reduce particle size (preferably to 0.125 mm or less) before subsampling. 

* Use low-bias methods for sample splitting (e.g. riffle splitter, cone-and-quarter). 

* Implement quality assurance for sampling and sample handling as well as analysis. 

* Use confinnatory data to evaluate the effectiveness offield methods. 

lfthe data quality objectives and site characteristics allow for relaxed field sample preparation or in­
situ protocols, do take advantage of the higher analytical throughput to collect more data. But always 
proceed with a degree of caution and support your data with solid confinnatory analysis. 
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APPENDIX A: STAnsnCAL BASIS OF FUNDAl\fENTAL ERROR 

For a sampling unit containing n contaminant particles, the probability P that an unbiased sample '?rill r 

~ contain x such contaminant particles is given by the binomial distribution: 
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n! )p - ( p11-p) n-x 
x x!(n-x)! 

where r is an integer and p is the probability that any particular particle will be in the sample. Note that 
the sum of all probabilities (the sum ofPx for r running over the range of 0 to n) is always 1. The 

probability for an individual particle, p, is simply the mass of the sample, m, divided by the mass of the 
sampling unit, M. 

The mean or "expected" value for the number of cont4minant particles in the sample, X can be found 

by summing the function rP over the range ofr=O to n. The resulting mean is simply X =np, as one x 
would reasonably expect. 

The variance a / of the number of contaminant particles around the mean X is found by summing 

the function (x - X )2px over the range ofx=O to n. The resulting variance is a x2 = X (1 - p). If the 

mass of the sample is much smaller than the mass of the sampling unit, then p = m / M will be much 

smaller than 1, and drops out of the formula, leaving a / ~ x' The standard deviation ofx, or a X' 

will then be approximated by SQRT( X ). 

~"'	 In calculating fundamental error for an even 50/50 sample split, where n is the number ofcontaminant 
particles in the whole sample (now considered the sampling unit for the splitting operation), p = 0.5, 
so 

X = 0.5 n, and a 2 = 0.5 X . 
r 

In the limit as the sampling unit becomes extremely large, (n becomes extremely large, p becomes very 
small) the probability distribution simplifies to the Poisson formula: 

where the mean, or expected value, is once again X . As before, the variance, a /, simplifies to X 

APPENDIX B: PIERRE GY'S PARTICULATE SAt"IPLIN"G THEORY 

An overview of Gy's sampling theory can be found in Ingamells and Pitard. [6] An important element of 
the theory is the concept offundamental error. Fundamental error (FE) is an inherent property ofthe 
particulate nature of geological samples. FE can never be removed from a sample, but it can be 
reduced by controlling the maximum particle size allowed into the sample, and increasing the sample 
SIZe. 

FE is the product of a several factors. In tenns of the variance, a FE2, 
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cr FE2 =jgm b (u;3 /w 

where w is the sample weight,jis the shape factor, g is the particle size distribution factor, m is the 
mineralogical composition factor, b is the liberation factor, and u'is the maximum allowed particle 
dimension. 

The shape factorjaccounts for the typical shape ofparticles in a particular sampling unit. For cubes,j 
is exactly 1. For spheres,jis /6 (about 0.5). For flattened particles and fiakes,jis less than 0.5, and for 
elongated particles j can be greater than 1. 

The particle size distribution factor g accounts for the different sizes of particles in the sample. If all 
particles were the same size as the maximum allowed, g would be exactly 1; otherwise, g lowers with 
the presence affine particles. Generally, g is much less than 0.5 for the original soil sample, rises to 
between 0.5 and 1.0 upon sieving. The factor g can never ex~ 1. 

The mineralogical composition factor m accounts for the presence of analyte (lead) in the ore mineral 
(contuninant material) and in the gangue mineral (background soil), as well as the density of the 
mineral components. Ifthe contaminant particles contain much higher concentrations of lead than 
background and account for the largest share of the total lead, then m is approximately the density of 
the conuuninant material times the ratio of the lead concentration in the contaminant to the 
concentration of the lead in the total sample. 

The liberation factor b allows the ore mineral to be contained in completely separate particles from the 
gangue mineral (b is exactly 1), or in attached particles (b is less than 1). 

The maximum allowed particle dimension u' for soil testing is 2 mm, the opening size of the U.S. 
Number 10 sieve. Reduction of particle size by grinding and sieving reduces maximum particle 
dimension u'. 

Table!: Distribution oflead by particle size in a lead-in-soil sample from the dripline of an 1874 train 
depot. The sample contained viSIble paint chips. 

wt:gzjubJ~
 
12.000 )& above 118.605 I~~ 
11.000 12.000 1/7.530 1175311156.71 

10.500 111.000 1113.814i~118.21 
10.250 

10.125 
110.500 

110.250 

1~4.31511297 117.2 I 
1~1.71611236 1m 

10.063 [[0.125 1110.99611323 11 3.6 I 

10.000 110.063 1112.46211630 1[2] 
I II 1=00 
I IITotals: !199.43810~ 
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Table 2: XRF particle effect for lead-in-soil derived from lead bearing paint. The original sample from 
the dripline of an 1874 train depot was separated by sieve into seven particle size ranges prior to 
independent analysis of the fractions. Recovery (%) is the response of the sample unground relative to 
the same sample ground to pass 0.032 mm. Note that analytical recovery is generally poor for the 
largest particle sizes. 

(mm) (mm)EJr:JB

11.000 112.000 113 I 

10.500 111.000 1131 I 

10.250 110.500 1146 [ 

10.125 110.250 1170 I 

-10.063 110.125 1190 I 

10.000 110.063 11100 I 

Table 3: Example calculations offundamental error in lead-in-soil sampling and subsampling based on 

realistic assumptions of concentration and density. Note that cr FE is the calculated I-sigma relative 

error at an average contaminant lead concentration of 400 ppm. We assume particles to be spheri~ 

except for paint chips, which we assume to be flat squares. Since real-world COIlUJminants vary widely 
in particle size, shape, and concentration, one should view these figures as rough approximations. 

ICOntlmiDant particle IFsumptions	 1Sample or subsample size (grams)!1 aFE (%)1 

~ead shot, 2 mm dia. 1195 % Pb, density 11.3 g/cm3

~aint chips, 2 x 2 mm 1120 mg/cm2 Pb 

Waint chips, 1 x 1 mm I~o mg/cm2 Pb 

Waint, .500 mm (#35) 1115 % Ph, density 2 g/cm3 

11 1OO 

10011 

11 100 

110.3 

Waint, .500 mm (#35) 1115 % Pb, density 2 g/cm3 111.0
 

Waint, .250 nun (#60) 1!I5 % Pb, density 2 g/cm3 0 3

11 .

Waint, .250 mm (#60) ilI5 % Pb, density 2 g/cm3 111.0 

Waint, .125 mm (#120)1!I5 % Pb, density 2 g/cm3 110.3 

Waint, .125 mm (#120)1!I5 % Pb, density 2 g/cm3 111.0 

IN•• ONI 
Return to XRF Instruments Home Page 

11>100 I 

14 1
11	 . I 

7 1i1 . 1 

1~0.5 I 

1~2.2 I 
! 

11 14.3- I 

117.8 
I 

5 1 I 
11 . I 

I11
2.8 
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SOP·l XRF Analysis ofSoil Samples for Lead 

]-1.0 Objective 

Soil samples will be collected. for XRF field analysis of lead. This SOP contains specific details 
concerning the procedures and equ.ipIrent necessary to properly collect soil samples and analy.red the 
samples. The analysis procedures are in accordance with the Niton Corporation User's Guide Version 
5.0. The procedures for sample collection are detailed in the section 4.3 of the FSP. 

]-2.0 Equipment And Materials 

• Appropriate number and types of sample container coolers, sample label. and ice; 
• Pre-cleaned stainless steel sample mixing dish; 
• Sampling equipment decontamination supplies; 
• Cotton swabs and soft cloth for cleaning XRF; 
• Stainless steel trowel; 
• Stainless steel hand auger; 
• Appropriate field documentarian (field log book, field data sheets, chain-of-custody forms, 

sample collection logs) and an indelible ink pen; 
• Niton XRF; and 
• Health and safety equipment, as specified in the SSHP. 

]-3.0 Methodology 

2) Soil samples will be analyzed as follows: 

•	 Check that XRF is operational and leave the instrument on for at least 15 minutes prior to 
analysis. 

•	 Perform the self-calIbration check on the XRF; 

•	 Analyze a "blank" sample to assess potential instrument noise; 

•	 Analyze a Niton low-level sample to assess instrument accuracy: 

•	 Analyze environmental samples and record all measurements; 

•	 Correct the initial site sample measurement value by the "multiplier" determined in the 
correlation stud~ and, 

Perform the second self-ea1Ibration check on the XRF after the last sample analysis. 

StJ.odard Openting Procedures A-I Appendi'<. A
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3) Collect 10% split samples for confirmation at a laboratory. Complete the sample labels accuraIely 
and legibly and affix to the sample bottles. 

4) Oean the XRF. Use cotton swabs to clean the beryllium window. Use a soft cloth to clean the 
outer metal case. DO NOT use any water, detergents, or solvents to clean the instrument. 

.,
t 

5) Record all pertinent information on the field logbook., and chain-of-eustody (split samples). 

1-4.0 Comments 

The XRF is capable of accurately determining lead concentrations up to 10,000 mg/kg. The 
variability and correlation to laboratory data will be in the 200 mg/kg to 1,000 mg/kg lead range. 
This study will be performed prior to the field remediation effort. . 

If conditions in the field indicate that additional samples or techniques are required, the sampling 
program may change. This will be influenced by evidence of contamination, or nonhomogeneity of 
soils or other conditions observed during sampling events. Any changes to this SOP will be clearly 
communicated to the USACE. 

. 
j 
J 

! 

j 

i 
I 

. j 

Standard Oper:uing Procedures A-2 Appendix A­
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User's Guide Version 5.0 (HTlVIL) Preface 
Copyright 1993,1994, 1995, 1996, 1997 NITON Corporation 

All Rights Reserved 

Preface 
This User's Guide is a detailed instruction and reference manual for NITON XL-309, 701, 701-A, 
702, 702-A, 703 and 703-A owners and users. The operation and safety instructions in this Users 
Guide are complete. This User's Guide is intended to complement the instrument training that 
NITON provides free-of-charge. 

Keep your NITON clean, particularly the beryllium window on the bottom of the instrument. If the 
beyllium window is dirty, the performance of your NITON will be affected.. Oean the window 
gentlv with cotton swabs. Oean the instrument's metal case with a soft cloth. Never use water, 

~ detergents, or solvents. These may damage the instrument. 

All Service e.xcept e.xterior cleaning must be performed by NITON Corporation. Do not 

loD 
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attempt to make repairs yourself. Opening the case of your NITON will void the instrument 
Warranty. 

Never ship your NITON analyzer back to the factory for any reason without calling and obtaining a 
Return Authorization (RA) Number from NITON Corporation. 

\ 

Users Guide conventions 1 
Warnings: Provide information on how to safely operate the NITON. 

r 1 
Cautions: Provide information on how to avoid damaging the NITON.
 

Notes: Highlight other important information.
 

Warnings, cautions, and notes are printed in bold type.
 

Chapter summaries
 

Chapter summaries
 
I 

j 
. 1	 Chapter 1, Unpacking your NITON 

~	 Supplies instructions for unpacking the shipping container. 

Chapter 2, Operating your NITON 

Includes basic operating instructions; an overview of NITON XRF test modes; and supplies 
instructions for instrument calibration, for taking a reading, for downloading d.a.t.a, and for charging
 
and changing battery packs.
 

Chapter 3, Analyzing bulk samples
 

For users of 702, 702-A, 703 and 703-A model analyzers (for multiple elements).
 

, For users ofXL-309 with optional Lead in Soil Analysis Package (for lead only).
 
.J 

Supplies instructions for rapid, on-site, multi-element detection and analysis of a variety of bulk
 
samples, including soils, house dust, sludges, and liquids.
 

Chapter 4, Analyzing thin samples
 

For users of 701, 70I-A, 703 and 703-A model analyzers (for multiple elements).
 

For users of XL-309 with optional Dust Wipe Analysis Package ( for lead only).
 

Supplies instructions for rapid, on-site, multi-element detection and analysis of a variety of thin
 
samples, including filters, dust wipes and thin films.
 

20D	 4110198 ::51 PM 
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Chapter 5, Analyzing lead paint
 

For users of 701-A, 702-A, 703-A and XL-309 model analyzers.
 

Supplies instructions for rapid., on-site detection and analysis of lead-based paint 

Chapter 6, Radiation safety 
, , 

Includes an overview of radiation safety, instrument radiation profiles, and guidelines for safe 
operation of NITON XRF analyzers. 

Chapter 7, Additional Information 

Includes an overview of multi-element XRF analysis; tips to improve sampling and testing; a 
summary of safety warnings and equipment cautions; and NITON warranty information. 

Chapter 8, Appendices 

! 
! 

. j 

~ack to the Table of Contents 
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Chapter 1: Unpacking your NITON 
1. Inspect the shipping carton for signs of damage such as crushed or water damaged packaging.

I Immediately notify the shipper and NITON Corporation if any damage is noted.I 
. J ", 

Note: The radioactive cadmium109 source is completely sealed and extremely secure. It meets 

ANSI standard 33232. 

2. Open the packing carton. Ifyour NITON Spectrum Analyzer is not packed in its carrying case, 
please call NITON Corporation immediately at (401) 294-1234 

3. Verify the contents of the shipping container against the packing list. Please record any 
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discrepancies and notify NITON Corporation. 

4. Open the carrying case and visually inspect the instrument for damage before removing it from 
the case. Call the shipper 'and NITON Corporation if you find any damage to the case or its 
contents. 

i 
I 5. Save the shipping carton and all packing materials. Store them in a safe, dry area, Use when the 

.I 
spectrum analyzer is next shipped. 

I 
i .._.____ _~_~....__. .. .... __ .... __ ._ ._. __.....__~ ... 

~aCkto the Table of Contents 

1 
. J 

J 
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NITON Corporation 
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. ., 700series 

User's Guide Version 5.0 (HTML) Chapter 2 
Copyright 1993,1994, 1995, 1996, 1997 NITON Corporation 

AIl Rights Reserved 

Chapter 2: Operating your NITON 
j 

NITON XL-309 and 700 Series Spectrum Analyzers are hand-held, portable XRF detectors, 
designed to make fast, accurate measurements. The XL-309 measures concentrations of lead, while 
700 Series instruments measure concentrations of many different elements simultaneously. NITON 
instruments measure the precision of each reading, store up to 3,000 readings with complete x-ray 
spectra. and download data quickly to a Pc. 

NITON designed the radioactive source and shielding of our analyzers with one guiding principle in 
mind: properly used, these will not expose the NITON user to levels of radiation significantly above 
natural background levels. 

Note: The accuracy and precision of the data you collect with your NITON XRF will largely 
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depend on your familiarity with the instrument and your knowledge of the media you are 
testing. 

Our free factory training is designed to give you the basic tools to use our instruments. This User 
Guide supplements our training. You can use it as both a quick reference and a detailed. operating' 
manual for any of our XRF analyzers. 

This fs yo'ur fnrON X:RF~Spect.rum Analyzer 

r ,._.;--­
.f'-:­
.-nlsa-l-. 
."....u.-,.~. 

'*-'--1II:lV 

j --S:n­
\
 

. .1 

-, 
I 

i 
.J 
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. 1 
I 

F~ 2.lB 

RiPt·1ide ~)'am' Nl'I'OK 

NITON Spectrum Analyzers operate in ~e following modes: 

Modes of operation, by model 

;I Model :1 Bulk l\lode ·1 Thin Sample Mode !I Paint Modes 

:1!j91 ;[- No -I- Yes II- No 

j[- 701-A .~~~ II- Yes !I- Yes : 
-

11- 702 - ,[eYes :1- No II- No 

II- 702-A :1- Yes :1- No II- Yes t 
III- 703 ![! Yes ,[- Yes l~o !-
iII- 703-A :1_ Yes :1- Yes ii- Yes ~ 

,XL-309 Yes ,![~ .. ~~2E~ (lead only) '~OE!.Qead 0n!Y) ~I~ 
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Turiling on your NITON 

1. Turn on the instrument Depress and slide the On/0tJ switch on the bottom of the instrument to 
the on position (Figure 2.04). Sometimes the instrument's battery saving features momentarily delay 
start up. If your NITON does not turn on immediately, turn it off, wait a few seconds, and turn it on 
again. Each time the NITON is turned on, the Main menu appears (Figure 2.05). 

,1 
I 

: ·a.,.u JW:3t3lloAI"_._----" 
F!&-'US ...w.. 
J'.-~...-..,....__:a. " 

2. The control panel consists of three buttons (Figure 2.06). These buttons allow you to navigate all 
of your NITON's screens and menus. Press the OearlEnter button to select the function indicated 
by the screen arrow. When you turn on your NITON, the Screen arrow is on 

Calibrate & test. 

,.: .. ; 

Note: You can begin to test immediately in whatever mode you last tested in by pressing the 
OearJEnter button. 

~ . ""f~~.-,." _."'-;;..-in-----,.......d 
. - _. _:':~~":'. 'ciaO 6...... . ..•.. 

... :.•••...~? •.~..... -

, 
.J 

Getting started 

The XL-309 and 700 Series Instruments are highly sophisticated., electronic spectrum analyzers. The 
more familiar you are with your NITON's operation, the better your measurements and reports will 
be. Here, in brief, is an outline of how to do various kinds of testing using your NITON. More 
detailed information is offered in subsequent chapters. 

1. Turn on the instrument. When testing in Bulk Sample or Thin Sample modes, Jeave your 
NITON on for fifteen minutes prior to testing. This is not necessary ifyou are going to test in any 
o/the Paint Modes. Go to the Setup Menu (Figure 2.07) and set the .mode you wish to test in. 
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] 

I 1 

2. Press ClearlEnter to begin self-calibration. 

3. When the NITON beeps, calibration is complete. You are now ready to test For instructions on 
how to take a measurement, depending on the nanrre of the meElia yOll will be measuring, turn to 
one of the following chapters: Chapter 3: Analyzing Bulk Samples; Chapter 4: Analyzing Thin 
Samples; or Chapter 5: Analyzing Lead Paint 

Note: Check your instrument's calibration with testing standards before and after testing and 
at least once per hour during testing. 

The Setup Menu 
--, 

5.-....~ ".i0oi1;"". * .......~-loIMI
~ 

~, - 1 
Sa1llolt 4= . $ 

mr.NIII.... 
-. --_.. ­
~SIIIIp"" 

,.,. a utIIiIIr Ill...-"......­
Use the Setup Menu (Figure 2.08) to check your instrument specification; to set the date and time; 
to illuminate the screen continollsly; or to select a different testing mode. Select the Setup Menu 
from the Main Menu with the Arrow buttons; enter the Setup Menu·by pressing ClearlEnter. 

.J 
Instrument Specification 

.I 
I 
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Cj 
To check the source strength of your instrument and other useful information, select the 
Instrument Specification screen (Figure 2.09) from the Setup Menu with the Arrow buttons. 
Press OearlEnter. The screen displays the following information: 

1. The Day, Month, Date, Year and Tune (hours, minutes and seconds). 

J 2. The Instrument Serial Number 

'] 3. The instrument Model; and the versions of Firmware and DSP software installed on the 
instrument 

4. The Source Date, the assay date of the cadmium109 source. 

5. The number of days since the last factory calibration of the instrument 

6. The Hours used. the nuinber of hours the instrument has been used since the last factory 
calibration. 

1 
I 

. J 

7. The Source Strength, the current strength of the instrument's cadmium109 source, in millicuries 

(mCi). 

To exit the Instrument Specification screen to the Main Menu, press the OearlEnter button. 

~ Setting the time and date on your NITON 

NITON sets the date and time (ESn on each instrument before it is shipped. Reset as needed when 
changing time zones, daylight savings time begins and ends, or whenever the time or date is wrong. 

Caution: Check the Date and Tune displayed on the Ready to Test screen. If they are not 
correct, reset them before taking any measurements. Your readings will not be accurate 
unless the date and time are correct 

To reset the date and time from the Setup Menu, do the following steps: 

J 
1. Use the the Arrow buttons to scroll to Set Tune (Figure 2.10 a,b). 

2. Press OearlEnter to select it. The Date and Tune appear as follows: 

Month.Day-Year-How:.-Minute-Second 
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...,$G1a-. 

., 
I 

Month-Day-Year-Hour-Minute-Second 

The cursor starts at Month and moves to the right To change the time and date, move from left to 
, right on the screen. For example, To change the hour and seconds: 
! 

,1 
1. Press CJearlEnter three times to move the cursor to Hour, 

,'1 
2. Use the Arrow buttons to change the hour to the desired hour. Press CIearJEnter. 

~ 
3. The cursor automatically moves to the next field: Minute. Use the Arrow buttons to change the 
minutes to the desired minutes. Press OearlEnter again to move the cursor to Second. 

4. Use the Arrow buttons to change the seconds to the desired seconds. Press OearlEnter. 

5. After selecting Seconds, the Main Menu screen is again displayed. set to Calibrate & Test. 

Note: If the year is incorrect, set it first. Use OearlEnter to move to the year position and the 
Arrow buttons to set the year. Then press OearJEnter five more times and set the remaining 

-
I fields as described above. 

.J 
Lighting the LCD screen 

. J In its default mode, your instrument's LCD screen remains back-lit for 15 seconds after any of the 
three buttons is pressed. You can light the screen any time the instrument is turned on by pressing 
any of the three buttons. When working in a dark place, you also have the option of lighting the 
screen continuously. 
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· J 
Take the following steps to either light the screen continuously, or turn off continuous screen 

'! 
I 

lighting if it is currently activated: . I 

· 

1. Use the Arrow buttons to select illuminate Screen from the Setup Menu (Figure 2.11). 

2. Press the Clear/Enter button to turn continous screen lighting on or off. The instrument will 
then return automatically to the Main Menu. 

Overview of test modes " 

The Setup Menu allows you to choose the pre-programmed test mode best suited for the type of 
testing that you will be doing. A full chapter is devoted to each mode later in this User's Guide. 

I, 
Note: The Setup Menu shows all NITON analyzer modes for all instruments. Ifyou select a· 1 
test mode which is not available on your NITON instrument, a reminder message will be 
d.ispIa~-ed on the sceen. 

Please contact NITON instrument sales at (800) 875-1578 or your local NITON sales representative 
· 1 to enquire about upgrading your NITON analyzer to add capabilities.
! 

Use the Arrow buttons to select the mode you wish to test in. Press ClearlEnter to select the 
mode. 

The Bulk Sample mode 

Bulk Sample Mode can be used to measure concentrations of contaminants in any fairly 
homogeneous, fine-grained medium such as soil, ground-up paint chips, a liquid or many other kinds

j of bulk materials. 

To test in Bulk Sample Mode: 

.1 

1"\'..,
 
1. Use the Arrow buttons to select 
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Test Soil, Bulk Samples 

from the Setup Menu (Figure 2.U). Press the ClearlEnter button. 

2. The instrument will return to the Main Menu ready to Calibrate & Test in Bulk Sample Mode. 
Press the OearlEnter button. 

~ 

i 
I 

3. The instrument will initiate self-calibration. This will take one to two minutes. When 
self-calibration is complete, the instrument will beep and display the Ready to Test screen for Bulk 
Sample Mode (Figure 2.13). 

4. See Chapter 3: Testing Bulk Samples for details on how to test particular kinds of bulk 
samples. 

I
,J 

"--~lDTesl 

Mode:: BaIk.Mar.:ic 

Reriudor 0680 eV 
5Ic-Saata* lOmCi 

- _. 

o-

J 

~ 
The Thin Sample modes 

Thin Sample Modes can be used to measure concentrations of contaminants in a variety of thin 
layers, including deposits on dust wipes, filters and many other substrates, including, for example, 
thin layers of uranium on concrete. 

Caution: The Standard Thin Sample Mode should not be used for quantitative lead-paint 
testing. Use only the three Paint Testing modes to test lead-based paint. 

f 
j 

.1 

There are five Thin Sample Testing modes, each designed for a different type of test media: 

1. 37 mm CE Filters: Used for 37 mm diameter filters (fiberglass or cellulose-ester) used in 
personal exposure monitoring. This mode can also be used for 37 mm filters used to analyze dust in 
Dust Vacuum Methods. In this Thin Sample Mode, three measurements are taken, weighted, and 
summed for each filter. 

2. TSPIPM Filters: Used for the larger filters to monitor the concentration of metals in air. In this 
mode, the instrument averages the measurements you take on the filters. 

3. Dust Wipes: Used for dust wipes to take samples by wiping surfaces following HUD guidelines 
for risk assessment and clearance testing for lead in dust 
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4. Standard Thin Sample: Used for taking single measurements of samples or coatings. In this 

mode, results are displayed. in micrograms/cm2. 

5. User-Definable Thin Samples: User-definable testing gives you the flexibility to specify custom 
thin sample measurement protocols. 

Testing in the Thin S~ple Modes: 

1. Use the Arrow buttons to select 

Setup Thin Sample Mode 

from the Setup Menu. Press OearlEnter. 

" 2. The Choose Operation Mode for Thin Samples screen will appear (Figure 2.14) 

3. Use the Arrow buttons to select the mode appropriate for the kind of thin samples you are going,. to test Press OearlEnter.
\ 

4. The Choose Operation Mode for Thin Samples screen will highlight the thin sample mode you 
have selected and the cursor will move to Exit to Main Menu (Figure 2.15). Press the 
OearlEnter button to return to the Main Menu. Press the OearlEnter button again to initiate 
Calibration & Testing in the thin sample mode you have selected. 

5. The instrument will initiate self-calibration. This takes one to two minutes. When calforation is 
complete, the instrument will beep and display the Ready to Test screen for the thin sample mode 

I 
you have selected (Figure 2.16).J 
6. See Chapter 4: Testing Thin Samples, for details on how to test thin samples. 
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The Paint modes 
" All three Paint Modes can be used interchangeably to measure lead concentrations in paint in 

#'\...'.', mg/cm2. In all paint modes, NITON analyzers simultaneously measure and analyze both K-shell and.., 
L-shelliead x-rays to determine (1) the numerical value of the lead in mg/cm2 present in the sample; 
(2) the 95% confidence interval; and (3) whether the sample has a lead concentration that is 

greater·than-or~·to ("Positive") or less-than ("Negative") the lead Action-level (in mg/cm2) 
that has been entered.. 

Standard Paint Mode 

In Standard Paint Mode, the instrument reads until a 95% confident reading of "Positive" or 
"Negative" versus the Action-level is achieved. Then the instrument displays either Positive or 

. J Negative, the Result in mg/cm2, and displays Surface lead for all Positive readings where the lead 
J is not shielded by overlying layers of non-leaded paint 

In Standard Paint Mode, testing times will vary somewhat from sample to sample. The instrument 
will measure only until a 95% confident reading of "Positive" or "Negative" (versus the 
Action-level you have set) has been attained. Most readings take 10 seconds or less. 

Standard Mode + Spectra 

Standard Mode + Spectra is identical to Standard Paint Mode except that the x-ray spectrum is 
displayed with each reading. 

K & L + Spectra Mode 
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In K & L + Specra Mode, the instrument displays the complete test information continuously, from 
the beginning of each reading, including the K-shel1 reading with two-sigma confidence interval, the 
L-shell reading with two-sigma confidence interval. the combined reading (Pb) with two-sigma 
confidence interval, and the full x-ray spectrum. With each reading, a Null result is displayed until a 
Positive or Negative result is determined. 

In K & L Mode + Spectra, you may continue readings indefinitely after a "Positive" or 
"Negative" result is obtained., until you have attained a desired measurement time or degree of 
precision. 

Note: In all paint testing modes, if a test is stopped before a "Positive" or "Negative" 
determination has been made, you will get a "Null" test result. 

Testing in the Paint Modes: 

1. Use the Arrow buttons to select 

Setup Paint Mode 

from the Setup Menu. Press OearlEnter. The Setnp Paint Mode menu screen will appear 
(Figure 2.17) 

2. Use the Arrow buttons to select 

Set up Paint Protocol 

. Press OearlEnter. The Paint Protocol screen will appear (Figure 2.18) 

J 
3. Use the Arrow buttons to adjust the times for the 1st beep, the 2nd beep and the 3rd beep 
signals for K & L Mode + Spectra and to set the Action level. Use the OearlEnter button to . 

.] enter each selection. 

1SI1leql lee 
~laip Wee 
lit1lap 30 ICC 

:AaillIl 
lewI tD 
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4. When the Action-level has been entered, the Setup Paint Mode screen will re-appear (Figure 
2.17). Now use the Arrow buttons to select a Paint Testing Mode. Press C1earJEnter. 

5. The Main Menu will appear, with the instrument ready to Calibrate & Test in the paint mode 
you have selected. PressClearJEnter. 

, 1 

I• > 

6. The instrument will self-ealibrate in one to two minutes. When self-calibration is complete, the 
instrument will beep and display the Ready to Test screen for the paint mode you have selected 
(FIgUre 2.19). 

-, 
7. See Chapter 5: Testing Paint Samples, for detailed descriptions of all three paint testing modes. 

j S.MayI.l!997~ 
: Sc:ml...n.:m.~ 
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Calibrating your NITON 

Your NITON has been thoroughly calibrated at the factory. To further assure the best Quality 
Assurance/Quality Control, your NITON performs a second self-ealibration check every time you 
turn on or reset the instrument 

i 
j 

In addition, NITON has provided you with several standard samples so you may check both 
calibrations. These tests against known standards insure that the instrument is functioning properly 
and buttress your results with a permanent record of regular calibratio.D:S' 

~entse~~bration 

. } When the screen arrow (-» is on Calibrate & test, press C1earJEnter to start the self-ealibration 
process (Figure 2.29). Self-ealibration takes one to two minutes. When it is completed, the 
instrument will beep and the Ready to Test screen will appear. 
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The ready to test screen
 

The Ready to Test screen (Figure 2.19) displays the following fields:
 

i 
1.The current Date and Time. 

.I .,	 Caution: Check the Date and Time. If they are not correc~ reset them before taking any 
measurements (see page 10). Your readings wiD not be accurate unless the date and time are 
correct.~ 
2. The instrument Serial Number. 

3. The indication that the instrument is Ready to Test 

4. The testing mode the instrument is ready to test in. 

5. The Action-level the instrument will use to make either a "Positive" or "Negative" determination 
of lead in paint testing. The Action-level is only used in paint testing modes.
 

I
 
6. The Energy Resolution. The lower the number (in eV), the better the instrument will per{orm.J 
Caution: Ifyou try to calibrate the instrument and it does not calibrate successfully, push the 

.j	 Reset Button on the bottom of the instrument and recalibrate. If your NITON does not 
calibrate successfuHy in three attempts, please call the NITON Service Department at (401) 
294.1234. 

7. The Source Strength (Src Stre~uth). The Source Strength indicates the current activity of the 
cadmium109 source in your instrument, in millicuries. Your NITON compensates automatically for 

the decay of the source. 

Re-calibrating your NITON during testing 
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To insure the accuracy and precision of your NITON, it is recommended that you re-calibrate hourly 
during testing. To recalibrate: 

~ 
Press the reset button on the bottom of your NITON. 

1 or turn the NITON off, then on, and press the ClearlEnter button. ;2 

Note: Occasionally, your NITON may refuse to take further readings and the screen will 
display the following message: 

1	 YOU MUST RECALIBRATE. 
i 
J 

Typically, this will occur when there is a sudden, very large change in the ambient 
temperature. When this occurs, recalibrate and continue ~. 

How to use your NITON
T

standard samples 

NITON provides sets of standard samples for each testing mode. These are used to check the 
calibration of the instrument 

1 

J	 1. For Bulk Sample Mode, there is a set of three NIST soil standards 

:'} 2. For Thin Sample Mode there is a set of three thin film standards: lead, copper, and iron. 

~ 3. For Lead Paint Mode, there is a set of government-traceable lead paint f.tlms.
 
1,
 
j	 Note: Although the standards do not contain every element our multi-element analyzers test
 

for, when an instrument correctly measures the standards you have have received with your
 
700, your NITON will correctly measure the other elements.
 

Test the standards regularly. First, immediately after the instrument finishes self-cab."bration. Then 
test the standard samples appropriate to the type of tests you are conducting, and once every 1-2 
hours thereafter. 

Warning: Tampering with the 5,500 ppm lead-in-soil standard may cause exposure to lead 
dust. Keep alI stand3rds out of reach of children. 

Caution: Never tamper with Test Standards. They should not be used unless they are completely 
intact. 

~ .. Soil and Thin Film standards 

To test soil or thin film standards, place the sample in the test platform receptacle and proceed to 
test as with any prepared sample. The NITON standard soil samples provided with your instrument 
contain known amounts of several elements. Do not contaminate the thin film samples with your 
fingerprints. Handle them by the edges with clean hands. 
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Lead paint standards 

1. Place the NITON standard with the colored side face up. Choose the RED strip labelled 1.0 +/­
0.1. Take a reading of that standard. Place the instrument on the standard so that the instrument 

window is fully on the standard. Your NITON should display a value between 0.9 and 1.1 mglcm2 

and should indicate Surface lead. 

2. Place the same standard with the colored side down. Take a reading of the standard (buried 
beneath the equivalent of 5-6 coats of non-lead. paint). Your NITON should still display a value 

between 0.9 and 1.1 mglcm2 and should not display Surface lead. 

Note: H your instrument is testing hiw. on Standard samples, check the surface the 
Standards are resting on. The surface may contain lead. 

When you test the Standard samples, your instrument should give readings which approximate the 
certified values. Your instrument should give consistent readings for each sample. 

Downloading data 

Your NITON stores up to 3,000 measurements plus their spectra. You can download this data to a 
computer for reporting or insertion in a database. 

-1 Note: Downloading data does not erase readings. To make room for the next set of data, erase 
readings after verifying that the data was downloaded successfully (see next section)• ~ 

. 1 
The RS-232 pon, on the back of your NITON, accommodates a 4-pin LIMO connector. A LIMO 
to 9-pin RS-232 connector cable is provided with your NITON. Your NITON can communicate 
with either a "dumb" or an "intelligent" terminal, such as a VT100 connected to a mainframe 
computer or a PC-compatible computer. 

I 

Fast data dump 

You can download up to 3,000 measurements, their descriptions, and spectra (4-90 keY) in minutes 
using the high-speed compressed format, NITON/Mid-Hudson Downloading Software, provided 
with your instrument . 

J 

1. Connect your NITON to your computer with the RS-232 port cable that is provided. 

2. Using the Arrow buttons, select Download Data from the Main Menu and Dress ClearlEnter- . 
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(Figure 2.21). 

3. Select Fast Data Dump from the Download Data menu (Figure 2.22)and press ClearJEnter. 
Select the first to the last readings you wish to download. The default setting will download all 
readings currently stored in memory. 

'I 

4. When the instrument fInishes downloading, it will return to the Main Menu. 

ASCII data dump 

For users who wish to download data in ASCII format, the NITON can dump its data as an ASCII 
file to any terminal emulator program.
 

i 1. Connect the NITON to your computer with an RS-232 cable.

I
• 

.2. In the Download Data screen, press the Arrow buttons to scroll to ASCll dump (Figure 2• 
. ; 

23). Press ClearJEnter. 

~ 
1 
t 
I 

3. When the instrument finishes downloading, it will return to the Main Menu. 

Erasing readings 
_J 

Ifyou do not erase your data, the NITON will continue to record data until the memory is 
I 
f 

completely full. Then the NITON will start to overwrite older data Any data that is overwritten in 
J this way will be 10SL 

Your NITON can store data on up to 3,000 measurements in all Paint modes, or 1,000 readings in 
Bulk Sample or Thin Sample modes. 
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Note: Download your data before the memory is completely full. Oear the memory after 
downloading.

:.1 
The erase readings function is designed to protect you from accidentally erasing readings. To erase 
readings: 

1. In the Download Data menu~ use the Arrow buttons to scroll to Erase Readings (FIgure 
2.24). Press OearlEnter. 

2. The Erase Readings screen (Figure 2.25) appears with the following choices:
 

ERASE all readings
 

-> CANCEL do not erase
 

EXIT to Main Menu
·-1 

The screen arrow defaults on Cancel do not erase, so that if you select it by mistake, you will not~ 
erase any readings. 

3. To Erase Readings, use the Up-Arrow button to go to ERASE all readings. Then press 
OearlEnter. When you enter either ERASE all readings or CANCEL do not erase your 
instrument will return to the Main Menu, ready to take and store more readings. 

. , . ~ 

.. ~ ..' ~ 

I
 
)
 

i
 
_~22:P:a:ldcadilpS=a _
 
1)e{;mff.is:.CANCEL. 40-_ en&-';'
 

J 

Battery packs and battery charger 

Fully charged, e4ch Nickel Metal Hydride battery pack gives eight or more hours of continuous use. 
It takes about 2.5 hours to fully recharge a spent battery pack if the batteries have been recently 
used.. If the NITON has not been used for several weeks, or if the batteries are completely 

~ discharged, they must be pre-charged before they can be recharged. See Battery Charger, below. 

180f24 4/101981:52 PM 



Exported XL Manual 6JCf7 - Title blIp:J/www.nitoD..com/ch2...btrnl#Heading 14 

NITON Battery packs can be recharged at least 500 times. They are warranted to be free of defect 
when shipped. They are not further covered. by manufacturers' warranty. When they need. to be 
replaced, new battery packs may be purchased from NITON. 

I 

.1 

'1 

Note: Before beginning a test, be certain the battery pack has sufficient charge. It is always a 
good idea to carry a spare battery pack. 

Caution: NITON's Nickel Metal Hydride battery packs discharge at a rate of about 2% per day 
when not in use. 

Battery pack routine maintenance 

Some guidelines: 

*Don't leave battery packs on the charger all the time. Overnight recharging is recommended. 

/

*For longest battery lifetimes, use a battery until completely discharged, and then recharge. 

I 
.I 

-1 

~ 

* Don't recharge a fully charged battery pack. If you want to charge a partially charged battery, run 
the Discharge cycle before recharging. 

* Store the charger and battery packs in a cool, but not cold, place, away from direct sunlight 

* When a battery pack is not used for a long period of time, it will lose its charge completely. Fully. 
recharge it before use. 

Note: The lithium battery inside your NITON will prevent any loss of data if you need to 
change the battery pack before downloading readings. 

Changing battery packs 

Removing a battery pack 

I 
1, 

1"JI,.U6. 

~ca.p-­

.,~Ik t:.:ay pet. 

'I»dapa.-q' 
~1D6e~.-:t­
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1. Avoid changing the battery pack outdoors. Moisture and dirt can damage a battery. 

2. Rest the NITON on a clean surface. 

3. Loosen the (2) clamp screws. They do not come off (Figure 2.26). 
.1 

'1 
4. Pull the battery pack away from the instrument by grasping the knurled screws and gently rocking 
the banery pack from side to side while removing it. 

Installing a battery pack ., 
I 

! 
i 1. Rest the NITON on a clean surface, as before. 

2. Slip the notch at the bottom of the battery pack into the wide-slot. 

3. Gently push the battery pack in, taking care that the battery pack connector is seated properly to 
the instrument. 

4. Tighten the (2) knurled screw clamps that fit into holes on the NITON. If the screw clamps do
 
)
I not tighten, the connectors are not lined up properly. These screw clamps must be tight for a secure
 
j connection. 

··1 
Recharging battery packs e 
Recharging with the AC adapter 

1. Lay the battery pack on top of Battery Charger. Fit connectors together snugly (Figure 2.27). 

2. Plug one end of the AC adapter into the power port on the bottom of the charger. Push the plug 
in, making sure it seats fully. 

3. Power up the charger: Plug the other end of the AC adapter into a 110V outlet The yellow 
Power light will come on and stay on throughout. The green Charge light will also come on. It will 
blink: slowly at first, indicating that the battery is on Pre-ch.arge, and then stay on with a steady 
light, indicating that the battery is on Full Charge. 

t 4. In Full Charge mode, the green Charge light will stay on with a steady light while the battery isI 

J being charged. It is D:ormal for the charger to make some noise in Full Charge mode. 

5. In Trickle Charge mode: When the battery is fully charged, the charger will automatically switch 
to Trickle Charge mode and the green Charge light blinks rapidly. 

Caution: Do not leave battery packs on the Battery Charger longer than necessary. 

20 of2~ 4110/98 2j2 PM 



h11:pJ/www.niton.comlch2.honl#Heading 14Exported XL Manual 6fl7 - Title 

Battery charger-' 
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Discharge cycle 
I

.J 

Put battery packs on the Discharge Cycle only if they are not holding a charge; or, if they are 
, partially charged. run the Discharge Cycle before recharging. It takes about eight hours to fully 
} discharge a battery pack. To discharge a battery pack, place it on the charger and: 

1. Press the red Discharge button. The red Discharge light goes on, and the green Charge light 
blinks slowly, showing charger is in Discharge mode. 

2. After a full Discharge cycle, the charger automatically recharges the battery. 

3. The red Discharge light goes out and the green Charge light will blink rapidly. showing it is in 
the Trickle Mode. 

21 of24 41101982:52 PM 



Exported XL Manual6ffl-TItle htr+J:J/www.niIOn.COm/ch2html#Heading 14 

-,
 
C)
 

I 

.J 

.J 

. Pre-charge 

Ifyour NITON battery packs run all the way down, they must be pre-eharged before they can be 
re-charged. The process can take up to 5 hours. A battery is pre-eharging when the green Charge
 
light on the battery charger is blinking slowly, and the Discharge and Temperature lights are off.
 

Overheating during charge
 

Caution: If the red. Temp light comes on repeatedly when a battery pack is on the battery
 
charger in the Full Charge cycle, call NITON Customer Service at (401) 294-U34.
 

Caution: Do not store the battery packs or battery charger in direct sunlight.
 

Using your vehicles 12V DC outlet
 

[Yen] A 12V DC Adapter is provided with your NITON. Insnuctions are the same as for using the
 
110V AC Adapter. When you have seated all connections well, the yellow Power light will come
 
on.
 

[yen] I?o not use the Discharge Cycle while on the DC outlet.
 

[yen] Secure the charger so the power cord does not get pulled out while the vehicle is in motion.
 

[yen] The plug of the DC Adapter has a 5A internal fuse. To check the fuse, unscrew the cap that
 
retains the contact from the end of the plug. Replace this fuse onlY with a 5A fuse of the same size.
 
If the fuse in the 12V Adapter burns out frequently, call NITONs Service Department at (401)
 
294-1234.
 

Note: Please do not throwaway spent battery packs. Return spent battery packs to NITON
 
so we can dispose of them properly.
 

Maintenance, cleaning and repairs 

NITON Corporation welcomes any questions or comments you may have about your NITON
 
analyzer. Please do not hesitate to call us at either our Main Office number: (781) 275-9275 or at
 
our Rhode Island Service Facility number: (401) 294-1234.
 

Caution: All Servi~ except exterior cleanjng must be performed by NITON Corporation. Do
 
not attempt to make repairs yourself. Opening the case of your NITON will void the
 
instrument Warranty.
 

Keep your NITON clean, particularly the beryllium window on the bottom of the instrument. If the
 
window is dirty, the performance of your NITON will be affected. Clean the window gently with
 
cotton swabs. Oean the instrument's metal case with a soft cloth. Never use water, detergents. or
 
solvents. These may damage the instrument. .­

4110/982:52 PM22 of24 



Exported XL Manual 6197 - Title hu:pJIwww.nitOo.comlch2.hanJ#Heading14 

Note: Never ship your NITON analyzer back to the factory for any reason without calling and 
obtaining a Return Authorization (RA) Number from NITON Corporation. 

C Storage, transport, and shipping 

Storing and,transporting your NITON 

All NITON instruments come in waterproof, drop-proof carrying cases with padlocks. NITON 
instruments can be transported by car or plane or shipped. as an ordinary package. There are no 
restrictions for tunnels or bridges. No notification is required for transportation except the 
following: There may be disclosure and/or licensing requirements if you take your NITON 
instrument across state or national boundaries. Please check with the appropriate agencies for 
details. 

No special labelling is required on the outside of case or packaging. A compliance statement must be 
kept with the instrument case. Always transport the unit in its carrying case, and keep the NITON in 
its case whenever it is not being used.. Store the instrument, in its case, in a secure area 

Shipping your NITON 

. , 
• 

All NITON instruments must be packed in their original padded carrying cases for shipment Pack 
the NITON in its carrying case and ship in either the original carton and packing material or their 
equivalent 

Caution: Do not ship your instrument back to NITON for any reason without first notifying 
NITON Corporation and receiving a Return Authorization Number. 

Caution: If you return your NITON without the carrying case you will void the instrument 
warranty. You will also be billed for a replacement case pIns any repairs resulting from 
improper shipping. 

Always enclose a copy of a current leak test certificate when you ship your instrument back to 
NITON. 

Caution: NITON's license prohibits repairing or upgrading any XRF instrument without a 
current leak test certificate. Ifyou return an instrument without a current leak test 
certificate, NITON will perform a leak test and bill you for the leak test. 

Note: Keep a copy of the following statement in the NITON case whenever the instrument is·
· shipped: 

THE NITON SPECTRUM ANALYZER CONFORMS TO TIlE CONDmONS AND 
LIMITATIONS SPECIFIED IN 49 CFR 173.422 FOR EXCEPTED RADIOACTIVE 
MATERIAL, INSTRUMENTS AND ARTICLES, N.O.S. UN-291O. THIS PACKAGE 
CONTAINS NO MORE THAN 50 mCi CADMIUM109 IN A PLATED, SOLID, SEALED 

SOURCE INSTAl I ,ED IN AN X-RAY FLUORESCENCE A.1~AL ¥ZER. 
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3: Analyzing bulk samples 

Overview 

The NITON XL-309 may be used to test lead in soil and ground-up paint chips if equipped with 
optional Lead In Soil Analysis software and hardware. 702, 702-A, 703 and 703-A Model Spectrum 
Analyzers are multi-element analyzers for bulk media, thick samples of materials such as soil, 'sludge, 
and various liquids. Applications include: 

• in-situ soil testing, 

• in-situ materials testing (e.g., contaminated concrete) 
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• bagged soil sample testing 

• testing sludge, sediments, liquids, and dust in cups, 

• testing prepared soil samples.
 

Choose the Bulk Sample mode from the Setup screen (Figure 3.01).
 

1 Note: Before testing in Bulk Sample mode, turn your NITON on at least 15 minutes prior to
 
i testing. This will give you more precise measurements.
 

, 
l-.plolar·- • 
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In general, testing methods for bulk media are of two types: Field screening and testing prepared 
samples. Understanding the difference between these two types of analysis is crucial to getting good 

.1 data. 

..-1 Field screening should be used to profIle an area, to locate sources of contamination, to determine 
the boundaries of contamination, or to gather data that will subsequently be used to design a 1\
sampling plan.. Field screening is usually only approxi.ma!e; field screening will correlate very well
 

1 with lab analysis for a highly-homogeneous sample, but may correlate extremely poorly for a
 
non-homogeneous sample.
 

Note: For performance evaluation of field XRF results by comparing them to laboratory 
results (done to justify XRF usage), never use in-situ testing; always gather samples and 
prepare them before testing. 

When comparing field screening to laboratory analysis, try to compare the same samples. For best 
results, collect a large sample in a zipper locking storage bag. Shake the bag to mix the sample. Test 
the bagged sample several times using the NITON and average the readings. Then compare this 

.J average reading with lab results. 

Ifyou must test in-situ for performance evaluation, take several XRF readings bracketing aspoL 
Then take a sample for laboratory testing from that Spol For further discussion of field screening, 
see EPA Method 6200, "Field Screening Using a Field-Portable XRF." Contact NITON for a copy. 
The EPA accepts field screening using the NITON if the screening is performed using Method 6200. 
Most states accept EPA Method 6200. 

The measurement screen 

On NITON XL-309s with optional Lead in Soil Analysis, only lead is displayed in bulk sample 
testing. On 700 models, only the two highest-eoncentration elements are displayed (in ppm, with the 
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two-sigma confidence intervals) on the first Measurement screen (Figure 3.02a), with the x-ray 
spectrum. The black bars on the spectrum display highlight the presence or absence of lead or iron inC the sample. The test time is also displayed in nominal (source) seconds. 

The summary screen 

When you end a reading. the Measurement Screen is replaced by the Summary Screen (Figure 
3.02b). On 700 models, results are displayed for 14 elements. The elements are divided into two 

. t groups: elements that were detected in the sample, and elements that were not detected. Press the
 
I ' Arrow buttons to scroll through the elements.
 

Detection Limit: For an element to be detected by the NITON in a given sample, the measured 
concentration of the sample must be at least three times the standard deviation of the measurement 
This detection limit will depend on the composition of the sample. 

Precision: The measurement precision for each element displayed appears to the right of the 
measured concentration. under the heading n+-n. The precision of each measurment is two times the 
standard deviation (sigma). An element is classified detected if the measured concentration (in ppm) 
is at least 1.5 times the precision. 

1 
I Detected elements are displayed as in the Measurement screen. Non-detected elements are shown as 

. j < xx, where xx is the detection limit for that sample. The detection limit for each element is 
calculated from each sample. 

. -" •... -:. 

J 1tadIlIQ1zg 

j 
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In-situ surveys
 

Before you take your first measurement:, you must decide whether to test the bulk: material...,"'.. '.' ..

., • in-situ (in-place), 

i
I • as bagged samples (or, for liquids and sludge, in cups) with a minimum of preparation, or 

• in an XRF cup after careful preparation. 

Note: More sample preparation (drying, milling and sieving) will yield greater accuracy. The 
drier, finer, and more homogeneous the particles, the better the measurements. 

If you are primarily interested. in determining whether an element is present (rather than in accurately 
measuring how much is present), direct measurement is the quiCkest:, simplest way to proceed.. Even 
if you intend to take samples, preliminary direct measurements will help you to survey the site. The 
analysis of bagged samples is another screening technique. 

The NITON test guard 

•. .: .
"..', ..~ 
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The NITON Test Guard (Figure 3.03) is a formed metal plate designed to be placed directly 
between the ground or other bulk media and the NITON. Use the Test Guard for surveys of bulk 
media in-situ or for testing bulk samples in bags. The Test Guard shields the unit from 
contamination and damage. 

Testing in-situ 

Warning: When taking samples from a site where toxic chemicals may be present, always use 
gloves and respiration equipment for your own protection. 

1. Select a measurement site. Lead-in-soil from paint. for instance, will be concentrated within a few 
feet of the painted structure. Valid results will depend on a sufficient and appropriate selection of 
sites to sample. 

2. Oear any surface debris or vegetation. Use a flat area so that the NITON will contact the test 
medium. The finer and more homogeneous the material, the more accurate the measurement (You 
can increase your accuracy when testing soil by loosening the soil and letting it dry in the sun before 
testing.) 

.I 
I 

.1 

1 

~ 
I 

i 

I 
t 

j 

.1 
3. Place the test guard on ground. Keep the top of the test guard clean. 

4. Hold the NITON in one hand. 

Warning: Alwavs treat radiation with respect. Do not put your hand on the end plate of the 
NITON while measuring. Never point the NITON at yourself or anyone else when the shutter 
is open. 
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5. Push the safety slide (that locks the shutter release) out from under the shutter release. If the slide 
is still tucked in, you cannot press in the release nor will the instrument fit on the test guard 
correctly. 

6. Place the NTION on the test guard so that the rectangular opening on the test guard is under the 
window of the NITON, squeeze the shutter release, and firmly press the instrument flat against the 
surface of the test guard (Figure 3.04 a,b). Ifyou don't squeeze the shutter release, the plunger will 
not depress. If the plunger is not fully depressed, the window is not fully open and the NITON 
cannot measure accurately. The back of the unit must be flush with the test guard. 

Note: During the measurement, you do not need to squeeze the shutter release continuously. 
Hold the NITON firmly against the test guard surface and it will continue to read. Once you 
lift the instrument, the plunger will back out the botto~ the shutter will close, and the test 
will be finished.. 

7. Wateh for indications to decide when the test has reached the desired level of accuracy. A typical 
screening test will last 20-30 source seconds. 

Warning: In the unlikely event that the plunger gets stuck in the open position, simply push 
it closed. Then call the NITON Service Department at (401) 294-1234. 

In-situ depth profiling 

An XRF soil test examines only the top millimeter or so of soil. To do depth profiling, simply 
remove a vertical slice of soil and test several samples from different depths. Doing so rapidly yields 
information about the depth of contamination. 

Analysis of bagged bulk samples 

Sometimes it is convenient to collect samples in plastic bags. Without further preparation of the 
sample, you can screen the site by testing each bag. Because you are testing through a bag, test 
results will tend to be 5-10% lower than test results obtained from direct analysis. 

Taking bagged samples 

1. Before sampling a site, size it up for differences in soil characteristics. Valid results depend on a 
sufficient and appropriate selection of sites to sample. Consider the site's topography, texture, 
drainage, color of topsoil, and past use. 

2. Take a composite sample from each predetermined area. Do not combine samples from areas with 
different compositions or history. A composite sample made up of samplings from two distinctly 
different areas is not representative of either area. 

Mix the sample. If it is too large, reduce the sample. Some techniques for reduction and 
homogenization are described in the section on analysis of prepared samples. .' 
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3. Fill a clean plastic bag with 50-100 grams of soil and close it securely (with a t'Nist tie). The 
accuracy of your measurements will be limited by the thickness of the plastic in the bag you use. 1 

1"1,'­ mil-thick Polyethylene bags offer a reasonable compromise between accurate readings and bag.., 
durability: Be sure to label each bag with your name and the location of the sample site. 

Testing samples in bags 

Shape the bag of soil to form a continuous uniform layer of at least 1 cm. (004 inch) thickness. Place . , the NITON test guard on the bag (Figure 3.05). Then follow testing in-situ instructions. 
l 

Warning: Do not hold bagged bulk samples in your hand during testing. 
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--, Analysis of prepared bulk samplesI 

Prepared sample analysis is the most accurate method. for determining the concentration of elements 
in a bulk medium using your NITON. Sample preparation will minimize the effects of moisture, 
large particle size and variations in particle size. 

Warning: For your protection, when t3king samples from a site where toxic chemicals may be 
present, always use gloves and respiration equipment 

NITON recommends a specific sample protocol. Following this protocol for preparing and testing 
samples is vital for achieving a level of accuracy comparable with laboratory results. See Figure 
3.06 for a flow chart of the protocol. 

J 
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Taking bulk samples 

Note: When testing for lead-in-soil in a residential setting, it is standard practice to sample 
the top 4 to 6 inches of soil.' 

.J The soil probe or sampling tube is a very convenient sampling tool. It not only allows speed but it
 
makes more accurate composite samples than any other tool as it may always be inserted to a
 

: marked depth and it removes the same amount of soil at each insertion. There are core sampling
 ,
 
. j devices that remove an intact cylinder of undisOJ.rbed material.
 

A shovel, spade, dibble, narrow (1-1/2 inch) garden trowel, or other sampling tool can do the job. 
Take a half-inch soil slice. A satisfactory soil auger may be made by welding a 1-114 or 1-1/2 inch 
wood bit into a 1/2 inch pipe equipped with aT-handle. 

Take 50-100 gram sample to insure that you have a sample large enough to be representative and 
unbiased after mixing, grinding, and straining it 
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1. Before sampling a site, evaluate it for differences in soil characteristics. Valid results depend on a 
sufficient and appropriate selection of sites to sample. Test results may be worthless, even highly 

~ misleading, unless the samples tested actually represent the area 

Consider topography, texture, drainage, color of topsoil, and past use. Lead, for instance, is usually 
concentrated near a building with lead paint (within 4-6 feet). 

2. If the individual samplings are taken with a spade or trowel, (Figure 3.07) reduce the samples by 
. , 

taking a vertical slice (so it is representative of the entire spadeful) about one inch wide. 
1
 

Place the reduced samples in a clean pail. Then mix the sample thoroughly by stirring and by
 
rotating the pail at an angle of 45 degrees. Don't shake. (You do not want to stratify the sample by
 
weight).
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3. Take a composite sample from each predetermined area. Do not combine samples from areas with 
different compositions or history. A composite sample made up of samplings from two distinctly 
different areas is not representative of either area. 

From each predetermined area, prepare a composite sample by taking several samplings consisting 
of vertical columns of material approximately 1 inch in diameter. The length of each column should 
be about 6 inches. Lead from paint is usually concentrated within the top 1-4 inches. The elements 
you wish to measure and the local history will determine how deep you need to sample. 

Package samples from the following areas separately: samples close to' painted structures, close to
 
J roads, samples close to where various types of waste have been stored, or near pressure-treated
 

lumber.
 

4. Fill a clean plasti~ bag and close it securely (with a twist tie). Be sure to label it with the date, the 
site and the location where you took the sample 

Preparing bulk samples 

The equipment you need to prepare samples is i.D.cluded in your kit Among these are a mortar and 
pestle (for the XL-309 with lead-in-soil-analysis), an electrically powered grinding mill (included 
with 700s), and severalsized-sieves. ­
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Caution: Keep all test equipment clean to prevent conUlmjnated samples. 

The mortar, pestle, and grinding mill may be cleaned with dry paper towels. Water will also clean 
the mortar, pestle, and the mill's container, but be sure each is absolutely dry before you use them on 
another sample. The mortar and pestle may be cleansed by grinding clean dry sand in the mortar. 
Use the short bristle brushes (included in your Bulk Testing Kit) to clean the sieves. When Soil 
Grinder blades wear out, unbolt the worn blades and replace. 

Cone and quartering 

At various times while preparing a sample you may need to divide it Cone and quartering is a 
method for splitting the sample into homogenous quarters. Slowly and carefully pour the dry 
material onto a flat sheet or pan forming a symmetrical cone. Using a flat thin-bladed tool, such as a 
knife or ruler, divide the cone into equal piles. Divide these in half again. Now you have four 
samples, each one-quarter the size of the original and each more homogenous than1b.e original. 

1. If the sample is moist and cohesive, dry it To best prepare a sample for presentation to the XRF, 
the material should be dry and well homogenized. Ideally, the entire sample should be dried to 
constant weight, sieved to remove gravel and debris, and ground or milled to a fine poWder. 

i 
The sample can be dried in any of several ways. Choose one of the following: Oven dry the sampleI 

. J	 for approximately 2 hours at 1500 c., until the sample reaches a constant weight; air dry the sample 
overnight at room temperature in a shallow pan; gently stir and warm the sample in a pan over a hot 
plate or burner. 

Oven drying is inappropriate when volatile compounds may be present in the sample. For example, 
lead present as tetraethyllead would be driven off by the heat of drying. Some forms of mercury and 
arsenic are volatile. Air drying will preserve more of these volatile substances. 

2. Grind the sample to break up dirt clods and/or paint chips. 

3. Sieve with the #10 (2mm) mesh and separate out the larger pieces (stones, organic matter, 
metallic objects, etc. Examine the larger particles by eye (look for paint chips), but do not include in 
the sample. 

4. Grind the sample so its particles will be finer and more homogenous. Use mortar and pestl~, or an 
electrically powered grinding mill. 

I 
. J 

I	 Warning: Grinding-and-sieving dried samples produces dust. Even clean soil contains silica, 
which may be hazardous when airborne. Prepare all samples in a ventilated area; wear a 
mask, gloves, and an apron; and spread a drop cloth. 

5. Sieve at least 10 grams of the sample through #60 (250 urn) and #120 (125 urn) mesh. Re-grind 
the unpassed material until the required fraction is able to pass. 

6. Mix the resulting sample. 
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Putting the sample in an XRF sample cup 

The container holding the sample affects the accuracy of the measurement. Use a container with as 
thin-walled a window as is convenient and use the same kind of container and window for each 
sample. Consistency and careful attention to detail are keys to accurate measurement 

Note: The sample container should be a sample cup of a type that can be filled from the rear; 
that is, the side opposite the window (e.g. Chemplex #1330)•.NITON recommends using a 1/4

.I mil mylar film window (Figure 3.08). A supply of cups and windows are included. 
I 

1. Place a circle of mylar film on top of an XRF sample cup. The window goes on the end of the cup 
with the indented ring. Note that the window may be prepared ahead of time. 

2. Secure the fIlm with the collar. The flange inside the collar faces down and snaps into the 
indented ring of the cup. Inspect the installed film window for c~ntinuity and smooth, taut 
appearance. 

3. Set the cup, window-side down, on a flat surface. Fill it with at least three grams of the prepared 
sample (no more than half-full). Take care that there are no voids or layering. 

i 4. Placing the cup film-side down on a flat surface, tamp the sample into the cup. The end of the
.1 pestle makes a convenient tamper. Ifyou intend to re-use the sample, you can, alternatively, place a 

filter-paper disk on the sample before tamping it 

5. Fill the cup with polyester fiber stuffing to prevent sample movement. Use aquarium filter or 
pillow filling as stuffing. A small supply of stuffing comes with your bulk sample kit 

6. Fasten the cap on the cup (Figure 3.09). Using an indelible pen, write an identifying number on 
the cup. Keep a record of the sample number, the site and location, the date of the sample, and any 
other relevant comments. 

I --- iatJaIel. ~ .J 
.~~<iode 

J 

Preparing samples of liquids, sludges or dust 

Liquids: 
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Fill an XRF sample cup with the liquid to be tested (Use no cotton). It is best if some overflows e when the cap is put on, since the cup must be full. 

Sludge: 

Sludge can be placed directly in an XRF cup for screening. This is considered in-situ testing because 
no attempt has been made to prepare the sample. For more accuracy, the sludge can be dried,

·! sieved, and ground. 
• 

Screening dust: 

Use large dust samples taken from a home vacuum cleaner bag. Remove fibers, hairs, and debris. At 
least three grams of dust are needed. to assure accurate analysis. Samples as small as one or two 
grams may be measured with less accuracy. Even smaller samples (0.3 to 1.0 grams) can be 
analyzed by applying a weight correction factor and by using a funnel to place the sample in the 
center of the sample cup. 

Prepare in an XRF sample cup and test the same way you would with a soil sample. For risk 
analysis, it is advisable to use a 6O-mesh sieve to isolate and test only fine particles. 

I 
I
 
I
 

·1 The bulk testing platform 
"1 

The test platform (Figures 3.10a,b) is an accessory fixture for holding bulk samples (such as soil ore ground paint chips) in standard film-window XRF cups. This fixture snaps quickly and securely to 
your NITON instrument 

The platform latch screws underneath for storage. Before using the test platform, unscrew the latch 
and rescrew it on the end of the platform nearest the receptacle for the sample cup. 

The test stand securely holds the XRF sample cup in place. 

Testing the sample; 

Set the NITON test platform on a flat, solid surface. Place the sample cup in the receptacle of the 
J	 sampler. Included in your kit are some foam disks that you can put in the receptacle under the cup 

for firmer contact between the NITON and the sample cup window. Attach the NITON to the test 
stand and follow in-situ bulk sample instructions (FIgUreS 3.11 a,b).I
 

·J
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Chapter 4: Analyzing thin samples 
Overview 

The NITON XL can.1est dust wipes and other thin samples for lead if equipped with optional Dust 
Wipe Analysis Software and Hardware. The 701, 701A, 703 and 703A Model Analyzers are 
multi-element analyzers for a wide range of thin samples. Examples of thin samples include: 

• 37 mm filters used for exposure monitoring filters, and filters used for Dust Vacuum methods 

• Total Suspended Particulate (TSP) and Particulate Monitoring (PM) filters, 

• dust wipes. 
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• filters used for measuring suspended and dissolved metal concentrations in liquids, and 

• thin coatings deposited on substrates. 

Contamination captured on filters or wipes is not usually deposited uniformly, and the filters and 
wipes are several times larger that the 1 cm x 2 cm scanning window of the instrument To produce 
meaningful results, several readings must be taken for each thin sample measurement Readings are 
then summed or averaged. 

The number of readings, the weight given each reading, and whether the readings are summed or 
averaged depends on the application. For example, the procedure for testing dust wipes is different 
from the procedure for testing 37 mm personal exposure filters. The instrument follows a unique 
procedure for each application. Simply choose the appropriate Thin Sample Mode from the Thin 
Sample Setup Menu. (See Figure 4.01). See the section titled "Setup Thin Sample-Mode". 

Note: Before testing in Thin Sample Mode, turn your NITON on at least 15 minutes prior to 
testing. This will give you more precise measurements. 

, 
• J 

The dust wipe and filter test platform 

The Dust Wipe and Filter Test platform is an accessory fixture for holding 37 mm personal exposure 
filters, larger contamination monitoring filters, and dust wipes (Figures 4.02, 4.03). The test 
platform snaps quickly and securely to your NITON-and detaches just as quickly. It also protects 
personnel from exposure to radiation. 

i 
The front end of the platform is designed to facilitate testing 37 mm personal exposure filters. The 

J test stand securely holds the filter in place in each of the three test positions required for these 
filters. The clamp holds the instrument 

When testing larger TSP and PM filters, remove the front end. Use the plunger shield to protect the 
filter from being punctured by the NITONs plunger. The velcro strap on the filter test platform 
holds the instrument in place and loosens easily to permit you to reposition the filter between each 
reading. 
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. j 
37m..m CE and fiberglass filters 

-, 
I 

Before testing 37mm filters, access the Setup Menu, selecting Setup Thin Sample mode, and then 
select 37mm CE Filters (Figure 4.04). See the following sections for details: "Setup" and "Setup 
Thin Sample mode". 

Preparing a filter 

em:;;;-*­.~ P 
Cc'if_ 
~;Di!-'" 
~...~ 

_ ..... n.,~ 

, 
J 

37 mm filters are often used for monitoring personal exposure. Dust vacuum measures (DVM) use 
the same size filters and are tested in much the same way. To prepare the filter for teSting, remove it 
from the air sampling cassette and load it in a filter sleeve. 

The plastic air sampling cassette (Figure 4.05) is closed-face; an open-faced cassette would be 
missing the top section and plug. The filter sleeve is a piece of cardboard sandwiched between two 
layers of thin plastic film (Figure 4.06). The cardboard has a circular cutout of slightly larger cutout 
than the filter. 

CJ Note: To avoid contaminating the test results, wear clean surgical gloves. Take a sleeve. Peel 
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back the top layer of film. Set the sleeve down on a clean surface. 

Remove the bottom plug from the air sampling cassette. Separate the sections of the cassette so you
~.'.'.. '.C'.'

W	 can reach the filter. Using tongs, poke the filter and filter pad through the plug hole to release it 
from its seat in the cassette. Touching only the edges of the filter and pad, gently separate one from 
the other with your finger. Then, using the tongs, lift the filter from the cassette and place it on the 
sleeve in the cutout Dose the sleeve. It doesn't matter if the sleeve wrinkles some. 

. . ... Note: It is advisable to practice with several blank filter cassettes before using real samples. 

PipR4.0s ... 
(Ii;blJAa­
-Pi-I-. 
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Positioning a filter 

_--,::::__-::;;::~%lF-'- Qlr--' 

Ab'" ch-ifra 
....-) 

'.. 
,. :~~>.. ;-:­

Place the sleeve on the test platform.. The test platform has a built-in filter holder, designed to bold 
37 mm filters securely under the test window of the instrument 

To accurately determine the concentration of elements on the filter, you must take three readings, 
eacb from a different area of the filter (FJ.gUre 4.07). The XL or 700Series will automatically 
calculate the total loading, in micrograms, when you complete the three readings. The filter bolder 
has ridges that hold the filter in position for each of the three required readings. 

You must measure the center of the filter first (Figure 4.08). Place the filter against the middle 
ridge of the filter holder. This reading is multiplied by a different coefficient than either of the other 
reading, hence the order is important Take the first measurement as described in the section Taking 
One Reading. 

Note: The order is important: The middle-of-the-fIlter reading must be done first. 

Next, slide the filter to the outermost ridge. Take the second measurement (the top of the filter). 
Finally, slide the filter to the innermost ridge. Take the third measurement. The order of these last 
two measurements is not important. 
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Taking a reading 

1. Set.the test platform on a flat, solid surface. 

2. Holding the NITON in your hand, place it on the test platform so that the filter is under the test 
window. Squeeze the shutter release, pull back the latch on the platform with your left hand, and 
firmly press the instrument flat against the platform surface. Ifyou don't squeeze the shutter release, 
the plunger will not depress. If the plunger is not fully depressed, the window is not fully open and 
the NITON cannot measure accurately. The window opening must be flush with the test platform to 
get an accurate reading. 

The test platform latch will continue to hold the NITON flush against the sample until you lift it off. 

Note: During the measurement, you do not need to hold the NITON or squeeze the shutter 
release continuously. Your NITON will continue to test until you lift the instrument from the 
test platform. 

3. Watch for indications of lead on the screen to decide when the test has reached the desired level 
of accuracy. A typical test for the quantitative measurement of lead takes 60 nominal, or source 
seconds. The instrument will beep at 60 nominal seconds. 

4. After the desired interval, pull back on the platform latch to release the NITON and lift from the 
test platform to end the test The shutter will close automatically. The plunger should be fully 
extended. 

-

Warning: In the unlikely event that the plunger gets stuck in the open position, simply push 
it closed. Then calI the NITON Service Department at (401) 294-1234. 

Reading the display 

The Measurement screen 

The Measurement screen is displayed during each test and is accessible after the test is complete. 

For the XL, the screen shows each of the three measurements in rnicrogramslcm2 9f lead (Figures. 
4.09 a-c).	 . 
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Note: On multi-element models, the initial Measurement Screen always shows lead because 
lead is the element most commonly measured in Thin Sample mode. The element with the 

next highest concentration (in microgramslcm.2) is also shown. To see the other elements, 
press and hold OearJEnter for two seconds (Figure 4.09 d). Use the Arrow buttons to scroll 
throngh the list of results for all elements. 

The Final Result screen 

"'-4.lIh.~ '$ C • _. "w­.......~
 

· i 
The Fmal Result screen (Figure 4.10) is displayed only after all three measurements are complete.e,	 Final results are in units of micrograms. On 700 Series instruments, the screen shows 14 elements, 
whether they were detected., and how much of each element that was detected on the filter (in 
micrograms). The Fmal Result screen is given the next reading number. 

This screen is divided into three parts. The fIrst shows the metals detected. For the XL, only lead is 
listed. For the 700 Series, all of the detected elements are listed., in order of decreasing amounts. 
Next is a list of elements where the result was less than the calculated detection limit The XL (for 
lead) and the 700 Series calculates the detection limit for every sample. Each is shown as being less 
than a number, representing the detection limit for that element, for that sample. The detection limit 
is calculated using EPA protocols, that the detection limit is three times the standard deviation. 
Fmally, there is a list of these same undetected elements displaying for each the weighted sum and 
twice the standard deviation (95% confidence level) that the instrument calculated. . 

These three lists will not fIt on the screen at one time. Use the Arrow buttons to scroll up or down 
the screen. 
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TSP and PM Filters 

These filters are often used for air monitoring. They are about 8 ~ 10 inches in size. The samplers 
are designed for uniform filter deposition. The purpose of the XRF measurement is to determine 
total micrograms of lead and other metals on the filters. Because the samplers are designed for 
uniform deposition onto the filters, two measurements are taken on these filters. The choice of two 
measurements resulted from original testing conducted by NITON Corporation, Galson 
Corporation, and the New York State Department of Transportation (NYSDOT). Because 
deposition on the filter is presumed uniform., the NITON averages the two readings. 

Preparing to take a measurement 

1. Wear clean surgical gloves 

2. Remove the front end of the filter test platform (Figure 4.11). 

3. Place the plunger guard over the NITON. The elastic strap of the plunger guard should be 
between the buttons and screen of the instrument 

4. Place one corner of filter over the hole in filter test stand (which corresponds to the position of 
the test window on the NITON). Measure about two inches in from the edge of the contamination 
on the filter. Take the first measurement 

5. Take one reading from one quadrant of the filter (Figure 4.U). Wipe the bottom of the 
instrument and test guard after each filter. 

Note: Initial studies have shown that,' after two readings, about 1 to 2 % of the lead on a filter 
is removed from the filter and redeposited on the instrument. Hence, wipe the bottom of the 
instrument to avoid compromising future tests. You may want to have the wipes analyzed. 
Note that since the accuracy for this method (and for laboratory analysis) is 10-20%, the 
small error due to removing dust is negligible and can be ignored. 

Taking a Reading 

41101982:54 PM 
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See Taking a Reading for 37 mm filters (page 49). 

Testing TSP and PM filters on the sampler 

WIth your NITON. it is possible to test filters while they arc still Qll the sampler (e.~ a Graseby 
Sampler). FIrSt, slmt off the sampler. Then place the plunger guard over the NITON. The NITON 
(with plunger guard) wiD. fit inside of the frame holding the filter. 
• - ------ ------ -- • ---- -- _.•.- -- • ~. -~ - -_. --. -- ­

Take two measuremems. as descnOed in the previous section. You will need to hold the NITON 
against the filter for the length of e3Ch test. The test will end when you lift the NITON from the 
filter. Wzpe the instrument and guard after testing each filter. 

The offici3l protocol for this procednre is under evalnation by the NYSDOT. 

. -. ­

Note: .Qnh test for lead, zinc, and arsenic when testing filters directly on a sampler. The steel 
grid supporting the ffiters makes it impossible to measure small concentrations of other 
elements. . 

~.
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Reading the display
 

~I The Measurement screen 

]
 The Measurement screen is displayed during each test and is aro"S.sible after the test is complete.
 
The screen shows each of the two IDC3SU1'eIDCIlt in nrlcrogramslem2 of lead (Figure 4.13 a,b). 

. . 

~l When the two measurements are complete, the XL or 700Series antomatically averaged the rcsnlts 

l 
to yield the average loading in microgramsI~.The average is niDItiplied by 404 err? to yield the 
total 1e3d and other metals. in micrograms. These results are displayed On the FlJl31 Result screen 
(F"IgUre 4.l3c). 

1 . Note: Even on IIIDlti~ement analyzers, lead is always cmplayed on the first screen. Lead is 
~ the element most commonly measured in Thin Sample mode. To display the nen screen,
 

. '\ which shows the results for other elements, press aDd hold 0carJEnter for two seconds. Use

. j__ ._. __ the Arrow buttoDS to scroll through the list of results for aD elements.
 

J -i\r., . 
~";;

1 

~ . 1. 

0'1. 

The F"mal Result screen 

The Final Result screen (F"IgUre 4J.3c) is displayed only after both measurements are complete. 
Fmal results arc in units of micrograms. On 700series instroments., the screen shows 14 elements. 
whether they were detected, and how much of each element that was detected on the filter em 
micrograms). The Final Result screen is given the next reading nmnber. 

-
This screen is divided into three parts. T'be first shows the metals detected. For the XL-309. only 
lead is listed. fur the 700 Series, an of the detected elements arc listed, in order ofdecreasing 
anlOonts. Next is a list of elements where the result was less than the C3lculated detection limit The 
XI.r309 (far lead) and the 700 Series C3lculate the detection limit for every sample. The detection 
limit is calculated osing EPA protocols, that the detection limit is three times the standard deviation. 
Finally, there is a list of these same undetected elements displaying for each the wC;ghted sum and 
twice the standard deviation (95% confidence level) that the instrument calculated. 
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These three lists will not fit on the screen at one time. Use the Arrow buttons to scroll up or down 
the screen. . 
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Other air~monitoring IDters 

Low-volume air-sampfuig techniqces use 47 mm diameter filters. TheNITON can test these as well. 
Tbe filters are usnaIly very unif~ so taking a single rneastlI'CIIleD of the center of the filter is a - --­
viable option. Use the Standard Thin Sample mode (See Page 59) for this. Results are given in 
micrograms/cd. The operaror should multiply by the area of the filter to obtain results in 

1 

j micrograms. Sum or average several IP'4dings. or have the results antomatically mnltiplied by using 
the User-defineable Thin Sample mode to specify a protocol that satisfies you:r requirements (See 
Page 60). 

Dust Wipes~-l 
This section describes the testing of dust Wipes. The wipe. recommended by NITONand used in the 
ELPAT program. is the PaceWxpe.. It is available from; 

Pace EnviroDs
 
2fJl Rmhcrg1en Drive
 

Dry, NC 27511
 
(800) 361-5323
 

.J NITON is developing a procedure for measuring dust wipes that will be reviewed for regulatory 
approval. What is presented here works in company tests. but is nonetheless tentative pending 
approval. The NITON displays levels of contamination in micrograms per wipe. The wipe refleas 

.J the contamination of the area wiped. Cum:nt regulations require lead contamination below 100 

miao~ on floors. 500 micro~ on window sills., and 800 microgramsltt2 in window 
wells.l , 

~. 

Note: For the current software release (Version 5.0) the XL and 700Series provide 
quantitative results for lead onlY. You may use the 700 Series for screening ofother metals on 
dust wipes, but element-spedfic correction factors must be implemented in the firmware to 
make non-lead measurements quantitative. Please contact NlTON regarding,timetables for 
new firmware releases that will offer this featIIre. 
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NITON assumes that the operator follows the HUD guidelines for taking a dust wipe that are 
summarized here. To use the wipe, measure a known area of the surface, preferably one square foot. 
Wear clean surgical gloves. Wipe the meastrred square with parallel strokes. Fold the wipe in half. 
Wipe in strokes 90° to the original direction. Fold the wipe in half again. Thus far, you have 
followed one of the HUD procedures for taking a wipe test. For more information on taking 

J 
i	 dustwipes, please refer to "Guidelines for the Evaluation and Control of Lead-Based Paint Hazards 

in Housing," Chapter 7. 

] Now, fold the wipe in half three more times (Figure 4.14). You now have a pad measuring about 1 
x 1.5 inches (2.5 x 3.7 cm). It is iIIiportant to fold the wipe neatly, so the final wipe is very nearly a 

1
! 

neat square measuring about 1 x 1.5 inches. 
, 
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FoldiDg.tZ dmt ~ SZm lit dlc-lDpJdlmd 
proc:=d mt!I!rfClci::bisc.a.tiDI ti¥t fokls. 

Then put the folded wipe in one of the plastic baggies provided, and place the ';lt1pe, in the baggie, in 
the metal dust wipe holder (Figure 4.15). The dust wipe is now ready to test. NITON recommends 
that the plastic bags NOT be re-used, to eliminate the chance of cross-contamination of subsequent 
wipes. 

~	 Taking dust wipe measurements 
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Take four measurements, positioning the metal dust wipe holder on the number one position of the 
test stand, then the number two position of the test stand; then rotate the dust wipe holder 180 
degrees (without mrning the holder over) and again test on the number one position followed by the 
number two position (Figure 4.16). This procedure assures that the entire area of the folded dust 
wipe is measured by the analyzer. 

Taking a reading 
, ,, 

: 
I 

See Taking a Reading for 37mm Filters (See Page 49). 
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J Reading the display 

The Measurement screen 

The Measurement screen is displayed during each test and is accessible after each test is complete. 

For the XL, the screen shows each of the four measurements in microgramslcm2 of lead (Figure 
4.17a-d). When all four measurements are complete, the NITON automatically sums the four test 
results to achieve the correct reading. This result is given in the Final Result screen (Figure 4.17e). 

Note: Even on 700 Series instruments, only two elements are displayed on the first screen: 
lead and the element with the highest concentration (other than lead). 
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To display the next screen, which shows the results for other elements, press and hold OearlEnter 
for two seconds. Use the Arrow buttons to scroll through the list of results for all elements. 

~ The Final Result screen 
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The Fmal Result screen (Figure 4.17e) is displayed only after all four measurements are complete. 
Fmal results are in units of micrograms. On 700 Series instruments, the screen shows 14 elements, 
whether they were detected, and how much of each element that was detected, on the filter (in 
micrograms). The Fmal Result screen is given the next reading number. 

This screen is divided into three parts. The first shows the metals detected. For the XL, only lead is 
listed. For the 700 Series, all of the detected elements are listed, in order of decreasing amounts. 
Next is a list of elements where the result was less than the calculated detection limit The XL (for 
lead) and the 700 Series calculates the detection limit for every sample. Each is shown as being less 
than a number, represneting the detection limit for that element, for that sample. The detection limit 
is calculated using EPA protocols, that the detection limit is three times the standard deviation. 
Fmally, there is a list of these same undetected elements displaying for each the weighted sum and 
twice the standard deviation (95% confidence level) that the instrument calculated. 

These three lists will not fit on the screen at one time. Use the Arrow buttons to scroll up Qr down 
the screen. 
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Standard thin sample mode 

The Standard Thin Sample mode should be used to test thin samples that have uniform 
contamination or deposition. These include many filters for liquids and gases, various types of 
coatings, and the leaves of plants. Operators who want to make a single measurement and obtain a 

result in units of microgramslcm2 should use Standard Thin Sample mode. 

Caution: The Standard Thin Sample Mode should not be used for quantitative lead-paint 
testing. Use only the three Paint Testing modes to test lead-based paint. 

In the Standard Thin Sample mode, each measurement is a separate test. For this reason, there is no 

Final Result screen in this mode. The results of each test are given in microgramslcm2 for lead only 
(XL) or for up to 14 elements (700Series). 

Note: Using Standard Thin Sample Mode to test ~ coating may yield lower-than-actual test 
results. 

Standard Thin Sample Mode does not correct for shielding caused by the presence of overlaying 
coatings. Thus, for coatings testing, the results should be viewed as the minimum amount of 
contaminants present If an element is not detected., it may be that the element is present but entirely 
shielded by overlaying coatings. Beware. Do not rely on negative results when testing paints and 
other coatings in this mode. 
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The Measurement screen 

The Measurement screen is displayed during each test and is accessible after each test is complete. 

For the XL, the screen shows the measurements in micrograms/cm2 of lead (Figure 4.18). For the 
700 Series the screen displays lead and the element with the highest concentration other than lead, in 

rnicrogramslcm2. When the measurement is concluded, the display is changed to show all the 

elements, in microgramslcm2 (Figure 4.19). Use the Arrow buttons to scroll through the list of 
elements. 

This screen is divided into three parts. The first shows the metals detected. For the ,XL, only lead is 
listed. For the 700 Series, all of the detected elements are listed, in order of decreaSing amounts. 
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Next is a list of elements where the result was less than the calculated detection limit The XL (for 
lead) and the 700 Series calculates the detection limit for every sample. Each is shown as being less 
than a number, representing the detection limit for that element, for that sample. The detection limit 
is calculated using EPA protocols, that the detection limit is three times the standard deviation. 
Fmally, there is a list of these same undetected elements displaying for each the weighted. sum and 
twice the standard deviation (95% confidence level) that the instrument calculated. 

Note: In Standard Thin Sample mode all results are in units ofmicrogramslcn? 

User-definable thin sample testing 

User-defin.able Thin Sample mode allows you to set up your own protocol for testing thin 
samples. The user defines the number of measurements that constitute a set, the coefficient applied 
to each; and whether the measurements are to be summed or averaged. 

Specifying a Protocol 

You specify your own measurement protocol in this mode. When you select User-Definable from 
the Setup Thin Sample Mode menu, the screen (Figure 4020a) is displayed. The menu allows you 
to customize an application. You can average or sum your choice of up to 9 of readings. .. 
In most custom applications, where deposits on a thin sample are not uniformly spread across the 
sample, readings should be averaged or summed. Using this screen's menu, you can customize how 
readings are summed or averaged for a particular application. 

Note: Whatever configuration you enter will be saved in the instrument's memory. "When you 
select the User-Definable mode, the last configuration entered will be recalled. 

To Define a Protocol: 

*Avg or Sum: Use the Arrow buttons to select either Avg or Sum. Press aearlEn~r. Your 
choice will be shaded. IfAvg is chosen, your NITON will average the number of readings you have 
specified. IfSum is chosen, readings will be summed instead of averaged. (Refer to Figure 4.20a.) 

*# readings: To tell the instrument how many readings to use when calculating an average or sum: 
Use the Arrow buttons to increase or decrease the number of readings you wish to average- or sum. 
Press OearJEnter. The number must be between 1 and 9. (Refer to Figure 4020b.) 

*Range: This allows the operator to set the numeric range of the coefficents, from 0.0001 to 9999. 
The same range must be used for all coefficients. Erst, set the decimal place by using the Arrow 
buttons. The decimal place determines the range of possible values for the coefficients. When the 
decimal place is set press ClearlEnter. (Refer to Figure 4020c.) 
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1	 * Coefficients: (Refer to Figure 4.20d). Enter each coefficient Moving from left to right., set the 
value of each digit that constitutes the coefficient First use the Arrow buttons to set the value, then 
press ClearJEnter to move to the next digit to the right To move to the next digit without changing 
the current digit, press ClearlEnter. Repeat this process until every digit of the coefficient has been 
set After every digit has been set., press OearJEnter to move to the next coefficient When finished 

.with the last coefficient., press ClearlEnter to reOJIn to the Main Menu. By setting coefficients, 
you can calculate a weighted sum, in which the result of each reading is multiplied Dy the coefficient 
entered for that reading. For a simple (un-weighted.) sum., set each coefficient to 1.0. All unused 
coefficients should be set to 0.0 (0.0 is the default setting). 

From the Main Menu, enter Calibrate and Test. When the NITON is finished self-calibrating, you 
may begin testing. 

. 1 

"' J 

~ 

Exmnple: 

.J	 Suppose you would like to perform a weighted sum of three consecutive measurements, using the 
formula: 

. ~	 (2.800 x Measurement 1) + (4.5 x Measurement 2) + (1.2 x Measurement 3) 

The screen for setting up the protocol should appear as follows: 

Sum 

#ofRdgs =3 

Range: x.xxx 
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Coef 1: 2.800 

Coef 2: 4.500 

Coef 3: 1.200 

Note: In User-Definable Thin Sample mode, you must take exactly the number of readings . that you have specified for each test in this mode before proceeding to the next test. I 
! 
I
 
I
 

When you conclude each measurement within the protocol, the analyzer will display the results, in 
microgramslcm2 (Figure 4.09a). When the protocol is complete, the analyzer will display a Fmal 
Result screen (Figure 4.09d). 

Note: The units of measurement will be determined by the ~oefficients you have chosen. In 
"User-Definable" Mode, the units are not necessarily micrograms. 

~ackto the Table of Contents 

., 
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• 
Chapter 5: Analyzing lead paint 

. .J 

Overview 

. J Lead paint mode is standard on NITON XL-309, 701-A. 702-A and 703-A Spectrum Analyzers. In 
addition to the silicon PIN-diode detector standard in all NITON analyzers, all NITON analyzers 
equipped to test lead in paint have a second detector: a cadmium-zinc-teluride (CdZnTe) detector 
optimized to measure lead K-shell x-ray fluorescence. 

Caution: The Standard Thin Sample Mode (on 701, 701-A, 703 and 703-A analyzers, and 
available as an option on XL·309s) should not be used for quantitative lead-p.aint testing. Use 
only the three Paint Testing Modes (on 701-A, 702-A, 703-A, and XL-309 analyzers) to test 
lead-based paint. 
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Getting started 

>.. 
~. 

] 3: 

'I 
1. Turn on your NITON Analyzer 

I 
\ 2. Use the Arrow buttons to select 

Setup menu 

, 
from the Main menu. Press OearlEnter (Figure 5.01). 

3. Use the Arrow buttons to select 

i Setup Paint mode 

.J 
from the Setup menu. Press OearlEnter (Figure 5.02). 

1 

4. Go to step 5 unless you want to change the Action-level or beep time settings. If they are not 
changed, the NITON will default to the last settings entered. To change settings, enter Setup Paint 
Protocol from the Setup Paint screen. The Setup Paint Protocol screen allows you to set the 
Action-level and beep times (Figure 5.03). When you have set the paint protocol, the instrument 

J will return automatically to the Setup Paint screen. 

5. From the Setup Paint screen (Figure 5.04), select one of the three paint testing modes: 
Standard Paint Mode, Standard Mode + Spectra or K & L Readings + Spectra. When you. J 
have selected a paint testing mode, the instrument will return automatically to the Main Menu. 

6. Select Calibrate and Test. The instrument will then initiate its auto-calibration sequence. This 
will take one to two minutes. When calibration is complete, the instrument will beep and display the 
Ready to Test screen for whichever of the three paint modes you selected in Step 5 (Figure 5.05). 
The Ready to Test screen displays the paint testing mode you have selected, the date and time, the 
instrument serial number, the action-level, the instrument energy resolution and the current source 
strength. 
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Caution: Check the Date and Time displayed on the Ready to Test screen. IT they are not 
correct, reset them before taking any measurements. Your readings will not be accurate 
unless the date and time are correct. 
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Taking a measurement 

Warning: Alwavs treat radiation with respect. Do not put your hand on the end plate of the 
NITON while measuring. Never point the NITON at yourself or anyone else when the shutter 
is open. 

Caution: When testing the exterior of the window sash from the inside of a roo~ avoid 
standing in the path of the NITON's radiation beam. The direction of the beam is drawn on 
the cover of the instrument (Figure 5.06 a.b). It is easier to avoid the radiation beam if you 
hold the instrument in your right-hand. 

I 

J 
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e How to take a measurement 

1. Push the safety slide (that locks the shutter release) out from under the shutter release. When the 
slide is in place, you cannot press in the release (Figure 5.07). 

2. When you are using the Barcode Data Entry System: Attach the light pen bar-eode reader and 
wrist-mounted bar codes. Flick the Barcode Reader across one of the bar codes to display the 
Data Entry screen (Figure 5.08). Enter the test location and other test information with the 
Barcode Reader. 

i 3. Place the NITON on the painted surface, squeeze the shutter release, and press the NITON
 
.J against the surface. .
 

Note: The shutter-release trigger mUst be activated and the window at the back of the 
instrument must be flush against the surface for instrument to take reliable readings. The 
instrument must be held against the surface throughout each measurement You do not need 
to hold the shutter release continuously. 
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4. Please refer to Reading the display (see Page 69) for screen descriptions in each paint mode. 

5. When the test is finished, lift the NITON from the surface. The shutter will close automatically. 

I Warning: In the unlikely event that the plunger gets stuck in the open position, simply pushJ 
it closed. Then call·the NITON Service Department at (401) 294-1234. 
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6. Your NITON Analyzer can average up to 100 readings at a time. To set up the Averaging 
Screen, hold down the ClearlEnter button to toggle through the testing and data ~ntry screens to 
the Reading Averaging Sl;reen (FIgure 5.09). If you select YeS to average readings, you will be 
prompted to select the number of readings you wish to average. To take additional readings, simply 
repeat steps 3 through 5. Your NITON will display both the average of the current and previous 
readings and the number of readings being averaged. 

Using the NITON on flat and curved surfaces 

Using your NITON, you can take measurements of any surface a child can mouth; only 508 inch-, (1.6 cm) is required.
#'\' 
W 

1. A sketch of the window is printed on the front of the NITON's case so you can position the 
instrument properly (FIgure 5.10) The window of the instrument must be flat against the paint 
surface or it cannot read properly. 

3. Your NITON Analyzer can measure accurately many curved surfaces. Position the instrument so 
that its window is flat on the surface. The rest of the instrument doesn't have to lie flat E.g., on 
slightly rounded clam shell trim, turn the NlTON at right angles to the trim so that its window runs 
parallel with the length of the trim (Figure 5.11). On a cast iron radiator, find a spot againt which 
the NITON's window can lie flat. 

Note: On very highly curved surfaces (such as quarter-round moldings or balusters) the 
NITON will tend to underestimate the amount of lead present. On very highly curved 
surfaces, your NITON can only be used to positively identify high concentrations oflead. 

! 
1 
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How long is a Test 

In any of the three paint testing modes, your NlTON can meastJ!e paint samples in as little as one 
second; most readings take'less than ten seconds. The testing time will depend primarily on the 
amount of lead in the sample that you are testing compared to the action level you have set The 
closer the actual lead concentration in the sample is to the action level, the longer it will take the 
NITON do make a 95% confident "Positive" or ''Negative'' determination. 

; In Standard Paint Mode and Standard Paint Mode + Spectra, the instrument will measure the 
· .1 paint sample only until a 95% confident reading of "Positive" (greater-than-or-equal-to) or 

"Negative" (less-than) versus the action-level you have set bas been attained. In K & L Mode + 
· ., 

Spectra, the instrument will also display a "Positive" or "Negative" result and will beep as soon as ac 95% confident reading is attained. You then have the option to continue readings until you have 

· , achieved a given reading time or degree of precision. 
i 

Note: For all paint testing modes, if you terminate a test before a "Positive" or "Negative" 
determination is attained by the instrument, it will display a "Null" test result. 

Reading the display 

In Standard Paint mode, the instrument displays Please Wait until a 95% confident reading is 
achieved. If there is lead in the sample, the instrument will indicate Lead present on the Please 
Wait screen. 

.J 
When a 95% confident reading is achieved, the instrument will display the reading number, either a 

"Positive" or "Negative" reading; the result in mg/cm2; the reading time in nominal (source)I 
seconds; and will display Surface lead for all positive readings where the lead is not shielded by· j 
layers of non-leaded-paint (Figures S.U a,b). 
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'1 
Standard Mode + Spectra is identical to Standard Mode except that the x-ray spectra is displayed 

i with each reading. 
i 
J 

In K & L Mode + Spectra, the instrument displays the following information, updated continously 
during each reading: the reading number, the nominal secongs, the L-sheU reading (displayed as 
L) with the two-sigma confidence interval, the K-shell reading (displayed as K) with the 
two-sigma confidence interval, the combined reading (displayed as Pb) with the two-sigma 
confidence interval, the full x-ray spectrum, and the Depth Index (Figure 5.13). 

Note: During each reading in K & L + Spectra mode, before a 95 % confident Positive or 
l Negative determination has been made, the instroment displays a "Null" test result (Figure 
,I 

. l 5.14). When a 95% confident determination has been made, the instrument beeps, and the 
reading cIassification switches from Null to either Positive or Negative. 

i~. 
~. 

r
 
!
 

. I 

The Depth Index (K & L + Spectra mode) 

The Depth Index (D!) is a numerical indication of the amount of non-leaded paint covering the lead 
detected by the instrument The position of the Dr on the screen is indicated by an arrow painted on 
the front of the NITON (Figure 5.13). A Dr less than 1.5 indicates lead very near the surface layer 
of paint. A Dr between 1.5 and 4.0 indicates moderately covered lead. A Dr greater than 4 indicates 
-1 __ 1•• 1...••-=_-1 1 __ -1 
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Chapter 6: Radiation Safety 
NITON has designed its XRF analyzers so that there is virtually no measurable radiation external to 
any part of the instrument when the shutter is closed. When our insmiments are used according to 
instructions, there is mjnjmal radiation exposure even with the shuttet open. NITON XRFs contain 
sealed cad.mium109 ~dioactive sources. The source is designed to reIDain secure even under extreme 

conditions, so that even if the instrument is broken, crushed or burned, there will be no leakage of 
radioactive material. 

During manufacturing, each sealed source is placed in a solid metal source holder. A plug is screwed 
into the access hole and secured with a set screw and Locktite. The source is completely secure in 
its housing beacause the aperture at the other end of the housing is smaller than the, source. The 
small aperture is sealed with a beryllium metal window that is transparent to the cadmium x-rays and 
gamma-rays. The source assembly is secured in the NITON's aluminum case. The case has tamper 
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proof screws. 

The following table lists typical radiation doses encountered in everyday living and lists the annual 
occupational radiation dosage limits for adults set forth in NITON's Materials license from the 
Rhode Island Radiation Control Agency, Section A.2.3. 

Minimum detec~le dose on a standard film badge 
• Typical Radiation Doses in mR (NCRP, 1987) 

• Average total dose in US. (annual) 
• Average worker exposure (annual) 

• Average exposure for underground miner (annual) 

• Exposure for airline crew (1,000 hours at 35,000 ft) 
• Additional from living in Denver at 5300' (annual) 

• Additional from 4 pCiIlradon in home (annual) 

• Typical chest x-ray 

• Typical head or neck x-ray 

• Typical pelvislhip x-ray 

, • Typical lumbar spine x-ray 

_ J\ • Typical upper G.l x-ray 

-! 
• Typical barium enema x-ray 

• Typical CAT scan 

• 5mR 

• Annual occupational dosage limits: 

• Maximum allowable for the general public (annual) 

• Annual Occupational Dose Limits for Adults: 

• The lesser of (1) total effective radiation dose 

• or the (2) sum of the deep dose equivalent plus the 
committed dose equivalent to any individual organ 
or tissue other than the lens of the eye 

• For a pregnant worker or a minor 

• Eye dose equivalent 
• Shallow dose equivalent to the skin or any extremity 

How to use your NITON safely 

• 360 mR 

• 210 mR 

• 400mR 
.500mR 

• 25mR 
• 1,000 mR 

• 6mR 
.20mR 

.65mR 

• 130mR 
• 245°mR 

• 405 mR 

• 101 mR 

• 500mR 

• 5,000 mR 

• 50,000 mR. 

• 500mR. 

• 15,000 mR. 

• 50,000 mR. 

Each NITON is designed to be safe as possible. However, we strongly recommend that you follow 
these precautions to insure your safety and the safety of those around you: 
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• Always be aware of the location of your instrument's radioactive source and the direction of its"" W..... beam of x-rays. The location of the source and the direction of its beam are both clearly marked on 
the front (Figure 6.01) and top side (Figure 6.02) of your NITON. 

• Open the shutter only to do a test. 

During testing. a strong beam of radiation (gamma-rays and x-rays) is continuously emitted through 
. J the beryllium window at the bottom of the NITON. There will be some radiation at the front and 
I top-front of the instrument. There is negligible radiation where your hand should be holding the 

instrument 
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Warning: Always treat radiation with respect. Do not put your hand on the end plate of the 
NITON while measuring (Figure 6.03). Never point the NITON at yourself or anyone else 
when the shutter is open. 

Caution: When testing the exterior of the window from the inside of a room.. avoid standing in the 
! 

- •• 1 path of the NITON's radiation beam. The direction of the beam. is drawn on the cover of the 
instrument (Figure 6.03). It is easier to avoid the radiation beam if you hold the instrument in your

I right hand. 
" J 
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Shutter safety 

Your NITON is designed so you cannot accidently open the shutter or leave it open accidentally 
when you lift the instrument from a surface. 

·1 To open the NITON's shutter and to keep it open, the instrument must be held against a surface. 
. The shutter will close as soon as you cease to hold your NITON against a surface. 

1. The shutter should be open only during a test
 

2.Uncler no circumstances should the shutter be open when the instrument is not in use.
 

3. Your NITON clearly indicates any time the shutter is open (Figure 6.04). The plunger will stick 
up through the instrument case whenever the shutter is open. 

Warning: In the unlikely event that the plunger gets stuck in the open position, simply push 
it closed. Then call the NlTON Service Department at (401) 294-1234. 

4 of 11 4/1 0198 ~:57 PM 



http://www.niton.comlch6.hIm1#Heading147 

.I 
I 

-, 

. j 
Monitoring your radiation exposure -, 
There is virtually no measurable radiation from a NITON when its shutter is closed. The maximum 
dosage to which you are exposed when properly operating your NITON is 0.1 mRJbr on the fingers 
of the hand holding the instrument with the shutter open. 

As an additional precaution to insure that your radiation exposure is always minimal, NITON 
strongly recommends that you wear a dosimeter at all times when using the instrument 

Note: Your state may have regulations concerning radiation monitoring. 

A dosimeter badge is usually worn close to the parts of your body that are most sensitive to 
radiation. such as your reproductive organs and your eyes. These badges are available from many 
companies. One company selling dosimeters is:

.J 

Landauer, Inc.
 
2 Science Road
 

Glenwood. IL 60425-9979.
 

Each month, your radiation badge company will send you a new badge. 

Warning: Wearing a dosimeter badge does not protect you against current exposure. A 
dosimeter badge measures your exposure after the fact. If, at any time, you find measurable 

~ exposure, call NITON immediately at (401) 294-U34. 
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The principles of radiation safety 

Your exposure to radiation is related to three factors: time, distance, and shielding. Human exposure 
to radiation is typically measured. in rems, or in one-thousandths of a rem, called millirems (mR). 

As noted. previously in this chapter, the allowable limit in the US. for occupational exposure is 5,000 
mRlyear for a whole-body and 50,000 mR for shallow penetration of extremities. Exposure from a 

, , properly-used. NITON will be less than 50 mR per year, even if the instrument is used 2,000 hours 
.i per year. 
I 

Warning: Pregnant female workers may want to take special precautions to reduce their 
exposure to radiation. Qualified scientists have recommended that the radiation dose to 
pregant women should not exceed 500 mRlyear because of possible risk to the fetus. 

For a given source of radiation three factors will determine the-radiation dosage you receive from 
the source: 

Duration of Exposure 

The longer you are exposed. to a source of radiation the more radiation strikes your body and the
 
j greater the dose you receive. Dosage increases in direct proportion to the length of exposure.
 

. 1 

Distance from the source 

The closer you are to asource of radiation, the more radiation strikes you. The dosage increases in 
inverse-squared relation to the distance from the source. For example, the radiation dose one inch 
from a source is nine times greater than the dose three inches from the source, and 144 times gI""...ater 
than the dose one foot from the source. Keep your hand away from the source-end of your NITON 
when the shutter is open to minimize your exposure. 

Shielding 

Every NITON XRF emits virtually no radiation with the shutter closed because the cadmium109 
source is thoroughly shielded in every direction. This shielding absorbs. nearly all of the radiation
 
produced. by the source· except when the shutter is open during testing. With the shutter open, the
 

J instrument emits a directed radiation beam of about one mRJhr intensity; the direction is clearly
 
indicated by the diagram on the front of the NITON. Always hold your NITON so as to avoid the
 

I radiation beam.
 
1 

• J 
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Instrument radiation profiles 

Wipe testing 

The shielding on your NITON is designed to hold up even under extreme conditions, includ.41g the 
.J insoument's being crushed or burned. The continued effectiveness of the instrument's radiation 

shielding should be tested every six months with a thorough leak test of the instrument (Figure 
i
I 

6.05). 
. J 

NITON's license requires that leak tests be done every 6 months. Leak test kits, with full 
instructions, are available from several vendors. These vendors will remind you when it's time to do 
another semi-annual leak test on your NITON. Please follow the accompanying instructions and 
promptly mail the test sample to the laboratory. The following are just a few of the labs that offer 
leak tests: 

Applied Health Physics 
2986 Industrial Blvd. 
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Bethel Park. PA 15102 
Tel: (412) 835-9555 

Stan A.. Huber Consultants
 
200 N. Cedar Road
 

New Lenno~ IT.. 60451

j Tel: (800) 383-0468 

:I
 Valley Safety Services
 
330 Old Enfield Road
 

Belchertown, MA 01007
 
Tel: (413) 323-9571
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If your NITON is damaged, destroyed, lost or stolen:
 

Immed.iatelv
 

• Notify the Office of Radiological Safety in your state Dept of Health. 
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Telephone:	 _ 

• Notify NITON Corp's Radiation Safety Officer, Dr. Don Sackett. 

,	 During regular business hours: (800) 875-1578 
j 

Evenings and weekends: (617) 275-1424 
" , 

I.	 • Ifyour NITON is lost or stolen, or damaged in a car accident:
 

Also immediately notify your state police.
 

Telephone: _
 

• If your NITON is dam.aged in a fire or an explosion:
 

Also immediately notify your local fire department
 

Telephone: _
 

!
•• Please fill in the phone numbers on this page today. Keep copies where you can find them in case of 

an emergency. 

~ack to the Table of Contents 
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700series
 

User's Guide Version 5.0 (HT:ML) Chapter 7
 
Copyright 1993,1994, 1995, 1996, 1997 NITON Corporation 

All Rights Reserved 

Chapter 7: Additional Information 
Multi-element analysis (700 Series only) 

Overview 

700 Series analyzers can quantify concentrations of many elements. The normally displayed elements 
are: arsenic, barium, chromium. cobalt, copper, iron, lead, manganese, mercury, molybdenum. 
nickel, rubidium, strontium. zinc and zirconium. The best detection limits are for molybdenum, 
rubidium, strontium and zirconium. as well as niobium and yttrium. which are not ordinarily 
displayed. 7oo's also have excellent detection limits for lead and mercury, as wellll$ for gold, 
tungsten and uranium, which are not ordinarily displayed. 700's detect barium, chromium. cobalt, 
iron, manganese, and nickel with somewhat less sensitivity; the same applies to calcium, scandium, 
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titanium, and vanadium, which are not ordinarily displayed. Finally, 7oo's detect arsenic, copper and 
zinc, but there are sometimes problems associated with the measurement of these elements due to 
cross-element interference. In particular, when zinc and copper are both present in a sample, the 
element with the higher concentration of the two can be measured more accurately. 

Cross-Element Interference 

700 Series users should be aware that interference between elements can reduce the sensitivity of 
the 700 to certain elements in certain situations. Interference occurs when the spectra of two or 
more elements partially or totally overlap (that is, the elements have nearly identical x-ray 
flourescent energies). 

Note: 

AIl NITON analyzers correct automaticallv for cross-elemept interference in all modes. These 
corrections are performed automatically and continuously, throughout each test. 

NITON instruments correct for these cross-element interferences in all modes. In some instances, 
however, these corrections will worsen the detection limits and precision of the instrument in Bulk 
Sample and Thin Sample modes. For example, in the presence of high concentrations of zinc 
(>10,000 ppm), the 700 Series analyzer will be unable to detect slight trace concentrations of 
copper that would be detected if a large amount of zinc was not present. Another example: Very 
high concentrations of iron (>30,000 ppm) may produce false-positive readings for very small 
concentrations of manganese and/or cobalt 

Tips for better testing 

Define Data Quality Objectives (DQOs) 

Before implementing a sampling and analysis program, consider the data quality objectives (DQOs) 
for the particular site and job. For what purpose is the data being collected? What types of decisions 
will be made as a result of the data? What are the action-levels for the analytes you are testing at the 
site? What is known about the extent and distribution of the contaminant? What are the implications 
of possible mis-classificarion of samples? 

The answers will help to determine the precision and accuracy you need to attain for differen~ phases 
of the program. These in turn will help you to determine sample-collection procedures, sample 
preparation methods, sample measurement times, and your requirements for quality assurance and 
laboratory support. 

Standard Operating Procedures 

To obtain good test data in your study, it is essential to develop a written Standard Operating 
Procedure for sampling, measuring, and reporting data. A systematic procedure will help you to 
produce data of uniform quality. Typically, the Standard Operating Procedure is a written document 
that details the steps to be taken in handling the samples, standards, equipment, and, data. including 
quality assurance measures, such as calibration checks and laboratory confirmation. 
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Warm Up and calibration checks 

All Niton analyzers should be turned on at least 15 minutes prior to testing in Thin Sample or Bulk 
Sample modes. This procedure is not necessary in any of the paint testing modes. 

Note: Your instrument should be calibrated before and after testing and at least once per 
hoor durin~ testing. 

,. 
Check your instrument by testing Standard Samples of known concentration every time you 
calibrate. Check both a low-level standard (or "blank" ),and a high-level standard, (or "spike") of 
known concentration. Tests of Standard Samples should be recorded and kept with the sample test 
data 

Compare samples with and without preparation 

Set aside part of a sample and prepare the rest. Measure both the prepared and the unprepared 
portions. SmaIl differences (+/-30%) are to be expected. 

Send samples to a lab for confirmation 

Have some samples measured by atomic absorption spectrophotometry by a certified laboratory. 
This will verify the correctness of your technique and alert you to any site-specific biases. 

Split some samples and analyze each sample with both the XRF and with atomic absorption 
spectrophotometry in a lab. Your Standard Operating Procedure should specify the number of 
confirmatory samples (perhaps 10 percent of all samples), what actions will be taken in response to 
the results, and what records will be kept. 

Range, precision and limits 

Range of accurate measurement 

NITON XRFs are calibrated to give accurate values for most elements in concentrations of 10,000 
ppm or less. This is because the linear range of the Compton Normalization Method is from °ppm 
to approximately 10,000 ppm (l %). For actual concentrations of 10,000 ppm to 20,000 ppm (1% to 
2%), NITONs may overstate the elemental concentration. For content above 20,000 ppm (2%), 
readings may exhibit even greater deviation. 

I. This deviation results from the extreme x-ray absorption of lead relative to the typical matrix. In 
terms of x-ray properties, the sample with greater than 20,000 ppm (2%) lead behaves more like 
lead than the matrix. It may be possible to develop a calibration curve for a specific soil matrix with, 
a very high concentration of lead. Ifyou wish to measure lead in such matrices, please contact Dr. 
Don Sackett at NITON Corporation for further information at (617) 275-9275. 

95 % confidence intervals 

The precision of a measurement is expressed as the uncertainty or error of the measura..d result For 
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every measurement., the NITON gives an uncertainty range that represents a 95% (or "2-sigma") 
confidence interval. The 95% confidence interval is the interval between the 
measured-result-minus-the-uncertainty-range to the measured-result-plus-the uncertainty-range. For 
example, if you took 100 measurements of a sample, you would expect 95 of the measurements to 
fall within the 95% confidence interval. 

Detection limits (DLs) 

, 1	 The detection limit (DL) is the lowest concentration of analyte in a sample that can reliably be 
distinguished from zero concentration in a sample. In XRF, the DL is usually defined as three times 
the standard deviation (sigma) of fluctuation in the background. 

A estimate of the DL can be obtained by measuring a blank standard. Use a standard measurement 
time (e.g. 60 source seconds). The estimated DL is 1.5 times the two-sigma precision of the 
measurement 

The method detection limit (MDL) may be a more realistic measure of sensitivity in actual field 
conditions. The MDL can be determined by replicate analysis of a blank or low level soil standard. 
This procedure may be carried out in the laboratory or field. The number of replicate blank 
measurements should be at least 7. If the replicate blanks are interspersed with the regular 
measurements as part of the continuing calibration verification (CCV), then the MDL will include 
the error resulting from instrument drift. Calculate'the mean and standard deviation of the replicate 
measurement series. The bias is the mean minus the standard's known concentration. The MDL is 3 
times the standard deviation. The MDL should be reasonably close to the estimated DL. 
Conservatively, one should report the DL to be the largest value among the estimated DL, MDL, 
and bias. 

In actual usage, a measurement result that exceeds the DL is considered strong evidence of the 
analyte's presence in the sample. A measurement result that does not exceed the DL for an analyte is 
reported as "not detected. " 

Quantitation limit (QLs) 

The quantitation limit (QL) is the lowest concentration ofanalyte that can be reliably measured at 
high enough precision to allow comparisons among measurements. The XRF industry usuall):' 
defines QL as 10 times the standard deviation (or" 1o-sigma") or fluctuation in the background 
level. QL is therefore 3.33 times the DL. Similarly, the method quantitation limit (MQL) is simply 
3.33 times the MDL. 

Regulatory bodies often require analytical methods used to establish compliance with a standard or 
action level to achieve a quantitation limit (QL) equal to or below the standard or action level. 

Summary of warnings 

Waming: Alwavs treat radiation with respect. Do not put your hand on the end plate of the 
NITON while measuring. Never point the NITON at yourself or anyone else when the shutter 
is open. 
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Warning: Wearing a dosimeter badge does not protect you against current exposure. A 
dosimeter measures your exposure after the fact. If, at any time, you find measurable 
exposure, call NITON immediately at (401) 294-1234. 

Warning: Pregnant female workers may want to take special precautions to reduce their 
exposure to radiation. Qualified scientists have recommended that the radiation dose to 
pregnant women should not exceed 500 mR/year because of possible increased risk to the 
fetus. 

Warning: In the unlikely event that the plunger gets stuck in the open position, simply push 
it closed. Then call the NITON Service Department at (401) 294-1234. 

Warning: Tampering with the 5,500 ppm lead-in-soil standard may cause exposure to lead 
dust. Keep all standards out of reach of children. 

Warning: Always use gloves and respiration equipment for your protection when taking 
samples from a site where toxic chemicals may be present. 

Warning: Grinding and sieving dried samples prodnces dust. Even clean soil contains silica, 
which may be hazardous when airborne. Prepare aD samples in a ventilated area; wear a 
mask, gloves, and an apron; and spread a drop cloth. 

Warning: Do not hold bagged bulk samples in your hand during testing. 

Summary of cautions 

Caution: Do not attempt to make repairs yourself. All Service except exterior cleaning must 
be performed by NITON Corporation. Any attempt to open your NITON instrument will 
void the instrnment warranty. 

Caution: Do not return your NITON without the carrying case. You will void the instrument 
warranty. You will also be billed for a replacement case plus any repairs resulting from improper 
shipping. 

Caution: Do not return your instrument to NITON without a current leak test NITONs license 
prohibits us from repairing or upgrading our instruments without a current leak test certificate. If 
you return an instrument without a current leak test certificate, NITON will perform a leak test and 
bill you for the leak .test 

Caution: Do not ship your instrument back to NITON for any reason without first notifying NITON 
Corporation and receiving a Return Authorization Number. 

Caution: Do not store the battery packs or battery charger in direct sunlight. 

Caution: Do not leave battery packs on the battery charger longer than necessary... 
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Caution: If the red Temp light comes on repeatedly when a battery pack is on the Battery Charger in 
the Full Charge cycle, call NITON Customer Service at (401) 294-1234. 

Caution: NITON's Nickel Metal Hydride battery packs discharge at a rate of about 2% per day 
when no~ in use. 

Caution: Ifyou try to calibrate the instrument and it does not calibrate successfully. push the Reset
 
Button on the bottom of the instrument and recalibrate. Ifyour NITON does not calibrate
 

" successfully in three attempts.'please call the NITON Service Department at (401) 294-1234.
 
I 

I
 
, I
 

Caution: Check the Date and Time displayed on the Ready to Test screen. If they are not correct, 
reset them before taking any measurements. Your readings will not be accurate unless the date and 
time are correct. 

r 
I 
I -" 
j Caution: Never tamper with Test Standards. They should not be-used unless they are completely
t intact r 

Caution: The Standard Thin Sample Mode should not be used. for quantitative lead-paint testing. 
Use.ool:i the three Paint Testing modes to test lead-based paint 

Caution: When testing the exterior of the window sash from the inside of a room, avoid standing in 
the path of the NITON's radiation beam. The direction of the beam is drawn on the cover of the 

! . 
instrument It is easier to avoid the radiation beam ifyou hold the instrument in your right-hand. 

! 

I) Caution: Keep all test equipment clean to prevent contaminated. samples. 

Warranty 

NITON will warranty parts and labor for any manufacturer's defects for 15 months. No precision 
instrument is warranted if crushed, dropped on the floor or in a bucket of water. All service. 
including repair. maintenance and source replacements. must be performed. by NITON Corporation. 
Any attempt to open the metal case of your NITON instrument will nullify this warranty. 

Limited Warranty Provision for Use with Purchase and License Agreement for NITON 
Corporation XRF Detection instruments: . 

(a) Except as otherwise agreed in writing. NITON Corporation warrants. under normal conditions
 
I of operation, each product sold (exceptior components not of its manufacture) against defects of
 

J	 material and work:m..a:Dship, provided. that such product haS been properly utilized. This warranty
 
applies to the original purchaser only and shall commence to run from the date of shipment and shall
 
continue for a period of fifteen (15) months. In any event, NITON Corporation's liability for any
 
such defects of material and workmanship shall not exceed the cost of replacement of defective parts
 
upon timely notification of such defect in writing delivered to NITON Corporation's home office.
 
NITON Corporation shall not be liable for damage or destruction caused during delivery or caused
 
other than by employees of NITON Corporation.
 

(b) Material, accessories, parts, or items of equipment furnished by suppliers to NITON Corporation 
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and used. in the manufacture of NITON Corporation products are guaranteed by NITON 
Corporation only to the extent of the original manufacturer's express warranty to NITON 
Corporation for a period not to exceed the warranty period descnDed in paragraph (a) above and 
provided. that the purchaser shall have notified NITON Corporation so as to enable NITON 
Corporation to avail itself of its rights under such original manufacturer's express warranty. 

(c) NITON Corporation shall, at its option, repair such defects or replace the parts or products 
found defective. All defective parts are to be rettIIned., freight prepaid. immediately to NITON 

. ,	 Corporation for inspection and credit NITON Corporation will make no allowance for repairs or 
alterations made by the purchaser unless made with the advance written consent of NITON 
Corporation. NITON Corporation assumes no liability for costs of disassembly of defective parts 
and equipment Shipment by purchaser of all repairs and replacements under this warranty are 
FO.B. NITON Corporation's factory or authorized service representative and method of shipment 
will be determined by NITON Corporation. The purchaser will pay shipping costs and insurance in 
both directions of products, parts, or components shipped for warranty service he~under. The 
purchaser will be responsible for risk of loss in both direction. Replaced parts or components will 
become the property of NITON Corporation. Replacement parts or components may contain 
recycled., refurbished., or remanufactured parts equivalent to new parts and shall be warranted. for the 
remainder of the original warranty period for the products. 

Cd) NITON Corporation shall not be liable for delays, deprivation of use, or any other damages, 
direct or indirect, which may result to the purchaser because of defects in the product or because of 
.the purchaser's inability to operate it or use it to his satisfaction. NITON Corporation will not be 
liable to anyone for special or consequential damages of any kind. NITON Corporation neither 
assumes nOf authorizes any person to assume for it, any other obligation or liability with respect to 
NITON Corporation products. 

EXCEPT FOR THE FOREGOING EXPRESS WARRANTY, THERE ARE NO WARRA"ITIES, 
REPRESENTATIONS, OR GUARANrEES, EXPRESS OR IMPLIED, EXCEPT AS ARE 
EXPRESSLY SET FORTH HEREIN. THE FOREGOING WARRANTY IS THE ONLY 
WARRANTY MADE BY NITON CORPORATION. ANY IMPLIED WARRAi\ITY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ON THIS PRODUcr 
IS LIMITED IN DURATION TO THE TWO YEAR DURATION OF TIllS WRlTIEN 
WARRANTY. SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG AN 
IMPLIED WARRANTY LASTS OR THE EXCLUSION OF LIMITATION OF INCIDENTAL 
OR CONSEQUENTIAL DAMAGES SO THE ABOVE LIMITATIONS OR EXCLUSIONS 
MAY NOT APPLY TO YOU. TIllS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS 
AND YOU MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE TO STATE. 
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Mcasu.-ing Hints and Gcnual Test Informatioll 
•	 Samplcs containing more Ihan 50 mg/L nilrate nitrogen can be tesled hy diluling the 

sample heforc testing. A 1:5 dilution is madc hy using I IIlL or sample waler and 
4 mL of Deionized Water (Cal. No. 272-42, nOI included in this kil. Sec Optiollal 
Nea}iellts alld Eqllipl//ellt.). Use the calibrated dropper provided in Ihis kit for Ihe 
dilution. Multiply the test results by 5 to obtain the eorrecllng/l. nitrate nitrogen. The 
results of other dilutions will follow a similar procedure; for example, the results of a 
1:3 dilution would be multiplied by 3 to obtain the correct mg/L nitrate nitrogen. 

o Wash alliabware between tests. Contamination may alter test results. Clean with a 
non-abrasive detergent or a solvent such as ruhhing alcohol. Use a soft cloth for 
wiping or drying. Do not use paper towels or tissue on plastic tubes as this may 
scratch them. Rinse with clean water (preferably deioniz.ed water). 

o Rinse all viewing tubes thoroughly wilh the sample waler hefore testing. 

• To open PermaChem@ Powder Pillows: 

I. Tap the bOllom of the pillow on a hard surface. 

2. Tear open the pillow along the dashed line. 

3. Open the pillow and form a spout by squeezing the side edges. 

4. Pour the contenls into thc sample. 

• Accuracy is not affected by undissolved powder. 

•	 Ilach strongly recommends that, for optimum test rcsults, reagent accuracy be 
checked with each new lot of reagents. Use the standard solution included in this kit 
or lisled in thc O,itiOl/(/1 Neagelll.l' {/lui f:'(llIiJiI//l'lIt section. Follow Ihe instructions 
included Wilh each standard solution. 

Conscils pour les mcsurcs ct informations generales Sill' I'analyse 
o Lcs cchanlillons contcnant plus de 50 mg/L d'azote pellvent etre analyses en dilualll 

I'cchantillon avantl'analyse. Ulle dilulion all 1/5 est rcalisce ellutilisanl I mL 
d'echantillon et 4 mL d'eau deionisce (Ref. No. 272-42, non conlellue dans la 
trousse. Voir Reactijs et Eqllipemellts optiollllels). Uliliser Ie comple-goulles gradue 
fourni dans la trousse pour la dilution. Multiplicr Ie rcsullal par 5 pour oblenir la 
concentration correCle d'aZOle. Pour les aulres dilutions, suivre une procedure 
similaire; par exemple, Ie result at d'une dilution au '1/3 doit eire mUlliplie par 3 pour 
oblenir la concenlralion coneCle d'azote. 

Laver toule la verrerie enlre les analyses. La contaminalion peul fausser Ies resullats 
d'analyses. Laver avec un delergenl non abrasif ou un solvanllel que l'alCool abn1ler. 
Utiliscr un lissu doux pour essuyer ou sccher. Ne pas uliliser de tissu ou papier 
d'essuyage sur les lubes en plaSlilJue pour ne pas les rayel'. Rincer a I'eau propre (de 
preference de I'cau deionisce). 

Rincer soigneusement lous les lubes colorillleiriques avcc J'cchantillon d'eau 
avantl'analyse. 

o Pour ollvrir IeS sachcts PennaChcmQ!): 

I. Taper Ie bas du sacbet sur lUle surface durc. 

2. DcJhirer Ie sachet en sllivalll Ie pointille. 

3. Ou~rir Ie sachet el former lin bec en rapprochant les bords latcraux. 

4. Verkr Ie COlllenli dans I' cchallti lion. 

o L'exaclitude n'eSI pas affeclee par la poudre non dissoute. 

•	 Pour de mcillellrs resliitats, lIach recommande vivement de verifier la validitc du 
reaclif pour chaque nouveau lot de rcactifs. Utiliser la solution elalon contenue dan' 
cetle lrollsse Oll listee dans la partie Reactijs et Eqllipelllellts optiollllcls. Suivre les 
inslruclions foumies avec chaque solution etalon. 

Me/Hips lind Allgemeine Testinformationen 
•	 Probcn, die iiber 50 mg/L NitratstickslOff enthalten, kiinncn durch Verdunnen der 

Probe vor dem Test geprUft werden. Eine 1:5- VerdUnnllng wird unter Verwendung 
von I mL I'robenwasser und 4 mL entsalzt Wasser (Deionized Water, 
Kat.-Nr. 272-42, nicht im Lieferumfang dieses Kits cnthaltcn. Siehe ZlIsiilz!i,."c 
RcagellziclI tIIul ZlIbehor.) hergestelll. Verwenden Sie die in diesem Kil mitgcliefel1 
kalibrierte Tropfpipelte fUr die VerdUnnung. Multiplizieren Sie die Testergebnissc 
mil 5, um die richtigcn mg/!. Nitratstiekstoff zu erhalten. Die Ergebnisse illidercr 
VenHiunlingen folgen einem1ihnlichen Verfahrcn. So werden zum Beispicl die 
Ergebnisse einer 1:3-Verdiinnung mit 3 multiplizien, um die richtigen mgIL 
Nilralslickslo'T zu erhalten. 

•	 Waschen Sie aile Lahorartikcl zwischen den Tests. Verunreinigung Kann die 
TestergclJllisse verfiilsehcn. Reinigen Sie sie mit cinelll nicht scharfcn Detergent od 
einem Uisllngsmiltel wie zum I3eispicl lsopropylalkohol. Verwenden Sic fUr das 
Abwischen odcr Abtrocknen cin weiches Tuell. Verwenden Sie bei den 
Plastihiihrchen keine PapicrbandtUcher oder Tissue-Papier, da dieses sic zerkralze 
kann. Spiilcn Sie mit sauberem Wasser (vorzugsweise entsalzl Wasser). 

o Spiilen Sie aile PrUfrohrchen vor delll Test grUndlieh mit delll Probenwasser. 

• ()ffnen der PerlllaChem@-Pulverkissen: 

I. Klopfen Sie mil dem Boden des Kissens auf eine harle OberOachc. 

2.	 Offnen Sie das Kissen und bilden Sie durch DrUcken der Seitenkanten
 
einen Alisgielkr.
 

3. SchUlten Sieden Inhalt in die Probe. , 
•	 Die Genauigkeit wird durch unallfgeltistes PlIlvcr nicht bccintrachtigl. 

o Ilaeh empfiehll dringend, fUr optimalc Testergebnisse die Genauigkeit des I~cagem  

bei jeder neuen Charge von Reagenzien zu UberprUfen. Verwenden Sie dazu die 
diesem Kit beiliegende Standardlosung oder die illl Abschnill ZIISiilzlic"e RcagellZ, 
tIIld ZlIbe"br aufgefUhrte StandardlOsung. Befolgen Sie die Anwcisungen, die jed( 
Siandardliisung heiliegen. 
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COrlsejos para la mcdici6n c informacion gencral sobrc cl an:iIisis 
Las mucstras quc contcngan mas de 50 mg/L de nilr6geno en fOrlna de nilratos 
pucdcn scr analizadas si se diluycil alllcs dc proccder al alHilisis. Diluya I mL de 
mueslra de agua cn 4 mL de agua dCSlilada (N° Ref 272-42, no incluida cn este kit, 
vease RellClil'lH" )' Eq/lipalllie/llo opcio/lllit's) para oblcllcr ulla dilucion al 1:5. Utilicc 
la pipeta graduada que sc suminislra con eSle kit. Multipliquc los resullados obtenidos 
pm 5 para oblcncr la conccnlraci6n de nilr6geno Fn mg/L. Proceda del mismo modo 
para otras diluciollcs. Por ejcmplo, los resultados de ulla diluci611 al 1:3 se 
multiplicanin por 3 para oblCller la conccnlraci6n corrCCla dc nilnSgcno CII forma 
dc nitratos. 

•	 Lavar lodo el malerial de1laboralorio entre los allalisis. Su conlaminaci6n puede 
alterar los resultados. L1mpiar con dctergcnles 110 abrasivos 0 con 1m diso)vente como 
el alcohol de que mar. Ulilizar un pano suave para limpiar 0 sccar. No utilizar ni 
loa IIi las ni panuelos de papel para limpiar los lubos de plaslico para no rayarlos. 
Adarar con agua limpia (prefcrenlemenle agua deslilada). 

•	 Aclarar lados los lubos para colorilllcirfa abundanicmellic con la llIueSlra de agua 
anles de realizar el analisis. 

•	 Para abrir las Capsulas de Rcactivo PCrInaChem@ proceda del siguiellle modo: 

I. Golpee figeramente la partc inferior de la capsula con Ira una supcrficie dura. 

2.	 Tire dc la !fnea dc puntos para abrir. 

3.	 Abra la capsula y prcsionc sobrc los lalerales de la misma hasla que sc forma 
un pico. 

4. Vierta el contenido cn la mueslra. 

La exaclitud del anal isis no se vera afcclada por reslllS de polvos de reaclivo 
sin disolvcr. 

Para oblcller mcjorcs rcsultados, Ilach recolllicnda cllcarccidamcnle comprobar la 
validez del reaclivo con cada nuevo lole. Uti lice para ello la soluci611 patron induida 
en eSle kilO relacionada en la seccioll de Reacli\los y EqllipalllielllO opciOllllles. Siga 
las instrucciones que sc induyen cn cada so!uci6n palr<lll. 

•	 Pn>c¢dure ·Technique •Verfahren •Procedimiento 

• 
/II III II 1111 

o 

111111111111 

o 
~  

n 

Fill a viewing lube to the firsl (5-mL) line with sample-I. 
waler. This is the blank. 

· Remplir ulllubc colorimclrique jusqu'au premier lrail 
(5-I1IL) avec I'echanlillon d 'eau. Ceci est Ie blanc. 

o Fiillen Sie ein Prlifrbhrchcn his wr erslen (5-mL) Linie 
Inil Probcnwasser. Dieses iSI dic Blindprobe. 

o Llclle un lubo para colorimelrf" hasla In primera Inarca 
(5-mL) con fa lIIueSlra de agua. ESIO constiluye el blancc 

2.	 Place lhis tube in lhe lOp left opening of lhe
 
color comparator.
 

· Placer cc lube dalls I'ouver!ure superieurc gauche 
du comparateur. 

· Siellen Sie diescs Riihrchen in die oberc linke Offnung dc 
I;arhkolllparators. 

· Coloque esle lubo en la abertura superior izquierda 
del comparador. 

3.	 Pill anothcr viewing luhe to lhe first (.'i-mi.) line with 
sample waler. 

· Hcmplir un autre lube jusqu'au premier lrail (5-IllL) avcl 
I'cchanlillon d'cau. 

· FliIlcn Sic ein weileres Priifriihrchcn his zur ersten (5-nJ! 
Lillie mit Probenwasser. 

· L1ene otro tuba para colorimetrfa hasla la primera marca 
(5-mL) con la JlIuestra de agua. 

4.	 Add Ihe contents of aIle Nilra Ver@ .'i Nitratc Reagcnt
 
Powder Pillow 10 lhc second luhe.
 

o Ajouler Ie conlenll d'lIl1 sachel de reaclifnitrate 
Nit ..a Vcr" .'i au secolld lube. 

· Gcbcn Sie den Illhall eincs NilraVcr'" 5 Nitrat Reagenz 
Pulverl.: isscIls in das 7.weile IWhrchen. 

· Vicrla cJ conlenido de ulla de las c,\psulas NitraVcr'lV 5 
dc reactivo dc nilralos cn cl segundo lubo de los 
prcparados anteriOl mellle. 
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• - 5.	 rap Ihl: IIIIH' and sha~l'  vigtl/(lw,ly for exactly (Jill' l1Iillllll~. i I{otale Ihc colOI' disc IIl1lil lbe collll IIlillche~  ill Ihe 

Allow this sample 10 sil IllH.lisllIrbed for olle millllie. An V"!J lwo opcnings. 
amber color will develop if nillille is prcsenl. • Tlllirner Ie disqlle jusqll':' ':galilc lks Il'illll'~  dilll' Il', 

~ 

, BOIIChl'l Ie Illhe ci agiler vig()lIlell"~llIclIl  pCllllall1 deux ouverlures. 
exactemelll Ulle IIlinlile. Laisser reposer Ie llibe pendant 

.,"8, 
• Drchen Sic die Farbscheibe, bis die Falbe ill den hcidc 

line minule. En presence de nillale, line colonllion alllbre 
se dl! ve loppe. 

, Verschliel3en Sie das Ruhrchen mil cineI' K,lppe und 
schillldn Sie es !1.(~O!l1l  dl\l~  Miollh' lallg klllfd!.!, I ,I1SSI'II Sit: 
these Prohe uogesliil'l eine Minule lang slehen. Eine 
bernsleingel\)e Farbe win! sich enlwickeln, wenn Nitral 

'11 

Ij 
"A 

Read lhe mg/L nilrate nitrogen in lhe sc;i1e windo\\'. 

Offllllllgl'll i1hCICiIlSlilllllll, 
• Uire el disco haslH que el color coincida ell ani has 

i1herluras. 

9, 
V'l/hlilldCIi i:.1. 

• Tape eltuho y sacuda vigorosamcnte dnrantc un minuto 
exaclo. Deje que la Inueslra se !Iecanle lin lllilllllO. Si hay 

• Lire la concenlralion de nitrate enlllg/L d'"zotc (N) do 
la fenelre de I'echelle. 

nill aIm en la 11IueSIra de agua aparecen' un color .\mba!. • Lescn Sie die Illg/L NilralslickslolT illl Skalcnlcnslel ;1 

• • 6, Place lhe second lube in lhe lop ril~hl  opl'ning of lhe 
color comparator. 

'l.ea Iii ctlnccniracit'lil dc llilialtlS Clllllg/L 101 \,CIII.lllilla, 
la escala, 

'Placer Ic second lube dans I'ouvcl'lurc supcrieurc droilc 
dll ("oolparalell!. No/e: MlllliIlly Ihe /IIglL lIil/tlll! lIilmgell \'ollll' hi' ·r·J {, 

, Selzen Sie tlas zweite Riihrchen in die obere rechte oblai" Ihe IIIglL /li/mle, 
Offnung des Farhkolllparators. 

'Coloque el segundo IUho en 101 ahenura superior derecha 
del comparador. 

Nule: Mlllliplier pilI' 4.4 10 lenlll'e <'II 1/1 giL ,,·{/~(!{C  I'f)/, 
ablellir la I-alellr ellll/glL de 1I;lrale, 

AI/Illet'kllllg: Mllllip/iz;erell Sit: dell IlIgIL-N;l/w.l{ic/.:.I'/, 

~II 

7, ! lold comparalor up 10 a light source such as Ihe sky, a 
wiodowor a lamp. Look through lhe openings in froot. 

'lenir Ie comparaleur face :Iuoe sllrface uniformclIlenl 
eclairce kid, lampe, fenclre) el reganlt.:r par les Ollvl'rllln;s 
de la face anlcrieure du cOlllparaleuL 

, Iialten Sie den KOlllparalor gegen eine Lichlquelle, wie 1 

11'('1'1 IIlil 4,4,1111/ die II/glL Nilral Z.II e1'1/(/11t'll. 

No/a: Mllili/l/iqlle pOl' 4,4 la 1/,('/111'(/ /'11 /IIglL til' {1I{!'figt 
para o!Jlelier ell'alor /'III/IIgII, de II il I'll W.\'. 

"'A ZUIll Beispiel Jen Himmel, ein Fenster odeI' eine Lalllpe. 
Sehen Sie durch die Ofi'nungen vorn, i1 

, L1cvc el colorlJlletro hasla IIna fllellie de IIIZ, lal COIllO el 
cicIo, una venlana 0 una Ijlllpara, Mire a Iraves de las 
aberluras rronlales del COIOrllllelro. 
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R EPLA CEMENTS 
Description Unit Cal. No. 
Color Comparalor Box each 1732-00 
Culor Viewing Tube, plaslic, wilh cap 4/pkg 46600-04 
Dropper, glass, 0.5- and 1.0-mL marks 5/pkg 14197-05 
Color Disc, Nitrate Nitrogen, 0-50 mg/L each 14038-00 
NilraVer~  5 Nitrate Reagent Powder Pillows IOO/pkg 14035-99 

REACTIFS ET PIECES DE RECIIANG8 
Dcsignation lJnitc ner. NU 
Comparateur I 1732-00 
Tube colorimetrique en plastique avec bouchon 4/paq 46600-04 
Comple-goulles en verre, marque 0,5- and I,O-rnL 5/paq 14197-05 
Disque colore Nitrate, 0-50 mg/L N 1 14038-00 
Rcactifnitrate NitraVer~  5 en.sachets IOO/paq 14035-99 

VERBRAUCIISMATERIAL UND ERSATZTEILE 
Beschrcibung Einhcit Kat. Nr. 
Farbkomparator jeweils 1732-00 
FarbprUfrohrchen, Plastik, mil Kappe tl/Slck.. 46600-04 
Tropfpipelle, Glas-, mit 0,5 mL- und 1 mL-Markierungen S/Stck J4197-05 
Farbscheibe, NitralStickstoff, 0-50 rng/L jeweils /4038-00 
Nitratreagenz-Pulverkissen IOO/Slck 14035-99 

UEACTIVOS Y MATEIUALES 
Descripcion lJnidad NU ncr. 
Colorimctro I 1732-00 
Tubo Para Colorimetria de plAslico, can tapa 4/1ole 46600-04 
Pipela, de vidrio, graduada (divisiones de 0,5 y 1,0 mL) S/Iole 14197-05 
Disco de color, nitr6geno en forma de nilratos, 0- 50 mg/L I 14038-00 
c.~psulas  NilraVer~  5 de reactivo de nilralos IOOllote 14035-99 

• Hach Company trademarks' Marques de Hach Company' Warenzeichen del' Ilach Company 
• Marcas registradas de Hach Company: 

NitraVer3 PermaChem@ PourRite ™ 

H 

OPTIONAL REAGENTS AND EQUIPMENT 
Descl'iplion 
Caps, for plastic Color Viewing Tubes 46600-04 
Color Viewing Tuhe, glass 
Instructions, Color Viewing Tube 
Nitrogen-Nitrate Standard Solulion, 12 mg/L, 

2-1111. PourRile'M AlI1pule 
Stoppers, for glass Color Viewing Tubes 1730-06 
WaleI', Deionized 

REACTIFS ET EQUIPEMENTS OIYrJONNELS 
Designation 
Bouchons pour tuhes en plastique 4(l600 
Tube colorimelrique en verre 
Instructions pour tuhes colorimetriqucs 
Solulion etalon Nilrate, 12 Illg/L d'azole (N), 

ampoule PourRile'" 2 1llL. 
Bouchol1s pour tubes en velTe 1730 
Eau deiol1isee 

ZUSATZLICIIE REAGENZIEN UND ZUBEHC)J{ 
Beschreihuug 
Kappel1, fill' I'lastik-FarbprUfriihrchen 46600-04 
I:arbpriifriihrchen, Glas 
GcbnlUchsanweisul1g WI' FarbprUfriihrchen 
SticksloIT-Nitrat-Standardliisung, 12 mg/L, 

2 IllL-Pourl~itelM-Ampulle 
 

Stopfel1 hir Glas-Farbpriifrohrchen 1730-06
 
Wasser, enlsalzl
 

REACTIVOS Y EQUIPAMIENTO OPCIONALES 
J)escrijldlln 
Tapas para los luhos para colorimelrfa <Ie plaSlico 46600-04 
Tubas para colorimelrfa de vidriu
 
InSlrucciones para Ius lubos para colorimelrfa ..
 
Soluci611 patron de nilratos, 12mg/L.
 

AlI1polia PourRite1M de 2mL
 
'/;'111llIC, para los tubos para ctJlorimctrfa de vidrio 1730-06
 
/\gua dcslilada .'
 

<) 

Unil Cal. 
4/pkg 46600­
6/pkg 1730­
each 46600­

20/pkg 25587­
6/pkg 1731­

100 mL. 272-: 

Unite Ref. 1 
4/paq 46600­
6/paq 1730-' 

1 46600­

20/paq 255H7­
6/paq /731­

100 1llL. 272­

Einhcil Kat. r 
4/SlCk 46600­
6/Slck 1730­

jewei Is 46600­

20/SlCk 255H7­
6/Stck 1731­

100 mL. 272­

Unida<l NQ H 
4/lole 46600 
6/10IC 1730 

.. 1 46600 

20/loIC 255H7· 
(i/lote 1731 

100 ml- 272 
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STATEMENT OF WORK FOR ORDNANCE AVOIDANCE AT LOAD LINE 11, RAVENNA 
ARMY AMMUNITION PLANT, RAVENNA, OHIO 

1.	 General. :MKM Engineers, Inc. Unexploded Ordnance (UXO) staffpersonnel will 
provide a two-person Unexploded Ordnance (UXO) team to provide on-site UXO 
support during all sampling activities. The UXO team will not destroy any UXO 
encountered. The UXO team will report all located UXO to Mark Patterson, 
Environmental Manager, Ravenna Army Ammunition Plant, Ravenna, Ohio, for 
disposition and guidance 

2.	 Definitions. 

a.	 Ordnance and Explosive (OE). Bombs and warheads, guided and ballistic 
missiles, artillery, rocket and mortar ammunition, small arms ammunition, 
anti-personnel and anti-tank~mines, demolition charges, pyrotechnics, 
grenades, containerized and uncontainerized explosives and propellants, 
military chemical agents and all similar and related items or components, 
explosive in nature or otherwise designed to cause damage to personnel or 
material. Soils with explosive constituents are considered to be OE if the 
concentration is sufficient to be reactive and present an imminent safety 
hazard. 

b.	 Unexploded Ordnance (UXO). An item of explosive ordnance that has 
failed to function as designed or has been abandoned, discarded or improperly 
disposed of and is still capable of functioning and causing damage to 
personnel or materials. 

c.	 Inert Ordnance. An item that has functioned as designed, leaving an inert 
carrier. An item manufactured to serve a specific training purpose. Fragments 
fromUXO. 

d.	 Explosive Ordnance Disposal (EOD) Personnel. Active duty military EOD 
personnel. 

e.	 UXO Personnel. Former EOD personnel employed by a contractor. 

f.	 Recovered Chemical Warfare Materiel (RCWM). RCWM is defined as 
chemical agent material and/or associated equipment and surrounding 
contaminated media discovered either by chance or during deliberate real 
estate recover/restoration operations that was previously disposed ofas waste. 
RCWM is classified as hazardous waste by the Army and not within the scope 
of the Army Chemical Surety Program. 

g.	 Chemical Event. Discovery of an actual or suspected chemical agent or 
container that may require emergency transportation or disposal. 
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3. UXO Team Composition and Qualifications. UXO Team shall consist of two 
members with the following qualifications: 

a.	 UXO Team Leader. The UXO supervisor for this project will be Mr. Dewey 
Thedford. He will be the technical lead for all UXO operations on the site. 
Mr. Thedford is qualified for this project by virtue of training and experience. 
He has over 25 years of military and civilian experience. He has served as a 
Senior UXO Supervisor, UXO Supervisor, Safety Officer and Quality Control 
Specialist. Duties and assignments include range clearances as EOD Range 
Control Officer and Range Supervisor of multiple team operations and civilian 
UXO experience including performance as a Senior UXO Supervisor for OE 
removal operations. 

b.	 UXO Specialist. The UXO specialist for this project will be Mr. Bill 
Howell. Mr. Howell has 20 years military and civilian experience. He has 
serVed as EOn Demolition Supervisor, Safety Officer and Senior UXO 
Supervisor for OE removal operations. 

4. Responsibilities and Authority. The UA:O Team will provide the explosive 
ordnance recognition, location and safety functions for the operation. The UA:O team 
leader has the final authority for on-site personnel regarding all matters concerning UXO. 

5. Work and Safety Plans. The UXO team will assist in the development ofthe site 
safety and health plan and the work plan. The UXO team leader will conduct UXO 
safety briefings for all site-personnel and visitors. 

6.	 Access Routes to Sampling Locations. 

a.	 Prior to commencement ofoperations at specific sites, the UXO team will 
con~uct a reconnaissance of the sampling area. The reconDaissance shall 
include locating a clear path for the sampling crews, vehicles and equipment 
to approach the site. The approach path, at a minimum, will be twice the _ 
width of the widest vehicle. MK.M UXO personnel will clearly mark all 
boundaries of the cleared approach path to prevent personnel from straying 
into uncleared areas. The path will be marked utilizing red pin flags spaced no 
more than fifteen (15) feet apart or as visibility dictates. No personnel shall be 
allowed outside the cleared paths. 

b.	 IfUXO is encountered on the surface, divert the approach path around the 
UXO, clearly mark the area and report the UXO. 

c.	 A Schonstedt magnetometer will be used to insure there is no subsurface UXO 
within the approach path. If a magnetic anomaly is encountered. assume it to 
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be a UXO and divert the path around the anomaly. Only UXO personnel shall 
handle UXO and operate the magnetometers. 

7.� Soil Sampling and Well Drilling Sites 

a.� The UXO team will locate magnetic anomaly free areas for soil samples and 
GEOPROBE operations. If a pre-selected area indicates magnetic anomalies, 
a new sampling site will be chosen. 

b.� The UXO team will clearly mark the boundaries of the cleared soil sampling 
or well drilling sites. Personnel will not go outside the cleared areas. As a 
minimum, the cleared area will be square, with a side dimension equal to 
twice the length of the largest vehicle or piece of equipment to ~ brought on 
site. 

c.� Prior to drilling equipment being moved to the proposed drilling site, the 
UXO team will locate a magnetic anomaly free site. This shall be 
accomplished using a Schonstedt GEOMAG. The UXO team shall start the 
borehole with a hand held or portable auger. At not more than a two-foot 
depth, the auger will be withdrawn and the magnetometer probe will be 
lowered into the hole. This procedure will be used to ensure that smaller 
items ofUXO, undetectable from the surface can be detected. Ifno magnetic 
anomalies are found, the procedure will be repeated at two-foot intervals to 
the maximum depth of the auger, but not less than six feet. If the proposed 
drilling site is still free of magnetic anomalies, the drilling equipment may be 
brought on site and utilized. Borehole monitoring with the GEOMAG shall 
continue at two-foot intervals, until virgin soil is encountered. 
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